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[Lates calcarifer (Bloch, 1790)] 

By 

CHIN YONG KIT 

June 2019 

Chair  : Assoc. Prof. Ina Salwany Md Yasin, PhD  
Faculty  : Institute of Bioscience (IBS) 

 

Vibrio species is bacteria that cause natural outbreak of Vibriosis in marine 
aquaculture and cause the serious economic loss indirectly particularly in the early 
development of farmed fishes’ species. Live attenuated serine protease V. harveyi 
(MVh_vhs) was developed previously as vaccine candidate for farmed fishes 
against V. harveyi. In the first study, the gnotobiotic Artemia franciscana was used 
to evaluate the safety and efficacy of the newly developed live attenuated vaccine. 
The high concentration of MVh_vhs at concentration of 109 CFU/mL is safe and 
had improved the Artemia larvae survival. It is also indicated that 109 CFU/mL of 
MVh-vhs with 24 hours incubated Artemia larvae contributed higher survival at 36 

h against multiple Vibrio challenge. Thus, we concluded that the incubation time 
affected bacterial concentration uptake by Artemia larvae and affect the 
effectiveness of Artemia bioencapsulation for targeted hosts. Skin abrasion often 
occurs in farmed fish following labour handling, injury by farm facilities, 
cannibalism and ectoparasites. In the second study, the Asian seabass (Lates 

calcarifer) fingerling was chosen as model to describe the effect of skin abrasion 
on the infectivity of V. harveyi on Asian seabass fingerling and compared to 
bacterial load and fish survival following immersion challenge before vaccination. 
No mortality was observed in control and non-skin abraded. However, fish of skin 
abraded group that were exposed to 107 and 108 CFU/mL of live V. harveyi 
showed 100% mortality by 96 h and 120 h, respectively. Infected fish of skin 
abraded group were classified into three stages: mild, moderate and severe 
infection. High bacterial loads were recorded for the severely infected dead fish, 
compared to low loads in moderately infected fish. Significantly higher bacterial 
load was recorded in the intestine, liver and gills of the severely infected dead fish. 
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The findings revealed that skin injury causes Asian seabass fingerling to be more 
susceptible to V. harveyi infection. The study showed the lethal dose (LD50) of live 
V. harveyi on skin abraded Asian seabass fingerling for Vibrio challenged was 
determined at 106.83≈107 CFU/mL. In the third study, the bath vaccination was 
chosen to be applied with the formalin killed V. harveyi and MVh_vhs for 
immunization of the Asian seabss fingerling model to investigate the immune 
related gene expressions. The high expression of chemokine ligand 4 (CCL4) and 
major histocompatibility complex I (MHC I) in the fish skin indicated the MVh_vhs 
induced mucosal innate and adaptive immunity while high expression of CCL4 and 
MHC I in the fish liver indicated the MVh_vhs, induced internal innate and adaptive 
immunity. After immersion challenge of wildtype V. harveyi with skin-abrasion on 
the vaccinated Asian seabass fingerling model, MVh_vhs contributed high survival 
indicated more than 50% survival for the fingerlings compared with formalin-killed 
V. harveyi and control at 120 h. The results indicated that the MVh_vhs can be 
applied through low cost and feasibly of bath vaccination to protect early protection 
of marine farmed fishes from natural occurrence of vibriosis. 
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KESELAMATAN DAN KEBERKESANAN VAKSIN Vibrio harveyi PROTEASE 
SERIN TERATENUASI HIDUP (MVh_vhs) TERHADAP VIBRIOSIS DALAM 

IKAN SIAKAP [Lates calcarifer (Bloch, 1790)] 

