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Abstract 28 

Streptococcus agalactiae (S. agalactiae) is a gram-positive pathogen that causes a 29 

wide range of infections in fish and other animals including humans. Bacterial ghosts 30 

(BGs) are nonliving, empty cell envelopes and are well represented as novel vaccine 31 

candidates. In this study, we examined the immunogenicity and protective efficacy of S. 32 

agalactiae ghosts (SAG) against a virulent challenge in tilapia. Nonliving SAG was 33 

generated by a culture with Penicillin and Streptolysin, and then treated with the MIC of 34 

sodium hydroxide. The formation of a transmembrane lysis tunnel structure in SAG was 35 

visualized by electron microscopy. To investigate the SAG as a vaccine candidate, fish 36 

were divided into three groups, A (SAG immunized), B [Formalin-inactivated S. 37 

agalactiae (FSA) immunized] and C (phosphate-buffered saline, PBS-immunized 38 

control). The IgM antibody responses were significantly stronger in the SAG-immunized 39 

group than in FSA-immunized group, which was higher than in the non-immunized 40 

control group (P<0.05). Moreover, phagocytic activity (percent phagocytes, PP) was 41 

significantly higher (p<0.05) in the SAG-immunized group than in FSA-immunized 42 

group, which was higher than in the non-immunized control group (P<0.05). In addition, 43 

non-specific immune immunity, such as lysozyme and superoxide dismutase activities, in 44 

the SAG-immunized fish showed significantly higher activities than FSA-immunized fish 45 

and the control group fish (P<0.05). Also, fish immunized with SAG and FSA showed 46 

significantly higher (p<0.05) gene expression of IL-1β, TNF-α, IFN-γ and TGF-β in the 47 

head kidney and spleen than fish treated with PBS during the whole observed period. In 48 

addition, fish immunized with SAG showed significantly higher gene expression of L-1β, 49 

TNF-α, and TGF-β in the spleen than in the FSA- immunized fish. Although there was no 50 

significant (P>0.05) difference of survival rate (SR) or relative percent survival (RPS) 51 

between SAG and FSA immunized groups, they were all significantly more protected 52 

against the S. agalactiae challenge (SR: 86.67%, RPS: 76.395) and (SR: 80.00%, RPS: 53 

67.50%) respectively, compared to the PBS-treated group (SR: 33.33%). These results 54 

suggest that immunization with SAG induces immune responses and provides protection 55 

against a virulent S. agalactiae challenge. 56 

Keywords: Streptococcus agalactiae; Bacterial ghosts; Humoral immunity; Cellular 57 

immunity; RPS 58 
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1. Introduction 60 
Although Tilapia (Oreochromis niloticus) are endemic to Africa, their tremendous 61 

aquaculture potential has led to nearly worldwide distribution within the past 30 years [1]. 62 

With the rapid development of tilapia aquaculture, a series of disease problems have been 63 

caused by a number of bacterial pathogens, most significantly by Streptococcus 64 

agalactiae (S. agalactiae). This has led to high world-wide morbidity and mortality and 65 

huge economic losses [2,3]. S. agalactiae is a gram-positive bacterial strain that is 66 

commonly found in seawater and fresh water fish [2,4]. This bacterium is widely 67 

distributed in aquatic environments and is infectious to a variety of species including fish, 68 

reptiles, amphibians, birds, mammals and humans [5]. However, they mostly infect fish, 69 

such as tilapia, grouper, golden pomfret, barcoo grunter, and zebrafish [4]. This 70 

organism's versatility with respect to the broad-range of hosts highlight the importance of 71 

developing strategies for the protection of both animals and humans from S. agalactiae 72 

infections. In recent years, chemotherapy has been used effectively in controlling fish and 73 

other animal infections. However, there is significant concern regarding food safety 74 

following chemotherapeutic interventions in addition to the danger of selecting for 75 

antibiotic-resistant S. agalactiae isolates which have been reported worldwide [6]. These 76 

concerns have prompted the development of novel vaccination strategies for the control 77 

of S. agalactiae infections.  78 

Over the last decade, vaccination has become an important prevention strategy 79 

against numerous infectious agents affecting humans and farm animals including fish [7]. 80 

