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ABSTRACT :

Yersiniosis caused by Yersinia ruckeri was studied in Oreochromis niloticus fish
Jarm in Egypt. Recurrences aof the diseuse condition occurred In swinmer season and
correlated with improper management represented by poor water quality and continiu-
ous farming operations. Symptomatic and asymptomatic infections were recorded in
natwally and experimentally infected fish where the principal signs of the discase
were congestlion of the head reglon. bases of the fins and intemal organs. Naturally,
the percents of recovery of Y.ruckeri from clinically infected, asymptomatic dead and
apparently healthy fish as well as from their corresponding pond water samples
reached 88 %, 76 %, 56 % and 100 %, 80 %, 40 % respectively. Experimentatly, cumuda-
tive morhidity and mortality percents of intraperitoneally infected fish groups with
Y.ruclceri at 22 + 1°C and at 30 - 1°C reached 60%, 10086 and 25%, 55% respeclively:
however, these percents reached 35%, 95% and 10%, 40% in fish groups kept in immer-
sion with Y.ruckerl at the same temperaiures respeclively. Histopathological changes
were mainly inflammatory and degenerative in nature. The prevention and principals
of disease control were also discussed.

INTRODUCTION

Enterie redimouth (ERM]) is an acute or chronle infection of lsh caused by Yersinla ruckeri, a
Gram-niegatlive enteric bacterium generally widespread in [reshwater cnvironments (Noga,
2000). Yersinia ruckerl Is prescnt in a carrler state in many specics of flsh and remains unde-
tecled until siress mediated dominantly by poor water quallty occurs (Woo and Bruno 1999).
Enteric redmouth is consldered primarily a diseasc ol channcl catilsh Ictalurus punctatus (Lew-
is, 1981) and salmonids (Busch, 1882), howcver, inlection was also recorded In eel Anguilla an-

guilla (Fuhrmann et al,, 1884), common carp Cyprinus carplo (Fuhrmann et al., 1984) , gold-
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fish Carassins auraius [Me Ardle aﬁd Doéley-Martln i985). sule Solea suleca (Michel et al.,
1986). bhighuvad! carp Aristlelithys nobilis (Xu et al., 1991) and silver carp Hypophihbahuichihys
molitrix (Xu et al., 1991}, ¢

The carly ferminology used to deseribe the disease , such as redmnouth |, redthroat or hacterial
scMicacmia was derived from the gross clinical signs (Ross et al. 1966 and Rucker 1966) .
however, standardization as enderic * redmoulh was mmade by the Fish Health Scetion of 1he

American Fisheries Scciety in 1975 and this, wilh yersiniosis |, remalned the common nanws |

Euteric redmouth disease has been identilled in maost areas of Europe , Canada , USA |, Aus-
tralia and Africa where [reshwater fish are cultured [ Mc Danfel 1971 , Wobeser 1973 , Green
& Austin 1982, Bragg & Henton , 1986 and Noga 2000) . The principal signs of ERM are in-
Nammation in 1he head arca especially the mouth, hacmorrhages in the intestine and congesiton
ol the bases of the fins (Fuhrmann et al., 1984), Clinical condltions similar to ERM cansed by
dillercnt Gram-negative rods: Aeromonas hydrophila and Pseudomenas flourescens have been
rceorded (Roberts, 2001), however, the signs of classical redmonth dlscasce are usually pro-

duced by Y. ruckert, a member of the family Enlerobacteriaceae (Ewing et al., 1978) .

Enteric redmouth disease may be controlled lo acceptable lévels in fish farims by good hus-
banklry, particalarly high water .quality and antibiotic trcatment. Even so, It presents a conslani

threat (hat evodes the prolitability of the farms on which it is endemic {(Woo and Bruno, 1999).

This work characterizes Lthe occurrence ol recurrent yersiniosis in summer season in an Qre-
ochromis niloticus {ish farm in El-Sharkia province in Egypt. Clinlcal, bactcriological and lisio-
pathological cxaminatllons ol naturally and experimentally diseased lish as well as (he role
playced by waler qualily and improper management assoclated with such infection are studicd.

The principals of disease prevention and control are also discussed.