Oleh 

CHIN YONG KIT 

Jun 2019 

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

Spesies Vibrio ialah bakteria yang menyebabkan wabak semula jadi vibriosis 
dalam akuakultur marin dan menyebabkan kerugian ekonomi yang secara tidak 
langsung, terutamanya ikan ternakan pada tumbesaran awal. Vibrio harveyi 
protease serin teratenuasi hidup (MVh_vhs) telah dihasilkan sebelum ini sebagai 
calon vaksin untuk ikan ternakan terhadap V. harveyi. Dalam eksperimen 
pertama, Artemia franciscana gnotobiotik digunakan untuk menilai keselamatan 
dan keberkesanan hasil baru vaksin teratenuasi hidup ini. Pengujian 
keselamatan bakteria menunjukkan MVh_vhs yang berkepekatan tinggi pada 
109 CFU/mL adalah selamat dan memperbaik kemandirian larva Artemia. 
Pengujian keberkesanan bakteria juga menunjukkan larva Artemia yang 
diinkubasi 24 jam dengan MVh_vhs yang berkepekatan tinggi pada 109 CFU/mL 
menunjukkan kemandirian tinggi pada kadar 50% apabila didedahkan cabaran 
pelbagai jenis Vibrio dalam masa 36 jam. Kesimpulannya, masa inkubasi 
memberi kesan kepada larva Artemia dalam pengambilan bakteria dan 
Keberkesanan bioenkapsulasi Artemia untuk haiwan akuatik. Abrasi kulit 
sentiasa berlaku bagi ikan ternakan melalui pengendalian pekerja, kecederaan 
akibat fasiliti ladang, kanibalisme dan ektoparasit. Dalam eksperimen kedua, 
anak ikan siakap (Lates calcarifer) dipilih sebagai model untuk menerangkan 
kesan abrasi kulit terhadap kejangkitan V. harveyi bagi anak ikan siakap melalui 
perbandingan beban bakteria dengan kemandirian ikan tersebut selepas 
cabaran rendaman. Tiada kematian direkodkan pada kumpulan contoh kawalan 
dan kumpulan tanpa abrasi kulit selepas cabaran rendaman. Walau 
bagaimanapun kumpulan ikan abrasi kulit yang didedah kepada V. harveyi 
berkepekatan 107 and 108 CFU/mL menunjukkan 100 % kematian dalam masa 
96 jam dan 120 jam. Ikan yang telah dijangkit dalam kumpulan abrasi kulit 
dibahagi kepada tiga peringkat, iaitu: jangkitan ringan, jangkitan sederhana dan 
jangkitan teruk. Beban bakteria tertinggi direkod daripada ikan mati akibat 
jangkitan teruk berbanding dengan beban bakteria jangkitan rendah dan 
jangkitan sederhana. Beban bakteri yang tertinggi direkod bagi usus, hati dan 
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insang ikan mati untuk jangkitan teruk. Penemuan ini telah menunjukkan abrasi 
kulit menyebabkan anak siakap lebih mudah terdedah pada jangkitan V. harveyi. 
Eksperimen ini menunjukkan dos mortaliti (LD50) V. harveyi bagi anak ikan 
siakap secara abrasi kulit untuk cabaran rendaman V. harveyi adalah 106.83≈
107 CFU/mL. Dalam eksperimen ketiga, vaksinasi rendaman durasi singkat telah 
dipilih untuk penggunaan V. harveyi dibunuh secara fomalin dan MVh_vhs 
terhadap keimunan model anak ikan siakap supaya menyiasat ekspresi gen 
imun. Ekspresi ligan kemokin 4 (CCL4) dan kompleks kehistoserasian utama 1 
(MHC I) yang tinggi terdapat dalam kulit ikan menunjukkan MVh_vhs mengaruh 
keimunan inat dan keimunan pengesuaian mukosal manakala ekpresi CCL4 dan 
MHC I yang tinggi terdapat dalam hati ikan menunjukkan MVh_vhs 
mengaruhkan keimunan inat dan pengesuaian dalam. Selepas cabaran 
rendaman V. harveyi bagi model ikan divaksin yang telah diabrasi kulit, MVh_vhs 
menyumbangkan kemandirian tinggi yang lebih 50% berbanding dengan V. 
harveyi dibunuh secara fomalin dan contoh kawalan dalam masa 120 jam. 
Hasilan ini menunjukkan MVh_vhs dapat diaplikasi dengan vaksinasi rendam 
durasi singkat yang berkos murah dan senang supaya dapat melindungi ikan 
ternakan marin daripada kejadian vibriosis semula jadi.  
 
 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

v 
 

ACKNOWLEDGEMENTS 

 

First and foremost, I would like to thank my supervisor, Assoc. Prof. Dr. Ina 
Salwany Md Yasin for her guidance, help, inspiration, attention and advice on the 
work in this study. Similar appreciation also goes to both of my co-supervisors Dr. 
Chong Chou Min and Dr. Zarirah Mohamed Zulperi; my helpful senior concurrently 
with manuscript reviewer, Dr. Nur Hidayu Al-Saari and my manuscript reviewer, 
Prof. Dr. Mohd Zamri Saad for their support, helps and advice. All their dedication 
had humbled me in many ways.  

