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Resumen
Edwardsiella tarda es una bacteria Gram-negativa encontrada comúnmente en ambientes 
y animales acuáticos donde causa edwardsiellosis o septicemia por Edwardsiella tarda. 
La bacteria tiene una distribución mundial y un alto potencial de infectar a humanos, 
causando infecciones que van desde una enfermedad gastrointestinal autolimitante 
en recién nacidos y adultos ancianos hasta infecciones extraintestinales similares a 
aquellas observadas en peces. Las lesiones incluyen abscesos, piogranulomas y necrosis 
en tejidos, como el cerebro, el hígado, la piel y los músculos. La distribución sistémica 
del microrganismo usualmente termina en septicemia. Varios de los cambios patológicos 
inducidos por E. tarda en humanos son consistentemente observados en peces enfermos, 
y estos animales constituyen un modelo apropiado para el estudio de la patogénesis de 
edwardsiellosis. En esta revisión, se describen las manifestaciones clínicas, los cambios 
patológicos macroscópicos y microscópicos comunes y nuevos de la enfermedad en dos 
especies de peces de importancia comercial: el lenguado japonés (Paralichthys olivaceus) 
y la tilapia híbrida (Oreochromis spp.), así como la variedad de infecciones reportadas 
en humanos.
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Abstract
Edwardsiella tarda is a Gram-negative bacterium commonly found in aquatic 
environments and in water-borne animals where it causes a disease named 
edwardsiellosis or Edwardsiella septicemia. The bacterium is distributed worldwide 
and has ahigh potential to infect humans, causing infections ranging from self-
limited gastrointestinal disease particularly in newborns and aged, and a variety 
of extraintestinal infections similar to those observed in affected fish, including 
pyogranulomatous inflammation, abscesses and necrosis in different tissues such as the 
brain, liver, skin and muscles. Systemic dissemination of the micro-organism usually 
ends in septicemia. Many of the pathological changes induced by E. tarda in humans 
are consistently observed in diseased fish, and these animals seem to be an appropriate 
model to study the pathogenesis of edwardsiellosis. In this review we describe common 
and novel clinical, gross and histopathological manifestations of the entity in two 
commercial fish species, Japanese flounder (Paralichthys olivaceus) and tilapia hybrids 
(Oreochromis spp.), as well as the diversity of infections documented in humans.
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Introduction

Edwardsiella tarda is a Gram-negative bacterium 
originally found in humans with and without 
clinical disease. The microorganism was 

recognized in the United States and Japan as early 
as 1959.The initial study in Japan described 5 out of 
256 isolates from feces of humans with symptoms of 
gastroenteritis (Sakazaki, 1965), however was Ewing 
et al. (1965) who proposed Edwardsiella tarda as a new 
genus and species in the family Enterobacteriaceae, 
reporting 34 out of 37 strains isolated from humans 
in USA, Brazil, Ecuador, Israel and Japan. Of those 
strains, twenty five originated from human feces, five 
of which manifested diarrhea (Ewing et al., 1965). 
Two additional species, E. hoshinae (Grimont et al., 
1980) and E. ictaluri were added to the genus but 
have limited host distribution, particularly E. ictaluri 
was recognized as the causative agent of the enteric 
septicemia of catfish (Ictalurus punctatus) (Hawke 
et al., 1981), and it may also affect Danio (Danio 
devario) and Blue tilapia (Tilapia aurea) (Bullock and 
Herman, 1985). Despite of the initial association 
of E. tarda with diarrheal disease in humans, the 
bacterium was subsequently isolated from diseased 
fish, and the infection in humans was considered 
accidental or associated with close contact with 
aquatic environments, diet habits and underlying 
clinical diseases.

E. tarda is a small, straight rod of about 1 μm in 
diameter and 2-3 μm in length that forms small 
round, convex, transparent colonies of approximately 
0,5 mm in diameter when grown in common media 
including trypton soy agar (TSA) for 24 to 48 hr at 
26 ºC to 30 ºC (Inglis et al., 1993). They are usually 
motile by peritrichous flagella and are facultative 
anaerobic, catalase-positive, cytochrome oxidase-
negative, glucose fermentative, reduces nitrate 
to nitrite, lactose-negative and indole positive 
(Table 1). The indole, methyl red, and hydrogen 
sulfide production and salt tolerance differentiate 
E. tarda from E. ictaluri (Wakabayashi and Egusa, 
1973). E. tarda has been adapted to live in diverse 
environmental conditions and can be isolated from 
a wide range of water salinity (0-4% NaCl), pH 
(4.0-10), and temperatures (14 to 45 ºC) (Plumb, 
1999), explaining to some extent its capability to 
cause disease not only to freshwater and marine 
fish, but also to terrestrial animals. Recently several 
outbreaks of edwardsiellosis have been diagnosed 
in tilapia (Oreochromis spp.) hybrids in Colombia, 
indicating an increase in disease prevalence. Here we 
document novel clinical, gross and histopathological 
changes in tilapia hybrids as well as the diversity of 
infections in other aquatic animals and in humans. 
The data suggests that E. tarda induces a very similar 
type of infection across animal species, providing 
support to the use of a fish model to understand 
edwardsiellosis.

Table 1. Biochemical reactions of typical strains of Edwardsiella tarda. (Adapted from Wakabayashi and Egusa, 1973).

