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Abstract 
Streptococcus iniae is an important pathogen that can cause a broad range of disease in aquatic animals. 
To avoid the use of antibiotics and drugs, it is critical to identify protective antigens for developing 
highly effective vaccines against this pathogen. Vaccination is the most effective means of preventing 
infectious diseases; however, few vaccines are effective against Streptococcus iniae (S. iniae) in mono-
sex Nile Tilapia. This work presents an efficacious and safe vaccine against S. iniae infections in 
monosex Nile tilapia (Oreochromis niloticus). The vaccine candidate S. iniae F-1 strain administered by 
intraperitoneal (i.p.) injection, and consisted of inactivated antigens; both the vaccinated and non-
vaccinated fishes were challenged intraperitoneally with S. iniae (1 × 107 CFU ml−1) isolates and PBS 
(negative control). Peripheral blood samples were collected for SDS-PAGE, phagocytosis and 
agglutination assays. Present results indicated that immunoglobulin M (IgM) was maximally expressed in 
the low-amperage electric current inactivated (ECKC) vaccinated group at 3 months post-secondary 
vaccination (PSV). Phagocytic activity and index increased significantly in (ECKC) vaccinated group. 
Furthermore, fish in (ECKC) vaccinated group exhibited significantly elevated agglutination titers 
compared to fish in the control group, in which almost no agglutination reaction was detected. In the 
efficacy test, the vaccinated fishes had a significant increase in RPS (69 and 89, respectively); the 
percentage mortality declined from 83 ± 0.6 and 74 ± 0.7 in challenged and control fishes to 25% ± 0.8% 
and 8% ± 0.8% in vaccinated and challenged fish groups, respectively. Furthermore, the level of 
protection observed in the field trial closely resembled that achieved on a laboratory scale. Therefore, 
EC-killed showed the highest molecular weight 31 kDa in SDS-PAGE and Western blot and increased 
RPS (91%), suggested that the EC-killed cells of S. iniae could play an important role in immunizing 
mono-sex Nile tilapia. The EC-killed cells of S. iniae will may safe and long-lasting protection 
against streptococcosis. 
 
Keywords: S.iniae; Mono-sex Nile tilapia; inactivated vaccine; agglutination; SDS-PAGE; Western blot; 
Phagocytosis. 

 
1. Introduction 
Streptococcus iniae (S. iniae) [1], a Gram-positive bacterium, induces streptococcosis, a disease 
characterized by meningoencephalitis, systemic septicemia, and skin lesions [2], this disease 
can lead to heavy mortality [3]. S. iniae affects many cultured fish species such as rainbow trout 
[4-7], and grouper [8] of high commercial value, tilapia are widely cultured in Southeast Asia. 
Many diseases threaten the tilapia industry, and vaccination remains the most effective means 
of reducing mortality. Unfortunately, vaccines especially those based on recombinant antigens 
or inactivated pathogens are not usually able to confer protection on their own [9].  
Streptococcus iniae is highly pathogenic in freshwater, marine, and euryhaline fish, and is 
highly lethal: outbreaks may be associated with 30–50% mortality [3]. In tilapia, S. iniae causes 
meningoencephalitis, with symptoms including lethargy, dorsal rigidity, and erratic swimming 
behavior; death follows in a matter of days [2,3]. 
Several antibiotics; Amoxicillin, erythromycin, furazolidone, and oxytetracycline, have been 
used successfully to treat S. iniae infection in fish [10]. Vaccination against S. iniae has been 
attempted with limited success as it only provides up to 6 months' immunity [10]. 
Much work has been done to examine the heat resistance of pathogenic bacteria such as 
Escherichia coli O157:H7 [11, 12]; Salmonella sp.[13] and Listeria monocytogenes [13,14]. Low  
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Amperage electric current using pulsed electric fields, which 

are non-thermal and non-chemical has been tested for 

inactivation of bacteria [15-18]. Ozone and UV light are efficient 

and produce harmless derivatives but were more costly [19-21]. 

To the best of our knowledge, till date there is no report on the 

immune response of mono sex Nile tilapia to LAEC 

inactivated S. iniae vaccines. Hence, this study aimed to 

develop an inactivated vaccine in substitution of chemicals and 

drugs against S. iniae infection and to evaluate its protective 

response by assessing immunity in vaccinated mono-sex Nile 

tilapia. 

