Assiut Vet. Med. J. Vol. 57 No. 131 October 2011

Fish Diseases and Management, Dept. of Animal Medicine,
Faculty of Veterinary Medicine, Assiut University.

VIBRIOSIS IN NILE TILAPIA, OREOCHROMIS
NILOTICUS, AND SUSCEPTIBILITY OF

CATFISH, CLARIAS GARIEPINUS
(With 2 Tables and 3 Figures)

By
A. A. ELKAMEL, AYA G. SAAD EL-DEEN*

and S.\M. AFIFT**

" Animal Health Research Institute, Assiut Laboratory
" Department of Pathology, Faculty of Veterinary Medicine, Assiut University
(Received at 14/9/2011)

592l A8, 8Y) Jasal Al dsbisn 5 At} Jall) ellansd B g pndl) (120 10

Gl e Pla 4 ¢ JalSH palgl) s sas]
(e S dane Fola

35l uda s ¢ oliill ald) @llad 8 s sadll G pe Al 50 s Caanll 138 (e Caagll
GIAS 5 (da gl Alailae 8 Ay BY) Jagal a5 Ll ) (e JSYAD g el iy 5 S0l
Goalaallda i Ll s c dbadl dlaul) 8 4 iyl ol il g cladlal)
G sonil) il jSae i e Y€ Je a3 28y Alg el ¥l 4 guall Cilabiaall
Jaill 5 (e Lgran a3 A A8 V00 Jaaal (e (%) +. 1Y) VT A8 sliac V) e
S Ledl (e A5 haall il yiall Gttt a5 285 T gl Adadlaey dpam) Y de i
t\j_ai‘quzsﬁ_;sL;,u\ﬂ\a,uja\w\dﬁi@ﬁ&eﬂﬁgﬁ&
idai Y s 4l gl el L) S Sy (5 5 gaall o adll g aselia 1 A 3sil Ll
bl ellad 8 4ty el Ly S aladiuly #las 4xeliall 6 gaall e 2l Ao 35!
3ol 5 el daa el cladlal) S 5 5 ) iy gl sl (3 sk e ol 3l
Al ciliay alall e 3830 a5a g5 50K (5 genll penill Adall () e Y e
S YY) B el C¥ame Ja gie S anlilall gloac YU cibliial L duay il
Ll JUA) pelal LS 4 jall dleiy i il e Jase il 5 i) bl 3 93T, F
e 15l 4 sl laliadll ST e il 55 N1 s Galunsa) of Ay geadl Culabiadll

Al Jrall Ly sl



Assiut Vet. Med. J. Vol. 57 No. 131 October 2011

SUMMARY

The aim of the present study was to investigate vibriosis in Nile tilapia,
Oreochromis  niloticus, homologous and heterologous-species
pathogenicity to both Nile tilapia and sharptooth catfish, Clarias
gariepinus, the histopathological lesions in infected fish, and the
antibiogram characters of the strains isolated. Twenty four isolates of
suspected Listonella anguillarum were recovered from 16 out of 150
Nile tilapia collected from River Nile and El-Ibrahemia canal at Assiut
governorate. Suspected isolates were identified as L. anguillarum
according to the cell morphology, gram stain, colony morphology,
biochemical characters, and enzyme activities. The pathogenicity of
L. anguillarum to Nile tilapia and sharptooth catfish were investigated
by an experimental challenge. Challenged fishes showed typical signs of
vibriosis including general speticaemia and ascites, and accumulation of
bloody exudates in the intestine. The average total mortality rates were
73.3 and 93.3% in Nile tilapia and sharptooth catfish, respectively, by
the end of the challenge. The histopathological changes associated with
vibriosis were mainly in the kidneys, livers, and spleens of challenged
fish. The antibiotic sensitivity test for L. anguillarum revealed their high
sensitivity to ampicillin and oxytetracycline.

Key words: Listonella anguillarum, vibriosis, Nile tilapia, hetero-species
susceptibility, catfish.

INTRODUCTION

Fish vibriosis is a systemic disease of marine, estuarine, and some
freshwater fishes throughout the world and is caused by bacteria of the
genus Vibrio (Noga, 2010). The disease can cause significant mortality
(>50%) in fish culture (Martins ef al., 2010).