 

My gratitude is extended to the Ministry of Education Malaysia for funding my 
study. To the Ministry of Education, Malaysia via Higher Institution Centre of 
Excellence (HICoE) that financially supported most of this research under the Vote 
no: 6369100 

 

A deepest gratitude always goes to all my family members, especially to my 
parents, Chin Yoke Foong and Chan Yoke Kin, and to my younger sister, Chin 
Lee Chien. Thank you for being supportive and always encourage me to be a 
better person. No words can be written to picture their endless love, motivation 
and emotional supports. Without their infinite support and caring, I would not be 
able to pass through the hardest time during this Master of Science degree 
journey. 

 

Extended thanks are due to all academic staffs and students of the Laboratory of 
Marine Biotechnology (MARSLAB), Institute of Bioscience (IBS), Universiti Putra 
Malaysia (UPM) and Department of Aquaculture, Faculty of Agriculture, Universiti 
Putra Malaysia (UPM). I have met and surrounded by people that brings a lot of 
positive vibes and inspirations. I am indebted for the wonderful memories that we 
shared together. Last but not least, I would like to express an appreciation to those 
whom are involved directly or indirectly in this project. Thank you very much. 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vi 
 

 

 

I certify that a Thesis Examination Committee has met on (date of viva voce) to 
conduct the final examination of Chin Yong Kit on his thesis entitled “Safety 
and Efficacy of Live Attenuated Serine Protease Vibrio harveyi (MVh_vhs) 
Vaccine Against Vibriosis in Asian Seabass [Lates calcarifer (Bloch, 1790)]” in 
accordance with the Universities and University Colleges Act 1971 and the 
Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The 
Committee recommends that the student be awarded the Master of Science. 

Members of the Thesis Examination Committee were as follows:  

Mohammad Noor Amal bin Azmai, PhD  
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia  
(Chairman)  
 
Natrah Fatin binti Mohd Ikhsan, PhD  
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia  
(Internal Examiner)  
 
Lee Seong Wei, PhD  
Associate Professor 
Faculty of Basic Farming Industry 
Universiti Malaysia Kelantan 
(External Examiner)  
  
 
 
 
 
 
 
 
 
 
 
 
 

________________________ 
Robiah BINTI Yunus, PhD  
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 



© C
OPYRIG

HT U
PM

vii 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has 
been accepted as fulfilment of the requirement for the degree of Master of 
Science. The members of the Supervisory Committee were as follows: 

 

Ina Salwany Md Yasin, PhD  
Associate Professor 
Faculty of Agriculture  
Universiti Putra Malaysia  
(Chairman) 
 
Zarirah Mohamed Zulperi, PhD  
Senior Lecturer 
Faculty of Agriculture 
Universiti Putra Malaysia  
(Member) 
 
Chong Chou Min, PhD  
Senior Lecturer 
Faculty of Agriculture  
Universiti Putra Malaysia 
(Member) 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
________________________ 
ROBIAH BINTI YUNUS, PhD  
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 

 



© C
OPYRIG

HT U
PM

viii 
 

Declaration by graduate student 

I hereby confirm that: 
 this thesis is my original work; 
 quotations, illustrations and citations have been duly referenced; 
 this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions; 
 intellectual property from the thesis and copyright of thesis are fully-owned 

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 
(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of 
Deputy Vice-Chancellor (Research and Innovation) before thesis is 
published (in the form of written, printed or in electronic form) including 
books, journals, modules, proceedings, popular writings, seminar papers, 
manuscripts, posters, reports, lecture notes, learning modules or any other 
materials as stated in the Universiti Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and 
scholarly integrity is upheld as according to the Universiti Putra Malaysia 
(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti 
Putra Malaysia (Research) Rules 2012.  The thesis has undergone 
plagiarism detection software. 

 

 

Signature: ________________________   Date: __________________ 

 

Name and Matric No.: CHIN YONG KIT (GS48376) 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

ix 
 

Declaration by Members of Supervisory Committee  

This is to confirm that: 
 the research conducted and the writing of this thesis was under our 

supervision; 
 supervision responsibilities as stated in the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to. 
 
