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 ABSTRACT 

Fish culture in India, traditionally have strong export markets, which makes sea food industry 

a major net earner of foreign exchange for the country. But, in fish culture where the fish is at 

high challenge with infectious disease caused by bacteria, virus, parasites etc. Most infectious 

diseases of fish are opportunistic. This means that the simple presence of the pathogen in the 

environment of the fish is adequate to cause a disease outbreak. Intensive aquaculture practices 

have led to a growing interest in understanding fish diseases, so that they can be prevented or 

treated. To overcome such problems immunomdulators or immunostimulators can be used as 

protective and supportive therapy to promote host resistance. In Fish, non-specific defense 

system is activated by the immunostimulants. By definition, as immunostimulant is a chemical 

drug-stressor or activator that elevates the non-specific defense mechanism or the specific 

immune response. Immunostimulants are being used today both within aquaculture sector and 

in traditional animal husbandary to reduce mortality due to infections and to improve general 

performance of animals. Research in fish immunostimulants is developing and many 

immunostimulating agents are currently in use in the aquaculture industry. This review article 

mainly considers the recent development in this area to control the fish diseases and enhance 

the fish production with the help of different types of immunostimulants. 
 

 

INTRODUCTION 

Fisheries can be taken as a major economic 

activity in the country as it supports nutrition, employment, 

and foreign exchange [1] and a reliable source of protein 

for the future [2]. But a variety of microbial agents cause 

diseases in fish culture. Fish have many non-specific and 

specific humoral and cell mediated mechanisms to resist 

bacterial disease. In order to infect the host and multiply in 

the tissues, bacterial pathogens must overcome or avoid 

these defenses and in many cases, in order to resist an 

infectious challenge, the immune response of fish must 

react in a concerted multifactorial manner.  

Protective immune responses can be primed by 

vaccination so   that   the  use  of  immunostimulants   was  
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introduced as a prophylactic measure [3,4]. In recent years 

Immunology has witnessed an explosion on knowledge 

and experimental skills that has expended our view of the 

immune system and means of searching for its structures 

and functions in an impressive way. The basic function of 

the immune system is to protect against foreign pathogens 

and infectious agents. The immunostimulatory agents may 

selectively activate either cell mediated or humoral 

immunity. 

The immunostimulants have several advantages 

i) being natural products, there is no environmental hazard. 

ii) Unlike vaccines, which give protection to a specific 

pathogen, immunostimulants provide a wide range of 

protection against several pathogens. 

Several immunostimulants such as glucan [5], 

Lactoferin [6], Levamisole [7], Chitin [8] EF203 [9], 

FK565 [10] usually show enhanced phagocytic cell 

activities. Nutritional factors such as Vit.B, Vit.C, growth 

hormone and prolactin have also been reported to be 
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immunostimulators [11]. Immunostimulants are being used 

today within aquaculture sector to reduce mortality due to 

infections and to improve general performance of fishes.  

 

Immunostimulant Effects in Fishes 

The immune response of Tilapia mossambica to 

bovine serum albumin (BSA) and Sheep red blood 

cells(SRBC)was characterized in detail in terms of the 

appearance of hemolysin plaque-forming cells(PFC) in 

spleen, head-kidney and thymus of immunized fish and the 

maximum number was observed in these organs. Analysis 

of histological and smear preparations revealed that there 

were consistent cellular changes occurring in the spleen as 

well as head-kidney due to immunization [12]. 

The immune response of Indian major carps to 

antigens of motile aeromonads. The Indian major carp, 

Labeo rohita showed immunological memory and 

secondary response on booster administration. The extent 

of protection showed good correlation with titers of 

agglutinating antibody [13]. 

The immunostimulatory effect of the leaf extract 

of Phyllanthes niruri to SRBC (Sheep red blood cells) in 

Oreochromis mossambicus. The results showed significant 

enhancement of primary and secondary antibody response 

and non-specific immune response [14]. 