Although the development of S. agalactiae vaccines has been attempted, their efficacy 81 

against challenges has been inconsistent [8-10]. The commercial vaccines presently 82 

available consist of heat- or formalin-inactivated vaccines, subunit vaccines and 83 

attenuated formulations, etc. However, these strategies are accompanied by some 84 

drawbacks such as attenuated vaccine virulence reversion, subunit vaccines need of an 85 

immune adjuvant, and inactivated vaccines affect on the physio-chemical/structural 86 

properties of surface antigens, thereby negatively affecting the development of protective 87 

immunity [12].  88 

Bacterial ghosts (BGs) are empty cell envelopes that are produced, for example, by 89 

the controlled expression of the phiX174 lysis gene E in gram-negative bacteria. 90 

Expression of lysis gene E leads to the formation of trans-membrane tunnels which 91 
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consequently leads to the loss of cytoplasmic contents [12]. However, the major 92 

drawback of the protein E-induced inactivation method is that it is restricted to 93 

gram-negative bacteria only [13]. Interestingly, Streptococcus. iniae ghosts produced by 94 

E gene-mediated lysis were suggested as a potential vaccine candidate [14]. However, a 95 

number of studies have demonstrated that the lysis efficiency of genetically inactivated 96 

BGs was 99.9% [12], suggesting a potential risk of their use as a vaccine. Alternatively, 97 

the new approach used to generate BGs induction with NaOH was faster than the protein 98 

E-mediated lysis system [15]. 99 

The bacterial envelope of S. agalactiae is composed of peptidoglycan, teichoic acid, 100 

and proteins. Several studies have suggested that S. agalactiae envelope components are 101 

potential vaccine candidates in animal models [8-10]. Recently, immunization with 102 

peptidoglycan of gram-positive bacteria such as S. aureus has been found to induce 103 

protective immunity to a lethal challenge in experimental animals [16]. Several reported 104 

that S. agalactiae vaccine or subunit protein factors can be used as a vaccine and be able 105 

to induce both humoral and cell-mediated immunity [8-10]. Altogether, these whole-cell 106 

envelope components of S. agalactiae represent an attractive vaccine candidate. 107 

In the present study, we developed a new method to generate novel S. agalactiae 108 

ghosts (SAG) by using Penicillin and Streptolysin with the MIC of NaOH. Additionally, 109 

we demonstrated that immunization with SAG vaccine via the intraperitoneal route could 110 

induce both humoral and cellular immune responses in tilapia. Furthermore, these 111 

immune responses provided protective immunity to a challenge with virulent S. 112 

agalactiae.  113 

2. Materials and methods 114 

2.1. Bacterial strains and growth conditions 115 

S. agalactiae (16S ribosomal RNA gene, GenBank accession number KU311702) 116 

was isolated in 2012 from different moribund Nile tilapia during a streptococcus outbreak 117 

on a farm in China. This isolate was grown on brain heart infusion (BHI, HuanKai, China) 118 

plates for 24 h at 28 °C. Then, a single clone of S. agalactiae was cultured BHI broth at 119 

28 °C in a shaking incubator at 200 rpm. Growth and lysis rates were measured 120 

spectrophotometrically by determination of optical density at 600 nm (OD600nm). When 121 

required, penicillin and Streptolysin were added to the culture at the final concentration at 122 
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50µg/ml and 25µg/ml, respectively. Staphylococcus aureus was cultured in tryptic soy 123 

broth (TSB; Difco) at 37°C in a shaking incubator at 200 rpm. 124 

2.2. Determination of MIC 125 

Determination of the MIC of NaOH for S. agalactiae was performed by the 2-fold 126 

broth dilution method as described previously [15], with some modifications. Briefly, a 127 

virulent culture of S. agalactiae was grown in BHI and adjusted to 1×108CFU/ml. The 128 

