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Abstract: Study characterized immune responses in immunomodulated Labeo rohita fingerlings. 3% ß-glucan 

at a dose of 2 gm % was administered (i.p.) for seven consecutive days. The experimental design consisted of 

four groups. Fishes were challenged with 3 ×107 cfu ml-1 Aeromonas hydrophila. Upon termination, growth, 

hematological and biochemical parameters were analyzed. Results showed significant increase (p < 0.05) in K 

value and specific growth rate for the immune primed fishes in comparison to the other three groups, indicating 

positive effect of β glucan on fish health. Total erythrocyte count, haemoglobin percentage and Haematocrit 

value increased significantly (p < 0.05) in group II in comparison to other 3 groups. Total leukocyte count and 

Leucokrit value showed similar pattern in which the highest significant (p < 0.05) value was observed in group 

III, followed by group II, IV and I. MCV and MCH showed highest values in group IV in comparison to group 

III, II and I. Significant difference was found in differential WBC counts across the 4 groups. Albumin globulin 

ratio and total protein content were measured which indicated that ß glucan has an enhancing effect on immune 

responses of Labeo rohita fingerlings. Thus the efficacy of ß glucan was found to be significant in improving the 
immune responses in Labeo rohita immunocompromised with Aeromonas hydrophila. 
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1. INTRODUCTION 

Labeo rohita (Hamilton, 1822) is a commercially important fish among the Indian Major Carps. 

Although, India ranks second among the world freshwater fish producers [1], it faces the challenge of 

fish mortality due to bacterial diseases. Among bacterial diseases, those caused by Aeromonads 
represents an economic threat to the aquaculture industry. 

Motile Aeromonad infections have been recognized and have been referred to as Motile Aeromonad 

Septicemia (MAS), Motile Aeromonad Infection (MAI), hemorrhagic septicemia, red pest, and red 

sore [2]. Bacteriological studies on fishes affected with Epizootic Ulcerative Syndrome (EUS) have 
been documented by several scientists from various parts of India [3-5]. The host pathogen interaction 

with special emphasis to Aeromonas hydrophila has been documented [6]. Immune response of zebra 

fish (Danio rerio) against a newly isolated bacterial pathogen Aeromonas hydrophila has been 
described [7]. Knowledge concerning host immune response to Aeromonas virulence factors in 

humans has been documented [8]. 

Modern trends in Aeromonas hydrophila disease management in fish has been elaborated [9]. Several 
scientists have performed studies on immunostimulants to evaluate their role in immune response in 

fishes [10 - 29]. Effect of dietary beta – 1, 3 glucan on the growth, survival, physiological and 

immunological response of marron, Cherax tenuimanus has been described [30].  

Biomarkers are defined as changes in biological responses that can be related to exposure to, or the 
toxic effects of, environmental chemicals. Biomarker responses are powerful because they integrate a 

wide array of environmental, toxicological and ecological factors that control and modulate exposure 

to, as well as effects of, environmental contaminants. Hence study using potential biomarkers has 
gained a lot of impetus. With most pathogenic and etiologic agents of deadly diseases acquiring 

resistance to currently used drugs, the development and formulation of vaccines against predominant 
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infectious diseases has taken centre stage. In the present study, haematological and biochemical 

parameters have been chosen as potential fish biomarkers which will help us to understand the host 
immune response in Labeo rohita challenged with Aeromonas hydrophila. The role of β glucan as an 

immunostimulant shall also be considered. 

The study is one of the several important steps toward a better understanding of host-pathogen 
interaction and assessment of ecosystem health. The study on immunomodulation will also help to 

understand the effects of immunostimulants on non-specific immunity and disease of the Indian major 

carps under infection with Aeromonas hydrophila. 

