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lntroduction
ln the past 30 years, there have been outbreaks of one with skin ulcera.i"::.::::"iated disease.

characterized histopathologically !v." s-"rrr"matous and necrotizing myositis and dennatrtrs' rn

iieshr,varer uno gru.kiut, .iu,., tirtr in *.,.r, til-oia 
fPrad.lan 

et al'' 2007)' 'fhe diseases were

independently named--differentry giver+: my"oti" granulornatosis (Mc) in Japan' red spot disease

(RSD) in Australia, uool-"piro"111ry."i1".'ryriar.*e lEu.'in 
south.east Asia (l-illev et al''

1g9g. Catap and, Ivltund ay, 2OU2!..So*" .r.iho* point"J'o"t sinrilarities of the isolated

Aphanomyces spp. ;;;;;lG *orr!3roqv'Li "-iti""ion 
(Wada et al" lee4 ) ancl similarities in

&s ht3ropattrorogtcaiir," nJrur" ortn" d1.*;#;;t;' o uI'' iqqzl ald 
:tr:p::leci 

one individr-ral

spec.res as causarive infectiou. ii:"::^il."o\ 
,"r"urch.confirmetJ that in 

-al} 
o1' them the

pathoge nic oolxycere Aphanomyrr, .iniirr- 
i, irruntu"r ic^it"ran ct al ' ..1995: 

Lilie-v-- and

Roberls, lq97: Lilicy**ilf.. f OOii. fne 
"on,"*, 

of another, on the east eon:t ot'the Llnired States

occurring '1c.*raiiverrtris;;,';;.';t" 
ffi;;;"tx rutal' rvith the E'tis'it w'as long t-inclear'

.fhe 
iso}ated there Aphcnomvce.s Spp. have since t,""* "n*firmet] 

as Aphctnomvt:es invatlans

(Biazer et at',20'&2)'

0ccurrcnce and distribution

l{l:i',:::^r::':#{';;;lrx?l"rmi"a} 
p-icture rvas c}ear given bv Litre-v et al'('iee8) rvitir rart.ed

A.vu lplecoglossuts c*ivelis) in oltu pr.r"cture, Japan' ii'g"to ancl 
- 

N4asuca' 1971 )' A

criaracreristi" g.unr,lo*atous host reactionto invaslve "*".g.i 
p"enet*ti,ig rrlphae and ihe name

of thc disease mycotic givel grut*'1o*utoti'' rt quickly td;; to oth"' pre l-ectures ar:d attacked

various fish species ryfi"yazaki and Egusa' i972>'

Recl sPot disease (ftS')

A ski.n ulcer associated and red spot disease in brackish water fish in eueensrand, Australia

reporred (MckenzirlJH"it, rqzei ri"-Jir"^u. spread and concemed fresh and b'rackish r'vater

fish in coasrat rivers in New South *"t., iii.Ag"J'^.:l.U B.i,i;' i981. Callinan et al'' 1989) and

thc Norrh.ofrNew Guinea (Rcrdgers *[i,-rt"' 198i), N;;;;t" Territory (Pearce' 1990] and

\\'e ,icirr Attsilalia lCallinan' l99^a)....

lipi.rotir tilcerative s1'narome gUy,. nd recl spot dlsease, clisease spread

l'.,ii,i,.J,T 'ln,,U'li:f 
i*l;YJtl '",if iir::i'}:""^- 

iign'*"utaiities "'as 
rnarked in

nu*lefous iresh anci'#-"r.irr, water fish. In lg co,ntrier-'i" ,r-,."ntia-pacific region have been
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affected by Epizootic ulcerative s)mdrome outbreaks reported, but not all can be sa{"ely assignedio ihe Epizootic ulcerati'e sy,,d."cn e as not air Cases a histopathorogicar exarnination or thels.olation af Aphanomyces invaelans.(Lilley et al., i 99g).
shaheen et al' (1999j isolatea 

