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ABSTRACT

Streptococcosis caused by Streptococcus agalactiae has become a major disease problem in tilapia culture in
Indonesia. This study aimed to detect virulence genes of S. agalactiae during streptococcosis disease
outbreaks in several tilapia farms in Indonesia and evaluate the correlation between biotype and virulence
genes to bacterial virulence. The presence of virulence genes was determined in 10 strains of S. agalactiae
isolated from farm-raised tilapia. Polymerase chain reaction (PCR) protocol was used to determine genes
for cylE, hylB, lmb, bib A, PI-2b, fbs A, fbs B, gap, PI-1, and cfb in the template DNA. Pathogenicity test was
carried out by intraperitoneal injection of 24 hour-cultured S. agalactiae to tilapia with 108 CFU/fish. Four
isolates have seven of virulence genes (cylE, hylB, bibA, PI-2b, fbs A, fbs B, and gap genes), three isolates have
six virulence genes (hylB, bib A, fbs A, fbs B, gap, cfb genes), one isolate has four virulence gene (hyl B, bib A,
fbs, and cfb genes), and one isolate has one virulence gene (PI-2b gene). None of the isolates has lmb or PI-1
genes. Bacteria with more virulence genes showed higher pathogenicity post injection. Mortality of tilapia
injected with -hemolytic bacteria was 100% within the period of 14-19 hours, while non-hemolytic bacteria
was 53.3%-86.6% on 14 days post-injection. Pathological changes associated with the infection by either
isolate included melanosis, slow response, anorexia, ocular opacity, gasping, erratic, C-shape, and whirling.
It can be concluded that S. agalactiae with more virulence genes show a higher level of pathogenicity. The
presence of a virulent gene has the potential to be used as a basis for selecting candidate isolates and
designing vaccine compositions as an effort to prevent streptococcosis infection in tilapia in Indonesia.
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INTRODUCTION

Streptococcosis caused by Streptococcus agalactiae
has been associated with severe economic losses in
tilapia culture in Indonesia. Several S. agalactiae strains
have been isolated from centers of tilapia culture in
Indonesia, some showing -hemolytic ability on blood
agar media and others, which are non-hemolytic (Hardi
et al., 2011). Recently Suhermanto et al. (2019) re-
ported that out of 10 S. agalactiae isolates from Indo-
nesia, 40% could be classified as biotype 1 (-hemolytic)
and 60% were biotype-2 (non-hemolytic).

Sheehan et al. (2009) classified S. agalactiae strains
in two biotypes. Biotype-1 which are typically -
hemolytic and biotype-2, which are non-hemolytic.
In addition, biotype-1 grewwell at 37°C and hydro-
lyzed more types of sugars compared to biotype-2.
Biotype-2 bacteria were more virulent compared to
biotype-1 seen most commonly associated with dis-
ease outbreaks. Besides, the geographic distribution
of biotype-2 is more expansive, being reported from
several regions in Asia such as China, Indonesia, Viet-
nam, and the Philippines and Latin America such as
Ecuador, Honduras, Mexico, and Brazil (Sheehan et
al., 2009). Streptococcal disease outbreaks in tilapia
cultured in Indonesia have been caused mostly by
non-hemolytic isolates of S. agalactiae (Taukhid &
Purwaningsih, 2011; Lusiastuti et al., 2014).
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Information on the genetic diversity of bacteria
is indispensable to understand the cause of disease
and develop specific methods for disease prevention
and management (Qazi et al., 2020). Genetic varia-
tion of this bacterium has been examined using a
multilocus sequence typing (MLST) approach to ge-
netically differentiate piscine and bovine S. agalactiae
(Lusiastuti et al., 2013). Pulsed-field gel electrophore-
sis (PFGE) and MLST method have also been employed
to distinguish between S. agalactiae strain and the
genetic variation. The bacterium has a vast spectrum
of hosts, including humans, cows, and fish (Delannoy
et al., 2013).

Bacterial virulence is closely related to the pres-
ence and function of virulence genes. Virulence genes,
which include adhesins, invasins and immune-eva-
sions, protein and enzyme regulators associated with
the metabolism of the cell surface, have been identi-
fied as essential virulence factors of S. agalactiae
(Kayansamruaj et al., 2014; Kayansamruaj et al., 2015;
Delannoy et al., 2016).