 Test or substrate Results  Test or substrate  Results

Oxidase - Galactose acid) +

Catalase + Mannose (acid) +

Hidrogen sulfide, H2S + Sorbose (acid) -

Urease - Lactose (acid) -

Indole + Sucrose (acid) -

Ammonium - Maltose (acid) +

Methyl red + Threhalose -

Voges-Proskauer - Cellobiose -

Nitrate reduction + Raffinose -

KCN - Starch -

Gelatin - Dextrin -

Starch - Glycogen -

Phenylalanine deaminase - Inulin -

Christensen’s citrate + Salicin -

Jordan’s tartrate (+) Esculin -

Malonate - Glycerol (+)

Hugh-Leifson’s agar F Mannitol -



84 Revista Colombiana de Ciencia Animal      , Vol. 5, No. 1, 2012.

Glucose (acid) + Sorbitol -

Gas from glucose + Dulcitol -

Arabinose (acid) - Adonitol -

Rhamnose (acid) - Erthritol -

Xylose (acid) - Inositol -

Fructose (acid) + Beta-D-galactosidase -

Ammonium agar

Citrate

Glucose

Acetate

Alginate

-

-

-

-

Kauffman-Peterson broth, 
Citrate

D-tartrate

i-tartrate

L-tartrate

Mucate

(+) 25 °C

- 37 °C

-

-

-

-

Decarboxylases

Lysine

Arginine

Ornithine

+

-

+

Lipases

Corn oil

Triacetin

Tributyrin

-

- (25 °C)

-

Edwardsiella tarda infection in fish

E. tarda causes a severe disease in freshwater and 
marine fish in both farmed and wild populations, 
with serious epizootics reported in North America 
and Japan (Inglis et al., 1993). It was initially found to 
cause disease in channel catfish (Ictalurus punctatus) 
in the United States (Meyer and Bullock, 1973), 
and in eels (Anguilla japonica) in Japan (Hoshina, 
1962; Wakabayashi and Egusa, 1973). Currently, the 
disease known as Edwardsiella septicemia occurs 
with high frequency in tropical fish species, which 
are intestinal carriers and constitute the natural 
habitat of E. tarda. The bacterium is commonly 
isolated from intestinal samples of commercial 
fish, which make possible the contamination of 
fish carcasses during fish processing. These factors, 
together with consumption of raw fish products, 
are the most probable source of human diarrhea 
associated with E. tarda in tropical countries (Van 
Damme and Vandepitte, 1980; Leung et al., 2012)

Regardless of environmental factors characteristic 
of each aquatic ecosystem, outbreaks of E. tarda 
infection in channel catfish (Meyer and Bullock, 
1973), striped bass (Morone saxatilis) (Baya et al., 
1997), turbot (Scophthalmus maximus) (Padros et 
al., 2006), Japanese flounder (Paralichthys olivaceus) 
(Nakatsugawa, 1983), eels (Anguilla japonica) 
(Wakabayashi and Egusa, 1973), and black mullets 
(Mugil cephalus) (Kusuda et al., 1976), have occurred 
at water temperature above 30 ºC during the 
summer months and when the organic material in 
the water augmented considerably. However, an 
outbreak of edwardsiellosis, which caused up to 
80% mortality in Japanese flounders was reported 
at a water temperature around 18 ºC (Kodama et 

al., 1987). Handling of infected fish such as harvest 
and transferring to holding tanks under crowding 
conditions were associated with a rapid spread of 
the disease through the fish population.

E. tarda can infect other fish species such as 
largemouth bass (Micropterus salmoides), Japanese 
red sea bream (Pagrus major), yellow tail (Seriola 
quinqueradiata), and common carp (Cyprinus 
carpio) (Plumb, 1999). Japanese flounder and red 
sea bream are considered to be very susceptible to 
E. tarda infections (Mekuchi et al., 1995); a similar 
trend of bacterial multiplication in liver, kidney, 
intestine and blood of experimentally infected fish 
was observed regardless of the way of exposure, 
including intraperitoneal injection, oral intubation 
or immersion methods (Rashid et al., 1997). 
However, while flounders appear to be susceptible 
to typical E. tarda strains, red sea bream seems to 
be more susceptible to atypical non-motile strains 
(Matsuyama et al., 2005). E. tarda is associated with 
warm-water fish species, salmonids are not common 
hosts, although natural outbreaks of E. tarda have 
been reported in prespawning wild Chinook salmon 
(Oncorhynchus tshawytscha) (Amandi et al., 1982), 
and in brook trout (Salvelinus fontinalis) (Uhland et 
al., 2000), particularly associated with warm summer 
months, when the water temperatures range from 17 
ºC to 20 ºC. Epizootic outbreaks of edwardsiellosis 
were also reported in adult largemouth bass during 
late summer and early fall (Francis-Floyd et al., 
1993). Isolation of E. tarda from different fish species, 
aquatic environments and geographical locations 
(Wyatt et al., 1979; Rashid et al., 1994; Muratori 
et al., 2000; Clavijo et al., 2002), may indicate this 
bacterium has wide distribution in nature, high 
adaptability and a number of potential reservoirs.
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Pathological features of 
edwardsiellosis

