
INVESTIGATING INFECTIOUS BACTERIAL DISEASES AFFECTING FARMED 
NILE TILAPIA (OREOCHROMIS NILOTICUS) IN THE PHILIPPINES 

 
 
 
 

 
 

THESIS SUBMITTED TO THE UNIVERSITY OF STIRLING FOR THE DEGREE 
OF DOCTOR OF PHILOSOPHY 

 
 
 
 
 
 

by 
FRANCIS SORIA LEGARIO, BSc, MSc 

 
 
 
 
 
 
 

INSTITUTE OF AQUACULTURE, FACULTY OF NATURAL SCIENCES 
UNIVERSITY OF STIRLING 

UNITED KINGDOM 
 
 
 
 

July 2021 
 
 
 
 
 

 
 



2 

 

DECLARATION 

 

 

I, the undersigned, hereby declare that this thesis has been composed 

entirely by me and has not been submitted for any other degree. The work 

presented in this thesis, except where specifically acknowledged, is the result of 

my own investigations which have been done by me independently.  

 

 

FRANCIS SORIA LEGARIO 

Stirling, UK 

July 2021 

 

 

 

 

 

DR. MARGRET CRUMLISH 
Principal Supervisor 
 
 
 
 
 
 
PROF. JIMMY F. TURNBULL 
Second Supervisor 

 

 



3 

 

 

ACKNOWLEDGEMENTS 

 

I am delighted to express my wholehearted feelings of thankfulness and 

gratefulness to Dr. Mags Crumlish and Prof James Turnbull, my supervisors and 

mentors, for all of their help, support, freedom, inspiration, advice and guidance 

throughout my PhD journey; and for giving me access to their office for a quick 

discussion about the experiment anytime when I needed it. I could not have 

wished for better supervisors. I am also indebted to them for their ceaseless 

endurance for careful reading and reviewing the write-up and also for teaching me 

fish bacteriology, diagnostics, histopathology and epidemiology.  

 

I would like to express my gratitude to Dr. Johanna Bailey for helping me in 

my histopathology analysis, and to Dr. Amaya Albalat, who lend precious help and 

advice in proteomics for the identification of my bacterial isolates. I would also like 

to thank Dr. Celia L. Pitogo for introducing my supervisors, Dr. Joebert Toledo of 

Feedmix II Inc. and Dr. Casiano Choresca of Fisheries Biotech Centre-NFRDI, for 

their assistance during my field work in the Philippines.  

 

I also express my heartfelt thanks to Debbie Faichney for her helping hand 

in the bacteriology laboratory and for training me in tissue processing for 

histopathology. Moreover, I am thankful to Rona Werner and Kathryn Grace for 

their help in bacteriology and molecular biology assays.   

 

I am also thankful to Jacquie Ireland, Dr. John Taggart and Dr. Kerry Bertie 

for their tips and suggestions in molecular biology work.  

 

I am grateful to my past and present officemates and friends Shankar, 

Savitree, Chris, Ahmed Ahmed, Ying, Khalid, Elizabeth, Simao, Xu Gong, Claudia, 

Jessica and Karla without whom life would be boring. I always appreciate their 

inspiration, suggestion and help in different aspects. I will never forget their 



4 

 

company. Special thanks to Hery Kurniawan and his wife Rhia, their kids Kenzo 

and Kesha whom I share my food and house. 

 

To Sheila Nisbet, Alasdair and Daniela, who were my Filipino family and 

help here in Scotland. I am thankful for their generosity and friendship. You all will 

always have a special place in my life. 

 

To my family in Aylesbury, England Tito Roflo and Tita Susan, and my 

cousins. Thank you for all forms of help and for adopting me every Christmas 

holiday. I am also blessed to have students who became friends who took me in 

their flats in London when I feel bored up here in the North. Thank you, Jaimie, 

Kae Wendy, Gab and McCoy. 

 

To my DOST Newton PhD co-scholars Rommel and Justine, thank you for 

the friendship, travels, and memories. The monthly catch up with you guys eases 

the the sadness of living far away from home. To Dave, my travel buddy, let’s do it 

again when this pandemic is over. 

 

I am also grateful to the DOST-Newton PhD Agham Program of the British 

Council and the Depertment of Science and Technology, Philippines, and the Iloilo 

Science and Technology University, for which I will always feel grateful, for the 

scholarship grant and financial support without which this study would not have 

been possible.  

 

I am also blessed to have a constant spiritual guidance, conversation, and 

prayer from my Pastor Carlos and his wife Sis. Adora Finally, to my parents, 

sisters and nieces Marie & Peonie for the constant video calls, their support and 

inspiration throughout this long journey which made it worth and enjoyable. 

 

 

Madamo guid nga salamat (Thank you very much)! 

 



5 

 

ABSTRACT 

 

Tilapia production in the Philippines has been stagnating if not decreasing 

for the past decade and several factors have been implicated including infectious 

diseases. To investigate the reports of disease and mortality outbreaks in 16 

tilapia farms in the country, a field survey was performed 2018-2019 where the 

husbandry and health management practices of tilapia farms were described and 

biological samples were collected simultaneously, for disease diagnosis and 

confirmation.  The majority of the tilapia farms were freshwater intensive 

production systems, where analysis of the farm level data showed, a tendency to 

overstock the systems initially, resulting in low survival levels post-stocking. 

Although the farming systems varied in their production capacity and 

management, nearly all farms used commercial feed with little or no 

comprehensive biosecurity practises being applied. From the survey interviews of 

this study, data showed that farmers recognised fish diseases using clinical signs 

and reported mortality outbreaks occurring during March to June, which coincides 

with increased water temperature.  

 

The fish samples collected exhibited a wide range of gross clinical signs, 

compatible with bacterial septicaemia. Bacterial isolation and identification 

recovered Gram-positive Streptococcus agalactiae and S. iniae strains as well as 

Gram-negative memebers of the motile Aeromonas spp. dominated by A. veronii. 

Histopathological analysis revealed varied pathologies consistent with bacterial 

infection. These include haemorrhage, congestion, infiltration of inflammatory cells 

with necrosis of the cells and inflammatory reactions. The observed pathologies 

supported the observed clinical signs exhibited by the diseased fish samples. 

 

The Gram-positive bacterial recovery data showed a higher prevalence for 

S. agalactiae compared with S. iniae, although both species were identified from 

diseased fish in the farming systems. The higher prevalence of S. agalactiae was 

similar to findings from other Southeast Asian countries. There were two serotypes 

of S. agalactiae identified, namely serotype Ia and serotype Ib which were both 
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circulating within the tilapia systems investigated. Main histological lesions found 

in tilapia samples infected with S. agalactiae and S. iniae were meningitis and 

encephalitis. The kidney, spleen, heart, and liver were filled with Gram-positive 

cocci with numerous infiltration of inflammatory cells indicative of bacteremia. The 

streptococci isolates were all susceptible to globally licensed antibiotics except for 

oxolinic acid which they have an intrinsic resistance. Additional antibiotic 

resistance genes were not detected in any strains investigated in this study. 

Virulence genes necessary for adhesion, invasion and immune evasion were all 

present in the isolates indicating their virulent nature.  

 

As expected, several species of motile aeromonads were recovered and 

identified from moribund tilapia. The motile Aeromonas spp. were positively 

identified as A. veronii, A. caviae and A. dhakensis. The histological lesions in fish 

where the motile aeromonads were recovered were typical of motile aeromonas 

septicaemia as described in previous studies. The isolates were intrinsically 

resistant to all β-lactam antibiotics. Resistance to oxytetracycline, tetracycline, 

erythromycin and sulphamethoxazole-trimethoprim were observed mostly in A. 

veronii. The antbiotic resistant genes tetE and sul1 together with the class 1 

integron gene IntI1 were detected in several A. veronii strains. Multpile virulence 

factors were detected in the isolates but were dominated by the cytotoxic 

enterotoxin act and the aerolysin aer which are important in establishment of MAS 

in fish. There were several genospecies based on presence of virulence genes 

showing the varied mechanism employed by these pathogens supporting the 

complexity of the pathogenesis of MAS in fish. 

 

The findings of the present study highlight the contribution of infectious 

bacterial disease in the stagnating tilapia production in the Philippines. This study 

established the aetiological agents namely S. agalactiae, S. iniae and motile 

Aeromonas spp. especially A. veronii as the main cause of reported disease and 

mortality outbreaks. 



7 

 

PUBLICATION, CONFERENCES, AND TRAINING 
RELATED TO THIS THESIS 

F.S. Legario, C.H. Choresca, J.F. Turnbull, M. Crumlish. Isolation and 
molecular characterization of streptococcal species recovered from clinical 
infections in farmed Nile tilapia (Oreochromis niloticus) in the Philippines. J. Fish 
Dis., 43 (11) (2020), pp. 1431-1442, 10.1111/jfd.13247 

 

 

Scientific conferences and meetings attended 

1. F.S. Legario, J.F. Turnbull and M. Crumlish. Investigating infectious bacterial diseases 

affecting farmed tilapia in the Philippines, PhD research conference, 17 April 2018, 

Institute of Aquaculture, University of Stirling (Poster Paper).  

2. F.S. Legario, J.F. Turnbull and M. Crumlish. Identification and characterisation of 

bacterial pathogens affecting farmed tilapia in the Philippines, PhD Symposium, 24-25  

October 2019, Institute of Aquaculture, University of Stirling (Oral presentation).  

3. F.S. Legario.  Streptococcosis in Nile tilapia. Complexly Microbial (Episode 3) 

Webinar. Biological Research and Services Laboratory, National Science Research 

Institute, University of the Philippines Diliman, Q.C. 6 November 2020. (Speaker). 

4. F.S. Legario, J.F. Turnbull and M. Crumlish.  Isolation and Characterisation of 

Streptococcal species from Farmed Nile tilapia in the Philippines. National One Health 

Antimicrobial Resistance (AMR) Summit Webinar Series Part 4: Research, 

Development, and Innovation. Webinar.Department of Health and Department of 

Agriculture, Republic of the Philippines. 23 November 2020. (Speaker). 

5. F.S. Legario.  Diversity of bacteria recovered from clinical infections in farmed Nile 

tilapia (Oreochromis niloticus) from the Philippines. 2021 MNH Biodiversity Seminar 

Series. Museum of Natural History, University of the Philippines Los Banos, Laguna. 

19 February 2021. (Speaker). 

 

 

Trainings and workshops attended 

1. E1/L ScotPil Training Course. Core modules, Legislation and Ethics. Western 

Infirmary Lecture Theatre. 22nd October 2018. University of Glasgow, UK.  

 



8 

 

DEDICATION 

 

 

 

To Lola Trining & Nanay Norma 

My parents and my family 

 

 

 

 

 

“Happy is the man who finds wisdom, and the man who 

gains understanding.” 

 

                 Proverbs 3:13# 

 

 

 

 

 

 

 

 



9 

 

TABLE OF CONTENTS 

DECLARATION 2 

ACKNOWLEDGEMENTS 3 
ABSTRACT 5 

PUBLICATION, CONFERENCES, AND TRAINING RELATED TO THIS THESIS7 
DEDICATION 8 

TABLE OF CONTENTS 9 
LIST OF TABLES 14 

LIST OF FIGURES 16 
LIST OF ABBREVIATIONS 22 

CHAPTER  1. General introduction and literature review 26 
1.1 Tilapia Aquaculture 26 

1.1.1 Tilapia Biology 26 
1.1.2 Global Status of Tilapia Aquaculture 33 

Producers of farmed tilapia in the world 34 
Cultured tilapia production by species. 36 

1.1.3 Current Issues and Problems in the Philippine Tilapia Sector 38 
1.2. Streptococcosis in Tilapia 48 

1.2.1 Genus Streptococcus 49 
1.2.2 Transmission 52 

1.2.3 Pathogenesis 53 
1.2.4 Diagnostic approaches for piscine Streptococcus spp. 57 

1.2.5 Disease Prevention and Control 60 
1.3 Motile Aeromonas Septicaemia in Tilapia 62 

1.3.1 Motile Aeromonads 62 
1.3.2 Transmission 64 

1.3.3 Pathogenesis 65 
Capsule. 66 

Exotoxins. 67 
Extracellular Enzymes. 68 

Secretion systems. 70 
Other Virulence factors. 71 

1.3.4 Diagnostic approaches in piscine Motile Aeromonas spp. 72 
1.3.5 Disease Prevention and Control 74 

1.4. Rationale and Study Aim 77 
CHAPTER  2. Current Status of Tilapia Farming in the Philippines 79 

2.1 Abstract 79 
2.2 Introduction 80 

2.2.1 Tilapia Farming: Development and Status 80 
2.2.2 Study Aim 84 

2.3. Materials and Methods 84 
2.3.1 Survey 84 

2.3.2 Tilapia Farm Survey 85 
2.3.3 Questionnaire Design 85 

2.3.4 Fish Sampling 86 
2.3.5 Data Collection/Analysis 87 

2.3.6 Ethical Approval 88 
2.4 Results 88 



10 

 

2.4.1 Overview 88 
Survey and Interview. 88 

Role of the interviewee. 89 
Location and Farming Systems. 89 

2.4.2 Description of the tilapia Farm Sector 95 
Duration of farm operation 95 

Species of tilapia 96 
Type of Farm Records 97 

Production and Husbandry 100 
Stocking size, number, and density 101 

Survival and size of fish at harvest. 102 
Size of production 103 

2.4.3 Pond and Water Management 104 
2.4.4 Feed Type and feeding regiment 106 

Type of Feed 106 
Feeding Rates 106 

2.4.5 Health Management Practices 107 
Health interventions 107 

Treatment intervention 108 
Disposal of diseased or dead fish 109 

2.4.6 Disease outbreaks 110 
Clinical signs of disease. 110 

Time of disease outbreaks. 112 
2.5 Discussion 116 

2.6 Conclusion 139 
CHAPTER  3. Disease Status of Farmed Tilapia in the Philippines 141 

3.1 Abstract 141 
3.2 Introduction 143 

3.2.1 Study Aim 147 
3.3 Materials and Methods 148 

3.3.1 Fish samples 148 
3.3.2 Bacterial Recovery 148 

3.3.3 Conventional phenotypic and biochemical tests 149 
3.3.4 Molecular identification of the isolates 149 

DNA Extraction 149 
16S rRNA gene sequencing 150 

3.3.5 Histopathology 151 
3.4 Results 152 

3.4.1 Fish samples 152 
Clinical signs of disease 152 

3.4.2 Bacterial recovery and identification 156 
Molecular identification using 16S rRNA gene sequencing. 157 

3.4.3 Histopathology 161 
Liver 161 

Heart 162 
Kidney 164 

Spleen 165 
Brain 166 

3.5 Discussion 170 



11 

 

3.6 Conclusion 184 
CHAPTER  4. Streptococcosis in Farmed Nile Tilapia in the Philippines185 

4.1 Abstract 185 
4.2 Introduction 187 

4.2.1 Study Aim 193 
4.3 Materials and Methods 193 

4.3.1 Identification of Species 194 
4.3.1.1 Biochemical profiles of the isolates 194 

4.3.1.2 Starch hydrolysis for streptococci 194 
4.3.1.3 Duplex PCR for S. agalactiae and S. iniae 194 

4.3.1.4 Capsular serotyping for S. agalactiae 196 
4.3.1.5 Protein spectral profiles of the streptococci isolates 197 

Ethanol-formic acid extraction 197 
Spotting of MALDI-TOF slide/target plate 198 

Analysis of bacterial profiles through use of MALDI-TOF spectrometry
 198 

4.3.2 Viable growth in different incubation temperatures and salt 
concentrations 199 

4.3.3 Histopathology 199 
4.3.4 Antibiotic susceptibility and antibiotic resistance determinants 200 

4.3.4.1Antibiotic susceptibility assay 200 
4.3.4.2 Detection of antibiotic resistance genes 201 

4.3.5 Virulence and virulence genes 202 
4.3.5.1 Phenotypic virulence determinants 202 

Presence of capsule 202 
Haemolysis on Sheep Blood 202 

4.3.5.2 Detection of virulence genes 203 
4.4 Results 204 

4.4.1 Identification of the species 204 
4.4.1.1 Biochemical profiles of the isolates 204 

4.4.1.2 Starch hydrolysis 208 
4.4.1.3 Duplex PCR for S. agalactiae and S. iniae 208 

Optimisation 208 
Species-specific Duplex PCR of Streptococci isolates 210 

4.4.1.4 Capsular serotyping of S. agalactiae 211 
4.4.1.5 Protein spectral profiles of streptococci isolates 215 

4.4.2 Viable growth in different incubation temperatures and salt          
concentrations 218 

4.4.3 Histopathology 219 
4.4.4 Antibiotic susceptibility and antibiotic resistance determinants 223 

4.4.4.1 Antibiotic susceptibility and Antibiotic Resistance Genes 223 
4.4.5 Virulence and virulence genes 225 

4.4.5.1 Phenotypic virulence determinants 225 
Presence of capsule 225 

Haemolysis 225 
4.4.5.2 Detection of virulence genes 226 

Virulence Genes of S. iniae. 226 
4.5 Discussion 228 

4.6 Conclusion 243 



12 

 

CHAPTER  5. Aeromonas spp. Associated with Farmed Nile Tilapia in the 
Philippines 245 

5.1 Abstract 245 
5.2 Introduction 246 

5.2.1 Study Aim 252 
5.3 Materials and Methods 252 

5.3.1 Identification of the isolates 252 
5.3.1.1 Biochemical profiles 253 

5.3.1.2 Molecular identification of the MAS strains 253 
5.3.1.3 Protein spectral profiles of the MAS strains 254 

5.3.2 Viable growth in different incubation temperatures and salt 
concentrations 255 

5.3.3 Histopathology 255 
5.3.4 Antibiotic susceptibility and antimicrobial resistance determinants

 255 
5.3.4.1 Antibiotic susceptibility assay 255 

5.2.5.2 Detection of antibiotic resistance genes 256 
5.3.5 Detection of virulence determinants and virulence genes 258 

5.3.5.1 Phenotypic virulence determinants 258 
Haemolysis 259 

Extracellular Lipase 259 
Extracellular Gelatinase 259 

Extracellular Protease 259 
Extracellular DNAse 259 

Biofilm Formation 259 
5.3.5.2 Detection Virulence Genes 260 

5.4 Results 262 
5.4.1 Identification of the isolates 262 

5.4.1.1 Biochemical profiles 262 
5.4.1.2 Molecular identification 266 

5.4.1.3 Protein spectral profile the MAS strains 270 
5.4.2 Viable growth in different incubation temperatures and salt 

concentrations 273 
5.4.3 Histopathology 275 

5.4.4 Antibiotic susceptibility and antimicrobial resistance determinants
 278 

5.4.4.1 Antibiotic susceptibility assay 278 
5.4.5 Detection of virulence determinant and virulence genes 281 

5.4.5.1 Phenotypic expression of virulence detected in vitro 281 
5.4.5.2 Detection virulence genes 282 

5.5 Discussion 285 
5.6 Conclusion 304 

CHAPTER  6. General Discussion 306 
6.1 Context of this study 306 

6.2. Summary and conclusions 307 
6.3 Future work 327 

References 331 
APPENDICES 410 

Appendix 1: Survey Questionnaire 410 



13 

 

Appendix 2: Protocols 416 
Appendix 2.1: DNA Extraction (Crude Boiling Method) 416 

Appendix 2.2: 16S rRNA PCR 417 
Appendix 2.3: Species-specific Duplex PCR 420 

Appendix 2.4: Molecular serotyping of piscine S. agalactiae capsule cps 
gene 422 

Appendix 3: Protein spectral profiles 426 
Appendix 3.1 426 

Appendix 3.2 427 
Appendix 3.3 428 

Appendix 3.4 429 
Appendix 3.5 430 

Appendix 4. Publication 431 
 

 

  

 



14 

 

LIST OF TABLES 

Table 1.1 Commercially important tilapias and their characteristics (Modified from 
Mair, 2001) 27 

Table 1.2 Tolerance of tilapia on different water quality parameters. 33 

Table 1.3 Major producers of farmed tilapia in the world (individual production 
above 50,000 tonnes in 2018). (Taken from Miao & Wang, 2018). 36 

Table 1.4 Global production of ten major farmed tilapia species in 2018 (individual 
farmed production above 1,000 tonnes). (Table modified from Miao & Wang, 
2020) 37 

Table 1.5 Tilapia productions (MT) by culture systems and AAPRs (%) for 2007-
2015. (Adapted from Guerrero, 2019). 43 

Table 1.6 Streptococcus bacterial agents and detailed information of affected fish 
species, locations, hosts, and clinical criteria. (Adapted from Mishra et al., 
2018). 48 

Table 1.7 Known virulence factors of Streptococcus agalactiae. All S. agalactiae 
strains isolated from mammals and the virulence factors were verified using 
mammalian based models. (Modified from Feathersone, 2014) 56 

Table 1.8 Known virulence factors of Streptococcus iniae. All S. iniae strains 
isolated from fish and the virulence factors were verified using fish based 
models. (Modified from Feathersone, 2014) 57 

Table 1.9 Candidate genes used for differentiation and diagnosis of various 
Streptococcal bacterial agents. (Adapted from Mishra et al., 2018). 59 

Table 1.10 Treatment of motile Aeromonas septicaemia in fish. (Taken from 
Stratev et al. 2016) 76 

Table 2.1 The distribution of tilapia farms included in the study 85 

Table 2.2 Data on participant role and attendance to training/seminar in fish farm 
management. 89 

Table 2.3 Location and description of the tilapia farms surveyed in Philippines 91 

Table 2.4 Clinical sign/s reported by farmers in identifying moribund tilapia per 
farm. 112 

Table 3.1 Important infectious diseases of farmed Nile tilapia. 143 

Table 3.2 Number of farms visited, and fish sampled. 152 

Table 3.3 External and internal clinical signs of the moribund Nile tilapia samples.
 153 

Table 3.4 Preliminary identification based on the phenotypic and biochemical tests.
 157 

Table 3.5 Summary for the recovered bacterial isolates in relation to location, farm 
description, clinical signs, and organ the bacteria was recovered, bacterial ID 
and pathology. 159 



15 

 

Table 4.1 Molecular serotyping primers for S. agalactiae. 197 

Table 4.2 Primers used for PCR detection of different ARGs in Streptococci spp. 
isolates. 201 

Table 4.3 Primers used for the detection of virulence genes in S. iniae and S. 
agalactiae. 203 

Table 4.4. Phenotypic and biochemical characteristics of the different Streptococci 
isolates. 205 

Table 4.5 Table 4.5. Percentage positivity for API 20 STREP for Streptococcus 
agalactiae and Streptococcus iniae isolates from farmed Nile tilapia in the 
Philippines and in other literature reports. 207 

Table 4.6 Identification results of the streptococci isolates from the three tests. 213 

Table 4.7 Identification of Streptococci isolates by peak analysis by MALDI-TOF 
MS. 216 

Table 4.8 Identification of S. agalactiae serotypes by peak analysis by MALDI-TOF 
MS. 217 

Table 4.9 Antibiotic response profiles of the different Streptococci isolates. 223 

Table 4.10 Phenotypic and genotypic virulence determinants in S. iniae isolates.
 227 

Table 4.11 Phenotypic and genotypic virulence determinants in S. agalactiae 
isolates. 228 

Table 5.1 PCR primers and sequencing primers for rpoD gene. 254 

Table 5.2 Primers used for PCR detection of different antimicrobial resistance 
genes in Aeromonas spp. isolates. 257 

Table 5.3 Primers used for PCR detection of different virulence genes in 
Aeromonas spp. isolates. 261 

Table 5.4 Phenotypic and biochemical characteristics of the different Aeromonas 
isolates. 263 

Table 5.5 Summary of API 20E results for Aeromonas veronii isolates from farmed 
Nile tilapia in the Philippines and in other literature reports. 265 

Table 5.6 Comparative identification results of the motile Aeromonas isolates from 
the three tests. 267 

Table 5.7 MALDI-TOF indicative peaks identified in motile Aeromonas isolates and 
type strains. 272 

Table 5.8 Phenotypic vs. genotypic vs. multiresistance antibiotic profiles of the 
different motile Aeromonas spp. isolates. 281 

Table 5.9 Virulence Profile of motile Aeromonas isolates from farmed Nile tilapia in 
the Philippines. 283 

Table 5.10 Subsets of virulence genes in Aeromonas isolates from farmed Nile 
tilapia in the Philippines. 285 



16 

 

LIST OF FIGURES 

Figure 1.1 Global production of farmed tilapia, with representative U.S. import 
prices for frozen fillets (red line), 1992 to 2021. (Sources: FAO: 1990-2016. 
Miscellaneous sources: 2017-2019. NFMS: Prices US imported frozen fillets.) 
(Taken from Tveteras et al., 2020). 34 

Figure 1.2 Volume of production of top five aquaculture commodities (2005-2019, 
Philippine Statistical Authority). 39 

Figure 1.3 Tilapia floating cages in Taal Lake, Batangas, Philippines. (21 March 
2018). 41 

Figure 1.4 Tilapia production in the Philippines over a ten year period. (Fisheries 
Statistics of the Philippines 2002-2020). 42 

Figure 1.5 Production of the aquaculture species and distribution of major bacterial 
diseases in Southeast Asian countries (Image taken from Kayansamruaj et 
al., 2020). 47 

Figure 1.6 Major virulence factors of piscine motile Aeromonas spp. (Taken from 
Hossain & Heo, 2020) 66 

Figure 2.1 Tilapia floating cages in Taal Lake, Batangas, Philippines 
(https://www.manilatimes.net/2021/04/15/news/regions/taal-volcano-registers-
more-tremors/864037/). 81 

Figure 2.2 Volume of production of tilapia versus population growth of the 
Philippines. (2005-2019, Philippine Statistical Authority; World Bank). 82 

Figure 2.3 Map of farm location in various provinces, Philippines. The red markers 
indicate the location of the sampled farms (red = freshwater; green = 
brackishwater; yellow = marine water) in the three main island groups of the 
Philippines. 90 

Figure 2.4 Satellite images of sampling sites of freshwater floating cages in: (A) 
Talisay; (B) Laurel; and (C) Agoncillo all in Taal Lake, Batangas, Philippines. 
(Google earth). 92 

Figure 2.5 Tilapia grow-out floating cages in Taal Lake, Batangas, Philippines. 93 

Figure 2.6 Satellite images of sampling sites in: (A) freshwater submerged cage 
(vague lines since the cages are submerged) in Laguna Lake; and (B) 
freshwater earthen pond hatcheries in Calauan, Laguna, Philippines. (C) 
Laguna Lake and adjacent municipality of Calauan, Laguna. (Google earth).
 94 

Figure 2.7 Satellite images of sampling sites in: (A) brackishwater earthen pond, 
Lubao, Pampanga; (B) freshwater floating cage in Batad, Iloilo; (C) 
brackishwater earthen pond in Silay, Negros Occidental; and (D) seawater 
floating cages in Panabo, Davao del Norte. (Google earth). 95 

Figure 2.8 Nile tilapia (Oreochromis niloticus). 96 

Figure 2.9 Red tilapia hybrid (O. mossambicus x O. hornorum). 97 



17 

 

Figure 2.10 Type of farm record kept by all tilapia farms, grow-out farms, and 
hatchery. 98 

Figure 2.11 Type of farm records kept by growout cages and ponds. 99 

Figure 2.12 A Venn diagram showing the relationship of the different farm records. 
The coloured oblong represent the specific farm record while the numbers 
represent the number of farm/s keeping such record. The number of records 
a farm keeps is shown by the number of overlaps of the coloured oblongs.100 

Figure 2.13 Box plots for the number of cages and/or ponds for tilapia grow-out 
farms and hatcheries. The middle box represents the middle 50% of scores of 
group. The line that divides the box into two parts is the median. The whiskers 
represents scores outside the middle 50%. The x represents the mean while 
the o are the scores. 101 

Figure 2.14 Stocking size (a) and number-/m3 (b) of fish in grow-out farms. 102 

Figure 2.15 Stocking density of tilapia in grow-out farms. 102 

Figure 2.16 Number of stocked tilapia fry (a) and average size of fish at harvest (b) 
in grow-out farms. 103 

Figure 2.17 Size of production per cage or pond (a) and (b) annual production in 
grow-out farms. 104 

Figure 2.18. Range of water quality and nutrient parameters measured by the 
tilapia farms (n=16). 106 

