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SAPROLEGNIOSIS
Oomycetes are generally known as "aguratic rnushroorns" are characterized by producing

biflagettated. and .motile ZoGspores. These aqtratic mushroorns are ubiquitous in freshwater
ecosysfelrls and feed on organic r*atter in watdr (Uhland et al., 20CIO). Among the memhei.s of

Abst'raat- Saprotregniersis is a fu*gal. di.sease inf,licted in u,ikj aird larm f-ish, c.ar-rsed bv
the'"vater rrold Saprolegnia.sp.,visible corcon-llke rvhite or grey patches on fish skin are oftei-r the
first sign of, infection. This rr,biq*itous saprophyte infects dead fish eggs and then spreads to
healthy eggs resulting t.r-rnaior. losses- Saprolegniosis is often a secondar;, intection: ho'"vever,

son*e vir*lent strains are knolvn to cat6e pr.irnary infection on injured or st,',essed salnror:,icls.

Important economic losses i* 'aquaculture 
are reported every year rvorldr,vide dtte to

saprolegniosis. Int'ection by Saprolegni.a sp. was rvell-contrclted rvith lhe use of an organic d-ve

rvith great antifungai efficacy: malachite gi'een. Unlbrtunately. the use of rnalachite sreen was

banned in 2002 u,orldwide due to,.its carcinogenic and tr-rxicological eftects. Up uritil nL)!\'. r-lo

new treatrnent as effective as malachite green has been discovered.

oor*ycetes, the rnost importanF :fungal rnain include of
fan-rily Saprolegniaceae (Khooi ) and Achlya
belongi*g to Saprolegniaceae cafi infect anrphibrians,-nrolluscs; crtlstaceai-)s (. 

.1-lulveyet 
aL 2AA7),

llsh and their eggs ca*sing the'disease known as saprole-enia (Khoo, 2000;Ramaialr, 2006; Van
\tlest, 2006).
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sfarni}yoffishvu}nerab}etosapro}egr:ia(Neish,
r : ,f^ ^ri^- l:^^-^^^A l-., +tao

lg77; stuelane "t 
u+.poo+. The saprolegnia is oftep a secordary infection diagnosed by t}rc

arya1afice of *n*el'or:g1*y-igt,*ttopkq, wngn out cf, the water, have a rather rnucoid

;;;;;". (Uhlaxrd et af,lZ$Oq, The i*feetioh begins from the head and fins of fish, spreading

oruu ttu restof the.bodyr especi,alty on inj.rxed,or stressed fish (Qruno:t:!- 
1.9.99):

il; ;;;;;iuerol"geiu'i* *au" ispr+te*a*rrir*gi a.frurgat ir+fo,ctiurr irr fis]r (U]r]attt]:et at.' 200o), is

ane, of the rnost Au*uiOtire,:diseases ir+ .aqu'acu{ure lpranson, 
2002; Mo[ina el' at"t]9]5;

Rarnaiah,2006) and is able- to -$row and 
'repro$Bce 

.throughout 
the year' (Neish' TW7}

Saprolegnia generalty f,eeds on deud.ggsat Saprophyte but can spread tu healthy eggs causing

the death. of these 
"g.S. 

S""*u! sAdieJave shown that the most comrnon strains of Saprolegnia

farasirica u." .upo:bl of ."a,rsing infection$ prirnary (Neish, 1W7, Van West,20o6')' The

Oornycete causing the rnost econoulic loss in infecting_{ish is species Saprotegnia parasitica

(Torto-Alalibs et al.,20&5; Brunoandwood. i999; Van West, 2006).

ECONOMIC IiVIPORTANCE
.Thefirstinstar.}ceofoorrryceteinfection,wasrepor,ted.intheE'rti.opeanliteratureiniSTT

and r,vas named,,sarmon disease" (Neish and Hughes,rgSo) This infection that was first

;;.;; i, .ir"., b.r\,veen England and Spotland qtrickly sprearl to the rivers of Creat Britain'