The pathology induced by E. tarda is very similar 
across various fish species and characterized by 
systemic suppurative abscesses (Miyazaki and 
Kaige, 1985; Rashid et al., 1997; Plumb, 1999; 
Darwish et al., 2000). In catfish, small lesions located 
on the postero-lateral areas of the bodyprogresses 
into abscesses within muscles of the flanks or 
caudal peduncle; those abscesses rapidly increase 
in size and are visible as convex, swollen areas on 
the body surface that when incised, a foul odor is 
emitted (Meyer and Bullock, 1973; Kusuda et al., 
1976). Internally, hyperemia, hemorrhages, swelling 
of the liver, spleen, kidney, gastrointestinal tract and 
musculature are also present (Inglis et al., 1993). A 
distended abdomen due to the presence of abundant 

yellowish, sanguineous or fibrino-hemorrhagic 
ascitic fluid, which can lead to a severe prolapse 
of the anus and the large intestine is a common 
manifestation of the natural or experimental 
infection in Japanese flounder (Figure 1A, 2A), 
and a similar finding has been reported in turbot 
and striped bass (Padros et al., 2006). In contrast 
to the limited lesions developed in experimentally 
infected striped bass (Baya et al., 1997), experimental 
infection in Japanese flounder (8-10 g body weight) 
by a 10-min immersion periodin a bacterial solution 
containing 2,3 × 106 bacterial cells/mL, a dose very 
close to the lethal dose 50 percent, LD50% (3,6 × 106 
CFU/mL) reported previously (Mekuchi et al., 1995), 
produced almost 100% mortality within a 30 days 
post-infection period (Figure 2) and reproduced 
consistently the gross and histopathological changes 
of the natural disease, including pale and mottled 
liver with multiples abscesses (Figure 3A, B).

Figure 1. Japanese flounder juvenile naturally infected by E. tarda. A. the abdomen is distended and shows prolapsed rectum and 
large intestine. B. A large amount of sera-sanguineous ascitic fluid accumulated in the abdominal cavity, the liver is severely pale and 
mottled with multiples abscesses, and it is also covered by a fibrin-hemorrhagic exudate. AW: abdominal wall; G: gill; L: large intestine; 
SI: small intestine; L: liver; K: kidney.

Figure 2. Cumulative mortality in Japanese flounder (Paralichthys olivaceus) fingerlings experimentally infected with E. 
tarda by immersion method.

E. tarda
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Figure 3. Gross changes in Japanese flounder fingerlings experimentally infected with E. tarda by immersion method. A. The abdominal 
cavity is rounded due to the collection of ascitic fluid and there is an initial prolapse of the rectum and large intestine. B. A dashed 
area delimits the liver, which is pale and mottled showing multiples abscesses. G: gill; LI: large intestine; L: liver; K: kidney, S: stomach.

Edwardsiellosis was initially documented in young 
tilapia hybrids cultured in Colombia, where it 
caused mortalities ranging from 10 to 90% of 
the population and characterized by systemic 
inflammation with suppurative abscesses (Rey 
et al., 2002). More recently, at least 21 outbreaks 
of edwardsiellosis have been detected in tilapia 
hybrids, which manifested ocular lesions (i.e., 
exophthalmia, corneal opacity and eyes losing), 
abdominal distension, nodules in the caudal fin, 
and hemorrhagic ulceration of the urogenital 
orifice. Gross findings such as pallor of the gills 
and muscle are frequently seen, sanguineous fluid 
accumulates in the abdomen which is accompanied 
by peritonitis and pancreatitis. The liver, spleen, and 
kidney can be enlarged and in most of the cases 
exhibiting whitish nodules. The gastrointestinal 
tract shows different degrees of sanguineous 
content associated with intussusceptions (Figure 
4). Those changes resembles the gastrointestinal 
pathology reported in tilapia hybrids experimentally 
infected with Aeromonas hydrophila (Rey et al., 
2009), and suggest a species-specific susceptibility 
or a common response to bacterial toxins that could 
persistently stimulate the gastrointestinal nervous 
system, creating myoelectric patterns of intestinal 
motility responsible for fluid propulsion (Navarre 
and Roussel, 1996; Husebye et al., 2001; Tanabe 
et al., 2004). The persistent contraction of the 
intestinal muscle might explain in some extent the 
development of intussusceptions in tilapia and the 
intestinal prolapse in Japanese flounder, in which 
the abundant ascitic fluid may also contribute to 
this condition.

Figure 4. Microscopic appearance of the intestinal tract ofa tilapia 
hybrid (Oreochromis species) naturally infected with Edwardsiella 
tarda showing severe intussusceptions. A considerable part of the 
small intestine has invaginated (A, intussusceptum) into another 
section of the intestine (B, intussuscipiens). Note the pancreatic 
tissue (P) relocated between the serosa layers of the intestinal 
wall and particularly in the lumen formed by the intussusceptum. 
H&E (40x).