At present, Listonella anguillarum is the most serious freshwater
fish pathogen of family Vibrionaceae. It was first described as a fish
pathogen by Bergman in 1909 as the etiological agent of red pest of eels
in the Baltic Sea (Hacking and Budd, 1971). Based upon genetic studies,
it was suggested that L. anguillarum should belong to a new genus,
Listonella (MacDonnell and Colwell, 1985); however, this change has
not been widely adopted (Noga, 2010).
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Other members of the genus vibrio have been isolated in outbreaks
of vibrio in fish and shellfish including V. ordalli (Abd El-Gaber et al.,
1997), V. parahaemolyticus (Alcaide et al., 1999), V. harveyi (Zhang
and Asutin, 2000), V. vulnificus and V. damsela, (Noga, 2010). Some of
which can also cause human infection such as skin ulcer, gastroenteritis
or systemic infections, especially in immune suppressed individuals
(Amaro and Biosca, 1996 and Won and Park 2008).

Fish affected by this classical vibriosis show typical signs of a
generalized septicaemia with haemorrhages on the base of fins,
exophthalmia and corneal opacity. Moribund fish are frequently anorexic
with pale gills which reflects a severe anaemia. Oedematous lesions,
predominantly centered on the hypodermis, are often observed (Austin
and Austin, 2007).

This investigation was planned to study vibriosis in Nile tilapia,
Oreochromis niloticus in Assiut city, pathogenicity of the recovered
strains to Nile tilapia and the possibilities of heterologous-species
pathogenicity to sharptooth catfish, Clarias gariepinus, the
histopathological changes associated with the disease, and the
antibiogram characters of the strains recovered.

MATERIALS and METHOD

Fish collection:

A total number of 150 alive Nile tilapia, Oreochromis niloticus,
and weighing 100-500 g with total length of 16-30 cm were collected
from El-Ibrahemia canal and tributaries from September 2010 to March
2011. Fish were transported immediately to the Aquatic Animals Wet
Lab., Veterinary Hospital Clinic, Faculty of Veterinary Medicine, Assiut
University to be examined.

Clinical and bacteriological examinations of fish:

Clinical and postmortem examinations were carried out according
to Buller (2004). Aseptic bacterial isolations were made from liver,
kidneys and spleen of sacrificed fish. Samples were inoculated on brain
heart infusion agar supplement with 2% NaCl, blood agar, or
thiosulphate citrate bile salt agar (TCBS agar). Inoculated media were
aerobically incubated at 28°C for 48 hrs (Quinn et al., 1994). Pure
cultures of the isolates were identified based on phenotypic and
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biochemical characters and enzyme activities as was described in
Bergey's manual of the determinative bacteriology (Garrity, 2001).

Pathogenicity assay:-

Autologous species pathogenicity of Listonella anguillarum was
measured by experimental challenge of Nile tilapia, the fish species it
was isolated from. Also, heterologous species pathogenicity was
measured in sharptooth catfish, Clarias gariepinus.

Fish: A total number of 145 Nile tilapia with an average body
weight of 50+5 g and total length of 15+1 cm, and 145 sharptooth catfish
weighing 100+10 g with total length of 20+2cm were obtained from a
private fish farm at Assiut Governorate. Fishes were housed in 400 L
tanks at the Aquatic Animal Wet Lab., and 10 fish of each species were
randomly examined to exclude vibriosis. Water was circulating at an
exchange rate of 0.5 L/min, and daily dissolved oxygen was 6.5+0.2
mg/L. Prior to challenge, fish were acclimated for 2 weeks in 100 L
glass aquaria according to the protocol of maintaining bioassay fish
described by Ellsaesser and Clem (1986).

Bacterial strains: Bacterial strains were kept in BHI broth with
15% glycerol (El-Gomhurrhia, Cairo, Egypt) at -20°C. A Listonella
anguillarum strain (VA17) was passed through Nile tilapia via
intrapretoneal (I/P) injection three times. Strain VA17 was grown on
BHI agar and suspended in sterile distilled water to be diluted for
experimental infection. Colony forming unit (CFU) counts of the
bacterial suspensions were determined using spectrophotometery optical
density values and standard plate count method (Elkamel and Thune,
2003).

Experimental challenge: In a preliminary challenge, an
intraperitoneal (I/P) injection of 1ml of bacterial suspension of 1X10°
cfu/ml or 1X10' cfu/ml proved to be lethal within 7 day to all Nile
tilapia or sharptooth catfish, respectively. Thus, lower concentrations of
the bacterial suspensions were used for experimental challenge.