The effect of azadiractin, a triterpenoid derived 

from Azadiracta indica on the immune response in 

Oreochromis mossambicus to Bovine Serum Albumin 

(BSA) and SRBC. In general, azadiractin significantly 

enhanced the antibody response and leucocyte count in a 

dose dependent manner. Timing of azadiractin 

administration in relation to immunization revealed that the 

maximum enhancement of antibody response was observed 

when the stimulant was given two days prior to 

immunization [15]. 

 The effect of leaf extracts of Ocimum sanctum on 

the specific and non-specific immune response and disease 

resistance against A.hydrophila in O.mossambicus. The 

stimulatory effect of the leaf extract of O.sanctum when 

admininstered through intraperitoneal and oral routes was 

obvious. Leaf extract of O.sanctum when administered 

intraperitoneally, stimulated both antibody response and 

neutrophil activity. Dietary intake of O.sanctum also 

enhanced the antibody response and disease resistance 

against A.hydrophila [16]. 

The immunity in Indian major carps Catla catla, 

Labeo rohita and Cirrhinus mrigala against the potent 

bacterial fish pathogen, A.hydrophila by the intraperitoneal 

route, in field conditions. Two different polyvalent antigen 

preparations namely, whole cell and extracellular products 

(ECP) were used. Immunization schedule consisting of a 

single booster dose given 28 days after priming resulted in 

a good agglutinating antibody response in the carps. 

Kinetics of the response was similar in the three carp 

species with both whole cell and ECP. Upon challenge 

with virulent strains, relative percent survival as high as 

80-90% was recorded [17]. 

The immuniomodulatory effect of Vitamin-A on 

common carp, Cyprinus carpio infected with A.hydrophila. 

In vitamin treated fish, there was no mortality and increase 

in the weight was observed. Vit.A containing retinol 

promotes the magnitude of antibody production in 

response to heat killed A.hydrophila. Vit.A showed 

immunostimulatory effect at the very low dose and 

immunosuppressive effect at high dose [18]. 

  The immunomodulatory effects of high dietary 

ascorbic acid (vitamin C) on growth, serum concentration, 

non-specific immune response and disease resistance of a 

commercially important Asian catfish, Clarias batrachus. 

Growth, serum concentration of ascorbic acid (AA), 

Oxidative respiratory burst, lysozyme and natural 

hemolytic complement activities, myeloperoxidase (MPO) 

content and natural haemagglutination titre were found to 

be high. Fish fed with AA-supplemental diets showed 

significantly higher specific growth rate. The superoxide 

production was enhanced at a supplemented dose level of 

2000 mg/kg. Similarly, MPO content, haemagglutination 

titre and alternative complement activity in serum 

enhanced with the increase of dietary AA levels at 

different duration of feeding. On the other hand, feeding of 

AA at all concentrations significantly increased percent 

survival against A.hydrophila challenge [19]. 

The immunostimulatory effect of Tinospora 

cordifolia miers leaf extract in Oreochromis mossambicus 

infected with A.hydrophila. Both ethanol and petroleum 

ether extracts administered, prolonged the peak primary 

antibody titers upto 1-3 weeks. Ethanol extract at the dose 

of 8mg/kg enhanced the secondary antibody response. All 

the doses of ethanol extract significantly enhanced 

neutrophil activity. Fish injected with petroleum ether or 

ethanol extract at a dose of 8mg/kg were protected against 

experimental infection with virulent A.hydrophila [20]. 

The Mushroom glucan and bovine lactoferrin (LF),known 

for their immunostimulatory potential, were used as 

adjuvant in conjuction with a formalin-killed A.hydrophila 

vaccine in Catla catla .Antigen-specific proliferation, 

macrophage activating factor(MAF) production and 

antiboby production were significantly higher in glucan 

adjuvanted vaccine. LF adjuvanted preparations showed a 

weak proliferation response and MAF production, although 

the antibody production was significantly higher. A good 

degree of production was achieved with the glucan 

adjuvanted vaccine. However, inspite of producing 

significant anti-A.hydrophila antibody, LF adjuvanted 

vaccine did not confer any protection following challenge 

with A.hydrophila [21]. 