Microscopically, the type of inflammatory response 
induced by E. tarda may differ between fish species 
(Miyazaki and Kaige, 1985). This may be due to the 
fish species itself, the phase of infection, the virulence 
factors produced by different strains of E. tarda, as 
well as the fish condition to mount a weak or strong 
inflammatory response. The disease in Japanese 
eel and flounder was described asa suppurative 
inflammation of the lesions, where the E. tarda growth 
overcame the bactericidal activities of neutrophils 
and macrophages. In the other hand, the infection in 
tilapia and red sea bream has been documented more 
likely to be a type of granulomatous inflammation 
preceded by macrophage infiltration and a reduced 
number of bacteria inside the granulomas (Miyazaki 
and Kaige, 1985). Tissue necrosis of several organs, 
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including the gill (Figure 5), meningitis, encephalitis 
and vasculitis with fibrinoid necrosis of the blood 
vessel wall, as well as the formation of plaque-
like structures were the most significant lesionsin 
tilapiamanifesting nervous signs (Iregui et al., 2012). 
Although micro-vascular changes and multifocal 
necrosis were associated with the granulomas 
in largemouth bass and wild adult striped bass 
(Francis-Floyd et al., 1993; Baya et al., 1997), to our 
knowledge this is the first time intussusceptions 
and microvascular lesions in the brain are associated 
with E. tarda infection in fish. Thelesions in the 
gastrointestinal tract are mostly necrotic, however, 
a degenerative process of the intestinal muscular 
layers characterized by fragmentation and hyaline 
appearance of the muscle cells (Figure 6), appear to 
be novel manifestations. Lesions in the liver range 
from necrotic to granulomatous reactions; other 
localization of the granulomas is the choroid of the 
eyes, which is severely infiltrated by leukocytes. In 
sharp contrast with other Gram-negative bacillary 
infections in tilapia, E. tarda is more often observed 
inside the granulomas, a finding that although not 
pathognomonic, is very helpful in cases where the 
isolation of the microorganism has not been feasible.

Figure 5. Gill filament of tilapia hybrid. Numerous bacilli (arrows) 
have already invaded the epithelium of the filament, which is 
edematous and necrotic and the lamellae are no longer visible. 
H&E (100x).

Figure 6. Intestine of a red tilapia. Severe hyaline degeneration of 
the longitudinal layer of muscle cells (arrows). Leukocytes have 
infiltrated the submucosa and are also present in a blood vessel 
and free in the peritoneum. H&E (40x).

E. tarda in other animal species

E. tarda has been adapted to and isolated from 
a wide variety of animal species, some of them 
with a concomitant clinical condition and others 
indicating a carrier state or common gut flora. 
They includes reptiles such as lizards, snakes and 
alligators, diseased birds such as Ostrich (Struthio 
camelus) with acute intestinal infection, brown 
pelicans (Pelecannus occidentalis carolinensis) and 
common loons (Gavia immer) with hemorrhagic 
enteritis, and from intestinal samples of healthy 
turkey vultures (Cathartes aura), ring-billed 
gulls (Larus delewarensis) sandhill crane (Grus 
canadensis), bald eagle (Haliacetus leucocephalus), 
and blue herons (Ardea herodias), and less common 
from sea mammals (Berg and Anderson, 1972; 
White et al., 1973; Winsor et al., 1981; Martineau 
et al., 1985). Scavenger birds such as Gullsare 
considered important reservoir of E. tarda and 
Salmonella in seafood and fish meal processing 
plants (Berg and Anderson, 1972). The bacterium 
was recovered from frogs, turtles, crayfish and 
cattle fecal samples sharing the same aquatic 
environment of catfish, revealing not only potential 
reservoirs of infection but indicating the possibility 
of cross-contamination during catfish processing 
(Wyatt et al., 1979).

Edwardsiella tarda 
infection in humans

The intestinal disease

Edwardsiella tarda most frequently causes 
gastroenteritis with acute watery diarrhea 
predominantly in immunocompromised or 
immunodepressed patients, older adults and 
children (Slaven et al., 2001; Wang et al., 2005; 
Spencer et al., 2008). The intestinal disease caused 
by E. tarda is characterized by watery to bloody 
diarrhea that could be prolonged or intermittent, 
anorexia and vomiting are common in neonates and 
young infants, which are particularly susceptible to 
the infection due to an immature immunity (Lim, 
1978; Vandepitte et al., 1983). In some instances, 
gastroenteritis has been documented to progress 
into an ulcerative colitis (Engel and Martin, 2006), 
and patients receiving immunosuppressive therapy 
during organ transplantation are susceptible to 
develop gastroenteritis by E. tarda (Spencer et al., 
2008). The disease is of high concern in tropical and 
subtropical regions, where dietary habits such as 
consumption of raw fish and sea foods are directly 
associated with clinical manifestations (Tsuji et al., 
2008).
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The extra-intestinal disease

E. tarda is capable of colonize the maternal birth 
canal and uterus that often progress into necrotizing 
soft-tissue and neonatal infection (Mowbray et al., 
2003; Mikamo et al., 2003), particularly meningitis 
in newborns (Sonnenwirth and Kallus, 1968; 
Okubadejo and Alausa, 1968), that could progress 
into septicemia (Vohra et al., 1988), or multiple 
neonatal brain abscesses, that if early detected could 
be properly diagnosed and treated (Takeuchi et al., 
2009). Extraintestinal infections usually originate 
from wounds associated with fishing, diving or 
swimming or abdominal trauma (Zighelboim et al., 
1992; Slaven et al., 2001), with subsequent escape 
of the bacteria from the bowel and spreading into 
adjacent tissues, causing peritonitis, multiple liver 
abscesses, cholangitis, meningitis, cholecystitis, 
salpingitis, bronchopneumonia, empyema, skin 
and genitourinary tract infections (Janda and 
Abbott, 1993; Mizunoe et al., 2006). In some 
instances extraintestinal infections ends in septic 
shock (Clarridge et al., 1980; Funada et al., 1988), 
particularly in immunocompromised patients 
(Peyrade et al., 1997), and those with underlying 
malignancy (Tamada et al., 2009). Hepatobiliary 
diseases including billiary tract lithiasis, billiary tract 
infection, malignancy and diabetes mellitus are 
known to predispose to E. tarda infections (Wang et 
al., 2005). Wound infections by E. tarda might also 
develop into myonecrosis (Slaven et al., 2001), or 
even osteomyelitis (Ruff et al., 1977).The wide variety 
of human tissues that E. tarda successfully colonize 
may be associated with the intracellular nature of 
this pathogen. Since E. tarda has been isolated from 
diseased tilapias, caution must be taken to properly 
evaluate and diagnose its role in human disease in 
Colombia.