In this study, S. agalactiae obtained from tilapia
farms in Indonesia were screened for the presence
of virulence genes. The relationship between viru-
lence genes and the degree of virulence and pathoge-
nicity to nile tilapia were also evaluated.

MATERIALS AND METHODS

Fish and Bacteria Samples

Isolates included in this study originated from
Papua (NP104O/A; NP105O/B), Gorontalo (NMbO/J),
South Borneo (S01-196-16/C), Jambi (SG01-16/I), Cen-
tral Java (NK1/F), and West Java (NB002O/D; N14G/E;
NT010/G; N2O/H). These were isolated originally from
nile tilapia during streptococcosis outbreaks. Isolates
were inoculated on brain heart infusion agar (BHIA;
Oxoid Ltd, UK) and incubated for 24 hours at 28°C-
30°C. Koch’s postulate test was performed on all iso-
lates to confirm their disease role before identifying
the virulence gene and conducting pathogenicity test.

Hemolytic activity was tested by growing bacte-
ria in blood agar base media with 5% v/v sheep blood,
incubated for 24-48 hours at 37oC. Confirmation test
for bacterial isolates were also conducted by using
API 20 Strep System commercial kit (bioMérieux In-
dustry, Hazelwood, USA). Species specific identifica-
tion of S. agalactiae was performed using the method
in Lusiastuti et al. (2013) by modification of tempera-
ture optimization in cycle condition using primer
sequence agal-I 5’ATAAGAGTAATTAACACATGTTAG-
3’ (forward) and agal-II 5’ACTTCGGGTGTTACAAAC-
3’ (reverse) with amplification target 1,250 bp
(Macrogen, Korea).

Nile tilapia strain Nirwana III weighing 17 ± 1.4 g
were obtained from tilapia and Common Carp Stock
Enhancement and Development Centre, Wanayasa,
West Java, Indonesia. The fish were acclimatized in
the laboratory for two weeks. To confirm that ex-
perimental fish were not carriers of S. agalactiae, kid-
ney tissues were collected from five randomly se-
lected fish and tested using the PCR method with
universal primers agal-I and agal-II as described above.
The experimental procedures and treatment of tila-
pia (Oreochromis niloticus) in this study have been ap-
proved by the Indonesian local authorities (Animal
Care and Use Committee, IPB University, Indonesia).

Identification of Virulence Gene

Identification of virulence genes of S. agalactiae
was performed using methods described in
Kayansamruaj et al. (2014) and Ye et al. (2011) (Table
1). Each strain of bacteria was cultured in BHIA me-
dium. The bacteria were suspended in 200 µL TE buffer
(10 mmol/L Tris–HCl, 1 mmol/L EDTA; pH 8.0) and then
heated on thermomixer 98°C for 10 min, and centri-
fuged on 14,000 g for 10 min. DNA concentration
was measured with spectrophotometer Nano Drop™
(Thermo Scientific, USA). DNA obtained was stored
as aliquots at -20°C until used.

The PCR was performed in thermal cycler T-per-
sonal (Biometra, UK), using Cycling conditions in-
cluded an initial denaturation step of two minutes at
94°C, 25 cycles of one minute at 95°C for denatur-
ation, one minute at 55°C for annealing, and 90 sec-
onds at 72°C for elongation/extension and final elon-
gation/extension at 72°C for five minutes. Electro-
phoresis of PCR products was conducted using 12 ìL
amplicon in 1.5% agarose gel at 120 volts in 1x Tris-
acetate-electrophoresis buffer (TAE) [(0.04 mol/L Tris;
0.001 mol/L EDTA; pH 7.8)] for 15 minutes alongside
25 bp DNA Step Ladder marker (Promega, Madison
WI USA) and 100 bp DNA ladder (MBI Fermentas).

Challenge Test

The challenges test was initiated by separating
the fish into eleven treatment groups. Each fish group
was kept in a tank with stocking density of 20 fish/
tank. Each strain of S. agalactiae bacteria was cultured
in a brain heart infusion broth (BHIB) and incubated
for 24 h at 28°C-30°C. Fish were challenged by intra-
peritoneal injection (IP) of 24 hours cultured S.
agalactiae isolates as much as 0.1 mL of 108 CFU/fish
of -hemolytic (NP104O/A, NP105O/B, S01-196-16/C,
SG01-16/I) and non-hemolytic (NB002O/D, N14G/E,
NK1/F, NT010/G, N2O/H, NMbO/J) isolates and con-
trol was injected with 0.1 mL phosphate buffer saline
(PBS). Observation of clinical signs and mortality was
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performed every hour for the first 24 hours, and af-
terwards, observations were taken daily for 14 days
of the culture period.

