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This study was conducted to determine the IgM antibodies, development of gut-

associated lymphoid tissues (GALTs) and M cell’s role due to streptococcosis in red 

hybrid tilapia following oral administration of feed based formalin killed vaccine 

(FKV) of S. iniae and challenged with live S. iniae. Three hundred red hybrid tilapia 

fish of 80 ± 10 g were divided into 6 major groups (1A, 1B, 2A, 2B, 3A, 3B). Each 

group consisted of 50 Red hybrid tilapia fish, kept in duplicate 2000 L glass aquaria. 

At week 1, all fish from the groups 1A,1B, 2A, 2B were started to feed with the feed-

based FKV of S. iniae for different weeks and boosters dose were administered to 

group 2B only on day 14 and 21. Groups 3A, 3B were kept as negative (unchallenged) 

and positive (challenged) control groups respectively without vaccination and fed with 

normal commercial pellet (Cargill) throughout the experiment. At week 4, all the 

remaining tilapia from each groups except 3A were challenged intraperitoneally (i.p.) 

by injecting 0.5mL of the inoculums containing 1 × 106 CFU/mL of live S. iniae. Fish 

from each groups (except 3A) were sacrificed on a weekly basis for the entire 6 weeks 

for the collection of serum, body surface mucus and gut lavage fluid for the evaluation 

of antibody responses by indirect ELISA. Upon i.p. challenge, clinical signs were 

observed in the vaccinated groups 1A,1B, 2A, 2B and positive control group 3B. The 

clinical signs included exophthalmia, body discoloration, lethargy, erratic swimming, 

and haemorrhagic eye. The groups 2A, 2B had the lowest mortality rate ranging from 

45-30% compared to groups 1A, 1B with 80-55% and group 3B 100% respectively. 

Necropsy findings included nephritis, splenomegaly and haemorrhagic brain. In all 

vaccinated groups Red hybrid tilapia hindgut showed the presence of GALTs. The 

diameter of GALTs in groups 1A,1B were significantly lower (p > 0.05) compared to 

groups 2A, 2B whereas there was no observation of GALTs in group 3B. Results for 

humoral response, the groups 1A,1B, 2A and 2B had significant (p < 0.05) increasing 

levels of antibody as early as week 1, but absent in groups 3B. The serum IgM levels 

of groups 1A,1B showed similar pattern as those of groups 2A, 2B but remained lower 

© C
OPYRIG

HT U
PM



 

ii 

than the groups 2B. Group 2B was significantly higher (p < 0.05). Meanwhile, group 

3B did not show any significant (p > 0.05) changes throughout the experiment and all 

fish died at week 5 after challenge. Similar findings were recorded for the mucus and 

gut lavage IgM antibody levels between the treatment and 3B group. For the IHC 

staining, group 3B recorded the highest antigen intensity, followed by groups 1A,1B 

with moderate intensity and lowest in groups 2A, 2B at 12 h, 24 h, 24 h, 48h and 72 h 

respectively. SEM results revealed in groups 1A,1B, intestinal M cells were relatively 

depressed and had an irregular apical surface, with darker, short, and uneven 

microvilli. In groups 2A, 2B, M cells increased in size, number and vertically 

projected as a result of frequent and booster feeding of FKV. There were inflammatory 

indications in the group 3B. Nevertheless, group 3A showed slightly upward 

projection of intestinal M cells with normal dome epithelium. In conclusion, the FKV 

had a better protection rate by stimulating the production of GALTs within the lamina 

propria of Red hybrid tilapia hindgut, as well eliciting humoral response following 

oral vaccination. The IHC and SEM findings showed the existence of antigens and M 

cells in the villous epithelium. GALTs and villous M cells in red hybrid tilapia are 

important biological component of the mucosal immunity and promotes the resistance 

to streptococcal pathogens. 
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Kajian ini dijalankan untuk menentukan antibodi IgM, pembentukan “gut-associated 

lymphoid tissues” (GALTs) dan peranan sel M disebabkan oleh “streptococcosis” 

tilapia hibrid merah berikutan pemberian formalin-killed vaccine (FKV) berasaskan 

makanan melalui kaedah oral terhadap S. iniae dan dijangkitkan dengan S. iniae hidup. 

