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Abstroct— Saprolegniosis s o fungal disease inflicted in wild and farm fish, caused by
the water mold Saprolegnia-sp. visible cotton-like white or grey patches on fish skin are ofien the
first sign of infection. This ubhgiitows saprophyte infects dead fish eggs and then spreads 10
healthy egos resulting [ v majoF Josses. Saprolegninsis is often a secondary mtection; however,
somae virnlent strains are Known o cause primary infection on injured or stressed sslmonids
Important  ecopomic  losses in aquaculture are reported every vear worldwide dwe 1o
saprolegmiosis. Infection by Saprolegnia sp. was well-controlled with the use of an arganic dye
with greal antifungal efficacy, malachite green. Unfortunately, the use of malachite green was
banned in 2002 workdwide due to-its carcinogenic and toxicological effects. Up umil now, no
new treatmerd as effective as mealachite green has been discovered.

SAPROLEGNIOSIS

Comycetes are gereratly known as "aquatic mushrooms” are characterized by producing
biftapettated and motile zoospores. These aguatic mushrooms are ubiquitous in freshwater
ecosystenes and feod on organee matter an water (Uhland ef ak, 20007, Among the members of
pomyceles, the most irportant fangat pathogens of fresh and brackish water fish mata include of
family Saprolegmiaceae (Khoo, 20005 The genos Saprolegnia, Aphanomyces and Achbya
heronoing 10 Saprolegriaceas can infect amphibians, mobuscs; crustaceans ( Holweyert ak 20007,
fish and their epos cansing the disease known a5 saprolegnta (K hoo, 2000;Ramaiah, 2006; Van
West, 2006)
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The most frequenthy infected fish are salmonids family of fish vulnerable 10 saprolegnia (Nesh,
1977 Stueland et ak 2005). The saprokegnia is ofien a secondary infection diagnosed by the
rance of white or grayish cottony tufis, when out of the water, have a rather mucoid
appearance (Uhland et ab., 2008). The infection bezins from the head and hins of fish, spreading
over the rest af the body especially on injused or stressed fish (Bruno et al, 1999).
The genus Saprotegnia is often isohued during a fungal infection in fish (Ulkad et al, 20007, s
ape of the most devasiating disesses in aguaculture (Branson, 2002: Molina et al 1995
Ramaizh, 2006} and is ‘able to grow and reproduce throughout the year (MNeish, 1977).
Saprolegia generally feeds on dead eggs as saprophyte but can spread 1o healihy eges causing
{he death of these epes. Severat studies have shown that the most common strains of Saprolegnia
parasitica are capable of causing infections primary (Meish, 1977, Van West, 2006} The
Oomycete causing the most economic huss in infecting fish is species Saprolegnia parasitica
{Torto-Alakbo et al., 2003; Brunoand Wood, 1999 Van West, 2006},

ECONOMIC IMPORTANCE
The first instance of Oomycete infectibn was reported 1n the European literatere in 1877

and wat named “salmon disease” (MNeish and Hughes, 19807, This infection that was first
ohsesved in rivers between England and Scotland quickly spread to the rivers of Cireat Britain,
The Saprolegmia fingus was then identified as the causative agent of fungal infection(Neish and
Hughes, 1980), The Stprolegnia is partiatby responsible for the decline af the natural papulations
of salmonids. e recerd vears, several instances of infection with oomycetes have heen reparted
in the titesature of wid fish than af reared in fish farming (Bruno and Wood. 1999; Hatai and
Hmhi&i; 1991,1%&5]1 and Hughes, 1980, Torto-Alalibo e al., 2003, Van West, 2006).
W aquaculiure, fungal infoctions are the second source of loss economical especially in the
cubivation of salmon and crustaceans (Meyer, 1991). In Japan, annual morally up o 50%
caused by S. parasitica s r:'!;i;irun::l for coka; and eet (MNeisk and Hughes, 19807, 5. parasitics is
evonomically the ‘nest important pathogenic fungus in fish, especially in trowt and sabmon,
causing, losses of rallons of deltars workdwite ( Torto-Alalibo ef ab., 2003). Due o the increased
susceptibility of e fish with infechion during winter periods {(winter kill). 5. parasitica cawses
financial losses in the United States cach year of around forty milkon dollars (Bly and Clem,
19923, Infeciion of Saprolegina on Channa punclatus wis recorded from Wadali Lake Amravali,
Maharashtra | India, The infected fishes in catch were identified with red spot on their body,
damared and their sluggishness ( Pachade et al, 204 In a sdy designed to investigate the
Saprolegnia infection in fishes of Kollera Lake, Andhra Pradesh and the percentage of infection
of various species of fishes by Sapralegnia was recorded in Catta catly, Labeo rohita, Channa

tatus, Channa striatus, Clasias batrachus, Mastacembalus armatus, Mystus cavasius and M,
seenghals  [Mastan and Ahmad, 2018

