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Outbreak of Streptococcus agalactiae infection in fish was first reported in Malaysia
in late 1990s in Pahang river, Pahang, affecting floating net cage-cultured red tilapia
(Oreochromis sp.). Since then, outbreaks of S. agalactiae infection in tilapia have
been widespread, covering almost all parts of Peninsular Malaysia. Presently, S.
agalactiae infection has become a leading disease that has severe economic impact
to the tilapia farming industry not only in this country but all over the world.
Therefore, concrete understanding on the epidemiology of this disease is essential in
order to control and prevent the infection. This study was conducted to understand
the prevalence, clinical signs and pathological changes, risk factors from water
quality and transmissions of S. agalactiae in the red hybrid tilapia (Oreochromis

sp.) floating net cage culture system.
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The prevalence of S. agalactiae in red hybrid tilapia cultured in different types of
water bodies was investigated for a period of 24 months. The study was conducted at
five types of water bodies consisting of two huge-sized reservoirs (Kenyir Lake,
Terengganu and Pedu Lake, Kedah), a moderate-sized Terengganu river with four
sampling sites along the river (Beladau Selat, Beladau Kepong, Pantai Ali and Kuala
Kejir, Terengganu), a small-sized pond (Jitra, Kedah), a small-sized irrigation canal

(Kodiang, Kedah) and a small-sized ex-mining pool (Pantai Kamloon, Penang).

This study involved monthly sampling of 30 red hybrid tilapias for bacterial
isolations, measurement of water quality such as water temperature, dissolved
oxygen and pH by using hand-held YSI meter (YSI Incorporated, USA) and ammonia,
iron, nitrite and sulfide by using spectrophotometers (HACH Company, USA). For
water flow, water clarity and depth at culture sites, the readings were measured using
a current water meter (Global Water, California), Secchi disc and ultrasonic depth
sensor (Speedtech Instrument, USA), respectively. All of the measurements were
taken at 1 m deep involving four consistent sampling points within and surrounding

the cages.

With regard to the type of water bodies, the mean prevalence of red hybrid tilapia
that were cultured positive to S. agalactiae was significantly higher (p<0.05) in huge-
sized with very slow water flow (0.006+0.003 cm/s) reservoirs (12.49+19.84%),
compared to moderate-sized with moderate water flow (0.25+0.24 cm/s) Terengganu
river (2.60+6.25%), small-sized with very slow water flow (2.78-77+0.0 ¢m/s) pond
(0.69+2.77%), small-sized with fast water flow (0.26+0.08 cm/s) irrigation canal

(0.28+0.94%) and small-sized with very slow water flow (2.787+0.00 cm/s) ex-
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mining pool (0.17+0.82%). There was a significant positive correlation between the
isolation of S. agalactiae and red hybrid tilapia mortalities (r=0.7140, p<0.05) and
water temperature (r=0.5444, p<0.05) in Pedu Lake. Infections by S. agalactiae
showed significant positive correlation to affect red hybrid tilapias of the size between
10 and 30 cm in length (r=0.6023, p<0.05). The overall mean rate of water flow from
all sampling sites showed non significant negative correlation with the prevalence of
red hybrid tilapia that cultured positive to S. agalactiae (r=-0.2645, p>0.05). There
was also a significant positive correlation (r=0.9312, p<0.05) between isolations of S.
agalactiae and mortalities of red hybrid tilapias in Pedu Lake, in the presence of
Staphylococcus spp. The results indicate that the water temperature, rate of water
flow, size of fish and the presence of other bacterial influence the prevalence of S.

agalactiae in cultured red hybrid tilapia.