'erfu)ro*rces spp" of Mullets (Mugit cephal.us and Liza ramacla)with skin u{cerations' TheAnimalrl"u*" from-an earth pond on the western bank of the sl}ezcanal' The Isolates showed those-i1pic d of ;;hr;;*;res invrdans Growth characteristics. Apathohistological examination of,tne Oiseased fi sh *u, no,,."ported.
lcerctive mycos is (Ufuf)
The ulcerative mycosis was first diagnosed in Brevoortia rrannus in the estuary of the pamricoR"iver in Nor'rh Carolina obs"*'td- T'he disease reacrred-ic an exrext cf an epizootic (Dyksr.a etal'' 1986)' Investigations in the sutsequent years showecr that the urceraiive mycosis was awidespread Disease at Menhaden in Floiida, I.jorrrr Cu.ollru, und virginia (Dykstra...t ar., r 9B9).other fish species we.e also infected affected 0,J";, ; 

"u1'.'.,,100t1,?ritrr.-p*Jalence 

was clearlylower than the Menhaden herrings (L.r:n: ., ur., issqlirr. t.r, cases in freshwater confirmedas ulcerstive mycosis among bltls bunfi sh (Lepomis macr.lcltinz.s) and spotted ones Fork catfish$ctalurus punctatus) (Blazeret ul., iaazl-uuy'*i. .i ,i. ribo:) reporteci on ihe occurrence oiUL,i
nffifficaifish' 

Blue sunfistt una utu.t ."inrl tr-'r,irr,, meras)fiom fish pon6s in southeasr

Etiology
The causative agent of Epizootic ulcerative syndrome is the oomycete Aphanomyces invctcrans(Lilley et al'' I 997)' A diverse selection of oiher *i".oo.gunisms was rsotateo from Epizooticutcerarive svndrome infected fish i*rtJ; ;a;'*;, r98t; carinan & k,eep, 1989;Kanchanakhan. 1996; Blazer er al., 1999; Masr.,,;i;,;shi,200f ;. ffr" sicl, fisl., cspeciallythose with Skin ulceratio:'ts, susceptible to opporrunistic infections are pathogens, it is especiaryin the case of long-standing diseases difficuit'to pirp;;;;r;" prirnarv cause. T.,,., ro*. of rhesePathogens must' however, contribute significantly to,rr".o.,.." of the disease dilGrc.tiated fi.u,r
$:;:::T[infectious 

asent Aphanonlyc,r. i,,,o,tn,, iilir"i et al., r ees).

Hatai et al' (1977) found an oomycete belonging to Genus Aphanomyces from Ayu sufferingtrom Mycotic granu'lomatnsis, n#.J 
,a1 linaion.yces piscicicru..For the Aphanomyce., sp.isolate obtained from the culture of a fish infbcted *,iit, gu! rvas isorated in rrrai,tand (Roberts etat", 1993) and rhe nam: o.f Aphanomvces invactons rugg"r,"d I;,ii;6,,;ffi;., ar. (r99s).Aeoording to Khan e+al' (199s)-the organism listed iri-rne radex of rungi as.lphqzaru,_ce;

:r

invadans since I997 (David A l(ii( lggT;- 
-" " -1rJlvu 11r L

Taxonomy
Due to morphological features, the Ooml,cetes havg ,been around for many years included inFungi' However' molecular genetic stuaies showed tirat ihey are closery related to algae, but'relationship with fungi do.t ,iot exist (Leipe et al", tqqa; s;ia?,f er al.. 2000; Dick, 2001). other
ffiffi$H:ff,y 

of organism' u,." P"'ororpo.o*y""iJ*o, nny.o*r"",., roicr, zoorl.
Kingdom:,Chromista

Phylum: Oomycota
Class: Oomycetes

Order: Saprolegniales
Fam ily: Leptolegn iaceae
Cenus: Aphanomyces

http://annalsofr.scb. ro
;1411.9

w
. Oo-ordinato'r. 