The dietary dosages of garlic on the immune 

response and disease resistance against infections against 

infections due to the opportunistic pathogenA.hydrophila 

in Labeo rhohita fingerlings. Superoixde anion production, 

lysozyme, serum bactericidal, serum protein and albumin 

were enhanced in garlic treated groups and also fish 
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challenged with A.hydrophila recorded upto day 10 after 

infection,85% survivability in the 1g garlic kg
-1

 and 5g 

garlic kg
-1

 and 71% survivability in the 10g garlic kg
-1

 

respectively [22]. 

The efficacy of dietary doseof Magnifera indica 

(mango) kernal on the immune response and disease 

resistance of Labeo rohita fingerlings against the bacterial 

pathogen A.hydrophila infections. The results demonstrate 

that fish fed with mango kernal showed enhanced 

superoxide anion production, lysozyme, serum 

bactericidal, serum protein albumin. The survivability was 

higher (98%) in 5g kernal kg
-1

 fed group. These results 

indicate that mango kernal stimulates the immunity and 

makes L.rohita more resistance to A.hydrophila infection 

[23]. 

The effect of water and hexane soluble fractions 

of the Indian medicinal plant, Solanum trilobatum on the 

nonspecific immune mechanisms and disease resistance in 

O.mossambicus challenge with live A.hydrolphila. Almost 

all the doses of both water and hexane soluble fractions 

enhanced the serum lysozyme activity. All the doses of 

water soluble fraction significantly enhanced the ROS 

(Reactive Oxygen Species) production. The leaf fraction 

administration preceding the challenge with live 

A.hydrophila, decreased the percentage mortality in the 

experimental group with the consequent increase in RPS 

(Relative Percent Survivability) values [24]. 

The oral administration of Bovine Lactoferrin 

(100mg kg
-1

) in rainbow trout, Oncorhynchus mykiss 

(Walbaum) for three days prior to an intraperitoneal 

challenge with V.anguillarum resulted in increased 

survival rates, and enhanced resistance against 

streptococcus sp., although to a lesser extent. In 

lactoferrin-treated fish, an increase in phagocytic and 

chemiluminescent (CL) activities of pronephros cells 

against streptococcus sp., were also significantly increased 

[25]. The stimulatory effect of fermented vegetable 

products (FVP) upon the phagocytic and superoxide 

generation of leucocytes in Japanese flounder Paralichthys 

olivaceus. The phagocytic activities, lysozyme activity and 

superoxide generation of peritoneal induced leucocytes 

were significantly higher [26].  

The impact of different levelsof the dietary β-

carotene on immune function in rainbow trout. The total 

immunoglobin and serum complement activity was 

significant for the 200mg and 400mg β-carotene fed group 

than unsupplemented group. An increasing trend in 

lysozyme activity was observed, however, the differences 

among diet groups were not significant. Phagocytic activity 

was similar among diet groups except at highest level of 

supplementation where it was the maximum. Oxygen 

radical production by peripheral blood leucocytes appeared 

to be lower at higher levels of carotenoid supplementation 

[27].  

The effect of levamisole on the specific and non-

specific immune mechanism in rainbow trout, O.mykiss 

(Walbaum).There was considerable increase in the glass-

adherent Nitroblue tetrazolium (NBT), positive cell 

activation, NBT activities, phagocytic activity, potential 

killing activities of neutrophil and monocytes, 

myloperoxidase production (MPO) and significant 

differences were detected. However there were no 

differences in the levels of hematocrit, leucocrit or 

immunoglobulin [28]. 

