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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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Treatment Immunized with dual vaccine 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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Figure 1: Phase contrast optical microscope image of the alginate-chitosan encapsulated vaccine, a: 1000x magnification, b: 400x
magnification

Yo

A0 iSHRCoplp Bers QLSHR b plp Veor oS, l3eS -l P L ol ulgi (Sunsly g 325 51 SEM gl :Y S

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 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, 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
E 1.25+0.08 % 0.45+0.08 2 13.241.52
F 1.13+0.04 2° 0.6+0.09 2 15.2+1.6 2
G 1.240.09 2° 0.84+0.03 ° 12.942.0 2
H 1.140.03 ° 0.83+0.3 ° 12.8+7.8 2
I 0.76+0.02 ° 0.85+0.3 ° 22.5+3.9 40

o2l Jlews B S dniae b o (el Jlewd A LGl 00l astiie Dglie sV SeS Bg > b 6);435“3 Ao g g 2 40 /00 C.la.u 5 )b‘s;.u glas
oookels 9 8. agalactiae b ools oyl Jlass B kil uglewl o S iniae b oals cposl jlowd D ailf s oSl b oals pesl Jlews «C S, agalactiae by oo
S b oad cpeal H kil Gushewls 5 oo Gligy iy S.inige b oo posl jlaws G kil ualnly g ailgs puSTy b oad creal Jles F kil

aals Lo :Control o kil (uglowls g ool Jligy 5y alfgs STy bodd roul jlod T ¢ uaditls Gushols 5 00y Sldgy 5s , agalactiae
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 dual
microencapsulated vaccine and Bacillus subtilis, Control: Control treatment

VA ‘;Gl -G1 -G2 -G3 —G4 -G5 -G6 -G7 -G8 ~G9Y9 -G1l0 B ‘:Gl -G2 -G3 -G4 —-G5 -G6 -G7 -G8 -G9 <Gl
Yoo Yas -
:§J A q As ®
i L. ;
,;: £. 3 - -
A\ O] -

1] T T i a k] ¥ A 4 | U "woar o
ol 51 om sl e 3 o saiay

Geind G lod' (o (B) duial (105585 9%y sl 9 (A) ASYET (10895 95y yiawl (6,55 b ALy 51 vy Ll gy dunny o ¥ JSC

oads (yanl Hlowd GO il Guslowls o S.iniae b oals crosl [lons 1G5 ailE g0 STy b oas cpesl jlews 1G4 S, agalactiae b ooyl Jlas :G3 S, iniae by oo yes) jlows 162 wall jlas Gl

S Load el 1G9 kil ushsls 5 oals Sligys, S inige b ook pesl jlowd :G8 (elitle sushisl 5 ailfgs STy b oodd pesl jlewd :GT il uslewls ¢ . agalactiae
pdiiolos gkl g oad Glig s, alEgs (puSTg bodd cyeul jloud :G10  uoiiili wobewls g ouls Slivgy 32y agalactiae

Figure 7: Comparison of mortality trends after challenge with Streptococcus agalactiae (A) and Streptococcus inieae (B) between the study treatments

G1: Control treatment, G2: Immunized with S. iniae, G3: Immunized with S. agalactiae, G4: Immunized with dual vaccine, G5: Immunized with S. iniae and Bacillus subtilis, G6: Immunized

with S. agalactiae and Bacillus subtilis, G7: Immunized with dual vaccine and Bacillus subtilis, G8: Immunized with microencapsulated S. iniae and Bacillus subtilis, G9: Immunized with

microencapsulated S. agalactiae and Bacillus subtilis, G10: Immunized with dual microencapsulated vaccine and Bacillus subtilis

Sl Glie (0 FpS a5 Slo i aial ugS 95 o5 il 003 6351 L &AL L il 5o Slaligliee n S Aol Lt laew,

ond Gligy ) S iniae b ool poul Jlor) G8 (slajlos 4 bogn yo ond o) G9 slajlos 4y gy e ASSYET agS 58 2 il 003
Wllgs STy L oad (oul Jleed) G105 (Guabetbo Gughenls sbed) G0 g (ksilos wshonls gouds Slagy ) S. agalactiae
S 45 292 1Y b 93,8 (kb (el g 00t Sligy Pkl oglanly g 00 Slivgy 304593 STy L s (o
P+ 0) wiols s |, (g o sine 2alS (1) - ) sals Lo & I cine S+ +)aals [l 4y G 45 03 LYFIV L g0