Figure 2.19 Types of interventions during disease outbreak in tilapia farms. 108 

Figure 2.20 Types of treatments during disease outbreak in tilapia farms. 109 

Figure 2.21 The graph shows the percentage of farms for the fate of the 
diseased/sick fish from the tilapia farms. 110 

Figure 2.22 Different clinical signs reported by farmers when fish get sick. 111 

Figure 2.23 Disease/mortality outbreak in tilapia farms and hatcheries in the 
Philippines. 113 

Figure 2.24 Disease/mortality outbreak in tilapia farms in Taal Lake and hatcheries 
in Calauan. 113 

Figure 2.25. Disease/mortality outbreak in tilapia farms in the Philippines in 2018-
2019. 114 

Figure 2.26 Graph showing the percentage of farms showing the percentage of 
prevalence of disease problems in tilapia stocks in farms and hatcheries after 
first month stocking. 115 

Figure 2.27 Percentage of tilapia survival in a production cycle. 116 

Figure 3.1 An apparently normal farmed Nile tilapia with no gross clinical signs 
apparent. 154 

Figure 3.2 Figure 3.2. A moribund farmed tilapia, note the presence of body 
redness (thin arrows) and haemorrhage of the eye (thick arrow). 154 



18 

 

Figure 3.3 Nile tilapia showing distended belly (yellow dashed circle) and cloudy 
eye (arrow). 155 

Figure 3.4 (a) Bilateral exophthalmia with corneal opacity (thick arrow) and (b) anal 
swelling (thin arrow). 155 

Figure 3.5 (a) Corneal opacity (arrow) and (b) enlarged kidney (yellow dashed 
circle). 156 

Figure 3.6 (a) Yellowish ascitic fluid and (b) liver lesion (yellow dashed circle). 156 

Figure 3.7 Gram-stain showing Gram-positive cocci (A) and Gram-negative rods 
(B). 157 

Figure 3.8 Number of bacterial isolates recovered from 16 tilapia farms throughout 
the Philippines. 158 

Figure 3.9 Liver showing foci necrosis (dashed circle), infiltration of inflammatory 
cells, and vacuolation of hepatocytes in H&E stained section (A). Gram 
stained of the same section (B) showing Gram-positive cocci in the same 
areas of foci necrosis. 161 

Figure 3.10 An H&E stained section of the heart showing massive pericarditis (star, 
P), marked thickening of the epicardium (E) and infiltration of inflammatory 
cells in the myocardium (M). 162 

Figure 3.11 An H&E stained section of the myocardium (M) showing necrosis (red 
circle) with infiltration of lymphocytes (green circles) and macrophages (small 
& big arrows). 163 

Figure 3.12 Gram stained section of the myocardium showing with numerous 
Gram-positive cocci bacteria. 163 

Figure 3.13 An H&E section of the kidney showing necrosis and degeneration of 
the renal tubules characterised by karyorrhectic cells (arrows). 165 

Figure 3.14 A Gram-stained section of the kidney presenting acute tubular necrosis 
with karyorrhectic cells (small arrows) and massive infiltration of Gram-
positive cocci bacteria. 165 

Figure 3.15 A Gram-stained section of the spleen showing foci of necrosis (dashed 
circle) and macrophages containing bacteria (arrow). 166 

Figure 3.16 Massive cellular meningitis (M) with areas of haemorrhage (arrow).167 

Figure 3.17 Gram-stained section of Figure 3.19 showing numerous bacteria-filled 
macrophages (small arrows) in the massive cellular meningitis. 167 

Figure 3.18. Diffuse necrotic encephalitis with infiltration of inflammatory cells in the 
brain cortex. 168 

Figure 3.19 A Gram-stained section of the brain in Figure 3.18 showing diffuse 
necrosis with numerous macrophages-filled with Gram-positive cocci bacteria.
 168 

Figure 3.20 Myxosporean parasite (stained purple) encysting in the muscle of the 
gill arch (Gram stain). 169 

Figure 3.21 Gram-negative rods in the spleen of the diseased tilapia. 169 



19 

 

Figure 4.1 Starch agar plates flooded with iodine solution showing S. iniae isolate 
(A) positive reaction and S. agalactiae (B) isolate with the negative reaction.
 208 

Figure 4.2 Sensitivity PCR for (A) LOX gene primers (amplicon size: 870 bp) for S. 
iniae ATCC 29178 & (B) STRA-Ag gene primers (amplicon size: 270 bp) for 
S. agalactiae NCIMB 701348: Lane M is 100 bp marker; Lane 1 negative 
control (Milli-Q water); Lanes 2 to 11 are DNA concentrations in a 10-fold 
dilution (50 ng to 0.5 fg DNA concentration). 209 

Figure 4.3 Specificity PCR for (A) STRA-Ag gene primers (amplicon size: 270 bp) 
for S. agalactiae NCIMB 701348: Lane M is 100 bp marker; 1 negative control 
(Milli-Q water); Lanes 2 to 6 are S. agalactiae NCIMB 701348; Lane 7 is S. 
iniae ATCC 29178; (B) LOX gene primers (amplicon size: 870 bp) for S. iniae 
ATCC 29178: Lane M is 100 bp marker; Lane 1 negative control (Milli-Q 
water); Lanes 2 to 6 are S. iniae ATCC 29178; Lane 7 is S. agalactiae NCIMB 
701348. 209 

Figure 4.4. Optimised Duplex-PCR amplification of the LOX and STRA-Ag genes 
for the identification of S. iniae and Streptococcus agalactiae. Lane M: 100 bp 
molecular marker; Lane 1: negative control (Milli-Q water); Lanes 2-4: S. 
agalactiae NCIMB 701348 only (270 bp); Lanes 5-7: S. iniae ATCC 29178 
only (870 bp); Lanes 8-10 are the band sizes for the mixture of S. agalactiae 
(270 bp) and S. iniae (870 bp). 210 

Figure 4.5 Duplex-PCR amplification of the LOX and STRA-Ag genes for the 
identification of S. iniae and Streptococcus agalactiae isolates from clinically 
affected tilapia in the Philippines. Lane M: 1 kb molecular marker; Lane 1: S. 
iniae ATCC 29178; Lane 2: S. agalactiae NCIMB 701348; Lanes 3–9 are the 
band size for Streptococci iniae (870 bp); Lane 10 is the band size for S. 
agalactiae (270 bp); and Lane 11: negative control (Milli-Q water) 211 

Figure 4.6 Duplex-PCR amplification of the LOX and STRA-Ag genes for the 
identification of S. iniae and Streptococcus agalactiae isolates from clinically 
affected tilapia in the Philippines. Lane M1 & M2: 100 bp molecular marker; 
Lane 1: negative control (Milli-Q water); Lane 2: S. agalactiae NCIMB 
701348; Lane 3: S. iniae ATCC 29178; Lanes 6–15, 20-21, 25 are the band 
size for S. agalactiae (270 bp); Lane 16 is the band size for S. iniae (870 bp).
 211 

Figure 4.7 Multiplex PCR amplification of cps genes of S. agalactiae. Lanes 3, 4, 5, 
9, 10, 11 and 12 are the band size for serotype Ia (272 bp and 688 bp); Lanes 
6, 7 and 8 are the band size for serotype Ib (272 bp, 621 bp and 688 bp). 212 

Figure 4.8 Phylogenetic tree was constructed based on the 16S rRNA of the S. 
agalactiae isolates in this study (bold) and their closely related species. 
Staphylococcus aureus ATCC 12600T was selected as an out-group. 
Percentage bootstrap values (1000 replicates) are shown at each branch 
point. 214 

Figure 4.9 Phylogenetic tree was constructed based on the 16S rRNA of the S. 
iniae isolates in this study (bold) and their closely related species. 
Staphylococcus aureus ATCC 12600T was selected as an out-group. 



20 

 

Percentage bootstrap values (1000 replicates) are shown at each branch 
point. 215 

Figure 4.10 Depicts the optimal mass spectrum results achieved with isolates 
undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. 
The four Streptococci isolates were grown for 48 hours before subculture and 
were procured at subculture 2. The blue spectrum exhibits isolate S. iniae 
105, the red spectrum displays isolate S. agalactiae serotype Ia 63, the 
spectrum in green shows S. agalactiae serotype Ib 100 and the violet 
spectrum depicts S. agalactiae NCIMB 701348. (Appendix 3.1) 216 

Figure 4.11 Depicts the optimal mass spectrum results achieved with isolates 
undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. 
The four Streptococci isolates were grown for 48 hours before subculture and 
were procured at subculture 2. The violet spectrum exhibits isolate S. 
agalactiae NCIMB 701348, the blue spectrum displays isolate 122, the 
spectrum in red shows 132 and the yellow green spectrum depicts isolate 63. 
(Appendix 3.2) 217 

Figure 4.12 The total percentage of S. agalactiae (n = 18) and S. iniae (n =7) 
isolates with viable growth in different incubation temperatures. 218 

Figure 4.13 The total percentage of S. agalactiae (n = 18) and S. iniae (n =7) 
isolates with viable growth in different salt concentrations. 219 

Figure 4.14 Gram-stained section of the basal layer of the optic tectum showing 
encephalitis (arrow) with infiltration of bacteria-filled macrophages. 220 

Figure 4.15 H&E stained section of the brain showing massive cellular meningitis 
(arrow, M) encapsulating the optic tectum (OP) of the brain. 220 

Figure 4.16 Gram-stained section of the liver showing proliferation of streptococci 
bacteria (arrow). 221 

Figure 4.17 Gram-stained sections of (A) brain of tilapia with meningoencephalitis 
due to Streptococcus iniae showing macrophages (arrows) filled with 
bacteria; (B) meningitis in tilapia infected with Streptococcus agalactiae 
showing bacterial infiltration (arrow) in the brain capillaries. 222 

Figure 4.18. Gram-stained section of the (A) heart and (B) kidney showing massive 
infiltration of Gram-positive cocci bacteria 222 

Figure 4.19 The capsules of (A) Bacillus meagterium (B) S. iniae and (B) S. 
agalactiae isolates under 1000x magnification. 225 

Figure 4.20 Streptococcal isolates on 5% sheep blood agar. Positive haemolytic 
reaction is indicated by transparent outline around bacterial colonies. A – S. 
iniae isolate; B – S. agalactiae serotype Ia isolate; C – S. agalactiae serotype 
Ib isolate; D – S. iniae ATCC 29178. 226 

Figure 5.1 Phylogenetic tree was constructed based on the 16S rRNA of the motile 
Aeromonas isolates in this study and their closely related species. Vibrio 
harveyi ATCC 14126T was selected as an out-group. Percentage bootstrap 
values (1000 replicates) are shown at each branch point. 269 



21 

 

Figure 5.2 Phylogenetic tree was constructed based on the rpoD gene of the motile 
Aeromonas isolates in this study and their closely related species. Vibrio 
cholerae CECT 514T was selected as an out-group. Percentage bootstrap 
values (1000 replicates) are shown at each branch point. 270 

Figure 5.3 Depicts the optimal mass spectrum results achieved with isolate 
undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. 
The four Aeromonas isolates were grown for 24 hours before subculture and 
were procured at subculture 2. The red spectrum displays isolate A. veronii 
ATCC 35624, the spectrum in blue shows isolate A. hydrophila NCIMB 9240, 
the green spectrum depicts isolate 39 and the orange spectrum exhibits 
isolate 69. (Appendix 3.3) 270 

Figure 5.4 Depicts the optimal mass spectrum results achieved with isolate 
undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. 
The five Aeromonas isolates were grown for 24 hours before subculture and 
were procured at subculture 2. The red spectrum displays isolate A. veronii 
ATCC 35624, the spectrum in blue shows isolate 4, the violet spectrum 
depicts isolate 23, the green spectrum depicts isolate 26 and the orange 
spectrum exhibits isolate 34. (Appendix 3.4) 271 

Figure 5.5 Depicts the optimal mass spectrum results achieved with isolate 
undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. 
The five Aeromonas isolates were grown for 24 hours before subculture and 
were procured at subculture 2. The green spectrum displays isolate 34, the 
spectrum in blue shows isolate 41, and red green spectrum depicts isolate 67. 
(Appnedix 3.5) 273 

Figure 5.6 Percentage viable growth of the motile Aeromonas isolates at different 
incubation temperatures (°C). 274 

Figure 5.7 Percentage viable growth of the motile Aeromonas isolates at different 
salinity levels (% NaCl). 274 

Figure 5.8 An H&E section of the spleen showing massive congestion. 275 

Figure 5.9 Gram-stained section of the spleen of A. veronii 17 showing numerous 
Gram-negative rods (arrow). 276 

Figure 5.10 An H&E section of the liver showing necrosis characterised by 
margination of chromatin (thin red arrow), infiltration of lymphocytes (thin 
green arrow), and numerous macropahges (thick red arrow) and eosinophils 
(thick green arrow). 277 

Figure 5.11 An H&E section of the kidney showing diffuse necrosis of the tubules 
with infiltration of inflammatory cells (thick arrow), and tubular cells that are 
pyknotic (green arrow) and karyorrhectic (thin arrow). 277 

Figure 5.12 Antibiotic susceptibility patterns of motile Aeromonas isolated from 
farmed Nile tilapia in the Philippines. 279 

Figure 5.13 Some extracellular enzymes/virulence activity secreted by the 
Aeromonas isolates (A) biofilm formation; (B) extracellular protease; (C) 
extracellular DNAse; (D) haemolysis on 5% sheep blood agar. 282 

 



22 

 

LIST OF ABBREVIATIONS 

 

% Percentage 

°C degree Celsius 

°F degree Fahrenheit 

µl Microliter 

µm  Micrometre/micron 

α alpha 

β beta 

Abbreviations Elaboration  

AAPR  average annual production rate 

ADB Asian Development Bank 

ADH Arginine dihydrolase 

AMD Amidon 

AMR Antimicrobial resistance 

AMY Amygdalin 

ARA Arabinose 

ARG  Antibiotic resistance gene 

α-MT  alpha-methyl testosterone 

β-H/C   beta-haemolytic/cytolyti 

BFAR Bureau of Fisheries and Aquatic Resources 

BIFTOS Batangas Inland Fisheries Technology outreach Station 

bp Base pair 

cAMP cyclic adenosine monophosphate 

CFU colony forming unit 

CHCA α-cyano-4-hydroxycinnamic acid 

CIT Citrate utilisation 

Da dalton 

DO dissolve oxygen 

DNA  deoxyribonucleic acid 

EDTA ethylenediaminetetraacetic acid 

e.g. Exempli gratia (example) 

ESC Esculin 

FAO  Food and Agriculture Organisation 

FBC  Fisheries Biotechnology Centre 

FCR feed conversion ratio 

fg femtogram 



23 

 

g gram  

αGAL α-galactosidase 

βGAL β-galactosidase 

GBS  Group B Streptococcus 

GEL Gelatinase 

GIFT Genetically improved farmed tilapia 

GLU Glucose 

GLYG Glycogen 

GMIT Genetic manipulation for mproved tilapia 

βGUR Β-glucoronidase 

h Hour 

ha Hectare 

H & E haematoxylin and eosin 

HGT horizontal gene transfer 

HIP Hippuric acid 

H2S Hydrogen sulphide production 

i.e. Id est (that is) 

IND Indole production 

INO Inositol 

INU Inulin 

ISKNV infectious spleen and kidney necrosis 

Kb Kilo base 

kDa kilo dalton 

L Litre 

LAC Lactose 

LAP Leucine aminopeptidase 

LDC Lysine decarboxylase 

LPS  Lipopolysaccharide 

m Metre 

ml Milliliter 

mg/L milligrams/Litre 

M molecular marker 

MALDI-TOF MS  Matrix assisted laser desorption ionization-time of flight mass spectrometry 

MAN Mannitol 

MAS motile aeromonas septicaemia 

MEL Melibiose 

MT metric ton 

MMC melanomacrophage centre 



24 

 

NA Nutrient agar 

NaCl sodium chloride 

NFRDI National Fisheries Research and Development institute 

ng/µl nanogram per microliter 

N2 Nitrogen gas 

NO2 Nitrogen dioxide 

ODC Ornithine decarboxylase 

OIE Office International des Epizooties 

OF oxidation-fermentation 

ONPG β-galactosidase 

PAL Alkaline phosphatase 

PCR polymerase chain reaction 

pg Pictogram 

pH power of hydrogen 

ppt part per thousand 

PSA Philippine Statistics Authority 

PYRA Pyrrolidonyl arylamidase 

RAF Raffinose 

RHA Rhamnose 

RIB Ribose 

RFLP restricted fragment length polymorphism 

RNA ribonucleic acid 

rRNA ribosomal ribonucleic acid 

ROS reactive oxygen species 

rpoD sigma 70 

s Second 

SA starch agar 

SAC Saccharose 

SCV small colony variant 

SDS-PAGE Sodium dodecyl sulphate polyactlamide gel electrophoresis 

SEA Southeast Asia 

SEAFDEC Southeast Asian Fisheries Development Centre 

SOR Sorbitol 

SPF specific pathogen-free 

ST Sequence type 

STE sodium-chloride-Tris-EDTA 

T2SS Type 2 secretion system 

T3SS  Type 3 secretion system 



25 

 

 

 

 

 

 

 

 

 

 

TAE Tris-acetate-EDTA 

TDA Tryptophan deaminase 

TELV tilapia larvae encephalitis virus 

TFA trifluoroacetic acid 

TiLV tilapia lake virus 

TRE Trehalose 

TSA tryptone soya agar 

TSB tryptone soya broth 

URE Urease 

UV Ultraviolet 

v/v Volume/volume 

VP Vogues Proskauer 

WHO World Health Organisation 

WT Wild type 

w/v Weight/volume 



26 

 

CHAPTER 1.  
General introduction and literature review 

 

1.1 Tilapia Aquaculture 

1.1.1 Tilapia Biology 

Tilapia is the common name for the fishes in the family Cichlidae. Many 

species are broadly euryhaline while others are restricted to fresh or low-salinity 

waters. They are endemic to Africa, Jordan, and Israel (Popma & Lovshin, 

1996), with more than 70 species identified, however, only a few species 

commercially farmed or have the potential for aquaculture (Table 1.1). 

Commercially important tilapias are grouped mainly on their reproductive 

behaviour: Oreochromis (maternal mouthbrooders), Sarotherodon (paternal and 

biparental mouthbrooders), and Tilapia (substrate incubators) (Watanabe et al., 

2002; Lim & Webster, 2006).  
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Table 1.1 Commercially important tilapias and their characteristics (Modified from Mair, 2001) 

Species Common Name Characteristics 

Oreochromis niloticus Nile tilapia Performs well in tropical/subtropical areas; sexual maturity in 
ponds reach only at age of 5-6 months; suitable for culture in 

wide range of farming system (extensive to highly intensive 
system; monoculture and polyculture); high consumer and 
producer acceptance; least tolerant to cold water 

 
O. aureus Blue tilapia Most cold resistant species (can tolerate low temperature of 8-

9°C); suitable for culture in countries with seasonal changes in 

temperature; sexual maturity in ponds reach at age of 5-6 
months; commonly used in hybridization for production of 
monosex tilapias 

 
O. mossambicus Mozambique tilapia High saline tolerance (grows well up to 20ppt); early 

reproduction (attains sexual maturity at 8-9 cm) and high 

fecundity; poor aquaculture potential except when used for  
hybridization 

 

O. spirilus None Saline tolerant; used in seawater cage culture 
 

O. hornorum 

(Tilapia urolepis) 
 

Zanzibar tilapia Can tolerate brackishwater 

Sarotherodon galilaeus Galilee Saline tolerant; slow growth 

 
S. melanotheron Black-chinned tilapia Wide salinity tolerance (0-45 ppt but prefers 10-15 ppt; of 

interest for brackishwater aquaculture; used for extensive 

aquaculture in some parts of Africa 
 

Tilapia rendalii Redbreast tilapia Feeds on macrophytes 

 
T. zilii Redbelly tilapia Grows well in full strength seawater 

 

Red tilapia hybrids Hybrid origin Suitable for brackishwater and seawater because of salinity 
tolerance of parental species; commonly used for intensive 
culture (cages, tanks, raceways) but also reported to be 

suitable for farming under low-input conditions; initial high 
consumer acceptance due to colour; sometimes exhibit low 
fecundity 

 

Tilapias are suitable for aquaculture because they possess impressive 

range of attributes which include ease of propagation; handling tolerance; good 

growth on natural food, and adaptability to varied farming conditions, they can 

be supplemented with low-cost artificial diet; tolerance to wide range of 

environmental conditions, including changes in salinity, poor water quality and 

disease outbreaks (Cheverinski, 1982; Lim & Webster, 2006). Moreover, they 

are widely accepted as food fish because of their good-tasting flesh with mild 

flavour, and as such they are prepared in many cuisines. Tilapia consumption is 

not restricted by religious observances making them marketable worldwide 

(Watanabe et al., 2002). 
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Tilapias used in aquaculture are mouthbrooders providing high level of 

parental care. The fry produced from their large eggs are hardy, omnivorous at 

first feeding, and can accept artificial feeds after yolk-sac absorption. Moreover, 

they are able to breed in captivity (Watanabe et al., 2002; El-Sayed, 2006). 

These factors entail only a simple hatchery operation and made their 

aquaculture a success worldwide (El-Sayed, 2006). As with other fish species, 

reaching sexual maturity in tilapia is influenced by age, size and environmental 

conditions, and the timing can vary slightly for different tilapia species. The 

Mozambique tilapia O. mossambicus, in general, reaches sexual maturity at a 

smaller size and younger age than the Nile tilapia O. niloticus and blue tilapia O. 

aureus.  This early sexual maturity of Mozambique tilapia led to its unpopularity 

in the Philippines because mixed-sex fishes resulted to overpopulation and 

stunting. Moreover, inbreeding led also to loss of favoured genetic traits (Toledo 

et al., 2008). Additionally, the type of culture environment can affect the rate of 

sexual maturity of the fish, where tilapia cultured in large lakes mature at a later 

age and larger size than the same species raised in culture ponds. While those 

farmed in in ponds usually reaches sexual maturity in less than 6 months and 

can breed naturally without the need for hormonal induction of spawning. When 

growth is slow, sexual maturity is also delayed, however, the fish may still 

spawn at weight as low as 20 to 30 g (Popma & Lovshin, 1996). 

The early maturation and frequent spawning were the biological 

characteristics proved to be important but also caused negative impact in 

production systems since it causes male and female mixing, overpopulation, 

and stunting due to overcrowding (Fashina-Bombata & Megbowon, 2012). 

Additionally, associated with mixing is the non-uniform sizes of fishes during 
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harvest. An all male monosex tilapia culture is preferred compared with mixed 

or all females because of the differential growth rates observed in female fish. In 

males, the metabolic energy is channelled towards muscular growth due to 

anabolism enhancing androgens (Tran-Duy et al., 2008; Angienda et al., 2010). 

In females, metabolic energy is reallocated towards reproduction, and the fact 

that the females incubate the eggs in their mouth so they cannot feed during 

that period. For tilapia farmers that desire high yields of large-sized fish in a 

short culture period, all male fry are preferred. Therefore, the production of a 

male-biased tilapia to meet the industry need is a must for a successful and 

profitable tilapia farming. Although monosex population can be obtained by 

manual sexing, it did not gain an impact because it is laborious, time-

consuming, and wasteful process. There are several methods used to obtain an 

all-male tilapia fry namely environmental manipulation, hybridization, sex 

reversal, and genetic manipulation (Fuentes-Silva et al., 2013). Of the different 

methods, sex reversal using the hormone methyl testosterone (17-α-MT), a 

synthetic male hormone which mimics naturally produced testosterone, has 

been recommended for production of monosex male tilapia because of its 

simplicity and ease of adaptability (Basavaraja et al. 1991; Pandian & Sheela, 

1995; Fuentes-Silva et al., 2013). However, there is a global concern on the 

effects of this anabolic androgen on consumers, farm workers, and the 

environment. In some countries, for instance in the European Union and India, 

marketing of fish treated with 17-α-MT is illegal (White et al., 2006). 

Tilapias are considered to be filter-feeders because of their ability to 

efficiently harvest plankton and other small particulate matters in the water 

column. It was observed that O. mossambicus is less efficient than O. niloticus 
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and O. aureus in ingesting planktonic algae, which may account why it grows 

slower than the two species. The great length of the portions of the intestine 

provides abundant surface area for nutrient absorption, which is likely one factor 

in the rapid growth rate characteristic of tilapias (Tengjaroenkul et al., 2000). 

Moreover, the enzymatic secretion in tilapia has been found to follow a 

circadian cycle (Montoya-Meijia et al., 2016). The result of the experiment 

showed that secretion of digestive enzyme activities peaked during nigh time. 

This is important since it will be useful to establish feeding times to coincide with 

natural peaks of enzyme secretion thus increasing feed efficiency that will be 

reflected in the weight gain of the fish providing a more profitable aquaculture 

production.  

 Disease outbreaks due to viral (Machimbirike et al., 2019), fungal 

(Mahboub et al., 2021) and parasitic (Valladao et al., 2016) have been affecting 

cultured tilapia globally, but by far the biggest infectious disease threat is due to 

outbreaks from bacterial diseases. In all tilapia farming systems, amongst 

important bacterial diseases are those outbreaks from Streptococcus infections, 

which affect production worldwide and can occur in most common production 

systems. The reported clinical signs of streptococcal infection may include skin 

haemorrhages, ocular alterations, ascites, and abnormal behaviour (Amal & 

Zamri-Saad, 2011; Suwannasang et al., 2014). In 1997, it was estimated that 

the yearly global economic loss due to infection with Streptococcus was in the 

order of $150 million (Shoemaker & Klesius, 1997). As well as Streptococcosis, 

there are several other common infectious diseases reported to cause natural 

infections in farmed tilapia species. Columnaris disease is caused by the 

bacterium Flavobacterium columnare often shows clinical signs of necrotic gills, 
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fin rot, skin erosion or necrotic muscle (Figueiredo et al. 2005; Dong et al., 

2015). Francisellosis is another bacterial disease caused by Francisella 

noatunensis subsp. orientalis and the Gram-negative bacterial species of 

Edwardsiellosis caused by Edwardsiella ictaluri produce clinical signs of visceral 

white spots in internal organs (Soto et al., 2009, 2012; Nguyen et al., 2016). 

Haemorrhagic septicaemia is a common clinical sign, often reported from 

natural infections in tilapia from members of the motile aeromonads 

(Aeromonas hydrophila, A. sobria, A. veronii and A. jandaei) may present 

clinical signs of haemorrhage, exophthalmia, and ascites (Li & Cai, 2011; Dong 

et al. 2015; 2017) and mixed clinical signs of complicated multiple infections 

(Dong et al., 2015; Assis et al., 2017). As well as bacteria, viruses have been 

reported to cause natural disease outbreaks resulting in morbidity and 

mortalities in the tilapine cultured finfish (Crane & Hyatt, 2011; Zhang & Gui, 

2015).  

In general, it is considered widely that tilapia species can tolerate a wider 

range of environmental conditions, including factors such as salinity, dissolved 

oxygen, temperature, pH, and ammonia levels (Table 1. 2) than most cultured 

freshwater fishes. Most tilapia are highly tolerant of saline waters, although 

salinity tolerance differs among species. Nile tilapia is thought to be the least 

adaptable to marked changes in salinity as direct transfer to 18 parts per 

thousand causes mortality while the Mozambique, blue, and redbelly (T. zilli) 

are the most salt tolerant (El-Sayed, 2006). A study by El Sayed (2006) 

demonstrated that with exception of Nile tilapia, other tilapia species had an 

optimal growth and reproductive performance at 19 ppt, but tolerated salinity 

concentrations of up to 36 ppt. Tilapia are, in general described as a highly 
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tolerant species for low dissolved oxygen (DO) concentration, even down to 0.1 

mg/L (Magid & Babiker, 1975), but optimum growth is obtained at 

concentrations greater than 3 mg/L (Ross, 2000). Temperature is a major 

modifier of the metabolic rate in fish. Under farming conditions, optimal growing 

temperatures are described as typically when the water is between 22° C (72 

°F) and 29° C (84 °F); spawning normally occurs at water temperatures greater 

than 22° C (72 °F). Most tilapia species are unable to survive at temperatures 

below 10° C (50 °F), and growth is poor below 20 °C (68 °F) (Sarig, 1969; 

Mires, 1995). Of all the farmed tilapia species, it is the blue tilapia that are 

described as the coldest tolerant, surviving at temperatures as low as 8 °C (46 

°F), while other species can tolerate temperatures as high as 42 °C (108 °F) 

(Sarig, 1969; Caulton, 1982; Mires, 1995). Other water quality characteristics 

relevant to tilapia culture are pH and ammonia. In general, tilapia can tolerate a 

pH range of 3.7 to 11, but best growth rates are achieved between pH 7 to 9 

(Ross, 2000). At concentrations of 2.5 and 7.1 mg/L, unionized ammonia is 

toxic for blue tilapia and Nile tilapia (Redner & Stickney, 1979; El-Sherif et al., 

2008) respectively, and depresses feed intake and growth at concentrations as 

low as 0.1 mg/L (El-Sherif et al., 2008). Optimum concentrations are estimated 

to be below 0.05 mg/L (El-Sherif et al., 2008). It is toleration of these reported 

extremes in water quality parameters that has supported the perception that 

tilapia species are a hardy or robust fish, and yet, as with all farmed species 

they clearly have an optimal range for maximum performance under farming 

conditions. 
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Table 1.2 Tolerance of tilapia on different water quality parameters. 