The antiboby response of water extract of 

Achyranthes aspera leaves to heat killed Aeromonas 

hydrophila in Oreochromis mossambicus using Bacterial 

agglutination assay. Generally, the lower doses of leaf 

extracts administered groups significantly stimulated the 

antibody response and the high dose of leaf extract did not 

showed any significant differences from that of control. 

The results revealed the enhancement of the antiboby 

response when compared with control aspecially using the 

lower doses of Achyranthes aspera leaf extracts [29]. 

The immunomodulatory effect of dietary 

levamisole in Asian cat fish Clarias batrachus against 

A.hydrophila. Levamisole supplement at the lower level 

(50mg kg 
-1

) significantly enhanced oxidative radical 

production and serum MPO content. Hemolytic 

complement and haemagglutination titre were significantly 

raised. At the highest level of levamisole feeding (450mg 

kg
-1

) there was significant decrease in superoxide 

production and complement activity. The result supports 

the use of levamisole at 50 mg kg
-1

 feed for 10 days as an 

immunostimulant in Asian catfish farming [30]. 

The efficacy and immunoreversal effect of the 4 

dietary immunomodulators, viz.lactoferin, beta-1,3 glucan, 

levamisole and vitamin C, on disease resistance of a 

commercially important catfish, Clarias batrachus. The 

results demonstrate that all four immunomodulators were 

capable of significantly enhancing the specific immune 

response. Similarly, all four substances significantly raised 

the survival rates in immunocompromised and healthy 

non-vaccinated fish. The results support the introduction of 

these substances into the diet of fish grown in farms under 

immunosuppressive/stressful conditions in order to 

enhance protection against infection and offer economic 

benefits [31]. 

The neutrophil activity of water extract of 

Achranthes aspera leaves to heat killed Aeromonas 

hydrophila in Oreochromis mossambicus using 

NitroBlueTetrazolium (NBT) assay. Generally, the lower 

doses of leaf extracts administered groups significantly 

stimulated the neutrophil activity and the high dose of leaf 

extract did not showed any significant differences from 

that of control. The results revealed the enhancement of the 

number of activated neutrophils when compared with 

control aspecially using the lower doses of Achranthes 

aspera leaf extracts [32]. 

The impact of polyherbal immunomodulatory 

formulation ‘ImmuPlus’(AquaImmu) on growth, immunity 

and disease resistance of rohu (Labeo rohita), one of the 
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Indian major carp at different stages of growth. The 

ImmuPlus fed fish showed enhanced non-specific 

immunity and resistance against A.hydrophila challenge in 

non-vaccinated fish as well as specific immunity levels. 

Incorporation of ImmuPlus at 1 g/kg level in the diet of 

rohu may be beneficial for enhancing disease resistance 

[33]. 

The effect of probiotic strains on the cellular and 

humoral immune responses of rainbow 

trout(Oncorhynchus mykiss),and their capacity to prevent 

furunculosis. Probiotic strains (Lactococcus lactis ssp. 

lactis CLFP 100, Leuconostoc mesenteroides CLFP 196, 

and Lactobacillus sakei CLFP 202) were administered 

orally to fish at 10(6) CFU g
-1

 of feed. The phagocytic 

activity of head kidney leucocytes and the alternative 

complement activity in serum were significantly greater in 

all probiotic groups. With the exception of the group fed 

with Lactobacillus sakei, superoxide anion production was 

also significantly increased in the probiotic groups. The 

fish supplemented with probiotics exhibited survival rates 

ranging from 97.8% to 100% whereas survival was 65.6% 

in fish not treated with the probiotics [34]. 

The effect of three immunostimulants in 

Oreochromis niloticus fingerlings (Black seed 1.0, 2.0 & 

3.0%;  crushed garlic 1.0, 2.0 & 3.0% and Biogen 0.5, 1.0 

&1.5%). A significant increase in the hematocrit value and 

NBT test were seen in garlic groups & total protein, 

albumin and globulins was noticed in all treatments. The 

mortality rate of challenged group was lower in garlic 

group than other two treatments. The growth performance 

of fish revealed a significant increase in the body gain with 

garlic 1.0% and in the condition factor with garlic2.0% and 

Biogen 1.5%. Also, a significant decrease in the mortality 

rate was observed in all treatments except Biogen 

0.5%[35]. 