 
 

Signature:                                     ______________________________ 
 

Name of Chairman of 
Supervisory committee: 

Assoc. Prof. Ina Salwany Md Yasin 

  

Signature: ______________________________ 
 

Name of Member of 
Supervisory committee: 

Dr. Zarirah Mohammed Zulperi 

  

Signature: ______________________________ 
 

Name of Member of 
Supervisory committee: 

Dr. Chong Chou Min 

 

  



© C
OPYRIG

HT U
PM

x 
 

TABLE OF CONTENTS 
 

 Page 

ABSTRACT i 
ABSTRAK iii 
ACKNOWLEDGEMENTS v 
APPROVAL vi 
DECLARATION viii 
LIST OF TABLES xiii 
LIST OF FIGURES xiv 
LIST OF APPENDICES xvi 
LIST OF ABBREVIATIONS xvii 

 
CHAPTER      
   
1 INTRODUCTION 1 
 1.1 Background of study 1 
 1.2 Problem statements 1 
 1.3 Justification of study 3 
 1.4 Objectives 5 
    

2 LITERATURE REVIEW 6 
 2.1 Asian seabass (Lates calcarifer) 6 
  2.1.1 Biology and habitat 6 
  2.2.1 Economic important of Asian seabass 7 
 2.2 Vibriosis 8 
  2.2.1 

2.2.2 
2.2.3 
2.2.4 

Background of vibriosis 
Gross lesions of vibriosis on fish 
Pathogenesis and infection route  
Vibrio sp.  
2.2.4.1   Vibrio harveyi 

8 
9 
11 
11 
12 

 2.3 Aquatic bacterial challenge 13 
  2.3.1 Injection challenge 14 
  2.3.2 Immersion challenge 

2.3.2.1   Skin abrasion with immersion 
challenge 

14 
14 

 2.4 Fish vaccination 15 
  2.4.1 

2.4.2 
 
 
 
2.4.3 

History of fish vaccination 
Types of vaccine and delivery 
2.4.2.1   Formalin killed vaccine 
2.4.2.2   Live attenuated vaccine 
2.4.2.3   Other vaccine 
Bath administration of vaccine 

16 
17 
17 
18 
18 
19 

 2.5 
2.6 
2.7  

Brine shrimp, Artemia sp. model 
Histopathology 
Immune gene expression 

19 
20 
21 
 

 
 

   



© C
OPYRIG

HT U
PM

xi 
 

3 GENERAL METHODOLOGY 23 
 3.1 Identification of Vibrio sp. 23 
 3.2 Confirmation of live attenuated V. harveyi 

(MVh_vhs) strain 
24 

 3.3 Vibrio culture and growth condition 24 
 3.4 Histopathology 25 
 3.5 Ethic statements 25 
    

4 ADMINISTRATION OF LIVE ATTENUATED 
VACCINE OF Vibrio harveyi TO IMPROVE 
SURVIVAL OF GNOTOBIOTIC BRINE SHRIMP 
(Artemia salina) MODEL AGAINST MULTIPLE 
Vibrios INFECTION 

26 

 4.1 Introduction. 26 
 4.2 Material and methods 27 
  4.2.1 

4.2.2 
4.2.3 

Gnotobiotic Artemia sp. culture 
Identification of Vibrio sp. strain and culture  
Brine shrimp larvae survival studies 

27 
27 
28 

   
 
4.2.4 

4.2.3.1.   Vaccine safety experiment 
4.2.3.2    Vaccine protective experiment 
Data analysis 

28 
28 
29 

 4.3 Results 29 
  4.3.1 

 
4.3.2 
 

Effect of live attenuated V. harveyi 
(MVh_vhs) and wildtype V. harveyi (VH1) 
on survival of A. salina larvae Efficacy of 
live attenuated V. harveyi (MVh_vhs) on A. 
salina survival against V. harveyi, V. 
alginolyticus and V. parahaemolyticus 

29 
 

30 
 

 4.4 Discussion 33 
 4.5 Conclusion 36 
    

5
. 

EFFECT OF SKIN ABRASION IN IMMERSION 
CHALLENGE WITH Vibrio harveyi IN ASIAN 
SEABASS (Lates calcarifer)) FINGERLING 

37 

 5.1 Introduction 37 
 5.2 Material and methods 38 
  5.2.1 

5.2.2 
5.2.3 
5.2.4 
5.2.5 
5.2.6 
5.2.7 

Experimental fish 
Bacterial strain and culture conditions 
Experimental design 
Bacterial load determination 
Histopathology 
Data analyses  
Ethic statements 

38 
38 
39 
41 
41 
41 
41 

 5.3 Results 42 
  5.3.1 

5.3.2 
5.3.3 

Lethal dose (LD50) and mortality 
Bacterial loads 
Histopathology 

42 
43 
44 

 5.4 Discussion 46 
 5.5 Conclusion 48 
    



© C
OPYRIG

HT U
PM

xii 
 

6 EFFICACY OF BATH VACCINATION OF LIVE 
ATTENUATED Vibrio harveyi (MVh_vhs) VACCINE ON 
ASIAN SEABASS (Lates calcarifer) FINGERLINGS 
AGAINST Vibrio harveyi SKIN ABRASION IMMERSION 
CHALLENGE. 