 
Parameter 

 
Range 

 
Optimum for 

Growth 

 
Reference 

 
Salinity, parts per 
thousand 
 

 
Up to 36 

 
Up to 19 

 
El Sayed (2006) 

Dissolved oxygen, mg/L 
 

Down to 0.1 > 3 Magid and Babiker 
(1975); Ross (2000) 

Temperature, °C 8-42 22-29 Sarig (1969); Morgan 
(1972); Mires (1995) 

pH 
 

3.7-11 7-9 Ross (2000) 

Ammonia (NH3), mg/L Up to 7.1 < 0.05 El-Shafey (1998); Redner 
and Stickney (1979) 

 

1.1.2 Global Status of Tilapia Aquaculture 

According to the Food and Agriculture Organization of the United Nations 

(FAO), the global production of tilapia was estimated at 7.02 million tons (MT) in 

2021 (Figure 1.1), with the top three producers being the People's Republic of 

China (1.78 MT), Indonesia (1.12 MT) and Egypt (0.88 MT) (FAO, 2017). Other 

leading producers included Bangladesh, Vietnam, and the Philippines (FAO, 

2017). 

Farming of tilapia has increased in the last three decades as they are 

easy to grow and market. More than one hundred countries now farm tilapia 

(FAO, 2013), and 98% of them are grown outside their original habitat (Shelton, 

2002). After carps, tilapia are the second most farmed freshwater fish in the 

world, with 3.96 million metric tons (MmT) of fish produced, comprising 6.3% of 

global aquaculture production (FAO, 2011). Tilapia are consumed globally in 

countries where they are considered as traditional as Africa and Asia as well as 
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those that consider them exotic such as USA, Canada, Europe, Central and 

South America as well (Gupta & Acosta, 2004). 

Production of the farmed tilapia continues to grow. The production in 

2019 reached 6.5 MmT, a 4 % growth compared with values from 2018, despite 

significant disease losses (around 300,000 metric tons, significantly due to 

Streptococcus spp. infections) reported for Asia and costing perhaps as much 

as $500 million in lost value (Aquaculture Alliance, 2019). 

 

 

Figure 1.1 Global production of farmed tilapia, with representative U.S. import prices for frozen 
fillets (red line), 1992 to 2021. (Sources: FAO: 1990-2016. Miscellaneous sources: 2017-2019. 

NFMS: Prices US imported frozen fillets.) (Taken from Tveteras et al., 2020). 

 

Producers of farmed tilapia in the world. Tilapia is currently the most 

popularly cultured aquatic animal group in the world in freshwater, 

brackishwater and seawater, with 145 countries or regions reporting tilapia 

production to FAO in 2018 (FAO, 2019). It is presently cultured in different 

culture environments such as freshwater, brackishwater and seawater. 

Although tilapia originated in Africa, Asia has dominated its production ever 

since the fish was introduced to aquaculture. Asia produced 4.2 million tonnes 
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of farmed tilapia in 2018, which accounted for 68.8 % of the world total. 

However, Asia’s share of in the world production has declined significantly 

compared with 84.4 % in 1998 (FAO, 2020). In contrast, Africa, the original 

source of tilapia, has successfully increased its share from 7.5 % in 1998 to 

21.8 % in 2018. The share of the Americas slightly increased to 9.3 % in 2018 

from 8.1 % in 1998. China remained the largest producer of farmed tilapia in 

2018, with a production of 1.62 million tonnes (Table 1.3). However, its share in 

the world production declined from 52.3 % in 1998 to 26.9 % in 2018. 

Meanwhile, in 2013, Indonesia surpassed Egypt to become the world’s second-

largest producer of farmed tilapia. It produced 1.22 million tonnes of farmed 

tilapia in 2018, which accounted for 20.3 % of the world total. In 2018, Egypt 

was the only African country among the top-ten producers of farmed tilapia, 

contributing 17.4 % of the world total. Thailand and the Philippines used to be 

among the top-four producers of farmed tilapia, however, their shares in the 

world production of farmed tilapia declined to 3.5 % and 4.6 %, respectively in 

2018 (Miao & Wang, 2020) (Table 1.3). 
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Table 1.3 Major producers of farmed tilapia in the world (individual production above 50,000 
tonnes in 2018). (Taken from Miao & Wang, 2018). 

 
Country 

Production (1,000 tonne) % in Global production 

1998 2018 1998 2018 

China 471.8 1,625.5 52.59 26.93 

Indonesia 65.9 1,222.7 7.35 20.27 

Egypt 52.8 1,051.4 5.88 17.43 

Bangladesh - 344.8 - 5.72 

Brazil 24.1 317.1 2.68 5.26 

Philippines 72.0 277.0 8.03 4.59 

Vietnam - 260.0 - 4.31 

Thailand 73.8 211.4 8.23 3.51 

Colombia 17.7 77.9 1.97 1.29 

Ghana 1.4 70.6 0.15 1.17 

Uganda 0.2 70.1 0.02 1.16 

Taiwan POC 36.1 62.6 4.03 1.04 

Mexico 5.4 52.7 0.60 0.87 

 

Cultured tilapia production by species. Globally, 23 species and 

species groups in the family Cichlidae were included in FAO aquaculture 

production statistics by 2018. Among these, Nile tilapia has dominated global 

farmed tilapia production (Table 1.4). World production of farmed Nile tilapia 

reached 4.53 million tonnes in 2018, which accounted for 75 % of the total 

farmed tilapia production. However, the share of Nile tilapia in total production 

of farmed tilapia has declined significantly from 83.4 % in 1998. The production 

of tilapia that is not elsewhere included accounted for 17.1 % in the total farmed 

tilapia production, which suggests a significant proportion of farmed tilapia 
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production could be reported down to species level. In 2018, production of the 

hybrid of blue tilapia and Nile tilapia reached 0.41 million tonnes and accounted 

for 6.7 % of total farmed tilapia production (FAO, 2020). The production is 

primarily from China, where technology has been adopted to take advantage of 

all male offspring (>95 %) from the hybridisation of blue tilapia and Nile tilapia 

without hormone manipulation. The share of Mozambique tilapia in the total 

farmed tilapia production significantly declined to less than 1 % in 2018. 

 

Table 1.4 Global production of ten major farmed tilapia species in 2018 (individual farmed 
production above 1,000 tonnes). (Table modified from Miao & Wang, 2020) 

 
Species 

 
Production (tonne) 

 
% of total tilapia 

production 

1998 2018 1998 2018 

Nile tilapia (O. niloticus) 748,040 4,525,431 83.38 75.03 

Tilapias nei (Cichilidae) 103,564 1,030,004 11.54 17.08 

Blue-Nile tilapia, hybrid 0 406,048 0.00 6.73 

Mozambique tilapia,                               

(O. mossambicus) 

40,652 53,754 4.53 0.89 

Shire tilapia, (O. shiranus) 0 5,036 0.00 0.08 

Blue tilapia (O. aureus) 844 3,182 0.09 0.05 

Three spotted tilapia (O. 

andersonii) 

2,689 2,147 0.30 0.04 

Redbreast tilapia (Coptodon 

rendalii) 

839 1,903 0.09 0.03 

Longfin tilapia (O. macrochir) 207 1,800 0.02 0.03 

Tanganyika tilapia (O. tanganicae) 0 1,690 0.00 0.03 
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1.1.3 Current Issues and Problems in the Philippine Tilapia Sector 

In the Philippines, tilapia is the second most important fish species that is 

farmed, next to milkfish, to improve food security and alleviate poverty (Toledo 

et al., 2008). The introduction of strains with improved growth rates when raised 

in freshwater environments has contributed to the increased tilapia production in 

the country. Additionally, farmed tilapia has demonstrated itself to be a food that 

is particularly relevant to the poor, due to its stable, low price and its income 

elasticity of demand among poorer populations. Continuous breeding using the 

same tilapia population have resulted in genetic deterioration which affected 

growth traits in successive generations (Eknath & Acosta, 1998). Thus, the 

Genetic Improvement of Farmed Tilapia (GIFT) project was launched in Asia 

and succeded in producing tilapia with faster growth rates, higher survival rates, 

and a shorter harves time, thus increasing fish yields dramatically (Yosef, 

2009). It is estimated that 19.3−22.6 million Filipinos have benefited from GIFT 

and GIFT-derived strains (Yosef, 2009).  

While Asia is the main exporter of farmed tilapia, the Philippines lags 

definitively behind other Asian competitors (El-Sayed, 2006). This is because 

historically, the national marketable size of 143– 200 grams has been much 

smaller than the international marketable size of 400-500 grams for live fish and 

700 to 1,000 grams for fish that will be filleted (Dey et al., 2000; World SeaFood 

Market 2005). While American consumers demand a large fish that can be 

filleted, the Philippine consumers of domestic produced tilapia traditionally 

preferred a smaller fish (World SeaFood Market, 2005).  
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Over the years, Philippine aquaculture has become diverse in terms of 

species, culture systems and environment, type of operation and scale, and 

intensity of practice (i.e., stocking density and number of cages in lakes) (FAO, 

2010). However, the main species contributing remains stable: milkfish, tilapia, 

penaeid shrimp, seaweeds, and mussels. Of these, tilapia ranks third in terms 

of production volume following seaweeds and milkfish (Figure 1.2).  

 

Figure 1.2 Volume of production of top five aquaculture commodities (2005-2019, Philippine 
Statistical Authority). 

 

 

The culture of tilapia has become a major industry in the Philippines next to 

milkfish in terms of production and economic importance (Baliao & Dosado, 

2011). As stated previously, Nile tilapia is the most widely cultured tilapia 

species produced in the freshwater systems in the Philippines as it has the most 

rapid growth compared with other tilapia species. This accounts for around 90% 

of total production (Baliao & Dosado, 2011). On the other hand, the 

Mozambique tilapia (O. mossambicus) are highly tolerant of variations in salinity 
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(euryhalinity) but are slow growing and accounts for the remaining 10% 

production of the total amount of tilapia production for both fresh and 

brackishwater systems farmed in the Philippines. The popularity of tilapia in the 

Philippines extends from a perpetual or consistent high domestic demand for 

this food fish combined with the relative ease and low-cost production.  

The introduction of Nile tilapia paved way for the progress of freshwater 

aquaculture in the Philippines, and the introduction of monosex culture made it 

a profitable venture. Three major lakes in the Philippines host numerous tilapia 

cages and pens, i.e., Laguna de Bay, Taal Lake, and Lake Sebu. The 

production intensity has increased over the years and different production 

methods have been tried in freshwater lakes and brackishwater ponds with 

encouraging results (ADB, 2005). The current productions in the freshwater 

systems are a combination of semi-intensive and intensively farmed grow-out 

ponds, and primarily intensive in floating cages. Particularly net cage culture of 

tilapia (Figure 1.3) has been introduced, and it requires a relatively low 

investment, is quick and easy to start up, allows more production cycles per 

year and gives opportunity to expand into tilapia farming business. In net cages, 

the stocks are contained thus providing ease in the feed management, 

adequate supply of good water and growth conditions, and protection of stocks 

against predators and competing animals (Baliao et al., 2000; Romana-Eguia et 

al., 2005). However, tilapia net cages are primarily used in freshwater and 

brackishwater ponds and presently a small number in seawater.  
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Figure 1.3 Tilapia floating cages in Taal Lake, Batangas, Philippines. (21 March 2018). 

 

To supply the persistent domestic demand for tilapia, new breeds were 

developed like the GIFT, Genetic Manipulation for Improved Tilapia (GMIT), 

National Inland Fisheries Institute (NIFI), Israel strain, FAC Selected Strain 

(FAST), SEAFDEC-selected strain (Eguia & Taniguchi, 2006). However, even 

with the improved tilapia strains, production volume of tilapia remained the 

same if not sometimes decreasing. These breeds were developed in response 

to the decreased production in the 1980s because of the dwindling quality of 

tilapia stocks primarily on growth and survival characteristics due to inbreeding, 

genetic and founder effects, and gene introgression (Toledo et al., 2008). This 

is due to the fact that Philippines has limited freshwater areas for large scale 

farming. Whilst teasing apart the varied reasons for the lack of sustainable 

development it has become clear that any substantial expansion of tilapia 

farming in the Philippines should include and consider the development of 

saline-tolerant tilapia mariculture, which the Bureau of Fisheries and Aquatic 
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Resources (BFAR) and some private sectors are now field testing. The viability 

of tilapia culture in brackishwater ponds has already meet with high degree of 

success as it is co-cultured with prawn. However, the production from 

brackishwater ponds and freshwater cages can meet only domestic demand but 

not the increasing international market demand. For the Philippines to join as 

one of the major exporters of tilapia, it has to increase the current production 

volume. However, the tilapia production from 2002-2020 (Figure 1.4) showed 

that it has stagnated if not decreased over the years.  

 

 

Figure 1.4 Tilapia production in the Philippines over a ten year period. (Source: Fisheries 
Statistics of the Philippines 2002-2020). (Taken from Fisheries Statistics of the Philippines 
2002-2020). 

 

The total tilapia production as seen in Figure 1.4 is only slightly higher 

from tilapia production from the production due to aquaculture. The slight 

difference is due to the tilapia production from inland municipal fisheries which 

constitutes minimally.  

In the study of Guerrero (2019), data from the Philippine Statistics Authority 

(PSA) showed that from 2014-2016 there was a 0% increase in the production 
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of tilapia. From the fisheries data of PSA, the average annual production rate 

(AAPR) was 0.7%. From the total annual productions of the various culture 

systems for 2007–2015 (Table 1.5), the AAPRs found were 4.8% for 

brackishwater ponds, 1.5% for freshwater pens, 1.3% for freshwater cages, and 

1.1% for freshwater ponds. 

Table 1.5 Tilapia productions (MT) by culture systems and AAPRs (%) for 2007-2015. (Adapted 
from Guerrero, 2019). 

 
Year 

 
Brackishwater 

Pond 

 
Freshwater Pen 

 
Freshwater 

Cage 

 
Freshwater 

Pond 

2007 12,155 19,215 79,001 130,456 

2008 14,957 21,120 81,748 138,682 

2009 14,921 21,512 83,749 140,422 

2010 13,999 21,533 102,622 142,913 

2011 14,194 22,268 98,452 142,645 

2012 14,380 21,379 100,682 144,261 

2013 15,213 21,905 105,329 142,852 

2014 18,449 21,358 87,742 143,336 

2015 18,378 21,460 94,723 142,339 

AARP 4.8 1.5 1.3 1.1 

 

From the data in Table 1.4, it clear shows that only the brackishwater pond 

system has seen an increasing trend in production while the rest of the 

freshwater systems were either stagnating or decreasing. This increasing trend 

of production in brackishwater ponds could be due to the shift in black tiger 

shrimp to tilapia farming or their co-culture (Cruz et al., 2008). The limited 

freshwater area and intensification of culture indicates that the holding capacity 

of these environments has already reached its limit.  

In the previous study of Toledo et al. (2008), they have identified several 

factors that contributes to the weakness of the commercialization of tilapia 

industry. These includes: (1) maintenance of genetic integrity in improved tilapia 
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stocks, (2) sustainable production of improved genetic stocks, (3) formulation of 

guidelines on how to manage this new diversity, (4) controlling environmental 

degradation caused by aquaculture activities in lakes and other freshwater 

bodies where tilapia are raised, and (5) improving rural access sector to 

financial resources. 

In the study of Guerrero (2019), focus group discussion and key informant 

interviews with tilapia farmers in the Philippines identified the cause of low 

tilapia production were: (1) high water temperature, (2) lack of government 

assistance, (3) poor breed of tilapia, (4) high cost of production, and (5) lack of 

capital. There was no mention of diseases as one of the main factors that can 

affect production which is contrary to the current situation where global tilapia 

aquaculture is plagued by diseases like streptococcosis (Amal & Zamri-Saad, 

2011; Suwannasang et al., 2014) and the most recent tilapia lake virus (TiLV) 

(Dong et al., 2017; Surachetpong et al., 2017). This TiLV has also been 

reported in the Philippines affecting farmed Nile tilapia (OIE, 2017).   

Tilapia productions in the freshwater pens and floating cages in major 

freshwater lakes in the country appear to be holding up with relatively low 

AAPRs despite the reported fish kills that have occurred in them which was 

suggested to be due to cage congestion and water pollution (Luistro 2008; 

Escandor, 2015; MindaNews, 2017). The number of fish pens in Laguna de Bay 

has been reduced due to concerns regarding their negative ecological and 

social impacts (Palma, 2016). Likewise, the number of cages in Taal Lake has 

been lessened from 14,000 to 7,000 to minimize fish mortalities during the 

occurrence of lake overturns (Guerrero, 2019). There is a need to regulate the 

number of tilapia pens and cages in water bodies within their carrying capacities 
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to sustain the tilapia production, however, further increase in the production for 

such culture systems is limited.  

It is said that the real expansion of production will come only with the 

development of saline-tolerant tilapia since Philippine aquaculture industry is 

synonymous with brackishwater production. The potential to further increase 

tilapia production in brackishwater ponds can only be achieved with the 

development of tilapia strains and hybrids (e.g., Molobicus) of the BFAR that 

are saline-tolerant, the culture of tilapia in brackishwater ponds has been 

promoted (Guerrero, 2018). Additionally, the area for farming is not an issue 

since country has more than 200,000 ha of brackishwater ponds that are mainly 

used for the culture of milkfish and shrimps (Penaeus spp.). Other tilapia 

species can also be considered like the euryhaline black-chin tilapia 

(Sarotherodon melanotheron), which thrives in Laguna de Bay and Manila Bay 

(Bigalbal et al., 2018). This introduced tilapia species in Taal Lake is now one of 

the top five most abundantly caught fishes with good acceptance by consumers 

(Guerrero, 2019). 

The viability of tilapia culture in marine cages is also seen as another 

strategy that can increase production in the coming years. This marine cage 

culture of saline-tolerant tilapia is highly plausible since the Philippines has 

expansive coastal area which are currently underutilized for mariculture 

activities. Currently, there are only very little fish farmers that ventures into 

marine cage culture of tilapia due to some problems that have been 

encountered (Salayo et al., 2012). However, with the new culture environment, 

it will be expected that the expansion could possibly be constrained with the 

emergence of new diseases, sustainable supply and acclimatization of 
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fingerlings, and nutrition. Moreover, some local biologists and environmentalist 

have apprehensions due to fear of tilapia escapees that may disrupt ecosystem 

balance.  

Despite the technological advancements in husbandry and improved tilapia 

strains, diseases directly jeopardize aquaculture production by causing mass 

mortality in farming area, or indirectly by deteriorating reproduction performance 

and feed conversion efficiency (Kayansamruaj et al., 2020). The economic 

impact of diseases on global aquaculture has been estimated by FAO to be 

US$ 6 billion annually, however, in Southeast Asia (SEA) the economic impact 

of diseases on freshwater finfish production unfortunately has not been 

systematically estimated to date (Brummett et al., 2014). Important major 

disease outbreaks caused by bacterial pathogens including Streptococcus sp., 

Flavobacterium sp., Edwardsiella spp. and Aeromonas spp. have been 

intermittently reported in every major freshwater finfish species of the region 

(Kayansamruaj et al., 2020). In the Philippines, reports of mortality and disease 

outbreaks in farmed tilapia due to bacterial infection is a present health problem 

of the sector. Diagnostic reports from the Bureau of Fisheries and Aquatic 

Resources (BFAR) indicates that the major causative agents of these infections 

are the streptococci and motile aeromonads, however, specific species and 

strains of the bacterial pathogens were not verified. The distribution of major 

bacterial diseases in three important freshwater fishes of SEA is demonstrated 

in Figure 1.5.  
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Figure 1.5 Production of the aquaculture species and distribution of major bacterial diseases in 
Southeast Asian countries (Image taken from Kayansamruaj et al., 2020). 

 

In order to control disease outbreaks, sanitization of cultivation system might 

not be able to handle majority of the small-scale finfish farms SEA. Morever, the 

use of antibiotics is not encouraged in compliance with the food safety and food 

security policies. Therefore, the activation of self-immunity in fish by vaccination 

is the most practical and reliable method to control infectious diseases. 

However, effective vaccines can only be made by establishing first the specific 

type of bacterial strains in the area and characterise their pathogenic or virulent 

properties. 

 

 

 

 



48 

 

1.2. Streptococcosis in Tilapia 

Streptococcosis is an infectious disease in fish that is caused by several 

bacterial species such as  Streptococcus parauberis, Streptococcus iniae, 

Streptococcus agalactiae, and Streptococcus dysgalactiae  regardless of 

geographical region (Toranzo et al., 2005; Vendrell et al., 2006; Agnew & 

Barnes, 2007; Nho et al., 2009) (Table 1.6). It is a multifactorial disease in fish, 

depending on host variety, age, immune status, type of pathogen (species and 

strain), and environmental conditions (Ghittino et al., 1999; Ravelo et al., 2001; 

Vendrell et al., 2006). 

 

Table 1.6 Streptococcus bacterial agents and detailed information of affected fish species, 
locations, hosts, and clinical criteria. (Adapted from Mishra et al., 2018). 

Species Host Fish species Clinical criteria Geographical Location 

Streptococcus 

iniae 

Fish, Human Hybrid striped bass, 
Nile tilapia, Hybrid 

tilapia, 

Rainbow trout, Red 
drum, Rabbitfish, 

Sea bass, Olive 
flounder, Barramundi, 

Wild fish 

Haemorrhage, exophthalmia, 
abdominal distension, ascites, 

lesions (liver, kidney, spleen, 
and intestine) 

Canada, Americas, Bahrain, 
Israel, Thailand, 

China, Japan, Singapore, 
Taiwan, Korea 

Streptococcus 

parauberis 

Fish, Cow Olive flounder, Rainbow 
trout, 

Cultured turbot, Hybrid 

striped bass 

Chronic wasting syndrome, 
haemorrhagic septicaemia, 
exophthalmia, meningitis with 

abnormal swimming 

Israel, Italy, Japan, Spain, 

USA, China, Iran, Korea, 

Malaysia, India 

Streptococcus 

agalactiae 

Fish, Cow, Human, 

Chickens, Camels, 

Dogs, Horses, 

Cats, Frogs, 
Hamsters, Monkeys 

Nile tilapia, Barcoo 
grunter, Golden 

pompano, 

Giant Queensland 
grouper, Ya-fish, 

Silver pomfret 

Erratic swimming, appetite, 
lethargy, uncoordinated 

movements, exophthalmia (uni- 
or 

bi-lateral), intraocular 

haemorrhage, 

opaqueness of cornea, ascites 

Europe, Turkey, China, 

Indonesia, Malaysia, 

Japan, Korea, Vietnam, 

Philippines, Americas 

Lactococcus 

garvieae 

Fish, Cow, Human, 

Cat, Dog, Water 

buffalo 

Rainbow trout, 

Yellowtail, Tilapia, 

Japanese eel, Grey 
mullet, Black rockfish, 

Catfish, Wild wrasse, 
Giant fresh water 

prawn, Olive flounder, 

Melanosis, lethargy, erratic 

swimming, disorientation, fins, 
exophthalmia (uni- or bi-
lateral), 

swollen abdomens, anal 
prolapses, haemorrhages 
(periorbital, perianal, buccal 

Turkey, Australia, South 

Africa, England, Portugal 
France, Balkans, Israel, 
Korea  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6030242/#b68-molce-41-6-495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6030242/#b70-molce-41-6-495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6030242/#b4-molce-41-6-495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6030242/#b4-molce-41-6-495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6030242/#b52-molce-41-6-495
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Amberjack, kingfish regions) 

Streptococcus 

dysgalactiae 

Fish, Calves, Lamb, 

Human, Sheep, 

Dogs, Pig, Lamb, 

Cats 

White spotted snapper, 

Kingfish, Grey mullet, 

Cobia, Hybrid red 
tilapia, Pompano, 

Basket 

mullet, Pompano, 
Golden pomfret, Amur 

sturgeon, Nile tilapia, 
Yellow tail, Amber-jack 

Abnormal swimming, loss of 

orientation, exophthalmia 

Brazil, Indonesia, Malaysia, 

Taiwan, China, Japan 

Vagococcus 

salmoninarum 

Fish Rainbow trout, Atlantic 

salmon, Brown trout 

Loss of equilibrium, 

exophthalmia, melanosis, 
bleeding (jaw, eye, mouth, 
abdomen, fins, and 

anus), necropsy, transparent 
fluid accumulation, fibrinous 
deposits (heart, liver, spleen) 

France, Italy, Spain 

 

Of the pathogenic Streptococcus spp. S. agalactiae and S. iniae are 

recognised as major bacterial pathogens affecting cultured and wild populations 

of fresh and marine water fish species globally (Agnew & Barnes, 2007; Mian et 

al., 2009). Mortalities are often high with as much as 80% being reported due to 

S. iniae in commercial tilapia farm (O. aureus) in Mexico (Ortega et al., 2018). In 

addition, mortalities exceeding 80% have been reported in red tilapia 

(Oreochromis spp.) farms infected with S. agalactiae (Zamri-Saad et al., 2010). 

Due to the high mortality of this infectious disease, it led to massive economic 

losses to the tilapia industries worldwide (Liu et al., 2016). 

1.2.1 Genus Streptococcus 

Streptococcosis is a disease that is caused by the infection of 

Streptococcus sp. Streptococci are Gram-positive, spherical, or ovoid in shape 

and 0.5-2.0 µm in diameter which can occur in pairs or chains when grown in 

liquid media, are non-motile, non-spore-forming and Gram-positive. It is 

facultatively aerobic, requiring nutritionally rich media for growth and commonly 
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attacks red blood cell to produce greenish discolouration (α-haemolysis) or 

complete clearing (β-haemolysis) on blood agar. In addition, it is also a type of 

bacteria that are homofermentative in metabolism, producing mainly lactic acid, 

but without gas and catalase negative (Holt et al., 1994). 

A bacterial disease outbreak of Oreochromis spp. and rainbow trout 

(Oncorhynchus mykiss) in Israel in 1986 led to the isolation and naming of S. 

shiloi and S. difficile (Eldar et al., 1994). These were considered as newly 

described species of fish pathogens causing meningoencephalitis in cultured 

fish; S. difficile was additionally described as serologically non-typeable (Eldar 

et al., 1994). However, it was demonstrated through whole-cell protein 

electrophoresis that the type strain of S. difficile was indistinguishable from S. 

agalactiae strains when recovered from various host sources (Vandamme et al, 

1997). Comparative sequence analysis using the 16S-23S ribosomal DNA 

intergenic spacers of S. difficile and S. agalactiae revealed their genetic 

relatedness (Berridge et al., 2001). High levels of genetic similarity between 

these putative species were also found by Kawamura et al. (2005) and 

suggested that although there are biochemical differences between them, S. 

difficile and S. agalactiae are synonyms. The specific epithet of S. difficile was 

subsequently emended to S. difficilis by Euzeby (1998). Similarly, it was also 

found out that S. shiloi and S. iniae strains were phenotypically identical and 

through DNA-DNA hybridisation the level of homology between strains was 70-

100%. Thus Eldar et al., (1995) declared that S. shiloi should be considered as 

junior synonym to S. iniae. 