2. MATERIALS AND METHODS 

Bacterial Culture: 

The bacterial strain, Aeromonas hydrophila, MTCC 646 was collected from Microbial Type Culture 

Collection and Gene Bank (MTCC), Institute of Microbial Technology (IMTECH), Chandigarh, 

India. This strain was received as lyophilized culture and subsequently revived by adding Nutrient 

Broth and transferring the rehydrated culture to a Nutrient Agar medium. Consequently, streak plate 

method was followed to get isolated bacterial colonies [31].    

Fish and Experimental Condition: 

Fingerlings of Labeo rohita were collected from a local fish farm, Matsyajibi Samabyay Samity, 

Anandapur, Ruby, Kolkata. In the laboratory, fishes were kept in glass aquarium (2 ft X 1ft X 1ft) in 

the Animal House and acclimatized for 7 days. Temperature was maintained at 25 ± 1 °C and with a 

12 hour light and 12 hour dark cycle. Aeration was provided to all the tanks (24 hours) from an air 

compressor and about 20% of the water was changed every day in all the experimental tanks. 

Dissolved oxygen (DO2) and ammonia were monitored every week. They ranged from 5.5 to 7.6 mg 

O2/ L and 0.5 to 1 ppm ammonia, and pH ranged from 7.5 to 8.5 throughout the experimental period. 

The fishes were fed with control diet free of any immunomodulant. Unutilized feed and faecal matters 

were siphoned out daily. 

Experimental Design: 

After acclimatization, the fishes were divided into 4 groups (Table 1). 10 fishes were kept in each tank 

at a time. There were 6 replicates for each group. 

Table1.  Experimental Groups 

SL No Group Details of Treatment Average Body weight 

and Length 

1 I Sham Operated Control fishes   

 

+ 30gms;  +15cms 
2 II Fishes treated with 2% glucan (i.p.) for seven days  

3 III Fishes treated with 2% glucan for seven days and then 

artificially inoculated with Aeromonas hydrophila (i.p.) 

4 IV Fishes artificially inoculated with  Aeromonas hydrophila 

(i.p.) but those which did not receive glucan treatment 

Glucan Preparation:   

Fishes were given intraperitoneal injections of 2% β-glucan (dissolved in sterile PBS) solution at 

0.5ml/100gm body weight for seven consecutive days. 

Artificial Inoculation of Aeromonas hydrophila:  

The bacterial strain MTCC 646 was cultured in nutrient broth (NB) and incubated at 37°C for 24 

hours prior to artificial inoculation of fishes. Bacterial cells were harvested by centrifugation at 5000 

x g for 5 min and washed in physiological saline, PS (0.85% NaCl). The strain was enumerated by 
correlating the OD value taken at 600nm of the growing culture with the corresponding colony 

forming units (cfu) obtained by spread plate dilution method (Ref: OD 600 1 = 2 X 10
9 

cfu/ml), 

following [32]. For this experiment, one sub lethal concentration (3 X 10
7
 cfu/ml) was made up in PS 

(working volume: 0.5 ml/100 gm
 
body weight of fish) and injected intraperitoneally (i.p.) into 6 

replicates of test fish (each replicate containing 10 fishes in group III and IV) [33]. The potential fish 

biomarkers chosen for the study were recorded upon termination of experiment on the 7
th 

day of 

exposure and compared among the four experimental groups. 
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Blood and Serum Collection: 

Fishes were anaesthetized by dipping for 30 s in 0.1 ppm of MS 222 suspension in water. After 

anaesthetizing, blood samples were collected from the caudal vein of all the fishes belonging to 4 

different groups (4 X 10 nos). There were 6 replicates for each group. For serum, blood samples were 

withdrawn into Eppendorf tubes without anticoagulant in the syringe. Blood samples in Eppendorf 
tubes were allowed to clot at 4°C for an hour and were then centrifuged at 3000 ×g for 10 min and the 

supernatant serum was collected. The serum was stored at −20 °C until use within 2 days.  

