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Chairman : Mohammad Noor Amal Azmai, PhD
Faculty : Science

Aquaculture is one of the major contributor of economic resources and food
production in Malaysia and tilapia (Oreochromis spp.) was one of the highest
value in import and export market. But the production was reported to decrease
from 51, 554 MT to 35, 996 MT from 2012 to 2016 respectively due to
streptococcosis. Streptococcosis was caused by Streptococcus sp. which is the
etiological agent of diseases in human and animals which could lead to different
pathological effects. It was suggested that the different pathological effects post
infection was caused by genetically distinction of the bacterial strain. Thus, this
study was conducted to determine the molecular serotyping, virulence genes
profiling and pathogenicity of Streptococcus agalactiae isolated from cultured red
hybrid tilapia in Malaysia. A total of 256 isolates of S. agalactiae, isolated from
fish in Peninsular Malaysia. Genotype of the bacterial collections was
determined using PCR based on the capsular polysaccharide gene clusters and
multilocus sequence typing. Subsequently, two serotypes were identified, which
were 11% and 89% for serotype la ST7 and |l ST283, respectively. The profiles
of virulence genes were constructed using m-PCR with different types of the
various published primers involving 14 standard virulence genes (fbsA, fbsB,
pavA, scpB, Imb, cylE, cfb, spb1, hylB, rib, bca, bac, cspA and pbp1A/ponA).
Serotype la showed different pattern of virulence genes profile compared to
serotype lll, where it lacked the Imb, scpB, pavA, fbsB, cyl, bca, cspA and bac
genes, thats differentiated the virulence level of the serotype. Median lethal dose
50 (LDso) of S. agalactiae in red hybrid tilapia for serotypes la and Ill were
calculated at 8.7 x 103 CFU/mL and 6.3 x 103 CFU/mL, respectively. There was
no significant difference (p > 0.05) between the rate of mortality of red hybrid
tilapia for both serotypes following intraperitoneal challenge. Histopathological



lesions included meningitis, necrosis of hepatocytes, coagulative tubular
necrosis and hypocellular of spleen. Histopathological scoring and independent
t-test showed that there was the significant difference (p < 0.05) between all
lesions in brain, liver (except hepatonecrotic), and spleen but not in kidney.
Streptococcus agalactiae serotype la ST7 showed severe lesions in all organs
compared to S. agalactiae serotype Il ST283. This study concluded that there
were two serotypes (la and Ill) of S.agalactiae isolated from cultured red hybrid
tilapia in Malaysia so far. Moreover, different serotypes of S. agalactiae consisted
of different virulent characteristics. Red hybrid tilapia was susceptible to both
serotypes following intraperitoneal challenge. Serotype la showed higher LDso
compared to serotype lll, but not significant (p > 0.05) in term of cumulative
mortality.

Keywords: Streptococcus agalactiae, molecular serotyping, virulence gene,
pathogenicity.
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Akuakultur ialah salah satu dari sumber ekonomi dan penghasilan makanan di
Malaysia dan Tilapia (Oreochromis spp.) adalah salah satu penyumbang
tertinggi dalam pasaran import dan eksport. Walaubagaimanapun, penghasilan
tilapia dilaporkan telah menurun dari 51, 554 MT ke 35, 996 MT pada 2012 ke
2016. disebabkan oleh Streptococcosis. Streptococcosis berpunca dari
Streptococcus sp. iaitu ejen etiologi bagi penyakit manusia dan haiwan. Hal ini
dicadangkan bahawa kesan patologi yang berbeza selepas jangkitan
disebabkan oleh perbezaan genetik bagi jenis bakteria. Oleh itu, kajian ini
dilakukan untuk menentukan penentuan serotipe molekular, profil gen virulen
dan analisis patogenisiti Streptococcus agalactiae yang dipencil dari ikan tilapia
merah di Malaysia. Sebanyak 256 sampel S. agalactiae dari Semenanjung
Malaysia telah digunakan dalam kajian ini. Genotip bakteria telah ditentu
menggunakan kaedah tindak balas rantai polimer berdasarkan penentuan
serotipe molekular dari kumpulan gen polisakarida kapsul dan jenis urutan
multilokus di mana dua jenis serotipe telah ditemukan iaitu 11% dan 89% untuk
serotipe la ST7 dan Il ST283. Profil gen virulen telah dibina menggunakan
kaedah m-PCR berdasarkan primer yang berbeza melibatkan 14 gen virulen
stardard (fbsA, fbsB, pavA, scpB, Imb, cylE, cfb, spb1, hylB, rib, bca, bac, cspA
dan pbp1A/ponA). Serotip la menunjukkan corak yang berbeza berbanding
serotipe Il dimana ianya tiada gen Imb, scpB, pavA, fbsB, cyl, bca, cspA dan
bac gen, yang membezakan tahap kevirulenan kedua-dua serotipe. Dos
kematian 50 (LDso) bagi serotipe la ialah 8.7 x 10® CFU/ml manakala 6.3 x 103
CFU/ml bagi serotipe Ill. Tiada perbezaan bermakna antara kematian
disebabkan oleh serotipe la dan Ill (p > 0.05). Perubahan histopatologi termasuk
meningitis, nekrosis sel hepatosit, nekrosis koagulan dengan sitoplasma merah
dan hiposel dalam limpa. Penilaian keterukan lesi histopatologi dan analisis t-