49 

 6.1 Introduction 49 
 6.2 Materials and methods 51 
  6.2.1 

6.2.2 
 
6.2.3 
6.2.4 
6.2.5 
 
6.2.6 
6.2.7 
6.2.8 
 
 
 
6.2.9 
6.2.10 

Experimental fish 
Preparation of wildtype V. harveyi (VH1) 
and live attenuated V. harveyi (MVh_vhs) 
Preparation of formalin killed V. harveyi 
Bath vaccination and sampling 
Bacterial load determination in fish tissues 
and isolated bacterial identification 
Immersion challenge with skin abrasion 
Histopathology 
Immune gene expression 
6.2.8.1   Total RNA isolation 
6.2.8.2   First strand of cDNA synthesis 
6.2.8.3   Real-time quantitative PCR 
Data analyses 
Ethics statement 

51 
51 
 

51 
52 
53 
 

54 
54 
54 
54 
55 
55 
56 
56 

 6.3 Result  56 
  6.3.1 

 
6.3.2 
 
6.3.3 
6.3.4 

Bacterial proliferation for Asian seabass 
fingerling organs  
Relative percentage survival, Mortality and 
Clinical sign  
Histopathology 
Immune gene expression  

56 
 

57 
 

60 
63 

 6.4 Discussion 67 
 6.5 Conclusion 71 
   

7 SUMMARY, CONCLUSION AND RECOMMENDATIONS 
FOR FUTURE RESEARCH 

72 

   
REFERENCES/BIBLIOGRAPHY 74 
APPENDICES 99 
BIODATA OF STUDENT 106 
LIST OF PUBLICATIONS 107 
 

 

 

 

                                                                                                             

 
 



© C
OPYRIG

HT U
PM

xiii 
 

LIST OF TABLES 
 

Table  Page 

2.1 Examples of Immune genes that used as immunological 
markers for fish immunology 

22 

3.1 Bacteria strains that used for the experiment  23 

3.2 Primer used for the PCR amplification  24 

3.3 The deletion bases in catalytic sites of serine protease gene 
(VHS) sequence of MVh-vhs strain 

24 

5.1 Experimental design 39 

5.2  Bacterial load determination for Asian seabass organs with 
different health stages following infection with 108 CFU/mL of 
Vibrio harveyi.  

44 

6.1 Experimental design 52 

6.2  Primers that used in qPCR  56 

6.3 Bacterial load determination for fish organs of Asian seabass 
fingerling along the time after immersed with 107 CFU/mL of 
live attenuated V. harveyi (MVh_vhs) 

57 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xiv 
 

LIST OF FIGURES 

 

 

 

Figure  Page 

2.1 Marketed size of Asian seabass (Lates calcarifer) 6 

2.2 Life cycle of cultured Asian seabass (Lates 
calcarifer)  

8 

2.3 Giant grouper (Epinephelus lanceolatus) with 
extensive ulcerative myonecrosis 

10 

2.4 Farmed Atlantic cod (Gadus morhua) affected by 
vibriosis 

10 

2.5 Anatomy of typical prokaryotic cells included Vibrio 
sp.  

12 

2.6 Sea trout, juvenile being vaccinated against vibriosis 
before transferred to floating cage culture for grow 
up.  

16 

4.1 Bacterial safety assay of Vibrio harveyi at different 
concentrations against Artemia salina. 

30 

4.2 Survival upon 109 CFU/mL of Vibrio spp challenge 
for 105 CFU/mL, 107 CFU/mL and 109 CFU/mL of 
live attenuated V. harveyi (MVh-vhs) with 6 hours 
encapsulated Artemia franciscana larvae 
respectively 

31 

4.3 Survival upon 109 CFU/mL of Vibrio spp challenge 
for 105 CFU/mL, 107 CFU/mL and 109 CFU/mL of 
live attenuated V. harveyi (MVh-vhs) with 24 hours 
encapsulated Artemia franciscana larvae 
respectively 

32 

5.1 The location of skin abrasion on Asian seabass 
fingerling for group 3 

40 

5.2 Immersion challenge with 107 CFU/mL and 108 
CFU/mL of Vibrio harveyi for skin abraded Asian 
seabass fingerling 

42 

5.3 Newly dead of skin abraded Asian seabass 
fingerling (3 hour post-mortem) after V. harveyi 
immersion challenge 

43 



© C
OPYRIG

HT U
PM

xv 
 

 