The organs of red hybrid tilapias naturally infected by S. agalactiae were examined
for pathological changes, including histopathology. Affected red hybrid tilapias
showed consistent gross findings of congestion of internal organs, particularly the
livers, spleens and kidneys. Other features included exophthalmos, softening of the
brains and occasional accumulation of fluid within the abdominal cavity. Microscopic
examination revealed swollen endothelial cells that lined the major blood vessels of
livers and occasionally spleens leading to extensive infarction, while bacterial
colonies were observed within and immediately surrounding the affected blood
vessels. The meninges were thickened by the infiltration of numerous heterophils.
Similar infiltrations of heterophils and lymphocytes were observed in the lamina

propria of intestine. The kidneys were severely congested and haemorrhagic, with
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extensive interstitial nephritis. The lesion pattern suggested an acute systemic

infection.

The effect of water quality on the presence of S. agalactiae in cultured red hybrid
tilapias was only done in reservoirs and river, due to the significant isolation of the
pathogen in these water bodies. There were significant differences (p<0.05) in water
quality between lakes and river in terms of depth at culture sites, iron, ammonia, pH,
sulfide, temperature, water clarity and dissolved oxygen. There were no significant
differences (p>0.05) in iron, ammonia and nitrite levels along the river but
significant differences (p<0.05) were recorded for the pH, water clarity, sulfide and
dissolved oxygen concentration. Furthermore, the river water temperature at two
upstream sites was not significantly (p>0.05) lower than downstream. This study
revealed significant positive correlation (r>0.5000; p<0.05) between certain water
quality parameters and the presence of S. agalactiae, particularly the pH,
temperature, clarity and dissolved oxygen in both lakes. While in river, water quality
parameters such as iron, ammonia, nitrite, pH, temperature, clarity and dissolved
oxygen were observed to have a significant positive correlation with the presence of
S. agalactiae. The results suggest that different type of water bodies and location of
culture sites can affect water quality, creating stressed environment and increased

the presence of S. agalactiae in cultured red hybrid tilapia.

The phenomenon on the significance of high water temperature in reservoirs and
their effect to the cultured red hybrid tilapia to S. agalactiae infection was also
investigated. Readings for water temperature and dissolved oxygen at 1 m intervals

were collected in situ by using a hand-held YSI meter (YSI Incorporated, USA) for up



to 20 m deep, at four consistent sampling points within and surrounding the cages.
In Kenyir Lake, the high water temperature column (=29°C) was mostly noted at
between 0 and 8 m depth, particularly between April and November 2007 and 2008.
However, in Pedu Lake, the high water temperature (=29°C) for up to 8 m deep was
recorded between April to September 2007 and 2008. Dissolved oxygen profiling in
both lakes, however, remained high at >5 mg L for up to 8 m deep, except for
October 2007 in Kenyir Lake and April 2008 in Pedu Lake. Analysis of water quality
parameters in Kenyir Lake revealed a significant positive correlation between water
clarity (r=0.8823, p<0.05) and the prevalence of S. agalactiae. Significantly, water
temperature also showed a negative correlation with water flow (r=-0.8584, p<0.05)
and a positive correlation with water clarity (r=0.7510, p<0.05). Therefore,
combinations of high water clarity, slow water flow and hot months increased the
water temperature for up to 8 m deep in both reservoirs. Since red hybrid tilapias
were cultured for up to +4 m deep, this phenomenon created stressful condition and

increased their susceptibility to S. agalactiae.

Transmission of S. agalactiae in red hybrid tilapias from a hatchery to a newly
established farm was studied in a batch of newly hatched fry. Between 30 and 200
samples of newly hatched fry, fingerlings and adults of red hybrid tilapia, together
with ten samples of water at 1 m deep and sediment were collected from a fish
hatchery and farm at 15- and 30-day intervals for bacterial isolation, according to a
published method in literature. Results revealed that 20% of water samples, collected
on day 30 and 6.7% fingerlings from hatchery, collected on day 75 were positive to S.
agalactiae. Following transfer of the fry to the farm, 3.3% fish that were sampled on

days 180 and 210 were positive to S. agalactiae, while on day 270, 20% of water



samples from the farm were positive to S. agalactiae. Random Amplified
Polymorphic DNA (RAPD-PCR) and Repetitive Polymerase Chain Reaction (REP-
PCR) genotyping of the S. agalactiae isolates revealed no genetic diversity. This
proved that the bacterial transmission was likely to occur during the fish and water
transfer from the hatchery into the farm, while the bacterial probably originated

from the environment of the hatchery and nearby irrigation canal.