The neutrophil activity of water extract of Aegle 

marmelos leaves to heat killed Aeromonas hydrophila in 

Oreochromis mossambicus using NitroBlueTetrazolium 

(NBT) assay. Generally, the lower doses of leaf extracts 

administered groups significantly stimulated the neutrophil 

activity and the high dose of leaf extract did not showed 

any significant differences from that of control. The results 

revealed the enhancement of the number of activated 

neutrophils when compared with control aspecially using 

the lower doses of Aegle marmelos leaf extracts [36]. 

The effects ofsex ratio of the population on the 

immune system of Oreochromis mossambicus. The results 

showed that antibody response and numbers of antibody 

producing cells were increased in fish in the equal male 

and female sex ratio group compared to fish in monosex 

ratio groups. Similar enhancement was also observed in 

nonspecific serum lysozyme level and the ROS and RNS 

production. The host resistance test revealed that enhanced 

immunity in equal male and female sex ratio group was 

protective against Aeromonas hydrophila infection. The 

study clearly reveals positive and negative effect of sex 

ratio the immune system of Oreochromis mossambicus 

[37]. 

The effect of hexavalent Chromium on carp 

Cyprinus carpio derived immune cells. In vitro exposure of 

carp leukocytes to hexavalent chromium induced 

cytotoxicity, decreased mitogen-induced lymphocyte 

activation and phagocyte functions. Neutrophils responded 

to chromium challenge by changes in cell shape together 

with reduced nitric oxide and reactive oxygen production. 

Altered lymphocyte and neutrophil functions are 

considered to be responsible for decreased resistance to 

pathogens observed in fish under chronic chromium 

challenge [38]. The effect of intraperitoneal injection of 

polysaccharides (2-10mg) (Schizophyllan, Scleroglucan 

and Lentinan) to carp 6 and 3 days prior to intraperitoneal 

challenge with Edwardisiella tarda (5×10
7
CFU/100g) 

resulted in a significantly increased survival rate. In all 

polysaccharide-treated groups, the rapid elimination of the 

challenge bacteria from the blood was observed and 

phagocytic activity of pronephros cells against baker’s 

yeast was significantly elevated.  

Furthermore, it was shown that these 

polysaccharides activated the alternative complement 

pathway of carp. These results indicate that Schizophyllan, 

Scleroglucan and Lentin an enhance the resistance of carp 

[39] to bacterial infection through the activation of the 

non-specific immune system. 

The immunostimulatory effect on Catla catla 

(150 ± 20 g) were fed a diet containing seed of 

Achyranthes aspera (0.5%) and control diet without A. 

aspera for four weeks prior to and after intraperitoneal 

injection with chicken erythrocytes. Fish were sampled for 

four consecutive weeks after immunization. 

Hemagglutination antibody titers were significantly higher 

in the test group of fishes compared with the control group. 

Serum globulin levels were significantly (Pt-test<0.05) 

higher in the test group than control group on days 14 and 

21. Anti-trypsin activity due to total serum protease 

inhibitors and α1-antiprotease was also significantly (pt-

test<0.05) higher in the test group of fishes than the control. 

RNA/DNA ratio of spleen and kidney was also 

significantly (Pt-test<0.05) higher in test group than the 

control group. All these results confirm that A. aspera 

enhances the immunity of catla [40]. 

The effect of Achyranthes aspera seed was 

incorporated in the diets (at 0.01%, 0.1% and 0.5%) of 

Labeo rohita, rohu fingerlings (3.0 ± 0.4 g). After 2 weeks, 

the fish were immunized with heat-killed A.hydrophila, 

and after a further 2 weeks the rohu were experimentally 

infected with A. hydrophila (ATCC 49140). After 7 days 

blood and serum were sampled to determine superoxide 

anion production, bactericidal activity, lysozyme, serum 

protein, albumin, globulin, serum glutamate oxaloacetate 

transaminase (SGOT), serum glutamate pyruvate 

transaminase (SGPT) and alkaline phosphatase (ALP). 