test telah merekod perbezaan yang bermakna (p < 0.05) pada lesi otak, hati
(kecuali hepatonekrotik), dan limpa tetapi tidak bermakna pada ginjal. Kajian ini
merumuskan yang terdapat dua serotipe (la dan lll) S. agalactiae yang dipencil
dari ikan tilapia hibrid merah di Malaysia setakat ini. Tambahan pula, serotipe
yang berbeza mempunyai karakter virulensi yang berbeza. lkan tilapia hibrid
merah juga mudah dijangkiti oleh kedua-dua serotipe menggunakan kaedah
intraperitoneal. Serotipe la menunjukkan kadar LDso yang tinggi berbanding
serotipe lll, tetapi tidak bermakna dari segi kumulatif kadar kematian.

Kata kunci: Streptococcus agalactiae, penentuan serotipe molekular, gen
virulen, kepatogenan.
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CHAPTER 1

INTRODUCTION

11 Background of study

Aquaculture is one of the biggest industry in Malaysia and ranked top 15 world
producer in 2014 with estimated production is 521, 000 tones (FAO, 2016). It
was reported that aquaculture 8.9% of total national agriculture domestic product
(GDP) which created an estimated 1, 753, 900 million jobs for Malaysian (DOMS,
2016).

However, the progressive effort in development of this sector lead to several
effects such as fish stock depletion, national environmental issues, media
influences on spreading false information, non-compliance towards halal
aquaculture, and diseases that affected cultured fish (Fathi et al., 2018). One of
the highest contributor in local import and export market is tilapia (Oreochromis
spp.). Tilapia (Oreochromis spp.) was the second highest harvested freshwater
fish in Malaysia with a total production of 35,996 metric tons (MT) in 2016 (DOF,
2018). The first and third highest were recorded for catfish (Clarias spp.) and
striped catfish (Pangasianodon spp.) with a total production of 50,534 MT and
13,914 MT, respectively.

The wholesale value of tilapia was highest at RM 259 million, followed by catfish
and striped catfish, at RM 208 million and RM 138 million, respectively. These
values significantly indicated that tilapia farming is among the important
aquaculture industry in this country (DOF, 2018). It was reported by DOF (2018)
that the total production of tilapia was decreased due to several factors especially
streptococcosis. In Malaysia, streptococcosis was the caused by Streptococcus
agalactiae and S. iniae (Zamri-Saad et al., 2014).

Streptococcus agalactiae is a Gram-positive bacterium that associated with
severe invasive diseases to human and animals. It is a type of bacteria that can
cause diseases in aquatic animals, especially fish as well as mammals and
reptiles (Amal and Zamri-Saad, 2011). It was reported that S. agalactiae strains
can be haemolytic or non-haemolytic (Wang et al., 2013).

The common clinical signs and gross lesions showed by fish when infected by
this pathogen including exophthalmia, lethargy, intraocular hemorrhage,
opaqueness in cornea and classic manifestation of brain infection (Wang et al.,
2013). The clinical signs showed by tilapia infected by S. agalactiae can cause



lesion which could be characterized by curvature of the spinal cord, stiffness and
bleeding at the base of the fins (Asencios et al., 2016). Streptococcus agalactiae
infection can cause mortality due to chronic infection and some cases can be
categorized as severe acute infection (Pretto-Giordano et al, 2010;
Kayansamruaj et al., 2014).

Several potential control and prevention measures of streptococcosis has been
suggested by Zamri-Saad et al. (2014) such as selection of hatcheries, treatment
of water supply and fish fry, antibiotics and vaccinations. Apart from all
suggested prevention which is focusing on the fish management only, the study
of the pathogen itself are also important to determine the reason of infection. Yet,
there were lack of genetic information of Streptococcus sp. reported in Malaysia.

The genomic study is a must for the development of effective vaccine for
streptococcosis prevention. In studying epidemiology of S. agalactiae, knowing
the genetic variation is important to verify the distinct strain, serotype and
sequence type of the species. Molecular serotyping through polymerase chain
reaction (PCR) and sequencing of serotype-specific gene fragment within
capsular polysaccharide (cps) genes are among the excellent methods in
studying epidemiology of this bacteria (Manning et al., 2005). Generally,
serotypes are groups within a single species of microorganisms, such as bacteria
or virus, which share distinctive surface structures while cps gene is the gene
that is related to virulence characteristics of the bacteria (Berridge et al., 2001).