In conclusion, the study demonstrated that combinations of water body, poor water
quality, sizes of fish and the presence of other bacterial species affect the prevalence
of S. agalactiae in the cultured red hybrid tilapia. The red hybrid tilapia that
naturally infected by S. agalactiae also showed an acute systemic infection and the
bacterial transmissions occurred during the introduction of fish and water from

hatchery into the farm.
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Wabak jangkitan Streptococcus agalactiae terhadap ikan telah dilaporkan buat
pertama kalinya di Malaysia pada lewat 1990an di Sungai Pahang, Pahang. Ia
melibatkan jangkitan ikan tilapia merah (Oreochromis sp.) yang diternak di dalam
sangkar jaring terapung. Sejak itu, wabak jangkitan S. agalactiae ke atas ikan tilapia
telah merebak, meliputi sebahagian besar Semenanjung Malaysia. Kini, jangkitan S.
agalactiae telah menjadi penyakit utama yang memberi impak ekonomi yang teruk
terhadap ternakan ikan tilapia bukan saja di dalam negara, malah di seluruh dunia.
Oleh itu, pemahaman menyeluruh terhadap epidemiologi penyakit ini amat penting
dalam usaha untuk mengawal dan menghalang jangkitan. Kajian ini dijalankan
untuk memahami prevalens, tanda klinikal dan perubahan patologi, faktor risiko
dari aspek kualiti air dan sebaran jangkitan S. agalactiae terhadap ikan tilapia
merah hibrid (Oreochromis sp.) yang diternak di dalam sistem sangkar jaring

terapung.
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Prevalens S. agalactiae pada ikan tilapia merah hibrid yang diternak di dalam
pelbagai jenis badan air telah dikaji selama 24 bulan. Kajian telah dijalankan ke atas
lima jenis badan air yang berbeza meliputi empangan yang bersaiz sangat besar
(Tasik Kenyir, Terengganu dan Tasik Pedu, Kedah), Sungai Terengganu, Terengganu,
yang bersaiz sederhana dan mempunyai empat tempat kajian di sepanjang sungai
(Beladau Selat, Beladau Kepong, Pantai Ali and Kuala Kejir, Terengganu), kolam
yang bersaiz kecil (Jitra, Kedah), terusan pengairan yang bersaiz kecil (Kodiang,

Kedah) dan bekas lombong yang bersaiz kecil (Pantai Kamloon, Pulau Pinang).

Kajian melibatkan persampelan pada setiap bulan ke atas 30 ekor ikan untuk
pemencilan bakteria, pengukuran kualiti air seperti suhu, oksigen terlarut dan pH
dengan menggunakan meter YSI mudah alih (YSI Incorporated, USA), dan amonia,
besi, nitrit dan sulfida dengan menggunakan spektrofotometer (HACH Company,
USA). Pengukuran kadar pengaliran air, tahap kejernihan dan kedalaman air di
setiap tempat kajian telah dilakukan dengan menggunakan meter arus (Global
Water, California), disk Secchi dan sensor kedalaman ultrasonik (Speedtech
Instrument, USA). Pengukuran air telah dijalankan pada tahap kedalaman 1 m pada
empat tempat berbeza yang konsisten, di dalam dan kawasan yang melingkungi

sangkar.