MALACHITE GREEN

Matachite syeen-is an organic dyc that is also recognized for its activity as a disinfoctant.
This symhetic compoand has been widely used to treat fish and their cags apainsl parasics
internal and externa¥ {Sudova et ak, 2007). The discovery of the antifunzal effects of Malachrte
areen in 1930s was of great help in limiting infections in lish farms (Brono and Wood,
1095 Sudova et al.. 2007, Torto-Alalibo et zl., 2005). At a concentration as low as | ppm (Img
iL}, theee ane hour Matachite green baths (24 howr interval between baths) is sofficient to Tresl
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infections. This simple and inexpensive treatment coudd be also used as & preventive measure,
which for seversd years limated losses doe to saprolegniosis. Subseguent studies have shown,
however, that Matachite green, but especially its reduced form, levcomalachite green, can persist
in fish tisswe and thus-casily enter the chain food for humans (Alderman, 1985, Sodova et ab,
20097,

In 2002, the use of Matachite green in apimals intended for consumption human has been barmed
mrosmd the workd due to-carcinogenic and toxic properties (Branson, 2002;Sudova et ab., 2007,
Fote-Alalibo et 2k, 2005). Since then, no wew product is proposed thar is as effective as
makachite green and a revival of Saprolegnia infection have been observed (Brune and Waood,
| Gy,

TAXONOMY OF SAPROLEGNIA SP.

The work of Willam Chambers Coker (Cocker, 1923} in 1923 on the taxonomy of

Saprobegniaceas is the basic for the classification of aquatic fungh. Cocker first described S.
parasitica: “Any parasite of the genus Saprolegnia, isokated from fish, which is asexval’. Then
onwards, the identification of species of the gerus Saprolegnia has become guite complex due 1o
the addition of several smidies on these aguatic fungi. During these vears, the identification of
Saprolegniz species was done onby using characteristics of the sexual organs (antheridia, cogania
aikd pospores) (Mohna et ak, 1993} In 2002, Johnson e al. published an chaborated sysiematic
review of Saprc legniaceae and listed 17 genera and 122 specics (lahnsonet al., 2002), specifying
ihai several spe ‘ies overlapped:. Indeed, many studies have demonsirated that it was difficult to
identify solely on basis morphology of sexual strsctures, owing to many similarities between the
specics. In addition, some species of the genus Saprolegnia do not produce sex organs under
lahoratory conditions (Diegnez-Uribeorndoet ab, 2007 Keer al, 2009, Swelandct ab, 2005). The
asexual organs. therefore consolidate the idensification of species ¢ Hulveyger al 2007, Stsekyndat
al,, 2005). The species S, parasitica can be identified by the presence of long hooked hairs and
itdivect gesn mation in & natrient-poor erviromment (Steekandet ol 20057,
Hecently, stadies on moleculsr churacteistics have strengthened the idennification of species.
Amplfication and sequencing of two regions encoding ribosomal RNA (Fizure 1) have become
useful touls los the ideatification of Saprolegnin specics (Keut ol 2009, Steciow el al., 2007 The
fisl sequence is one regiom of the 185 rRNA (A) gene and the secomd includes 1TS (Internal
Transcribed Spacer) and the 585 pene (B).
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Cene ESScRiA: | [SESRNA | [ Gene 28BS sRNA.. |