Molecular pathogenesis of edwardsiellosis

The pathogenesis of E. tarda infection as occurs 
with other members of the Enterobactereaceae, is 
considered to be due to multiple factors (Leung et 
al., 2012).The E. tarda virulence factors responsible 
for its pathogenicity includes stable enterotoxin and 
hemolysins (Chen et al., 1996; Hirono et al., 1997), 
dermatonecrotic toxin, chondroitinase activity, 
complement-mediated resistance, hemagglutination 
mediated by nonfimbrial adhesins, and siderophore 
production (Kokubo et al., 1990; Janda et al., 
1991a), invasive ability and cytotoxicity to HEp-
2 cell lines (Janda et al., 1991b; Janda and Abbott, 
1993; Darwish et al., 2000; Ling et al., 2000; Rao et 
al., 2004; Tan et al., 2005; Zheng and Leung, 2007) 
and a type III (T3SS) and type VI (T6SS) secretion 
of virulence factors (Janda et al., 1991b; Janda and 
Abbott, 1993; Darwish et al., 2000; Ling et al., 2000; 
Rao et al., 2004; Tan et al., 2005; Zheng and Leung, 

2007) have been characterized. Recently, full genome 
analysis of various fish pathogens has offered robust 
information on the genetic makeup and pathogenic 
mechanisms used to infect a number of fish species. 
In the case of E. tarda, those studies provide support 
to an intracellular nature of the pathogen, a better 
understanding of the multidrug resistance features 
and its capability to infect diverse animal species 
(Wang et al., 2009). A recent review highlights a 
rapid genomic evolution of E. tarda, and the adaptive 
evolutionary strategies of bacterial fish pathogens in 
different ecological niches (Sudheesh et al., 2012), 
although, a number of potential vaccines have been 
developed (Park et al., 2012), it seems that more 
research is needed before an efficacious vaccine 
is commercially available, however, some of the 
structural antigens that might be useful to develop 
subunit vaccines have been identified (Verjan et al., 
2005) and need to be explored deeply. Interested 
readers are invited to consult a more complete 
review on the virulence factors and their roles in 
the pathogenesis of E. tarda infections (Leung et al., 
2012).

Figure 7. Edwardsiellosis, tissue distribution of E. tarda infection 
in human and fish hosts. Although no abscesses have been found 
in fish gills (the lung counterpart of fish), severe necrosis of gill 
epithelium is a common finding (Figure 5).

Conclusions

E. tarda is an enteropathogenic bacterium 
distributed widely in nature, commonly found in 
aquatic animals and their environment, where it 
causes severe disease in wild and commercial fish 
species with clinical and pathological changes 
similar to those observed in humans. Although, the 
bacteria cause mainly diarrheal illness in humans, 
common features of E. tarda infection in fish and 
humans are the development of local and systemic 
abscesses, which can progress into severe tissue 
necrosis and lethal septicemia (Figure 7). The novel 
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pathological changes described in tilapia including 
the intestinal intussusceptions and degeneration of 
intestinal muscular layers, might represent the fish 
manifestation of the diarrheal illness observed in 
terrestrial animals, which is very difficult to judge in 
the aquatic environment. Similarities in the tissue 
distribution, colonization and pathological changes 
caused by E. tarda in fish and human hosts might 
support the use of the fish model to study E. tarda 
pathogenesis aimed to develop novel strategies to 
control edwardsiellosis.

Acknowledgments

We thank to all members at the Genome Science 
Laboratory, Tokyo University of Marine Science 
and Technology and the Laboratorio de Patologia 
Veterinaria, Universidad Nacional de Colombia for 
invaluable assistance and critical discussions.

References
Amandi, A., Hiu, S.F., Rohovec, J.S., Fryer, J.L., 1982. Isolation and 

characterization of Edwardsiella tarda from fall chinook salmon 
(Oncorhynchus tshawytscha). Applied and Environmental 
Microbiology 43, 1380-1384.

Baya, A.M., Romalde, J.L., Green, D.E., Navarro, R.B., Evans, J., May, 
E.B., Toranzo, A.E., 1997. Edwardsiellosis in wild striped bass from 
the Chesapeake Bay. Journal of Wildlife Diseases 33, 517-525.

Berg, R.W., Anderson, A.W., 1972. Salmonellae and Edwardsiella tarda 
in gull feces: a source of contamination in fish processing plants. 
Applied and Environmental Microbiology 24, 501-503.

Bullock, G.L., Herman, R.L., 1985. Edwardsiella infections of fishes. 
US Fish & Wildlife Publications Paper 132.

Chen, J.D., Lai, S.Y., Huang, S.L., 1996. Molecular cloning, 
characterization, and sequencing of the hemolysin gene from 
Edwardsiella tarda. Archives of Microbiology 165, 9-17.