Sl 5l o Sl Wy, duglie walsl )5 (< [+ 0) wols Las |,


https://journalaer.com/article-1-109-en.html

[ Downloaded from journalaer.com on 2026-06-14 |

JAER. 2026

Y(Y): YAV-£¢

Gosla cwsluae slajia g5y gale dlas

Oiig 5l e (6l Bk 50 oS Sl (59,8 09l (SnSTs (5 SL
ogdle 23,5 oslitul S (5l s ok sl GlygS helae
Gl ol 4355S 5 Sl b oad 4y glopmSTy j550
Sl b o5 o5l bt g wislsy gol5 Grasl b e (ST55
aoys #o 1y 03l Slasynn, @S Lol wis,s (5155, ess,
031031 Lo ] ey o gl 35 s clia FOIY 1, 155 Lonilsy
lagmSly slp 1) GiogSos SQ) gl Ve
s TF s Jouily 55 o)l Geios 0 80,8 A5 (SThe>
@bl g 035l a5 al (3155 aoy0 AV Gl s, (2L 9 Sy

APRCNGA N

5 Sisarnn e Sliaeldl 3 cenla ol s 4 S 5520
7 Sl o aPll L85 5 ) 090 oSt Slisin,
sl e e w35 Y Cedled (NBT sll Jolds ol
@ oad Sl iy oSl esliiul ahulya p e el
odls Slig s, S.inige ool yeul (slo Lo 10 SSgugy ol oo
ookl g 0als Sligs i, S, agalactiae i diole eslwls 4
g ond Glig, algs STy b ool el Jlos 5 eeletle
Ol Ll o 4y Cand (10 e jsboay cmeliil Goglenly
Iy 0ilS 538 dgl casline ghudms ;o (p<+/+0) Wols ;lus oo Jld
L) Joome 155 plo 5 00,5 Glisn, PLGA gimio )35l L
son 5t all o] ingas 450nSly ST3 ot o]
2l & Sondoad Glhg oy lesd 30 prm m9Y g SlaeaSTy
S OddsslS 9 Geen Oliee (YF) wio,S G315 1) bjles
oole il il 305 o o el e e oL
OARelS 9 g 0 Gl (5 e caalllan (l 53 (V) 025 (0 8
el 5 03 g5, 61533 STy b asd el et 3
390888 e ialdl cline adod 1o 000 ,8 cdalive pediiles
oad Sigyn; Sy b pgealinnSTly Jlisa ple o 1y ppm
L ol o Gal38l cnl aiz 52 w30, (31555 by jaum uliges 5]
153 $l5icsn Gl o) () 3555 Sy e liions 2l
2o glasin p9z oo polaitlnd Sl Glagetiyy Gl
Sl 5 il qejssed (olobeaS Sl inisn (9,5
Cdled g 5 ion oS oy liad Guass cpl gl (OY) il b
Sudlad el plis gl (oatls S (NBT) pgdgsl 55k s s>
39 20 w2 s ¥ 59 00 e el (ale oS g lsF Al
skl g ol Glogy s, Alfgs (Sl STy Jles o 7
IS 4 S ) (e jsbar a5 oS evalin el
2l S18 casl 0gup oaims LiS gebse pl oy las il 8l
o> Slge (23l ;o NBT sbxl sl el (b9l 4 o asnSTy
Sl sl 33 (ouniis il g (5 )lg3ailSn ol e )0 cadadgi Ll

)

Sow

.
Sl 5 65 ) 9 gemlinnSTy o b 5l (ol s S 85

o 355 5 a5 o S el sl 5 e
48 pody (9o gal 30 45 olend SLS 5 g gl pSEgm Sl &
OgamlipnSTly ol 10,65 5 YL Connl 5l o goladl
Oledle 53 35555 5 ol S)leny S5 sl 43S el
aS Cuwl ools lis 60 0,5 Gldlas 31 g0l olasxs (YA) ol
Sorte 5> Sk gle 5l 6T Ul LS & b Ssng
S Spbe G oy 9 ,Shes 5 SheS ool (e byl
39, 7 Soedy aS ol jles jo a5 ol oays adllas ol o (YF)
o9y oads oolatwl Ludiole weliwl Sgugpn o> slae
1o, 15 35y isgiBl al 03B o S 05 o e
«oL,8en g Bagheri .&ogs (5 5 ool lhls ) g el
Oblig 039, (29,5 Comez g (Blo sl Ol ;) Cundy
S5 Sz 551> a ] e 3, 45 1, a8 55, SV 33
Comez Gl gl Syl j0 130 ST vy e Bacillus spp
Qogs 00,5 oolaiwl Sigugy 5l a5 obolews 05, ,o oL S|
Cadty (Sgmg W) J 58 jles | 5 i )3 gne poboas
S el oolaul [0 plaslllas jo iz oo (V) 041 ool
sl giSY ol oy 0y gl bl s IS oIS by calirazsla L
Ciprinus ) Jyase 5.5 plo 55155 sl 5l allad 2 55
@lises olaw wlo lis adllae ol b (0o )8 v, (carpio
ENJE PN TRPRE I ONTEPEEPRNINPOR SRS K
APl g (Ssman Sl Bld 4 A oKis Q)5
b STy colee 51 SO (YY) 5l 5068 sl oyl cudled
S8 ple 0og; g oane Ll il o STy Coale oss o STe5
b S yondy Olge Sl oolaiil b Sljgls pw il G
et Slagll g Gl l)dg,San g Sldgl o a0 5
5 Bae pll 4 STy 35T il sl eslin (535, Olsiea
30 () casl sy S0y STy Slexol SISl g o5 sl a5l
35 95 55 sl Al 50 050 TSy el Cibnn gy 5l (320
6 slo e o5 4 plosl o958 5 Sl b anl 5 45Y]
oBws b B3 g nF ojluil 5 (9 Sl Sy Sen g el S
SIS By 5l sged iy S5 ol S b S
Bosn 52575 31 J5sd B SIS w003 AV a5 iz
Sl S35 b gy, S5 51 oolisial b 55351 gl olge
PO gy 30,5 o,lal o T (YY) Cenl oals 3155 138 o
oz g sloil as b @l a5 Koo eole S L byl