Histology

Histology preparation procedures followed the
methods described in Genten et al. (2009). Briefly,
histology analysis was performed on the liver fixed
in 10% neutral buffered formalin for 24 h. The tissue
was then dehydrated, embedded in paraffin, and cut
into 5 m thick sections on a rotary microtome (Histo
Line MRS 3500), followed by Haematoxylin and Eosin
(H&E) staining.

Data Analysis

The study was designed as a completely random-
ized design experiment. Data obtained were tabu-
lated and analyzed using Microsoft Excel 2013. Effect
of treatment analyzed with analysis of variance
(ANOVA) with Minitab Software version 17. Significant
different results were further analyzed with fisher test

on a 95% confidence level. Detection of virulence gene
and clinical signs analyzed and described qualitatively.

RESULTS AND DISCUSSION

Streptococcus agalactiae is a pathogenic bacterium
that can cause disease in various biota. This patho-
gen has developed multiple strategies to infect a host
by involving virulence-related factors, including inva-
sion of the host cell and replication in the host, ulti-
mately leading to cell death (Fittipaldi et al., 2012).

S. agalactiae isolates were examined for the pres-
ence of the following virulence genes B-hemolysin cy-
tolysin (cylE), Hyaluronate lyase (hylB), laminin binding
protein (lmb), lmmunogenic bacterial adhesion (bibA), pili-
2b backbone (PI-2b), Fibrinogen-binding protein A (fbs
A), Fibrinogen-binding protein B (fbs B), GAPDH (gap),
pili-1 backbone (PI-1) and CAMP factor (cfb) (Table 1)
(Ye et  al., 2011; Kayansamruaj et al., 2014). The non-
hemolytic group was found to have the following six
genes (hylB, bibA, fbsA, fbsB, gap, and cfb) while the
-hemolytic group was found to possess seven viru-

Table 1. Primers used for S. agalactiae virulence genes identification

Note: * Kayansamruaj et al. (2014); ** Ye et al. (2011)

Virulence
gene

Gene product Primer name Primer sequence (5′–3′) Product length
(bp)

cylE_F TTCTCCTCCTGGCAAAGCCAGC
cylE_R CGCCTCCTCCGATGATGCTTG

hylB_F TCTAGTCGATATGGGGCGCGT
hylB_R ACCGTCAGCATAGAAGCCTTCAGC

lmb_F TGGCGAGGAGAGGGCTCTTG
lmb_R ATTCGTGACGCAACACACGGC

bibA_F AACCAGAAGCCAAGCCAGCAACC
bibA_R AGTGGACTTGCGGCTTCACCC

PI-2b_F AGGAGATGGAGCCACTGATACGAC
PI-2b_R ACGACGACGAGCAACAAGCAC

fbs A_F GTCACCTTGACTAGAGTGATTATT
fbs A_R CCAAGTAGGTCAACTTATAGGGA

fbs B_F TCTGTCCAACAGCCGGCTCC
fbs B_R TTCCGCAGTTGTTACACCGGC

gap_F AGACCGATAGCTTTTGCAGCACC
gap_R GATCCTTGACGGACCACACCG

PI-1_F AACAATAGTGGCGGGGTCAACTG
PI-1_R TTTCGCTGGGCGTTCTTGTGAC

cfbS CGACAGCATCACACGAAAAATACA
cfbA TGACGACCTTTTGGACAAGTAGTAA

cylE B-hemolysin cytolysin 124*

hylB Hyaluronate lyase 136*

Lmb
laminin binding

protein
105*

bibA
lmmunogenic

bacterial adhesion
127*

PI-2b pili-2b backbone 175*

fbs A
Fibrinogen-binding

protein A
85*

fbs B
Fibrinogen-binding

protein B
144*

Cfb CAMP factor 900**

Gap GAPDH 100*

PI-1 pili-1 backbone 102*
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lence genes (cylE, hylB, bibA, PI-2b, fbs A, fbs B, and
gap). Isolate SG01-16 (-hemolytic) differed from the
other -hemolytic isolates as it did not have PI-2b,
but had the cfb gene. None of the isolates examined
in this study found the virulence genes lmb and PI-1
(Table 2).

