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Introduction: The use of probiotics in order to increase the immunogenicity and efficiency
of vaccines in aquatic animals has been widely used in the last decade. In this research, the
effect of Bacillus subtilis probiotic on the immunogenicity of the bivalent oral vaccine of
Streptococcus iniae, Streptococcus agalactiae encapsulated with alginate/chitosan in the
Nile tilapia fish (Oreochromis niloticus) was measured and in terms of immunogenicity, its
effects on growth indicators and blood parameters were compared.

Materials & methods: First, the bivalent bacterium Streptococcus agalactia and
Streptococcus agalactiae were successfully encapsulated by the internal emulsification
method. Then 600 pieces of Nile tilapia fish weighing 30+2.32 gr were divided into 10
groups (Each group in three repetitions of 20 numbers) include A: treatment group with S.
iniae, B: treatment group with S. agalactiae, C: treatment group with bivalent vaccine, D:
treatment group with S. iniae and Bacillus subtilis, E: treatment group with S. agalactiae
and Bacillus subtilis, F: immunized with bivalent vaccine and Bacillus subtilis, G:
immunized with encapsulated S. iniae and Bacillus subtilis, H: immunized with
encapsulated S. agalactiae and Bacillus subtilis, 1. treatment group with bivalent
encapsulated vaccine and Bacillus subtilis, and Control. The fish were fed and kept under
the same conditions for two months, and on days 0, 30 and 60, along with fish biometry,
samples were taken from each treatment and blood and serum were isolated. Growth indices
and some immune and blood indices of fish were compared between treatments. Then, the
fish of each group were challenged with live bacteria Streptococcus agalactiae and
Streptococcus iniae, and the deaths of the treatments were recorded up to 14 days and
compared between the treatments.

Results: The results showed that the growth indices were affected by immunization and the
growth indices including food conversion coefficient, specific growth coefficient and
percentage of weight gain in the treatment group with bivalent encapsulated vaccine and
Bacillus subtilis were improved significantly compared to the control treatment (p<0.05).
Among the Immune indicators, anti-streptococcus agalactiae and anti-streptococcus iniae
antibody levels, NBT recovery rate, serum globulin and protein levels, and serum lysozyme
activity were significantly improved in the sampling stages in the oral treatment of
encapsulated and Bacillus subtilis (p<0.05). Blood parameters including: hemoglobin,
hematocrit and white blood cells showed a significant difference between research
treatments (p<0.05). Investigations showed that in both stages of sampling on the 30th and
60th days, the highest number of white blood cells was related to the encapsulated and
Bacillus subtilis treatments (p<0.05). The lowest rate of deaths in the challenge with live
bacteria S. agalactiae and S. iniae, with 36.7% and 30%, respectively, was related to the
treatment group with bivalent encapsulated vaccine and Bacillus subtilis, compared to the
control treatment (100%) showed a significant decrease (p<0.05).

Conclusion: Therefore, it can be concluded that according to the favorable results of
Bacillus subtilis probiotic immunogenicity on bivalent encapsulated vaccine in the current
research and the special advantages of oral vaccine administration, with additional research
it is possible to use this method as an alternative to injectable vaccine.
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B repetitions)
Treatment Immunized with dual vaccine 20 pieces (in 3
C repetitions)
Treatment  Immunized with S. iniae and Bacillus 20 pieces (in 3
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Treatment Immunized with S. agalactiae and 20 pieces (in 3
E Bacillus subtilis repetitions)
Treatment Immunized with dual vaccine and 20 pieces (in 3
F Bacillus subtilis repetitions)
Treatment Immunized with microencapsulated 20 pieces (in 3
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Treatment . fmmunized with dqal 20 pieces (in 3
microencapsulated vaccine and L
I repetitions)

