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Malaysia has started developing tilapia culture and has become one of the top 
countries in Asia. However, disease such as streptococcosis is one of the 
obstacles in the aquaculture industry. Two main and renowned species are 
Streptococcus agalactiae and Streptococcus iniae. For prevention of 
streptococcosis, the use of antibiotics is discouraged. Therefore, developing 
vaccines to prevent streptococcosis is highly recommended. In this study, a 
feed-based oral biofilm-chitin vaccine was developed and tested in red hybrid 
tilapia to prevent streptococcosis. For identification, the results confirmed ten 
isolates of S. agalactiae and three isolates of S. iniae by API20 strep and 
16SrRNA gene sequencing. This was the first report on the isolation of S. iniae 
from red hybrid tilapia in Malaysia.  

 

The virulence of S. agalactiae and S. iniae was assessed by pathogenicity. The 
LD50 of S. agalactiae (MII) was determined to be 4.64 ×  CFU/ml, and S. 
iniae (TSK2) was 3.16 ×  CFU/ml. Clinical signs of streptococcosis were 
observed in infected fish such as erratic swimming, anorexia, loss of 
orientation, haemorrhage on the head and eye, exophthalmia, and corneal 
opacity. 

 

In this study, feed-based oral biofilm-chitin  CFU/g) and feed-based oral 
free-cell (  CFU/ml) vaccines were tested to determine the antibody level of 
serum, mucus, and gut lavage against S. agalactiae infection in red hybrid 
tilapia. In the vaccinated groups, the antibody levels of the serum, mucus and 
gut lavage were significantly higher (P = 0.000) than those of the control group. 
However, the antibody level of the feed-based biofilm-chitin group for mucus (P 
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= 0.039), serum (P = 0.042) and gut lavage (0.021) was significantly higher 
than those of the feed-based free-cell and control groups. 

 

For determining Relative Percentage Survival (RPS), the experimental groups 
were challenged intraperitoneally by 0.15 mL of live virulent S. agalactiae with 
a concentration of 109 CFU/ml. At 14 days post-challenge, the RPS values for 
the feed-based biofilm-chitin, feed-based free cell and control groups were 87, 
57 and 0%, respectively. Total mortality was observed in control group due to 
streptococcosis. The obtained results revealed that the survival rate in the 
biofilm-vaccinated group was significantly higher (P = 0.000) than those in 
other groups, which lead to high efficacy of biofilm-chitin vaccine compared 
with the other groups. 

 

At the end of the experiment, the gut samples were subjected to 
histopathological test to evaluate the presence, size and number of lymphoid 
cells in GALT. As a result, the GALTs in the feed-based biofilm-vaccinated 
group were developed with higher intensity than those in the feed-based free-
cell-vaccinated group. No GALT was observed in the control group. In addition, 
the size of GALTs and the number of lymphoid cells in the feed-based biofilm-
vaccinated group were significantly higher (P = 0.000) than those in the feed-
based free-cell-vaccinated group. 

 

In conclusion, this study revealed that the feed-based oral biofilm-chitin of S. 
agalactiae stimulated the systemic and mucosal immunity in red hybrid tilapia 
more than feed-based free-cell vaccine and non-vaccinated groups. Moreover, 
the protection of the feed-based oral biofilm-chitin of S. agalactiae was higher 
against S. agalactiae infection compared with the other groups. Thus, the feed-
based oral biofilm-chitin can be a preferable candidate for dealing with S. 
agalactiae infection in red hybrid tilapia due to its efficacy, low cost and ease of 
usage.  
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PANGGUNAAN VAKSIN ORAL SELAPUT BIOFILEM-KITIN PADA TILAPIA 
HIBRID MERAH (OREOCHROMIS SP.) YANG DIJANGKITI 

STREPTOCOCCOSIS

Oleh

MAHDI KAHIESHESFANDIARI

Julai 2018

Pengerusi: Prof. Madya. Ina Salwany Md Yasin, PhD 
Fakulti: Pertanian 

Malaysia telah mula membangun kultur tilapia dan telah menjadi salah satu 
negara teratas di Asia. Walau bagaimanapun, penyakit seperti streptococcosis 
adalah salah satu halangan dalam industri akuakultur. Dua spesies utama 
adalah Streptococcus agalactiae dan Streptococcus iniae. Untuk mencegah 
streptococcosis, penggunaan antibiotik tidak digalakkan. Oleh itu, 
pengembangan vaksin untuk mencegah streptococcosis sangat disyorkan. 
Dalam kajian ini, vaksin biofilem oral berasaskan makanan telah dibangunkan 
dan diuji dalam tilapia hibrid merah untuk mencegah streptococcosis. Untuk 
pengenalpastian, keputusan mengesahkan sepuluh isolat S. agalactiae dan 
tiga isolat S. iniae oleh API20 strep dan analisis 16SrRNA gen. Ini adalah 
penemuan pertama mengenai isolat S. iniae dari tilapia hibrid merah di 
Malaysia. 