Tiga ratus ikan tilapia hibrid merah seberat 80 ± 10 g dibahagikan kepada 6 kumpulan 

utama (1A, 1B, 2A, 2B, 3A, 3B). Setiap kumpulan mengandungi 50 ikan tilapia Hibrid 

Merah, yang disimpan dalam 2000 L akuarium kaca secara duplikasi. Pada minggu 1, 

semua ikan dari kumpulan 1A, 1B, 2A dan 2B mula diberi makan dengan FKV 

berasaskan makanan oleh S. iniae untuk minggu yang berlainan dan dos penggalak 

hanya diberikan kepada kumpulan 2B pada hari ke-14 dan 21. Kumpulan 3A dan 3B 

disimpan sebagai kumpulan kawalan negatif (tidak dijangkit) dan positif (dijangkit) 

masing-masing tanpa vaksinasi dan diberi makan pelet komersil biasa (Cargill) 

sepanjang eksperimen. Pada minggu ke-4, semua baki tilapia dari setiap kumpulan 

kecuali kumpulan 3A dijangkitkan secara intraperitoneal (i.p.) dengan menyuntikkan 

0.5mL inokulum yang mengandungi 1 × 106 CFU/mL daripada S. iniae hidup. Ikan 

dari setiap kumpulan (kecuali 3A) telah dikorbankan secara mingguan selama 6 

minggu untuk pengumpulan serum, mukus permukaan badan dan air usus untuk 

penilaian respon antibodi melalui kaedah ELISA tidak langsung. Selepas i.p, tanda-

tanda klinikal diperhatikan terhadap kumpulan-kumpulan yang di vaksin iaitu 1A, 1B, 

2A, 2B dan kumpulan kawalan positif 3B. Tanda-tanda klinikal termasuk 

exophthalmia, perubahan warna tubuh, kelesuan, berenang tidak menentu dan 

perdarahan mata. Kumpulan 2A dan 2B mempunyai kadar kematian paling rendah 

antara 45-30% berbanding kumpulan 1A dan 1B dengan 80-55% dan kumpulan 3B 

100% masing-masing. Antara penemuan nekropsi termasuklah nefritis, splenomegali 

dan perdarahan otak. Di dalam semua kumpulan yang di vaksinasi, hindgut tilapia 

hibrid merah menunjukkan kehadiran GALTs. Diameter GALT dalam kumpulan 1A 
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dan 1B adalah jauh lebih rendah (p > 0.05) berbanding kumpulan 2A dan 2B 

sedangkan tidak ada pembentukan GALT dalam kumpulan 3B. Keputusan untuk 

tindak balas humoral, kumpulan 1A, 1B, 2A dan 2B adalah signifikan (p < 0.05) 

terhadap peningkatan tahap antibodi seawal minggu 1, tetapi tidak dalam kumpulan 

3B. Aras IgM serum kumpulan 1A dan 1B menunjukkan corak yang sama seperti 

kumpulan 2A dan 2B tetapi kekal rendah berbanding kumpulan 2B. Kumpulan 2B 

lebih tinggi (p < 0.05). Sementara itu, kumpulan 3B tidak menunjukkan sebarang 

perubahan (p > 0.05) yang signifikan sepanjang eksperimen dan semua ikan mati pada 

minggu 5 selepas diberi jangkitan. Penemuan yang sama direkodkan untuk antibodi 

IgM pada mucus dan air usus antara rawatan dan kumpulan 3B. Untuk pewarnaan 

IHC, kumpulan 3B mencatatkan intensiti antigen tertinggi, diikuti oleh kumpulan 1A 

dan 1B dengan intensiti sederhana dan intensiti terendah adalah kumpulan 2A dan 2B 

pada 12 jam, 24 jam, 24 jam, 48 jam dan 72 jam masing-masing. Keputusan SEM 

dalam kumpulan 1A dan 1B, menunjukkan sel M usus mengalami tekanan (depressed) 

dan mempunyai permukaan apikal yang tidak teratur, dengan mikrovilli yang lebih 

gelap, pendek, dan tidak rata. Dalam kumpulan 2A dan 2B, saiz dan bilangan sel M 

meningkat, akibat kekerapan pemberian dos penggalak FKV. Terdapat tanda-tanda 

keradangan dalam kumpulan 3B. Walau bagaimanapun, kumpulan 3A 

memperlihatkan sedikit peningkatan sel M pada usus dengan epitelium kubah (dome 

epithelium) biasa. Kesimpulannya, FKV memberi kadar perlindungan yang lebih baik 

dengan merangsang pengeluaran GALT dalam lamina propria dari hindgut tilapia 

hibrid Merah, serta menggalak tindak balas humoral selepas vaksinasi oral. Penemuan 

IHC dan SEM menunjukkan kewujudan antigen dan sel M dalam epitelium villus. 