Dengan merujuk kepada jenis badan air, purata ikan tilapia merah hibrid yang
dikultur positif S. agalactiae adalah tinggi secara signifikan (p<0.05) di empangan
(12.49+19.84%) yang bersaiz sangar besar tetapi kadar pengaliran air yang sangat
rendah (0.006+0.003 cm/s) berbanding sungai (2.60+6.25%) yang bersaiz

sederhana dan kadar pengaliran air sederhana (0.25+0.24 cm/s), kolam
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(0.69+2.77%) yang bersaiz kecil dan kadar aliran air yang sangat rendah (2.78-17+0.0
cm/s), terusan pengairan (0.28+0.94%) yang bersaiz kecil dan aliran air yang laju
(0.26+0.08 cm/s) dan bekas lombong (0.17+0.82%) yang bersaiz kecil dan kadar
aliran air yang sangat rendah (2.787+0.00 cm/s). Terdapat hubungan positif dan
signifikan di antara pemencilan S. agalactiae dengan kematian ikan tilapia merah
hibrid (r=0.7140, p<0.05) dan suhu air (r=0.5444, p<0.05) di Tasik Pedu. Jangkitan
S. agalactiae menunjukkan hubungan signifikan dan positif ke atas ikan bersaiz di
antara 10 hingga 30 cm (r=0.6023, p<0.05). Secara amnya, purata kadar aliran air
dalam semua jenis badan air menunjukkan hubungan negatif tetapi tidak signifikan
dengan kadar ikan tilapia merah hibrid yand dikultur positif S. agalactiae (r=-
0.2645, p>0.05). Terdapat juga hubungan positif dan signifikan (r=0.9312, p<0.05)
di antara pengasingan S. agalactiae dan kematian ikan tilapia merah hibrid di Tasik
Pedu, dengan kehadiran Staphylococcus spp. Keputusan kajian menunjukkan suhu
air, kadar aliran air, saiz ikan dan kehadiran bakteria lain mempengaruhi kadar

prevalens S. agalactiae dalam ikan tilapia merah hibrid yang diternak.

Organ ikan tilapia merah hibrid yang dijangkiti S. agalactiae secara semulajadi telah
diperiksa untuk melihat perubahan patologi, termasuk histopatologi. Ikan terjangkit
menunjukkan lesi mata kasar yang konsisten, iaitu kesebakan organ dalaman,
terutama hati, limpa dan buah pinggang. Penemuan lain termasuk exopthalmos,
kelembutan tisu otak dan kadang-kadang pengumpulan cecair di dalam rongga
badan ikan. Pemeriksaaan mikroskopik mendedahkan pembengkakan sel
endothelium yang membarisi saluran darah utama hati dan kadang-kadang limpa
menjurus kepada infarksi, manakala koloni bakteria dapat dilihat di dalam dan

disekeliling salur darah terlibat. Selaput otak (meningis) menebal disebabkan



pengumpulan sel heterofil yang banyak. Pengumpulan sel heterofil dan limfosit yang
serupa juga dilihat di dalam lamina propria usus. Ginjal menunjukkan kesebakan
dan pendarahan yang teruk serta radang interstitium. Corak lesi melambangkan

jangkitan sistemik yang akut.

Kesan kualiti air terhadap kehadiran S. agalactiae pada ikan tilapia merah hibrid
hanya difokuskan kepada tasik dan sungai, disebabkan pengasingan bakteria yang
signifikan daripada kedua-dua badan air tersebut. Terdapat perbezaan kualiti air
yang signifikan (p<0.05) di antara tasik dan sungai, khususnya ke atas kedalaman
tempat ternakan, tahap besi, amonia, pH, sulfida, suhu, kejernihan air dan oksigen
terlarut. Perbezaan tidak signifikan (p>0.05) dalam air sungai melibatkan besi,
amonia dan nitrit manakala perbezaan signifikan (p<0.05) direkodkan terhadap pH,
kejernihan air, sulfida dan kepekatan oksigen terlarut. Selanjutnya, suhu air di dua
tempat di hulu sungai adalah lebih rendah tetapi tidak signifikan (p>0.05)
berbanding muara sungai. Kajian di tasik mendedahkan hubungan positif dan
signifikan (r>0.5000; p<0.05) di antara beberapa parameter kualiti air dengan
kehadiran S. agalactiae. Ini termasuk pH, suhu, kejernihan dan oksigen terlarut. Di
sungai, parameter kualiti air seperti besi, amonia, nitrit, pH, suhu, kejernihan dan
oksigen terlarut turut menunjukkan hubungan positif dan signifikan dengan
kehadiran S. agalactiae. Keputusan kajian menunjukkan jenis badan air dan lokasi
tempat ternakan mempengaruhi kualiti air, menyebabkan persekitaran tertekan dan
meningkatkan kehadiran S. agalactiae dalam ikan tilapia merah hibrid yang