Molecular serotyping of S. agalactiae can be discriminated based on two
methods, which are based on cps serotyping and multilocus sequence typing
(MLST) methods (Versalovic et al., 2002; Imperi et al., 2010; Yildirim et al., 2011;
Kannika et al.,2017). The molecular typing for S. agalactiae is determined by the
detection of antigenic structure, cps gene clusters using 19 specific primers
(Imperi et al., 2010). Streptococcus agalactiae has 10 different capsular
serotypes which are la, Ib, and Il-IX (Yao et al., 2013; Li et al.,, 2014;
Kayansamruaj et al., 2014; Kannika et al., 2017). Group B Streptococcus (GBS)
generally produced one of the 10 antigenically distinct cps, which are thought to
play a key role in its virulence. In addition, the cps gene is a major virulence
factor in invasive disease caused by S. agalactiae (Chideroli et al.,2017).

Besides, MLST is another reliable approach in studying the epidemiology and
molecular typing of bacterial species. MLST produced accurate and portable
data in the study of evolutionary and population biology (Urwin and Maiden,
2003). Apart of studying the extracellular antigen, MLST is the study of
unambiguous sequence-based typing method which aiming at the variation
targeted housekeeping genes that usually of about 500 bp in size (Tien et al.,
2011). Streptococcus agalactiae consists of 1349 sequence type (ST) around
the world (PubMLST, 2019) while the common ST found in Asia such as China
and Singapore were the ST7, ST10, ST19, ST283 and ST485 (Kalimuddin et al.,
2017; Wang et al., 2018).



The genotypic characterization for constructing virulence genes profile of S.
agalactiae is based on 14 virulence genes found in human isolates, which
includes fbsA (the fibrinogen-binding protein FbsA), fbsB (the fibrinogen-binding
protein FbsB), pavA (a fibrinogen-binding protein), scpB (C5a peptidase), Imb
(laminin-binding protein), cylE (B-haemolysin/cytolysin), cfb (CAMP factor), spb1
(haemolysin 1ll), hylB (hyaluronate lyase), rib (the surface protein rib), bca (C-a
protein), bac (C-B protein), cspA (the serine protease cspA), and pbp1A/ponA
(penicilin-binding protein A) (Lin et al., 2011). By conducting multiplex PCR
analysis, the virulence genes profile can be categorized under three virulence
gene categories, which are adhesins, invasins and immune evasins (Willis and
Whitfield, 2013; Laczeski et al., 2014).

Each of the virulence gene carries different roles in pathogenicity in the host after
infection of the organism. GBS infection can be determined by the virulence
factor encoded by these virulence genes including cps gene clusters (Hannoun
et al., 2009). For example, the bca gene coding for Alpha-C protein, a surface
protein that helps the bacteria to enter the host cells (Sadowi et al., 2010). Each
group of virulence gene plays different role where (1) adhesin promotes the
adhesion of bacteria to the host cell surface, (2) invasins allow the adhesive
bacteria to cross the mucosal and the blood-brain barrier and (3) immune
evasins facilitate escape from host immunity. Usually, pathogenicity analysis
was conducted to prove the correlation between serotype and virulence of
bacteria by conducting the challenge test of S. agalactiae infection on the
susceptible fish (Kannika et al., 2017).

1.2 Problem statements

Freshwater aquaculture, especially tilapia farming is one of the major contributor
of food source in Malaysia. However, streptococcosis has been emerged as an
important disease in this industry and resulted to enormous economic losses
(Yanong et al., 2010; Amal and Zamri-Saad, 2011). Nevertheless,
streptococcosis also escalate the food insecurity and might possibly harm the
health of the consumers. As the genetic information of S. agalactiae isolates is
still lacking in Malaysia, the molecular research can give a beneficial information
to solve this problem. Moreover, it was realized that S. agalactiae have several
strains with different ST and antigenic properties. Besides, by studying the
genetic materials of different strain of the isolates, the comparison of virulence
level and infection causes by particular strain can be compare by conducting the
bacterial challenge to the host animal. Hence, the molecular epidemiology
studies of S. agalactiae is needed to provide bacterial information towards the
future vaccine strategy for tilapia farming.



1.3 Objectives

The objectives of this present study are;

1. To identify the molecular serotyping of Streptococcus agalactiae
isolates from cultured hybrid tilapia in Malaysia based on capsular
polysaccharide (cps) genes and multilocus sequence typing (MLST).

2. To determine the virulence genes profiing of Streptococcus
agalactiae based on the standard virulence genes found in human.

3. To investigate the pathogenicity of Streptococcus agalactiae serotype
la ST7 and Ill ST283 in red hybrid tilapia (Oreochromis niloticus x O.
mossambicus).
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