GALT dan villus M dalam tilapia hibrid merah adalah komponen biologi yang penting 

dalam imuniti mukosa dan menggalakkan penentangan terhadap patogen 

streptococcus. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of study 

With the expanding fish aquaculture in Southeast Asia, Tilapia, Oreochromis sp. has 

become an important fish cultured in the region (Hassan et al., 2013). Tilapia 

characterized by certain features that make it important to the aquaculture industry. 

This includes the capacity to grow under captive environment and varying water 

condition such as alkaline pH (5-9), low dissolved oxygen and ammonia levels of 

<2mg/L and 50 mg/L, respectively (Morrison et al., 2006).  

About 90% of the total tilapia produced in Malaysia is the Red hybrid tilapia, which 

is mostly cultured under pen system, ponds, tanks, and cages (Hamzah et al., 2007). 

However, despite the hardy nature of red hybrid tilapia, there are several bacterial 

diseases could induce septicaemia in the species, especially in the 

immunocompromised state (Hassan et al., 2013).  

Streptococcus iniae is an important pathogen in aquaculture causing the disease; 

streptococcosis (Suanyuk et al., 2010). The bacteria pathogen; S. iniae, is a sphere-

shaped, Gram positive cocci, a catalase-negative and haemolysin positive bacterium 

(Rattanachaikunsopon and Phumkhachorn, 2010). Streptococcosis induces vast 

economic loss in the aquaculture industry, affecting many marine and freshwater fish 

species such as hybrid striped bass (Shoemaker et al., 2001), European sea bass (Kvitt 

et al., 2004), rainbow trout (Lahav et al., 2004), channel catfish (Shoemaker et al., 

2001), rabbitfish (Yuasa et al., 1999), and Japanese flounder (Nguyen et al., 2002). 

Additionally, the bacterium is of public health significance and recently described as 

an emerging zoonotic pathogen (Pretto-Giordano, 2015).  

Streptococcal infection and its clinical signs differ from one fish species to another. 

For instance, diseased Red hybrid tilapia shows signs of exophthalmia, haemorrhage, 

ascites, abdominal swelling, and lesions of the internal organs (Austin and Austin, 

2008). High mortalities often result from meningoencephalitis and generalized 

septicaemia, which are responsible for the massive financial victims worldwide 

(Facklam et al., 2005). Generally, the effective ways of controlling S. iniae infection 

is by immunisation and use of antimicrobial agents (Rahmatullah et al., 2017).  

In fish, mucosa-associated lymphoid tissues (MALTs) are the first line of defence 

against diseases and vital for vaccine development (Salinas et al., 2011). There have 

been improvements in the formulation of fish vaccines in recent times; nevertheless, 

there is a need to design novel vaccines for stimulating both systemic and mucosal 

immune responses. Among the various vaccination routes, oral vaccines are relatively 
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more cost-effective, practical, less stressful to fish, and require the least of manpower 

and facilities (Holten-Andersen et al., 2012).  

To assess the success of immune response following vaccination, analysis of gene 

expression, post-challenge mortality or pathogen load size, and measure of specific 

antibodies against pathogens in systemic circulation are key indicators. However, only 

a few research has been conducted to study the efficacies of various vaccines 

formulations against streptococcal infections in fish, as well as the specific antibody 

responses (Shoemaker et al. 2006). Also, gut-associated lymphoid tissue (GALT) is 

an integral portion of mucosal-associated lymphoid tissue (MALT) and the first line 

of defence in the protection of the gut epithelium against offending agents (Vazquez-

Juarez et al., 2003). In fish, various authors have observed the role of GALT in the 

stimulation of mucosal immunity (Firdaus et al., 2011) and humoral response 

associated with oral vaccines (Nur-Nazifah et al.,2014).  

Furthermore, the mechanisms involved in antigen uptake following oral vaccines have 

been well reported in other mammals. As described Lokka and Koppang (2016), the 

uptake and transportation of various antigens from the gut to lymphoid tissues are 

predominantly carried out by specialized cells in the follicle associated epithelium of 

intestinal Peyer’s patches known as intestinal microfold cells (M cells). (Corr, Gahan, 

and Hill 2018). Fish were recognized to lack secretory IgA, tonsils and Peyer’s 

patches, which are a vital component of mucosal immune response (Kaattari and 

Piganelli, 1996). Nevertheless, recent findings indicated the presence of specific cells 

adjacent to enterocytes with similar morphology to immature mammalian M cells in 

the hindgut of trout (Fuglem et al., 2010). Therefore, such cells might be important in 

the uptake of antigens present in vaccines aimed at eliciting a strong mucosal immune 

response (Rombout et al., 2014). Research in these areas is pertinent for the developing 

effective mucosal vaccines for the protection against streptococcosis in fish. 