 

Materials and methods 

Fish husbandry 

Juvenile mono-sex Nile tilapia (15 ± 3 g) was obtained from a 

commercial fish farm in Jessore. The fish were habituated for 

two weeks in aerated sea water at 20°C to 25 °C in 500 l tanks 

prior to experiments. During the experiment, fishes were 

maintained with standard culture conditions and fed twice a 

day with commercial pelletized diet. Also, fishes were 

confirmed negative for S. iniae infection by culturing fish 

tissue in the brain heart infusion (BHI) agar (BD, USA). 

 

Bacterial culture and inactivation of bacteria 

The S. iniae F-1 strain was cultured on tryptic soy agar (TS) 

with 1.5% NaCl (TSN) at 25 °C for 48 h. Colonies were 

subcultured onto brain heart infusion agar with 1.5% NaCl 

(BHIN) at 25 °C for 24 h. The cell concentration was then 

adjusted to an optical density of 3 (OD610 = 3; 1010 CFU/mL). 

The inactivated whole-cell vaccine was prepared as in (Tsai et 

al., 2013) [22] with slight modifications. The bacterial pellet 

was collected by centrifugation (5000 × g for 10 min at 4 °C), 

washed twice in sterile PBS (pH 7.4) and resuspended in 30 ml 

of PBS. Following inactivation, the bacterial pellet was re-

suspended at a final concentration of 1010 CFU/mL in PBS 

containing 0.1 to 1.0 % of all chemicals. Formalin (0.2, 0.4 

and 0.6%), ethanol (0.2, and 0.6%), chloroform (0.2, 0.4 and 

0.6%), Na2SO4 (0.2 and 0.6%), CuSO4 (0.2, and 0.6%), KCl 

(0.2, 0.4 and 0.6%), phenol (0.2, and 0.6%) and EDTA (0.2, 

and 0.6%) were used as inactivating chemicals. To investigate 

the promoting effect of low amperage electric current (ECKC), 

inactivation was performed with 1, 3, 5, 7 and 9 mA for 5 min; 

heat 70ºC for 10 min and 100ºC for 30 min; Chemical with 

heat (0.4% phenol + 100 ºC for 30 min, 0.3% formalin + 

100ºC for 10 min,0.6% formalin 100ºC for 50 min) after those 

treatment, the culture was incubated at 37ºC for 2 days to 

examine inactivation. 

 

Virulence test (LD50) 

S. iniae was used in the experimental infection of tilapia to 

determine the LD50 dosage. Eight groups of 20 fish were 

tested. Through the serial dilution method, different 

concentrations of cells (10−1 to 10−7) or sterile PBS were intra-

peritoneally injected into tilapia. Ten (10) µl bacterial 

solutions from different concentrations were cultured onto 

TSN agar at 25 °C for 24–48 hours, notably, each cell 

concentration was run in duplicate. Mortalities were recorded 

daily for 14 days after challenge. S. iniae was re-isolated from 

the liver, spleen, kidney, and brain of moribund and dead 

tilapia after challenge. 

 

Vaccination-Preparation of fish anti- S. iniae sera 

Fishes, maintained at 20°C to 25 °C were divided into two 

groups (n = 100) each in duplicate. One group was vaccinated 

intra-peritoneally (IP) with 100µl of 1 × 107 CFU ml−1 of S. 

iniae, while the other group (control) received the same 

quantity of PBS alone. The booster dose was injected after two 

week's interval. The mortality were recorded for a period of 6 

weeks; the dead fish were examined to confirm the infection 

by the re-isolation of the pathogen from kidney, spleen, liver, 

brain, gill, skin on BHI agar. The blood sample was collected 

from live fishes once in two weeks at regular intervals, from 

both the vaccinated and control fishes. The blood was allowed 

to clot for 1 h at 25 °C and then centrifuged at 1000 × g for 

10 min. The collected serum was stored at -70 °C until assayed 

for antibody titer and western blotting. 

 

Preparation of rabbit anti- S. iniae sera and administration 

A rabbit was immunized with an intravenously administered 

ECKC-killed PBS-diluted suspension with S. iniae cells 

(1 × 107 CFU ml−1) twice a week with consecutive doses of 

0.2, 0.4, 0.8, and 1.0 ml)[10]. One week after the last injection, 

the rabbit was bled from the ear vein. Two weeks later, the 

immunization procedure was repeated, now with 1.0 ml doses 

throughout. The antisera was collected and stored at -20 °C. 

 

Agglutination assay 

Sixteen (16) days after challenge, surviving fish were 

randomly removed from each of the replicate tanks and blood 

samples collected following anesthetizing with MS-222. 