 The beta-haemolytic strains of Streptococcus describe by 

Japanese researchers (Minami, 1979; Kitao et al., 1981; Ohnishi & Jo, 1981; 
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Nakatsugawa, 1983; Sakai et al, 1986) should be classified as a subspecies of 

S. iniae (Kitao, 1993). Kitao (1993) further stated that the Streptococcus species 

described by Robinson and Meyer (1966), Plumb et al. (1974), and Rasheed 

and Plumb (1984) all belong to the same category as non-haemolytic or 

gamma-haemolytic, and Lancefield ‘s B group. Since S. agalactiae is classified 

as Group B Streptococcus (Lancefield, 1933), the Streptococcus species in 

reported these studies are considered S. agalactiae.  

The S. iniae bacterium is classified into two serotypes based on their 

arginine dihydrolase activity. Outbreaks of streptococcosis in rainbow trout 

farms in Israel which were vaccinated against S. iniae occurred from 1995 to 

1997 (Barnes et al., 2003). These were associated with a variant of the 

bacterium which, unlike the previous isolates, was arginine dihydrolase negative 

(AD–ve) (Zlotkin et al. 1998) and could be differentiated using the rapid 

amplified polymorphic DNA (RAPD) technique (Bachrach et al., 2001). 

Furthermore, serological analyses using rainbow trout antisera indicated 

antigenic differences and the earlier isolates (AD+ve) were classified as 

Serotype I and the later isolates (AD–ve) as Serotype II. Antisera to Serotype I 

did not agglutinate Serotype II, but some cross-reactivity was observed in the 

opposite direction (Bachrach et al., 2001).  

S. agalactiae can be sub-divided into ten serotypes (Ia, Ib and II to IX) 

based on the composition of the capsular polysaccharide (Imperi et al., 2010). 

Serotypes Ia and Ib are the most prevalent in seafood (van der Mee-Marquet et 

al., 2009). In diseased tilapia, serotypes Ia, Ib and III are the most commonly 

isolated strains (Evans et al., 2008; Suanyuk et al., 2008; Rodkhum et al., 

2011). In Brazil, serotype Ib is the most prevalent, although strains belonging to 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/polysaccharides
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0100
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0235
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0235
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0075
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0225
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0195
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0195
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serotype Ia and non-serotypeable strains have been isolated in streptococcosis 

outbreaks in tilapia (Godoy et al., 2013). Serotype III has four subtypes, and 

mainly the subtype 4 has been described as an emergent pathogen in fish 

farms in Thailand and China (Delannoy et al., 2013; Li et al., 2013) and is 

related with high zoonotic potential (Ip et al., 2006; Delannoy et al., 2013). 

Furthermore, in experimental challenge, serotype III showed much higher 

virulence than serotype Ia (Areechon et al., 2016). 

1.2.2 Transmission 

The transmission of S. iniae and S. agalactiae is primarily by the newly 

introduced diseased fish into the farm (Nguyen et al., 2002). The bacteria are 

excreted in the faeces of infected fishes, survive in the water, and become 

infectious to other healthy fish (Nguyen et al., 2002). The horizontal 

transmission of the pathogens between fish is believed to be the most common 

route of dissemination as cohabitation of dead or infected fish with healthy fish 

resulted in infection or disease (Amal & Zamri-Saad, 2011). Moreover, in the 

study by Xu et al. (2007) streptococcal infection could occur through wounds 

and abrasions of the skin. This mechanism is usually involved in fish that were 

cultured in high densities. Furthermore, the transmission of Streptococcus 

between different species of wild and cultured fish, within the same aquatic 

environment, is likely to occur (Evans et al., 2002). This is supported by the 

study of Colorni et al. (2002) where they found that wild fish and fish cultured 

nearby have been found to be infected with the same S. iniae strains in Israel. 

Similarly, Bromage & Owen (2002) reported that the fish cohabiting barramundi 

https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0095
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0060
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0140
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0105
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0060
https://www.sciencedirect.com/science/article/pii/S0044848617304982?casa_token=oPXwsyU3zY0AAAAA:e2A-6pPc9QitmXWTr5FzNHtkxo_PJBMHRl_Cygd4ZOcAk-ggMBeDWNu0eTdWlVJthqfz4dPW#bb0005
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pens had the same S. iniae strains as the barramundi. In addition, the 

transmission among the species of reef fish has also been reported in the 

Caribbean (Ferguson et al., 2000). 

1.2.3 Pathogenesis 

Infection by Streptococcus leads to various clinical signs, which include 

haemorrhages at the gill plate, loss of appetite, spine displacement, 

haemorrhages in the eye, corneal opacity, and haemorrhages at the base of the 

fins and in the opercula. The most frequently reported signs are uni- or bi-lateral 

exophthalmia, also known as “popeye”, and distended abdomen. The post-

mortem examinations of the affected fish revealed the presence of blood-tinged 

fluid in the body cavity, enlarged and reddened spleen, pale but enlarged liver, 

as well as inflammations around the heart and kidney while haemorrhagic 

lesions were observed on the skin (Bullock, 1981; Yanong & Floyd, 2002; 

Salvador et al., 2005). Other clinical signs include darkening of the skin and 

erratic swimming, which is either spiralling or spinning just below the surface of 

water. In some cases, however, the affected fish showed no obvious clinical 

signs before death and the mortality is mainly due to septicaemia and infection 

of the brain and nervous system (Barham et al., 1979; Yanong & Floyd, 2002).  

A comprehensive comparative histopathological investigation by Chen et 

al. (2007) into tilapia infected naturally and experimentally with either S. 

agalactiae or S. iniae found that both pathogens can cause pericarditis, 

epicarditis, myocarditis, endocarditis, and meningoencephalitis. Additionally, the 

S. agalactiae infected tilapia showed large numbers of cocci present in tissues 
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and in circulation, which was not observed in S. iniae infected tilapia. The 

authors suggest that S. iniae infected tilapia develops a chronic form of 

streptococcosis during a natural disease outbreak as the fish is more effecting 

in controlling the infection, whereas in S. agalactiae infected fish an acute type 

of streptococcosis is produced. In experimental S. iniae infection, 

lymphohistiocytic, leptomeningitis, meningoencephalitis, encephalitis and 

meningitis were also described in infected tilapia (Baums et al., 2003). 

According to Hernandez et al. (2009), S. agalactiae has a predilection for 

organs such as the brain, eyes, and heart. Moreover, Zamri-Saad et al. (2010) 

noted that during a natural disease outbreak of S. agalactiae the liver, spleen 

and kidney showed the presence of marked congestion and the endothelial 

lining of the blood vessels for the liver and spleen swollen and vacuolated. 

Histological findings from experimental and natural disease outbreaks of S. 

agalactiae have been previously described by and Filho et al. (2009), Ali et al. 

(2010), and Azad et al. (2012).  

The pathogenesis of S. iniae is a multistep process which is believed to 

occur through the colonisation of external tissue, followed by local spread and 

subsequent invasion of the bloodstream (Zlotkin et al., 2003). Once in the 

bloodstream, the bacteria pass through the blood-brain barrier of the host either 

as free bacteria or within hijacked monocytes or phagocytes and then inhabit 

the central nervous system (CNS) (Zlotkin et al., 2003; Agnew & Barnes, 2007). 

The latter process is described as the “Trojan horse effect.” S. iniae loaded 

within the macrophage are able to withstand macrophage bactericidal activities 

and can trigger apoptosis to facilitate their release around the host’s body 

(Zlotkin et al., 2003; Agnew & Barnes, 2007). Such a process is also thought to 
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prevent the triggering of the host’s defence mechanisms. In the work of Locke 

et al. (2007a) they found that certain strains possess a polysaccharide capsule 

which are more virulent in fish than their non-encapsulated since these 

encapsulated strains were resistant to phagocytic killing and macrophage 

clearance. These results indicate that phagocyte colonisation and survival may 

not be the principal infection strategy utilised by S. iniae (Agnew & Barnes, 

2007) since the capsule plays an important role in preventing 

opsonophagocytosis by the host defense mechanisms.   

Less is known about the pathogenesis of S. agalactiae infection in fish. 

Virulent GBS that contributed to sepsis onset would usually proceed through 

three consecutive steps as follows: (i) adhesion and colonization on a host 

surface, (ii) invasion across epithelial cells, and (iii) immune evasion to prevent 

bacterial clearance by the host immune response (Lin et al. 2011; Kenzel & 

Henneke, 2014). However, this bacterium is also thought to utilise macrophages 

to cross the blood-brain barrier and disseminate in organs and tissues (Bowater 

et al., 2012). In the study of Guo et al., (2014), their results showed that S. 

agalactiae could be phagocytosed in large numbers by murine macrophages in 

the absence of complement and antibodies in a dose dependent manner which 

is similar to S. iniae. Moreover, previous study have also shown that GBS 

enters macrophages very efficiently and can survive intracellularly for more than 

24 h, a period that in vivo would be more than sufficient to maintain a 

bacteraemia required for developing meningitis (Valenti-Weigand et al., 1996). 

Like S. iniae, S. agalactiae may induce apoptosis or necrosis in macrophages 

but it is hypothesized that haemolysin may contribute to phagocyte killing (Guo 

et al., 2014). The target organs of S. agalactiae are the brain, eye and kidney, 

https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/jam.13447#jam13447-bib-0041
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/jam.13447#jam13447-bib-0036
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all similar to S. iniae, and vasculitis and septicaemia are the major pathogenic 

effects of S. agalactiae (Abdullah et al., 2013).  

Our understanding of the pathogenesis of S. agalactiae and S. iniae 

infections remain limited, particularly concerning the mechanisms by which 

these bacterial species travel and disseminate in the bloodstream to reach the 

central nervous system. As pathogenesis is attained by expression of virulence 

factors, many studies have attempted to identify and characterise these. Both 

bacterial species produce and secrete a variety of products that contributes to 

adherence, colonisation, invasion, and protective immunity from the host. The 

available information regarding virulence factors of S. agalactiae and S. iniae in 

the published literatures are shown in Table 1.7 and Table 1.8, respectively.  

Table 1.7 Known virulence factors of Streptococcus agalactiae. All S. agalactiae strains isolated 
from mammals and the virulence factors were verified using mammalian based models. 
(Modified from Feathersone, 2014) 

Virulence factor Related genes Function Reference 

Fibrinogen-binding 
protein 

fbs A fibrinogen protein that contributes to 
adhesion to host surfaces, protects from 
opsonophagocytosis and elicits a fibrinogen-
dependent aggregation of platelets 

Pietrocola et al., 
2005; Schubert et al., 
2002 

C5a peptidase  scpB A surface-associated serine protease which 
cleaves C5a, a major neutrophil 
chemoattractant, and facilitates adherence to 
fibronectin 

Beckmann et al., 
2002 

Hyaluronate lyase hylB Degrades hyaluronan, the main 
polysaccharide component of the host 
connective tissues and facilitates bacterial 
invasion 

Mello et al., 2002 

Β-haemolysin-
cytolysin 

cyl A surface-associated toxin with the ability to 
promote intracellular invasion and neutrophil 
recruitment, triggers apoptosis of cells and 
cause cytolytic injury 

Liu & Nizet, 2006 

CAMP factor cfb Pore-forming toxin that causes lysis of red 
blood cells and binds to the Fc fragments of 
immunoglobulin 

Lang & Palmer, 2003 

Capsule cps Polysaccharide capsule that reduced 
complement deposition and phagocytosis by 
the host’s immune system 

Hanson et al., 2012; 
Yamamoto et al., 
1999 

Serine protease cspA Protease that inactivates chemokines and aids 
the capacity to resist opsonophagocytic killing 
by neutrophils  

Bryan & Shelver, 
2009 

Pili PI-1, PI-2a and 
PI-2b 

Mediates resistance to cathelicidin 
antimicrobial peptides 

Maisey et al., 2008; 
Papasergi et al., 2011 

Penicillin binding 
protein 

PBP1a-ponA Surface protein that promotes resistance to 
phagocytic killing independent of capsular 
polysaccharide 

Jones et al., 2002 
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Table 1.8 Known virulence factors of Streptococcus iniae. All S. iniae strains isolated from fish 
and the virulence factors were verified using fish based models. (Modified from Feathersone, 
2014) 

Virulence Factor Related genes Function  Reference 

Capsule cpsD Surface capsular polysaccharide that 
lowers the rate of phagocytosis by host 
immune cells  

Locke et al., 2007a 

Streptolysin S sagA Expression contributes directly to cytolytic 
injury to cells and tissues  

Locke et al., 2007b 

Sim protein simA/simB Contributes to bacterial adherence, 
invasion of fish epithelial cells and 
macrophage resistance 

Locke et al., 2008 

Polysaccharide 
deacetylase 

pdi Virulence proteins involved in adherence 
and invasion lysozyme resistance and 
survival in blood 

Milani et al., 2010 

Phosphoglucomutase pgm Contributes to normal cell morphology, 
surface capsule expression and resistance 
to innate clearance mechanisms 

Buchanan et al., 2005 

C5a peptidase scpI Surface proteins that impairs the ability of 
the host to fight an S. iniae infection 

Locke et al., 2008 

 

1.2.4 Diagnostic approaches for piscine Streptococcus spp. 

Disease diagnosis in fish remains a challenge due to the multitude of 

potential pathogens within the aquatic environment. As such, there remains a 

reliance on gathering multiple sources of information including farm history and 

outbreaks history combined with biological samples to confirm the cause of the 

mortality or morbidity event. It is accepted practise for those working in the 

aquatic diagnostics, that a combination of clinical presentations with recovery 

and/or detection of the bacteria is practised to provide a presumptive 

identification of the disease. 

Currently, the immediate and inexpensive diagnosis of streptococcosis in 

infected fish is difficult as fish exhibit similar clinical symptoms regardless of the 

etiological agent (Muzquiz et al., 1999; Baeck et al., 2006). 

Clinical sign is the primary signature of bacterial infections that depends 

on various factors and could also be similar to non-infectious conditions, so it is 
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difficult to understand the precise cause of the disease presentation. A study of 

tilapia fish showed that clinical signs and degree of lesions depend on several 

factors such as S. agalactiae strain variations, their infectious dose, water 

conditions, temperature, and handling procedures (Chang & Plumb, 1996). 

Misidentification or unidentification of isolates are common due to the 

complexity of bacteria and their interrelations (Lau et al., 2006). Moreover, 

asymptomatic fish serve as a pathogen reservoir and pose challenges for 

correct identification due to the absence of clinical signs (Bromage et al., 1999). 

Presently, diagnosis of subclinical infections in fish is a major concern (Mishra 

et al., 2018). 

Bacterial identification methods based on culture, morphology, or 

biochemical reactions are time- and resource-consuming. Some pathogen 

databases (RAPID Strep strip, VITEX systems, API 20E STREP, Rapid Strep 

32 and ATB Expression System) are incomplete or incorrect, and result in 

improper identification of bacteria (Dodson et al., 1999; Facklam et al., 2005; 

Lau et al., 2006). Additionally, other challenges for accurate identification 

include the mixed nature of the aquaculture environment, low numbers of 

biological samples, or unknown tissue location in carriers (Klesius et al., 2006). 

Identification of S. agalactiae based on biochemical features (i.e., capacity to 

hydrolyze hippurate) or phenotypic characteristics (acidification of tagatose, 

ribose, and sucrose) are not effective due to high levels of biochemical 

heterogeneity among strains (Ravelo et al., 2001). 

Molecular methods are based on several candidate genes (Table 1.9), 

that have been well characterized for diversity, including 16S rRNA, heat-shock 

genes (groESL), and tRNA gene intergenic spacer regions (ITSs) (Clarridge et 
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al., 2001; Teng et al., 2002). Comparative studies have discussed various 

methodologies and found molecular methods to be most effective for bacterial 

identification (Bosshard et al., 2006). Gene sequence analysis based on the 

16S rRNA, sodA, and tuf gene identified S. dysgalactiae as a fish-specific 

pathogen (Abdelsalam et al., 2013).  

Table 1.9 Candidate genes used for differentiation and diagnosis of various Streptococcal 
bacterial agents. (Adapted from Mishra et al., 2018). 

Candidate Gene References 

Manganese-dependent superoxide dismutase (sodA) Kitten et al., 2012; Poyart et al., 2000 

Heat shock protein (groESL) Hung et al., 2013; Teng et al., 2014 

Ribosomal protein (rpoB) Drancourt et al., 2013 

Recombination and repair protein (recN) Hung et al., 2013 

Repair protein (recN) Glazunova et al., 2013 

Lactate oxidase gene (lctO) Zlotkin et al., 1998 

rRNA (eg. 16S rRNA or 16-23S rRNA) Clarridge et al., 2002 

RNA polymerase Drancourt et al., 2004 

D-alanine-D-alanine ligase Garnier et al., 1997 

b-subunit of the elongation factor Picard et al., 2004 

Polysaccharide capsules gene (cps) Lowe et al., 2007 

Invasion associated gene (iag) Rajagopal, 2009 

Surface immunogenic protein (sip) Springman et al., 2009 

C5a peptidase (scp) Springman et al., 2009 

Serine protease (csp) Springman et al., 2009 

tRNA gene intergenic spacer region (ITS) Tung et al., 2007 

 

The multilocus sequence typing (MLST; analyses of multiple genetic loci 

or housekeeping genes) is another molecular method that is considered the 

“gold standard” of typing for many bacterial species (Maiden, 2006; Jolley et al., 

2012). This is method is used to study the epedimiology of S. agalactiae genetic 

populations where specific sequence type is associated with a specific disease 

syndromes (Delannoy et al., 2013).  MLST is an important tool for molecular 

epidemiology because the MLST databases for individual pathogen species 
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currently cover far more isolates than have been characterized based on whole 

genome sequencing (Spratt, 2011). However, insufficient resolution among very 

closely related bacteria can be a problem (Achtman, 2008). 

1.2.5 Disease Prevention and Control 

Streptococcosis is a disease which requires an integrated health 

management approach to prevent and control because many factors are involve 

in it pathogenesis such as age of the fish, type of host, strain of the bacteria etc. 

(Wendover, 2009). Preventative measures include reduction in fish stocking 

density, ensuring good water quality, diligent removal of dead/moribund fish, 

implementing stringent bio-security protocols and minimising stressors such as 

fish handling and transportation.  

Development and application of streptococcal vaccine for 

streptococcosis has been widely researched in an attempt to prevent disease 

outbreak. Experimental S. agalactiae vaccines composed of (a) concentrated 

extracellular products (ECP) (Evans et al., 2004b), (b) formalin-killed whole cells 

(Evans et al., 2004b), (c) bacterial antigens (Sheehan, 2009), and (d) live 

attenuated bacteria (Pridgeon & Klesius, 2013) have all been described. Merck 

Animal Health Inc. developed a commercially available oil adjuvant injection 

vaccine, AQUAVAC® Strep Sa, however, this only prevents S. agalactiae 

Biotype 2 (serotype Ib) infections and is only for use in fish > 15 g (Pridgeon & 

Klesius, 2013). This means that younger fish remain vulnerable to infection. An 

ideal vaccine should produce a broad range of protection against S. agalactiae 

infections, however, developing a polyvalent S. agalactiae vaccine that protect 
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against all strains of S. agalactiae will be nearly impossible due high antigenic 

diversity (Pridgeon & Klesius, 2013).    A recent study by Hayat et al. (2021) 

showed a feed-based formalin-killed S. iniae vaccine gave greater level of 

protection and increased antibody response to fish when challenged with S. 

iniae, however, this high level of protection was observed in fish that received 

booster feed vaccine on the 14 and 21 days. Although the result is promising, 

an exclusive shift to feed-based vaccination is still a challenge due to its 

sutiability in ponds and cages where the amount of feeds eaten by the fish may 

vary. Moreover, result showed that 3 doses are required for a 70% protection 

from infection. 

Several drugs have been tested for the treatment of streptococcosis. 

Among other, Darwish & Griffin (2002) found that oxytetracycline incorporated 

into the feed was effective in controlling S. iniae in blue tilapias (O. aureus). 

Some reports concluded that erythromycin is effective against streptococcal 

infections in cultured yellowtails (Shiomitsu et al., 1980) and rainbow trout (Kitao 

et al., 1979) while doxycycline, oxytetracycline, kitasamycin, oleandomycin, 

josamycin, and lincomycin have also been used to control streptococcosis in the 

cultured yellowtail in Japan (Kitao et al., 1979). Similarly, sodium nifurstyrenate, 

a fisheries drug, has been proven to be successful in Japan in treating 

streptococcosis when incorporated with feed (Kashiwagi et al., 1977). 

Meanwhile, streptococcal infections respond to antibiotic therapy, but the 

disease cannot be legally controlled with antibiotics all the way to the market 

because the withdrawal period for all effective antibiotics is longer than it takes 

for the streptococcal infection to return. Furthermore, it is only a matter of time 

before Streptococcus develops resistance to the antibiotics. In fact, 
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streptococcal strains at several facilities have already developed resistance to 

some antibiotics (Darwish & Hobbs, 2005). Therefore, the best approach would 

be the use of an efficacious vaccine to prevent outbreaks thus reducing the 

reliance on antibiotics. (Klesius et al., 2000). In this way, antibitiocs will be more 

effective in controlling the disease. 

1.3 Motile Aeromonas Septicaemia in Tilapia 

1.3.1 Motile Aeromonads 

At present, the genus Aeromonas comprises 31 species (Chen et al., 

2016). Among them, A. hydrophila, A. sobria, A. caviae, A. allosaccharophila, A. 

veronii biogroups sobria and veronii and A. encheleia are motile and does 

induce disease in fish. From all motile aeromonads, A. hydrophila is the most 

commonly recovered and identified pathogen in fish (Camus et al. 1998; 

Nielsen et al. 2001) though questions on the validity of the identification are 

being raised as molecular methods have confirmed other motile aeromonad 

species were involved. Aeromonas dhakensis is another motile Aeromonas 

species that causes disease in fish (Carriero et al., 2016) and that has been 

wrongly identified as A. hydrophila (Chen et al. 2016). According to Saikot et al. 

(2013), A. hydrophila is a Gram-negative motile rod, widely prevalent in aquatic 

sources (Garcia et al., 2007; Odeyemi et al. 2012; Stratev & Odeyemi, 2016) 

and pathogenic for fish, amphibians, reptiles and mammals, including men 

(Dias et al. 2016). The A. hydrophila is an opportunistic pathogen causing 

disease in fish under stress (Saavedra et al., 2004) induced by high water 

temperature, high levels of ammonia and nitrites, changes in water pH, low 

https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR15
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR11
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR40
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR12
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR15
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR56
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR25
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR43
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR64
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR21
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR54
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levels of dissolved oxygen, parasitic infections, high stocking density and rough 

handling and transportation (Camus et al., 1998). Other researchers outline A. 

hydrophila as the main pathogen causing disease in fish farms accompanied 

with high death rates and great economic losses (Pridgeon & Klesius, 2011a). 

In the literature, the disease is termed “motile Aeromonas septicaemia” or MAS 

(Cruz-Papa et al., 2014), “haemorrhagic septicaemia”, “ulcer disease”, “red-sore 

disease” (Thiyagarajan et al., 2014) and “tail and fin rot” (Nielsen et al., 2001). 

In the view of Das et al. (2013), septicaemia is due to the presence or action of 

2 toxins extracellular haemolysin and aerolysin, which are the primary virulence 

factors involved in establishing the infection. Susceptible species as per Aoki 

(1999) are brown trout (Salmo trutta), rainbow trout (Oncorhynchus mykiss), 

chinook salmon (Oncorhynchus tshawytscha), ayu (Plecoglossus altivelis), carp 

(Cyprinus carpio), channel catfish (Ictalurus punctatus), clariid catfish (Clarias 

batrachus), Japanese eel (Anguilla japonica), American eel (Anguilla rostrata), 

gizzard shad (Dorosoma cepedianum), goldfish (Carassius auratus), golden 

shiner (Notemigonus crysoleucas), snakehead fish (Ophiocephalus striatus) 

and tilapia (Tilapia nilotica). Also, A. hydrophila was reported to induce disease 

in freshwater ornamental species as the dwarf gourami (Colisa lalia), giant 

gourami (Osphronemus goramy), discus cichlids (Symphysodon spp.), black 

tetra (Gymnocorymbus ternetzi), platy (Xiphophorus maculates), tiger barb 

(Barbus pentazona hexazona), guppy (Poecilia reticulata) and silver catfish 

(Pangasius sutchi) (Musa et al., 2008). The MAS in fish is characterised with 

superficial lesions, haemorrhages, ulcerations, abscesses, exophthalmia, ascitic 

fluid and liver and kidney lesions (Stratev & Odeyemi, 2017). 

 

https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR11
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR47
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR18
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR70
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR40
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR20
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR5
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR38
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR25
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1.3.2 Transmission 

Aeromonas spp. cause haemorrhagic and ulcerative diseases in fish 

(Austin & Adams, 1996). A. caviae, A. sobria and A. schubertii have all been 

implicated in diseases of aquatic finfish and crustaceans as well as infections in 

humans, whereas A. salmonicida is a fish pathogen, and has not been 

associated with infections in any terrestrial animal species (Janda & Abbott, 

1996). Clinical sign of infections in fish are varied depending on the species of 

the fish and disease status. Ulcerative lesions of the skin around the base of the 

fins and the anus, raised scales, abdominal distension, and exophthalmia are 

clinical signs that are common with disease caused by other bacteria. 

Depending on the severity of infection, anaemia, hepatomegaly, and ascites 

may develop in affected fish (Lowry & Smith, 2007). Aeromonas infections in 

fish are often secondary to other stresses, such as poor water quality, 

parasitism, and nutritional deficiencies. 

Members of the genus Aeromonas have been known as important 

emerging human pathogens, which are responsible for numerous diseases 

including gastroenteritis, localized wound swelling, septicaemia, meningitis, and 

pneumonia (Lehane & Rawlin, 2000; Galindo et al., 2006; Galindo & Chopra, 

2007). Infections in people working in aquaculture or keeping fish as pets and 

following injuries from handling and direct contact with mucus and tissues from 

infected or carrier fish have also been reported (Lehane & Rawlin 2000). One 

detailed investigation in Spain spanning 1997 to 2006 found that Aeromonas 

spp. ranked fourth among the causes of total gastrointestinal diseases reported 

each year (Epidemiological Surveillance System, 2007). 
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1.3.3 Pathogenesis 

Aeromonas infections are complex and multifactorial. Many species are 

believed to be pathogenic since they satisfy most of the requirements of 

pathogenic bacteria which are A. hydrophila, A. dhakensis, A. veronii, A. sobria 

and A. caviae. Severity of disease is influenced by a number of factors, 

including putative virulence factors, the type and degree of stress exerted on a 

population of fish, the physiological condition of the host, and the degree of 

genetic resistance inherent within specific populations of fish. Motile 

aeromonads vary in their relative pathogenicity (De Figueiredo & Plumb, 1977). 

Several virulence factors are required for the bacterium to colonize, enter, and 

produce damage in host tissues. Other virulence factors are also involved in 

evading the host defense systems, the ability to spread within tissues, and the 

ability to kill the hosts (Smith, 1995). The main pathogenic factors associated 

with Aeromonas are surface polysaccharides (capsule, lipopolysaccharide, and 

glucan), S-layers, iron-binding systems, exotoxins, extracellular enzymes, 

secretion systems, fimbriae and other nonfilamentous adhesins, and flagella 

(Figure 1.6) (Janda & Abbot, 2010; Tomas, 2012). To determine the potential 

virulence and pathogenicity of Aeromonas spp., both phenotypic virulence traits 

and virulence genes have been used (Tomas, 2012; Sreedharan et al., 2013; 

Arslan & Kucuksari, 2015). 



66 

 

 

Figure 1.6 Major virulence factors of piscine motile Aeromonas spp. (Taken from Hossain & 
Heo, 2020) 

Capsule. The capsule is composed of polysaccharides that covers the 

outer membrane of the bacterial cell and participates in the bacteria interactions 

with the environment. In consequence, capsules have been described as a 

major virulence factor (Merino & Tomas, 2010) of many pathogens, as it 

provides protection from host phagocytosis and its induction and expression 

increased the level of virulence for fish and provided resistance to serum killing 

(Magarinos et al., 1996; Merino et al., 2012). Mesophilic Aeromonas spp., A. 

hydrophila AH-3 (serogroup O:34), PPD134/91, JCM3980 strains of A. 

hydrophila (serogroup O:18), A. veronii bv. sobria (serogroup O:11) and A. 

salmonicida are all able to form a capsular polysaccharide when grown in a 

glucose-rich medium (Garrote et al., 1992; Gardufio et al., 1993; Martínez et al., 

1995). Aeromonas salmonicida and A. hydrophila serogroup O:34 strains grown 

under conditions promoting capsule production showed significantly higher 

ability to attack fish cell lines compared with those grown under conditions, 

which did not promote capsule formation (Merino et al., 1996; 1997). 
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Aeromonas hydrophila group II capsule (IIA and IIB) producing strains have 

been reported to possess resistance to serum and phagocyte killing (Zhang et 

al., 2003). It has also been shown that purified capsular polysaccharides and O-

antigen of A. hydrophila PPD134/91 have the ability to confer resistance to 

serum-mediated killing (Zhang et al., 2002). 