—A ITS Region ITS Region B

Figure |. Didgramsmatic representation of the 188, 5.85 and 285 ribosomal RMNA genes and 175
regions {Imternal Transcribed Spacer). A and B two pairs of primers used to differentiate the
species from Sapralegnia.
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LIFE CYCLE OF SAPROLEGNIA 5P
The life cycle of Sapsolegmia sp. s complex snd includes the sexual and asexual
reproduction (Figuee 2). Reproductive organs are the oogonia (female) and the antheridia (male)
found on the same hyphae (Raver et ab,2000). The production of sexval organs in certain species
of Saprolegnia is very rare, even-absent i invitre conditions {Steelandet ak, 2005). The made of
asexual reprotuction is most important for dispersal in aguatic enviromnents. Zoosporangivm is
the main organ for asexuval reproduction. R is formed a1 the tip of hypha and is releases several
motile and biflagelate zoospores. These primary oospores released swim for a short period of
time with the help of apical fagela before encysting, Cysts can cither germinate in hyphae to
form mycelivm or release a sccondary zoospore having lmeral flagella (Raven et al,2000).
Dispersal amd infection are mostly attributed to secondary zoospores which are motile than
primary zoosposes (Dieguezed ab, 1984, Van West 2006). The secondary zoospores can have
long hakrs on their surface, Saprelegnia parasitica strans typically bave long, hooked hairs on the
surface of their spores, which would altow better attachment 1o the desired substrates [ Van
West, 2006). These hooked hairs can be a sign of the pathogenicity of the strein because
attachment tothe host f—Frﬂgr&neda et al, 2007} Afer a while, the secomdary Zoospores in-tum
encyst themselves to form a new zoospore or germinate under favourable conditions. This cycle
of encystment and formanon of zoospores can repeat itself severak times depending on the strains
names “polyplanctism” (Van West20H40), This adaptation therefore allows certain strains of
Saprofegia to make severalattempts inorder o find the ideal host (Brono and Wood 1999),
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Figure 2 Lile cycle of Sapricgaia aarstica
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THE DISEASE CAUSED OF SAPROLEGNIA SP

Saprolegnia is an opporunistic pathogen that is ubiquitous in freshwater environments.
The fish are consequently exposed to it as in fish farming as in lakes and rivers, Infection cansed
by this aquatic mold is therefore common. Scverat incidents of saprokegnia have been reported
worldwide especially in salmonids (Meyer, 1991), This disease is devastating for salmonid
popaiatons in their natoral environments than in fish farming It is important to know the causes
and its. mode ofaction in order to prevent and treat saprofépniogic.

FPREDISPOSING FACTORS

The development of saprolegnia is by a combination of factors and not Just the presence
of the parasite (Robestset al,, 2001). To better understanding of the outbredks of saprodegnia,
threc imporfam components must be aken into consideration: the pathagen, the host and the
eavironment. The pathogen, is aguatic mold Saprolegnia, must be a virulent to cause infection
(Stuehndet al., 2005). Several sirains of this fungus does pot cause infection on heatthy fish. The
fish sz the host, is more vulnerable to infection as it akeady has a primary infection (Pickering
and Willoughby, 1582, Robertset al, 2001) or if it is injured in the epidermis, which is the firse
external barrier agatnst parasites. The secretion of mucus covering the epidermis is an important
phyiical bamier of the fish and slso prevemts the attachment of sporcs (Pickering and
WikoughBy, 1982} In case of weakened immune defenses, the susceptibibity of the host 5
increased. In-addition, many changes in the epidermis are made during sexual maturation of fish
and this condifion predisposes him to infections {Pickering and Willoughby, 1982, Robertset al.,
Z087). The enviranment is ancther component that should nat be underestimated when anakyss
nl tactors predispesing to infections are studied. Several faciors stress such as poor water quality,
emperaiire vanahons, declining oxygen level and high density of fish (Stuelandes at., 2005} are
closely related to development of saprolegnia infection, '

EVOLUTION OF THE INFECTION

Saprolegmosis is an infection that can develop a1 any stage of fish life (Pickering and
Willoughby, 1982) In eges, mold is detected by the thick fayer of mycehum that spreads from
dead eggs to heakthy cggs. This leads 1o causing death by suffocation i infected BgEs are not
removed: oF treaied quickly (Brono and Wood, 1990,
The young fish at their first feeding wilh feed everything within their reach, including dist that
maty contsin spores (Roberis and Sheperd, 1997). This results in an infection of the digestive
wack and the yolk sac. The indfection spreads quickly, causing the death of these The infection
spreit over the entire surface of the epidenmis andean be seen with the mycehinm complete by
covered the dead fish. In case of adubt fish, the nfection useally beging o the epidemis at the
level of the head and the fins. The mycetivim appears in form of cottony tuft and that can be
nhserved as spread on the 88% of the surface of the fish { Bruno ewd Wood, 1909,
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Saprolegmia cavses necrosis of cells which leads 1o the destruction of dermis and epidermis
(Tomo-Alalibo et al, 2005) of fish that become even more susecptible to secondary infections
(Meish and Hughes, 1980). The most vimlent strains can penetrate Organs causing damage to the
undertying-muscles and to the blood vessels. The infection can sometunes spread very guickly in
fish with RO appareat Immune response. A once infected, salmaonids canndt be cured from the
infection caused by saprolegnia (Pickering and Willoughby, 1982). A toss.of balance is often
ohbserved in fish infected as well ondy breathing difficulties shostby before death (Uhlund et al,
2000 Death is canzed by osmotic imbalances that appear due 1o the destruction of large tissne
areas on fish (Pickering and Willoughby, 1982, Van West, 2006). The survival time of the fish is
varrable bul it has been described that in vout, only three days separate the appearance of the
first signs and death (Pickering and- Willoughby, | 982).