Approximately 100 ml serum/sample was collected following 

centrifugation at 1000g for 5 min then stored frozen at -80°C 

for subsequent determination of agglutinating antibody titers to 

S. iniae by modifying the method of Chen and Light (1994)[23]. 

S. iniae inactivated with formalin 0.4%, ethanol 0.6%, Na2SO4 

0.6%, KCl 0.6%, ECKC 7mA for 5 min and heat 70°C for 10 

min were grown in brain–heart infusion broth (BHI) for 24 h. 

The cells were centrifuged at 3000g. The resulting cell pellet 

was washed twice in 0.85% saline solution and suspended in 

saline solution to an optical density of 0.8 at 540 nm. Starting 

with a dilution of 1:10 (10-µl serum and 90 µl PBS), two-fold 

serial serum dilutions were made in 96-well round bottom 

microtiter plates by adding 50 Al of diluted serum into the 

remaining wells plated with 50 µl of PBS. Thereafter, 50 µl of 

bacterial cell suspension was added to each well; thus, the 

initial serum dilution was 1:20. The plates were covered with 

plastic film and incubated at room temperature for 16–18 h. 

The agglutination end point was established as the last serum 

dilution where cell agglutination was visible after incubation. 

Agglutination titers were reported as log10 of the reciprocal of 

the highest serum dilution showing visible agglutination as 

compared to the positive control. Prior to the bacterial 

challenge, four fish from each of the replicate tanks were bled 

to determine if they were negative for antibody to to S. iniae. 

 

Denaturing poly-acrylamide gel electrophoresis (SDS–

PAGE) and immunoblotting analysis 

For the protein extraction, 25 ml of S. iniae BHI broth culture 

was centrifuged for 15 min for 5000 × g. Thereafter the pellet 

was washed twice with distilled water and sonicated for three 

times at 30 W for 30 s with frequent incubation on ice for 

20Sce. Inactivated S. iniae cells were washed by PBS to 

remove released free antigen molecules, such free antigen 

inhibit cell agglutination reaction. Diluted antigen at 

MCFALAND No. 2, with PBS to achieved reactive antigen 

suspension. To prepare poly-acrylamide gel electrophoresis 

(SDS–PAGE) gel 14% separating gel and 4% stacking gel 

were used (Tris-HCl CPH, 10% SDS, 30% Acrylamide mix, 
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TEMED and 25% APS, Ammonium perisulfate). SDS-PAGE 

machine filled with loading buffer (50 ml of 10% SDS add 

with 450 ml Distilled water). 20 µl of each inactivated and 

control samples were pulled on the gel and 5 µl of known 

markers were used. Then electricity 10 to 50 mA were used for 

30 min. Electricity line was stopped when the blue marker was 

gone at bottom of the glass on green part.  

Gel separated smoothly from SDS-PAGE machine by using 

hand and washed using transparent buffer (Glycin, Tris, 

Methanol and DW) with stirrer. The proteins were 

electrophoretically transferred to nitrocellulose paper (0.45 µm 

pore size, BioRad) by using a semi-dry apparatus (Bio- Rad) 

as described by Towbin et al., 1979 [24] after blocking with 1% 

skim milk at 40C overnight, the membrane was reacted with 

rabbit anti S. iniae F-1 serum. The blotted membranes were 

blocked with blocking buffer and then incubated separately 

with primary antibody (diluted 1:1000 in iBlot antibody 

diluting mixture) and then with goat anti-rabbit IgG (diluted 

1:2000 in iBlot antibody diluting mixture) secondary antibody. 

Then the blots were immune-stained to produce a color 

reaction by using iBlot Western Detection Chromogenic kit 

(Invitrogen, USA). 

 

Phagocytosis analysis 

PBLs at a density of 107 cells/mL were cultured on coverslips 

in L15 medium containing 20% FBS at 27 °C for 5 h; 

107 CFU/mL bacteria were then seeded on coverslips and 

incubated at 27 °C for 1 h. Coverslips were stained in a 

dilution 1:10 (v/v) solution of Giemsa (Merck) for 45 min at 

25 °C, and cells were observed with an Olympus CX21 

microscope (magnification 1000×). By using the each 

coverslip there 200 cells were examined. The phagocytic 

activity (PA) and phagocytic index (PI) were calculated as 

previously described [25,23].
 