 

Virulensi S. agalactiae dan S. iniae dinilai oleh ujian patogenik melalui suntikan 
intraperitoneal. Daripada hasil kajian, LD50 (kepekatan yang paling rendah 
yang boleh membunuh 50% ikan) S. agalactiae (MII) adalah 4.64 ×  
CFU/ml, and S. iniae (TSK2) was 3.16 ×  CFU/ml. Tanda-tanda klinikal 
penting streptococcosis telah diperhatikan pada ikan yang diinfeksi seperti 
anoreksia, kehilangan orientasi, pendarahan pada kepala dan mata, 
exophthalmia dan kelegapan kornea. 

 

Dalam kajian ini, vaksin oral biofilem-kitin oral berasaskan makanan ( CFU 
/ g) dan vaksin sel-sel bebas oral ( CFU / ml) berasaskan makanan telah 
diuji untuk menilai paras antibodi bagi serum, lendir, dan usus lavage terhadap 
jangkitan S. agalactiae dalam tilapia hibrid merah. Dalam kumpulan yang 
divaksin, paras antibodi serum, lendir dan usus lavage adalah lebih tinggi (P = 
0.000) daripada kumpulan kawalan. Walau bagaimanapun, tahap antibodi 
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kumpulan biofilem-kitin berasaskan makanan untuk lendir (P = 0.039), serum 
(P = 0.042) dan usus lavage (0.021) jauh lebih tinggi daripada kumpulan sel 
bebas berasaskan makanan dan kumpulan kawalan. 

 

Untuk menentukan survival peratusan relatif (RPS), kumpulan eksperimen 
diinfeksi secara intraperitoneal menggunakan 0.15 mL kultur hidup S.
agalactiae dengan kepekatan 109 CFU / ml. Pada 14 hari pasca cabaran, nilai 
RPS bagi kumpulan biofilem-kitin berasaskan makanan, kumpulan sel bebas 
berasaskan makanan dan kumpulan kawalan masing-masing adalah 87, 57 
dan 0%. Jumlah kematian dijumpai dalam kumpulan kawalan kerana 
streptococcosis. Hasil yang diperolehi menunjukkan bahawa kadar 
kelangsungan hidup dalam kumpulan yang diberi vaksin biofilem-kitin jauh 
lebih tinggi (P = 0.000) berbanding dengan kumpulan lain, yang membawa 
kepada keberkesanan vaksin biofilem yang tinggi berbanding kumpulan lain. 

 

Untuk mencapai Ketahanan Peratus Relatif (RPS), ikan yang digunakan dalam 
eksperimen telah disuntik dengan   0.15 mL S. agalactiae virulen hidup secara 
intraperitoneal dengan kepekatan 109 CFU/mL. Pada 14 hari pasca-cabaran, 
nilai RPS untuk biofilem berasaskan makanan, kumpulan sel dan kumpulan 
kawalan berasaskan makanan masing-masing adalah 87%, 57% dan 0%. 
Kesemua ikan dalam kumpulan kawalan telah mengalami kematian akibat 
streptococcosis. Keputusan yang diperolehi menunjukkan bahawa kadar 
ketahanan dalam kumpulan biofilem (P <0.05) adalah lebih tinggi daripada 
kumpulan lain, yang membawa kepada keberkesanan vaksin biofilem.  

 

Pada akhir eksperimen, sampel usus telah dianalisis dengan ujian histopatologi 
untuk menilai kehadiran, saiz dan bilangan sel limfoid dalam GALT (Gut 
Associated Lymphoid Tissue ) Secara amnya , GALT dalam kumpulan 
biofilem- kitin berasaskan makanan adalah dengan kadar intensiti yang lebih 
tinggi daripada kumpulan sel bebas makanan. Tiada GALT diperhatikan dalam 
kumpulan kawalan. Di samping itu, saiz GALT dan bilangan sel limfoid dalam 
kumpulan biofilem-kitin berasaskan makanan jauh lebih tinggi (P = 0.000) 
berbanding dengan kumpulan vaksin sel bebas berasaskan makanan. 