Both local and systemic immune response could be triggered if antigen eventually 

reaches the end gut segment insufficient amount (Lokka et al., 2014). For a better 

understanding of the mechanisms of action of oral vaccines, it is pertinent to 

investigate antigen uptake, delivery and how they bring about immune responses in 

fish (Rombout et al., 2014). Specifically, M cells are specific cells in the follicle 

associated epithelium (FAE) of intestinal Peyer’s patches and are responsible for the 

transportation of antigens (Ag) from the gut to lymphoid tissues (Lokka and Koppang, 

2016). Evidence from available literature shows that intestinal epithelial cells, M cells 

could be involved in antigen uptake and activation of mucosal immunity in fish 

(Rombout et al., 2011). For pathogens such as S. iniae to penetrate the intestinal 

epithelium and establish infection in fish, mucosal defences need to be evaded. 

However, oral vaccines containing the antigen could enhance the local and systemic 

immune response if taken up and transported to the hindgut or mid-segment (Rombout 

et al., 2014).   
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1.2 Problems statement  

The effects of FKV vaccination against S. iniae infections for the development of 

GALTs, M cells stimulation and humoral immune responses is still unknown. The 

actual role of M cells is conflicting in Red hybrid tilapia. M cells detection in microbial 

challenge within Red hybrid tilapia needs special techniques due to lack of well-

defined ultrastructural and histochemical markers. In solving and filling out this 

mysterious markers, we need vaccination as an antigenic substance to drive and boost 

up the humoral response, GALTs and role of M cells within the dome epithelium 

(FAE). However, development of GALTs and M cells formation raises question. How 

can aggregation of lymphoid cells have modified into M cells by FKV. GALTs 

phenotypically remains a matter of speculations in Red hybrid tilapia against 

streptococcosis. Only the humoral immune response is not possible to live against 

streptococcus infections to which mostly fish species are being exposed on daily basis. 

Because of such problems it would be demand of time to boost up specific immunity 

at the site of streptococcus infections. For a potential immunological system, a feed 

based FKV vaccine mechanism would provide valuable information for the 

development of GALTs and role of M cells in the recognition or trans-epithelial 

transport of antigens. 

1.3 Justification of the study  

Streptococcosis is the most important bacterial pathogen in Red hybrid tilapia culture. 

However, the interaction of S. iniae with the Red hybrid tilapia host is still not fully 

understood. In humans, streptococcus is thought to evade tissue by handling of 

infected fish and of eating other food animals. This emphasizes the need for a 

comparative investigation of the S. iniae in the Red hybrid tilapia whose defence 

system has also completely evolved with substituents of both adaptive and innate 

immunity. In addition, the persistence of streptococcosis in Red hybrid tilapia has been 

observed in aquaculture and the S. iniae bacteria may be involved. 

1.4 Objectives of the study  

The specific objectives set for this study were: 

1. to investigate the effects of feed-based formalin killed oral vaccine of S. iniae 

on stimulation of antibody level and gut-associated lymphoid tissues 

(GALTs) in Red hybrid tilapia. 

2. to evaluate the efficacy of M cell’s role due to streptococcosis and feed-based 

formalin killed oral vaccines of S. iniae in Red hybrid tilapia. 

 

 

© C
OPYRIG

HT U
PM



 

4 

1.5 Hypothesis 

1. Null: Feed based formalin-killed oral vaccine of S. iniae do not stimulate the 

antibody level, gut-associated lymphoid tissues (GALTs) and M cells 

immune response in the intestine of Red hybrid tilapia towards the 

streptococcosis. 

2. Alternate: Feed based formalin-killed oral vaccine of S. iniae stimulate the 

antibody level, gut-associated lymphoid tissues (GALTs) and M cells 

immune response in the intestine of Red hybrid tilapia towards the 

streptococcosis. 

 

 

1.6 Significance of the study  

The findings of this study will explain the pathogenesis of S. iniae infection in Red 

hybrid tilapia. Consequently, it provides an additional basis for testing the most 

effective strategy for prevention and adoption of better measures in the control of 

disease by S. iniae in aquaculture. 
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