 

 
 

Data were analyzed using one-way ANOVA and differences 

between treatments were examined using Tukey's multiple 

comparisons test (SAS Institute, Cary, NC, USA). Statistical 

significance was considered at p values of 0.05, 0.01, and 

0.001. 

 

Leukocyte isolation 

Peripheral blood from 10 groupers was collected in EDTA-

containing tubes, diluted 1:3 (v/v) in PBS (145 mM NaCl, 

1.4 mM NaH2PO4, 8 mM Na2HPO4, pH 7.5), and overlaid on a 

layer formed by 3 mL of Histopaque-1077 (Sigma). Gradients 

were centrifuged at 400 × g at 25 °C for 30 min. Cells at the 

interface were harvested, washed in PBS, and then re-

suspended in 1 mL of L15 medium. 

 

Vaccinated fish challenge assay 

Injection (i.p.) challenge tests were done 6 weeks post 

immunization and the control fish were challenged 

accompanied with vaccine groups at the respective time points. 

The S. iniae dose for i.p. challenge test was 

1 × 107 CFU ml−1 and 1 × 105 CFU ml−1. Control fish has been 

injected and challenged with PBS. The cumulated mortality 

was recorded 12 days post challenge (Table 2). E. tarda was 

confirmed by analysis of kidney isolates cultured on 

Salmonella Shigella agar (SS agar, Nissui) and the infection of 

S. iniae was confirmed by observation of black pigments. Slide 

agglutination titer was also performed to confirm S. 

iniae using fish antiserum mixed with bacterin on PBS; visible 

granular clumps (agglutination) were observed under the 

microscope. The cause of death and pathological signs were 

verified by re-isolation of bacteria from kidney sample of 

freshly dead fish or survivors. Relative percentage survival, 

RPS [26] was calculated from the end cumulative mortalities as: 

 

 
 

Statistical Analysis 

The mean (±SD) of assayed parameters were calculated for 

each group. Two-sample Student's t-tests were used to 

compare values between individual experimental and control 

groups. Measurements were considered significant if P < 0.05. 

 

3. Results 

Inactivation of S. iniae  

The antigenicity of inactivated bacterium Streptococcus iniae 

was examined after treated with different chemicals and heat 

(Fig. 1). Formalin 0.2%, ethanol 0.2%, 0.6%, chloroform 

0.2%, 0.4%, Na2SO4 0.2%, CuSO4, 0.2%, and KCl 0.2, 0.4%, 

phenol 02%, 0.4%, EDTA 0.2% and ECKC 1, 3, 5mA for 5 

min showed low killing activity where the bacteria treated with 

the different concentration of these chemicals and treatments 

still remained alive after 24h (Fig. 1). 

Formalin 0.4%, ethanol 0.6%, chloroform 0.6%, Na2SO4 0.6%, 

CuSO4, 0.6%, phenol 0.6%, EDTA 0.4%,  heat 70°C for 10 

min and ECKC 7mA for 5 min showed moderate killing 

activity in 24h (Fig. 1). 

Complete killing with Formalin 0.6%, KCl 0.6%, EDTA 0.6%, 

and ECKC 9mA for 5 min at 12h after treatment was observed 

(Fig. 1). 

Rapid inactivation just after the addition of chemicals or 

treatment was resulted by heat 100°C for 30 min and 

chemicals with heat (0.4% phenol + 100 ºC for 30 min, 0.3% 

formalin + 100ºC for 10 min,0.6% formalin 100ºC for 50 min) 

(Fig. 1). 
 

 

RPS (%) = 
mortality of vaccinated group 

mortality of unvaccinated control group 

) × 100 (1 - 
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Fig 1: Inactivation of Streptococcus iniae with different chemicals, heat and low amperage electric current. 
 

Agglutinating antibody titer  

Serum agglutination titers of selected six vaccinated groups 

(formalin 0.4%, ethanol 0.6%, Na2SO4 0.6%, KCl 0.6%, 

ECKC 7mA for 5 min and heat 70°C for 10 min) showed a 

significantly higher agglutination titer than that of the control 

group. Antibody titers for a group of antigens with (ECKC 

7mA for 5 min) was significantly higher than those of S. iniae 

inactivated with formalin 0.4%, ethanol 0.6%, Na2SO4 0.6%, 

KCl 0.6%, ECKC 7mA for 5 min and heat 70°C for 10 min at 

16 days post challenge. No significant differences were 

observed among the values for ethanol 0.6%, Na2SO4 0.6%, 

KCl 0.6%, ECKC 7mA for 5 min and heat 70°C for 10 min. 