initial concentration of NaOH was 60 mg/ml. Two-fold dilutions of NaOH were added to 129 

samples of the virulent bacterial culture, and they were incubated at 28°C for 24 h. After 130 

incubation, the turbidity of each individual tube was assessed visually, and the MIC was 131 

determined as the lowest concentration of NaOH that completely killed the bacterial 132 

growth. Further, to determine viability, the culture that showed no visible bacterial 133 

growth was verified by spreading 100 µL of the culture onto BHI agar plates and 134 

incubating them at 28°C for 36 h. The MIC was determined in three independent 135 

experiments. 136 

2.3. Production of vaccine and Identification 137 

SAG were produced by using the Penicillin and Streptolysin with the MIC of NaOH 138 

as described previously [15], with some modifications. In brief, S. agalactiae was 139 

inoculated into 300 mL BHI broth and incubated at 28ºC for 8 h, then Penicillin and 140 

Streptolysin was added at the final concentration at 50µg/ml and 25µg/ml and cultured 141 

until 24h, the biomass of 24-h-old S. agalactiae cells was collected by centrifugation 142 

(10,000×g for 10 min at 4°C) and washed three times with phosphate-buffered saline 143 

(PBS). One milliliter of the MIC of NaOH was added to 2 mL of the bacterial suspension 144 

(1×108 CFU/ml) and incubated at 28°C for 60 min. To determine the lysis rate, samples 145 

of cells treated with the MIC of NaOH and control cells were collected at 15-min 146 

intervals (15, 30, 45, and 60 min) after treatment and spread onto BHI plates. After 147 

incubation at 28°C for 24 h, viable colonies were enumerated, and results were expressed 148 

in numbers of CFU/ml. At the end of the lysis process, SAG were harvested by 149 

centrifugation (10,000×g for 10 min at 4°C) and washed three times with PBS. The final 150 

pellet was suspended in sterile PBS and stored at 4°C until further use. 151 

Morphological features of SAG and S. agalactiae were examined by scanning 152 

electron microscopy (Hitachi S-2400) and transmission electron microscopy (7650; 153 
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Hitachi) as previously described [12].  154 

For formalin-inactivated S. agalactiae (FSA) preparation, formalin was added to 24 155 

h cultures of the bacterium to a final concentration of 0.5%. After a 24 h incubation, cells 156 

were washed three times with PBS and resuspended in 10 mL PBS and the suspensions 157 

were plated on BHI agar plates to confirm inactivation. FSA was stored at 4ºC until use. 158 

2.5. Immunization protocol and challenge infection 159 

The tilapias were purchased from Taian Tilapia Aquaculture Farm. The fish were 160 

supplied with flow-through dechlorinated city water heated between 25℃ and 28 ℃ at a 161 

rate of 0.5 L/min. Fish were divided into three immunization groups (A-C, n=60 for each 162 

group), and fish from groups A and B fish were immunized on d0 and d14 with either 163 

SAG or FSA. Group C fish were immunized with PBS (negative control) at similar times. 164 

For group A immunizations, the dose of SAG (corresponding to 1x107 dead BGs) in 50 165 

µL of PBS were vaccinated intraperitoneally and group B fish were immunized with FSA 166 

(1x107 CFU dead bacterial) in the same fashion. Three fish were lightly anesthetized with 167 

methoxyflurane and serum was collected from the tail vein at d7, d14, d21, d28 and d35 168 

for the analysis of anti-S. agalactiae antibody responses. After, the fish were dissected for 169 

kidney and spleen collection which be used for qPCR test. 170 

On d28 post primary immunization fish from all groups were further divided into six 171 

subgroups (1-6, n=5 for each subgroup) and were intraperitoneally challenged with 172 

2.0×107 CFU/fish (100 µL). Fish which died were necropsied and liver samples 173 

homogenized and plated onto a BHI agar plate. 174 

2.6. Antibody response assessment 175 

The presence of specific immunoglobulin M antibodies against S. agalactiae 176 

following immunization was determined by an enzyme-linked immunosorbent assay 177 