https://journalaer.com/article-1-109-en.html

[ Downloaded from journalaer.com on 2026-06-14 |

Osroush et al.,

OSas 5 s el

@ Ol 0« Shex Sasd il pel Jisar 3ol ke I3
b obaye gglad il ogas o)lal (bl jo (bbre (sl (i
sl (glazil mass lzslo Slial lale ;5 Lo )lsS olSiws
b3ty Sle alox 5l (ble sl sladsh (J5 i)l ggladsae
STy (oilgy 8L o b fulandly 5 lalagl gl 5 dacgngad
bl s (21 gl ;5 goge 1 blre pj 5 Wlod
A by Cdb 9,0 Glalawsid S e Wl ()lsT ol
2 P B G )l oliws gglad S8l 5l pide g
G ol @l 0R) W)l eg 90 (75 ol Al
9 aiSYIT ugS 95 g il (Shss (pSTy a9 oS ol plis
4 Ol Sl @lhds ) b oads Glbg sy sl sS85 5 i
Mg Sgrte Ldld (ole o ekiiulos uslewls Sidgg ol o
AL L Ll 0 a5 g sba il sals el 1) STy )
S. agalactiael oois ‘yos) sl )loss SV 109895 9 il 005
STy b oad (real jlod g (il Gugkenls 5 00l (Slagy
o Sl b go,m el (ugkenls g 0l Sligy 5, alSgs
Sojlos canl GosS 55 g il 0y L L Al o 5 LTIV
o g puebeiibs Gusheasls g 00l SLbgn 30, . imiae b oo (o
ool Gaghensls 9 00l (Slig ) w90 STy b oad el
1y o)l cine malS (Ve +) aald Ll 4 o I L 500
ool &5 Consl 08l L gy Sl (p<- /- ) wiols oyl
LS (oale ,o 4SBT 5 asl wsSsS o sl alEgs (puSTy
S (FF) cul ool (6550 g0 ol o ablise pasl 4 oo
Sgu> ol Jgud B cladlre (gl BB ppe ALy S o0
oo Gl iy STy L (SThss g 4 00l el (sl Lo )07V«
S ySh 23l amlie (sladlas ;o ol Gualitle ool 5
ooskelbgiSY g Gegmsiy GushenwlSY (Sgmgn Ol shlo
VI3 solo ;o o158 slap 5l codlad 5 0y o)l 2 bl
sl ol § 28,5 & g0 (Oncorhynchus mykiss) S .55,
Goldgre Gl wisgy Sdsmgn Ll 095 i ), 0 o
035 ORI 90 g s 2 Ol iy oy oliae L
Sont Syl Bedzd 0 (YY) oy lis vald 05,8 4 S
il glgil b Lydls (abo (g gemlinuSTly 53l coi o) lo oL
plo 5 wd)S 18 woad Slign, G s S, oSy
Shy® oSy b aeSly Jlod 5o 2b)l 9)90 0l slo 3Ll
skl Soggn boolpen ST Sl bosas Slag s,
Dy 4l D9 sall Jled 4 o )l Sme jsbay el
OnslS e o Slen GlieSe Glo s (50 iz e
G5 slajless ()0 (e D9l i sla S5 S slas