MATERIALS AND METHODS
Fish N )
* Naturally affected fish S;lmples

A lotal numiber of 50 O. niloticus of body weighl ranging between 60 Lo 200 g represcnled by
clinically infected:- {living and freshly dead), asymplomatleally dead and apparently heallliy fish
werge collecied {rom carthen ponds of a comumercial fish farm in El-Sharkla province in Egypl sul-
fering from low mortality and a septicaeinic disease condition .Collected {ish were exaniined clin-

ically and baciceriologically as described by Post (1987) and Austin & Austin (1999}.
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* Fish for experimental infection

Apparently healthy O. niloticus of an average body weight 90 + 10 g were collected [rom a
commercial disease free lish farm and divided Into six equal groups ol 20 lish caeh I glass
aquaria supplicd with acraled and dechlorinated [reshwater. Water (emperature in all aguaria
was (hermostatically adjusted at 22 x 1°C. The ilsh were fed a commercial ration and lcfl for Len

days lor acclimalion,
Pond water samples

Water samiples were collceled from aifected as well as apparently healthy fish ponds and sub-
jected (o physico-chemical analysis for the Tollowing parameters : Temperature . pil , unionized

ammonia , nitrite and dissolved oxygen ., using the stundard mcthods (Dass, 1989) non-ionized.
Bacteriological examination

* Collecied lish samples were hacteriologieally examined (Balows et al., 1992). Sauples tak-
en from internal organs of fish (liver- kidneys - spleen and intestine) were cuttured on tryp-
tic soy agar (I'SA - Glbeo) and 10% sheep blood agar (BA - Oxold) plates. The plates were in-
cubaled aerobleally at 252C for 48 h.

* Pond walcr samples laken under aseptic precaniions were also bacteriologically cxamined
(Balows et al., 1992),

* Bacterial isolate was identifted by colonial morphology, microscopic appearance and physlo-
chemical characteristics (Balows et al.,, 1992 and Cowan & Steel, 1993), using APl 208

syslem for identillcatlon {Bio Mericux - France).
Antimicrobial susceptibillty

Antlmicrobial scnsitivity patterns of the rccovered isolate were determined by the dise diffu-
sion mecthod (Koneman et al., 1997) using Muller - Hinton agar (Oxold). The following antiml-
croblal discs {Blo Merleux, France) were tested:

ampleillin . chloramphenicol , enrofloxacin , gentamicin , kanamyeln . nalidixic acid |, neo-

mycin , novobiocin . sulphonamide , oxolinle acid and oxytetracylince.
Experimental design

Fish in the first experimental group were intraperitoneally {1/P) injected with a dosc ol 0.2 ml
of Y.rucker! cell suspension per {lsh (LDgg 1.3x107 colony forming units, CFUs, 1nl"! according
{0 Reed and Meunch, 1938), Inlectivity in the sccond cxperimental group was carrled oul {Bul-
lock et al, 1971) by removing fish [rom thelr aquarum and Immersing in 2-Liter cell suspen-

sion af Y.ruckerl (1.3x107 colony forming units, CFUs ml*!) for 5 minutes and then rcturning
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fish 10 thieir home aguaria . Fish in the third experimental group were treated with PBS and lelt
as a conlrol group. The three fish groups were conlinuously kept at 22 + 19C. The lourih, the
fifih and the sixth fish groups were stmilarly treated as mentioned in the first three groups and
subjeeted 1o rise in waler temperature [rom 22 £ 1°C {o 30 - 1°C (Bullock et al. 1971) . All
lish groups were elinieally examined throughout six wecks where Internal organs (liver, kiduaeys,
spleen and intestine) of representative fish samplcs were collecled and subjected Lo bacteriologi-

cal examinalion.
Histopathologieal examination

Tissue speciiens taken from muscles and internal organs (liver, kidneys, spleen and inies-
tine} of natulally and experimentally infecled lish were preserved in 10% formalin solution, cm-
bedded in parcaflin, sectioned al Spm , stained with hemaloxylin and eostn ( H&E]), and examined

microscapically {Roberts, 2001) .