Clarridge, J.E., Musher, D.M., Fainstein, V., Wallace, R.J., Jr., 1980. 
Extraintestinal human infection caused by Edwardsiella tarda. 
Journal of Clinical Microbiology 11, 511-514.

Clavijo, A.M., Conroy, G., Conroy, D.A., Santander, J., Aponte, F., 
2002. First report of Edwardsiella tarda from tilapias in Venezuela. 
Bulletin European Asssociation of Fish Pathologists 22, 280-282.

Darwish, A., Plumb, J.A., Newton, J.C., 2000. Histopathology and 
pathogenesis of experimental infection with Edwardsiella tarda in 
channel catfish. Journal of Aquatic Animal Health 12, 255-266.

Engel, J.J., Martin, T.L., 2006. Edwardsiella tarda as a cause of 
postdysenteric ulcerative colitis. Intetnational Journal of 
Colorectal Disease 21, 184-185.

Ewing, W.H., McWhorter, A.C., Escobar, M.R., Lubin, A.H., 1965. 
Edwardsiella, a new genus of Enterobacteriaceae based on a 
new species, E. tarda. International Bulletin Bacteriological 
Nomenclature and Taxonomy 15, 33-38.

Francis-Floyd, R., Reed, P., Bolon, B., Estes, J., McKinney, S., 1993. An 
epizootic of Edwardsiella tarda in largemouth bass (Micropterus 
salmoides). Journal Wildlife Diseases 29, 334-336.

Funada, H., Kameoka, J., Machi, T., Matsuda, T., 1988. Edwardsiella 
tarda septicemia complicating acute leukemia. Japanese Journal 
of Medicine 27, 325-328.

Grimont, P.A.D., Gnmont, F., Richard, C., Sakazaki, R., 1980. 
Edwardsiella hoshinae, a new species of Enterobacteriaceae. 
Current Microbiology 4, 347-351.

Hawke, J.P., McWhorter, A.C., Stelgerwalt, A.G., Brenner, D.J., 1981. 
Edwardsiella ictaluri sp. nov., the causative agent of enteric 
speticemia of catfish. International Journal of Systematic 
Bacteriology 31, 396-400.

Hirono, I., Tange, N., Aoki, T., 1997. Iron-regulated haemolysin gene 
from Edwardsiella tarda. Molecular Microbiology 24, 851-856.

Hoshina, T., 1962. On a new bacterium, Paracolobactrum 
anguillimortiferum n. sp. Bulletin of Japanese Society Scientific 
Fisheries 28, 162-164.

Husebye, E., Hellstrom, P.M., Sundler, F., Chen, J., Midtvedt, T., 2001. 
Influence of microbial species on small intestinal myoelectric 
activity and transit in germ-free rats. American Journal of 
Physiology-gastrointestinal Liver Physiology 280, G368-380.

Inglis, V., Roberts, R.J., Bromage, N.R., 1993. Bacterial Diseases of Fish. 
Blackwell Science Ltd Osney, Mead, Oxford OX2 0EL.

Iregui, C.A., Guarin, M., Tibata, V.M., Ferguson, H.W., 2012. Novel brain 
lesions caused by Edwardsiella tarda in a red tilapia (Oreochromis 
spp.). Journal of Veterinary Diagnostic Investigation 24, 446-449.

Janda, J.M., Abbott, S.L., 1993. Infections associated with the genus 
Edwardsiella: the role of Edwardsiella tarda in human disease. 
Clinical Infectious Diseases 17, 742-748.

Janda, J.M., Abbott, S.L., Kroske-Bystrom, S., Cheung, W.K., Powers, 
C., Kokka, R.P., Tamura, K., 1991a. Pathogenic properties of 
Edwardsiella species. Journal of Clinical Microbiology 29, 1997-
2001.

Janda, J.M., Abbott, S.L., Oshiro, L.S., 1991b. Penetration and 
replication of Edwardsiella spp. in HEp-2 cells. Infection and 
Immunity 59, 154-161.

Kodama, H., Murai, T., Nakanishi, Y., Yamamoto, F., Mikami, T., Izawa, 
H., 1987. Bacterial infection which produces high mortality in 
clutured Japanese flounder (Paralichthys olivaceus) in Hokkaido. 
Japanese Journal of Veterinary Research 35, 227-234.

Kokubo, T., Lida, T., Wakabayashi, H., 1990. Production of siderophore 
by Edwardsiella tarda. Fish Pathology 25, 237-241.

Kusuda, R., Toyoshima, T., Iwamura, Y., Sako, H., 1976. Edwardsiella 
tarda from an Epizootic of Mullets (Mugil cephalus) in okitsu Bay. 
Bulletin of the Japanese Society of Scientific Fisheries 42, 271-275.

Leung, K.Y., Siame, B.A., Tenkink, B.J., Noort, R.J., Mok, Y.K., 2012. 
Edwardsiella tarda virulence mechanisms of an emerging 
gastroenteritis pathogen. Microbes Infect 14, 26-34.

Lim, P.L., 1978. Some interesting isolates from a diagnostic laboratory. 
Journal of Clinical Pathology 31, 223-226.

Ling, S.H., Wang, X.H., Xie, L., Lim, T.M., Leung, K.Y., 2000. Use of 
green fluorescent protein (GFP) to study the invasion pathways 
of Edwardsiella tarda in in vivo and in vitro fish models. 
Microbiology 146, 7-19.