;iru;i;n;Jio"gr. *u.,hin identifled as the causative agent of firngal infection(Neish and

ri"it -iira[i. rrn" s"aprolegyria is partially responsihle for the clecline of the natttral poptrlaticns

of sairaonids. irr recer'-t yeaf-S, severai instances of infection with oomycetes have been repOrted

i,i ,t" tir.r*re of,wirdf,ishtharrof rearedin fish farming (Brr-ino and Wood- 1999: Hatai and

ij".irii l992,I.ieish and Hughes,ig80, Torto-Alalibo et a!., 2005. van \\'est' 2006)'

io uq*r,rrr.rqe, foag*l iofecJians are the second sotrFce of Joss eccinonrical especiali-y in the

cuftiriation of sa-Irnoe and'crtlStaeeans (Meyer, 1991)- In Japan' antrttal tnortal'ly up 1o 50'lo

caused by S. parasitica. isri:.ported tbr,corr'o,anrl eel (Neish ancl FILrghc:s.1980)- S- parasitica is

econo.qricatly the '*ost imilortant pathogenic ft-rngus in fi.sh, especially in trout and salmon'

car*ir-rg losses of rrillions of Aotf*t rvorldrvihe ( I'or1o-Alalibo et aI ' 2005) DLre to the ir-rcreased

,ur".plibilir, of rlre t-rslr with infe.etion during r,,'inter periods (rvintcr l(ill)' S' parasiticb causes

financial losses ir-, the United States each yearol ar,ound forty nri[]icrn cloi]ars (BIy and C]et:r,

1992). lnfection ol'saprolegina on channa punctatus rvas recorclecl fl.onr wadali l-ake Amravati'

ivlaharashtra,lnriia. The infected i]shes in catch rvere id.enliflcrl r^,ith rctJ spot urt titc-tt'br,'dy,

dan*aged and their slrrggishness ( Pachade et al., 2&14). ln a sltrdl'desigried to irrvestigate the

Saprjeg*ia infection ii*fishes oftKolleru Lake, An'dhra Practiesh and the percentage of infection

of varicus species of fishes b.y Saprolegnia was recordeci in catla catla, l-abeo rohita, channa

punctatus, Cianna striatus, Cfaniaigllrachus, Mastacembalus armaitrs, NlvstLrs cetvasirts and M'

ieenghala (Mastan and Ahp,tad' 2018):

MALACHITE GREEN
Malaclrite grcrn is.ap,orgardc dyc that is also recognized for its lictivity as a disinfoctorlt'

This synthetic cunrpuu*cl has 6*to *id.ly tued to treat fish and thcir cggs against pa|asitcs

inrernal and ext.ona; (Sudova et at., zotT). The *iscovery of the antiFLrrrgal elfects cf Malachi'te

green in 1930s rvas of great help in l.imiting infections in flsir larrns (Brunu and wocel,

iq+ts,,,looa er at.. 20g7,}orto-Aralibo et at.,2005). At a concetrtt-atiorr as low'as I ppnr (lmg

li.). th.ee one hcrllr lvlatachite green balhs (24 horrr interval betu'een batlrsl is sufficient to treat

\:) ,
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infections. This sin*ple and inexpe*sive treatment coLrlci be also used as a pr:eventive measure,
which for scverat lcars liraited losses due to saprotegniosis. Subsequerrt studies have shown,
howevel-, tbat Malachlte gree*, but especially its reduced forrn, leLrcomalachitc green, can pcrsisL
in iish.tissue arnlthus,.easify enter the chain food for hurnans (Alderman, 1985, Sudova et a[.,
20iI7).

In 2002, the use of lv{ri}achite green in animals intcnded for con.sumption hurrran has treen bannecl
aroundthe ,,vor}* due tocarcinogenic and.toxic pr-opertie-s (Branson, 20O2:Sudova et al., }AW,
'l'orteAlalibo, €t at, 2005). Since then. no rew product is pr.oposed that is as effective as
'rnalachlte green antl,& rerrival of Sapolegnia,infection havc bcen observed (Bruno and Wood.
I 999)

TAXONOMY OF SAPROLEGNIA SP.
The work of \Yiltiarn Chambers Coker (Cocker, 192i) in 1923 on the taxonorny of