The serum agglutination titers were significantly increased for 

a group of antigens with formalin 0.4% (Table.1). 
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Table 1: Mean antibody titer of mono-sex Nile tilapia with 

inactivated S. iniae at 16 days post challenge. 
 

Inactivated Condition of S. iniae Log 10 of antibody titer** 

Control - 

Formalin 0.4% 4.10721 

Ethanol 0.6% 2.90309 

Na2SO4 0.6% 2.90309 

KCl 0.6% 3.20412 

ECKC 7mA for 5 min 4.40824 

Heat 70°C for 10 min 3.80618 

*Means in the same column with different superscripts are 

significantly different at P < 0.05. 

**Values are means of 10 determinations per treatment. 
 

3.2. Phagocytosis assay 

In vitro phagocytosis was performed in vaccinated and control 

groupers to evaluate cellular immunity. Leukocytic 

phagocytosis was analyzed by Giemsa staining, which can be 

used to observe phagocytosed S. iniae (Table 3). PA values 

peaked at 1 month PSV for antigens with S. iniae and antigens 

with formalin 0.4%, ECKC 7mA for 5 min (87.5% and 91.0%, 

respectively); PI values were 185.05 ± 4.45 and 223.04 ± 6.23, 

respectively (Fig. 2A and B). 

 

Table 3: Phagocytic ratio analyzed by Giemsa staining, 

phagocytosed S. iniae  
 

 CON FKC EKC NSKC KKC ECKC HKC 

15 D 6 77.5 43.5 32.5 27.5 92.5 67.5 

1 M 7.5 80 47.5 37 33.5 94.5 69 

2 M 7 82.5 55 37.5 36 95.5 73.5 

3 M 7.5 85.5 61 42.5 38.5 97.5 76 

 

Protection of fish after vaccination 

To compare the efficacy of differently-inactivated vaccines, 

the final concentrations of the vaccines during injection (i.p.) 

immunization were adjusted to 1 × 107 CFU ml−1 and 

1 × 105 CFU ml−1. There were no abnormalities in any of the 

vaccinated or control fish before challenge. The fish in each 

group were injected intraperitoneally (i.p.) and challenged 

after 6 weeks post immunization. The cumulative mortality of 

the challenged fish was 88-52% for the control group. The 

RPS value of the fish immunized by ECKC 7mA for 5 min 

was 91-77, i.e. much higher than that of the fish immunized by 

formalin 0.4% (RPS = 73-62) or other vaccinated group (Table 

2). In addition, all efficacy trials the dead fish showed clinical 

signs typical of Edwardsiellosis disease. No pathogen other 

than S. iniae was isolated from dead fish. 
 

Table 2: Challenge with inactivated S iniae mono-sex Nile tilapia (Oreochromis niloticus). 
 

Condition 
Challenge 

dosecells/fish 
Total fish Dead fish 

Number of 

abnormal fish 

Mortality 

(%) 

Abnormality 

(%) 
RPS (%) 

Control PBS 25 22 15 88 60 - 

Formalin 0.4% 1 × 107 CFU ml−1 25 6 2 24* 8 73 

Ethanol 0.6% ,, 25 14 5 56 20 36 

Na2SO4 0.6% ,, 25 18 4 72 16 18 

KCl 0.6% ,, 25 19 3 76 12 14 

ECKC 7mA for 5 min ,, 25 2 0 8* 0 91 

Heat 70°C for 10 min ,, 25 14 3 56 12 36 

Control PBS 25 13 11 52 44 - 

Formalin 0.4% 1 × 105 CFU ml−1 25 5 1 20* 4 62 

Ethanol 0.6% ,, 25 12 3 48 12 7.7 

Na2SO4 0.6% ,, 25 12 3 48 12 7.7 

KCl 0.6% ,, 25 10 7 40 28 23 

ECKC 7mA for 5 min ,, 25 3 0 12* 0 77 

Heat 70°C for 10 min ,, 25 9 4 36 16 31 

Asterisk: significantly (P<0·05) lower than control. 
 

Antigenic protein recognition of vaccinated fishes 

The SDS-PAGE and Western blot profile of S. iniae protein 

(Fig. 2) reveals that the rabbit anti-Ps serum is more effective 

in capturing antigenic protein when compared to the fish anti-

Ps. About 4 fragments (molecular weight of approximately 

100 kDa, 68 kDa, and 40 kDa) are clearly detected in which 60 

kDa fragments is more prominent. However, the fish anti-Ps 

sera captured the 68 kDa protein fragment. 