Assessment of Growth Performance: 

Fish samples were collected from each group and their condition factor (K) and specific growth rate 

(SGR) were recorded [34]. 

Determination of Haemalogical Parameters: 

Total Erythrocyte count (TEC), Total Leucocyte count (TLC), Haematocrit (PCV, Hct %), Leucocrit 

(Lct %), Haemoglobin %, dWBC %. The MCV, MCH values were calculated from hematological 

data. All the haematological parameters were determined following [33] with slight modifications. 

 Determination of Serum Biochemical Parameters: 

Total Serum protein, Albumin, Globulin, Albumin:Globulin ratio was measured from all sets of 

fishes. All the biochemical parameters were determined following [33] with slight modifications. 

Statistical Analysis: 

Means and Standard Error (S.E.) of the means were calculated from whole range data following [35]. 

One way Univariate Analysis of variance (ANOVA) at 5% level of significance and Duncan’s Post 

Hoc test was also done to identify the homogenous means, if any using SPSS Statistics 17.0. 

3. RESULTS AND DISCUSSION 

It is known that well supported immune system protects the fish against diseases and increases the 

rate of survival. Increases of phagocytic cells, lymphocyte activities, and macrophages can be listed as 

the common observations on fish treated with immunostimulants. We will describe the results in 

respect of 4 experimental groups i.e. group I (control fishes); group II (β Glucan treated fishes); group 

III (A. hydrophila challenged, prior β Glucan treated fishes) and group IV (A. hydrophila challenged 

fishes).  

Health and Growth Parameters: 

A significant difference (p< 0.05 df = 3) was found in Condition factor (K) among four different 

experimental groups of L. rohita (Table 2). Duncan’s post hoc test revealed the presence of 3 subsets 

in case of K. Fishes of group II and IV belonged to different single subsets indicating that there were 

significant differences in the K value when it is compared pair-wise with other groups. Whereas, 

fishes of group I and III belonged to a single subset, indicating that there was no significant difference 

between them when compared pair-wise. 

Condition factor (K) is generally considered as a measurement of fish health status. In this current 

study, we have noticed that general health condition as well as survival of fishes administered with β-

glucan was higher in group II fishes in comparison to control ones. Also, in case of A. hydrophila 

infection, the health status of the fishes were found to be better in the group III fished than the group 

IV fishes in terms of K value.  

A significant difference (p< 0.05 df = 3) was found in Specific Growth Rate (SGR %) among four 

different experimental groups of L. rohita (Table 1). Duncan’s post hoc test revealed the presence of 3 

subsets in case of SGR. Fishes of group I and IV belonged to different single subsets indicating that 

there were significant differences in the SGR value when it is compared pair-wise with other groups. 

Whereas, fishes of group II and III belonged to a single subset, indicating that there was no significant 

difference between them when compared pair-wise.  

So, the current study suggests that, in a condition of no stress, normal nutrition and diet can lead to 

higher SGR in fishes after β glucan administration. Nevertheless, from our present experiment, the 
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growth promoting effect of β-glucan is also evident. This finding is in accordance to similar work [36, 

15, 37]. The present finding is in accordance with similar studies where dietary feed supplementation 

with both natural and commercial β glucans has shown improvement in health, growth and general 

performance of different animal groups, including farmed shrimp, fish and other land animals. Fish 

growth has been enhanced with the use of (EcoActiva) a commercially available Beta-glucan orally in 

Pink snapper [15]; Beta-glucan in Rohu [38], β (1,3) glucan in Large yellow croaker [39]. 

Table 2. Values of Condition Factor (K) and Specific Growth Rate (SGR %) in L. Rohita in Different 

Experimental Groups. 