Bacillus subtilis
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Figure 1: Phase contrast optical microscope image of the alginate-chitosan encapsulated vaccine, a: 1000x magnification, b: 400x
magnification
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Figure 2: SEM images of vaccine microcapsules produced with alginate-chitosan, a: 2000x magnification, b: 5000x magnification, C: 15000x magnification
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Figure 3: Particle size result of the alginate-chitosan microencapsulated product (output of the PSA device)
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Figure 4: Zeta potential of microcapsules by external emulsion method using alginate (with medium viscosity) and

chitosan (with low molecular weight). The pH of the alginate and chitosan solution was 3.5.
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Figure 5: Comparison of serum antibody titers against Streptococcus iniae (A) and Streptococcus agalactiae (B) at three sampling stages between the study
treatments. Non-synonymous letters on the standard deviation column indicate significant differences. A: Treatment immunized with S. iniae, B: Treatment
immunized with S. agalactiae, C: Treatment immunized with dual vaccine, D: Treatment immunized with S. iniae and Bacillus subtilis, E: Treatment immunized
with S. agalactiae and Bacillus subtilis, F: Treatment immunized with dual vaccine and Bacillus subtilis, G: Treatment immunized with microencapsulated S. iniae
and Bacillus subtilis, H: Immunized with microencapsulated S. agalactiae and Bacillus subtilis, I: Treatment immunized with microencapsulated dual vaccine and
Bacillus subtilis, Control: Control treatment.
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Figure 6: Comparison of serum complement activity (A), serum lysozyme activity (B) and NBT reduction (C) at three sampling stages between the study
treatments. Non-synonymous letters on the standard deviation column indicate significant differences. A: S. iniae immunized treatment, B: S. agalactiae immunized
treatment, C: Dual vaccine immunized treatment, D: S. iniae and Bacillus subtilis immunized treatment, E: S. agalactiae and Bacillus subtilis immunized treatment,
F: Dual vaccine immunized treatment and Bacillus subtilis immunized treatment, G: Microencapsulated S. iniae and Bacillus subtilis immunized treatment, H:
Microencapsulated S. agalactiae and Bacillus subtilis immunized treatment, I: Microencapsulated dual vaccine immunized treatment and Bacillus subtilis immunized
treatment, Control: Control treatment
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Table 2: Comparison of the results of some non-specific safety indicators in the three sampling stages between the research treatments

Time Total protein (g/dL) Albumin (g/dL) Globulin (g/dL)

0 Day Treatments 2.0£0.14° 11580277 1.46%+/YO?
Control 2.2+0.08 *® 0.5+0.23 @ 1.440.23 ®°

A 2.34+13° 1.08+0.7 >4 1.26+0.77 ¢

B 3.18+0.04 ? 1.06+0.05 ¢4 2.12+0.04 °

C 3.03£0.25 0.76£0.15 ¢ 2.26+0.11 2
30 Da D 2.85+0.05 ° 0.92+0.05 b4 1.92:+0.09 2°°
Y E 2.62+0.08 ° 0.98+0.16 >4 1.64+0.11 <

F 3.14+£0.27 ® 0.56+0.05 2 1.58+0.25 ¢4

G 2.88+0.13 ° 0.98+0.04 ¢4 1.8+0.1 3¢

H 2.56+0.25 % 0.66+0.11 ¢ 1.8+0.17 8°¢

I 2.78+0.25 ° 1.140.18 °° 1.940.08 >

Control 2.8240.2° 0.9+0.34° 1.77+0.28 ©

A 2.23+0.6 2 1.52+40.69 2 1.7240.25°

B 2.8+0.49 1.28+0.38 2° 1.5240.25 °©

C 2.94+0.34 ° 1.18+0.48 2° 1.76+0.27 °

60 Da D 2.55+0.37 °° 1.140.28 2° 1.45+0.19 ©
Y E 2.54+0.24 1.18+0.41 2 136035 °

F 2.82+0.3 1.55+0.4 2 1.85+0.34 2°

G 2.17+0.29 © 1.6940.15 2 1.86+0.29 2°

H 3.3%0.27 % 1.8740.28 2 1.9240.46 2

I 34240272 1.98+0.22 1.96+0.22
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Significant differences at the 0.05 level in each column and sampling stage are indicated by different lowercase Latin letters. A: Treatment immunized with S. iniae, B:
Treatment immunized with S. agalactiae, C: Treatment immunized with dual vaccine, D: Treatment immunized with S. iniae and Bacillus subtilis, E: Treatment
immunized with S. agalactiae and Bacillus subtilis, F: Treatment immunized with dual vaccine and Bacillus subtilis, G: Treatment immunized with microencapsulated S.
iniae and Bacillus subtilis, H: Immunized with microencapsulated S. agalactiae and Bacillus subtilis, I: Treatment immunized with microencapsulated dual vaccine and
Bacillus subtilis, Control: Control treatment.
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Table 3: Comparison of blood index results in three sampling stages between research treatments