Based on the presence of virulence genes, these
isolates were assigned to three groups referred to
as -hemolytic (A, B, C), -hemolytic (I) and non-
hemolytic (Figure 1). Bacteria of -hemolytic with
code (I) have the same virulence genes as non-
hemolytic bacteria, except gene cylE. Bacteria of -

hemolytic with code (A, B, C) have the same viru-
lence genes as code (I) bacteria, except PI-2b and cfb
(Figure 1).

The results of this study showed that both S.
agalactiae hemolytic and non-hemolytic bacteria
groups have the same virulence genes. Virulence
genes from the adhesion group (fbsA, fbsB, bibA, and
gap) and invasion group (hylB and cylE) on -hemolytic
and (hylB and cfb) on non-hemolytic. While virulence
genes lmb and PI-I were not detected in all isolates.
The results of Kayansamruaj et al. (2014) showed that
S. agalactiae had no lmb virulence gene. Delannoy et

Table 2. Virulence gene of S. Agalactiae

Note: A: NP104O; B: NP105O; C: S01-196-16; D: NB002O; E: N14G; F: NK1; G: NT010; H: N2O; I: SG01-16; J: NMbO. STIR-CD-
17, ST 260, serotype 1b; MRI Z1-201, ST-23, serotype 1a (Delannoy et al., 2014)

A B C D E F G H I J ST-260 ST-23

cylE B-hemolysin cytolysin + + + - - - - - + - + +
hylB Hyaluronate lyase + + + - + + + + + + + +
lmb laminin binding protein - - - - - - - - - - - +
bibA lmmunogenic bacterial adhesion + + + - + + + + + + + +
PI-2b pili-2b backbone + + + + - - - - - - + -
fbs A Fibrinogen-binding protein A + + + - + + + + + - + +
fbs B Fibrinogen-binding protein B + + + - + + + + + + - +
gap GAPDH + + + - + + + + + - ND ND
PI-1 pili-1 backbone - - - - - - - - - - - -
cfb CAMP factor - - - - + + + + + + ND ND

7 7 7 1 6 6 6 6 7 4

Detection gene of S. agalactiae  strains

Total of virulence gene

Gene product
Virulence

gene

Figure 1. Virulence gene groups of S. agalactiae isolates.

ß-hemolytic

Non-hemolytic

ß-hemolytic

PI-2b
cyE

hyIB

cfb

bibA
fbsA
fbsB
gap
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al. (2014) was able to identify 15 virulence genes of
S. agalactiae and grouped them into three groups,
namely adhesin (fbsA, fbsB, PI-2b, PI-1, lmb, bibA),
invasin (cylE, cfb, hylB, gap), and immune evasin
(pbp1A, cspA). Kannika et al. (2017) conducted a study
in the correlation of virulence genes on the pathoge-
nicity of S. agalactiae, and obtained two different se-
rotypes, IA and III. Eleven virulence genes were found
in serotypes Ia, and 13 virulence genes in serotypes
III, were positively correlated with bacterial patho-
genicity when tested on tilapia. The results of
Delannoy et al. (2014) also found 15 virulence genes
on serotype 1b of and caused high mortality when
injected into tilapia.

Pathogenic bacterial infection requires adhesion
to host cells, tissue colonization, cellular invasive-
ness - accompanied by intracellular multiplication,
spread to other tissues or persistence. During the
entry process, pathogens invade and pass through
layers of epithelial cells, extracellular matrix compo-
nents, and aided by hydrolytic enzymes to degrade
host cell molecules and support bacterial replication
(Lin et al., 2011). Adhesin virulence gene group is re-
sponsible for the initial contact between host patho-
gens and binding to specific receptors in host epi-
thelium (Rajagopal, 2009). Fibrinogen-binding pro-
teins (fbsA) and fibronectin-binding protein (FnbB)
mediate adhesion of S. agalactiae with fibronectin
then Fnb forms a complex tetramer structure and in-
vasion (Yi et al., 2014).