 

 
 

Fig 2: The SDS-PAGE and Western blot profile of S. iniae. 
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4. Discussion 

The first killed vaccine was developed to prevent trout losses 

caused by S. iniae infection [27]. Killed vaccines are generally 

administered through injection to achieve high efficacy [27]. 

Previous research demonstrated that bath immunization of 

tilapia resulted in RPS values that were 2-fold lower than those 

achieved using i.p. vaccination [28]. In a field trial [27] have 

reported that the mortality of rainbow trout intraperitoneally 

immunized with a formalin-killed S. iniae vaccine was 5%, but 

exceeded 50% in non-immunized rainbow trout. Similarly, the 

results of this study demonstrated that i.p. injection of a 

formalin-killed S. iniae vaccine provides a higher level of 

protection in groupers (RPS, 97.5%-100%) after S. iniae 

challenge; such a vaccine can provide excellent efficacy 

against S. iniae infection in fish. Oil-based vaccines 

administered to fish provide long-term protection [29]. 

Protection conferred by the tested vaccine lasted a minimum of 

6 months, as determined in the laboratory challenge. As 

streptococcosis poses a threat to groupers during the summer 

(due to high water temperature), 6-month duration of 

immunity should protect groupers against S. iniae infection 

during this critical period [29]. 

It is well known that vaccination with an oil-adjuvant antigen 

stimulates the expression of certain immune-related genes [30]. 

This work assessed gene expression in PBLs by RT-qPCR 

analysis, and examined portions of the adaptive and innate 

immune responses. In the peripheral blood of 

groupers, immunoglobulin expression increased 14 days PPV 

and peaked at 3 months PSV. This suggests that activation of 

an immune response is complex and time consuming. 

Il-1α is a pleiotropic molecule produced by activated 

macrophages and blood monocytes [31]. TNF-α has been shown 

to eliminate pathogens by enhancing various cellular responses 

including phagocytosis and chemotaxis; it also increases the 

production of effector molecules, reactive oxygen species, and 

nitrogen intermediates [32-34]. Phagocytosis aids in the 

destruction of extracellular pathogens. This phenomenon was 

evident in groupers in which il-12  and tnf-α expression were 

up-regulated after vaccination, and phagocytic activity was 

elevated in the two vaccinated groups compared to the control 

group. These results suggested that the inactivated S. 

iniae vaccine could enhance the innate immune response in 

groupers, and regulate the expression of immune-related 

genes. Furthermore, analytical results indicated that PA and PI 

values were markedly higher in vaccinated groups than in the 

control group. This finding suggested that the inactivated S. 

iniae vaccine may have increased the number of phagocytic 

cells in the peripheral blood, and enhanced non-specific 

defense mechanisms. 

Vaccine efficacy is time consuming and requires many 

controls which were evaluated through the challenge 

experiments [35]. TNF-α has been proposed as a biomarker for 

monitoring fish health and vaccine efficacy [36,37]. Therefore, 

the present study demonstrated the feasibility of using 

transcriptional biosignatures (il-12 and TNF-α mRNA 

expression) as indicators of vaccine efficacy, which could 

improve conventional immunological evaluation methods and 

allow for more efficient testing of vaccines. The expression of 

immune-related genes after vaccination provides valuable 

insight into immune mechanisms against S. iniae in groupers. 

Further work is necessary to determine the functions of these 

immune response genes during S. iniae infection. As humoral 

immunity plays an important role in fish [38], this study also 

analyzed the fish-specific antibody titer against S. iniae whole 

cells by agglutination tests. We found that the agglutination 

titer under laboratory conditions is higher than that observed in 

the field trial after vaccination, which may have resulted from 

fish of different genetic backgrounds responding differently to 

vaccination. 

 

5. Conclusions 

This work may develop an efficacious and safe vaccine 

against S. iniae infection in farmed mono-sex Nile tilapia. The 

vaccine produced a detectable specific antibody that offered 

protection against S. iniae infection for at least 6 months. 

Mortality of vaccinated mono-sex Nile tilapia remained below 

8%, while RPS exceeded 91%, implying that mono-sex Nile 

tilapia treated with the tested vaccine mounted a protective 

immune response against S. iniae. Moreover, the tested 

vaccine significantly elevated innate and adaptive immune 

responses, and regulated the expression of immune-related 

genes. 
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