 

 

 

 

 

LIST OF APPENDICES 
 

Appendix  Page 

5.4 Histological manifestations in various organs of 
newly dead Asian seabass fingerlings after 
challenge 

45 

6.1 Timeline of vaccine regime and Vibrio challenge 53 

6.2 Relative Percentage Survival of 107 CFU/mL V. 
harveyi immersion challenge for post bath 
vaccinated skin abraded Asian seabass fingerling 
with the time extension 

58 

6.3 Clinical sign of skin abraded vaccinated Asian 
seabass fingerling after V. harveyi immersion 
challenge 

59 

6.4 Histological manifestations in various organs of from 
live attenuated V. harveyi post-vaccinated Asian 
seabass fingerling after 12 h post vaccination. 

61 

6.5 The mRNA expression patterns of immune related 
gene CCL4 and MHC I in gill of the vaccinated fish 
with the time extension 

63 

6.6 The mRNA expression patterns of immune related 
gene CCL4 and MHC I in liver of the vaccinated fish 
with the time extension. 

64 

6.7 The mRNA expression patterns of immune related 
gene CCL4 and MHC I in kidney of the vaccinated 
fish with the time extension 

65 

6.8 The mRNA expression patterns of immune related 
gene CCL4 and MHC I in skin of the vaccinated fish 
with the time extension 

66 



© C
OPYRIG

HT U
PM

xvi 
 

1 Full sequence of serine protease gene for Vibrio 
harveyi 

99 

2 IACUC 101 
3 Standard curve for Primer Efficiency  102 
4 RNA purity and concentration 104 

  



© C
OPYRIG

HT U
PM

xvii 
 

LIST OF ABBREVIATIONS 
 

% Percentage 

l Microlitre 

Μm Micromolar 

® Registered 

™ Trademark 

ºc Degree Celsius 

Asp (D) Aspartate 

BLAST Basic Local Alignment Search Tool 

CaCl2 Calcium chloride 

CFU Colony forming units 

DNA Deoxyribonucleic acid 

ECPs Extracellular products 

H&E haematoxylin and eosin 

His (H) Histidine 

LD50 Median lethal dosage 

LPS Lipopolysaccharide 

M Molar 

Mg Milligram 

MgCl2 magnesium chloride 

Mm Millimolar 

MS-222 Tricaine methanesulfonate solution 

NaCl Sodium chloride 

PBS Phosphate Buffered saline 

PCR Polymerase chain reaction 

RNA Ribonucleic acid 

RT-qPCR Real time quantitative polymerase chain reaction  



© C
OPYRIG

HT U
PM

xviii 
 

Ser (S) Serine 

TCBS thiosulfate-citrate-bile salts-sucrose 

TSA tryptic soy agar 

TSB tryptic soy broth 

CCL4 Chemokine ligand 4 

MHC I Major Histocompatibility Complex I 

MHC II Major Histocompatibility Complex II 

ß-actin Beta-actin 
 



© C
OPYRIG

HT U
PM

1 
 

 

CHAPTER 1 
 

INTRODUCTION 
 

1.1   Background of study 
 

Global aquaculture production increase sharply annually since year 1990 to 
achieve 80.03 million tonnes (USD 243.5 bilion) which is 47 % of total global fish 
production that achieved 171 million tonnes in year 2016 compared with no 
increment for wild fish capture production in these last years (FAO, 2018). 
Increment of global marine aquaculture production from 23.2 million metric 
tonnes since year 2011 to 28.7 million metric tonnes at year 2016 (FAO, 2018). 
Based on the statistic, aquaculture is the fastest food production sector for 
decades and is predicted to exceed wild fish capture production influenced by 
increasing of human population and economic development in the world (Liu et 
al., 2018). In Malaysia, freshwater aquaculture sector contributed to 163757 
metric tonnes valued at RM 992 million while marine aquaculture sector 
contributed 139129.5 metric tonnes valued at RM 1566.8 million in year 2012 
(SEAFDEC, 2015).  

 

Asian seabass (Lates calcarifer), snappers (Lutjanus sp.) and groupers 
(Epinephelus sp.) are the major common marine finfish species found in 
Malaysia marine aquaculture (Halwart et al., 2007). In fact, Malaysia is one of 
important Asian seabass producing countries that contributed about 5000 metric 
tonnes from year 2008 increased to 25000 metric tonnes of Asian seabass, 
which 20 % of total global Asian seabass production at year 2010 (Tveteras, 
2016). These facts showed that the Asian seabass is important marine fish 
species that commonly cultured in Malaysian marine aquaculture.  