Saproiegniaceae is the basis for the crtassificatior* oli aquatic fungi. Cocker first described S.
parasitica: "ARy parasite of the genus Saprotegnia, isolated fionr 1lsh, rvhich is asexuaf". Then
onrvards, the iderttifrcationof,species of the ge*us Saprolegnia has become qr-rite complex dLre to
the addition of, several studies on these aquati.c fungi. During these years. the identification of
Siprolegnia qpecies was done only using characteristics of the sexual organs (anrheridia, oogonia
aild oospores) (Molina et al., 1995). 7n2AA2, Johnson et al. pLrblislrcd arr clabolatctl systerl)atic
revielv of Saprclegniaceae and listed 17 genera a*d 722 species (.Iohnsonet al., 2002), specifyin_e
tliat several s[ie];ies overFapped; lndeed, ri]a+y studies have demonstiared that it was dif,ticLrlt tt:
ic{entify so}e}y orr basis molpho}ogy of sexua} stFuctures. orvins to }nanv sinri}arities .betw,een the
species. In addi.'ion,,'sorfte species of the -qenus Saprole-enia iio not produce sex organs under
laborator.v- co'iiditions, (Dieglrez-Uribeondoet aL.2Lt07;Keet a1,.2009. SrLrclaudct at.. iOOfl. tfre
asextrai organp therefbre consolidate the identifrcation of specics ('Hulvc,r:cr irl,Z}A7, Stttelandet
al, 2005). The species S pqrasitica can be identified by the presence oi'long hool<ed.hairs and
iritlirect gelr in*tion'in a nutrierlt-I-\oor environment (Stue lancit-.i nl., 2005).
l{ecently, st-rdies on mo}ecu}r+r c}raractvr istics }ravc strerr-ethcncci thc idurtiflcation of ,specics.
Arnpliilcatirn and sequencingc.$twlo regions ericoding ribosonral RNA (Fig.ure l) have becorne
usclirltools lor the ide*tification of Saproleenia speric:; (Kect l].-i009- litwiou, ct al.,2007). '|hc
t-trst secluence is one reginn of .the l8S rRNa (A) g*re and t|ti seci:nrl irrclutles ITS (lntenral
Transcribed Spacer) and the -r.8S gene (B).
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Irigure l. Dldgrararnatie representation of the 18S, 5.8S and 283 ribosor,al RNA gepes anci ITS
regio*s (Internal Traascribed Spacer). A and B two pairs oFprimers useci to differentiale the

sp.eqies frorn Saprolegnia.
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LIFE CYCI,E OF'SAPROLEG}\}IA. S?
The tife cycle of Sap+olegrria sp. is cor.nplex and inchdes the sexual and asex*al

repr.ucluctiorl (Frgiree 2lReprc,ductiuu onga4,. are th; oogonia (fernaie) a*d the #the*idia (ma'te)

found,on tfie sarne h1p*rae (R*ven et al,2000). Tt*e production of sextral organs in certain selciel
af Sapreleg*r&i.s, v€Ff:Fa.re, gven-absent itt',lnvitre conditio*s (Stuel.andet a$., 2SO$). The rnode of
asexuaLrepoi*,uction:is mo.st irnportant lbr dispersal in aqiratic envirclhntents.:Zoosporarrgium.is

the rnai*,clrga*t for asexuat:.reproduption. It is forrned rit the,tip of hypha and i5 reteases'several

motile and,biflageltate zoospores. :Ihese primary zoospores released swirn fur'a Sho'tt, period af
tirne with tlre help,of, apical flagelta before encysting. Cy.sts can either gerr*iirate in hyphae to
foun rnlrcetiu.n or release a secondary zoo-spLlre having lateral flagelta (R.aven et a!,200O).

D-ispersal'and infbction are rnostly attributed to secondary zoospores which are motite than

prirnary zqqspoles (Dieguezet tl-, 1994, Van West,2006). The secondary zoospo.res can have

long:hairs,oe ttrdir stxface. Saprolegaia parasitica strains typlcally have lory,,hooked'hairson ihe
surfaqe of their spores, which wouid atlorv &etter attachment to the desired sdbstrates ( Van
Vlest,200-6). These hooked hairs can be a sign of the pathogenicity of the strain because

auachrneiirt to-the host (:Fregeneda et al,.2AW). After a ruvhile, the secondary zoospores. in turn
encyst thdrns.slves to folm a new zoospore or germinate under fartourable conditions.'This cycle
of eocystffrent a.nd formition of zoospores can repeat itself severa} times dependi,ng o,n the strains
narnes "li-olypta*etism' (Van West,2006). This adaptation therefore allows certain'strains of
Saproeglf6 to rnake several-atterirpts irrorder: to find the ideat hosr (tsruno and W.ood,-1999i.
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TT{E DISEASE CAUSED OF SAPROLEGNIA SP
SaproFegnia is an opporlunistic paihogen that is Libiquitous in freshw,ater environments.

The fish aFe coBsequently exposed to it as in fish farming as in lakes andrivers. Infection causeci
bv this aquatic rnold is therefcre coranoon. Scvcrat incidents of saprolegnia.have been: reported
u'orteh'viete'"e:sflecia*y ia salrnorrlds (Meyer, l99li. This clisease is cler,&stating for salmtxitl
populstioFl& in-ttreir natural erlironments than in Irsh lhrrning Ir ris inrpor{aftt to knor,v the ca*ses
and its n>o& of,action in order to preven{ and treat sapro}egniosis.