Acclimated Nile tilapia were divided into three groups with 15 fish
each. The first group was intraperitoneally injected with 0.0125 ml of
bacterial suspension of 8X10° cfu/ml, while the second group was I/P
injected with 0.0125 ml of distilled water and the third group remained
un-injected. The whole experiment was repeated three times.
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The same challenge procedures were applied to acclimated catfish,
but with dose of 0.250 ml of bacterial suspension of 4.7X10°cfu/ml.
Challenged fish were observed for 15 days post-infection where
morbidity and mortality were recorded. Re-isolation and identification of
the inoculated organism from freshly dead and moribund fish were
carried out as described above.

Histopathological study:-

Specimens of the posterior kidney, liver, spleen and gills of
moribund challenged Nile tilapia and sharptooth catfish were taken and
fixed in 10% neutral buffered formalin. Fixed samples were gradually
dehydrated, embedded in paraffin, sectioned at 4-5um. Sections were
stained by Hematoxylin and Eosin, examined by light microscopy, and
photographed by a digital camera (Olympus).

Sensitivity test:-

Antimicrobial susceptibility of L. anguillarum to different
antibiotics was investigated against 6 antimicrobial agents using the disc
diffusion technique as described by Finegold and Martin (1982). The
inhibition zones were estimated according to the limits given by Carter
and Cole (1990).

RESULTS

Clinical and bacteriological examinations:-

The clinical signs associated with naturally infected fish were
haemorrhages at the mouth region and base of the fin and on the body
surface of 37.33% of the fish examined. Anus was protruded and
haemorrhagic in 2.67% of fish. Internally, liver in some cases was
congested and friable (5.33%), while in other cases was pale (13.33%).
Petechial to focal haemorrhages and focal necrosis were observed on the
liver surface in 13.33 and 2.67% of fish examined, respectively. Kidney,
gills and spleen were congested in 10.67% of fish, while gall bladder
was distended and filled with bile in others (6.67%).

Bacteriological examination resulted in recovery of 60 isolates, 24
of which were suspected to be Listonella anguillarum based on
morphological and biochemical characteristics. Suspected Vibrio
isolates were recovered from 16 out of 150 examined fish. Primary
isolates grew well on BHI agar with 2% NaCl giving creamy, convex,
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glistening colonies. On TCBS agar, colonies were yellow and in two
cases green raised convex colonies. Colonies were small, convex,
translucent, and greenish on blood agar.

Suspected isolates were gram-negative, motile rod shape curved
bacilli. All suspected isolates tolerated BHI media supplemented with up
to 6% NaCl. Results of the biochemical characters and enzyme activities
of suspected isolates are shown in Table (1). Organ susceptibility of Nile
tilapia to L. anguillarum infections are shown in Table (2).

Experimental infection:

Moribund Nile tilapia in the challenged groups exhibited similar
signs to those of naturally infected fish and characterized by excessive
mucus production covering the body surface that given dark coloration
of fish (26.67%). Signs of generalized septicemia were observed such as
petechial haemorrhage in the mouth region and on the fins in 30% of
fish. Gills, kidneys, spleen and liver were congested in many fish
(46.67%). Petechial and focal haemorrhages on the surface of the liver
and enlargement of the spleen were seen in 13.33% of fish challenged
(Fig.1). As a typical sign of vibriosis, intestine of some fish (13.33%)
was filled with bloody serous fluid. The average mortality rate was
66.67 and 73.3% by the end the first and second week post-challenge,
respectively. Re- isolation of the bacteria in pure culture was done from
freshly dead and moribund fish. There was no mortality or clinical signs
of infection in both of the control groups.

Experimentally challenged sharptooth catfish with L. anguillarum
showed increase of mucus production and ulceration and fin rot in
46.67% of the fish challenged. In some cases inflammation of the vent
was observed (20%). More than half of the challenged fish (53.33%) had
ascitis in the abdominal cavity of bloody exudate. Liver and kidney were
congested in 66.67% of the challenged fish, while spleen was darker
than normal and larger in size in 60% of the fish. Congestion of the
blood vessels of stomach and gonads were also observed. Thirty percent
of challenged fish had the intestine filled with bloody exudate (Fig. 2).
By the end of first week post-infection, the average mortality rate was
66.67%, while it was 93.3% by the end of the second week. Fish of both
control groups remained alive and showed no signs of infection by the
end of challenge.
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Histopathological examination:

The most profound histopathological changes in this study were
found to be mainly in the liver and posterior kidney of both challenged
Nile tilapia and catfish. Tilapia livers showed circumscribed well-
defined area of vacuolation with well-defined clear outlines. Also, livers
showed well expressed peri-vascular hepatic necrosis expressed by
cytolysis and karyorehexis of the hepatocytes nuclei (3A). On the other
hand, gills of tilapia had lamellar fusion and hyperplasia of the
interlamellar epitrhelium. The livers of challenged catfish showed
marked disorganization of the hepatic lobules. Moreover, hepatolysis
with pyknosis or ghost-like appearance of the hepatocytes nuclei were
also observed. Central veins of the hepatic lobules were hyperemic with
few perivascular leukocytes (Fig. 3B). The catfish spleens had
lymphocyic exhasustion, lysis with marked decrease of the lymphocytes
forming the splenic corpuscles (Fig. 3C).