The invasion gene group functions in the process
of bacterial entry into the host cell. It spreads
throughout the body, bacteria access in initiating the
infection process. For example, hyaluronate lyase
(hylB) is a virulence factor that helps pathogens break

through biophysical barrier of the host tissue with
enzymatic degradation of hyaluronan and chondroitin
sulfate (Wang et al., 2014). -hemolysin/cytolysin gene
known as cylE is an important toxin in the bacterial
infection process, inducing an inflammatory response
that contributes to neurological symptoms (Rajagopal,
2009). Immune evasion is used to avoid the host re-
sponse mediated by the host’s immune system, such
as serine proteinase (CspA). Its functions are to cut
fibrinogen and chemokines and disrupt the mobiliza-
tion of neutrophils and phagocytic cells to phagocy-
tosis of S. agalactiae bacteria (Fittipaldi et al., 2012).
Results of observations of the invasion group gene
showed hylB and cylE were observed on -hemolytic
and hylB and cfb on non-hemolytic.

Tilapia injected with -hemolytic group (A, B, C,
and I) showed no significant difference in the mean
time to death or mortality, and 100% mortality was
achieved around 9.3-11.8 hours post-injection (hpi).
While the non-hemolytic group (E) caused 53.3%-86.6%
mortality after 14 days post-injection (dpi)   (Table 3).

Injected tilapia showed clear signs of S. agalactiae
infection. Both hemolytic and non-hemolytic isolates
showed clinical signs such as melanosis, slow
response, anorexia, ocular opacity, gasping, erratic,
C-shape, and whirling. Different clinical signs were
observed between isolated groups, mainly the ab-
sence of exophtalmia and purulens on fish injected
by -hemolytic isolates. Symptoms of purulence and
exophthalmia were not found in the fish injected with
-hemolytic bacteria because the bacterial attack
pattern was acute and causes death in a short time.
Clinical symptoms of the fish infected with S. agalactiae
are similar to Amal & Zamri-Saad (2011) description.

Table 3. Mortality and mean time to death after challenge test of S. agalactiae isolates

Note: Different superscript letters at the mortality parameter indicate significantly different results
within the treatments (P<0.05)

hemolytic
activity

Number
of fish

Mortality
(%)

Mean time to
death (hour)

(A) NP104O β-hemolytic 60 100 ± 0.00a 11.12
(B) NP105O β-hemolytic 60 100 ± 0.00a 10.35
(C) S01-196-16 β-hemolytic 60 100 ± 0.00a 11.77
(D) NB002O non-hemolytic 60 53.33 ± 7.64f 207.00
(E) N14G non-hemolytic 60 83.33 ± 2.89b 165.65
(F) NK1 non-hemolytic 60 80 ± 5.00bc 166.5
(G) NT010 non-hemolytic 60 70 ± 8.66de 193.14
(H) N2O non-hemolytic 60 73.33 ± 7.64cd 182.73

(I) SG01-16 β-hemolytic 60 100 ± 0.00a 9.30
(J) NMbO non-hemolytic 60 63.33 ± 10.41e 207.16
(K) Control PBS 60 0 0

S. agalactiae
isolates
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Livers from tilapia injected with S. agalactiae -
hemolytic and non-hemolytic exhibited most hepa-
tocytes were larger than usual and had vacuoles in
the cytoplasm that pushed the nucleus to the edge
due to degeneration. The parenchyma’s large blood
vessels thoroughly appear dilated with the lumen filled
with blood cells (congestion). Sinusoidal spaces ap-
pear to expand due to capillary congestion in the
multifocal parenchymal area (Figure 2A and 2B).

Hepatocyte degeneration and congestion of liver
sinusoids in response to bacterial infections indicate
a detoxification process that impacts tilapia liver dys-
function (Laith et al., 2017). The number of empty
vacuoles in the cytoplasm will interfere with biochemi-
cal reactions. S. agalactiae infection in tilapia liver
causes vacuolalization of hepatocytes with changes
in fat in response to reduced blood flow due to con-
gestion (Suwannasang et al., 2014). Periarterial Lym-
phoid Sheath (PALS) white pulp dominated by T lym-
phocytes responds to immunity which involves acti-
vating cells against infection and destroying infected
cells. Depletion in germinal centers in the secondary
lymphoid organs where mature B cells proliferate,
resulting in reduced production of antibodies against
antigens.