Time Treatments Hematocrit Hemoglobin ‘White blood cells (1 0x5)
0 Day 25.6+0.75 2 6.240.34 ? 15.07+1.56 *
Control 25.6+0.57 ° 5.4+023% 14.48+1.01 °
A 26.6+1.52° 6.15+0.34 2 15.64+1.56 ©
B 62.3+1.52 ° 7.3+0.81 2 15.27+1.47°
30 Day C 27.042.6 7.6+1.79 2 15.86+1.1 °
D 73.340.57 ° 8.46+1.34 2 16.64+1.89 °
E 72.6+0.57 7.4340.83 ® 16.32+1.02 °
F 79.45+0.67 ° 7.62+0.9 2 17.21+1.03 °
G 82.742.8 4 7.94+1.12 2 18.76+1.1 2
H 83.6+1.8 2 8.02+1.58 @ 18.5742.1 2
I 85.4+0.57 @ 7.7842.66 2 18.88+2.3 @
Control 55.6+6.4° 5.7+4.72 15.63+1.03 °
A 67.8+8.7° 7.4+1.09 2 16.41+1.91 °
B 63.3+6.6 ° 7.64+0.73 2° 16.12+1.43 °
C 74.0+3.4 ° 8.44+3.8 2° 16.52+1.35 °
D 75.6+6.4 ° 8.26+1.19 2° 17.23+1.4°
60 Day E 77.342.8 © 7.6540.91 @ 16.86+1.3 °
F 80.5+8.3 ° 6.71+2.03 17.67£1.8 °
G 89.0+4.5 2 8.4+1.61 2° 19.55+1.9 2
H 91.244.2 2 8.8+1.17 19.31£1.3 2
I 92.6+9.4 8.7+1.95 &° 21.86+2.54 2
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Significant differences at the 0.05 level in each column and sampling stage are indicated by different lowercase Latin letters. A: Treatment immunized with S. iniae,

B: Treatment immunized with S. agalactiae, C: Treatment immunized with dual vaccin

e, D: Treatment immunized with S. iniae and Bacillus subtilis, E: Treatment

immunized with S. agalactiae and Bacillus subtilis, F: Treatment immunized with dual vaccine and Bacillus subtilis, G: Treatment immunized with
microencapsulated S. iniae and Bacillus subtilis, H: Immunized with microencapsulated S. agalactiae and Bacillus subtilis, 1: Treatment immunized with dual

microencapsulated vaccine and Bacillus subtilis, Control: Control treatment
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Table 4: Comparison of growth index results on days 30 and 60 between research treatments

Time Treatments Feed conversion ratio Specific growth rate Weight gain %
Control 1.840.2° 0.47+0.3 2 7.1£1.1%
A 1.740.4 ° 0.43+0.04 2 924234
B 1.540.8 ° 0.49+0.11 2 7.6+4.0 *°
C 1.01+0.5 2° 0.43£0.07 2 8.3+2.4 %
30 Day D 1.36+0.37 2 0.38+0.06 2 7.3+1.5 3
E 1.13+0.3 ° 0.42+0.12 2 7.1%1.5
F 1.28+0.4 2° 0.4240.1 2 10.3+2.0 2
G 1.33+0.09 ° 0.53+0.16 2 8.2+0.4 2
H 1.34+0.17 0.54+0.36 2 8.5+5.2 40
I 0.89+0.1 2 0.56+0.27 2 12.5+1.8 2
Control 1.68+0.09 0.58+0.02 2 1212622
A 1.66+0.03 & 0.6+0.1 2 14.241.72
B 1.53+0.06 2 0.5+0.1 @ 16.242.7 2
C 1.29+0.07 2° 0.34+0.08 2 14.542.3 @
60 Day D 1.04+0.03 ° 0.27+0.02 2 13.6£1.52
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