The catfish posterior kidney showed massive extravasated red
blood cells in the interstitial connective tissue intermingled with
leukocytes. Moreover, severe necrosis of the epithelium lining both the
proximal and distal convoluted tubules were observed (Fig. 3D). These
necrotic changes were expressed by sloughing of the epithelium lining
and resulted in marked separation of the epithelium from the basement
membranes of the tubules. There were aggregations of acidophilic
material in the lumen of the distal convoluted tubules (Fig. 3D). The
glomeruli of the posterior kidney showed hyperemia of the capillary tuft
as well as obliteration of the bowman's capsules.

Antiiogram sensitivity:

Isolates of L. anguillarum in the present study were sensitive to
ampicillin and oxytetracycline, but resistant to erythromycine,
tobramycin, neomycin and sulphamethazole.
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Table 1: Cultural and biochemical characteristics of the suspected
Listonella sp. (n=24).

Test Result
Oxidase +
Calatase +
Motility +
O/F test +/+
Simmon citrate +
Indole \'%
Nitrate reduction +
Vogus-Proskauer +
Methyl red -
TSI reaction A/A K/A
H,S production -
Urease -

Lysine decarboxilase -
Ornithine decarboxylase -

Arginine decarboxylase +
Growth on:
TCBS Yellow / green
Blood agar Hemolysis
BHI+2% +
4% +
6% +
8% -
10% -
Growth at : 25°C +
37°C +
Acid production from: -
Glucose +
Sorbitol +
Arabinose v
Lactose A\
Sucrose +
Fructose +
Mannitol A%

(+) positive, (-) negative, and (V) variable

Table 2: Organ susceptibility of L. anguillarum

Organ NO. %
Liver 4 16.67

Kidney 6 25
spleen 14 58.33
Total 24 100
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Fig. 1: Nile tilapia, Oreochromis niloticus, challenged with
intraperitoneal injection of Listonella anguillarum showing
enlargement and rounding of the edges of the spleen.

Fig. 2: Sharptooth catfish, Clarias gariepinus, challenged with
intraperitoneal injection of Listonella anguillarum showing
bloody fluids filling the intestine.
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Fig. 3: Nile tilapia, Oreochromis niloticus, or sharptooth catfish, Clarias
gariepinus, challenged with intraperitoneal (I/P) injection of Listonella
anguillarum. (A): Liver of Nile tilapia showing pericentral necrosis of
hepatocytes (arrow heads) as well as hepatolysis (arrow). (B): Liver of
sharptooth catfish showing hyperemia of the central vein (V) with
hepatocellular necrosis (arrow heads). (C): Spleen of sharptooth catfish
showing severe necrosis of the white pulp (arrow heads). (D): Kidney of
catfish showing severe necrosis of both proximal and distal convoluted
tubules (arrow heads) and accumulation of acidophilic proteinicious
material also noticed (arrow). H&E.
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DISCUSSION

The aim of the current study was to investigate vibriosis in Nile
tilapia, homologous and heterologous-species pathogenicity of the
strains isolated, in addition to the antibiogram characters of such strains.
Vibriosis is a serious infectious disease among marine and freshwater
fish. Listonella anguillarum is the most prevalent causative agent of
vibriosis and is the best studied fish pathogens of Vibrionacae
(Spanggaard et al., 2000). Although L. anguillarum is not an obligate
parasite, yet it is a primary pathogen of fishes, and if present in or
around fishes, it will sooner or later cause diseases (Post, 1987).

The phenotypic and culture characters of the colonies and the
staining properties of the bacteria isolated from Nile tilapia, O. niloticus,
suggested that the suspected isolates are L. anguillarum as was described
by Austin and Austin (2007); Mostafa et al. (2010) and Noga (2010).
The tolerance to NaCl of L. anguillarum in this study was up to 6%,
while it could not grow on media with 8% NaCl. These results are in
accordance with those of Inglis et al. (1993) who recorded that
L. anguillarum grew on 3%, but not on 7% sodium. On the other hand,
Abd El-Gaber et al. (1997) reported that vibrio isolates grew on media
containing 4-9% sodium chloride.

