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Abstract—Saprolegniasis is the most commonly occurring fungal 
disease in freshwater fishes and has a huge impact on the 
aquaculture sector. The susceptibility to this disease is largely 
affected by lethal concentrations of chemicals like copper, cyanide, 
ammonia and nitrate, besides these chemical factors is skin damage 
and presence of other pathogenic agents also account for increased 
susceptibility to infection. The present review discusses existing 
methods to control Saprolegniasis, including the use of malachite 
green that has high anti-fungal properties, however it is also one of 
the most controversial chemicals in use because of its toxicity and 
carcinogenic effects. The study suggests need for incorporating 
biotechnological remedies which will not only be efficient but are 
also environmentally friendly. In our paper, we talk about various 
emerging biotechnological strategies that involve targeting important 
fungal enzymes like chitin synthase and cyclooxygenase for inhibiting 
essential biological pathways, use of pathogens like bacteria that 
have biocidal effects and even vaccination of fishes. Even though we 
still seek methodologies that can give us desirable in vivo results, but 
the current developments have certainly opened new gates for further 
investigation and establishment of sustainable methods for treatment 
of this disease. 
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1. INTRODUCTION 

Fisheries is an important sector in India, because of it's large 
contribution to the country's economy, offering and 
employment security. India constitutes to ~6.3% of the total 
global fish production. It is also the second largest country in 
terms of aquaculture productions. 95% of all aquaculture 
productions are freshwater aquaculture. It is majorly the carps, 
namely Rohu, Catla and Mrigal [19] that account for the 
country’s whooping contribution, i.e. 70 to 75 percent of the 
total freshwater production. So with this heavy reliance on 
freshwater forms it is necessary to maintain healthy 
production chain. The biggest threat to the aquaculture 
production comes from fungal infections. 

Most prominent fungal diseases affecting freshwater fishes are 
Dermocystidiosis, Ichthyophonosis, Branchiomycosis, and 
Oomycetosis[1]. Saprolegniasis, a type of Oomycetosis is 

found to be the most common fungal infection in fishes. This 
disease infects almost all the economically important fishes 
and other water forms. It is widespread in all freshwater 
ecosystems around the world.  
Most frequently used chemicals for the treatment of 
Saprolegniasis in aquaculture are Malachite Green, Formalin 
and Hydrogen peroxide. These chemical compounds have 
shown to be adversely affecting the aquatic life forms as well 
as human health. Also chemical methods pose various 
problems resulting in immunosuppressive, teratogenic, 
carcinogenic and mutagenic effects on repeatedly treated fish. 
The major reason behind the restriction imposed on the use of 
such chemicals is their possible carcinogenic and mutagenic 
effects due to bioaccumulation, biomagnifications inhuman 
populations[20]. Hence, there is an urgent need for the 
development of safer alternate treatments employing new 
biotechnological approaches such as targeting essential 
enzymes for drug designing, use of other pathogens (strains of 
Pseudomonas) with biocidal effects and the development of 
vaccines ( as shown in fig 1.). Our review provides a critic on 
existing methodologies and offers a detail account of latest 
developments in biotechnological research targeted to 
treatment of Saprolegniasis. 

2. SAPROLEGNIASIS 

Saprolegniasis is a fungal disease of freshwater fishes caused 
by species of Saprolegnia. The disease affects the epidermal 
tissue and forms characteristically white or grayish cotton like 
masses on the skin or gills of fishes. Hence it is commonly 
known as "cotton wool disease"[1]. The infection in its initial 
stage might be small but can rapidly cover the entire body 
surface of the fish. Saprolegnia being an opportunistic parasite 
invades the fish when it is mechanically damaged, or is 
already suffering from a parasitic or bacterial infection. The 
fungus also infects fish eggs by adhering to and then 
penetrating the cell membrane. The infection spreads from 
diseased to healthy eggs through positive chemotaxis. 
Saprolegnia leads to necrosis and epidermal damages due 
penetration of hyphae. In later stages the fish suffers from 
osmoregulatory dysfunctions, protein deficiency, atrophy of 
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skeletal muscles and lack of collagen synthesis. 
The life cycle of Saprolegnia includes both sexual as well as 
asexual reproduction. The motile primary zoospore produced 
is very short lived and germinates soon after its release. The 
secondary Zoospores are considered as the main infection 
causing phase of the fungus as they repeatedly reencyst until a 
suitable host is found [2]. 

3. CONDITIONS ACCELERATING THE 
OCCURRENCE OF SAPROLEGNIASIS. 

Stress can be considered an important factor that challenges 
homeostasis i.e. tries to act against and alter all parameters 
that lie in a normalized range for the fish existing in a 
sustainable biological condition. Under stress, a primary stress 
hormone cortisol is secreted that triggers anti-stress and anti-
inflammation pathways. However, elevated cortisol levels lead 
to the suppression of the immune system. A higher 
concentration of this hormone blocks the interaction of T-cell 
lymphocytes with interleukins which in turn inhibits T-cell 
proliferation. 