Growth Parameters 
Group I 

(Mean ± SE) 

Group II 

(Mean ± SE) 

Group III 

(Mean ± SE) 

Group IV 

(Mean ± SE) 

Condition factor (K) 0.58 ± 0.02b 0.68 ± 0.02 c 0.59 ± 0.01 b 0.51 ± 0.01a 

Specific growth rate 

(SGR%) 
0.56 ± 0.02b 0.82 ± 0.06 c 0.80 ± 0.08 c 0.29 ± 0.08a 

Experimental groups: Group I (control fishes); Group II (β Glucan treated fishes); Group III (A. 
hydrophila challenged, prior β Glucan treated fishes) and Group IV (A. hydrophila challenged fishes). 

Similar alphabets within column denote homogenous means due to Duncan’s post hoc test at 5% level 

of significance. 

Haematological Parameters: 

A significant difference (p< 0.05 df = 3) was found in Total Leucocyte Count (TLC) and Leucocrit 

(Lct) value among four different experimental groups of L. rohita (Table 3). Duncan’s post hoc test 

revealed the presence of 4 different subsets in case of TLC. This indicates that there was a significant 

difference in the TLC value with respect to all the four experimental groups when they were 

compared pair-wise. In case of Lct Group II and IV belong to a single subset thus 3 different subsets 

were revealed by Duncan’s post hoc test.  

A significant difference (p< 0.05 df = 3) was found in Neutrophil %, Basophil % and Monocyte % 

among four different experimental groups of L. rohita (Table 3). Fishes of Group II, IV and Group III, 

IV (Table 3) belonged to single subsets indicating that there was no significant difference between 

them in terms of Neutrophil and Basophil counts respectively when compared pair-wise with other 

groups. Whereas, in case of Monocyte % fishes of group II, III and group II, IV belonged to single 

subsets each which indicates that there was no significant difference between them when compared 

pair wise. A significant difference (p< 0.05 df= 3) was found in Eosinophil %, Large lymphocyte % 

and small lymphocyte % among four different experimental groups of L. rohita (Table 3). Duncan’s 

post hoc test revealed the presence of 4 subsets in each of the cases. This indicates that there was a 

significant difference in all three different leucocytes (Eosinophil, large lymphocyte and small 

lymphocyte) with respect to all the four experimental groups when they were compared pair-wise. 

It is known that the amount of leukocyte cells is normally lower in healthy fishes and can be used as a 

significant indicator for infectious diseases. When infectious disease agents such as bacteria enter the 

fish body the non-specific (cellular) defense system gets stimulated during the first stage of disease 

manifestation. In this situation, the leucocytes get increased (leucocytosis) initially in order to protect 

the fish body by phagocytosis and produce antibacterial chemicals to stop the agent from spreading. 

The significant increase in the total WBC count and the number of different leucocytes i.e. neutrophil, 

large lymphocytes, monocytes etc, observed in this present study signifies the fact that the innate 

immunity of the fish was stimulated to fight against the bacterial pathogen as the primary line of 

defense.  

In our study, it was observed that the activities of leukocytes have increased against bacterial infection 

more significantly, when they were stimulated with a certain amount of β glucan in advance compared 

to simple infection, which signifies the immunostimulatory activity of β glucan. Result obtained in the 

present study supported other studies [14] who also reported increased WBC counts in C. carpio after 

treatment with herbal Azardicha indica. The in vivo activation of phagocytic cells by β-glucan might 

also induce other antimicrobial mechanisms, which include release of lysosomal enzymes, cationic 

peptides, complement components and production of reactive oxygen species [40, 41]. 
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Table 3. Values of different haematological parameters and Differential WBC % in L. rohita in different 

experimental groups.  