Y

NBT sla! (ioli8l Guiss (p) ;0 .(0) 95 oo oolaiwl o>l
e 1S (sl S calad 5 5l sl Lo Sl e
il S sy 5 )i Gl o) 05l ke el
(95 end Sy ohigd (el Sy Sl liged
S92 A Jdoa b g oad sl ol 55 5 (leleeS (5152
551 4y iy sl 515 (85 0B S 5 S
Sl ool Lol ol ams a8 sl lozalls slaJolw o
Poelail skt 5t sl Bl 5 unsS) 5o (5eST ol
Py ulA.LJ.AS uaJLxB daolol 3o | 099y 6)5) u.)..> w‘)s‘ )
Yo 59y 50 98,5 18 calizee slajled b (g5l el 130 o
o bl 3IUT Lol o eamlive (g,lo e iol38l (5 S Aiges
Ol g locrmal 5l P 595 50 Glale3loyse alises glaeg S
g 0l Sligy ) S iniae b oo yool sl jles pm 1) (g 10 cixe
g 00l Glig i, S. agalactiae | ool yol ¢l ool
SLog iy alg STy boads feul jland g cmebiiils Goglensly
Sy oo SBIa 3ls (LaS 7S 09,8 b il gl g 00t
e by 03l VL Oliee b ol et sl (a3 ls
G )0.080 oo (Lt 1) Cedlaboggn ()5 5T b Syglome 5 SY5ho
o P 5 50 ael eSSl w5 ol (T ke )=
awL..JLu g)*’jl-“-‘*’l-’ 9 S. iniae L’ onJILgLQ)LQ...))J g‘_g)l.muyo.:‘
Lol eal comelilo Guslinls 5 alSe STy b oad el
Lo ool jles 5 bbb (uglosls 5 0u Sligy ) S imiae
S gme Gl Bl ekl gl goud (SLag 0 5 93 STy
w s Slom i, e sloyles jo.(p<+ /- Q) cilosals 09 5L
05 legime (gylel a5l iol3l ol ol T e s il
JiB ol o L;ol.‘.‘_,’.ui Sbe Sl cslie Adod o (p>1/+0)
Slog5) 4kl (w55 sk sl b (SThos (hgyas oads (el (5Y]
STy 2 09upe b Tl oo 155 958 gl 3TL s
OY) woged (5138 ao o Ve BTy gy ol 5l eslatnl b STye5
VBT oS 58 9 yinlind (ol 5T e Gialydlecs a3 oo 5o
Ll ade (i GgamlinaSTy 5l o 03 LodLS oale 5o
OgmslimSTy 5| dmy 4SBT oS85 las ool (T e
5T Olson 45 85 5,5 3l (55 diges Al e 3 STt
S0 Lodds peul losles 1o g (g3l iyl 5 s #0595 50 o0b
0 cyoul Jlowd 5 (il Guslewls 9 00l Sl 5y agalactiae
oI el Goshenls 9 0ad (Slig ), algs STy L
g 0 (p<ele0) ol lid wali 09,5 4 Comd (gl gine


https://journalaer.com/article-1-109-en.html

[ Downloaded from journalaer.com on 2026-06-14 |

JAER. 2026

Y(Y): YAV-£¢

Gosla cwsluae slajia g5y gale dlas

10.

11.

12.

13.

14.

15.

16.

Baulny, M.O.D., Quentell, C., Fournierl, V., Amour,
F. and Le gouvello, R., 1996. Effect of long-term oral
administration of B-glucan as an immunostimulant or an
adjuvant on some non-specific parameters of the immune
response of turbot Scophthalmus maximus. Disease of
Aquatic Organisms. 26(2): 139-147. doi: 10.3354/dao02
6139

De Souza, R.D., Batista, M.T., Luiz, W.B., Cavalcante,
R.C.M., Amorim, J.H. and Bizerra, R.S.P., 2014.
Bacillus subtilis spores as vaccine adjuvants: further
insights into the mechanisms of action. PLoS One. 9(1):
87-100. doi: 10.1371/journal.pone.0087454

Ellis, A.E., 1990. Lysozyme assay. New Jersey: SOS
Publication.

Firouzbakhsh, F., Noori, F., Khalesi, M.K. and Jani
Khalili, K., 2011. Effects of a probiotic, protexin, on the
growth performance and hematological parameters in the
Oscar (Astronotus ocellatus) fingerlings. Fish Physiology
and Biochemistry. 37(1): 833-842. doi: 10.1007/s10695.
011-9481-4

Gu, D.E., Yu, F.D., Yang, Y.X., Xu, M., Wei, H., Luo,
D. and Hu, Y.C., 2019. Tilapia fisheries in Guangdong
Province, China: Socio-economic benefits, and threats on
native ecosystems and economics. Fisheries Management
and Ecology. 26(2): 97-107. doi:10.1111/fme.12330