RESULTS AND DISCUSSION

Exanmination of clinlcally inlected, asympromalic dead and apparently healthy lish revealed
that sympioiatic Infection ocewrred In large sized fish (more than 150 g} , while smaller lish
were generally died asymnptomatically. The dominant expressed signs of clinically Infecled lish
were dark skin colouration, deep seated haemorrhages ol the mouth and congestion ol thic Licad
tissues espeovially the operculum (Fig.1 and 2). Congestion of the bases of the lins and veat re-
pgion wwre [requenily encountered. lowever, variable degrees ol septicacmlc pictures allecting in-
{«1al organs (liver - kidneys - spleen - Inlestine) as well as abdominal musculature were iuler-
nally scen. Mcanwhlle, asymptomatie dead lish appeared externally normal: however, internally
iherc were iild degrees of septicaemia alfecting internal organs. On the other hand, apparently
hicalthy fish uppeared normal both externally and internally, The recorded disease condition rep-
resented a classical formi of ERM (Noga, 2000 and Roberts, 2001) and confirmed the resulls of
Stevenson et al., (1993) who succceded to recover Y.ruckerl [rom some discased and asympto-
matic fish species. The disese conditlon may be conlused with other Gram-negalive hacmorrhag-
ic scplicacimias but the virtual confinement of external lesions In the present study to the head
ol affected lish is a clinical leature of some signilicance, supporting the lindings of Ewing et al,
(1978).

Hecovered bacterlal colonles on TSA were yellowish white, smooth, round and rose up (o 1 -
i.5 mm (Fig. 3]. The bacterla were Gram-ncgative rods, motile and cytochromne oxidasc - negn-
live. Based on cullural and phenotyple characteristies (Table 1}, the bacterial isolate was idenii-
lied as Y.ruckeri [Austin & Austin, 1989 and Inglis et al, 1993). '
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The recovered Y.ruekerl Isolates were sensitive to oxviclracycline, enrolloxacin, neomycin, ox-
olinic acid. sulphonamide and chloramphenicol and résistanec to nalidixic acid, ampicillin, gen-
laumicin, kanamyein and novobloein. The resulls were supporting the findings of Martinsen et
al. (1992) and Inglis et al. (19695).

Yersinia ruckeri was suceess(ully recovered (rom internal organs of examined fish and pond
watcr samples. The percents of recovery of Y.ruckeri I'rem clinically diseased . asymptomalic dicd
and apparcnlly healthy fish as well as their corresponding pond water samples reached 88, 76,
56% and 100, 80, 40% respectively {Table 2). The recovery of Y.ruckeri from the intestine ol
asymptomatic died and apparently healthy fish may suggest the prescnce of sub-clinical and /
or carrier stalc of infection , supporting the resulls ol Stevenson et al. (1993) who suceceded to
recover Y.ruckeri from sonme disecased and asymptomalie lish speeics. However, Busch and
Lingg {19735) demonslrated those 45 days postinlection. 25% ol a rainbow trout populalion car-
ried Y.ruckeri asymptotnatically in the lower intestine and naintained the pathogen indelinitcly.
Thus the variations in the prevalence of Y.ruckeri in exaniined fish and pond water samples ol
the present study eould be explained on the bases of cyclical shedding of Y.ruckeri {rom asymp-
tomatic carricr fish { Bruno & Munro, 1989) .

Concerning waler quality, data in Table 3 revealed an inercase in the values of waler lemipera-
ture, ammonia and nitrite and decrease in the valuce of dlssolved oxygen in comparison Lo Uwe
optimum standards (Brown and Gratzek 1980). The rccorded water temperature range ol 33.6 -
35.2 In sumimer season could be considered high enough to predispose apparently healthy and/
or carrier [ish to clinical infection, supporting the reports of Bullock and Snleszko {1975) who
regarding the reflection ol poor water qualily as a prime predisposing eause on the ocoinrrence of
fish yersiniosis . However, the expresslon of the discase condition may be correlated with he de-
gree to which lish is stressed. Addilional striking management [actor in the present study was
the continuaiion of farming operations without perinds of dryness and disinlection of ponds as
essential regular [ann actlvities among production cycles. Furthermore, in spite of the capability
ol Y. rucker! to survive in [reshwater for at least 4 months (Thorsen et al. 1992), the formal us-
age of fertilization processes roulinely earried out in earthen ponds of the examined [ish farm
may synergistically extend the survival of Y.ruckeri in ponds'sedements {(Romalde et al.1994)