A. Hematological  Parameters 

 
Group I 

(Mean ± SE) 

Group II 

(Mean ± SE) 

Group III 

(Mean ± SE) 

Group IV 

(Mean ± SE) 

TEC (10
6 
/ml) 1.28 ± 0.03c 1.29 ± 0.02 c 0.83 ± 0.02 b 0.62 ± 0.02a 

TLC (10
3 
/ml) 5.92 ± 0.06a 25.17 ± 0.33 c 27.45 ± 0.28 d 16.45 ± 0.23b 

Hb % 9.87 ± 0.02 c 10.04 ± 0.05 c 9.56 ± 0.13 b 8.79 ± 0.08 a 

Hct % 32.47 ± 0.22 c 34.98 ± 0.33 d 27.71 ± 0.18 b 23.87 ± 0.17 a 

Lct % 1.05 ± 0.02 a 1.28 ± 0.04 b 1.76 ± 0.02 c 1.25 ± 0.03 b 

MCV (fL) 274.6 ± 3.4 a 296.87 ± 13.3 a 388.2 ± 12.5 b 448.5 ± 13.4 c 

MCH (pg/cell) 77.38 ± 0.97 a 114.1 ± 2.7 b 119.9 ± 3.21 b 142.4 ± 5.24 c 

B. Differential WBC % 

 
Group I 

(Mean ± SE) 

Group II 

(Mean ± SE) 

Group III 

(Mean ± SE) 

Group IV 

(Mean ± SE) 

Neutrophil 26.56 ± 0.7a 31.66 ± 0.41 b 33.60 ± 0.26 c 31.02 ± 0.43b 

Eosinophil 0.67 ± 0.01a 0.86 ± 0.02 b 1.38 ± 0.05 d 1.02 ± 0.01c 

Basophil 1.45 ± 0.03 b 1.08 ± 0.01 a 2.46 ± 0.02 c 2.40 ± 0.02 c 

Large lymphocyte 18.91 ± 0.01 a 34.67 ± 0.18 d 31.91 ± 0.24 b 32.54 ± 0.13 c 

Small lymphocyte 49.96 ± 0.25
 d
 28.2 ± 0.06

 b
 26.98 ± 0.30

 a
 29.61 ± 0.08

 c
 

Monocyte 2.43 ± 0.05 a 3.53 ± 0.02 b, c 3.66 ± 0.09 c 3.39 ± 0.12 b 

Experimental groups: Group I (control fishes); Group II (β Glucan treated fishes); Group III (A. 

hydrophila challenged, prior β Glucan treated fishes) and Group IV (A. hydrophila challenged 

fishes). Similar alphabets within column denote homogenous means due to Duncan’s post hoc test at 

5% level of significance. 

A significant difference (p< 0.05 df= 3) was found in Total Erythrocyte Count (TEC), Mean 

Corpuscular Volume (MCV) and Mean Cell Heamoglobin (MCH) among four different experimental 

groups of L. rohita (Table 2). Duncan’s post hoc test revealed the presence of 3 subsets in case of 
each of the three parameters. Fishes of group I, II belonged to single subsets (Table 3) which indicates 

that there was no significant difference in the TEC and MCV values when compared pair-wise with 

other groups. Whereas, fishes of group II and III belonged to a single subset in case of MCH, 
indicating that there was no significant difference between them when compared pair-wise. 

An increase in RBC count was reported among the effects of β-1,3/1,6 glucan on channel cat fish 

[42,43] which is in accordance with the current findings. In the present study, increases on RBC levels 

are assumed as health indicator of fish. On the other side Aerolysin, produced by some strains of A. 
hydrophila, is an extracellular, soluble, hydrophilic protein exhibiting both hemolytic and cytolytic 

properties. Hemolysins are exotoxic proteins produced by bacteria and their lytic activities on red 

blood cells are reported to be important for nutrient acquisition or for causing certain conditions such 
as anemia [44] Aerolysin and hemolysin genes are reported to be the putative virulence genes of A. 