diternak.
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Fenomena suhu air yang tinggi dan signifikan di empangan dan kesannya ke atas
ikan tilapia merah terjangkit S. agalactiae telah disiasat. Bacaan suhu air dan
oksigen terlarut diambil di tempat kajian dengan menggunakan meter YSI mudah
alih (YSI Incorporated, USA) sehingga kedalaman 20 m pada empat tempat berbeza
yang konsisten, di dalam dan kawasan melingkungi sangkar. Di Tasik Kenyir, kolum
suhu air yang tinggi (=29°C) dicatatkan pada kedalaman di antara o hingga 8 m,
khususnya di antara bulan April dan November 2007 dan 2008. Walau
bagaimanapun, di Tasik Pedu, suhu air yang tinggi (=29°C) sehingga kedalaman 8 m
telah direkodkan di antara bulan April sehingga September 2007 dan 2008. Profil
oksigen terlarut, bagaimana pun, kekal tinggi pada >5 mg L sehingga kedalaman 8
m, kecuali pada Oktober 2007 di Tasik Kenyir dan April 2008 di Tasik Pedu. Analisa
parameter kualiti air di Tasik Kenyir menunjukkan hubungan positif dan signifikan
di antara kejernihan air (r=0.8823, p<0.05) dan kadar kehadiran S. agalactiae.
Secara signifikan, suhu air menunjukkan hubungan negatif dengan kadar aliran air
(r=-0.8584, p<0.05) dan hubungan positif dengan kadar kejernihan air (r=0.7510,
p<0.05). Oleh kerana itu, kombinasi kejernihan air yang tinggi, aliran air yang
rendah dan bulan panas meningkatkan suhu air sehingga kedalaman 8 m di kedua-
dua empangan. Memandangkan ikan tilapia merah hibrid diternak sehingga
kedalaman +4 m, fenomena ini menghasilkan keadaan tertekan dan meningkatkan

kerentanan ikan terhadap S. agalactiae.

Sebaran S. agalactiae pada ikan tilapia merah hibrid dari pusat penetasan hingga ke
ladang yang baru ditubuhkan telah dikaji, melibatkan satu kumpulan rega ikan
tilapia merah hibrid yang baru menetas. Antara 30 sehingga 200 sampel rega yang

baru menetas, anak benih dan ikan dewasa tilapia merah hibrid, bersama 10 sampel
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air pada kedalaman 1 m dan mendapan telah diambil dari pusat penetasan dan
ladang pada setiap selang 15 dan 30 hari untuk pemencilan bakteria, berdasarkan
daripada kaedah kajian lepas. Keputusan menunjukkan 20% sampel air, yang
diambil pada hari ke 30 dan 6.7% anak benih dari pusat penetasan, yang diambil
pada hari ke 75 telah positif S. agalactiae. Selepas dipindahkan ke ladang, 3.3% ikan
tilapia merah hibrid yang disampel pada hari ke 180 dan 210 telah positif S.
agalactiae, manakala pada hari ke 270, 20% sampel air juga telah positif S.
agalactiae. Penggunaan kaedah genotip Amplifikasi Polimorfik DNA secara Rawak
(RAPD-PCR) dan Reaksi Rantai Polymerase Berulang-ulang (REP-PCR) ke atas
isolat S. agalactiae yang dipencil dalam kajian ini menunjukkan tiada perbezaan
genetik. Ini membuktikan bahawa sebaran bakteria telah berlaku semasa
pemindahan ikan dan air dari pusat penetasan ke ladang ternakan, manakala
bakteria ini mungkin berasal dari persekitaran pusat penetasan dan terusan

pengairan yang berdekatan.