Icading to the spontancous existenee, dissemination and iransmission of the pathogen,

Regarding experimental Infection, data in Table 4 showed that cumulative morbidity and mor-
{alily pereents reached 60%, 100% and 25%. 55% in [ish groups 1/P {niceted with Y.ruckerl al
22 + 19C and at 30 £ 1°C respectively . However, the percents of morbldity and mortality in fish
groups kepl in conlaet with Y.rucker! at 22 + 19C and al 30 + 1°C reached 35%, 95% and 10%.
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40% 1¢espectively. The eumulatlive morbidity and mortality percents were higher In 1/I? infected
lish groups as a result ol crossing most body barriers by such routc of Infection (Roberts,
2001). These results conllrmed those recorded by Bullock et al, (1971) and reflected (he low
virnlence prolile of the inoeulated Y.ruekerl strain however, the mechanisms responsible lor vir-

ulence are unknown (Noga 2000},

Clinically, most moribund and died fish at 30 + 1°C showed slugglsh moveinent , dark skin
colouration, congestion ol the head reglon and the bascs of the {Ins (Fig. 4 & 5) . Intermnally, ihere
were congeslion of visceral organs, slight enlargement ol the liver and spleen and enteritis espe-
cially in 1/P infected flsh group. On the other hand, cases of subclinleal and asymptomatic infce-
tion were irequently encountered at 22 + 1°C rather than at 30 £ 1°C, conlirming the direct in-
Nuence and the eritical stressful role played by water lemperature In the expression ol discase
course ol Y.ruckeri infection and supporting the lindings of Ross et al, (1966) who reported that
condilions predisposing fish populations to clinical infection with Y.ruckeri are related primarily
to slress. The expressed clinlcal signs and lesions subsided Irom the majorily of experinientally
inleeted lish al 22 £ 1°C by the end of the third week post infectlon with Lhe dominance ol sub-
clinical and asymptomatic types of infection . Meanwhile, at 30 + 1°C slgns and lesions became
progressively niilder by the end ol experimenlal period with somce cases of subclinical and
asymplomatic infcction. llowever, Y. ruckeri was successlully recovered from Internal organs
(Liver, splcen. kidneys and Intestine} ol the majority ol clinical, subclinical and asymplomatic in-
fecled tish both at 22 + 1°C and at 30 + 1°C through oul the expertmental period, suggesting Lic
developmient ol carrler states among infected lish groups and confirming our results recorded in
natural inlection. In this regard, Stevenson et al. (1993} reporited the occurrence of aboul
monthly shedding of Y.ruckerl from somc experimentally infected fish populations depending
upon environinental conditions. However, Woo and Bruno (1999} reported that where isolations
of Y.ruckeri have hcen mmade fromn flsh wiihoul the presence of clinical signs, it 1s probable thal

siich [ish would succumb to infection i sullicient husbandry stress were applied.

[islopathological cxamination of clinically infected fish in patural and expertmental condi-
tons were nearly similar where Infllammaltory and degenerative responses occurred in virtually
all Lody tissues espeeially abdominal musculature | liver, splecn (Fig. 8), kidneys (Fig. 7) and in-
testines wilh 1he presence ol necrotic locl heavily inflltraled with leucocytes in hematopoictic s-
sucs . On the viher hand, subclinical Infected lish and asymptomatlc carriers showed millder his-
lotogical lesious (Fig. 8) or even nonc In most cxamined cases. These results confinned those
rceorded by Noga (2000) and Roberts (2001).

The possibility of using antiblotics in controlling fish yersiniosis is a mailter of concern re-
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garding the documented potentlal environmental and human  healih  hazards as well as the
possible development and spread of antibjotic resistant strains (Kerry et.al.,, 1995 and Ca-
pone et.al., 19986). llowever, prevention of yersiniosis could be achicved by avoiding those hus-
bandry condilions which promote inlcction, reduction ol handling and treatment of water (LATt-
ved et al.,, 1995). O: tbhe olher hand. lailure o remwove ithe husbandry conditions which
influence the occurrence and severtly of the disease results in regular recurrences requiring fur-

ther antiblolic (reatments (Hunter et al., 1980) .