During chemical treatment heavy dosages of some chemicals 
were used for a small duration to see the effect of acute stress 
on the susceptibility of the host to the disease. 0.25 mg/L of 
Copper, 0.07 mg/L, 0.5 mg/L and 0.24 mg/L of cyanide, 
ammonia and nitrite were used respectively for duration of 10 
minutes. This short exposure shot up cortisol levels in the 
fishes and when fish subjected to chemical stress were later 
exposed to Saprolegnia parasitica, increased levels of cortisol 
hormone were observed reflecting its commanding effect on 
the disease susceptibility. All fishes that had cortisol levels 
greater than 370ng/ml were infected [3]. 

This certainly tells a lot about the pathogen that as previously 
discussed is an opportunistic one. Therefore, when the cortisol 
levels in the host increased there was a suppressive effect on 
the host defense mechanism facilitating largely infecting the 
fish. 
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Fig. 1: Different methods of treatment against Saprolegniasis 

4. CHEMICAL TREATMENT 

The most widely used chemical treatment is that of Malachite 
Green (MG) or the triarylmethane dye [C6H5C (C6H4N 
(CH3)2)2] Cl. It shows a high antifungal property for treating 
fungi infected fishes and even to prevent fish eggs from fungal 
infection. Chemical treatment can be basically of two types- 
Tropical bath and Multicomponent. The Tropical bath uses a 
mixture of MG and water and can be further classified into 
short term bath and long term baths for 1 to 2 hours at dosage 
of 6.67 mg/L and for 6 days @ 0.2-0.5mg/L respectively. The 
multicomponent treatment uses a mixture of Malachite green 
in aqueous Formalin [5]. 

It is not actually MG but its alcohol form that passes through 
the cellular membrane. 

[C6H5C (C6H4N (CH3)2)2]Cl + H2O → C6H5C (OH) (C6H4N 
(CH3)2)2 + HCL 

The cationic part of MG takes an alcohol form after the 
addition of a hydroxyl ion from water which has higher lipid 
solubility than MG. It is then metabolized and reduced to 
Leuco Malachite Green (LMG) which gets accumulated inside 
the fish and persists for long durations. The exact mechanism 
describing the chemical’s antifungal efficacy is yet to be 
researched. Although the chemical MG is quite effective, its 
toxicity cannot be ruled out. Several parameters affect the 
toxicity of MG such as time of exposure, pH value, 
concentration used and the temperature [4]. The presence of 
humic substances in water in which MG is mixed reduces its 
toxicity but when Ca2+ concentrations in the water are high, 
they bind to the binding-sites of these humic substances 
disallowing them to interact with Malachite Green, hence 
making it essential to choose the right quality of water during 
aquaculture. [5]. Some of the characteristic observations in 
fish upon MG toxicity are increased skin slime, green 
coloration of muscle tissue and even disoriented movement, 
not only this but it also caused changes in the RBC and WBC 
count of some carp fishes. In humans it is reasoned that 
Malachite Green has cytotoxic and carcinogenic effects. The 
use of MG was banned by EU (European Union) in 2002 [5]. 

5. BIOTECHNOLOGICAL REMEDIES 

5.1 Chitin synthase in Saprolegnia – A novel target for 
producing anti-Oomycete drugs 

Oomycetes have a very low concentration of chitin when 
compared to other true fungi species [6], but it has been 
experimentally observed that chitin in Saprolegnia monica has 
a very essential role to play irrespective of its scanty presence. 
The vitality of chitin in this organism resides in its ability to 
maintain cell wall integrity at the hyphal tip. Chitin synthase is 
an enzyme essential for the synthesis of chitin. The studies 
done on this enzyme involved in vitro observations and a 
bioinformatics analysis [7]. 
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Nikkomycin Z, an inhibitor of chitin synthase was found to be 
better than another commonly used inhibitor- Polyoxin D [18] 
and was chosen for in vitro studies. It was found that the 
inhibitor was able to curb mycelial growth at the tip, made 
cells to swell and finally burst the cells due to cell lysis. The 
few cells that survived were reported to have a lot of 
morphological defects and abnormalities though the exact 
mechanism of the inhibitor is yet to be discovered. However, 
the discovery of MIT (microtubule interacting and trafficking) 
domains in a bioinformatics analysis can be considered 
responsible for membrane targeting and intracellular 
trafficking in chitin synthases of Saprolegnia monica that have 
never been reported in any other chitin synthase complements 
in earlier in vitro observations. It was reasoned that these 
domains deliver the enzymes to the apex where they catalyze 
the formation of chitin and when Nikkomycin Z is used it was 
able to control mycelial growth at the tip. Despite it's role, use 
of Nikkomycin Z as an efficient drug to treat Saprolegniasis 
fails owing to the requirement of higher concentrations 
(200microM) as per the reported data; even though the high 
concentrations make it almost impractical for use. There is no 
doubt that it opens areas for research and investigation 
targeting chitin synthases and producing drugs that will fight 
the infection efficiently at lower concentrations [7]. 