Pada kesimpulannya, kajian ini menunjukkan bahawa kombinasi badan air, tahap
kualiti air yang teruk, saiz ikan dan kehadiran bakteria lain mempengaruhi prevalens
S. agalactiae pada ikan tilapia merah hibrid yang diternak. Ikan tilapia merah hibrid
yang dijangkiti S. agalactiae secara semulajadi menunjukkan jangkitan sistemik
yang akut dan penyebaran bakteria telah berlaku semasa pemindahan ikan dan air

dari pusat penetasan ke ladang.
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CHAPTER 1

GENERAL INTRODUCTION

Streptococcus spp. are catalase negative, Gram-positive cocci bacteria with the size
between 0.5 to 2.0 um. Streptococcus can be isolated from fresh, brackish and
marine water, while that can be either o-, - or non-haemolytic (Evans et al., 2002).
Traditional classification of Streptococci has been based on the carbohydrate
antigens of the cell wall (Lancefield, 1933) and on their haemolytic activities (Evans
et al., 2002). Streptococcus spp. had been successfully isolated from a wide range of
host including human, mice, cats, dogs, hamster, camels, frogs, reptiles (Elliot et al.,
1990), nutrias (Wibawan et al.,, 1993), monkey (Lammer et al., 1998), horses
(Yildirim et al., 2002), bovines (Wibawan et al., 1991), whales (Buck et al., 1989),
dolphin (Evans et al., 2006a), seals (Henton et al., 1999), porpoises (Swenshon et al.,

1998) and fish (El Aamri et al., 2010).

Streptococcosis is a septicaemic disease that is caused by infection of Streptococcus
sp- In fish, streptococcosis was initially reported in April 1957 by Hoshina et al.
(1958) involving rainbow trout (Oncorhynchus mykiss) farmed in the Shizouka
Prefecture in Japan. Later, Robinson and Meyer (1966) reported two epizootics from
a private fish hatchery in United States, both involving infections of golden shiner
(Notemigonus crysoleucas) with Streptococcus, while Plumb et al. (1974)
successfully isolated Streptococcus sp. from over 50% of the diseased fish during an
epizootic in estuarine bays along the Florida, Alabama and Gulf Coast of Mexico in

the United States in 1972.



Since then, streptococcosis had been reported to infect a wide range of captive and
wild fish in freshwater, marine and estuarine environments. The infected fish include
hybrid tilapia, (Oreochromis niloticus x O. aureus) (Al-Harbi, 1994), rainbow trout,
(Oncorhynchus mykiss) (Eldar et al., 1999a), red drum, (Sciaenops ocellatus) (Eldar
et al.,, 1999b), gilthead sea bream, (Sparus aurata), European sea bass,
(Dicentrarchus labrax) (Zlotkin et al., 1998), barramundi, (Lates calcarifer)
(Bromage et al., 1999; Bromage and Owens, 2002), Japanese flounder, (Paralichthys
olivaceus) (Nguyen et al., 2002), lined piggy, (Pomadasys stridens) and lizard fish,
(Synodus variegates) (Colorni et al., 2002), seabream, (Sparus auratus) and wild
mullet, (Liza klunzingeri) (Evans et al., 2002), silver pomfret, (Pampus argenteus)
(Duremdez et al., 2004) and red hybrid tilapia, (Oreochromis niloticus) (Najiah et

al., 20009; Ali et al., 2010).