 

Kesimpulannya, kajian ini menunjukkan bahawa vaksin biofilem-kitin 
berasaskan makanan merangsang imuniti sistemik dan mukosa dalam tilapia 
hibrid merah lebih tinggi daripada vaksin sel bebas berasaskan makanan dan 
kumpulan yang tidak divaksinasi. Selain itu,  biofilem-kitin oral berasaskan 
makanan memberi perlindungan yang lebih baik lebih tinggi terhadap jangkitan 
S. agalactiae berbanding kumpulan lain. Oleh itu, biofilem-kitin oral berasaskan 
makanan boleh menjadi calon yang lebih baik untuk menangani jangkitan S. 
agalactiae dalam tilapia hibrid merah kerana keberkesanannya, kos rendah 
dan kemudahan penggunaan. 
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CHAPTER 1 

INTRODUCTION 

Tilapia is the most cultured fish worldwide and is second to carp as a farmed 
fish food (Fitzsimmons, 2015). The production of tilapia in 2000 was more than 
1.5 million MT compared with that in 1980 (28,260 million MT). This information 
shows that tilapia is the most important species for aquaculture in the 21st 
century. The introduction of tilapia in international markets in the first half of 
2015 was 200,000 MT. Moreover, more than 75,000 MT of whole tilapia were 
exported to the international market from Asian countries (FAO, 2015). The 
global production of tilapia is estimated to exceed 5 million MT with a growth 
rate of 6% compared with that in 2014 (FAO, 2015). In Malaysia, tilapia 
products are second most produced in the aquaculture industry (13.5%) with a 
wholesale value of RM 99,167,000 in 2010. In addition, in a recent report by 
Department of fisheries Malaysia (DOF), tilapia production has reached 
36,299.01 million MT with a value of RM 302,839,050 in 2015 (DOF, 2016). 
This value increased from USD 154 million to 1800 million globally from 1981 
to 2002. 

 

One of the serious threats in aquaculture industry is streptococcosis (Haghighi 
et al., 2010). Streptococcosis is a vital disease in aquaculture which can make 
significant mortality (up to 50%) in fresh and marine fishes (Agnew and Barnes, 
2007), such as striped bass (Morone saxatilis) (Baya et al., 1990), bull 
minnows (Fundulus grandis) (Rasheed and Plumb, 1984), menhaden 
(Berevoortia patronus) (Plumb et al., 1974), mullet (Liza klunzingeri) and tilapia 
(Oreochromis niloticus) (Evans et al., 2002). Streptococcosis is caused by 
Streptococcus agalactiae and Streptococcus iniae (Soltani et al., 2005). Tilapia 
is exposed more to streptococcosis compared with other cultured fish species; 
this disease results in huge economic losses (Intervet, 2006; Soltani et al., 
2005; Pasnik et al., 2005). Recently, Streptococcosis outbreak has occurred in 
different countries, such as Israel, the USA, Brazil and Thailand, and caused 
huge economic losses (Wang and Lu, 2016) estimated to reach USD 150 
million annually (Zamri-Saad et al., 2015). 

 

The streptococcosis outbreak in Malaysia is frequently reported in red tilapia, 
especially during dry and hot seasons. Streptococcosis also causes economic 
losses in tilapia industry in Malaysia (Amal et al., 2010 a,b; Zamri-Saad et al., 
2010; Najiah et al., 2008). Recent studies have also reported that 
streptococcosis outbreak occurs more in cage cultures of red tilapia in rivers 
and lakes than in examining pools, earthen ponds and irrigation canals (Amal, 
2011). Antibiotics are ineffective for preventing streptococcosis due to 
environmental pollution, residue in fish and antibiotic resistance, thereby 
increasing the concern on antibiotic use (Liaghat et al., 2011; Klesius et al., 
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2000a). Moreover, antibiotics that can cure streptococcosis remain unavailable 
to date (Agriculture Research Service, 2010). In the farm, pathogens are 
transmitted from fish to fish, in which the sources of infection are dead and 
dying fishes (Kitao, 1993).  

 

Vaccination is the most important and feasible way to prevent this zoonotic 
disease and losses in the aquaculture industry (Soltani et al., 2009). Vaccines 
are obtained from inactive or killed pathogens which stimulate the immune 
system in inoculated animals (Klesius et al., 2002). Vaccination is a helpful 
method for countering infectious diseases (Gudding et al., 1999). This method 
can be applied through several routes, such as injection, immersion and oral 
vaccination (Moore et al., 1998). These vaccines have high protective 
properties (Lillehaug, 1989), but they have certain limitations in the aquaculture 
industry (Lamer et al., 1985). In addition, injection of these vaccines is often 
conducted on fishes which weigh more than 30 g. One of the commercialised 
vaccines which is administered by IP injection is Aquavac® strep vaccine, 
which provides long-term and good protection against S. agalactiae and S. 
iniae. The injection route is expected to be effective and provide long-term 
protection, but some of its limitations include stressful factors for fishes, such 
as handling, injection and anesthetising; in addition, this method is more costly 
compared with other routes. Vaccine administration through injection is mostly 
used for precious species such as Atlantic salmon (Plant and Lapatra, 2011).  