Exotoxins. Like other bacteria, Aeromonas spp. can secrete a wide 

range of exotoxins. There are three major types of exotoxins identified in 

Aeromonas spp., such as cytotoxic enterotoxin, cytotonic enterotoxin and 

aerolysin. These toxins play important roles in establishing infections in 

Aeromonas spp. (Chopra et al., 1996; Sha et al., 2002; Soler et al., 2004). 

Enterotoxins are major virulence factors of Aeromonas spp. produced and 

secreted by several species targeting the intestines. They consist of two 

categories: cytotoxic and cytotonic enterotoxins. Cytotoxic enterotoxins are 

described as heat-labile (Act). These toxins are pore-forming channel 

haemolysins able to modify cell permeability (Castilho et al., 2009). 

Haemolysins belong to two major classes; one class is the aerolysins (aerA), 

which are usually ß-haemolysins that produce clear zones of haemolysis on 

blood agar. The aerA genes specifying the aerolysins were cloned and 

sequenced from A. hydrophila (Howard et al., 1987) and A. veronii biovar sobria 

and A. caviae (Singh & Sanyal, 1992). The α-haemolysin is the second class of 

haemolysins and were first cloned and sequenced from A. hydrophila 

ATCC7966 (Janda, 1991; Hirono et al., 1997). Both aerolysins and related β-

hemolysins have the ability to lyse red blood cells in addition to enterotoxic 

activity, and cause tissue damage in a variety of eukaryotic cell lines, including 

Hep-2, HeLa, Chinese hamster ovary, Vero, and erythrocytes (Asao et al., 
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1984; Chopra et al., 1993; Fujii et al., 1998; Wong et al., 1998). In contrast, 

cytotonic enterotoxins differ from aerolysins and aerolysin-related β-

haemolysins both genetically and in biological action (Janda, 2001). They do 

not produce a cytopathic effect in eukaryotic cells. Instead, their action results in 

cell elongation or rounding (Janda, 2001).  

Two types of cytotonic enterotoxins have been reported. The first type is 

the heat-labile enterotoxin (alt) at 56°C, and is also known as lipase, 

extracellular lipase, or phospholipase (Chopra & Houston, 1999). The alt protein 

consists of a single 44 kDa polypeptide (Chopra et al., 1994; 1996). Heat-stable 

enterotoxin (Ast) is the second type of the cytotonic enterotoxin reported in A. 

hydrophila and A. sobria and is stable at 56°C (Chopra & Houston, 1999). Both 

cytotonic enterotoxins (alt & ast) are unrelated to cholera toxin (Albert et al., 

2000; McCarter, 1995) and cause higher intracellular cAMP and PGE2 levels in 

cultured CHO cells (Chopra et al., 1992; 1996).  

Extracellular Enzymes. Aeromonas species secrete a wide range of 

extracellular proteins, including proteases, serine proteases, elastases (e.g., 

AhpB), lipases, DNAses, amylases, chitinases, xylanase, lecithinases and 

gelatinases. These secreted proteins are important molecules involved in a 

variety of pathogenicity mechanisms including tissue damage, evading host 

defences, and deriving essential nutrients from the host for survival (Chopra & 

Houston, 1999; Figueras, 2005; Scoaris et al., 2008; Figueras et al., 2009). The 

extracellular enzymes of Aeromonas spp. are usually produced by the type II 

secretion system or general secretory pathway for establishing the 

pathogenicity (Pemberton et al. 1997). There are several types of extracellular 

enzymes, such as proteases, lipases, DNase, gelatinase, elastase, nucleases, 
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gelatinases and glycerophospholipid-cholesterol acyltransferase (Hossain & 

Heo, 2020). 

Aeromonas spp. secrete a group of proteases, which degrade many 

diverse proteinaceous compounds, such as albumin, fibrin, gelatin, and native 

elastin molecules (Janda, 1985). Two major proteases are produced by 

Aeromonas strains. One enzyme, a thermolabile serine protease that is 

inactivated by ethylenediaminetetraacetic acid (EDTA), appears to belong to the 

general class of thermostable metalloproteases; the other protease is the 

thermostable (56°C, 30 min) metalloprotease that is EDTA-sensitive or 

insensitive (Rivero et al., 1991; Ellis et al., 1997). The role of proteases in 

pathogenesis is not clearly understood. They are implicated in colonization, 

invasion of host tissues during host-pathogen interaction and mediate tissue 

lysis during pathogen invasion by helping the bacteria to take essential nutrients 

from the host environment for further survival, multiplication, and distribution 

inside the host (Bjornsdottir et al., 2009).  Researchers have confirmed that the 

toxic fraction of extracellular products (ECP) secreted by A. hydrophila is linked 

with the haemolytic activity and protease activity (Allan & Stevenson, 1981; 

Kanai & Wakabayashi, 1984; Sakai, 1985; Subashkumar et al., 2006).  

Lipases contribute to bacterial nutrition and are involved in erythrocyte 

lysis (Pemberton et al., 1997; Chopra & Houston, 1999). Aeromonas spp. are 

capable of secreting several lipases, which hydrolyse esters of glycerol with 

long-chain fatty acids (Jaeger et al., 1994). An extracellular lipase purified from 

the culture supernatant of A. hydrophila H3 showed both esterase and lipase 

activities (Anguita et al., 1993). Later, A. hydrophila strains PLA1, LipE, Lip and 
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Apl-1 were found to secrete a group of lipases with high homology (Ingham & 

Pemberton, 1995; Merino et al., 1999). 

Glycerophospholipid-cholesterol acyltransferase (GCAT) is a well-known 

phospholipase isolated from both A. hydrophila and A. salmonicida (Thornton et 

al., 1988; Eggset et al., 1994). GCAT can digest plasma membranes of host 

cells, and leads to their lysis (Thornton et al., 1988). However, generation of an 

A. salmonicida GCAT isogenic mutant did not result in decreased virulence, 

demonstrating that they may be accessory rather than essential virulence 

factors (Vipond et al., 1998). Three groups of chitinases A, B and C are known 

to be secreted by Aeromonas spp. (Watanabe et al., 1993). 

Nucleases have been long recognized as possible virulence factors, but 

their exact role in virulence is unclear compared with the role of other 

degradative enzymes (Pemberton et al., 1997). DNases are considered as 

possible nutritional enzymes in Aeromonas (Scoaris et al., 2008). They have 

been involved in bacterial infections, given that DNases are enzymes that 

directly attack DNA, a macromolecule essential for the function of any host cell. 

In addition, the degradation of DNA yields carbon and nitrogen molecules to the 

bacteria (Podbielski et al., 1996). 

Secretion systems. Gram-negative bacteria have developed different 

secretion systems to transport proteins to the cell surface. Secretion systems in 

bacteria have been classified as type I, II, III, IV, V, and VI systems (Henderson 

et al., 2004). T2SS is responsible for the transport of aerolysin, DNases, 

amylases and proteases. Type III secretion system is associated with the 

injection of effector proteins into the cytosol of host cells (Li & Cai, 2011). Type 

III (T3SS) and Type VI secretion systems (T6SS) have been recognized to play 
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a significant role in the virulence of many Gram-negative bacteria and are often 

activated upon contact with target cells and carry their toxin proteins directly into 

the host cell cytosol. In Aeromonas spp., the functioning of T3SS has only been 

described in A. salmonicida (Burr et al., 2002) and in A. hydrophila strains AH-1, 

AH-3 and SSU (Yu et al., 2004; Sha et al., 2005), while the functioning of T6SS 

has been described in A. hydrophila strains SSU, AH-3 and ATCC 7966 

(Suarez, et al., 2008). T4SS plays an important role as a carrier of different 

virulence factors to the eukaryotic host cells and performs conjugal genetic 

transfer between bacteria, which is also related to the spread of antimicrobial 

resistance genes (Rangrez et al., 2006).  

Other Virulence factors. Bacterial adherence to the host may involve 

either specific interactions between a receptor and a ligand or hydrophobic 

interactions. The receptors are usually specific carbohydrate or peptide 

residues on the eukaryotic cell surface, and the ligands termed adhesins are 

bacterial surface proteins or polysaccharides. Fimbriae/pili are micro-

filamentous structures protruding from the bacterial surface. They are formed by 

individual subunits identified as pilin. The pili may be present singly or in 

bundles. They are generally described as adhesive organelles and are also 

involved in some other bacterial processes, as well as phage binding, DNA 

transfer, biofilm formation, cell aggregation, host cell invasion, and twitching 

motility (Tomás, 2012). Aeromonas spp. contain two different types of fimbriae 

identified based on morphology. They are short, rigid fimbriae (S/R) and long, 

wavy fimbriae (L/W). The S/R fimbriae are the predominant type in aeromonads 

with high pili numbers (Kirov et al., 1995).  
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Depending on the environmental conditions, bacteria are able to move in 

a free way by swimming, swarming, gliding, twitching, and sliding among others 

or stay in the same place to form colony groups and colonize surfaces. Motile 

Aeromonas spp. has both polar and lateral flagella. A polar flagellum is used for 

moving on solid surfaces and functions for adhesion, whereas multiple lateral 

flagella are mainly used for swarming over surfaces and serve as colonization 

factors. About 60% of mesophilic Aeromonas spp. contain lateral flagella (Kirov 

et al., 2002). A. caviae is able to produce polar and two lateral flagellins, 

whereas A. hydrophila produces two polar and only one lateral flagellin (Rabaan 

& Shaw, 2002; Canals et al., 2006), which are mostly responsible for the 

adhesion, invasion of the fish cell and also the formation of biofilm (Merino et 

al., 1997; Gavín et al., 2002). 

1.3.4 Diagnostic approaches in piscine Motile Aeromonas spp. 

Diagnosing disease and identifying the infectious agents are important 

for managing any disease situation. It has been recommended that detecting a 

bacterial fish pathogen re-quires analysis of samples from 4 to 10 infected fish 

and between 10 and 60 samples from apparently health populations (Noga, 

2010). The target organs are generally the kidney, spleen, skin, and ovarian 

fluid. Sometimes, pathogens are detected in mucus, blood, faeces and skin 

(Gustafson et al., 1992; Byers et al., 2002; Beaz-Hidalgo et al., 2008; Kulkarni 

et al., 2009). The kidney and intestine are the recommended sites when 

screening for asymptomatic carriers (Beaz-Hidalgo & Figueras, 2012).  
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A number of methods have been reported for the detection/cultivation 

and identification of aeromonad pathogens, including traditional (phenotypic 

characteristics), immunological and molecular techniques. Non-selective culture 

media used for the isolation of Aeromonas strains include tryptone soya agar 

(TSA), brain heart infusion agar (BHIA) or Columbia blood agar with incubation 

at 15-25°C for up to 7 days (Bernoth, 1997; Hiney & Olivier, 1999; Austin & 

Austin, 2007; 2012).  

Numerous biochemical methods have been proposed for the 

identification of Aeromonas species, but they mainly recognize three phenotypic 

groupings i.e. A. hydrophila (including A. hydrophila, A. bestiarum, A. 

salmonicida and A. popoffii), A. caviae (A. caviae, A. media and A. 

eucrenophila) and Aeromonas sobria (A. sobria, A. veronii, A. jandaei and A. 

trota) (Borrell, et al., 1998; Kozińska et al., 2002; Abbott et al., 1992; 2003; 

Martin-Carnahan & Joseph, 2005; Martínez-Murcia et al., 2005). However, 

identifications based on phenotyping lack accuracy and tend to result in 

inconsistencies due to misinterpretation in some characters and because of 

issues with lack of reproducibility when they are carried out under different 

laboratory conditions, such as varying temperatures and incubation times 

(Figueras et al., 2011). In addition, the expression of biochemical characteristics 

between different isolates of the same taxon, e.g., A. hydrophila, are not always 

the same (De Figueiredo & Plumb, 1977; Figueras et al., 2011). Therefore, with 

the issues surrounding the use of phenotyping, there has been a move towards 

molecular based identification.  

Sequencing of the 16S rRNA gene is considered a strong taxonomic tool 

and is now widely used in bacterial taxonomy (Cascón et al., 1996; Khan & 
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Cerniglia, 1997). However, research has indicated that phylogenetic analyses 

based on 16S rRNA gene sequencing may lead to difficulty with distinguishing 

between closely related taxa (Martínez-Murcia et al., 1999; 2005). Also, the 

data are compared with entries in the BLASTN data base, which are entered by 

authors and for which there is not any external verification DNA probes and 

restriction fragment length polymorphism (RFLP) profiles designed from the 16S 

rRNA gene are useful to distinguish Aeromonas at the species level (Ash et al., 

1993; Dorsch et al., 1994; Borrell et al., 1997; Khan & Cerniglia, 1997; Figueras 

et al., 2000; Lee et al, 2002). However, some strains have produced 

unpredicted or different restriction patterns making their identification uncertain 

(Alperi et al., 2008). Sequencing analyses based on the gene sequences of 

gyrB and rpoD are invaluable for the recognition of Aeromonas species and for 

the proper identification of novel closely related isolates (Soler et al., 2004; 

Yanez et al., 2003). Finally, the use of a combination of 16S rDNA-RFLP 

analyses (Borrell et al., 1997; Figueras et al., 2000) and housekeeping genes 

(gyrB, rpoD), (Martínez -Murcia et al., 2005; Alperi et al., 2008; Tena et al., 

2008; Figueras et al., 2009) make suitable molecular markers for assessing the 

phylogeny of closely related Aeromonas species. 

1.3.5 Disease Prevention and Control 

A commercially available vaccine against the motile aeromonad infection 

is not available for farmed fishes. Motile aeromonas septicaemia in fish is 

controlled by antibiotics, but their extensive use increases the resistance of A. 

hydrophila (Fang et al., 2004). According to Chen et al. (2012), aeromonads 

https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR23
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR14
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produce four classes of chromosomally mediated β-lactamases. Class А broad-

spectrum β-lactamases determine the resistance to all penicillins, 

cephalosporins and monobactams and those from class B metallo-β-

lactamases to penems and carbapenems. Beta-lactamases from class C 

cephalosporinases determine the resistance to cephamycins and third-

generation cephalosporins, while enzymes from class D β-lactamases to 

penicillin. A study performed by Fosse et al. (2003) demonstrated that A. 

hydrophila produces β-lactamases from classes B, C and D. According to 

Aravena-Roman et al. (2012), the resistance of aeromonads to β-lactams could 

be also attributed to plasmids and integrons. Kadlec et al. (2011) investigated 

the resistance of motile aeromonads to trimethoprim and trimethoprim-

sulfamethoxazole, coded by an integron. A. hydrophila isolated from diseased 

fish were sensitive to aminoglycosides, third-generation cephalosporins, 

lincosamides, macrolides, nitrofurans, fluoroquinolones, sulfonamides, 

tetracyclines, chloramphenicol and rifampicin, but the isolation of antibiotic-

resistant A. hydrophila from diseased fish is also well documented (Popovic et 

al., 2000; Guz & Kozinska, 2004; Belem-Costa & Cyrino, 2006; Adanir & 

Turutoglu, 2007; Daood, 2012; Jeeva et al., 2013; Laith & Najiah, 2013; Samal 

et al., 2014). Table 1.10 provides data about the treatment of motile Aeromonas 

septicaemia in fish by antibiotics.  

 

https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR24
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR6
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR31
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR46
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR27
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR10
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR3
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR19
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR30
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR33
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR58
https://link.springer.com/article/10.1007/s10499-016-0100-3#Tab1
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Table 1.10 Treatment of motile Aeromonas septicaemia in fish. (Taken from Stratev et al. 2016) 

Antibiotic Dose Period of 
treatment 
(days) 

Administration Fish Reference 

Oxytetracycline 
(Terramycin®) 

50-75 mg/kg 
of fish per 
day 

10 Feed additive Pond fishes, 
channel 
catfish, 
salmonids 

Cipriano et al. 
(1984) 

Sulfadimethoxin-
ormetoprim (Romet 
30®) 

50 mg/kg of 
fish per day 

5 Feed additive Catfish, 
salmon, 
trout 

Swan & White 
(1991) 

Trimethoprim-
sulphamethoxazole 

10 g/t of pool 
water 

3 Immersion Carp Adanir & 
Turutuglo 
(2007) 

Enrofloxacin  20 g/10kg 
food, two 
times a day 

7 Feed additive Caro Chirila et al. 
(2008) 

Ciprofloxacin 5 ppm 5 Immersion Discus El-Ghany et 
al. (2014) 

 

The frequent use of antibiotics in the therapy of bacterial fish diseases 

could entail the development of antimicrobial resistance in many pathogens. 

This necessitates alternative methods for control of fish diseases, such as 

vaccination for prevention of motile Aeromonas septicaemia (Pridgeon & 

Klesius, 2011b). Different vaccines have been developed against motile 

Aeromonas septicaemia in fish from whole cell, outer membrane protein, 

extracellular products, lipopolysaccharide and biofilms. Despite that, no 

commercial vaccine against A. hydrophila is yet available (Poobalane et al., 

2010). This is due to the extreme biochemical and serological heterogeneity of 

A. hydrophila - the main barrier to the development of efficient commercial 

vaccine (Wang et al., 2013).  

Disinfection is a common means for disease control in fish farms. It is 

applied in biosecurity programmes for prevention of a specific disease, for 

reduction of morbidity rates or for eradication of diseases (OIE, 2009). In cases 

of disease in fish farms, Torgersen and Hаstein (1995) recommend disinfection 

of pools, tanks, ducts, premises and adjacent areas, transport containers and 

https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR48
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR45
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR75
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR76
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR71
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vehicles. With this respect, the sensitivity of A. hydrophila to glutaraldehyde, 

formaldehyde, quaternary ammonium salts, benzalkonium chloride, iodine, 

ethanol, potassium permanganate (Stratev & Vashin, 2014) and chlorine (Sisti 

et al., 1998) was acknowledged. 

1.4. Rationale and Study Aim 

Tilapia, the second most important cultured fish after milkfish, is the most 

consumed farmed fish in the Philippines, with an average yearly consumption of 

4.6 kg per person, yet the tilapia farming sector has stagnated if not decreasing 

in the last ten years, due to several factors such as limited freshwater areas, 

high water temperature, high cost of production, poor breed of tilapia, lack of 

government assistance, and lack of capital (Guerrero, 2019). Reports of 

disease epidemics especially infectious bacterial diseases have been observed 

for the past ten years, however, its role to current production trend is unknown 

and has not been given full attention because of the prevailing belief that tilapia 

is a hardy and disease-resistant species.  Before the start of my study, tilapia 

farmers in Luzon were reporting outbreaks of diseases and high mortality in the 

farms during the warm months of the year which is from March to June. From 

anecdotal reports and personal communications, the survival rate for the tilapia 

was only 30%, and the farmers were raising this issue with the concerned 

government agencies to help them address this problem.  

Published studies or reports on tilapia diseases in the Philippines is 

scanty if not absent. These reported disease problems have been long 

suspected as streptococcosis and motile aeromonas septicaemia, but clinical 

https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR65
https://link.springer.com/article/10.1007/s10499-016-0100-3#ref-CR63
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data were fragmented or not current. Considering these disease problems, a 

diagnostic investigation was conceptualised to establish the primary aetiological 

agents involved in these disease and mortality outbreaks, determine the factors 

that may have contributed to the problem, and their role in the tilapia production 

trend in the country. Given the limited area for production and the rising of water 

temperature due to climate change, this disease problem will only exacerbate in 

the coming years if not addressed. Thus, there is a considerable threat not only 

to the livelihoods of farmers and fisherfolk, but also to the country’s food 

security.  

The general objective of this study was to determine the causative 

infectious bacterial agents associated with the disease and mortality outbreaks 

observed in tilapia farms in the Philippines.  

The main aims of each chapter in this study are as followed: 

- To survey tilapia farms to characterise and describe 

current husbandry and health management practices that may 

have contribute or is contributing to reports of disease and 

mortality outbreaks. 

- To establish that the reported disease and mortality 

outbreaks are infectious in nature. 

- To characterise the antibiotic response profile, antibiotic 

resistance genes, and virulence factors of the S. agalactiae and S. 

iniae isolates that may contribute to their pathogenic potential. 

- To characterise the antibiotic response profile, antibiotic 

resistance genes, and virulence factors of other different motile 

Aeromonas species strains that are involved in their pathogenesis. 
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CHAPTER 2.  
 

Current Status of Tilapia Farming in the Philippines 

2.1 Abstract 

A field-based survey was performed in March 2018 to June 2019 to 

describe the status of tilapia farming and provide data on infectious diseases 

encountered within the range of production systems, representative of the 

Philippine tilapia sector. Tilapia farms sampled were primarily intensive grow-

out farms and hatcheries in various production environments namely 

freshwater, brackishwater and seawater. Sixteen farms (N =16), 12 grow-out 

and 4 hatcheries, were studied and sampled. Results from a questionnaire 

identified infectious disease as one of the main causes of fish health issues 

encountered in all production systems included in the study. Data from the 

questionnaire showed that farmers were able to successfully identify external 

clinical signs in their stocks during disese outbreaks. Tilapia farmers reported 

higher levels of disease outbreaks occurring in March to June which coincided 

with increased water temperature. In floating cages in Taal Lake, fish mortality 

during the 1st month of stocking was approximately 70%, and a further 7.5% of 

the remaining stocks were affected by disease thereafter. Although high 

mortality was observed after initial stocking, the remaining fish density was still 

beyond the recommended level. This high stocking density and the vast 

quantity of tilapia cages with increased use of commercial feeds has increased 

nutrient pollution in the waters. Seventy percent of farmers used some form of 



80 

 

treatment or interventions which included salt (NaCl) and the use of antibiotics 

although around 30% of the farms included did not use any treatment.  

The present study provides evidence that infectious diseases is currently 

a problem and fish losses due to clinical disease outbreaks are likely to have 

contributed to the stagnating growth of tilapia production in the Philippines. 

Moreover, valuable data on farming or husbandry management can be used to 

develop policies for health strategies in the tilapia sector.  

2.2 Introduction 

2.2.1 Tilapia Farming: Development and Status 

Tilapia farming in the Philippines started in the 1950s with the 

introduction of the Mozambique tilapia (Oreochromis mossambicus), however, 

this tilapia species became unpopular with local fish farmers and resulted to 

reduce the interest in commercial tilapia culture at that time. The introduction of 

the Nile tilapia (Oreochromis niloticus) from Thailand and Israel in the 1970s 

renewed the interest in tilapia farming in the Philippines. Better growth traits of 

the Nile tilapia resulted in expansion of the sector, especially in pond and cage 

culture systems which then contributed to the development of the country’s 

tilapia production. Although production was initially in ponds, local cage farming 

techniques (Figure 2.1) were developed and adapted, and the Philippines 

became a pioneer in Asia for Nile tilapia cage culture in lakes and reservoirs 

(Guerrero, 2002; BFAR-PHILMINAQ, 2007). The culture of red hybrid tilapia 

(Oreochromis spp.) started in the 1980s, however the majority of the tilapia 
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production within the Philippines is still based on the naturally coloured Nile 

tilapia. 

 

 

Figure 2.1 Tilapia floating cages in Taal Lake, Batangas, Philippines 
(https://www.manilatimes.net/2021/04/15/news/regions/taal-volcano-registers-more-
tremors/864037/). 

 

The limited number of freshwater bodies, and the ecological concerns 

primarily regarding the degradation of lakes, has pushed the tilapia sector in the 

Philippines to expand farming into brackishwater ponds. Additionally, the 

potential to culture tilapia in seawater is being explored due to the availability of 

an extensive coast around the Philippines. The tilapia farms in Luzon are mainly 

freshwater and is the biggest producer in the country with 92% of the total 

farmed tilapia production (261,210 MT), followed by Mindanao (freshwater and 
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seawater) with 6%, and the Visayas (mainly brackishwater) with 2% (BFAR 

2016). 

For more than a decade tilapia production has stagnated (Figure 2.3). A 

comprehensive study has not yet been performed to identify all contributing 

factors influencing the potential growth of the tilapia farming sector in the 

Philippines, however, a study by Guerrero (2019) did identify the limiting factors 

as high water temperature, lack of government assistance, poor genetic 

potential of tilapia due to inbreeding, high cost of production, and lack of capital. 
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Figure 2.2 Volume of production of tilapia versus population growth of the Philippines. (2005-
2019, Philippine Statistical Authority; World Bank). 

 

Tilapia are often described or considered as a hardy fish, more resistant 

to poorer water quality and able to tolerate a wider range of environmental 

conditions (Prabu et al., 2019). This is often in comparison with other fish 
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species such as milkfish, which are farmed in similar conditions and regarded 

as more sensitive to their environmental surroundings. Due to this perceived 

robustness of tilapia, they were once considered to be more resistant to 

bacterial, parasitic, fungal, and viral diseases as compared with other cultured 

fishes (Amal & Zamri-Saad, 2011). In more recent times, however, tilapias have 

been found to be susceptible to diseases. Recent increases in production have 

largely been achieved through intensification of existing farming systems, 

resulting in higher risks of disease outbreaks (Henriksson et al., 2018) and 

mortality episodes. In the Philippines, tilapia farms with limited water exchange 

and circulation, no aeration, high stocking and feeding rates, and high organic 

load can cause sudden death of fish in cages (Bagariano & Lantin-Olaguer, 

1999). Infectious disease outbreaks, particularly of bacterial aetiology, remain 

one of the main limiting factors that threaten tilapia production, specifically when 

cultured under intensive conditions (El-Sayed, 2019). In the Philippines, the 

tilapia farming sector has reportedly suffered high levels of fish mortalities 

primarily attributing to seasonal upwelling in lakes and of other unknown 

causes, however, infectious diseases are also suspected. Whilst anecdotal 

reports have identified bacterial diseases occurring in the Philippine tilapia 

farming sector since 2009, no confirmed studies have been reported as to date. 

Additionally, the emergence of tilapia lake virus (TiLV) disease has added to the 

burden of annual and recurring disease problem in farms in the country (OIE, 

2017).  

Like other farming sectors, the likelihood of new, emerging, and re-

emerging diseases increases as aquaculture activities intensify and expand 

(Bondad-Reantaso et al., 2005; Walker & Winton, 2010; Oidtmann et al., 2011). 
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One way to improve health management is to understand the production 

system events, possible risks and pathways for pathogen transmission, and to 

identify interventions that may lead to improvements in the health status of fish 

farms (Bondad-Reantaso et al., 2005).  

2.2.2 Study Aim 

This overall aim of this chapter was to describe the husbandry, health 

management practices, and reports of disease/mortality outbreaks in tilapia 

grow-out farms and hatcheries. Additionally, biological samples were gathered 

for subsequent disease investigations (Chapter 3). 

2.3. Materials and Methods 

2.3.1 Survey 

A cross-sectional survey was designed and performed together with staff 

from the National Fisheries Research and Development Institute-Fisheries 

Biotechnology Centre (NFRDI-FBC). The primary raw data were collected using 

questionnaire-based interviews performed in the Philippines between March 

2018 to June 2019. The tilapia grow-out ponds and hatcheries included in the 

survey were from tilapia farms identified by NFRDI-FBC as areas where there 

were reported disease problems, and farms that were willing to participate in the 

survey.  

Each farm was visited once, and the questionnaire completed by the 

author or NFRDI-FBC staff during face-to-face interviews. Secondary data were 

provided by Bureau of Fisheries and Aquatic Resources-Batangas Inland 
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Fisheries Technology Outreach Station (BFAR-BIFTOS) to provide context in 

the management of tilapia farms in the sampled area as well as to confirm the 

primary data results. 

2.3.2 Tilapia Farm Survey 

The survey was done mostly in Luzon with two in Visayas and one in 

Mindanao from 2018 and 2019. There were a total of 16 farm sites included in 

the survey, separated into 12 grow-out farms and 4 hatcheries (Table 2.1). The 

grow-out farms included freshwater floating cages (n=8), freshwater submerged 

cage (n=1), seawater floating cage (n=1) and brackishwater earthen ponds 

(n=2), which were distributed throughout the study sites in the 3 major islands. 