CONCLUSION

Streptococcus agalactiae, isolated during outbreaks
of streptococcocis in cultured tilapia in Indonesia,
carry different combinations of virulence genes. The
result showed that -hemolytic bacteria has seven of
ten detected genes, while non-hemolytic strain has
six of ten detected genes. Bacteria with more viru-
lence genes showed higher pathogenicity when in-
jected into fish.

ACKNOWLEDGMENTS

Special gratitude is given to Agency for Marine
and Fisheries Research and Human Resources of
Ministry of Marine Affairs and Fisheries Republic of
Indonesia, Research Institute for Freshwater Aqua-
culture and Fisheries Extension, Research Station for
Fish Disease Control Depok, Marine and Fisheries
Polytechnic of Sorong, Fish Quarantine and Inspec-
tion Agency Jayapura and Gorontalo, Mandiangin
Freshwater Aquaculture Center and Freshwater Aqua-
culture Development Centre Sungai Gelam.

REFERENCES

Amal, M.N.A. & Zamri-Saad, M. (2011). Streptococ-
cosis in tilapia (Oreochromis niloticus): A review.
Pertanika Journal of Tropical Agricultural Science,
34(2), 195-206.

Delannoy, C.M.J., Crumlish, M., Fontaine, M., Pollock,
J., Foster, G., Dagleish, M., Turnbull, J., & Zadoks,
R. (2013). Human Streptococcus agalactiae strains
in aquatic mammals and fish. BMC Microbiology,
13(1), 41. https://doi.org/10.1186/1471-2180-13-41.

Delannoy, C.M.J., Zadoks, R.N., Crumlish, M.,
Rodgers, D., Lainson, F.A., Ferguson, H.W.,
Turnbull, J., & Fontaine, M.C. (2016). Genomic
comparison of virulent and non-virulent Strepto-
coccus agalactiae in fish. Journal of fish diseases,
39(1), 13-29. https://doi.org/10.1111/jfd.12319.

Fittipaldi, N., Segura, M., Grenier, D., & Gottschalk,
M. (2012). Virulence factors involved in the patho-
genesis of the infection caused by the swine
pathogen and zoonotic agent Streptococcus suis.
Future Microbiology, 7(2), 259-279. https://doi.org/
10.2217/fmb.11.149.

 
Figure 2. Histopathology of liver. Congestion of the capillary (A) and blank vacuoles in

the cytoplasm of hepatocytes (arrow), capillary congestion in the multifocal
parenchymal area (head arrow) (B).



                           Copyright @ 2021, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577
125

Indonesian Aquaculture Journal, 16 (2), 2021, 119-125

Genten, F., Terwinghe, E., & Danguy, A. (2009). Atlas
of fish histology. New Hampshire, U.S.: Science
Publishers. https://doi.org/10.1201/b10183.

Hardi, E.H., Sukenda., Harris, E., & Lusiastuti, A.M.
(2011). Characterization and phatogenicity of 
and non haemolytic Streptococcus agalactiae in cul-
tured nila tilapia. Jurnal Veteriner, 12, 151-164.

Kannika, K., Pisuttharachai, D., Srisapoome, P.,
Wongtavatchai, J., Kondo, H., Hirono, I., Unajak,
S., & Areechon, N. (2017). Molecular serotyping,
virulence gene profiling and pathogenicity of Strep-
tococcus agalactiae isolated from tilapia farms in
Thailand by multiplex PCR. Journal of applied mi-
crobiology, 122(6), 1497-1507. https://doi.org/
10.1111/jam.13447.

Kayansamruaj, P., Pirarat, N., Katagiri, T., Hirono, I.,
& Rodkhum, C. (2014). Molecular characterization
and virulence gene profiling of pathogenic Strep-
tococcus agalactiae populations from tilapia
(Oreochromis sp.) farms in Thailand. Journal of Ve-
terinary Diagnostic Investigation, 26(4), 488-495.

Kayansamruaj, P., Pirarat, N., Kondo, H., Hirono, I.,
& Rodkhum, C. (2015). Genomic comparison be-
tween pathogenic Streptococcus agalactiae isolated
from nile tilapia in Thailand and fish-derived ST7
Strains. Infection, Genetics and Evolution, 36, 307-
14. https://doi.org/10.1016/j.meegid.2015.10.009.

Laith, A.A., Ambak, M.A., Hassan, M., Sheriff, S.M.,
Nadirah, M., Draman, A. S., Wahab, W., ....., &
Najiah, M. (2017). Molecular identification and his-
topathological study of natural Streptococcus
agalactiae infection in hybrid tilapia (Oreochromis
niloticus). Veterinary World, 10(1), 101-111. https://
doi.org/10.14202/vetworld.2017.101-111.