(ELISA) with the same method as our earlier research [17]. Briefly, the sera from 178 

immunized and control fish were titrated through a ten-fold dilution series. Added to the 179 

plates, then incubated at 37°C for 1 h and washed 3 times with PBS-T, then probed with 180 

100 µL self-made rabbit anti-tilapia-IgM antibody incubated at 37°C for 1 h, and washed 181 

3 times with PBS-T, horseradish peroxidase-conjugated goat anti-rabbit IgG was added 182 

for 1 h at 37°C. Plates were washed four times with PBS-T and binding visualized by 183 

adding TMB (Tiangen, Beijing, China) according to the manufacturer’s instructions (100 184 
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µL/well). The plates were incubated at room temperature for 20 min and the reaction 185 

stopped with 100 µL of 2 M H2SO4 and the absorbance read at 450 nm. 186 

2.7. Phagocytic activity 187 

S. aureus was inoculated into common broth agar slants for 24 h, inactivated by 0.5% 188 

formaldehyde for 24 h, washed with sterile saline 3 times, adjusted to 1.0×108 CFU/ml 189 

and stored in 4℃. The phagocytosis was used as the phagocytic activity of leukocytes, 190 

which was determined using the same method as our earlier research [18]. We took 100 191 

µL of anticoagulant and added 100 µL of S. aureus. Then shook it and put it into the 192 

water at 28℃ for 60min, shaking once every 10 min. After this, the mixture was drawn 193 

with a pipette on the slides, dried and fixed with methanol for 10 min, and then Giemsa 194 

stained for 1 h. Finally, slides were washed and dried to observe with oil microscope. The 195 

phagocytic percentage (PP) was calculated according to the following equation (1). 196 

%100
100

phagocytes hundred onein  isphagocytosin  involved cells ofnumber  The
PP ×=    (1) 197 

2.8. Non-specific immune parameters assay 198 

Acid phosphatase (ACP), alkaline phosphatase (AKP), superoxide dismutase (SOD), 199 

and lysozyme (LZM) activity were determined at d7, d14, d21, d28 and d35 using the 200 

detection kits (Nanjing Jiancheng Bioengineering Institute, China) according to the 201 

manufacturer's protocols. One ACP and AKP activity unit was expressed as the 202 

production of 1 mg phenol by reaction between every 100 ml of serum and substance in 203 

30 min.  204 

2.9. Determination of immune-related genes expression in tilapia 205 

Total RNA of kidney and spleen was extracted as described above using total RNA 206 

isolation system. The primers for cytokines (IL-1β, IFN-γ, TNF-α and TGF-β) used are 207 

shown in Table 1. The qRT-PCR was carried out in an ABI 7300 real-time detection 208 

system by using an SYBR ExScript qRT-PCR kit (as described above) [19]. Each assay 209 

was performed with β-actin as a control. The 2−△△CT method was used to analyze 210 

the mRNA level. All data were given in terms of relative quantities of mRNA expressed 211 

as the means plus or minus standard errors from three separate experiments [20].  212 

2.10. Statistical analysis. 213 

Statistical significance was determined by ANOVA analysis. Differences were 214 
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considered significant at P<0.01 or P<0.05.  215 

3. Results 216 

3.1. Production and characterization of bacterial ghosts 217 

To produce SAG, we first determined the MIC of NaOH for S. agalactiae strain 218 

KU311702 by the 2-fold broth dilution method. The MIC of NaOH for S. agalactiae was 219 

7.0 mg/ml, and this specific concentration was used to produce SAG. Electron 220 

microscopic analysis of NaOH-lysed S. agalactiae cells revealed no gross alterations in 221 

cellular morphology compared to unlysed cells (Fig. 1 A, C) except for the lysis pore (Fig. 222 