 

Table 2.1 The distribution of tilapia farms included in the study 

  
Provinces 

 
Samplite Sites 

 
Freshwater 

Floating 
Cage 

 
Freshwater 

Submerged 
Cage 

 
Freshwater 

Earthen 
Hatchery 

 
Brackish

water 
Earthen 

Pond 

 
Seawater 

Cage 

 
Total 

Luzon 3 
Taal Lake, Laguna 

Lake, Laguna, 
Pampanga 

7 1 4 1 0 13 

Visayas 2 Batad, Silay 1 0 0 1 0 2 

Mindanao 1 Panabo, Davao 0 0 0 0 1 1 

Total 6  8 1 4 2 1 16 

 

2.3.3 Questionnaire Design 

A questionnaire was designed to enable primary data to be collected 

regarding the current husbandry and health management practises in tilapia 

grow-out farms and hatcheries in the Philippines. The questions were grouped 

under various topics: farm background, background of person interviewed, 
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production environment and system, husbandry, feed and water management, 

and disease and health management. The questionnaire included both open 

and closed questions. The questionnaire remained in English but was translated 

in Filipino during the interview. Prior to the interview, the assisting staff were 

briefed and trained regarding the questionnaire. The final English questionnaire 

is included as Appendix 1. 

The questionnaire was pilot tested with three tilapia farms which were not 

then included in the larger survey. Following the pilot test the questionnaire was 

edited in consultation with the project supervisors. Answers were written directly 

onto individual questionnaire sheets during the interviews and data were then 

uploaded in an Excel spreadsheet to which only the researcher and his 

supervisors had access. 

2.3.4 Fish Sampling 

At the same time as the questionnaires were administered biological 

samples were collected from the sites visited. These contributed to Chapters 3, 

4 and 5 of the thesis. Approximately seven moribund and three apparently 

healthy tilapia were sampled from each of the grow-out ponds or cages while 

three moribund and two apparently healthy tilapia were taken from each 

hatchery ponds. The fish were scooped out from the pond using a net and then 

placed in a bag with its pond water and supplied with oxygen and tightly sealed. 

The fish were then transported to the laboratory or were processed as soon as 

possible on sites, for farms in remote locations. The tilapia samples were killed 
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using Schedule 1 method. The wet body weight (grams) and length (mm) were 

recorded.  

The fish were observed for external and internal signs of diseases. The 

fish were aseptically dissected, and sterile disposable inoculating loop were 

inserted to the kidney, spleen and brain and plated out immediately for bacterial 

recovery. Tissue samples from muscle, gills, liver, intestine, heart, brain, kidney 

and spleen were taken for histopathology. These were done to identify diseases 

from these sites, full details are provided in Chapter 3. 

2.3.5 Data Collection/Analysis 

Each farmer/farm was contacted by the Fisheries Biotechnology Centre-

National Fisheries Research and Development Institute (FBC-NFRDI), and of 

the Batangas Inland Fisheries Technology Outreach Station (BIFTOS) through 

phone calls prior to site visits to help with compliance. Questionnaires were 

answered and completed by the farm owner or manager or worker at the time of 

visit.  

All the data gathered were coded and entered in Microsoft Excel 2016 

spreadsheets. The data were analysed using SPSS 16, the main statistical tools 

used to be descriptive and cross tabulation. Apart from the descriptive analyses 

of the data, the relationship between average yield (MT ha-1 crop-1) and 

selected parameters such as stocking density (fish m-2), size of fry (g) were 

analysed as was the relationship between occurrence of disease outbreaks and 

other parameters. Microsoft Excel was used to produce charts and tables.  

 



88 

 

2.3.6 Ethical Approval 

 

Ethical approval was granted from the University of Stirling General 

University Ethics Panel and all data were treated in compliance with the UK 

Data protection Act 2018 and the EU General Data Protection Regulations.  

2.4 Results 

2.4.1 Overview 

Survey and Interview. All selected farms participated in the interview 

during the field survey, giving 100% compliance in the survey. Some questions 

in the questionnaire were not answered by the respondents since they were not 

applicable to a specific farming system, for example pond fertilisation and water 

exchange for floating grow-out cages in lakes and seawater. Additionally, some 

of the respondents said they did not know, or they did not have a record while 

others did not answer regarding the use of antibiotics for treatment.  

The respondents of the interview identified as 14 males (88%) and 2 

females (12%). The females described their role as managers of a grow-out 

farm and hatchery belonging to the same aquaculture company. Two of the 

male respondents were past 60 years old and identified as owners of the 

hatcheries which were in operation for more than 20 years, however, they were 

cautious in giving responses during the survey compared with the younger 

respondents. Additionally, during the interview in association with the 

questionnaire the farmers expressed informal opinions or observations. Four of 

the respondents in Taal Lake said that production cycle decreased from two to 
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one production per year due to slow growth and mortality of the stocked tilapia. 

One farmer told that farm workers in most grow-out cages in Taal Lake would 

collect the diseased fish and sell them to the local market for additional income 

due to their very low daily wage. In hatcheries, one hatchery operator revealed 

that he prepare his own medicated feed by buying and using the antibiotic 

amoxicillin intended for human use from the local pharmacy during disease 

outbreaks. 

Role of the interviewee. Persons interviewed during the survey were 

classified as either owner (19%), manager (44%) or worker (37%) (Table 2.3). 

The participants reported attending seminars to obtain information on tilapia 

farming which was provided by their own company, government (Bureau of 

Fisheries and Aquatic Resources) or non-government organisation (NGO) 

specifically Southeast Asian Fisheries Development Centre-Aquaculture 

Department (SEAFDEC-AQD). A total of 94% of the survey participants 

attended at least one seminar on fish farm management (Table 2.2).  

 

Table 2.2 Data on participant role and attendance to training/seminar in fish farm management. 

 
 

People 
interviewed 

 
Attendance to 

training/seminar fish farm 
management 

 
Training/Seminar provider 

Own 
Company 

Government NGO 

Owner (n=3) 100 0 100 0 

Manager (n=7) 100 71 14 14 

Worker (n=6) 83 33 50 0 

 

Location and Farming Systems. The freshwater farms were grouped 

either as grow-out farms or hatcheries while the brackishwater and seawater 
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were all grow-out farms. The locations and descriptions of these farms is shown 

in Figure 2.3 and Table 2.3.  

 

Figure 2.3 Map of farm location in various provinces, Philippines. The red markers indicate the 
location of the sampled farms (red = freshwater; green = brackishwater; yellow = marine water) 

in the three main island groups of the Philippines. 
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Table 2.3 Location and description of the tilapia farms surveyed in Philippines 

Farm Number Farm Location* Farming System** 

1 Talisay, Taal Lake Floating cageFW, I 

2 Talisay, Taal Lake Floating cageFW, I 

3 Talisay, Taal Lake Floating cageFW,I 

4 Laurel, Taal Lake Floating cageFW, I 

5 Laurel, Taal Lake Floating cageFW,I 

6 Agoncillo, Taal Lake Floating cageFW, I 

7 Agoncillo, Taal Lake Floating cageFW, I 

8 Calauan, Laguna Earthen Pond HatcheryFW, I 

9 Calauan, Laguna Earthen Pond HatcheryFW, I 

10 Calauan, Laguna Earthen Pond HatcheryFW, I 

11 Calauan, Laguna Earthen Pond HatcheryFW, I 

12 Pila, Laguna Lake Submerged cageFW, E 

13 Lubao, Pampanga Earthen PondBW, I 

14 Batad, Iloilo Floating cageFW, SI 

15 Silay, Negros Occidental Earthen PondBW, I 

16 Panabo, Davao Floating cageSW, I 

*All the farms were in Luzon except for 14 and 15 which were in the Visayas and 16 in Mindanao. **FW = 

freshwater; BW = brackishwater; SW = seawater; I = intensive; SI = semi-intensive; E = extensive. 

 

The freshwater grow-out farms visited were those on Taal Lake, 

Batangas and Laguna Lake, all located in the island of Luzond. In Taal Lake, 

there were seven (7) floating cages from the municipalities of Talisay (n=3), 

Laurel (n=2), and Agoncillo (n=2) (Figure 2.4). Most of these floating cages 

were found on the western portion of the craterlake (Figure 2.4). 
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Figure 2.4 Satellite images of sampling sites of freshwater floating cages in: (A) Talisay; (B) 
Laurel; and (C) Agoncillo all in Taal Lake, Batangas, Philippines. (Google earth). 

 

The cages measured 10x10 m and were floating in the lake. An example 

of the floating cages is provided in Figure 2.5. 
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Figure 2.5 Tilapia grow-out floating cages in Taal Lake, Batangas, Philippines. 

 

In Laguna Lake (Figure 2.6 A), a submerged cage was sampled, while in 

Calauan, Laguna four (4) hatcheries which were earthen ponds were visited 

(Figure 2.6 B). The depth of the hatchery ponds were at 1.5 m deep.  
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Figure 2.6 Satellite images of sampling sites in: (A) freshwater submerged cage (vague lines 
since the cages are submerged) in Laguna Lake; and (B) freshwater earthen pond hatcheries in 
Calauan, Laguna, Philippines. (C) Laguna Lake and adjacent municipality of Calauan, Laguna. 

(Google earth). 

 

A brackish water earthen pond was visited, and fish sampled in Lubao, 

Pampanga (Figure 2.7 A) which was 2 m in depth. For Visayas, a freshwater 

floating cage in Batad, Iloilo (Figure 2.7 B), and a brackishwater earthen pond in 

Silay, Negros Occidental with a depth of 2 m were sampled (Figure 2.7 C).  In 

Mindanao, a seawater floating cage in Panabo, Davao del Norte was included 

in the survey (Figure 2.7 D).  
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Figure 2.7 Satellite images of sampling sites in: (A) brackishwater earthen pond, Lubao, 
Pampanga; (B) freshwater floating cage in Batad, Iloilo; (C) brackishwater earthen pond in 

Silay, Negros Occidental; and (D) seawater floating cages in Panabo, Davao del Norte. (Google 
earth). 

 

2.4.2 Description of the tilapia Farm Sector 

Duration of farm operation. For grow-out farms, 42% were ≤5 years in 

operation while 25% were more than 20 years in operation as tilapia farming. 

Only 8% of the grow-out farms included in the survey were in operation for 6-10 

years. For the hatcheries, 50% were > 20 years old already and they were 

identified as the family owned backyard hatcheries while the other 50% were ≤5 

years and were described as owned by commercial aquaculture companies. 

From the interviews performed, respondents from both Taal and Laguna lakes 
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reported longer growing period for their fish which were approximately 8-9 

months as compared with previous years when their growth period was 

estimated at 4-6 months when there were still few cages in operation these 

areas. 

Species of tilapia. The species of tilapia grown in both freshwater and 

brackishwater farms was the Nile tilapia (O. niloticus) (Figure 2.8). The strains 

of Nile tilapia farmed included the Genomar Supreme Tilapia (GST) strain, 

Genetically Improved Farmed Tilapia (GIFT), and GET-Excel (Genetically 

Enhanced Tilapia with excellent qualities) strains. From the interview, 

respondents revealed that they also used mixed breed strain which they called 

“Tagalog.”  

 

Figure 2.8 Nile tilapia (Oreochromis niloticus). 

 

For the seawater site, the tilapia that were grown was the red hybrid 

tilapia (Figure 2.9) which is a crossbred of the mutant male Mozambique tilapia 

(Oreochromis mossambicus), which had a reddish-yellow colour, with the dark-

coloured female of the Wami tilapia (O. hornorum). For the source of tilapia fry, 
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grow-out farms in Taal Lake and Laguna Lake get their fish from the hatcheries 

in Calauan, Laguna. None of the survey participants claimed that their tilapia fry 

were health certificated or whether they were disease-free or the broodstocks 

were specific pathogen-free (SPF) fish. 

 

 

Figure 2.9 Red tilapia hybrid (O. mossambicus x O. hornorum). 

 

Type of Farm Records. All the farms included in the survey claimed to 

keep some form of farm records. From the data obtained during the survey, the 

most commonly held records in all farms were production (harvest) and stocking 

density which were both kept by 88 % (n = 14) of the farms (Figure 2.10). 

Whereas mortality records was kept by the lowest number of farms: only 25 % 

(n = 4) recording these data (Figure 2.10). Water quality data were kept by a 

total of 56% of all the farming sytems included in the study (Figure 2.10). There 

was only one farm which kept all of the four types namely production, stocking 
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density, water quality and mortality and the over-all distribution of record 

keeping between farming system is provided in Figure 2.10. 
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Figure 2.10 Type of farm record kept by all tilapia farms, grow-out farms, and hatchery. 

From the growout farms, 100% of the cages and pond farmers included 

in the study kept records on stocking density (Figure 2.11). However, from the 

questionnaire data, it can be seen that pond farm sites kept production and 

mortality/disease more than the cage farm sites (Figure 1.1). Analysis of the 

questionnaire results showed that it was only in water quality that cages had 

higher percentage of keeping records than ponds (Figure 2.11.) However, it 

must be noted that only 2 sites were pond systems compared with a larger 

number of cage sites included in the study. 
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Figure 2.11 Type of farm records kept by growout cages and ponds. 

 

In Figure 2.12, it shows the records held on the various farms, each 

number and area represents a combination of records held.  The overlapping 

part of the Venn diagram indicate where more than one type of record was held, 

e.g., 6 farms held production, stocking density and water quality but not 

mortality. The figure shows that only one (1) grow-out farm kept all types of farm 

record and that only four farms kept mortality records. 
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Figure 2.12 A Venn diagram showing the relationship of the different farm records. The coloured 
oblong represent the specific farm record while the numbers represent the number of farm/s 

keeping such record. The number of records a farm keeps is shown by the number of overlaps 
of the coloured oblongs. 

 

Production and Husbandry. From the results of the survey, the grow-

out farms were either using floating cages (n=9), submerged cages (n=1) or 

earthen ponds (n=2). The maximum number of cages was 55 per farm while the 

minimum was 2. The two brackishwater earthen pond farms had 28 and 4 

ponds, respectively. For the hatcheries, the maximum number was 30 ponds 

while the minimum was 11. The data for number of grow-out cages, ponds and 

hatcheries are summarised in Figure 2.13.  
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Figure 2.13 Box plots for the number of cages and/or ponds for tilapia grow-out farms and 
hatcheries. The middle box represents the middle 50% of scores of group. The line that divides 
the box into two parts is the median. The whiskers represents scores outside the middle 50%. 

The x represents the mean while the o are the scores. 

 

Stocking size, number, and density. Stocking size of tilapia varied 

between farming sites and production systems. From the data gathered this 

was was maximum 25 g and a minimum of 1g, but the majority of farms (75%) 

interviewed claimed to stock at 1 g. The higher stocking sizes were from a 

smaller number of sites e.g.  25 g (17% of farms) or 20 g (8% of farms) (Figure 

2.14a). For stocking number, the maximum was at 250 fish/m3 while the 

minimum was at 6 fish/m3 (Figure 2.14b). Stocking densities of 250, 60 and 50 

fish/m3 were reported in freshwater floating cages in Taal Lake while the 6 

fish/m3 was in a submerged cage in Laguna Lake.  In seawater floating cages, 

the stocking density was at 25 fish/m3. Brackishwater earthen ponds had 30 

and 100 fish/m3. The stocking density (fish/m3) in grow-out farms are 

summarised in Figure 2.15. The stocking number of breeders was 1500/pond 

and the size ranged from 100-500 g. The ratio of breeders in ponds were either 

1 male: 5 female or 1 male: 4 female. 
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Figure 2.14 Stocking size (a) and number-/m3 (b) of fish in grow-out farms. 

 

 

 

Figure 2.15 Stocking density of tilapia in grow-out farms. 

 

Survival and size of fish at harvest. In grow-out farms, the 

respondents estimated that the survival of the stocked fry after 1 month was 

30% except for the marine floating cage in Panabo, Davao del Norte which was 

50%. The percentage of survival in terms of the number of tilapia fry that 

survived ranged from 900 to 75, 000 fish/ cage or pond (Figure 2.16a.) The 

a b 
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maximum size of the fish at harvest was 0.9 kg while the minimum size was at 

0.1 kg. The smallest fish size at harvest was from Laguna Lake. The average 

size of fish at harvest are summarised in Figure 2.16b.         

    

  

Figure 2.16 Number of stocked tilapia fry (a) and average size of fish at harvest (b) in grow-out 
farms. 

 

 

Size of production. The size of production per year of a grow-out cage 

or pond was 20 kg/m3 at maximum and 0.2 kg/m3 at the minimum in the grow-

out farms. From all of the interviews performed the highest production volume 

was in a brackishwater pond in Silay, Negros Occidental, while the lowest was 

in a submerged cages site, based in Laguna Lake. The pattern can be seen in 

the annual production size where the highest (1100 kg/m3) was in floating cage 

in Taal Lake while the lowest (8 kg/m3) was in the submerge cage in Laguna 

Lake. The size of production per cage and per farm in the grow-out are 

summarised in Figure 2.17.  

a b 
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Figure 2.17 Size of production per cage or pond (a) and (b) annual production in grow-out 
farms. 

 

2.4.3 Pond and Water Management 

Water exchange and preparation were not applicable in floating and 

submerged cages since they are already in the body of freshwater. For 

brackishwater earthen ponds in Lubao, Pampanga, and in Silay, Negros 

Occidental, the respondents said that water exchange was done depending on 

the transparency of the water. If the transparency was low, they exchanged 

water to increase its transparency. All the hatcheries in Calauan, Laguna 

claimed to exchange water. Water exchange rates in the brackishwater earthen 

ponds was reported as being dependent on the tidal force for exchange of 

water. The earthen ponds farming systems included in the survey were not 

fertilised. Brackishwater earthen ponds in Silay, Negros Occidental were 

prepared by liming prior to stocking, and after harvest the ponds were left fallow 

for 1-2 months before stocking again with fish.  

a b 
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All the grow-out farms included in this study reported that they measured 

aspects of water quality and nutrient parameters. The most common water 

quality parameters measured by are provided in Figure 2.18, where the top 3 

were salinity (83% farmers), water temperature (75% farmers) and dissolved 

oxygen (75% farmers). For nutrient parameters (Figure 2.19), ammonia (58%), 

nitrite (50%) and nitrate (50%) were the most commonly measure while only a 

single farm (8%) measured phosphates. None of the hatcheries reported that 

they performed any type of water quality monitoring.  

Frequency of water quality management was dependent on the 

production system with 92% of the grow-out farmers claiming that they 

performed some type of water quality checks during the production cycle. 

From the interview, Taal Lake farmers said that dissolved oxygen (DO) 

level in the lake is very critical since most of the fish kills that they had 

experienced were due to low DO. The monitoring of the DO is the work of the 

BIFTOS-BFAR and they relay the data to fish farmers in order for them to 

decide for an emergency harvest due to a possible fish kill phenomenon. 
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Figure 2.18. Range of water quality and nutrient parameters measured by the tilapia farms 
(n=16). 

 

2.4.4 Feed Type and feeding regiment 

Type of Feed. Commercial feed was used by 88% (n = 14) of tilapia 

farms while the submerged grow-out cages in Laguna Lake used only natural 

food and in grow-ot floating cages in Batad, Iloilo used a combination of 

commercial feed and natural food. The feed used were primarily extruded type. 

Commercial feeds used were either floating, sinking or a combination of both. A 

combination of sinking and floating type of feed were used in floating cages. In 

ponds, sinking type of feed was primarily used.  

Feeding Rates. Frequency of feeding in freshwater tilapia grow-out 

cages was reported as mostly 2x per day (75%) while 17% of the grow-out 
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brackishwater ponds and marine cages fed 3x per day. All hatcheries fed their 

fish in a 3x per day frequency. In a 2x/day feeding, the feeding was done in the 

morning and in the afternoon usually with a duration of 30 minutes to an hour. 

Other farmers reported that feeding duration depended on the appetite of the 

fish. Broadcast feeding method using plastic scoop was the most common 

method to deliver feed to cages and ponds, however 2 earthen pond grow-out 

farms claimed to use point feeding during the culture cycle in order to make 

quick estimate of fish population.  Point feeding was also used at some parts of 

the culture of cycle in Taal Lake grow-out cages in to observe fish condition and 

behaviour.  

 

2.4.5 Health Management Practices 

Health interventions. The majority of the farm sites included in the 

survey (81%) physically cleaned their nets and ponds, whilst a single farm used 

both physical and chemical (liming) methods of cleaning the pond. Two other 

grow-out farms did not clean their nets at all. During disease outbreak, farm 

workers used different approaches in order to treat the disease as observed 

through clinical signs of the fish, and to reduce mortality (Figure 2.19). The most 

common of these were treatment (n=8), followed by change of water (n=2) in 

earthen ponds, and then by changing net (n=2) in grow-out cages. Five of these 

farms did nothing during disease outbreak while discontinuation of feeding and 

emergency harvest was done on one farm. Three of the hatcheries (n=3) 

employed treatment when the fish were sick.  
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Figure 2.19 Types of interventions during disease outbreak in tilapia farms. 

 

 

Treatment intervention. A combination of approaches were included in 

the data gathered under treatment intervention (Figure 2.20). From the data 

generated, none of the grow-out farms claimed to use antibiotics, and 75% 

(n=3) of the hatcheries only claimed to use antibiotics (Figure 2.20). The grow-

out farms that responed to the question favoured the use of salt (NaC) or lime 

or claimed to do nothing (Figure 2.20). In terms of understanding where farms 

obtained information on treatment, approximately 31% of the farms sought 

advice from BFAR on treatment during outbreaks while 63% used their own 

knowledge.   
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Figure 2.20 Types of treatments during disease outbreak in tilapia farms. 

 

 

Disposal of diseased or dead fish. When disease outbreaks occurred, 

moribund fish were primarily discarded and buried (n=10) by farmers in mortality 

pits with lime. In other farms, the sick fish were collected by people (n=3) but did 

not disclose the reason or purpose. Others sold them (n=2) in the local town 

market. It is to be noted that in one farm (n=1), the diseased fish were dried by 

their farm workers and then the workers eat it. The fate of diseased fish is 

summarised in the Figure 2.21. 
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Figure 2.21 The graph shows the percentage of farms for the fate of the diseased/sick fish from 
the tilapia farms. 

 

2.4.6 Disease outbreaks 

Clinical signs of disease. The surveyed tilapia farms and hatcheries all 

reported that their fish stocks got sick with the majority of the interviewees 

(88%) claiming that changes in appearance and behaviour were used as 

indicators of morbidity. These data suggest that the farmers were able to 

recognise abnormalities in the fish stocks. Only 1 site included in the survey 

reported taking clinical samples for disease diagnosis, with 94% claiming that 

they judged ill health of their stocks visually. A range of clinical signs of disease 

was reported by the farmers during interviews, and the top five included: 1) 

change of behaviour (n=15); 2) ascites or enlargement of the belly (n=14); 3) 

corneal opacity/exophthalmia (n=12); 4) dead fish (n=11); and 5) lesions 

(wounds or ulcers in the body) and marks (n=9). Other observed external signs 
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were lack of feeding, change of colour, loss of scales, and abnormal shape or 

size. The different clinical signs of sick fish is summarised in the Figure 2.22.  

 

Figure 2.22 Different clinical signs reported by farmers when fish get sick. 

 

 

The farmers in each of the farms observed one or more clinical signs to 

identify the diseased fish as seen in Table 2.4. An attempt was made to find a 

link between clinical signs to the type of farm, but we cannot see any significant 

trend.  
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Table 2.4 Clinical sign/s reported by farmers in identifying moribund tilapia per farm. 

Range of Clinical 

Signs 

Percentage 

(%) 

Grow-out farms Hatcheries 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 

Change of behaviour 93.8 
                

Ascites 87.5 
                

Corneal opacity; 
exophthalmia 

81.2 
                

Fish dies 75 
                

Lesions/marks 62.5 
                

Fish stop feeding 37.5 
                

Change colour 12.5 
                

Scales off 12.5 
                

Abnormal shape or 
size 

6.3 
                

Damaged fins 0 
                

* Shaded box = positive; white = negative. 

 

Time of disease outbreaks. During the survey interview, the 

respondents of grow-out farms reported that diseased fish occurred year round, 

however they noted that a higher proportion of sick and dead fish were 

observed during summer months. This high number of disease and mortality in 

tilapia stocks were described by them as outbreaks.  Reported data from both 

grow-out farms and hatcheries showed that these peaks of disease/mortality 

occurred during March (31.3%), April (81.3%), May (87.5%) and June (25.0%). 

The zero percentage (0%) during the months of September to November does 

not mean absence of diseased or dead fish but the respondents noted these as 

insignificant in number. This phenomenon is shown in Figure 2.23. Reports of 

high level of disease/mortality outbreaks from Taal Lake, where the 

concentration of grow-out floating cages of tilapia in the country was found, 

showed the same months of March to June. The same pattern was also 
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observed in grow-out cages in Taal Lake and in hatcheries in Calauan (Figure 

2.24).  

 

Figure 2.23 Disease/mortality outbreak in tilapia farms and hatcheries in the Philippines. 

 

 

 

 

Figure 2.24 Disease/mortality outbreak in tilapia farms in Taal Lake and hatcheries in Calauan. 
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The seasonal trend in fish morbidity/mortality did not change when the 

data was compared over 2 years. The data is summarised in Figure 2.25.  

 

Figure 2.25. Disease/mortality outbreak in tilapia farms in the Philippines in 2018-2019. 

 

 

The respondents in grow-out farms noted two episodes of 

mortalities/diseases which were after stocking and the second occurred during 

the production cycle but most notably during summer months (March-June). 

The result of the survey showed that 88% of the farms suffered high mortality. 

In grow-out systems, 67% of the farms experienced high mortality a month after 

stocking while in the hatcheries it was only during the months of March to May. 

These mortality outbreaks were not reported to any government agencies by 

69% of the farms so that only around 31% notified the Environment and 
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Management Bureau of the Department of Environment and Natural Resources 

(EMB-DENR) Region IV-A as required by local regulation.  

A 25% or lower disease prevalence was reported by 69% (n = 11) of 

farms. Two farms reported a 50% disease prevalence while only a single farm 

noted 75% of it, and the rest (n = 2) did not give data. This is summarised in 

Figure 2.26. The reported prevalence of disease was noted by farmers after the 

initial mortality/disease outbreak a month after stocking. The percentage of 

diseased fish were noted by the respondents for the remaining of the culture 

cycle. 

 

Figure 2.26 Graph showing the percentage of farms showing the percentage of prevalence of 
disease problems in tilapia stocks in farms and hatcheries after first month stocking. 

 

 

The percentage of survival and loss of tilapia stocks in a grow-out 

production cycle after an initial mortality episode one month post stocking was 

also asked, and result showed that 3 farms reported a maximum of 90% 
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survival while the lowest was 30% as reported by a single farm (Figure 2.27). 

There were no data from the hatcheries.  

 

Figure 2.27 Percentage of tilapia survival in a production cycle. 

 

Though it was difficult to ascertain the accuracy, 87% of the respondents 

said they were able to estimate the fish losses during disease outbreak while 

only 13% were not. Disease/mortality outbreaks caused significant losses to 

income in 69% of the surveyed farms while about 31% said that it did not at all 

affected their income. According to the respondents, the reduction of income 

and financial losses were due to longer culture period and different sizes.  

2.5 Discussion 

This study successfully provided current information on the reported 

disease /mortality outbreaks and mitigation practices applied within tilapia farms 

and hatcheries, representative of the production sectors in the Philippines. The 

sampled grow-out farms were mostly freshwater farms as representative of the 

tilapia farming in the country which primarily is being done in freshwater areas. 