Lin, F.P., Lan, R., Sintchenko, V., Gilbert, G.L., Kong,
F., & Coiera, E. (2011). Computational bacterial
genome-wide analysis of phylogenetic profiles
reveals potential virulence genes of Streptococcus
agalactiae. PLoS One, 6(4), e17964.

Lusiastuti, A.M., Seeger, H., Indrawati, A., & Zschöck,
M. (2013). The comparison of Streptococcus
agalactiae isolated from fish and bovine using
multilocus sequence typing. HAYATI Journal of Bio-
sciences, 20(4), 157-162. https://doi.org/10.1371/
journal.pone.0017964.

Lusiastuti, A.M., Textor, M., Seeger, H., Akineden, Ö.,
& Zschöck, M. (2014). The occurrence of Strepto-
coccus agalactiae sequence type 261 from fish dis-
ease outbreaks of tilapia Oreochromis niloticus in
Indonesia. Aquaculture Research, 45(7), 1260-1263.
https://doi.org/10.4308/hjb.20.4.157.

Qazi, M.A., Sherzara, S., Wajid, A., Iqbal, S., Atique,
U., Bibi, R., Maqbool, A., Khan, S.A., Ali, A.,
Hussain, T., & Babar, M.E. (2020). Molecular analy-
sis of Staphylococcus aureus isolated from infected
dairy goats. Thai Journal of Veterinary Medicine,
49(4), 361-367.

Rajagopal, L. (2009). Understanding the regulation of
group B streptococcal virulence factors. Future
Microbiology, 4(2), 201-221. https://doi.org/10.2217/
17460913.4.2.201.

Sheehan, B., Labrie, L., Lee, Y.S., Wong, F.S., Chan, J.,
Komar, C., Wendover, N., & Grisez, L. (2009).
Streptococcal diseases in farmed tilapia. Aqua
Culture Asia Pacific, 5(6), 26-29.

Suhermanto, A., Sukenda S., Zairin Jr., M., Lusiastuti,
A.M., & Nuryati, S. (2019). Characterization of
Streptococcus agalactiae bacterium isolated from
tilapia (Oreochromis niloticus) culture in Indonesia.
Aquaculture, Aquarium, Conservation & Legislation,
12(3), 756-766.

Suwannasang, A., Dangwetngam, M., Issaro, A.,
Phromkunthong, W., & Suanyuk, N. (2014). Patho-
logical manifestations and immune responses of
serotypes Ia and III Streptococcus agalactiae infec-
tions in nile tilapia (Oreochromis niloticus ) .
Songklanakarin Journal of Science Technology, 36(5),
499-506.

Taukhid, T. & Purwaningsih, U. (2011). Penapisan isolat
bakteri Streptococcus spp. sebagai kandidat anti-
gen dalam pembuatan vaksin, serta efikasinya
untuk pencegahan penyakit streptococcosis pada
ikan nila, Oreochromis niloticus. Jurnal Riset
Akuakultur, 6(1), 103-118. https://doi.org/10.15578/
jra.6.1.2011.103-118.

Wang, Z., Guo, C., Xu, Y., Liu, G., Lu, C., &Liu, Y.
(2014). Two novel functions of hyaluronidase from
Streptococcus agalactiae are enhanced intracellular
survival and inhibition of proinflammatory
cytokine expression. Infection and immunity, 82(6),
2615-2625. https://doi.org/10.1128/IAI.00022-14.

Ye, X., Li, J., Lu, M., Deng, G., Jiang, X., Tian, Y., &
Jian, Q. (2011). Identification and molecular typ-
ing of Streptococcus agalactiae isolated from pond-
cultured tilapia in China. Fisheries Science, 7(4), 623-
632. https://doi.org/10.1007/s12562-011-0365-4.

Yi, T., Li, Y.W., Liu, L., Xiao, X.X., & Li, A.X. (2014).
Protection of nile tilapia (Oreochromis niloticus L.)
against Streptococcus agalactiae following immuni-
zation with recombinant FbsA and -enolase.
Aquaculture, 428, 35-40. https://doi.org/10.1016/
j.aquaculture.2014.02.027.