1B, D). The morphology of the cell, including all cell surface structures, were unaffected 223 

by lysis. Pores ranging from 100 to 300 nm in diameter were observed in SAG by 224 

scanning electron and transmission microscopy (Fig. 1B, D). The loss of cytoplasmic 225 

material and structural integrity were observed in SAG by transmission electron 226 

microscopy (Fig. 1D). 227 

3.2. SAG and FSA immunizations and S. agalactiae challenge 228 

After the first and the second intraperitoneal immunizations with SAG, FSA or PBS, 229 

the fish behaved normally and did not exhibit any signs of illness. Following a challenge 230 

infection with S. agalactiae fish were monitored daily for 7 days post-challenge. Disease 231 

manifestations appeared between days 2-4 post-challenge and included reduced activity, 232 

lethargy, anorexia, convulsions and death. All fish were euthanized 14 days 233 

post-challenge. 234 

Survival rates of all groups after post-challenge a week are shown in Table 2. 235 

SAG-immunized fish (group A) showed the highest survival rates (26/30, 86.67% 236 

survival rate, RS) and FSA-immunized fish (group B0 (24/30, 80% RS) were 237 

significantly better protected than PBS-treated controls (10/30, 33.33% survival). The 238 

relative percent survival (RPS) of groups A and B was 76.39% and 67.50%, respectively, 239 

which were significantly higher than PBS-treated controls. However there was no 240 

significant (P＞0.05) difference of SR or RPS between groups A and B. During challenge 241 

trials, dead fish showed typical clinical symptoms of S. agalactiae infection, such as 242 

hemorrhage and proptosis.  243 

3.3. Antibody response analysis 244 

Serum IgM antibodies were induced in fish after immunization and a challenge, as 245 
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shown in Fig. 2. Specific anti-S. agalactiae IgM antibodies were detected in the serum of 246 

fish immunized with either SAG or FSA. No antibody reactivity could be detected in the 247 

serum collected from the control fish. Fish immunized twice with either SAG or FSA on 248 

days 0 and 14 (groups A and B) had significantly higher antibody levels than the control 249 

from days 7-35. Fish immunized with SAG showed significantly higher IgM titers than 250 

fish immunized with either FSA, and the FSA group showed significantly higher IgM 251 

titers than the PBS-treated group (p<0.05), and fish immunized with SAG showed 252 

significantly higher IgM titers than fish immunized with FSA after the 21st day. 253 

3.4. Effects on the phagocytic activity of leukocytes 254 

The phagocytic activity of leukocytes in the blood of fish improved significantly 255 

after immunization with SAG and FSA vaccines (Fig. 3). After 7 days of immunization, 256 

the PP in each group was significantly (P＜0.05) higher than in the control group and 257 

maintained a higher level. In addition, the PP in each immunized group continued to 258 

increase with time. At the 28th day after immunization, the highest PP values of groups A 259 

and B were 51.33% and 45.17% respectively. To summarize, the results showed a 260 

statistical PP (p<0.05) increase in fish immunized with SAG and FSA, which was 261 

significantly higher (p<0.05) than fish treated with PBS during the whole period. In 262 

addition, the PP of fish immunized with SAG was significantly higher (p<0.05) than fish 263 

treated with FSA after the 21st day after first immunization. 264 

3.5. Change of non-specific immune parameters assay 265 

The AKP, ACP, LMZ and SOD activities were recorded and shown in Fig 4. ACP 266 

activity (ACPa) of fish in group A and B was significantly higher (p<0.05) than fish 267 

treated with PBS on average throughout the study and specifically on 7th day after first 268 

immunization. However, the ACPa of fish in groups A and B did not show significant 269 

differences during the whole period. AKP activity (AKPa) of serum in groups A and B 270 

was significantly higher (p<0.05) than fish treated with PBS during the whole period or 271 

on 7st day after first immunization. However, there was not significant differences of 272 

AKPa in groups A and B during the whole period. Lysozyme activity (LZMa) and the 273 