 

However, farmed aquatic animals are susceptible to infectious disease and 
transmission of pathogens due to environmental stress that caused by high 
density of farmed aquatic animals, clean water shortage and insufficient waste 
removal (Kautsky et al., 2000). The spread of infectious disease and discharge 
of effluents which had high level of nutrient, antibiotics or nonnative species are 
negative impacts of marine aquaculture industry for seawater environment 
(Engle and Bohorquez, 2009). Moreover, infectious disease of aquaculture 
usually occur in lower latitudes areas that relatively warmer climate due to 
favorable condition for the proliferation of infectious pathogen and have chance 
to spread to other upper latitudes areas that increased temperature due to 
climate change (Leung and Bates, 2013). Pathogenic Vibrio species growth 
rapidly in warm water temperate area and spread to other area due to climate 
change (Baker-Austin et al., 2016). 
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1.2 Problem statement  
 

Vibriosis is the disease that are caused by pathogenic Vibrio spp. which gave 
serious impact for global marine aquaculture toward increase mortality of farmed 
fishes and had potential zoonotic to human (Haenen et al., 2014). Aquaculture 
farms in Malaysia and other tropical neighboring countries always suffered 
vibriosis outbreaks particularly in the important food fish species that affected 
aquaculture production and Malaysia economy. Among the fish species are 
Asian Seabass (Lates calcarifer), brown marble Grouper (Epinephelus 
fuscoguttatus), Orange-spotted Grouper (Epinephelus coioides), Red Snapper 
(Lutjanus sp.) and Hybrid Grouper (Epinephelus fuscoguttatus x Epinephelus 
lanceolatus)(Albert and Ransangan, 2013). Antibacterial drugs were widely used 
as veterinary medicine for aquaculture treatments to control infectious bacterial 
disease included vibriosis to prevent any loss of aquaculture activities (Sekkin et 
al., 2011). Vibrio harveyi, V. alginolyticus and V. parahaemolyticus are well 
common causative agent of Vibriosis for farmed marine animals (Kalatzis et al., 
2018). 
 

However, antibiotics was restricted for treatment of fish bacterial disease 
because production of antibiotic-resistant bacteria upon long-term using of 
antibiotics (Martinez-Diaz and Hipolito-Morales, 2013). The uses of improved 
husbandry/management practices, movement restrictions, genetically resistant 
stock, dietary supplements, nonspecific immunostimulants, vaccines and 
therapeutics, water disinfection biological control, antimicrobial compounds, 
water disinfection, and control of movement are the best recommendations to 
prevent infectious diseases of fish (Assefa and Abunna, 2018). Vaccine is one of 
alternatives that have been proposed to overcome disease-caused mortality and 
morbidity after restriction of antibiotic for aquaculture (Cheng et al., 2014). 
Vaccination depends on host adaptive immune mechanisms to acquire antigens 
in vaccine for enhancing longer period of specific immunity against the particular 
pathogen (Rowley and Pope, 2012).  

 

Several factors that needed to be considered before fish vaccination included 
targeted fish species, status of fish immune system, fish production cycle and 
life history of aquaculture system (Assefa and Abunna 2018). Formalin killed 
vaccine was created against disease of farmed aquatic animals but formalin-
killed vaccine did not provided acceptable protection for targeted host (Liu et al., 
2015b). Moreover, protective effects of vaccination for marine fish fingerling 
stage was poorly understood and was not well studied. Injection vaccination and 
handling stress are the problems for fish fingerling or larvae before they are 
developed into large enough for the vaccination (Sommerset et al., 2005). 
Therefore, further studies are needed to investigate pathogenesis of Vibrio 
species, vaccine efficacy and delivery particular for marine fishes at fingerling 
stage.   
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1.3 Justification of study 
 

Live attenuated vaccine is pathogenic or beneficial microorganism that are 
engineered into genetical attenuated forms to deliver heterologous antigens for 
stimulating host immunity against pathogens which included the donor gene from 
it was derived (Lin et al., 2015). In fact, live attenuated vaccine can stimulate 
strong cellular and antibody response with long life immunity by only one or two 
doses but have risk to revert their pathogenicity which cause disease (NIAID, 
2017). In our laboratory, newly developed vaccine known as live attenuated V. 
harveyi (MVh_vhs) is genetic modified strains of V. harveyi with deletion of 
catalytic triad sites which are Aspartate (D153), Histidine (H123) and Serine 
(S228) in serine protease (vhs) gene (Mohd-Aris et al., 2018). The serine 
protease gene was chosen for attenuation because serine protease is one of the 
extracellular products of V. harveyi that contributed pathogenic properties (Austin 
and Zhang, 2006).  