ALTERNATIVE TREATMENTS
Since the ban on the use of malachite green as a treatment against saprolegnia, 2 lot of
research has beer done to find a new remedy (Bhy el al., 1997, Pottinger and Day, 1999} The
essendial eriteria for finding & good candidate as an aguatic fungicwe are:
»  Elevated anti-Saprolegnia activity '
o Low toxicity to eggs and fish
« Large differance Bebween the minimum inhibitory concentmation (MIC)Y of fungus and tha
harm fulk to egps and fish
= MNon lﬂ:ﬂ;it for humian ﬁﬂnﬁumpﬁﬂn

" mexp:h.f.we By esed
Several ahmma.ie !rEEI:m:nTs ke been i;.rupuus.r d and are currently L'IEE'I:i in fish farms to treat

saprolegnia on egps and fishes. The best known producis are bronopol, formalin, peroxide
hydeogen and iodine-free sab. Fle specifics of cach are explained/below. Bronapol (2-broma-2-
nitropropane- 1, 3-diol) 15 used as a preservation in medical, phanwaceutical, cosmetic and also in
shampoos {Pottinger and Day, 1999). This broad spectrum antinvicrobial is a product non roxic
and does not represent a danger for the environment. In order 1o process saprokegnia in eggs, it is
reconmnended 1o use it in a bath of 30 minutes 3t concentrations between 30 and 50 me / ml, and
from 13 to 20 mg / mi for fish (Morin, 2006) However, it is not recommended for young fishes
hecawse the bronopol 15 woxic te fish at this stage of life (Sodova et al., 2007} Formalin 15 an
mguesus sofution that is used for storage but also as a disinfectant and antimycotic. it is used to
weas several exsernal parasites of fish as well as sapiolegmia {Van West, 2006).

Hydropen peroxide (H202) is an imeresting compound becavse of broad spectrmm of activity. b
s effective against many microorganisms such as bacieria, modd, yeast and viruses (Bruno and
Wood 19993 It s non<poluting product that can be used a5 a preventive as well as curative. In
order 1o treat saprolegnia, it is advisable to use it in doses ranging From 500 1o 1000 mg / L for
15 mingtes (Bruno and Waood, 1999 Mo, 2006), which i5 a f@iry high MIC for a treatment
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The margin between the W and the toxicity being fow, it s not suggested 1o use s product as l

o treatmnent with fish (Pottinger and Day, 199%).

lodine-free salt (MaCl) is andaubtedly the oldest of the treatments fior Fish and it isvery safe. Mot |'

causing damger for the epvironment, it is the only product that can e vsed freely for weat fish ]
[}
|
|

- wiected with saprolegnia (Morin, 2008). Sall is @ good treatment for use a5 @ preventative
hecause it is effective in Jimiting incidences of saprolegnia. However, in prder 1o treal an
infechion stready present, large amount of salt is required wiich can be problematic fish farming.
None of e substitutes meet all the criteria cssential 10 be & good antifungal compound Lo freat
saprolegnia. Indeed, these treatments are either 100 expensive (bronopol), toxie { formalin,
peroxide hydragen) of ineffective (salty, Work has been done o explore new Oppon unities such
as treatment option like vaccines and bacterial antagonists. Vaccine development is a less
explored option o prevent saprolegniosis, However, may not be effective considering as the
majority of bsh are already exposed 10 Saprolegmanaturally and no immunily seems lo protect
them from an cutbreak, (Bruno and Wood, 199%)

CONCLUSION

Several baclerial anEagonists ol Suprulegniv e been thscovered o the aguatc
enwiromament (Bruno and Wood, 19997, The ane that was mast often found in the [Meralure 15
psepdamonas flaorescens, a Giram negative ubijuitous bacteria i freshwater enviromnents that
exhibits anti-Saprolegma characlers {Bly et al, 1997} Lise as a treatment for bacleria of the
aehus Paendomonas ie mot possible hecause they are responsible for diseases ulcerative bacteria
caiising sudden and high mortatity fish {Uhiardet al., 2000 An abernative would be o wokate
Uhe inhibitary agent produced by the bacteria for use as o treatment.
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