Ghafarifarsani, H., Hoseinifar, S.H., Molayemraftar,
T., Raeeszadeh, M. and Doan, H.V., 2023. Pot Marigold
(Calendula officinalis) Powder in Rainbow Trout
(Oncorhynchus mykiss) Feed: Effects on Growth,
Immunity, and Yersinia ruckeri Resistance. Aquaculture
Nutrition. 23(4): 1-13. doi: 10.1155/2023/7785722

Giri, S.S., Kim, S.G., Kang, J.W., Kim, S.W., Kwon,
J., Lee, S.B., Jung, W. and Park, S.C., 2021.
Applications of carbon nanotubes and polymeric
micro-/nanoparticles in fish vaccine delivery: progress
and future perspectives. Reviews in Aquaculture. 13(4):
1844-1863. doi:10.1111/raq.12547

Halimi, M., Alishahi, M., Abbaspour, M.R,,
Ghorbanpoor, M. and Tabandeh, M.R., 2020. High
efficacy and economical procedure of oral vaccination
against Lactococcus garvieaelStreptococcus iniae in
rainbow trout (Oncorhynchus mykiss). Fish & shellfish
immunology. 99(1): 505-513. doi: 10.1016/}.f51.2020.02.
033

Harikrishnan, R., Kim, J.S., Balasundaram, C. and
Heo, M.S., 2011. Immunomodulatory effects of chitin
and chitosan enriched diets in Epinephelus bruneus
against Vibrio alginolyticus infection. Aquaculture.
326(1): 46-52. doi: 10.1016/j.aquaculture.2011.11.034
Kumar, S.R., Ahmed, V.I., Parameswaran, V.,
Sudhakaran, R., Babu, V.S. and Hameed, A.S., 2008.
Potential use of chitosan nanoparticles for oral delivery of
DNA vaccine in Asian sea bass (Lates calcarifer) to
protect from Vibrio (Listonella) anguillarum. Fish &
Shellfish Immunology. 25(1): 47-56. doi: 10.1016/j.fsi.
2007.12.004

Ke, X., Liu, Z., Chen, S., Chen, Z., Zhang, D., GAO, F.
and Lu, M., 2021. The immune -efficacy of a
Streptococcus agalactiae immersion vaccine for different
sizes of young tilapia. Aquaculture. 534(15): 62-73. doi:
10.1016/j.aquaculture.2020.736289

Liu, G., Zhu, J., Chen, K., Gao, T., Yao, H., Liu, Y.
and Lu, C., 2016. Development of Streptococcus
agalactiae vaccines for tilapia. Diseases of aquatic
organisms. 122(2): 163-170. doi: 10.3354/dao03084

Y

(< 1+8) sl s S digei iliben oo 3555 4y
Sl J3rlS ollab 5 lass 5 o im] alH oS b T )
Yol o3 di slaolS slasd Rl el oo (G55 b
Syt 3 AL Al | an (Slel spete Jele ) e
ool JupSt (ST laaiy 5 peisny S o> slboasls
O (S5 S slo JolS slaws B led alie (g ol 5
(S5 S la JoulS slas i 5 i a5 0lo (LA 325 (sl e
slajlos 4 bgye Fo g T (slajg; (5 S diges al> e 93 y2 3
Ol okl ughesls 5 00l (SLbgy ) . iniae b oad (el
Slowd g il uglewls g 0uls Sligs 3, S. agalactiae b ool
0392 (b (alealy goud (SLbgy oy WS90 (puSTy b oo (o
50 <A/ 0) aid oass (gl g Dol Koo slales o AT
2l ilopl Jisa S95 laaslidg souxio Slallas
Al estegh ol 0.(A) cusl oo 5155 seal lo S e 9
Shsr oSy 2o 2 6t Slinn, 9 Ssmgn Cuie
(ditlos wglewl goads Jligs 5 ,S. iniae oo vos)G glaog )5
(Owebslos Goslwbigonds Sligy 5 ,S. agalactiae by ools o)) H
(Omakeisbo oglaaly gouds (SLbgy 3, &l g0 STy b oadi el I
Lol o Y. ablie of) sl SO dog ) 50 g 0l oanliv
b Ao L 7EYIY ol g sl (g8 95 92yl 03 (655
oo 5oy VF sb 5 asSYST agSSyn i a5 5L
Sl Gty o ) Ol om ohaaSs llan ol L o5 5,5 sl
558 ool (5 39, oSl plyie Ldls (e (s5lecres!