 

Therefore, in the present study, the live attenuated V. harveyi vaccine candidate 
was tested using brine shrimps as a model to determine bacterial virulence of 
the Vibrio spp. strains and the safety of live attenuated V. harveyi (MVh_vhs) 
through their survival. Brine shrimp, Artemia salina have features that live in high 
salinity of water environment and short life-span with good resilience which is 
suitable as good host model organisms to study virulence of marine pathogenic 
bacteria (Lee et al., 2014).  
 

The fish fingerling stage of Asian seabass (Lates calcarifer) is chosen for 
experiment upon fish farmers prefer hatchery cultured marine fish fingerling as 
seed stock for grow-out aquaculture to produce health marketable sized marine 
fishes because high survival and fast growth of the fingerling (Francis and Davies, 
2014). Furthermore, vibriosis also cause high mortality for early development of 
fish because disease outbreak in fish farm (Silva et al., 2014). However, effective 
vaccine development and delivery are still not available. In this study, skin-
abraded Asian seabass fingerling as model with immersion challenge of Vibrio 
spp. can be used to evaluate effectiveness of formalin killed V. harveyi and live 
attenuated V. harveyi (MVh_vhs) accurately in this experiment for future use in 
real situation of aquaculture.  
 

Vibrio species were opportunistic pathogens that cause primary disease for 
mechanical skin damage of marine fishes in a disease outbreak (Benediktsdottir 
et al., 2008). The reason is standard experimental bacterial challenge method 
that undergoes injecting fish (subcutaneously, intraperitoneally or 
intramuscularly) with known bacterial concentration for finfish does not mimic 
natural infection which affect evaluation of potential prevention strategies against 
the related bacterial diseases because bypassed the fish first line defense 
consisting external non-specific barrier (Long et al., 2014; Henriksen et al., 2013). 
Moreover, the genetic and behavioral factor as well as environmental factors 
trigger the intracohort cannibalistic behavior for early stages of Asian seabass 
included fingerling and juvenile stage which lead to chasing, attacking and biting 
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on each other in a population lead to open wound of the fishes (Qin et al., 2004; 
Liu et al., 2017).  

 

Bath administration known as bath vaccination is immersion delivery of vaccine 
through bathing fish into a vaccine solution with a time period to allow antigen 
uptake across mucosal surface for stimulating both mucosal and systemic 
immune response (Sudheesh and Cain, 2017). Bath or immersion vaccination 
are suitable methods to administrate vaccine into small size of fishes (Embregts 
and Forlenza, 2016) because large amount of small fishes can be vaccinated 
quickly and cheaply to acquire immune protection against infectious disease 
(Villumsen et al., 2014). In this case, previous research shown that higher 
relative percentage survival (RPS) of rainbow trout (Onchorhynchus mykiss) fry 
that bath vaccinated of live attenuated Flavobacterium psychrophilum vaccine 
with a booster compared with the vaccinated fry without booster after pathogenic 
F. psychrophilum challenge (Sudhessh and Cain, 2016). Gene expression used 
as identified immune markers in determining vaccine protective immunity served 
as guides to optimize vaccine antigens, formulations, antigen dose and 
immunization regimes for producing effective fish vaccination (Munang’andu and 
Evensen, 2019). Therefore, effectiveness of formalin killed V. harveyi and live 
attenuated V. harveyi (MVh_vhs) for vaccinated Asian seabass fingerling 
respectively can be evaluated accurately through survival in challenge test and 
gene expression result in this experiment.  
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1.4. Objectives 

 

1. To determine the safety and efficacy of live attenuated V. harveyi on 
model of gnotobiotic A. salina metanauplii culture. 
 

2. To determine the effects of skin abrasion on infectivity of V. harveyi in 
Asian seabass fingerling (L. calcarifer). 
 
 

3. To examine immune protective effects of live attenuated V. harveyi 
vaccine on Asian seabass (L. calcarifer) fingerlings after V. harveyi 
challenge. 

 

Hypothesis: 
 

H0:  
 

The live attenuated V. harveyi (MVh_vhs) is not safe, not effective and 
not protective for L. calcarifer fingerlings against vibriosis. 
 
 

H1: The live attenuated V. harveyi (MVh_vhs) is safe, effective and 
protective for L. calcarifer fingerlings against vibriosis.  
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