Recently, streptococcal disease in tilapia has become an increasing problem and is
among the leading diseases that causes severe economic impact to tilapia farming
industry (Shoemaker and Klesius, 1997). The estimated economic impact of S.
agalactiae and S. iniae infections in tilapia is likely to exceed USD 250 million
annually (Klesius et al., 2008), while according to Evans et al. (2006b), S. agalactiae
had been noted as one of the major tilapia pathogens among streptococcal species

that affect the fish.

Reports on S. agalactiae infection on tilapia had been noted worldwide, including
Malaysia (Salvador et al., 2005; Suanyuk et al., 2005, 2008; Garcia et al., 2010a,b;
Mian et al., 2009; Najiah et al., 2009; Ali et al., 2010). In Malaysia, infection by this
pathogen on tilapia has been widespread, covering almost all over Peninsular
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Malaysia (Amal, 2007; Siti-Zahrah et al., 2004, 2005, 2009; Zulkafli et al., 20009;
Najiah et al., 2009; Nur-Nazifah et al., 2009; Ali et al., 2010). Mortality rates were
significantly higher during April to September, which was the most critical month of
the year (Siti-Zahrah et al., 2009), affecting tilapias weighing between 100 and 300 g

(Zulkafli et al., 2009).

There is still no comprehensive study, data or information on the epidemiology of S.
agalactiae infection on red hybrid tilapia (Oreochromis sp.), which is widely
cultured in various types of water bodies all over the world. In addition, the clinical
signs, pathology and pathogenesis of S. agalactiae infection in red hybrid tilapia
remained poorly understood. Furthermore, the water quality had been suspected to
play a role on the susceptibility of red hybrid tilapia to streptococcus infection but
was not deeply studied. Most of previous researches focused on certain water quality
parameters under experimental trial, whereas the influence under true field
condition with a combination of stressors from the various water quality parameters
had not been studied. Similarly, the sources of S. agalactiae in red hybrid tilapia
farm should also be deeply investigated to take an early approach to control and

prevent the transmission of this pathogen.

Therefore, the objectives of this study were:

1. To determine the prevalence of S. agalactiae in red hybrid tilapia
(Oreochromis sp.) kept in different types of water bodies under floating net
caged culture system.

2. To determine the clinical signs and pathological changes of red hybrid tilapia

(Oreochromis sp.) naturally infected by S. agalactiae.
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3. To determine the effect of water quality on the presence of S. agalactiae in red
hybrid tilapia (Oreochromis sp.).

4. To investigate the effect of water thermocline and dissolved oxygen profiling
in lakes on the prevalence of S. agalactiae in red hybrid tilapia (Oreochromis
Sp.).

5. To investigate the possible sources of S. agalactiae in red hybrid tilapia

(Oreochromis sp.) farms.

The hypothesis is that the water temperature, rate of water flow, size of fish and the
presence of other bacterial species affect the prevalence of S. agalactiae in red hybrid
tilapia (Oreochromis sp.). The red hybrid tilapias that are naturally infected by S.
agalactiae show peculiar pathological changes slightly different from those observed
under experimental infection since many water quality parameters such as water
temperature, water flow, conductivity, dissolved oxygen, pH, water turbidity, un-
ionized ammonia, iron, nitrite and sulfite play important role as stressor and risk
factors that increase the presence of S. agalactiae in the cultured red hybrid tilapias,
while the newly introduced fry, water and sediments from infected hatchery are the

possible sources of S. agalactiae in red hybrid tilapia farms.

The published and submitted manuscripts in this thesis could be integrated as

described below:

1. The main objectives of this study were to determine the prevalence, risk
factors and transmission of S. agalactiae in the cage cultured red hybrid

tilapia (Oreochromis sp.).