Martineau, D., Lagace, A., Masse, R., Morin, M., Beland, P., 1985. 
Transitional Cell Carcinoma of the Urinary Bladder in a Beluga 
Whale (Delphinapterus leucas). Canadian Veterinary Journal 26, 
297-302.

Matsuyama, T., Kamaishi, T., Ooseko, N., Kurohara, K., Lida, T., 2005. 
Pathogenicity of motile and non-motile Edwardsiella tarda to 
some marine fish. Fish Pathology 40, 133-135.

Mekuchi, T., Kiyokawa, T., Honda, K., Nakai, T., Muroga, K., 1995. 
Infection experiments with Edwardsiella tarda in Japanese 
flounder. Fish Pathology 30, 247-250.

Meyer, F.P., Bullock, G.L., 1973. Edwardsiella tarda, a new pathogen 
of channel catfish (Ictalurus punctatus). Applied Microbiology 25, 
155-156.

Mikamo, H., Ninomiya, M., Sawamura, H., Tamaya, T., 2003. Puerperal 
intrauterine infection caused by Edwardsiella tarda. Journal of 
Infection and Chemotherapy 9, 341-343.



90 Revista Colombiana de Ciencia Animal      , Vol. 5, No. 1, 2012.

Miyazaki, T., Kaige, N., 1985. Comparative histopathology of 
edwardsiellosis in fishes. Fish Pathology 20, 219-227.

Mizunoe, S., Yamasaki, T., Tokimatsu, I., Matsunaga, N., Kushima, H., 
Hashinaga, K., Kadota, J., 2006. A case of empyema caused by 
Edwardsiella tarda. Journal of Infection 53, e255-258.

Mowbray, E.E., Buck, G., Humbaugh, K.E., Marshall, G.S., 2003. 
Maternal colonization and neonatal sepsis caused by Edwardsiella 
tarda. Pediatrics 111, e296-298.

Muratori, M.C.S., de Olivera, A.L., Ribeiro, L.P., Leite, R.C., Costa, 
A.P.R., M.C.C., d.S., 2000. Edwardsiella tarda isolated in integrated 
fish farming. Aquaculture Research 31, 481-483.

Nakatsugawa, T., 1983. Edwardsiella tarda isolated from cultured 
young flounders. Fish Pathology 18, 99-101.

Navarre, C.B., Roussel, A.J., 1996. Gastrointestinal motility and 
disease in large animals. Journal of Veterinary Internal Medicine 
10, 51-59.

Okubadejo, O.A., Alausa, K.O., 1968. Neonatal meningitis caused by 
Edwardsiella tarda. British Medical Journal 3, 357-358.

Padros, F., Zarza, C., Dopazo, L., Cuadrado, M., Crespo, S., 2006. 
Pathology of Edwardsiella tarda infection in turbot, Scophthalmus 
maximus (L.). Journal of Fish Disease 29, 87-94.

Park, S.B., Aoki, T., Jung, T.S., 2012. Pathogenesis of and strategies 
for preventing Edwardsiella tarda infection in fish. Veterinary 
Research 43, 67.

Peyrade, F., Bondiau, P., Taillan, B., Boscagli, A., Roa, M., Dujardin, 
P., 1997. Edwardsellia tarda septicemia in chronic lymphoid 
leukemia. La Revue de Medecine Interne 18, 233-234.

Plumb, J.A., 1999. Edwardsiella septicaemias. Fish Disease and 
Disorders vol 3. Viral, bacterial and fungal infections. CABI 
publishing. P.T.K.Woo and D.W. Bruno (Eds.).

Rao, P.S., Yamada, Y., Tan, Y.P., Leung, K.Y., 2004. Use of proteomics 
to identify novel virulence determinants that are required for 
Edwardsiella tarda pathogenesis. Molecular Microbiology 53, 
573-586.

Rashid, M., Honda, K., Nakai, T., Muroga, K., 1994. An ecological 
study on Edwardsiella tarda in Flounder farms. Fish Pathology 29, 
221-227.

Rashid, M.M., Nakai, T., Muroga, K., Miyazaki, T., 1997. Pathogenesis 
of experimental Edwardsiellosis in Japanese flounder Paralychthys 
olivaceus. Fisheries Sciences 63, 384-387.

Rey, A., Iregui, C., Verjan, N., 2002. Diagnóstico clínico patológico de 
brotes de enfermedad en tilapia roja (Oreochromis spp.). Revista 
de Medicina Veterinaria y Zootecnia 49, 13-21.

Rey, A., Verjan, N., Ferguson, H.W., Iregui, C., 2009. Pathogenesis of 
Aeromonas hydrophila strain KJ99 infection and its extracellular 
products in two species of fish. Veterinary Record 164, 493-499.

Ruff, W.L., Scott-Cora, J., Prout, J.D., 1977. Edwardsiella tarda 
associated with osteomyelitis. Journal of the National Medical 
Association 69, 871-872.

Sakazaki, R., 1965. A proposed group of the family Enterobacteriaceae, 
the Asakusa group. International Bulletin of Bacteriology 
Nomenclature and Taxonomy 15, 45-47.

Slaven, E.M., Lopez, F.A., Hart, S.M., Sanders, C.V., 2001. Myonecrosis 
caused by Edwardsiella tarda: a case report and case series of 
extraintestinal E. tarda infections. Clinical Infectious Diseases 32, 
1430-1433.