&l

1. Akter, T., Ehsan, R., Paul, S.I., Ador, M.AA.,
Rahman, A., Haque, N., Islam, T. and Rahman, M.,
2022. Development of formalin killed vaccine candidate
against streptococcosis caused by Enterococcus sp. in
Nile tilapia. Aquaculture Reports. 27(1): 101371. doi:
10.1016/j.aqrep.2022.101371

2. Akagi, T. Baba, M. and Akashi, M., 2011.
Biodegradable nanoparticles as vaccine adjuvants and
delivery systems: regulation of immune responses by
nanoparticle-based vaccine. Polymers in Nanomedicine.
247(1): 31-64. doi: 10.1007/12_2011_150

3. Bagheri, T., Hedayati, S.A., Yavari, V., Alizade, M.
and Farzanfa, A., 2008. Growth, Survival and Gut
Microbial Load of Rainbow Trout (Onchorhynchus
mykiss) Fry Given Diet Supplemented with Probiotic
during the Two Months of First Feeding. Turkish Journal
of Fisheries and Aquatic Sciences. 8(1): 43-48.

4. Behera, T. and Swain, P., 2012. Antigen adsorbed
surface modified poly-e-caprolactone microspheres
stimulates both adaptive and innate immune response in
fish. Vaccine. 30(35): 5278-5284. doi: 10.1016/j.vaccine.
2012.05.028


https://www.researchgate.net/publication/364360387_Development_of_formalin_killed_vaccine_candidate_against_streptococcosis_caused_by_Enterococcus_sp_in_Nile_tilapia
https://www.researchgate.net/publication/279584009_Biodegradable_Nanoparticles_as_Vaccine_Adjuvants_and_Delivery_Systems_Regulation_of_Immune_Responses_by_Nanoparticle-Based_Vaccine
https://pubmed.ncbi.nlm.nih.gov/22633870/
https://pubmed.ncbi.nlm.nih.gov/22633870/
https://www.researchgate.net/publication/250221315_Effect_of_long_term_oral_administration_of_Beta-glucan_as_an_immunostimulant_or_an_adjuvant_on_some_non-specific_parameters_of_the_immune_response_of_Turbot_Scophthalmus_maximus
https://www.researchgate.net/publication/250221315_Effect_of_long_term_oral_administration_of_Beta-glucan_as_an_immunostimulant_or_an_adjuvant_on_some_non-specific_parameters_of_the_immune_response_of_Turbot_Scophthalmus_maximus
https://pubmed.ncbi.nlm.nih.gov/24475289/
http://link.springer.com/journal/10695
http://link.springer.com/journal/10695
https://pubmed.ncbi.nlm.nih.gov/21487694/
https://pubmed.ncbi.nlm.nih.gov/21487694/
https://www.researchgate.net/publication/330363594_Tilapia_fisheries_in_Guangdong_Province_China_Socio-economic_benefits_and_threats_on_native_ecosystems_and_economics
https://www.researchgate.net/publication/370970332_Pot_Marigold_Calendula_officinalis_Powder_in_Rainbow_Trout_Oncorhynchus_mykiss_Feed_Effects_on_Growth_Immunity_and_Yersinia_ruckeri_Resistance
https://www.researchgate.net/publication/349222092_Applications_of_carbon_nanotubes_and_polymeric_micro-nanoparticles_in_fish_vaccine_delivery_progress_and_future_perspectives
https://pubmed.ncbi.nlm.nih.gov/32092407/
https://pubmed.ncbi.nlm.nih.gov/32092407/
https://www.researchgate.net/publication/256917036_Immunomodulatory_effects_of_chitin_and_chitosan_enriched_diets_in_Epinephelus_bruneus_against_Vibrio_alginolyticus_infection
https://pubmed.ncbi.nlm.nih.gov/18479939/
https://pubmed.ncbi.nlm.nih.gov/18479939/
https://www.researchgate.net/publication/348321008_The_immune_efficacy_of_a_Streptococcus_agalactiae_immersion_vaccine_for_different_sizes_of_young_tilapia
https://pubmed.ncbi.nlm.nih.gov/28000606/
https://journalaer.com/article-1-109-en.html

[ Downloaded from journalaer.com on 2026-06-14 |

Osroush et al.,

OSas 5 s el

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

Agropecu Bras. 29(11): 874-880. doi:10.1590/S0100-736
X2009001100002

Shefat, S.H.T., 2018. Vaccines for use in finfish
aquaculture. Acta Scientific Pharmaceutical Sciences.
2(11): 15-19.