In conclusitn, recurrences of the discase condilion eorrelated with fmproper management
representcd in poor water qualily and contlnuous larming operations., Thus, maintenance ol
good husbandry praclices and proper and ellicient ireatiment of disease condition arc cssenlial

toward the ellicient prevention and control means of fish yersinlesis.
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Table 1 Growth and Biochemical characteristics of recovered Y. ruckert

isolates.

8 Character Reaction N
Colonial morphology on TSA media Yellowish white, round
Haemolysis on 10% sheep blood agar -
Growth on TSA + 2 % NaCl +
Gram Stain -
Motility +
3-galactosidase { ONPG) + J
Arginine dihydrolase { ADH) - ]
Lysine decarboxylase  (LDC) -
Omithine decarboxylase ( ODC) -
Tryptophane deaminase  { TDA ) -
Gelatinase { GEL) +
Cytochrome oxidase (OX) -
Urease (URE) - N
Hydrogen sulphide ( H2S) - ]
Indole (IND) -
Acetoin (VP) +
Citrate (CIT) -
Glucose (GLU) +
Mannitol {MAN) - ]
Inositol (INO ) -
Sorbitol { SOR) -
Rhamnose ( RHA) . 7
Sucrose (SAC) -
Melibiose (MEL) -
Amygdalin (AMY) +

| Arabinose (ARA) - ]

+: Positive
- : Negative

TSA: Tryptic Soy Agar
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Table (2): Prevalence of recovery of Y.ruckeri from examined fish and pond
water samples
T~ Sample | __ O.niloticus Fish Pond Water
B \ No. of | positive % No. of | positive %
Nature of infcction . | samples | samples samples | samples
Clinically diseased 25 22 88 5 5 100 |
Asymptomatic
_freshly dead 25 19 76 5 4 80
| Apparently Healthy 25 14 56 5 2 40
Table (3): Quality of affected pond water parameters
Water Quality Parameter Range *
Temperatue ( °C) 33.6-352
pH 6.9-71
Dissolved Oxygen { ppm ) 1.5-26
Ammonia-NHi ( ppm) 0.24 - 0.29
Nitrite-NQOQ2 (ppm ) 0.13-0.22
* Range of 20 collected samples
Table (4). Morbidity and mortality rates of O.niloticus experimentally
infected with Y.ruckeri
[ Fish [Number| Route of Waler Dose of Morbidity Mortality
group | of fish infection temperature infection | Number | Percent | Number | Percent
1 20 P 22 1°C 0.2 ml, B.S. 12 60 5 25
/ish
2 20 immersion 22+ 1°C 2L BS 7 35 2 10
3 20 Conirol 224 1°C PBS treated 0 0 0 0
4 20 e 30+1°C 1 02ml.BS. | 29 100 1l 55
/fish H
_ . |
5 |20 | immersion 30+ [°C 2L BS. 19 95 8 40
| 6 20 | Control 30 1°C PBS treated 0 0 0 0 |

B.S.: Bacterial Suspension (1.3 x 10° CFUs mI™)
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Fig. (1} : Natuvally infected O.niloticus with Y.auckeri showing scverely congested mouth and

hacmorchages on the operculum.

Fig. (2) : Naturally infeeted O.niloticus wilh Y.ruckeri showing inflamed moulh opening and deep

scated haemorrhages in the head arca .
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Fig. (5) : I2xperimentally indected Oomiloticus Dy innuersion with Yoroekeri ot 30 £ 190 <showing

rongestion ol the monith apeninie.

Fig. (6) : Splecn ol nalarally iniccted Quniloticas with Y.oruckeri showing deplelion ol lyinpho-

ovlies md local arcas ol haemosidrosis . H&E (X 100).
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Fig. {71 lidney ol intrapesitonead adeched arnltonone sl Yonackeri al 30 4+ 190 showing any-

laid maliliration. Prds b Tl

Fig. (8) : hinestime of natvral sevsmpeomatie ndeeted O nilodicos withe Yoruekert showing cedennn ]

& TN T00).
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