Sonnenwirth, A.C., Kallus, B.A., 1968. Meningitis due to Edwardsiella 
tarda. First report of meningitis caused by E. tarda. American 
Journal of Clinical Patholology 49, 92-95.

Spencer, J.D., Hastings, M.C., Rye, A.K., English, B.K., Ault, B.H., 2008. 
Gastroenteritis caused by Edwardsiella tarda in a pediatric renal 
transplant recipient. Pediatric Transplantation 12, 238-241.

Sudheesh, P.S., Al-Ghabshi, A., Al-Mazrooei, N., Al-Habsi, S., 2012. 
Comparative pathogenomics of bacteria causing infectious 

diseases in fish. International Journal of Evolutionary Biology 
2012, 457264.

Takeuchi, H., Fujita, Y., Ogawa, H., Shiomi, K., Toyokawa, Y., Yamamoto, 
T., Furukawa, T., Ebisu, T., 2009. Multiple brain abscesses in 
neonate caused by Edwardsiella tarda: case report. Neurologia 
Medico Chirurgica (Tokyo) 49, 85-89.

Tamada, T., Koganemaru, H., Matsumoto, K., Hitomi, S., 2009. 
Urosepsis caused by Edwardsiella tarda. Journal of Infection and 
Chemotherapy 15, 191-194.

Tan, Y.P., Zheng, J., Tung, S.L., Rosenshine, I., Leung, K.Y., 2005. Role 
of type III secretion in Edwardsiella tarda virulence. Microbiology 
151, 2301-2313.

Tanabe, Y., Calland, J.F., Schirmer, B.D., 2004. Effects of peritoneal 
injury and endotoxin on myoelectric activity and transit. Journal 
of Surgical Research 116, 330-336.

Tsuji, A., Hirasawa, K., Arakuma, T., Izumi, K., Kobori, K., Sunohara, 
K., Yoshizawa, N., Watanabe, H., Izumiya, H., 2008. A 12-year-
old boy with acute gastroenteritis caused by Edwardsiella tarda 
O4:H4. Journal of Infection and Chemotherapy 14, 433-435.

Uhland, F.C., Helie, P., Higgins, R., 2000. Infections of Edwardsiella 
tarda among Brook Trout in Quebec. Journal of Aquatic Animal 
Health 12, 74-77.

Van Damme, L.R., Vandepitte, J., 1980. Frequent isolation of 
Edwardsiella tarda and Pleisiomonas shigelloides from healthy 
Zairese freshwater fish: a possible source of sporadic diarrhea in 
the tropics. Applied and Environmental Microbiology 39, 475-
479.

Vandepitte, J., Lemmens, P., de Swert, L., 1983. Human Edwardsiellosis 
traced to ornamental fish. Journal of Clinical Microbiology 17, 
165-167.

Verjan, N., Hirono, I., Aoki, T., 2005. Genetic loci of major antigenic 
protein genes of Edwardsiella tarda. Applied and Environmental 
Microbiology 71, 5654-5658.

Vohra, K., Torrijos, E., Jhaveri, R., Gordon, H., 1988. Neonatal sepsis 
and meningitis caused by Edwardsiella tarda. Pediatric Infectious 
Disease Journal 7, 814-815.

Wakabayashi, H., Egusa, S., 1973. Edwardsiella tarda (Paracolobactrum 
anguillimortiferum) associated with pond-cultured eels diseases. 
Bulletin of Japanese Society of Scientific Fisheries 39, 931-936.

Wang, I.K., Kuo, H.L., Chen, Y.M., Lin, C.L., Chang, H.Y., Chuang, F.R., 
Lee, M.H., 2005. Extraintestinal manifestations of Edwardsiella 
tarda infection. International Journal of Clinical Practice 59, 917-
921.

Wang, Q., Yang, M., Xiao, J., Wu, H., Wang, X., Lv, Y., Xu, L., Zheng, H., 
Wang, S., Zhao, G., Liu, Q., Zhang, Y., 2009. Genome sequence of 
the versatile fish pathogen Edwardsiella tarda provides insights 
into its adaptation to broad host ranges and intracellular niches. 
PLoS One 4, e7646.

White, F.H., Simpson, C.F., Williams, L.E., Jr., 1973. Isolation of 
Edwardsiella tarda from aquatic animal species and surface waters 
in Florida. Journal Wildlife Disease 9, 204-208.

Winsor, D.K., Bloebaum, A.P., Mathewson, J.J., 1981. Gram-negative, 
aerobic, enteric pathogens among intestinal microflora of wild 
turkey vultures (Cathartes aura) in west central Texas. Applied and 
Environmental Microbiology 42, 1123-1124.

Wyatt, L.E., Nickelson, R., 2nd, Vanderzant, C., 1979. Edwardsiella 
tarda in freshwater catfish and their environment. Applied and 
Environmental Microbiology 38, 710-714.

Zheng, J., Leung, K.Y., 2007. Dissection of a type VI secretion system in 
Edwardsiella tarda. Molecular Microbiology 66, 1192-1206.

Zighelboim, J., Williams, T.W., Jr., Bradshaw, M.W., Harris, R.L., 1992. 
Successful medical management of a patient with multiple 
hepatic abscesses due to Edwardsiella tarda. Clinical Infectious 
Diseases 14, 117-120.