hydrophila. The significant decrease (p < 0.01) in total erythrocyte count in the A. hydrophila infected 

fish compared to the control fishes, in this study, could be attributed to the severe hemolytic activity 
of aerolysin protein. Similarly, infection of A. hydrophila producing strong β-hemolysin was reported 

among common carps [45]. MCV is elevated or decreased in accordance with average RBC size; i.e, 

low MCV indicates microcytic, normal MCV indicates normocytic and high MCV indicates 

macrocytic. On the other hand, the increase in MCV (p < 0.01) observed in this study after A. 
hydrophila infection, in comparison with control fishes could be further attributed to intense damage 

or cirrhosis to the liver, the largest organ in the body, responsible for filtering (removing) harmful 

chemical substances, producing important chemicals for the body, and other important functions. 
Significant increase (p < 0.01) observed in Mean corpuscular hemoglobin (MCH) value in A. 

hydrophila treated fishes compared to control ones, could be also be attributed to macrocytic anemia, 

a blood disorder in which not enough red blood cells are produced, but the ones that are present are 

large thus fitting more hemoglobin.  

A significant difference (p< 0.05 df = 3) was found in Haemoglobin percentage (Hb %) and 

Haematocrit (Hct) value among four different experimental groups of L. rohita (Table 3). Duncan’s 

post hoc test revealed the presence of 3 subsets and 4 subsets in case of Hb% and Hct value 
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respectively. Fishes of group I and II belonged to a single subset, indicating that there was no 

significant difference in terms of Hb% between them when compared pair-wise. Presence of four 
different subsets in case of Hct value incated that there was a significant difference with respect to all 

the four experimental groups when they were compared pair-wise. 

The significant decrease in the Hct observed in Aeromonas hydrohila treated samples, in this study, 
could be attributed to multiple factors viz. the destruction of the erythroblast, thereby, limiting their 

synthesis. Moreover the extreme reduction in total erythrocyte count alone might have also caused for 

the observed low haematocrit value. In this current study it was also found that there was significantly 
less amount of RBCs, Hb and Hct level in the group IV compared to group III, which signifies the fact 

there is much less haemolytic effect of A. hydrophila infection due to immunostimulation provided by 

β glucan administration in the group III fishes.  So, effect of β glucan as a potent inducer of immunity 

can be observed clearly, as significantly less damage in terms of decrease of TEC, HB, Hct is caused 
by A. hydrophila infection in group III due to prior β glucan administration in comparison to group 

IV, where simple A. hydrophila  infection was caused  

Biochemical Parameters: 

A significant difference (p< 0.05 df = 3) was found in Total Protein content among four different 

experimental groups of L. rohita (Table 4). Duncan’s post hoc test revealed the presence of 2 subsets 

in case of Total Protein content. Fishes of group I and II belonged to a single subset, indicating that 
there was no significant difference between them when compared pair-wise. Whereas, of group III 

and IV belonged to another single subset, indicating that there was no significant difference between 

them when compared pair-wise. 

As a first line of defence, various peptides such as lysozymes, antibodies, complement factors and 
other lytic factors are present in serum where they prevent adherence and colonization of 

microorganisms [46] leading to prevention of infection and disease. Many authors have reported the 

enhancement of the lysozyme activity, complement activity and bactericidal activity [47 - 49, 12, 50] 
due to administration of β-glucan.  

Table 4: Values of biochemical parameters in L. rohita in different experimental groups. 

Biochemical 

parameters 

Group I 

(Mean ± SE) 

Group II 

(Mean ± SE) 

Group III 

(Mean ± SE) 

Group IV 

(Mean ± SE) 

Total protein (gm %) 5.56 ± 0.01a 5.65 ± 0.02 a 5.82 ± 0.09 b 5.62 ± 0.05a 

Albumin (gm %) 0.64 ± 0.04c 0.40 ± 0.03 a 0.53 ± 0.02 b, c 0.55 ± 0.02b 

Globulin (gm %) 4.92 ± 0.05 a 5.25 ± 0.09 b, c 5.29 ± 0.05 c 5.07 ± 0.06 a, b 

A : G ratio 0.13 ± 0.01 c 0.08 ± 0.01 a 0.1 ± 0.01 b 0.11 ± 0.01 b 

Experimental groups: Group I (control fishes); Group II (β Glucan treated fishes); Group III (A. 

hydrophila challenged, prior β Glucan treated fishes) and Group IV (A. hydrophila challenged 
fishes). Similar alphabets within column denote homogenous means due to Duncan’s post hoc test at 

5% level of significance. 