laAc
llh rt Gr rn r Brlr!'J\i ;lur<'i ry;!l. lrr {rnI rrr I

{;;lli ii.q" ', sr r-r ' 1'1t5tr lil's.!

iffillft**avid1.': iI

*o udil#$l\'fr$dffi,;i



h
d

lih
.P

t
ry

Annals of R.S-C.B., ISSN:1583-6258' Vol 25' Issue 6'2021'Pages 14l18-14125

[..tlr.O 05 March 2021 ; Accepted 0l Apri] 2021'

Species: APhanomYc es invadans

Classificationaf,Aphcnomycesinvadctnsacco{dingtoDavid&Kirk,i997
Aphanomyces inyadonsstiains'were foufi uiong"*itt' closely related ones Oomycetes using the

following molecular Ui"r"gi"a methods iharacterizes: - Sodium dodecyl sulphate

polyacrylamide gel *f*.r*ptoresis (SDi.PAGE) (Callinan t:t al'' 1995; Lillcy ct al" 1997) -

Randorn ampfification of polymorphi" iliie-uiApD) (Johnson et al.. 2004) - westcrn blot

(Lirlcy ct.ol., r*w) - pyiolysis 
lyglJna.iiorouq 

(tly:l (Lillev et al', 2001) Restriction

rragment Lengrh riy*orpr,iiry, Grr,ri&*;l ^19:') 
amplification of the DNA region

coding for tr'e dUoJomai'RNA, subsequent sequencing and comparison of the sequences

obtained.(Lilley etar.,20031 These stucties revealed ahigh level of geiretic Hotnogeueity of the

Aphanomyces in ri*nu i1."in, found i; " 
single cional lineage are to be considered'

Aphanomyces ostaci,the Cancer plague puif,og"n, IumeO out to be the closest relative (Lilley et

r1.,2003).

Morph ology, Physiology and Development

TheoomycetesweremoiphologicalcharacterizedinthepastassignedtotheFrrngiandtheir
morphological stmctrires using terms ";Ii*bl" 

to describe fungi' The hyphae-like structures of

the parhogen is caileJ hyphae and ,n" rrlp-rru"-like nerrvork is called rnyceliurn' The hyphae of

;lphanornyces invaclanr'ui"broad, onr"ptL" with rounded ends and have a diarneter of l1'7 to

16.7 prn, while in laboratory culture they have a diameter of 8'3 pm in newly ibnned hyphae

(Willouglrby et al., Gtl this morph?lolv of,the rnycelium is related to the substrate rvhere the

organism is 1ocatedl*ittorgirUv, tlOs;. fl," orgunism shows very slorv grorvth ol4 mm per day

at 24 oc on agar plate (vishwanath et al., 1998f and grows at tcmpcraturcs tiom 5 to l6 " C and

asalinityofuptol%oNaCl(Li}}ey",ur.,rqqa).W"il}oughby&ChinabLrt(.1996)reportedthe
difficultyinmaitltaini*gApharomycesir,varlansinthelaboratoryrvithoutthchostorganism.
The reiease of toxic o-r enzymatic substances 'fsr in{bcting the host can cause damage to

Apl'tanomyces invaclans .,,^..-.-t;,,7, .-,,,.,1,r,ntr
Lilley & Roberts (1'99r) compared those fror* Epizootic ulceratit;b synt'lrome (EI'|S Retl spot

tli.sease (RSD) a*d'Mycitic gr'anulomatosis (MG) irfect^,cl fish isolated strains of Aphanomyces

invarlans with various saprophyic 'Lpha'o'*y'n' 'pp' 
from 'I'hailanil regarding their cultural

requirements and 
"h^ru"t.rir" 

to determine cl-iflerences' There \vere none alnong the

Aphanomyces invarJans strains significant differences ainong cach other' They show'ed optinral

growth on glucose-peplone-yeast agar at26"cto 30 "c and dled at 37 "C, grew very stowly at all

lemperatures and ivcre unable to certain cultr-rre meclia srtch as Sabor-rraud l)extrose Agar'

cornmeal Agar and -Malt extract agar to grGw' 'l'he growth cbaracteristtcs of the saprophytic

tlptltanomltce"e spp. were variable rvithin the group. but at all te mperatures including 37 "c faster

grorvth thanAphano'*y"' invadans 
-with 

an optimum growth at 34 to 38 "C'

lnside the sporangia, at the terminal ends of ihe hypirae arise and the diameter is nearly I0 pm