Results of the current study indicated that 16 (10.67%) out of the
150 collected fish were naturally infected with L. anguillarum. The
prevalence of vibriosis recorded in the present study is low compared to
a prevalence of 42.5% that was reported in both Qarun and Manzala
lakes (Abd El-Gaber ef al., 1997), and to 62% that was reported in El-
Qassiem area Saudia Arabia (Shahat and Emehana, 2000). Such results
may be attributed to species differences, in addition to low salinity in
River Nile and El-Ibrahemia canal, as vibriosis is more prevalent in
brackish and marine water (Noga, 2010) due to the halophilic nature of
the causative agent, L. anguillarum. On the other hand, vibriosis was
reported at a relatively lower rate similar to that recorded in the current
study, as 13.13% (Abbass and Sobhy, 2005) and 17.55% in lake Qarun
and Suez Gulf (Mostafa et al., 2010).

The organ susceptibility study revealed that the spleen is the target
organ where L. anguillarum from Nile tilapia. Vibriosis systemic
infections often localize in iron-rich filtering organs, such as spleen and
kidney (Noga, 2010). It was reported that the bacteria are initially found
in the spleen, but, as the number of cells in this organ increased, the
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bacteria appeared in the kidney, and by the time of death, most tissues
were septic (Nelson ef al., 1985).

Results of experimental challenge in the present study proved that
L. anguillarum isolated from naturally infected Nile tilapia is pathogenic
to both healthy tilapia (autologous species) and to sharptooth catfish
(heterologous species). Interestingly, the pathogenesis and the extension
of lesions were more intense in sharptooth catfish, the heterologous
susceptible species. These findings raise questions about the original
host, most susceptible host, and source of infections, inter-species
transmission, and whether Nile tilapia is main freshwater reservoir
species.

Postmortem examination of experimentally infected Nile tilapia
and sharptooth catfish showed septicemic lesions as congestion of
internal organs and bloody exudates in the intestine. These lesions were
nearly similar to those previously reported in case of acute vibriosis
(Noga, 2010 and El-Sunaiher ef al., 2010). The pathogenicity of
L. anguillarum to fish may be attributed to extracellular toxins and
enzymes produced by the bacterium (Nottage and Birkeck, 1987).
Vibrio produced hemolysin which causes destruction of the blood
vessels (Hjeltnes and Roberts, 1993), in addition to extracellular
products with protease activities (Pedersen and Larsen, 1999).

Treatment of vibriosis has primarily been directed towards the use
of antibiotics. In the present study, L. anguillarum were sensitive to
oxytetracycline as was stated by Austin and Austin (2007), while, it was
resistant to erythromycin and sulphamethazole as was reported by Noga
(2010).

Histopathological —changes associated with natural and
experimental infection of vibriosis in Lates calcarifer were described
mainly in the livers, spleen, mesonephros, and gills where severe tubular
necrosis and hematopiotic hyperplasia of the posterior kidneys were
reported (Azad et al., 2004). In the present study, similar changes were
reported and manifested by the interstitial hemorrhage and tubular
necrosis, and hyperemia of the capillary tufs of the glomeruli. These
changes were consistent and suggested the acute phase pathogenesis-
related manifestations of vibriosis.

Azad et al. (2004) reported that hony-comb vacuolated area in the
liver of fish naturally infected with vibriosis, but not in experimentally
infected fish. In the present study, the necrotic changes were more
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pronounced in catfish livers compared to tilapia, while, tilapia livers had
the vacuolated appearance which could be fatty change. This difference
could be explained that the immune response of tilapia is different than
that of sharptooth catfish. This presumption can be supported by the
changes observed in the spleen of sharptooth catfish which had
lymphocytic exhaustion in the splenic corpuscles. Gill alterations
observed in this study and expressed by lamellar fusion and hyperplasia
of the interlammelar epithelium were similar to those described by Azad
et al. (2004). The histopathological changes observed in the present
study could be confined to Vibrio Spp. and reflect the acute phase
pathogenesis-related response against vibriosis.

In conclusion, results obtained in this study demonstrate that
strains of L. anguillarum isolated from Nile tilapia are pathogenic and
can produce active infections in both Nile tilapia and sharptooth catfish.
Further studies should address the epizootiology, pathogenesis, and
control of vibriosis in Nile tilapia and sharptooth catfish.
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