Superoxide anion production, serum bactericidal activity, 
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lysozyme, ALP, serum protein, albumin:globulin ratio 

(A/G) were enhanced in Achyranthes treated groups 

compared to the control group. SGOT and SGPT levels 

were elevated in control group, but in Achyranthes treated 

groups the levels were similar to the uninfected-control 

group. Higher cumulative mortalities were observed in the 

control group (77%) up to day-9 after infection. This 

gradually decreased with increasing dose of Achyranthes, 

66% mortality in 0.01% group, 57% mortality in 0.1% 

group and 28% mortality in 0.5% group. These results 

indicate that A.aspera stimulates immunity and increases 

resistance to infection in L. rohita [41]. 

The antiboby response of water extract of Aegle 

marmelos leaves to heat killed Aeromonas hydrophila in 

Oreochromis mossambicus using Bacterial agglutination 

assay. Generally, the lower doses of leaf extracts 

administered groups significantly stimulated the antibody 

response and the high dose of leaf extract didn’t showed 

any significant differences from that of control. The results 

revealed the enhancement of the antiboby response when 

compared with control aspecially using the lower doses of 

Aegle marmelos leaf extracts [42]. 

The methanol extract of Adhatoda vasica leaves 

was tested for imunomodulatory effect on the primary and 

secondary antibody response and also neutrophil activity in 

Oreochromis mossambicus using direct haemagglutination 

assay and NitroBlueTetrazolium assay, respectively. 

Intraperitoneal route was followed for the administration of 

Sheep Red Blood Cells (SRBC) as antigen. The results 

showed, the optimal dose of antigen (SRBC) injected to the 

fish, prolonged the primary antibody response upto 30
th

 

day and also it was found that there is significant 

enhancement in secondary response when compared to the 

primary response. The various doses of extract showed 

significant enhancement of neutrophil activity when 

compared with control [43]. 

The effect of dietary supplementation of seed of 

Achyranthes aspera on the immune system of Labeo rohita 

(rohu) fry (0.547 ± 0.01 g) were fed one of four diets 

containing 0 (control), 0.1, 0.5, or 1.0% Achyranthes 

aspera seed. After 30 days, the fry were immunized with 

chicken red blood cells (c-RBC). Blood samples were 

collected 7, 14, and 21 days after immunization. 

Significantly (P < 0.05) higher average weight (2.565 ± 

0.02 g) and SGR were obtained in fry fed the 1.0% diet 

compared to others. The increase in average weight was 

directly related to the increasing dose of seed. FCR was 

significantly (P < 0.05) lower in fry fed the 1.0% diet while 

total serum protein, albumin, and globulin were higher in 

treated groups than in the unsupplemented control. The 

antigen-specific antibody titer level was significantly (P < 

0.05) lower in rohu fed the control diet than in rohu fed the 

supplemented diets. Titer levels were 32 - 128, 128 - 256, 

256 - 1024, and 256 - 1024 in the 0, 0.1, 0.5, and 1.0% 

diets, respectively. Serum glutamic oxaloacetic 

transaminase (SGOT), serum glutamate pyruvate 

transaminase (SGPT), and alkaline phosphatase (ALP) 

were significantly (P < 0.05) higher in rohu fed the control 

diet than in rohu fed the supplemented diets while 

myeloperoxidas was lower in the former. Among the 

treated groups, myeloperoxidase was significantly (P < 

0.05) higher in rohu fed the 1.0% diet than in those fed 

other diets. The present study documents the 

immunostimulatory properties of A. aspera seed and finds 

that a dose of 1.0% might be suitable for rohu fry [44]. 
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