Soltani, M., Lymbery, A., Song, S.K. and Shekarabi,
S.P.H., 2019. Adjuvant effects of medicinal herbs and
probiotics for fish vaccines. Reviews in Aquaculture.
11(4): 1325-1341. doi:10.1111/raq.12295

Song, M., Hong, H.A., Huang, J.M., Colenutt, C. and
Khang, D.D., 2012. Killed Bacillus subtilis spores as a
mucosal adjuvant for an H5N1 vaccine. Vaccine. 30(1):
3266-3277. doi: 10.1016/j.vaccine.2012.03.016

Selvaraj, V., Sampath, K. and Sekar, V., 2006.
Adjuvant and immunostimulatory effects of b-glucan
administration in combination with lipopolysaccharide
enhance survival and some immune parameters in carp
challenged with Aeromonas hydrophila. Vet Immunol
Immunopathol. 114(1): 15-24. doi: 10.1016/j.vetimm.
2006.06.011

Salas-Leiton, E., Anguis, V., Martin-Antonio, B.,
Crespo, D., Planas, J.V., Infante, C., Canavate, J.P.
and Manchado, M., 2010. Effects of stocking density
and feed ration on growth and gene expression in the
Senegalese sole (Solea senegalensis): Potential effects on
the immune response. Fish and Shellfish Immunology.
28(2): 296-302. doi: 10.1016/}.51.2009.11.006

Wang, Q., Fu, T., Li, X., Luo, Q., Huang, J., Sun, Y.
and Wang, X., 2019. Cross-immunity in Nile tilapia
vaccinated ~ with  Streptococcus  agalactiae  and
Streptococcus  iniae  vaccines. Fish &  Shellfish
Immunology. 97(1): 382-389. doi: 10.1016/j.£51.2019.12.
021

Yao, Y.Y., Chen, D.D., Cui, Z.W., Zhang, X.Y., Zhou,
Y.Y., Guo, X. and Zhang, Y.A., 2019. Oral vaccination
of tilapia against Streptococcus agalactiae using Bacillus
subtilis spores expressing Sip. Fish &  shellfish
immunology. 86(1): 999-1008. doi: 10.1016/j.fsi.2018.12.
060

Yogeshwari, G., Jagruthi, C. and Ramasamy, J., 2015.
Poly D, L-lactide-co-glycolic acid (PLGA)-encapsulated
CpG-oligonucleotide (ODN) on immune response
in Cyprinus  carpio against Aeromonas  hydrophila.
Journal of Aquaculture Research and Development. 6(1):
327-337. doi: 10.4172/2155-9546.1000327

Zhang, Z., Niu, J., Li, Q., Huang, Y., Jiang, B., Wu, Y.,
Huang, Y. and Jian, J., 2021. HMG20A from Nile
tilapia (Oreochromis niloticus) involved in the immune
response to bacterial infection. Fish & Shellfish
Immunology. 119(1): 499-507. doi: 10.1016/.£51.2021.10.
032

Zamri-Saad, M., Amal, M.N.A., Siti-Zahrah. A. and
Zulkafli, A.R., 2014. Control and prevention of
streptococcosis in cultured tilapia in Malaysia: a review.
Pertanika J Trop Agric Sci. 37(2): 389-410.

¥¥

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Laith, A.A., Ambak, M.A., Hassan, M., Sheriff, S.M.,
Nadirah, M. and Draman, A.S., 2017. Molecular
identification and histopathological study of natural
Streptococcus agalactiae infection in hybrid tilapia
(Oreochromis niloticus). Vet World. 10(1): 101-111. doi:
10.14202/vetworld.2017.101-111

Lee, J.E., Kye, Y.C., Park, S.M., Shim, B.S., Yoo, S.,
Hwang, E. and Yun, C.H., 2020. Bacillus subtilis spores
as adjuvants against avian influenza HO9N2 induce
antigen-specific antibody and T cell responses in White
Leghorn chickens. Veterinary research.51(1): 68. doi:
10.1186/s13567-020-00788-8

Lazado, C.C. and Caipang, C.M.A., 2014. Mucosal
immunity and probiotics in fish. Fish and Shellfish
Immunology. 39(1): 78-89. doi: 10.1016/j.51.2014.04.015
Mishra, A., Nam, G.H., Gim, J.A., Lee, H.E., Jo, A.
and Kim, H.S., 2018. Current challenges of
Streptococcus infection and effective molecular, cellular,
and environmental control methods in aquaculture. Molecules
and cells. 41(6): 495-505. doi: 10.14348/molcells.2018.
2154

Munang'andu, H.M. and Evensen, Y., 2019. Correlates
of protective immunity for fish vaccines. Fish and
shellfish immunology. 85(1): 132-140. doi: 10.1016/j.fsi.
2018.03.060

Masoomi Dezfooli, S., Gutierrez-Maddox, N., Alfaro,
A. and Seyfoddin, A., 2018. Encapsulation for delivering
bioactives in aquaculture. Reviews in Aquaculture. 11(3):
631-660. doi: 10.1111/raq.12250

Nasipour, M., Mohammadian, T., Tabandeh, M.R.
and Mesbah, M., 2019. Effects of Synbiotic with
different level of fglocan and mananoligosaccharide with
Lactobacillus casei on some gustrointestinal enzymes
activity of Cyprinus carpio. Journal of Animal
Environment. 8(4): 179-188. doi: 20.1001.1.27171388.
1395.8.4.24.9 (In Persian)