SOD activity (SODa) of vaccinated groups (A and B) was increased after being 274 

vaccinated with SAG or FSA，and both vaccine groups were significantly higher than 275 

group C after 14 days (P<0.05), and reached the highest level on the 28th day. Meanwhile, 276 
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the LZMa and SODa of group A was significantly increased compared to group B 277 

averaged over the whole experiment.  278 

3.6. Expression profile of cytokine genes in tilapia 279 

Expression of immune-related genes was examined by qRT-PCR analysis of the 280 

transcription of the genes encoding IL-1β, IFN-γ, TNF-α, and TGF-β in the head kidney 281 

and the spleen of fish (Fig. 5 and Fig. 6). Fish immunized with SAG and FSA showed 282 

significantly higher (p<0.05) gene expression of IL-1β, IFN-γ, TNF-α, and TGF-β in the 283 

head kidney than fish treated with PBS throughout the whole observed period, however 284 

there was not significant differences (p>0.05) between SAG and FSA immunized groups. 285 

Fish immunized with SAG and FSA showed significantly higher (p<0.05) gene 286 

expression of IL-1β, IFN-γ, TNF-α, and TGF-β in the spleen than fish treated with PBS in 287 

the whole observed period, in addition fish immunized with SAG showed significantly 288 

higher gene expression of L-1β, TNF-α, and TGF-β in the spleen than in the 289 

FSA-immunized fish. 290 

4. Discussion 291 

Bacterial ghosts are a new type of vaccine candidate. Because of its bacterial 292 

membrane containing intact membrane proteins and other immune-stimulatory 293 

components, these antigens can be discriminated by the host’s related membrane receptor 294 

of dendritic cells and macrophages and be swallowed to stimulate the immune effects 295 

[17]. Although one of the gram-positive bacteria ghosts, S. iniae, was produced by E 296 

gene-mediated lysis [14], there is the risk using vaccines made with this method because 297 

the lysis of inactivated BGs was not complete [12]. It is well known that NaOH has the 298 

ability to create transmembrane lysis tunnels on the bacterial cell surface, degrade DNA, 299 

and turn bacteria into empty cell envelopes [15]. In addition, Penicillin works best on 300 

gram-positive bacteria by inhibiting peptidoglycan production, making the cell wall leaky 301 

and fragile [21], and the Streptolysin damages the protein membrane [22]. So we 302 

designed a new method to generate the gram-positive bacteria ghosts by using Penicillin, 303 

Streptolysin and NaOH. And the result of electron microscope (SEM and TEM) showed 304 

this method can induce transmembrane lysis tunnels in SAG. Furthermore, there was not 305 

any cellular morphology damage except for the lysis pore. These data suggest that this 306 

method would be sufficient to produce inactivated S. agalactiae bacteria. Generation of 307 
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BGs from S. agalactiae has not been reported previously. Therefore, we hypothesized this 308 

method might successfully be used to produce BGs from gram-positive bacteria. 309 

Antibodies are commonly considered as one of the most important humoral immune 310 

responses to pathogen invasion in invertebrates. In this study, we found that the antibody 311 

responses were significantly stronger in the SAG-immunized group than in 312 

FSA-immunized group, which was higher than in the non-immunized control group. 313 

Most importantly, the RS and RPS of groups A and B were significantly higher than 314 

control group fish. Recently, it has also been reported that the S. iniae ghost vaccine 315 

stimulated higher serum bactericidal antibody levels than the formalin-killed vaccine and 316 

protected experimental animals from a subsequent challenge with S. iniae [14]. In 317 

addition, it has also been reported that the S. aureus ghost vaccine, administered 318 

subcutaneously, orally, and intravenously, could induce CD4+ T cells to respond to 319 

staphylococcal antigen during a virulence challenge [15]. An earlier report showed that 320 

peptidoglycan induces strong bactericidal antibodies capable of eradicating the bacterial 321 

pathogen [23]. All these results suggest that the SAG vaccine could be used as an 322 

effective vaccine candidate to induce humoral immune responses and protect fish from 323 