2. Manuscript 1: Streptococcosis in Tilapia: A Review (Most data had been
published in Pertanika J. Trop. Agric. Sci., 34 (2): 195-206, 2011). This
published manuscript review the current information on streptococcosis,
especially on S. agalactiae and S. iniae, including their epidemiology, main
water quality that contributes to the disease developments, mode of
transmissions, pathogenesis, disease diagnosis and control measures in
farmed tilapias. This manuscript provides information for better
understanding on the main research topics of the thesis, such as tilapias and

S. agalactiae.

3. Manuscript 2: Prevalence of Streptococcus agalactiae in Red Hybrid Tilapia
(Oreochromis sp.) Kept in Different Water Bodies (Most data had been
published in Online J. Vet. Res., 14 (2): 153-162, 2010). This published
manuscript determined the prevalence of S. agalactiae in red hybrid tilapia,
from nine sampling sites that consisted of five different types of water bodies,
namely reservoir, river, irrigation canal, pond and ex-mining pool. Regarding
on the types of water bodies, significant high prevalence of S. agalactiae in the
cultured red hybrid tilapia was observed in reservoirs compared to the other
water bodies. This study also revealed that water temperature, rate of water
flow, size of fish and the presence of other bacteria influence the prevalence of

S. agalactiae in cultured red hybrid tilapia.

4. Manuscript 3: Pathological Changes in Red Hybrid Tilapia (Oreochromis sp.)
Naturally Infected by Streptococcus agalactiae (Most data had been

published in J. Comp. Path., 143: 227-229, 2010). This published manuscript
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documented the aspect of clinical signs and pathological changes of red hybrid
tilapia that naturally infected by S. agalactiae of Manuscript 2. The study
concluded that red hybrid tilapias, which naturally infected by S. agalactiae
showed an acute systemic infection, compared to sub acute or chronic
infection in tilapia that experimentally infected by S. agalactiae obtained from

literatures.

. Manuscript 4: Water Quality Influences the Presence of Streptococcus
agalactiae in Cultured Red Hybrid Tilapia (Oreochromis sp.) (Submitted to
Journal of Asian Fisheries Science). This submitted manuscript described the
risk factors from the aspect of water quality that contributed to the presence of
S. agalactiae in the cultured red hybrid tilapia, as observed in Manuscript 2.
Due to the significant on high prevalence of S. agalactiae in reservoirs and
river (Manuscript 2), this study was only concentrated in these two water
bodies. The results showed significant positive correlations (r>0.500; p<0.05)
between certain water quality parameters and the presence of S. agalactiae,
particularly the pH, temperature, clarity and dissolved oxygen in both lakes.
While in river, certain water quality parameters such as iron, ammonia,
nitrite, pH, temperature, clarity and dissolved oxygen were observed to have a
significant positive correlation with the presence of S. agalactiae. From the
results, different water bodies and location of culture sites had affected the
water quality, stressed the cultured fish and increased the presence of S.

agalactiae.



6. Manuscript 5: Water Thermocline Confirms Susceptibility of Red Hybrid
Tilapia (Oeochromis sp.) Cultured in Lakes to Streptococcus agalactiae
(Most data had been published in J. Anim. Vet. Adv., 9 (22): 2811-2817, 2010).
This published manuscript investigated on the occurrence of high water
temperature and prevalence of S. agalactiae in reservoirs, as referred from
the results of Manuscripts 2 and 4. Combinations of high water clarity, very
slow rate of water flow and hot months had increased the water temperature
for up to 8 m deep in reservoirs. Thus, red hybrid tilapias that were cultured at
+4 m deep were in consistent stressful culture condition and increased their

susceptibility to S. agalactiae.

7. Manuscript 6: Hatchery as a Source of Streptococcus agalactiae in Red
Hybrid Tilapia (Oreochromis sp.) Farm (Submitted to Journal of Asian
Fisheries Science). This submitted manuscript discovered the possible sources
of S. agalactiae in a newly established red hybrid tilapia farm. The results
revealed that the bacterial transmission was likely to occur during the fish and
water transfer from hatchery into the farm, while the bacterium probably
originated from the environment of the hatchery and nearby irrigation canal.
The results answered the questions on the possible sources of S. agalactiae

infection from all of the previous Manuscripts.
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