In the study performed between 2018 and 2019 of the over-all project, all of the 
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farms contacted agreed to participate and were willing to share information 

while some were reluctant to share information on specific production figures or 

use of certain chemicals or treatments. This is expected as a previous study by 

Aizawa et al. (2014) showed that farmers in the lower Amazon River were also 

reluctant to provide detailed information about tilapia culture practises which 

may go against local regulations. In this study the lack of details may have been 

due to the farmers withholding information due to fear since the survey was 

done together with BFAR-BIFTOS staff. In Taal Lake, the Batangas Inland 

Fisheries Technology Outreach Station (BIFTOS) which is an office of BFAR is 

in coordination with the Taal Volcano Landscape and Management Board 

(TVPL PAMB) of the Department of Environment and Natural Resources 

(DENR). The TVPL PAMB together with the Batangas Provincial Government 

regulates cage farming in Taal Lake and may issue sanctions on the fish farms 

if found that they are not following the fisheries guidelines or department orders 

and pertinent laws.  Moreover, the lack of some data may be due to the 

interviewee mood, ulterior motives, or inability to recall information (Tain & 

Diana, 2007). It is also possible that respondents felt inclined to share positive 

rather than negative answers with interviewers since during the conduct of the 

sampling we were accompanied by staff from the BFAR. However, looking at 

previous published studies (Guerrero, 2019; White et al., 2018; Eguia et al., 

2013; White et al., 2007; Vista et al., 2006; Eguia & Romana-Eguia, 2007; ADB, 

2005b;) the answers of the respondents were similar, although some people 

could not recall information or were not allowed to share some data. The 

present survey was done of reported disease/mortality outbreaks. Previous 

surveys were done on feed management, husbandry, and water quality. It is 
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important to compare whether there were changes in these farming practices 

and that whether these may help to explain the cause/s of problems on 

diseases or mortality outbreaks. 

In this study, the high percentage (94%) of trained tilapia farm workers is 

in contrast to tilapia farm workers in Bangladesh where 76% of the respondents 

had not attend any training programs on fish farming (Uddin et al., 2021). In the 

study of Ituma and Ukah (2017) in Nigeria, they found out that training 

strengthens fish farmer’s ability to efficiently manage farms and to contribute 

farm’s maximum productivity although this is also influenced by the nature of 

the trainings and abilities of the trainee. These private seed and feed suppliers 

advise farmers on appropriate practices as well as in improving their products 

and these have helped contribute to the rapid growth of the tilapia sector 

(Engle, 2006), however for the past 10 years the volume of production has not 

seen significant growth due to the limited freshwater areas and other factors 

that constraint production. 

Nile tilapia in freshwater earthen ponds is the most common species and 

system in the Philippines which reflects the surrounding SEA countries (Yanez 

et al., 2020; FAO, 2019). However, freshwater earthen pond culture requires 

higher investment due to the need of land and its development into production 

ponds (Rojas & Wadsworth, 2007).  This high cost of production led to the 

popularity of cages and pens in lakes and other freshwater bodies. Cage 

farming of fish has become increasingly popular method of fish culture practised 

in most developing countries of Southeast Asia (Kashindye et al., 2015). In the 

Philippines, tilapia cages started using an extensive method of farming, 

however, the volume of production started to decline in the 1970s (Coche, 
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1982; Guerrero, 1983) which prompted farmers to begin using supplementary 

feeds. Moreover, in the extensive method the growing period to produce 

marketable fish (200 g) increased from 4 months to 6-9 months (Aquino, 1982). 

These problems led to the uptake of more intensive cage farming of tilapia 

where grow-out production relies on the use of commercial feed which impacted 

the water quality of the lakes. Currently under intensive farming which uses 

exclusively commercial feeds, the average size of the fish at harvest is 500 g 

and the growing period is similar which is 7 to 8 months.  Studies have shown a 

negative feedback of intensive farming on the nutrient concentration, oxygen 

level and toxic metabolites in the water leading to eutrophic condition (Eley et 

al., 1972; Penczak et al., 1982; Phillips et al., 1983). Some disease organisms 

thrive in eutrophic conditions (Numann, 1972; Lundborg & Lyndberg, 1977) and 

changes in water quality have also been shown to affect fish production and 

fisheries (Liang et al., 1981). Given the negative ecological impact on the water 

quality and carrying capacity of the lakes, and high cost and longer period of 

production in freshwater cage farming, there is little scope to expand in this type 

of production system. Moreover, the reliance on commercial feeds resulted to 

operation and ownership issues of the cages in which financiers and feed 

companies have become owners and the registered local farmers have become 

mere caretakers. The number of grow-out farms in lakes in the Philippines is 

now regulated by the government based on section 51 of the Fisheries Code of 

1998 (Republic Act 8550). This law states that “not over ten percent (10%) of 

the suitable water surface area of all lakes and rivers shall be allotted for 

purposes like pens, fish cages and fish traps; and the stocking density and 

feeding requirement which shall be controlled and determined by its carrying 
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capacity.” Although this law exists, the enforcement specifically on the stocking 

density and feeding are difficult to monitor and regulate as demonstrated in the 

results where feeding was arbitrary and most cages were overstocked with 

actual densities exceeding the recommendation of BFAR. 

The main factor that has limited the expansion of the tilapia aquaculture 

in the Philippines is the availability of lands for pond conversion and the 

freshwater areas. Currently, almost all the lakes and freshwater reservoirs in the 

country are engaged in tilapia farming, however, standing laws and regulations 

limits the conversion of lands into ponds, and the number of cages or pens. 

Additionally, nutrient pollution of the water, loss of biodiversity and carrying 

capacity are ecological issues that are of concern which will affect the 

sustainability of the sector.  The potential for the expansion of tilapia farming 

lies in its diversification from a purely freshwater to brackishwater and seawater 

culture. Neighbouring Asian countries (e.g., Indonesia, Thailand, and Vietnam) 

have moved away from an exclusive freshwater tilapia culture into 

brackishwater farming due to production and environmental constraints 

(Hishamunda et al., 2009). Moreover, there was an increase in the availability of 

brackishwater areas as a result of the decline in the culture of marine warm 

water shrimp species in the early 80's and 90's due to diseases (Cruz et al., 

2008; Kautsky et al., 2000). In 2002, large portion of brackishwater ponds (80%) 

were dedicated to milkfish (Guerrero & Guerrero, 2004) which grows better than 

Nile tilapia at higher salinities. A small number of marine tilapia floating cages at 

the time of the survey are being farmed in Panabo Bay in Mindanao using red 

hybrid tilapia. The uptake of brackishwater and marine farming of tilapia in 
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Philippine tilapia sector is low. Reasons for this include limited availability of 

tilapia strains suitable for saline environment, additional cost for salinity 

acclimation, availability of suitable feeds, and concerns on escape of tilapia into 

the marine habitat (Guerrero & Guerrero, 2004; Basiao et al., 2005; Eguia & 

Eguia, 1999). In the Philippines, O. mossambicus and the red tilapia hybrid (O. 

mossambicus x O. niloticus) can efficiently thrive in brackishwater ponds 

(Tayamen et al., 2002), while another red hybrid tilapia (O. mossambicus x O. 

hornorum) is currently being farmed in seawater at Panabo, Davao. However, 

the slow growth of O. mossambicus and availability of the red tilapia hybrid limit 

their use hence Nile tilapia is currently the species primarily farmed in 

brackishwater. Even so, farming Nile tilapia in brackishwater ponds requires 

periodic monitoring of salinity and exchange of water. Given these issues on 

suitable strains of tilapia for brackishwater and seawater culture, there is a need 

to develop fast growing, saline tolerant tilapia strains. Presently, the BFAR is 

developing tilapia strains such as molobicus (O. mossambicus x O. niloticus) 

which will have good growth characteristics in high salinity environments and 

preferred black silvery colouration. Additional studies should also look into the 

refinement of husbandry techniques especially on acclimatisation of fry to 

higher salinity levels, feed development, and disease susceptibility and 

resistance of the saline tilapia breeds. 

The recurring fish kills and deterioration of the water quality of the 

Laguna Lake caused the farmers in this area to shift towards extensive farming 

where the fish stocked at low densities in submerged cages depend on natural 

food (Palanca-Tan, 2020). Using this system, fish cage operators claimed that 
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farming periods are taking much longer attributing the slow growth of fish to 

numerous environmental factors aside from the absence of supplemental 

feeding which is prohibited in the Laguna Lake (Palanca-Tan, 2020; Tamayo-

Zarafalla et al., 2002). This same observation was also noted by the respondent 

during the interview. This longer culture period, aside from lower stocking 

density and productivity, might contribute to the stagnating volume of tilapia 

production in this lake. Although a shift from intensive to extensive production 

system in Laguna Lake was done, survey respondents from the study 

performed, said that the occurrence of higher disease/mortality outbreaks 

during March to June was still observed. Taal Lake has lower natural 

productivity compared with Laguna Lake which has saline flux from Manila Bay 

which encourages natural plankton production thus enabling aquaculture 

activities without heavy reliance on supplemental feeding (Saguin, 2015).  This 

low primary productivity in Taal Lake and other enclosed lakes in the country 

makes a shift from intensive to extensive tilapia production infeasible. Presently, 

Taal Lake is heavily reliant on commercial feeding to sustain its tilapia 

production.  

Duration of farm operations in this study was composed of relatively new 

farms (<5 years) with a much smaller number of sites had been in production for 

more than 20 years. Most of the traditional tilapia cage farmers in Taal Lake had 

to give up their farms and became caretakers for big companies due to issues 

with debt.  Others made agreements with non-resident financiers or absentee-

investors and serve as permanent cage workers for cage farms that are usually 

registered under their names (ADB, 2005). This scheme of cage ownership 

brought about by the high cost of intensive cage farming in Taal Lake defeated 
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the democratisation of access to the lake in which the registrants or owners of 

the cages should be the local residents. Aside from registered cages, illegal 

cages are being operated in the lake putting more pressure to it.  In 2014, 

BFAR multi-agency task force dismantled over 7,000 illegally operated cages 

(Querijero & Mercurio, 2016). Hatchery operation, which is not as costly as 

grow-out, continued with most families doing it in their backyard especially in 

the areas of Laguna with some of them are still in operation for more than 20 

years. Backyard hatchery operation tended to last longer since the ponds were 

owned by the family, and members of the family helped in the operation thus 

reducing expenses. Moreover, backyard hatcheries have small scale operation 

thus costs and investments are lower, and potential risks are low so potential 

losses are minimal. The two new hatcheries were owned by the same new 

grow-out farm company in the Taal Lake. According to these respondents, 

these big tilapia grow-out farms usually have their own hatchery operation in 

order for them to have a constant supply of fingerlings. The duration of 

operation of farms showed no difference in the occurrence of disease outbreaks 

since all reported similar problem.   

The observed practise of the small-scale hatcheries is similar to the 

previous study of Basiao et al. (2005) where hatchery farms in the Philippines 

develop their own tilapia strains due to the higher cost of the improved strains. 

Aside from the cost of improved strains, hatchery owners believed that these 

locally developed hybrids have improved qualities especially disease 

resistance. Moreover, from key informant interview, most of the cages in Taal 

Lake used the Tagalog strain which they claimed to have higher survival 

compared with commercial strains. However, at the time of writing there had 
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been no robust work on these local strains or their higher disease resistance. 

There is also the risk that inbreeding may result in loss of genetic diversity 

leading to decline in productivity, for example because of undesirable growth 

characteristics, and depressed fitness (Nguyen, 2016; Fessehaye et al., 2007). 

Presently, the BFAR is performing trials on the grow-out culture of its SaltUno or 

molobicus tilapia fish strains (Guerrero, 2018; Yap, 2001), believed to be better 

suited than the more traditional red-hybrid tilapia, for production in 

brackishwater and seawater farming. Moreover, this molobicus strain retains its 

black silvery hue which is preferred in the domestic market since red tilapia is 

mistaken for a high-priced fish (Eguia & Eguia, 1999). The red tilapia domestic 

sale is low compared with the black silvery fish since consumers will not buy it 

thinking it is expensive thus uptake of its farming is low among fish farmers.  

Record keeping, if used for constructive purpose in fish farming, can be 

an important contributing factor to the long-term sustainability and profitability of 

the business (Opiyo et al., 2017). From the survey performed in this study, all of 

tilapia farms kept some form of records although the amount and quantity varied 

considerably. Although not unexpected, an important finding in this study was 

the fact that most of the tilapia farms do not keep mortality records and yet they 

reported experiencing fish mortalities on their farms. The reason given for the 

lack of mortality data included difficulty in monitoring and quantifying of 

mortalities due to the depth of the cages, and it presented additional workload 

for the farm workers especially in the deep-floating and submerged cages. 

Nevertheless, the identification of unusual mortalities may help fish producers 

identify and address the problem or act as a warning sign in any surveillance 

programs performed for the sector (Soares et al., 2012; Jia et al., 2018). As the 

https://www.sciencedirect.com/science/article/pii/S0044848618309566?casa_token=lTlSw-dP-jsAAAAA:kwD59XkYVy7d1LLTGvGF8TH9hm9ytf7eFDnD5DdHkPyk4mn24vqND-8XLWC8eFd1osPKcJv8#bb0210
https://www.sciencedirect.com/science/article/pii/S0044848618309566?casa_token=lTlSw-dP-jsAAAAA:kwD59XkYVy7d1LLTGvGF8TH9hm9ytf7eFDnD5DdHkPyk4mn24vqND-8XLWC8eFd1osPKcJv8#bb0145
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majority of the farms included in this study had no mortality records, the 

reported mortality shared during the questionnaire was described as perceived 

mortality. This was limited only to the number of dead fish without 

anylaboratory-based diagnosis to determine the cause of mortality. During the 

interviews, the reported mortalities were mere estimation of the farmers as they 

were not sure of the exact number. Moreover, they did not share any record 

book to confirm if they were indeed keeping it in record. It may be that although 

the farmers were able to identify and give an estimate of the mortalities, the 

absence of any data is understandable, since the value of these mortality 

records in fish disease diagnostics and management did not appear to be well 

understood by the survey participants. This practice of perceived mortality is 

also seen in red tilapia farmers in Vietnam (Boerlage et al., 2017) which may 

indicate the lack of understanding by tilapia farmers of the value of such record 

keeping in health management.  

In terms of sustainable development, mortality records are important 

since it can alert farmers to a problem and they can develop remedies by 

operational intervention (Ellis et al., 2012) in their husbandry such as reduction 

of feeding, change of nets or application of antibiotics through medicated feeds. 

Although perceived mortality cannot replace actual recorded or confirmed 

mortality (i.e., laboratory-based diagnosis), it remains a good indicator at the 

farm-level of potential health related issues with their stocks. Farmer-based 

data may may be used together with actual harvest data or other recorded 

production level information for estimating over-all fish stock survival because 

the experience-based farmers’ knowledge is often valuable (Stuiver, 2004). Fish 

health records from the participants in this study were absent since they did not 
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establish the cause of mortalities, nor did they seem to check the health quality 

of the fish prior to stocking their farms.  

The lack of accessible fish veterinary diagnostic laboratory and the cost 

of tests maybe the reasons why fish health recording is not done which is a 

similar observation in tilapia farms in Brazil (Padua & Cruz, 2004). It is 

understandable that production is recorded, which is evident from data of the 

survey, because of its direct economic and financial impact on farmers. 

Moreover, record of stocking density will also allow the fish farmers to project 

the number and mass of fish that will be harvested at the end of the production 

period. The lack of mortality record in this study may be due to their observation 

that the mortalities do not hugely affect their production since the number of fish 

that survived to harvest is enough for the farms to produce profit.  

In the present study, the stocking density and size of tilapia grow-out 

cages and ponds varied. There were erratic Nile tilapia stocking density survey 

results from Taal Lake-based cages, which appeared to result from an existing 

strict regulation against overstocking in lake cages but with the notion that 

overstocking of fry or fingerlings has nonetheless become customary amongst 

Nile tilapia cage farmers in the lake. Higher stocking density was mostly noted 

in floating cages in Taal Lake which were all intensive while it was lower in 

marine floating cages which were also intensively farmed.  The reason for the 

absence of mortality records from the survey is that farm workers already 

expect the mortality in the culture period thus they overstock to mitigate the 

resulting losses. They did not mind if the harvested tilapia is half or lower of the 

total stocked population as long as the yield is sufficient to allow the farm 

owners to earn a profit. In the previous study of White et al. (2018), generally 
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the stocking density minimums and maximums being followed were 50 and 500 

fingerlings/m2 respectively in Nile tilapia cages: two and 10 fingerlings/m2 in Nile 

tilapia ponds. However, this cannot be compared with the current study since 

the stocking density they measured was based on the surface area but not in 

volume of the cage or pond. In the study of Bhujel (2013), the tilapia cages in 

Thailand and Vietnam stocked fingerlings sized between 30-50g at densities of 

80 fish/m3 and 175 fish/m3. In this study, the stocking density in Taal Lake 

cages was 83-417 fish/ m3 which is higher than in Thailand but the size of fish 

that were stocked were smaller (1-25g). In the seawater floating cages of 

Panabo, stocking density was at 25 fish/m3 which is notably lower compared 

with Taal Lake however the stocking size of the fish was larger (20g) with the 

common stocking size in Taal Lake since they need to be acclimatised first 

before their release in the marine cages. Another factor during interview was 

the limited availability of the red tilapia hybrid fry and the associated mortality 

during acclimation process.  

The recommended stocking density for tilapia in cages is 50 fish/m3 

(Yang et al., 1996). A lower stocking density was noted in the interviews 

performed with the farmers raising fish in submerged cages in Laguna Lake (12 

fish/m3) which are using extensive type of farming. The low stocking densities 

(40 fish/m3) were also seen in a semi-extensive farm in Batad, Iloilo.  A higher 

stocking density is suitable if the water flows fast thus maintaining water quality 

which is not the case in lakes. In a study on the influence of tilapia stocking 

density in cages on their growth, Yang et al. (1996) recommended 50 fish/m3, 

however, this recommendation is rarely followed in Taal Lake cages. In terms of 

production in grow-out cages high stocking density of tilapia fry at size of 1 g 
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produced an average weight of 200 g than farms that have lower stocking 

density regardless of the stocking size of the tilapia (1 g or 25 g) in which the 

average weight of the fish is around 800 g. From key informant interview, many 

operators reported longer periods of both intensive and extensive tilapia culture 

amounting to an additional one to three months of culture period, compared with 

the situation in the 1990’s. In submerged cages, although stocking density is 

low, the size of tilapia at harvest is also small (100 g/fish) since it only uses 

natural food compared with other systems which used commercial feeds. For 

hatcheries, the stocking density for broodstock in hapas in pond was about 7.5 

fish/m2 which is similar to the stocking density in Thailand which is 6 fish/m2 

(Bhujel, 2013). However, in the same study, the ratio of male to female is 1:1 or 

1:2 which is lower compared with the Philippines which is 4:1 or 5:1. These 

ratios of male and female broodstock of Philippines and Thailand are common 

in Southeast Asia (FAO, 2021). However, a high stocking density may 

contribute to stress and increase diseases in fish broodstocks. In the study of 

Pradeep et al. (2016), they have shown that bacterial diseases such as 

streptococcosis can be vertically transmitted even by asymptomatic broodstock 

to the offspring. In this study, Streptococcus bacteria were recovered from 

broodstocks and their presence in tissues was confirmed by histopathology (see 

Chapter 3). It is of note that these hatcheries are the ones that supplies the 

grow-out farms in Taal Lake. As mentioned earlier, some of the data in 

production specifically the stocking density is not reliable since most of the farm 

have incomplete records or no records at all and uncounted stock. There was 

also a reluctance by farmers to reveal this information. According to BIFTOS, 

stocking density was routinely violated, and regulators had no way to count the 
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fish already in the cages aside from the illegal cages which are not monitored. 

This overstocking has a direct implication to nutrient pollution since higher 

number of fish will need higher amount of feeding. 

The environment, particularly poor water quality affects the feed 

conversion ratio (FCR) and the health of the fish negatively which in turn 

impairs the profitability of fish farms (de Verdal et al., 2018; Mengistu et al., 

2020). Studies have shown that DO, temperature and pH are important 

variables to consider in the productivity of tilapia farms (Mengistu et al., 2020; 

de Verdal et al., 2018; Mjoun et al., 2010). Next to salinity, DO and temperature 

were also measured by most of the farms. Dissolved oxygen is one of the main 

limiting factors that affects fish performance. Low DO negatively affects feed 

intake (Wang et al., 2009), reduces digestibility (Tran-Duy et al., 2012) and the 

health of the fish. High or near saturation DO may cause improved blood flow to 

the gastrointestinal tract (Axelsson et al., 2002), lower cost of feed digestion 

and absorption of nutrients in fish (Duan et al, 2011) which in turn increases 

feed assimilation for higher growth. Tran et al. (2016) found that Nile tilapia 

grow less under low DO level (3 mg/L) than normal level (5 mg/L). In the study 

of Mengistu et al. (2020), they found out that depending on the temperature it 

can significantly affect FCR but not survival, however in this study water 

temperature during a particular time of the year is a strong factor that 

contributes to disease and mortality outbreaks. Moreover, they found that Nile 

tilapia performed best at the upper optimal temperature of 27-32° C, which 

agrees with older reports quoting 29-31° C being the optimal temperature range 

for tilapia growth (Popma & Lovshin, 1996; Popma & Masser, 1999). The range 

of water temperature of the sampled farms was 28-29° C which is the expected 
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temperature during dry season in the Philippines. Water temperature 

management, although possible, in tilapia ponds and cages is impractical since 

any increase is within the tolerable range which can improve the FCR thus 

farmers do not employ temperature mitigation strategies in their farms. The 

study of Mengistsu et al. (2020) found temperature had no significant effect on 

survival, and increase of temperature may actually be a confounder for a low 

DO or plankton bloom which are known to cause disease or mortality outbreaks. 

Another water quality measured by most farms is pH. In the study of Lemos et 

al. (2018), they found that circumneutral pH (7.14) is the best for Nile tilapia 

production system since at alkaline pH un-ionised ammonia is higher which is 

toxic to fish and hydrogen sulphide is toxic at low pH. Additionally, they found 

out that low or acidic pH promoted high plasma cortisol in the fish which is 

indicative of stress. While management of pH level is not a problem in ponds via 

the application of lime, it poses a problem especially in freshwater lakes most 

especially in Taal Lake. Liming and aeration are not possible in these lake 

areas. In the case of Taal Lake, the unpredictability of the volcano and seismic 

activity with ammonia and sulphide releases from the floor of the lake adversely 

affects its pH which make the fish stocks at risk (ADB, 2005). Ammonia, nitrate, 

nitrites and phosphates are important water quality parameters that also 

contributes to the over-all productivity of farms and health of fish. In this study, 

farmers have noted that DO is critical in the survival of the fish since most of the 

fish kills they experienced were due to very low DO. Measurement of DO and 

other water parameters in Taal Lake are monitored monthly by BIFTOS, and the 

data are relayed to different farms so that in case of critical levels the farmers 

can decide to do emergency harvest.      
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Nutrient pollution of the Taal Lake, which causes significant stress to fish 

stocks, is due primarily to the fish cages itself where discharges of nitrogen and 

phosphorus derived from uneaten feed, faeces, and excretion via gills and urine 

(Beveridge & Philipps, 1993; Kibria et al., 1996; Kibria et al., 1998). Commercial 

feed was used by almost all tilapia grow-out farms and hatcheries as the 

majority were intensive production methods. This is similar to tilapia farms in 

Egypt (Eltholth et al., 2015), Brazil (Roriz et al., 2017), Kenya (Opiyo et al., 

2017), Southern China (Liu et al, 2013) Vietnam (Boerlage et al., 2017), 

Bangladesh (Tran et al., 2019), and Thailand (Bhujel, 2013) showing that 

worldwide tilapia production uses commercial feed in a semi-intensive and 

intensive farming system. The types of feeds and feed type used by Nile tilapia 

farmers were a mixture of floating, sinking or a combination of both feeds. 

Continued use of sinking feeds in Nile tilapia cage operations in Taal Lake is 

primarily for economic reasons since floating feed is more expensive. This was 

despite the requirement in the local ordinance requiring the use of floating 

pellets since sinking feed that are uneaten pollutes the lake (Muyot et al., 2018). 

Floating feed reduce feed use because of increased utilisation of the fish and 

actually lessens feed cost (Muyot et al., 2018). In general, floating feeds offer 

many advantages over sinking feeds such as farmers can directly observe 

feeding intensity of their fish and adjust feeding rates, and visually monitor 

health of fish as the come to surface to feed (Tran et al., 2019). In this study, 

both the grow-out ponds and hatcheries used sinking feeds since almost all of 

these farms had deep ponds (1.5- 2 m), where the fish have plenty time to eat 

the feed before it falls to the bottom. A higher feeding frequency is required 

when Nile tilapia are reared in tanks with increased salinity level since in these 
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systems there is improved feed utilisation and growth (Daudpota et al., 2016). 

Tilapia is primarily a freshwater fish so it needs more energy in order to 

maintain osmotic balance in a saline environment and this can be achieved by 

eating more food. In hatcheries, the feeding frequency is also 3x/day since 

broodstocks need to channel high amount of energy for maturation and 

reproduction.  

It is a common practice in tilapia farming in the Philippines that feed 

manufacturers offer feed loan terms or delayed payment until harvest (ADB, 

2005). This practice encourages uncontrolled or over feeding because the 

farmers have a steady supply of feeds and that they believe that increasing 

amount of feed will increase growth in short period of time. However, this 

negatively impacts the water quality and over-all health of lakes largely 

contributing to eutrophication thus water quality especially DO fluctuate often 

(Papa et al., 2011; Mamaril, 2001). The current management options to control 

contamination of the environment by nutrients from the cages are largely limited 

to controlling the intensity of fish cage production (Naylor et al., 2003; Marte et 

al., 2000), which is difficult to implement since the power to give license to 

setting up of cages in the Taal Lake lies with the local government but not to the 

BFAR. Government officials tends to be lenient since the livelihood of the 

municipalities primarily depends on these tilapia cages.  

Disease or mortality is a specific outcome that is the result of complex 

interactions involving the environment, fish hosts and pathogens (Snieszko, 

1973). Even though the farmers do not test or submit their fish for disease or 

pathogen diagnosis, all of the farmers said they were able to visually identify 

and detect if the fish were sick or not using a wide range of factors commonly 
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applied in freshwater aquaculture systems. This was evidenced during sampling 

where they were able to pinpoint and collect diseased fish from the apparently 

healthy ones. This is similar to the practice of tilapia farmers in Brazil which 

uses gross examination for disease diagnosis (Roriz et al., 2017) where tilapia 

farm workers can identify and detect diseased fish but are not able to 

specifically diagnose the specific disease or infection. 

The farmers were able to identify and detect disease in tilapia stocks as 

evidenced during survey when they knew which fish were diseased or moribund 

to take for sampling. With this knowledge, they have employed some disease 

interventions or strategies. During disease outbreaks, around half of the 

surveyed grow-out farms did treatment primarily by throwing salt into the cages 

which does not affect the salinity level of the lake since it has an outlet towards 

the sea and there are freshwater inflows from three rivers namely Balete River, 

Laurel River and Wawa River (Perez et al., 2008). Salt treatment is a common 

practice for treatment of a range of pathogens in freshwater aquaculture (Lio-Po 

& Lim, 2002) especially in tilapia in cages (Chitmanat et al., 2016). Its popularity 

is due to its efficacy, low cost and easy availability (Schelkle et al., 2011), and it 

is less harmful to the host compared with other treatments (Schelkle et al., 

2009). However, its efficacy is dependent on treatment duration, strength and 

target pathogens (Schelkle, 2011). Moreover, farmers in this study were not 

sure of its efficacy since there is continued disease and mortalities among the 

stocks albeit in lower proportions. Studies have shown that salt is effective 

against protozoans and helminths (Lio-Po & Lim, 2002), however there are very 

few empirical studies on its efficacy against bacterial fish pathogens (Schelkle, 

2011). 
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One environmental management strategy to help curb fish diseases in 

earthen ponds is by application of lime. Liming is applied to the pond bottom 

prior to filling with water so that it is impractical to use it in floating or submerged 

cages in lakes and rivers (Lazur et al., 1998). Liming of aquaculture ponds is 

primarily used to enhance the effect of fertilisation by improving phosphorus 

availability, prevent wide swings in pH, sterilise, and adds calcium and 

magnesium which are important in animal function (Wurts & Masser, 2004).  

Although liming does not directly address control of diseases, it does, reduce 

stress in the fish and improve health since it rapidly raises the pH to 12 or 

higher that kills pest and disease agents prior to stocking and subsequently 

stabilises the pH (Lazur et al., 1998). In this study, the use of lime was limited to 

the brackishwater ponds in Silay, Negros Occidental but not in brackishwater 

ponds in Lubao, Pampanga and in hatchery ponds of Calauan, Laguna since 

they did not employ fallow period after one production cycle. During the key 

informant interview, respondent said that the application of lime in 

brackishwater ponds of Silay was done after one production cycle after a short 

fallow period. However, liming did not prevent disease outbreak in Silay ponds 

as they experienced it also every warm month of the year.  