Streptococcus. 324 

Phagocytosis is another important cellular immune reaction to pathogen invasion in 325 

invertebrates [24]. It has been reported that the phagocytosis of tilapia is the most 326 

important form of non-specific cellular immunity [25]. In the present study, the PP in 327 

each immunized group was significantly higher than in the control group after 7 days of 328 

immunization. In addition, the PP in each immunized group continued to increase with 329 

time. The highest PP values of groups A and B were 51.33% and 45.17% respectively on 330 

the 28th day after immunization. Furthermore, the PP of fish immunized with SAG was 331 

significantly higher than fish treated with FSA after the 21st day after first immunization. 332 

Compared with other inactivated vaccines, the main advantage of BG vaccines is the 333 

ability to preserve their surface antigenic components, which themselves can provide 334 

excellent natural intrinsic adjuvant properties [26]. More importantly, the empty cell 335 

envelope of SAGs contains pathogen associated molecular patterns (PAMPs) such as 336 

peptidoglycan, lipoteichoic acid, and lipoproteins. A number of studies have suggested 337 

that these PAMPs can be recognized by Toll-like receptors (TLRs), which induce an 338 
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innate immune response [27,28]. In particular, the leucocyte digesting pathogens can 339 

retain the relevant antigen information and transmit the information to the relevant 340 

lymphocytes, thereby inducing the humoral and cellular immunity in the host [29]. 341 

Although the specific immune mechanism of fish is the deficiency, a large number 342 

of studies have proved that the non-specific immune system plays a more key role than 343 

the specific immune system in the fish's anti-infection. Therefore, to defend against 344 

pathogen invasion in fish, the non-specific immunity enzyme including ACP, AKP, LMZ 345 

and SOD are considered as the primary defense [30-33]. The result found that ACP, AKP, 346 

SOD, and LMZ activities were significantly increased in both immunized groups. 347 

Meanwhile, the LZMa and SODa of SAG-immunized group was significantly more 348 

increased than the FSA-immunized group. Specifically, recent studies suggest that a 349 

multicomponent vaccine rather than a single-component vaccine could trigger both 350 

humoral and cellular immunity and induce protective immunity against staphylococcal 351 

diseases [34,35]. Therefore, our novel strategy of using SAGs as a vaccine could be a 352 

new way to prevent S. agalactiae infections. 353 

Cytokines are a group of cell-signaling molecules that act as a bridge linking the 354 

innate and adaptive immune systems. They are produced and secreted by T-lymphocytes 355 

and mononuclear phagocytes of the specific and non-specific immunity pathways [36]. In 356 

fish, immune cells produce cytokines to initiate the defense mechanism of the immune 357 

system against pathogens [37]. In this study, four immunological genes of tilapia were 358 

used to monitor the stages of fish immune response during the immunized period. The 359 

result showed that fish immunized with SAG and FSA showed significantly higher gene 360 

expression of IL-1β, IFN-γ, TNF-α, and TGF-β in the head kidney and the spleen than 361 

fish treated with PBS in the whole observed period, in addition fish immunized with SAG 362 

showed significantly higher gene expression of L-1β, TNF-α, and TGF-β in the spleen 363 

than in the FSA-immunized fish. These pro-inflammatory cytokines play a defensive role 364 

against pathogenic bacteria and are considered an essential component of the host defense 365 

mechanism.  366 

In conclusion, non-living SAGs have been success-fully generated by using the new 367 

method. Interestingly, the present strategy may open the door to the production of BGs 368 

from gram-positive bacteria. We have shown that immunization with SAGs induced 369 
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significant humoral and cellular immune responses and provided strong protection 370 

against a virulent challenge in tilapia. Therefore, our present findings could be useful in 371 

the future development of vaccines against S. agalactiae infections in aquaculture. 372 
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Tables 484 
 485 

Table 1 Primers for testing the gene expression of cytokines in tilapia by Real time PCR 
Primer name Primer sequence (5’-3’) 