Piamsomboon, P., Srisuwatanasagul, S.,
Kongsonthana, K. and Wongtavatchai, J., 2021.
Streptococcus  agalactiae  infection caused spinal
deformity in juvenile red tilapia (Oreochromis
sp.). Journal of Fish Diseases. 45(4): 603-606. doi: 10.
1111/j£d.13568

Plant, K.P., LaPatra, S.E. and Cain, K.D., 2009.
Vaccination of rainbow trout, Oncorhynchus mykiss
(Walbaum), with recombinant and DNA vaccines
produced to Flavobacterium psychrophilum heat shock
proteins 60 and 70. Journal of fish diseases. 32(6):
521-534. doi: 10.1111/.1365-2761.2009.01008.x

Pandiyan, P., Balaraman, D., Thirunavukkarasu, R.,
George, E.G.J., Subaramaniyan, K., Manikkam, S.
and Sadayappan, B., 2013. Probiotics in aquaculture.
Drug Invention Today. 5(1): 55-59. doi: 10.1016/.dit.
2013.03.003

Ranjbar, A., Masbah, M., Tabandeh, M.R,,
Mohammadian, T., Gharibi, D. and Alishahi, M.,
2019. Comparative effects of probiotic bacteria,
Lactobacillus pentosus and Lactobacillus plantarum, on
growth factors and digestive enzymes activities in
rainbow trout (Onchorynchus mykiss). Journal of Animal
Environment. 10(3): 175-184. doi: 20.1001.1.27171388.
1397.10.3.23.0 (In Persian)

Silva, B.C., Martins, M.L., Jatob, A., Neto, C.B.,
Vieira, F.N. and Mourio, L.P., 2009. Hematological and
immunological responses of Nile tilapia after polyvalent
vaccine administration by different routes, Pesqui.


https://pubmed.ncbi.nlm.nih.gov/28246454/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7245620/
https://pubmed.ncbi.nlm.nih.gov/24795079/
https://pubmed.ncbi.nlm.nih.gov/29754470/
https://pubmed.ncbi.nlm.nih.gov/29754470/
https://pubmed.ncbi.nlm.nih.gov/29621636/
https://pubmed.ncbi.nlm.nih.gov/29621636/
https://www.researchgate.net/publication/324614479_Encapsulation_for_delivering_bioactives_in_aquaculture
http://www.aejournal.ir/article_44498.html
http://www.aejournal.ir/article_44498.html
https://pubmed.ncbi.nlm.nih.gov/34871461/
https://pubmed.ncbi.nlm.nih.gov/34871461/
https://pubmed.ncbi.nlm.nih.gov/19460087/
https://www.researchgate.net/publication/257436042_Probiotics_in_aquaculture
https://www.researchgate.net/publication/257436042_Probiotics_in_aquaculture
http://www.aejournal.ir/article_81392.html
http://www.aejournal.ir/article_81392.html
https://www.researchgate.net/publication/234066784_Hematological_and_immunological_responses_of_Nile_tilapia_after_polyvalent_vaccine_administration_by_different_routes
https://www.researchgate.net/publication/234066784_Hematological_and_immunological_responses_of_Nile_tilapia_after_polyvalent_vaccine_administration_by_different_routes
https://www.researchgate.net/publication/328349439_Adjuvant_effects_of_medicinal_herbs_and_probiotics_for_fish_vaccines
https://pubmed.ncbi.nlm.nih.gov/22446640/
https://pubmed.ncbi.nlm.nih.gov/16919782/
https://pubmed.ncbi.nlm.nih.gov/16919782/
https://pubmed.ncbi.nlm.nih.gov/19909816/
https://pubmed.ncbi.nlm.nih.gov/31841691/
https://pubmed.ncbi.nlm.nih.gov/31841691/
https://pubmed.ncbi.nlm.nih.gov/30590166/
https://pubmed.ncbi.nlm.nih.gov/30590166/
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Govintharaj+Yogeshwari%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Chandrasekar+Jagruthi%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Ramasamy+Harikrishnan%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Journal+of+Aquaculture+Research+and+Development%22
https://www.researchgate.net/publication/276515006_Poly_D_L-lactide-co-glycolic_Acid_PLGA-encapsulated_CpG-oligonucleotide_ODN_on_Immune_Response_in_Cyprinus_carpio_against_Aeromonas_hydrophila
https://pubmed.ncbi.nlm.nih.gov/34687883/
https://pubmed.ncbi.nlm.nih.gov/34687883/
https://journalaer.com/article-1-109-en.html
http://www.tcpdf.org