PR,EDISPOSING FACTORS
The development of saprotegnia is by a combination o1'factors and not jrrst the presence

of the p.aras'ite (Rober.tset al., 20Gl). To be.tter understanding of the outbredks of saprolegnia,
three ir"*porsa*t cQrnpone*ts must be takea into considerarion: the pathogen, the host an4 tlre
enviroRn*ent- The pathogen, is aqrratic mold Saprolegnia. must be a virulent to carlse infection
(Stuelandet al-, 2005)- Several strains of this fi-rngus does not caLrse irifection on healthy fish. The
iish as the host, is more vulnerable to infection as it alreaclv has a primary infection (Fickering
andWitlotrghby,lgS2, Robertset a1.,200I) or if it is in-iurecl iir rhe epiderrnis, r.vhich is the first
externaLbarrier agai'nst parasites. The secretion of rluclrs coverir-lg the epidermis is an important
phr rical barrier of the fish and also prcvents the .rttachrnent of spores (pickering and
Willoughby', 1982)- In case of weakened irnnrune def'enses. lhe susceptibitity of, the host is
iricreased- In'ad*rtion, many clranges in the epirlerr:ris are made during sexual maturation of fish
and this,c.or:<Iition predisposes him to infections (pickerinq and Witloughby, 19g2, Robertset al.,
700T)-The e*vi*snment is another component that should not be underestirnated u,hen analysis
of factors predispo'sing to infeciions are studied. SeveraI ihclors srress s$ch as poor water quality,
'emperaf$rs vAriations. declining oxy.qen ]evel and hieh cler-rsiry of flsh (Stuelandet al., 2005) are
closely r-elated to devclopment oF saprolegni a i rr tect i o rr.

EVOLUTION OF THE I]\FECTION
Saprolegniosis is an infection that can devcloL-r ai alt!. -.tage of tish lif-e (picker,inq anei

Wlllougtrby, t9&2). In e-Qgs, moid is cletected by the ihick lal,sr- of rnyceliurrr tlrar spreads from
dead eggs to- healthy eggs- This leads tc causing deatlr l>y sLrffocation if infected eqqs are not
removedor tl'eated quickly (Bruno anct Woocl,lggg).
The yo*ngf-rsh at their'first feeding wiFLfeecl evervthi*g u,ithin threir, reach, irrclLrd.ing dirt that
may,contain sPores (Roberts ancl Sheperd, 1g97). This lestrlrs in an infectio, of the digestive
tract and the yolk sac- The i*feetio* spreacis cguickly, causing the ctearh of tFresc..The inlectirrn
spreutl uver tlre eBti'Pe stlrfttrrt crF the epiderlrris andcan be seen rryiih the mycetirrrn cornpletely
.covered the dead fish, In case of adult fish, the infecrion u-cuaUy begins olr the epirler;r+is at the
lcvcl of 'the head and the fins. The myc.elirrrn appeai-s in ibrnr of-cotton,r, ttrft arrd that cetn be
observeGas spread on the 80% of tl:e surf-ace of rhe lish (Bruno ancl Wood,I 9gg).
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Saprolegnia causes. necrosis of cells which leads to the destruction of dermis and epicterrnis

(To*o-Alalibo et al., 20O5) of fish ttlat become even rnore s*s€eptibie to secondary in'fections

[N.eish, ar*d,Hughes, I 980). The most vinr]ent strains can penetrate Grgar]s causing damage to the

underlying r1lrlscles and to the bloodvessels. The infection (:a{r st}tnetixres sp}ead very q*ickly in

fish with Ro apparenr irnnrune response. A orrce irrttcted, salmonids. canncit bc curcd iirom the

infeetion caused by saprolegnia (Piekering and Willouglrby, 1982). A loss-oll balance is often

o,bs,erved in fish infected as rve[] only breathing diffrcu]ties short]y'befo,re death (Uhtand eI a[.,

?0CI0). Death is caused by osmotic imbalances that appear dr,re to the destrtlction of large tissue

areas on fldh (Pickering and Wiltoughby, I 982. Van West,2006). The strrvival time of the fish' is

variable but it has been descr.ibed that in lrout, only three clays separate the appearance of lhe

first signs and death (Pickering and Witloughby, 1982).