(Willoughby et al; 1995), the cltoplasrn splirs into a s1f es, of elongated un its' the primary spores

that are typical of the Aphanomy"., g"n.r, are of.achlyoid type and spore are released outside

(Scort, i961) and spore are forms in bunch- Typically, there are four spore' consisting of pri'mary

spore rvith aG.V ta t0 pm in diameter, prod*"Ld by each sporangirtm (Robe*s et al'' ;1993)'

I'he motile spore are equipped with two flagella, 6 prn in size kidney-shaped secondary spores

are rormed at a terrlperature cf zz* c r.vithirir2 hours of the deveropment of the sporangia f-ronr

the primary spore are released. under certain enviruntrtetrtal cunditiotls of in tlre presence of a

host or substrate,'the secondary pore encysts and genninated by means ola germ tube to form

new hyphae tf-lffe, et at., f lfq.'lnthe presence oin,trient-containi*g substatrces crn ccme out

M
gh
:ffi'

hI
he
HFfl

kh
f,
he
sA

m

m

@

rtq

h
".c[

hnq

fu'e

eq
4"d

hh
p-#

h
h
ilFtc

he

P
hlq

hh
""'d

**

tu
*-rl

tu
N
effi
*#
M
M

tu

--

!

i

l
I

I

''.,..:

ru!J

'{:-i
':.,:

1*
:.:t

l,'4i

li4

h t t o: 1/ a nn a lsof r5c'Q. r o

P
;o-ordiqamr'

:.lt**,*':T$ti5lJr

i
t

l

il

,i

i
I

t
i

I

i

i:

$ri Guru ludlhis*rmi llrhrvidyalayr



A,,als olR.S-C.B., ISSN:1583-6258, Voi. 25, issue 6, 2021, pages I4t lg^11125
Recsived 0.i March 2021; Accepred 01 Aprii 2021.

Secondary cysts, in turn, create nelv zoospores (Lilley et al,, i999)" This phenomenon. which
occul's in some Oomyceies airrj in which ssveral Terliary generations of zoospores formed from
the secondary spore cyst is called polyplanetism. It is used as an adaptation to the parasitism is
sttn in some members of the genus Aphanornyces (Cerenius & S6derhall, 1985).
Species identification by the ntost important representatives of fish pathogens Ocmlrcetes, ihe
species within the genera Aphanomyces, Achlya and Saprolegnii, o."u., through sexual
structures" These are usually missing in fish parasitic species and are also found in Apianomyces
invadans unknown (Lilley et al., i998)- Alderman & Polglase (,1988) lack sexual structures as a
more common phenomenon pathogenic members of the Oomycetes.
Susceptible fish species

The lists of fish species affected in EtlS outbreaks include well over 100 species ('fonguthai,
1985; Frerich,s et al., 1989.). The skin and muscles uf fish can only be uscd in a limite? u,a),
different injuries ancl int'cctions react. T'he appearance ol Skin ulcers in a spccies of tjsh during
an EI-JS Outbreak does not mean per se that the species suffers from EUS and is thereibre
susceptible (Frerichs et al., 1989), The fact that a pathoiogy-baseci ciiagnosis oi EL.iS many
examinalit-rrrs lvere not carricd out befbre 1994, makes it prohahle thar at least some reports are
misleaciing (Robens et al,, 1994; Lilley er al., 2002).
The disease was t'to[ found in obligatory marine fish species (Roberts et al., i994; Lilley et al.,
2404. Species reported is said that they r.vere not alfected in EUS outbreaks are the carp

{Cyprinus carpio), tilapia (t)reochronlt.s m()sscrntbicus antl niloricus) and tire Milkfish (Chanos
chanos) (Costa & Wijeyaratne, 1989; Ahmed & Rab, 1995; Lilley et al., 1998) Labeo rohita
(Yogeshwari et a1.,2015).ln experimentally infected carp (Wada et al.. I996) and tilapia (Khan
et a1.,, 1998) fa,{}ed to find clinical Symptoms are evoked. '.