  

The most applied route for farms is oral vaccination rather than immersion and 
injection routes. In oral vaccination, the vaccines are incorporated in feeds. To 
date, oral vaccination is the ideal route of vaccination for fish, especially from 
an economic stand point (Muktar et al., 2016; Firdaus-Nawi et al., 2013). The 
advantages of vaccination are minimum stress of handling, simplicity, suitability 
for fishes of all sizes and greater cost effectiveness compared with other 
methods. This method also reduces time and labour costs. The first publication 
about oral vaccines in aquaculture was the inactivated vaccine against 
Aeromonas salmonicida, which was extremely successful (Duff 1942). In 
addition to the advantages highlighted above, oral vaccines can enhance 
mucosal immunity and can also cause the development of antigen-specific 
antibodies in the intestine, bile and skin. The first barrier of the fish against 
pathogen attack is the mucosal layer. Immunisation by oral vaccination acts on 
antigen-specific antibodies in the intestine, mucus and blood in several fish 
species (Fletcher and White, 1972; Roumbout et al., 1986). The remarkable 
response via the mucosal immune system renders oral vaccination applicable 
because the first contact between the pathogen and the fish body occurs in the 
mucosal surface (Manganaro et al., 1994). To date, oral vaccines, such as 
Garvetil™ and Aquavac™, are the most popular (Firdaus-Nawi et al., 2013; 
Evans et al., 2002) against streptococcosis. However, these vaccines are 
specifically developed against S. iniae and Lactococcus garvieae (Ming et al., 
2012; Intervet, 2010; Naraid et al., 2008).  
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The major problem of oral vaccination is the destruction of antigen in the 
stomach by enzymes before reaching the hindgut. Most antigens are 
destructed before intake, affecting the immune responsiveness of lymphoid 
organs. Given this problem, the efficacy of oral vaccination is lower than that of 
injection vaccines. Natural bacterial populations benefit from food concentration 
and are protected against toxic agents and predators, which prefer to assemble 
in a polymeric glycocalyx matrix called biofilm. This natural strategy of bacteria 
used for developing biofilm vaccines can prevent destruction in the stomach. 
This protective characteristic of bacteria was established to develop a helpful 
oral vaccine which can resist gastric destruction, thereby facilitating improved 
antigen delivery (Siriyapagouder et al., 2014; Davey et al., 2000). Compared 
with free-cell vaccines (FCVs), biofilm vaccines remain in larger quantities and 
are retained longer in the tissues of hindgut, kidney and spleen after a single 
delivery (Nayak et al., 2004). Biofilm requires a substrate for bacteria to attach 
and grow on. One of the suitable substrates is chitin which is a natural material 
that highly found in insects, crustacean shells and fungi. For commercial use, 
this natural polymer is obtained from shells of crabs and shrimps. In 
aquaculture, chitin serves immunostimulatory and immunomodulatory activities 
to protect fishes against bacterial diseases (Anderson and Siwicki, 1994; 
Siwicki et al., 1994). It can also be used as dietary and immersion supplements 
(Anderson and Siwicki, 1994). Chitin can improve humoral defence and non-
specific cellular mechanism in animals (Gopalakannan and Arul, 2006; 
Dautremepuits et al., 2004; Esteban et al., 2001). Thus, for developing biofilm 
vaccine, chitin which can play substrate or stimulatory roles to enhance the 
innate immune system of the fish, is important. Chitin can also act as dietary 
supplement (Vinay et al., 2013). 

 

However, researchers have concentrated on the prevention of digesting 
antigens and denaturing while passing through the stomach and gut. To our 
best knowledge, no research was reported on the application of biofilm oral 
vaccine using chitin against streptococcosis in tilapia. Thus, this study aims to 
develop a feed-based biofilm-chitin vaccine against streptococcosis which can 
protect antigens against destruction caused by stomach enzymes, enhance the 
immune system and increase the antibody titre of tilapia for protection against 
S. agalactiae infection. 

 

The specific objectives of this study were: 

 

1) To isolate and identify Streptococcus species from cage-cultured red hybrid 

tilapia  

2) To develop feed-based biofilm-chitin and free-cell oral vaccines of 

streptococcosis. 
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3) To evaluate efficacy of the biofilm-chitin vaccine against streptococcosis. 

Hypothesis: 

H0: The feed-based biofilm-chitin vaccine of S. agalactiae could not induce the 
immune system of the skin mucosal layer, gut lavage and serum against S. 
agalactiae infection in red hybrid tilapia (Oreochromis sp).  

HA: The feed based biofilm-chitin vaccine of S. agalactiae could induce the 
immune system of the skin mucosal layer, gut lavage and serum against S. 
agalactiae infection in red hybrid tilapia (Oreochromis sp).  
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