ALTERNIATTVE TRE ATM E N T S

Slnce the ban on the use of malachite green as a treatment against saproiegnia, a lot of

research has been done to find a new :'erpedy (Bly et al-, 19W, Pottinger and Day, 199%). The

essentialeriteria for finding a good candidate as an aqttatic firngicide are:

. Elevatc-cl*anti-Saproiegnia activity

. Low to.xicit-v to eggs and fish

. Large difference betrveerr the mini*,,nrrn inhibitory concentration (MIC) of furlgus and that
harmfu} ttr eggs and fish

. No* toiic for human constrnnotion

Severa|alternative treatrhents trave been prcrpr'rsciJ and are cnrrerltly used, in fish far:ms to treat

saprolegrr,ia on eggs an<i fishes. Th.e best kriori'rr products are bronopol, formaiin, peroxide

hy&ogen and iodine-lree su]t. T]re sp>erif-rcs of cach arc cxplalnecl'be]ow. Bronopol (2-bromo-2-

nitropropane-1,3-dlo[) is used as a preservation in rttedical. JrItartuaceutica], cosnretic and also in

shampoos (Pottinger and l)ay. 1999). This broad -\pectru]]r antiraicrobial is a prodLrct not-t toxic

a;td does l-lotr represent a danger for the environnrent. ]lt order to process saproiegnia ir, eggs- it is

recosrmendect to use it in a bath of 30 minutes a1. colrcentrations betlveen 30 and 50 n,rg / rnl, and

frorn l5 to20 mg/ mI for iish (Morin,2006). Hovu,ever, it is not recornmended fu-r young fis]'res

beca6se the branopol is to,xic to fish at this siage lrf lif'e (Strdova et al., 20AT. Forrnalin is a*

aqueoLls sohltio* that is used fbr s.torage btrt also as a disinfectant and antinry,cotic. lt is Lrsed to

treatsevera! external parasi.tes of fish as lveli as sapt'olegtria ("'an West,2006).

Hydrogen peroNide (H?O}) is aft interesting compound because of broad spectrurn of activity. It

is effeeti,ve against *mny microorganisms such as bacteria, ritold; yeast and -viruses (Bruno and

WocNl;iq99), h is a nur.r-pullutirig product that can bc ttscd as a preventive as rvelt as ctrative. ln

order to treat,saprolegnia. it is advisable to use it in doses ranging frorn -100 to 1000 mg I L. for

i5 rninutes (Bruno and Woocl,lggt Morin, ?01)6). rvhich is a lairly high MIC tbl a treatnt.:nt-
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:-',".nsrrggestedtouSethispr.odttctas
The margin but uttn th" MC and the toxicit;r being lorv' it is

a treatment with fish (Pottinger and Day' 1999)'

Iodine_free salt (Nacr) is undoubtedly the oldesr of the rreatr"erlts for flish and it is very safe' Not

causing danger for tne,enviroRrnent, it is the onty produc't that can be trsed freely for treat fish

infectedwithsaprolegnia(Morino2006)'saltisagoodt':oT'""'f".:-::ltapreventative
because it is .effectiri, in lirnitlng incidences of saproleg*;3' Hswever' in order to lreat an

infi:ctit:rrralready present, large arnount of salt is rcquircd which can be problenratic fish farming'

i{6ns r-rf ttrsse.srrltstitutes nleet a}i t}re criteria esscntlal to bc a good antifungal compound to trcat

saprolegnia. lndeed, these treatrnents are either too 'expensive (bronopol)' toxic '(formalin'

peroxide hydrogen) or ine'ffective (salt)' work has been done to exptore new opportunities such

as treatrnent option llke vaccines and bacterial antagonists' vaccine deveiopment is a less

cxptoredoptiontopreventsaprolegniosis'tlolvever.I}}ayrrotbeef,fectiveconsiderirrgaSthe
nrajority of fish are already exposcd to Saprolegnianaturally and no immunity seeiRs to protect

thern from an ouibreak- (Bruno and Wood' I 999)

coNCLUsION ! , r.......,ri,,.,..,-rert
several bacterial antagonisis *[ Saprt-}lcglria ltave ]'lcrtt tl'isr.:ilvctctl itt llre aquattc

environrRent (Bruno and wocd.199g). The c,ne that rvas rnost otten tbuncl in the literature is

pseudomonas ftuoresceRs, a Grarn negati.ve r:bkpritous l:acteria.irr lr'es]rwater errvi,or,rrerrts that

exhibits anii-saprolegnia characters (Bly et ai'' 1gg7)' Llse as a tfeaullerlt Jbr bacteria of the

gen*s pseudomonas is not possible because they are responsible for criseases *]cerative bacte'ia

caming sudclen and high rnortalit;- in fish (Uirtanctet ar'' 2000)' An alter*ative rvould be to isolate

the inhibitory agent p""tu"tt! by thu l-ractc''ia f-or use as a tl:eatment'
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