IL-1β-F TGCACTGTCACTGACAGCCAA 
IL-1β-R ATGTTCAGGTGCACTATGCGG 
IFN-γ-F GAGCTGCAAATGGATGGATGA 
IFN-γ-R GGCGGTACAAGTGATTAGGGA 
TNF-α-F CTTCCCATAGACTCTGAGTAGCG 
TNF-α-R GAGGCCAACAAAATCATCATCCC 
TGF-β-F TGCGGCACCCAATCACACAAC 
TGF-β-R GTTAGCATAGTAACCCGTTGGC 
Act-β-F GCTACTCCTTCACCACCACAG 
Act-β-R CGTCAGGCAGCTCGTAACTC 

 486 
  487 
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 488 

  489 

 Table 2 Survival rates following vaccination and S. agalactiae challenge1 

Groups 
Subgroups (n=5)2 

Survival rate (%)3 Relative percent survival (%)3 
1 2 3 4 5 6 

A 1 0 1 0 1 1 86.67a 76.39a 

B 1 0 2 1 1 1 80.00a 67.50a 

C 4 3 3 5 2 3 33.33b /b 
 1 Fish were infected intraperitoneally. 

2 Number of dead fish/subgroup post-challenge. 
3 Significant differences from the control group are indicated by lowercase letter (P<0.05). 
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Figures 490 
 491 

 492 
 493 

Fig. 1. Evaluation of S. agalactiae and S. agalactiae ghosts by SEM (A and B) and TEM (C and D). 494 
A) Naive S. agalactiae examined by SEM. B) S. agalactiae ghosts examined by SEM. C) Naive S. 495 
agalactiae examined by TEM. D) Loss of cytoplasmic material of S. agalactiae ghosts.  496 
  497 
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 498 

 499 
Fig. 2. Anti-S. agalactiae titers in fish following immunization with either SAG, FSA or PBS and 500 
intraperitoneally challenge with S. agalactiae. Data are means for six assays and presented as the 501 
means ± SD. Alphabet a, b and c: indicate significant difference of antibody levels at P<0.05. 502 
 503 
  504 
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 505 

 506 
 507 
 508 

Fig. 3. The phagocytic activity of leukocytes in tilapia post-immunization with SAG, FSA or PBS and 509 
intraperitoneally challenge with S. agalactiae. Values are representative of at least six independent 510 
experiments and are expressed as Mean ± Standard Error. Alphabet a, b and c: indicate significant 511 
difference of phagocytic activity at P<0.05.  512 
  513 
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 514 
A                                        B 515 

 516 
C.                                        D 517 

 518 
 519 

 520 
 521 
Fig. 4. Change of non-specific immune parameters of tilapia post-immunization with different 522 
concentrate SAG, FSA or PBS and intraperitoneally challenge with S. agalactiae. (A) acid 523 
phosphatase (ACP) activity, (B) alkaline phosphatase (AKP) activity, (C) lysozyme (LZM) activity 524 
and (D) superoxide dismutase (SOD) activity. Data are means for six assays and presented as the 525 
means ± SD. Alphabet a, b, c and d: indicate significant difference of antibody levels at P<0.05. 526 
  527 
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 528 

  529 
 530 

  531 
 532 
Fig. 5. The gene expression of cytokine-related genes in the head-kidney of tilapia which were 533 
immunized with SAG, FSA or PBS and intraperitoneally challenged with S. agalactiae. Alphabet a, b 534 
and c: Values indicate significant difference of the gene expression in tilapia (P<0.05). 535 
 536 
  537 
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 538 

  539 
 540 

  541 
 542 
Fig. 6. The gene expression of cytokine-related genes in the spleen of tilapia which were immunized 543 
with SAG, FSA or PBS and intraperitoneally challenged with S. agalactiae. Alphabet a, b and c: 544 
Values indicate significant difference of the gene expression in tilapia (P<0.05). 545 
 546 
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Highlights 1 

 2 

• SAG was generated by using Penicillin and Streptolysin with the MIC of 3 

NaOH. 4 

• SAG could stimulate cellular and humoral immunity in Oreochromis niloticus. 5 

• SAG can protect Oreochromis niloticus from Streptococcus. 6 