A significant difference (p< 0.05 df= 3) was found in Albumin percentage among four different 

experimental groups of L. rohita (Table 4). Duncan’s post hoc test revealed the presence of 3 subsets 
in case of Albumin percentage. Fishes of group II belonged to different single subsets indicating that 

there was significant difference in the Albumin percentage when it was compared pair-wise with other 

groups. Whereas, fishes of group I; III and fishes of group III; IV belonged to a single subset, 
indicating that there was no significant difference between them when compared pair-wise 

respectively. 

A significant difference (p< 0.05 df = 3) was found in Globulin percentage among four different 
experimental groups of L. rohita (Table 4). Duncan’s post hoc test revealed the presence of 3 subsets 

in case of Globulin percentage. Fishes of group I and IV; group II and IV; group II and III belonged to 

same single subset, indicating that there was no significant difference between them when compared 

pair-wise respectively. 

A significant difference (p< 0.05 df = 3) was found in the ratio of Albumin and Globulin (A: G) 

among four different experimental groups of L. rohita (Table 4). Duncan’s post hoc test revealed the 

presence of 3 subsets in case of A: G. Fishes of group I and II belonged to different single subsets 
indicating that there was significant difference in the A: G when it is compared pair-wise with other 
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groups. Whereas, fishes of group III and IV belonged to a single subset, indicating that there was no 
significant difference between them when compared pair-wise. 

In this study, total protein content and globulin content increased in the fish after β-glucan 

administration and the value was found to be highest in the A. hydrophila challenged, β glucan treated 

fishes. Increased level of serum total protein could also be an indication of antibody production in 

moribund fish with infectious diseases [51]. As the serum proteins include various humoral elements 

of the non-specific immune system, high concentrations of total serum protein and globulin might be 

due to the stimulatory functioning of nonspecific immune response of fishes against the bacterial 

infection after β glucan administration. However, the albumin level and the albumin/globulin ration 

was decreased in group II fishes and it was finally shown to increase after A. hydrophila infection in 

both group III and group IV fishes which was in accordance with [52].  

4. CONCLUSION 

Thus, from the present experiment, it is clear that β- glucan has an enhancing effect on immunity, 

growth and survival of L. rohita fingerlings. These findings indicate that the use of immunostimulants 

could represent a potential alternative and/or supplement to chemotherapy and vaccination for 

maintaining fish health by means of an eco-friendly prophylactic approach. 

One of the good sources of β-glucan is yeast that is a well studied microorganism whose culturing 

conditions are very well known. From the biotechnological standpoint that would be an advantage 

because large amount of cheap yeast biomass could be easily grown and growth conditions could be 

adjusted to maximize β-glucan yield. 

Administration of glucans through various routes including immersion, feed or injection have been 

found to enhance many types of immune responses, resistance to bacterial and viral infections and 

resistance to environmental stress. Development of more efficient administration methods will 

facilitate the routine and prophylactic use of glucans as natural immunostimulants of fish. The limited 

knowledge of mechanisms of glucan action on fish immunity does not currently allow better and 

morespecific use of glucan in aquaculture. 

Lately, interest focused on mechanisms of action. However, nothing conclusive can be reached as a 

result of these studies and the effects of glucan on modulation of gene expression leading to 

stimulation of fish immunity still require elucidation.  

However, further work is needed to determine the timing of glucan administration, antigen 

immunization depending on the response of receptors towards immunostimulants and to ascertain to 

what extent the increase in complement and lysozyme might influence the ability of fish to cope with 

stress or disease in intensive culture conditions. 
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