I n fec tion
The natural infection cycle is still not fully understoocl in ELIS infected organism or lrave died
fi'orn the disease No formation of sporangra has yet been observctl irr fish" When cxarnining the
skin uicerations of diseased fish with the rnycclium of the pathogen rvas clearly visible, but apart
tiom the terminal hyphae tips deep rn thc fish tissue died (Robrrrs er al., lgql). Thc quesrion
thereiore arises as to holv a direct horizontal transmission of Fish to fish takes place. It was
pointed out the possibility that the fish infectious through zoospores were produced in the aquatic
environment (Thompson et al.. 1991).

The infectious stage of the pathogen is the fi'ee-swimming zoospore, In The EIJS rvas able to
perform numerolrs attelrpts using intrarnuscular Zoospore injection (Chinabut et al., 1995; Wada
e[ al,, 1996, Lillcy & Roberts, 1997; Khan et al., 1998; Kiryu et a1., 2002) and in a few Felling
throrrgh zoospore exposure in the fonn of a spore bath (Lilley, 2001; Kiryu et al., 2003) in
susceptible fish species. The free-srvimming zoospores show fish slime and Fish skin of
susceptible and unresponsive fish species, but also against various sugar compounds and arnino
acids with the exception of arginine, there is positive chemotaxis (Sihalath, 1999). At
In'restigations of EUS lesions in dwarf threadfish (Colisa lalia)were the pathological changes in
the caused by the pathogen

Skeietai muscles most pronounced and increased in the direction of the internal Organs down
(Wada et al", 1994). Other authors reported this as ivell Q.{oga et al., 1988; Callinan et al., 1989;

Roberts et al., 1993). It is suggested that the pathogen was on the external body surface and

penetrated into the host, here the primary lesion established and from there hyphae advanced in
the dircction of the abdominal cavity. L,illey et al. (1998) considered Aphanomyces invadan^y to

be secondary pathogen, that entered in the tbrrn of a damaged or missing epidermis needed,
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Using electron microscopic. studies have shown that zoospores adhere to a attach intact

epiderrnis, forming a gelm tube and the epitheiium could penetrate' However' the creation

resulted a portal of,entry in the form of mechanical damage to ih" Mticus layer and the epidermis

or intram,uscular ir{ection of Zoorpo'"s lead to a significantly higlrer preva}ence and mortality'

lnvestigationsintotherninimuminfectiousdoseresu}tedinMenhadenhenings(Brevocsrtia
tyrannus)that a single injected ,oorp'#I"t tup"uit of producing a infection that leads to death

(Kir,y-u et a1.,2003).

&*

&ir

{q

li{h.

beih\

dB*h

i"ril".T3i decades, A. invadan are spreading ever faster and are now found around the world,

probably because oi 
-gfoUuf 

iration,^ and perhips even because of climate change' "I'here are

currently very limited pro.spects of contiol stiategies, even though considerable progress'has

been made in diagrosis af A' invad'arcs-
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using electron microscopic. studies have shown that zoospores adhere to a attach intact

epiderrnis, forming a ge}Tn tube and the epitheiium could penetlate' However' the creation

resu.lted a portal of,entry in the form of mechanical damage to ihe M*cus layer and the epidermis

orintrarnuscu}arirtjectionofZoo,po,"sleadtoasignificantlyhiglrerpreva}enceandmortality.
lnvestigationsintotherninimuminfectiousdoseresu}tedinMenhaden,henings(Brevocsrtia
tyrannas)that a single injected ,*o.p,#Iur .up"ui. of producing a infection that leads to death
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