5.2 Prostaglandin E2 in Oomycetes 

The presence of prostaglandin E2 an active lipid compound 
has only recently been discovered in Saprolegnia parasitica 
and is the only example of such compounds in Oomycetes. 
Prostaglandin E2 in humans have diverse-effects for example 
it plays an important role in labor where it helps in uterine 
contraction and also in inducing fever but its exact role in 
Oomycetes still requires reinforcing evidence and further 
research though what has been reported suggests that it has 
two very important roles to play, firstly, in suppressing the 
host’s immune system and secondly in mycelial growth [13]. 
Here we shed some light on curbing the growing mycelium 
using inhibitors that will interfere with the biosynthesis of 
Prostaglandins. 

Cyclooxygenase(COX) is the enzyme that catalyzes the 
production of Prostaglandin H2 from Arachidonic acid. (See 
fig. 2) Cyclooxygenase inhibitors like aspirin acetylate serine 
in the active site of COX hence barring its attachment to 
Arachidonic acid. 

 
Fig. 2: Biosynthesis of Prostaglandin E2. 

The studies on Saprolegnia parasitica report a putative 
phospholipase and a putative prostaglandin E2 synthase 
activities. Even though no enzyme homologous to COX has 
been discovered, however use of COX inhibitors like Aspirin 
was able to control the mycelial growth. This kind of paradox 
has previously been discovered in Candida spp. of true fungi 
[8, 9, 10, 11, 12] where no clear homologue to COX was 
discovered but still COX inhibitors were found to be effective. 
This indicates that there might be some other enzyme having 
similar functions showing similar response to these inhibitors. 
Though the actual mechanism is yet to be discovered, their 
effects under in vitro conditions cannot be underestimated [13] 

5.3 Antifungal activity of bacterial strains 

The bacterial strains of the genera Alteromonas, 
Pseudomonas, and Aeromonas are natural competitors of 
Saprolegnia [14]. They are found in the lesions of the fish and 
produce certain antifungal substances. These microbes can be 
effectively used as a method of biocontrol for the disease. 
Particularly species of Pseudomonas were shown to have 
major antagonist effects on the growing fungi. Pseudomonas 
H6 produces viscosin-like lipopeptide surfactants which lead 
to a significant reduction in attachment of S. dicina hyphae to 
salmon eggs. The fungal growth was effectively curbed by 
using biosurfactants at concentrations in the range of 15-100 
μg/ml [15]. The surfactants were also reported to inhibit the 
germination of cyst showing strong zoosporicidal activity and 
were also responsible for swelling and branching of hyphae. 
The bacteria were also observed to form a protective biofilm 
that prevents the fungal infection. The biofilm provides an 
ecological niche for the growth and proliferation of the 
bacteria eliminating the growth of the fungi. However the 
most important drawback in using live bacteria for the 
treatment is that of causing possible secondary infections. 
Further studies regarding the use of bacteria for biocontrol of 
saprolegniasis should be performed [15]. 

5.4 Vaccination against Saprolegniasis 

Vaccinating the fish against the pathogen is another reported 
alternative for treating Saprolegniasis. Saprolegniasis resistant 
fishes were used to identify proteins in the S.parasitica 
genome that were recognized by the host antibodies and a 
serine protease (SpSsp1) with an indentified subtilase domain 
in the genome of S.parasitica [16].  

Studies on SpSsp1 show that this protein in rich quantities has 
the ability to degrade immunoglobulinM (IgM) in trout [17] 
and hence poses a major threat to the fish’s immune system. 
But Saprolegniasis resistant fishes that were able to 
immunologically recognize the protein tend to show a direct 
relation between the recognition of SpSsp1 and development 
of a strong immune response against the pathogen. Hence the 
use of SpSsp1 as a vaccine can be proposed. This was further 
tested in certain laboratories via ELISA where immunized 
fishes were able to mount an increased production of 
antibodies against the protein [17]. 
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An important point of observation should be that SpSsp1 is 
very similar to serine proteases from some bacteria especially 
Streptomyces griseus with which it shares a significant 
similarity in the subtilisin domain, bringing in the possibility 
that SpSsp1 might have cross reacted i.e. the antibodies acting 
against the speculative protein might have acted in response to 
a bacterial infection [17]. The studies certainly reveal that 
some proteins in the S. parasitica genome can be used as a 
vaccine and further researches focusing on SpSsp1 hopes to tie 
all loose ends and explore the potential that the protein might 
have to act as an effective vaccine against the disease. 

6. CONCLUSION 

Biotechnological remedies mark some novel and milestone 
discoveries, chitin synthase inhibition and bacterial strains 
fighting the infection all pose as major methods of treatment 
of Saprolegniasis but Inhibitors like Nikkomycin Z are 
required in high concentrations while the use of bacteria with 
biocidal effects often leads to secondary infections. The hunt 
for a more effective and efficient mode that can successfully 
replace the use of toxic chemicals is still on.  
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