The use of antibiotics in aquaculture is being regulated since its 

extensive use may result in development of antibiotic-resistant bacteria, and 

can disturb the environmental microbiota (Austin, 2017). There is a common 

understanding that the use of antibiotics for protecting fish from diseases should 

remain low if not discouraged (Aly & Abutti, 2014). Aquaculture farms are 

advised to use other prevention approaches or health strategies rather than 

antibiotics but if its use is necessary in some cases, they should administer only 
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approved drugs for fish at the right amount and period of time (Rogers & 

Basurco, 2009). 

In this study, antibiotic treatment was used exclusively in the broodstock 

ponds. The hesitance by the participants of identifying the type of antibiotics 

they used maybe they were administering prohibited antimicrobials which they 

find more effective than the allowed drugs. Additionally, it could also have been 

that the respondents were not sure of what specific type of antibiotics were 

administered since they were not involved in the preparation of medicated feed.  

From the interview, the owner of a hatchery told us that antibiotics were 

primarily mixed with farm made feeds. This practice is risky since a correct 

dosage may not be administered if the added antibiotics are not evenly 

distributed and bound to the feed pellets.  

When disease or mortality outbreaks occur, most of the farmers claimed 

to discard the dead fish in mortality pits with lime in order to limit the spread of 

infection. This is much better practise than the other options that have been 

reported. In contrast, majority of the Vietnamese tilapia farmers sold the dead 

fish as food to other fish species of other farmers (Boerlage et al., 2017). As far 

as we can tell from the questionnaire performed in this study, the practice of 

selling dead fish as food for other fish or animal species did not occur which is 

good since infected dead fish can be route of disease transmission.  

However, the participants did claim that dead and diseased tilapia were 

sold in local markets for human consumption. We observed that dead tilapia 

were floating on the water in and out of the cages and also in ponds. 

Uncollected dead fish poses biosecurity risk since they become source of 

pathogens that can be disseminated in water that may water down to other 



136 

 

areas. The rapid identification and collect/removal of moribund/dead fish is a 

welcome practise but can be missed in some farming systems. 

In the study performed, interviewees reported that people nearby 

collected the diseased fish while some workers accumulated them in a separate 

cage and sold them at a lower price in the market. This practice of selling 

diseased fish is an additional income to farm workers who are suffering from 

very low wages which is approximately Php 250 (£3.69)/8-hour day. A small 

proportion said they eat the diseased fish, but they dried it first. Those people 

collecting the diseased fish might be also eating or selling it. Danger of zoonotic 

infection by eating diseased tilapia does not really pose a significant health 

hazard since Filipinos do not eat raw tilapia fish as it commonly cooked by 

frying or grilling, however handling and preparation of the raw product may pose 

a significant route for infection for S. agalactiae or S. iniae (Chau et al., 2017; 

Baiano & Barnes, 2009).  Reports of zoonotic infection from farmed tilapia is 

unknown in the Philippines but it does not mean it is not occurring such that 

additional research or investigation will help clarify this and prevent a future 

human outbreak. 

Tilapia farmers in this study noted gross clinical signs when fish were 

sick.  However, these clinical signs were not specific to single infectious agent 

since a lot of these are common to a multitude of bacterial, parasitic, fungal, and 

viral agents (Austin & Austin, 2016). In Taal Lake floating cages, a low 

percentage of farmers reported that fish stop feeding when they are sick 

because the cages were quite deep that they are difficult to be seen. These 

clinical signs are more difficult to observe in submerged cages in Laguna Lake 

since the cages were almost 1 meter below the surface of the water. The farm 
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workers do not check the submerged cages every day since they are of 

extensive type and the fish feed only on natural food. From the interview, 

farmers were only able to know if there is mortality outbreak if the submerged 

cage starts to surface or float in the water with the dead fish inside it. The peak 

of the disease or mortality outbreaks were during the hot months of March to 

May. The peak of infectious diseases in tilapia was also observed to occur 

during warm months in Egypt (Elsheshtawy et al., 2019) Brazil (Roriz et al., 

2017), and Taiwan (Liao et al., 2020) that an increase of water temperature 

regardless of the month of the year may be involved or a factor in these disease 

outbreaks. However, increase in water temperature may also be a confounder 

since increase in water temperature does not directly cause the disease in 

tilapia although physiologically it affects them. The increase in temperature may 

actually affect the expression of virulence of bacterial pathogens in heavily 

stressed fish in the farms.  Although disease peaked during these months, 

farmers in the grow-out cages in Taal Lake noted that diseases in the stocks 

persist whole year round, albeit in lower numbers in other months, which is a 

similar perennial disease problem in Southern China tilapia farms (Liu et al., 

2013). This increased in temperature together with low water quality and highly 

stocked farming system may be the primary factor contributing to disease 

outbreaks during hot months of the year. 

This disease phenomenon was similarly observed in hatcheries in that 

the broodstocks got sick and died during hot months. From the interview, it is 

during this time also that hatcheries encounter problems in reproduction since 

farmers observed that high water temperature ranging from 28-30°C during 

summer causes decreased volume of spawn of tilapia. Reproductive 
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performance at temperatures higher than 35°C, which can occur in the 

afternoon during the dry season in the tropics, has been found to be very poor 

due to broodfish being highly stressed (Bevis, 1994). The study of Reputola 

(2018) recommends an average 1.2-meter depth for freshwater breeding ponds 

to make the water temperature stable which is a little shallower to the 1.5 m 

depth of the surveyed hatchery ponds. Coupled with disease/mortalities, 

farmers said that during the hot months of March to June tilapia fry are scarce 

and expensive. Aside from the seasonal occurrence of disease outbreaks, 

farmers in grow-out cages especially in Taal Lake observed very high mortality 

during first month of stocking. The cause of the high mortality was not clarified 

during the study by the participants and there was not enough data to determine 

the probable cause but could be due disease and/or stress during transport and 

handling prior to stocking since the hatcheries were approximately 35 km away 

from the grow-out sites.  In the study of Ofori et al. (2010), tilapia mortality was 

very high (70%) after stocking which they have associated with handling and 

transport during stocking although other factors might have contributed to it 

such as diseases.  

It is to be noted from the survey interview of tilapia farmers that their 

tilapia fry were supplied from hatcheries from a neighbouring province. Based 

on the interview, the grow-out farmers do not know or do not even care whether 

the hatcheries were experiencing disease outbreaks in their broodstocks. After 

the initial mortality 1-month post-stocking, the prevalence of disease problem in 

the remaining stocks was noted mostly at 25% but this figure is just an estimate 

of the farmers as most farms do not actually record mortality or disease.  
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Significant losses to income (69%) due to disease was reported since 

peak of disease occurrence coincides also with the peak of production from 

March to June where most fiesta celebrations occur and during which time in 

Lent, Filipino abstain from meat instead eats fish (ADB, 2005). Production is 

lowest in the third quarter (July to September) because it is typhoon months. 

From the interview, farmers revealed that they suffer reduction of income and 

financial losses which are due to longer culture period and different sizes of fish 

because of non-uniform growth. Around a quarter said diseases do not affect 

their income, however, this statement could be due to the fact that the 

respondents were not involved in the financial aspect of the production since 

most of them were hired labourers only. Looking at the stagnation of the tilapia 

development over time in the Philippines, overstocking, water quality issues and 

disease outbreaks are likely to be drivers contributing towards the lack of 

sustainable or enhanced development of the tilapia farming sector in this 

country. 

2.6 Conclusion 

This study showed that farmers used gross clinical signs only to 

recognise morbidities and mortalities in their stocks, but further diagnosis was 

not performed routinely. Furthermore, the farmers included in the study were 

aware of fish health and factors influencing this e.g., water temperature, 

seasonality and although they attended training sessions, they did not readily 

recognise the importance of confirming the cause of mortality/morbidity. This is 

unfortunately, not uncommon in many parts of the world practising freshwater 
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aquaculture. As seen elsewhere in other production sectors, farmers used 

varied practises and approaches e.g., higher stocking densities in anticipation of 

high mortality. These types of practises can create serious problems for the 

environment and increase disease potential and complicates farm 

management. Further work on confirming the cause of the mortalities would be 

most beneficial for the sector, however, the data presented in this study showed 

that fish losses impact tilapia production in the Philippines and that disease 

outbreaks may have contributed towards the stagnating growth in tilapia as a 

seafood production in the Philippines. Overall, this study showed the critical 

need for a comprehensive approach, inclusive of fish health management, to 

support the development of the tilapia sector in the country.  
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CHAPTER 3.  
 

Disease Status of Farmed Tilapia in the Philippines 

 

3.1 Abstract 

In the Philippines, the role of infectious diseases has not been given 

much attention because of the long-standing belief that tilapia is a robust fish 

against diseases. The aims of this study were to identify the cause of clinical 

infections in farmed tilapia and attempt to determine the role of infectious 

disease as a cause of the mortalities and morbidities experienced on the tilapia 

farms. This was performed using a traditional and molecular diagnostic 

approach which included a description of the gross clinical signs, bacterial 

recovery and identification and corresponding histopathology. The samples 

were taken during the farm visits, described in Chapter 2. 

A total 105 fish were sampled from 16 individual farm sites which 

included a minimum of at least 1 apparently healthy fish. The other samples per 

site were animals with overt clinical signs of disease as observed grossly. 

Bacteria were recovered from tissue samples and the remaining tissues were 

processed for histology using standard methods. The bacterial identification 

methods included both traditional (e.g., Gram stain, oxidase), biochemical and 

16S rRNA gene sequencing for confirmation of identification. The 

histopathology samples were fixed, processed and 5 µm thick tissue sections 

cut and stained to determine cellular changes and identification of bacteria, 

where possible. 
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Results showed a diverse range of clinical signs including, but not limited 

to, abnormal swimming pattern, lethargy, eye anomalies, ascites, gill pallor, 

hepatosplenomegaly, body redness and body lesions. Histologically, cellular 

changes observed included inflammation, severe hyperplasia, bacteria and 

inflammatory cell infiltration, and hydropic degeneration. Additionally, a number 

of gill samples were infected with a myxosporean parasite. Multifocal necrosis 

with infiltration of inflammatory cells, vacuolar degeneration and lytic necrosis 

were observed in the hepatic tissue. In the spleen, expansion of the red pulp, 

histiocytosis, splenitis and necrosis with hemosiderosis were present. The 

kidneys had varying degrees of nephritis with marked tubular degeneration, 

hyaline degeneration, glomerular dilatation of the Bowman’s capsule and 

necrosis. Pathological changes in the heart were pericarditis, epicarditis, 

myocarditis, and necrosis of the endocardium with infiltration of mononuclear 

cells and lymphocytes. Histopathological examination of brain tissue specimens 

showed massive cellular meningitis accompanied by haemorrhage, 

meningoencephalitis, vasculitis and encephalitic vacuolation. Gram-stained 

sections of these tissues showed bacterial colonisation which indicated 

septicaemia. The histopathological lesions were correlated with the observed 

clinical signs indicating involvement of infectious agent. Bacterial recovery and 

identification results were infections from Streptococcus agalactiae, 

Streptococcus iniae, Aeromonas veronii, Lactococcus garvieae, Vibrio harveyi 

among others in diseased fish. The work presented has established the clinical 

picture of the observed disease/mortality among tilapia farms in the Philippines 

and confirmed the role of infectious disease.  
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3.2 Introduction 

Infectious diseases causing production level losses have been reported 

widely in all tilapia producing countries such as the USA, Israel and Thailand 

(Eldar, Bejerano & Bercovier 1994; Shoemaker, Klesius & Evans 2001; 

Suanyuk, Kong, Ko, Gilbert & Supamattaya 2008; Evans, Klesius, Pasnik & 

Bohnsack 2009), China (Ye, Li, Lu, Deng, Jiang, Tian, Quan & Jian 2011) and 

Brazil (Netto et al., 2011; Figueiredo et al., 2012; Figueiredo et al., 2005; 

Barony et al., 2015). These include a wide range of microbial and parasitic 

pathogens where the most common aetiological agents causing disease in 

farmed tilapia are presented in Table 3.1. 

 

Table 3.1 Important infectious diseases of farmed Nile tilapia. 

Pathogen Type Disease* Causative agents References 

 

 

 

Bacteria 

Streptococcosis S. agalactiae. S. dysagalactiae. S. 
iniae, L. garvieae 

Eldar, 1994; Netto, Leal & 
Figueiredo, 2011; Perera 

et al., 1997; Evans, 

Klesius & Shoemaker, 
2009  

Aeromonasis A. veronii, A. hydrophila, A. 

dhakensis, A. schubertii 

Huys, Cnockaert & Swing, 

2005; Austin & Austin, 
2012; Soto-Rodriguez et 

al., 2013; Ren et al., 2019 

Columnaris F. columnare Sebastião et al., 2011 

Francisellosis F. orientalis Soto et al., 2009 

Edwardsiellosis E. ictaluri, E. tarda, E. anguillarum Dong et al., 2019; Plumb, 

1993; Armwood et al., 
2019 

 

Viruses 

SHT or TiLVD Tilapia tilapinevirus or TiLV Bacharach et al., 2016 

ISKNVD Megalocytivirus ISKNV Subramaniam et al., 2016 

Viral nervous necrosis Betanodavirus (NNV) Keawcharoen et al, 2015 

Tilapia parvovirus 

disease 

Tilapia parvovirus (TiPV) Liu et al., 2020 

 

Fungi and 

Parasites 

Fungal infections Saproglenia, Achlya, Branchiomyces Hussein et al., 2013; El-
Sayed, 2016 

Ectoparasitic infections Trichodina, Dactylogyrus, 
Ichthyophthirius, Ambiphrya, 

Amyloodinium 

Bondad-Reantaso & 
Arthur, 1988; El-Sayed, 

2016; Roberts & 

Sommerville, 1982 

*SHT – Syncytial Hepatitis of Tilapia; TiLVD = Tilapia Lake Virus Disease; ISKNV = Infectious Spleen and 
Kidney Necrosis; NNV = Nervous Necrosis Virus; TiPV = Tilapia Parvovirus. 

 

https://onlinelibrary.wiley.com/doi/full/10.1111/are.12708?casa_token=H2Z59FpCBhkAAAAA%3AASTr_16Do8V7K8KcP3azJl1S8Vli3MYiGsA1a2TBw3P4nCn8T_fPVFtErVnlBgv16PJp1cJaFWNE#are12708-bib-0016
https://onlinelibrary.wiley.com/doi/full/10.1111/are.12708?casa_token=H2Z59FpCBhkAAAAA%3AASTr_16Do8V7K8KcP3azJl1S8Vli3MYiGsA1a2TBw3P4nCn8T_fPVFtErVnlBgv16PJp1cJaFWNE#are12708-bib-0059
https://onlinelibrary.wiley.com/doi/full/10.1111/are.12708?casa_token=H2Z59FpCBhkAAAAA%3AASTr_16Do8V7K8KcP3azJl1S8Vli3MYiGsA1a2TBw3P4nCn8T_fPVFtErVnlBgv16PJp1cJaFWNE#are12708-bib-0063
https://onlinelibrary.wiley.com/doi/full/10.1111/are.12708?casa_token=H2Z59FpCBhkAAAAA%3AASTr_16Do8V7K8KcP3azJl1S8Vli3MYiGsA1a2TBw3P4nCn8T_fPVFtErVnlBgv16PJp1cJaFWNE#are12708-bib-0017
https://onlinelibrary.wiley.com/doi/full/10.1111/are.12708?casa_token=H2Z59FpCBhkAAAAA%3AASTr_16Do8V7K8KcP3azJl1S8Vli3MYiGsA1a2TBw3P4nCn8T_fPVFtErVnlBgv16PJp1cJaFWNE#are12708-bib-0086
https://www.sciencedirect.com/science/article/pii/S0044848618309566?casa_token=8vYCmD1MBfwAAAAA:A0IwLZ0_f6DEgohRgtDQqxqTF58tWWohPnDTAR3Fk1Ivsfn3mbXzqW0QQIswu7TAD5Yxy0v4#bb0175
https://www.sciencedirect.com/science/article/pii/S0044848618309566?casa_token=8vYCmD1MBfwAAAAA:A0IwLZ0_f6DEgohRgtDQqxqTF58tWWohPnDTAR3Fk1Ivsfn3mbXzqW0QQIswu7TAD5Yxy0v4#bb0120
https://www.sciencedirect.com/science/article/pii/S0044848618309566?casa_token=8vYCmD1MBfwAAAAA:A0IwLZ0_f6DEgohRgtDQqxqTF58tWWohPnDTAR3Fk1Ivsfn3mbXzqW0QQIswu7TAD5Yxy0v4#bb0110
https://www.sciencedirect.com/science/article/pii/S0044848618309566?casa_token=8vYCmD1MBfwAAAAA:A0IwLZ0_f6DEgohRgtDQqxqTF58tWWohPnDTAR3Fk1Ivsfn3mbXzqW0QQIswu7TAD5Yxy0v4#bb0025
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It is recognised that tilapia production has stagnated in the Philippines 

(Guerrero, 2019) and the role of infectious diseases is currently unknown. Data 

acquired from the field study performed in chapter 2 clearly demonstrated that 

farmers suffered high number of fish mortalities and morbidities on their farms, 

and they were able to recognise and describe clinical signs of disease in their 

fish populations. This would suggest a strong awareness by the farming 

community of disease within these tilapia production units included in this study, 

however, in general the actual aetiology of the fish morbidities was rarely 

confirmed. Given the commonality of bacterial infections reported to occur in 

other tilapia producing countries (Table 3.1), including the neighbouring SEA 

countries, it is likely that these diseases may be present within the Philippine 

sector, but either unrecognised or under reported.  

In the Asia Pacific region, there has been a dramatic increase in the 

numbers of emerging infectious pathogens resulting in disease outbreaks within 

the tilapia aquaculture industry over the last 10 years. Apart from 

streptococcosis caused by either S. agalactiae or S. iniae (Anshary et al., 2014; 

Kannika et al., 2017), tilapia aquaculture in the region has recently experienced 

severe production losses associated with several emerging pathogens including 

tilapia lake virus (Amal et al., 2018; Behera et al., 2018), infectious spleen and 

kidney necrosis virus/iridovirus (Dong et al., 2015; Suebsing et al., 2016), 

nervous necrotic virus (Keawcharoen et al., 2015), Hahella chejuensis (Senapin 

et al., 2016), Francisella noatunensis subsp. orientalis (Jantrakajorn & 

Wongtavatchai, 2016; Nguyen et al., 2016), Aeromonas veronii and Aeromonas 

jandaei (Dong et al., 2015; Dong et al., 2017) as well as concurrent infection of 

multiple pathogens (Dong et al., 2015b). Edwardsiellosis caused by E. ictaluri 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaculture
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/streptococcus-agalactiae
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has been reported in Nile tilapia (O. niloticus) cultured in the Northern Vietnam 

(Dong et al., 2019). Examination of disease outbreaks in surrounding ASEAN 

countries producing tilapia, has identified several infectious diseases, however, 

the current status of these and their role in limiting the tilapia production within 

the Philippines farming sector is unknown.  

The serious socio-economic losses and threats to food 

availability/security brought about by aquatic animal diseases necessitates the 

development of effective disease control to stop the spread of infectious 

pathogens and improve the health and welfare of the farmed fish. Aside from a 

robust health management and husbandry practices, disease monitoring in the 

form of surveillance and rapid diagnosis is important to allow appropriate action 

when pathogens are detected, and diseases are diagnosed before they become 

serious problem for the farmer (Adams & Thompson, 2011). Diagnostics or 

diagnostic approach is the determination of the cause of the disease which also 

involves the detection and identification of the pathogens in subclinical or 

apparently healthy host (Subasinghe, 2009; Austin & Austin, 2016). It is not 

uncommon nowadays that both traditional and more rapid kit-based approaches 

are used in aquatic diagnosis studies. Often this depends on the resources 

available to the investigation. An initial diagnosis can be made in the farm site 

by receiving background information from the farm regarding the onset of 

suspected disease problem and during a site visit a visual examination of gross 

clinical signs of disease. If a bacterial aetiology is suspected, then more 

emphasis is placed on recovery of the bacteria as this will enable antibiotic 

sensitivity testing to be confirmed, should a treatment be required.  Recovery of 

viable cultures from diseased fish remains the gold standard, yet this can be 
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time consuming and laboratory intensive, hence the uptake of more molecular 

based pathogen identification methods which do not rely on the growth of the 

viable bacteria. However, the absolute gold standard for any diagnostic 

investigation would be histopathology samples, as these remain the only 

methods which can truly diagnose the condition.  

 Diagnostics plays an important role in aquatic animal health 

management and disease control (Raja & Rithendran, 2015). Correct diagnosis 

can lead to effective or appropriate measures to curb disease and mortality 

outbreaks, and spread of infection, however, an incorrect diagnosis can 

aggravate the situation and incur more costs. As mentioned earlier, diagnostic 

approach in aquaculture is primarily used for an initial disease investigation, 

however, the same laboratory-based methods can be applied in other 

circumstances. Examples of this may be in confirmation of specific pathogen 

free status (SPF) stocks or confirmation of health certification. It is not always 

necessary to use a comprehensive diagnostic approach, particularly when you 

are doing repeat visits to farms, or have an on-going disease issue which 

appears annually, however, failure to apply a comprehensive investigative 

diagnostic approach can result to misidentification of the actual disease 

problem. This in turn can produce inappropriate control strategies and health 

management programs that will not reduce or eradicate diseases leading to 

economic losses to farmers and eventual breakdown of the sector. 

To provide a robust description of the disease status of the animals, 

pathology samples are invaluable at the onset of investigation. It is important to 

accurately process the tissues and correctly interpret the changes since it will 

strengthen the diagnosis of disease (Raja & Jithendran, 2015). This is a learned 
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skill, which has become undervalued due to the emergence of rapid diagnostic 

kits, which unfortunately when used without wider context, may facilitate poor 

diagnosis. Whilst the kidney has been the organ of choice for bacterial recovery 

in diseased fish species (Austin, 2019), as our understanding of the infectious 

processes and aetiological agents improve, other organs e.g.  spleen and brain 

can be used depending on the suspected disease. Nevertheless, it is very 

important to understand that mere isolation and identification of pathogen from 

any host do not warrant that the disease and mortality are due to its presence in 

the system. To be effective, diagnostic approach needs to consider all available 

information and methods including the clinical signs of disease before making 

firm conclusions since the aim of diagnoses is to help, not hinder the 

management of fish diseases (Austin, 2019). 

3.2.1 Study Aim 

The aim of this study was to identify the current diseases found in farmed 

tilapia presenting with clinical signs of disease and disease status. This was 

achieved by analysis of gross clinical signs of disease presented in the fish 

samples from the farms with laboratory-based method to determine cellular 

changes in the tissues and the recovery/identification of bacteria to species 

level.  
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3.3 Materials and Methods 

3.3.1 Fish samples  

From each grow-out farm, a minimum of 8 fish were included for 

biological samples: five moribund and three apparently healthy tilapia were 

sampled for disease diagnosis, however, in farms where disease or mortality 

outbreaks were absent, we sampled minimum of 8 apparently healthy tilapia. 

From hatcheries, three moribund and two apparently healthy broodstock tilapia 

were taken. If the farm location was greater than 1 hour from the diagnostic 

laboratory facilities then the fish were sampled on site, if the farms was located 

within 1 hour, the tilapia were placed in oxygenated bags with water and 

transported live to the laboratory where they were sampled for histopathology 

and bacterial recovery. On arrival at the laboratory the fish were killed with 

anaesthetic overdose, then weighed and examined for gross presentation of 

clinical signs of disease both externally and internally.  

3.3.2 Bacterial Recovery 

Bacteriological samples were taken aseptically from the brain, kidney, 

liver, and spleen of each fish sampled. The abdomen of the fish was aseptically 

opened, and the internal organs gently moved to one side being careful not to 

rupture the gut. A sterile bacteriology loop was then carefully inserted into the 

brain liver, kidney or spleen of each fish and inoculated onto a Tryptone Soya 

Agar plate (TSA, Oxoid, Basingstoke, UK) and Edward’s medium (Oxoid) 

supplemented with colistin sulfate (5mg/ml) (Sigma). The TSA plates were for 

general bacterial recovery and the Edward’s medium was used for the selective 
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recovery of Streptococcal species. These inoculated plates were sealed using 

Parafilm (Bemis, USA) and then incubated at 28°C for 48 h. All plates were 

checked for colony growth after 24 h, purified as required and then primary 

bacterial identification tests performed. 

3.3.3 Conventional phenotypic and biochemical tests 

Preliminary identification of the recovered bacteria was done using 

conventional phenotypic and biochemical tests. These included Gram staining, 

catalase, oxidase, motility, and oxidation-fermentation following the methods of 

Cowan and Steel (Barrow & Feltham, 2003). Presumptive identification of the 

bacteria based on the above tests was accomplished following Buller (2004). 

3.3.4 Molecular identification of the isolates 

DNA Extraction. DNA was extracted from single purified colonies 

following a crude boiling method with modification from Seward et al. (1997). A 

single colony from each bacterial sample was inoculated in 5 ml TSB (Oxoid) 

and was incubated at 28° C for 24 hours and then harvested by centrifugation at 

3000 g (Sigma 4K15, Sigma Laboratory Centrifuges) for 15 minutes at 4° C. 

The sample supernatant was discarded, and the cell pellet resuspended in 1.0 

ml Sodium-Chloride-Tris-Ethylenediaminetetraceticacid (STE) buffer (100 mM 

NaCl, 50 mM Tris-HCl pH 8.0, 100 mM EDTA) and then centrifuged for 1 minute 

at 13000 g (Sigma 1-14 Microfuge, Sigma, Osterode am Harz, Germany). The 

supernatant was again discarded prior to cell pellet being resuspended in 100 µl 

of Tris-EDTA (TE) buffer (10 mM Tris, 1 mM EDTA, pH 8.0) and then boiled at 
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95° C for 10 minutes. After boiling, the tubes were then placed in ice and was 

let stand for 4 minutes. A final centrifugation for 1 min at 13, 000 g was 

performed and the upper aqueous phase containing the DNA was removed by 

pipetting. The concentration (ng/µl) and the quality (260/280 ratio) of the DNA 

extracts was measured by NanoDrop (Nanodrop ND1000, Thermo Fisher 

Scientific Inc, Wilmington, USA) spectrophotometer (Appendix 2.1). The DNA 

samples at a concentration of 50 ng/ µl were stored in sterile tubes in 20 µl 

aliquots at -20°C until required.  

 

16S rRNA gene sequencing 

The 16S rRNA gene was PCR amplified using universal primers 20F (5’-

AGAGTTTGATCATGGCTCAG-3’) and 1500R (5’-

CGGTTACCTTGTTACGACTT-3’) (Weisburg et al., 1991) which amplifies 

approximately 1501 bp region of the gene. Each PCR was performed in a 25 µl 

reaction mixture consisting of 12.5 µl of 2X HS MyTaq mastermix (bioline UK), 

1.5 µl of 10 pmol of each oligonucleotide primer (Eurofins MWG Operon, 

Germany), 2.0 µl of DNA template, and Milli-Q water to volume. The 

amplification profile consisted of an initial denaturation at 95 °C for 1 min, 

followed by 30 cycles of denaturation at 94°C for 15s, annealing at 56°C for 20s 

and extension at 72°C for 1 min, with a final extension of 72°C for 2 min. The 

PCR products were obtained by electrophoresis in a 1% (w/v) agarose gel 

prepared in 0.5X TAE buffer with ethidium bromide (0.5 µg ml-1), visualized on a 

UV transilluminator (Appendix 2.2). The amplified PCR products were then 

purified using QIAquick PCR Purification Kit (Qiagen). Then purified products 

were sent to Eurofins for gene sequencing. Sequences were aligned with 
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ClustalW algorithm against phylogenetically related organisms available in 

GenBank in the National Centre for Biotechnology Information website 

(http://www.ncbi.nlm.nih.gov) in order to determine the species of bacteria with 

the highest homology to the queried bacterial isolate.  

 

3.3.5 Histopathology 

The brain, spleen, kidney, heart, liver and gills were removed, fixed in 

10% (v/v) neutral buffered formalin for 24 hours and then transferred to 70% 

(v/v) ethanol before processing as described in Del-Pozo et al. (2010).  The 

tissues were cut and processed using standard protocols at the Fish Health 

Section of SEAFDEC-AQD and then embedded in paraffin wax blocks which 

were transported to the UoS. The tissues were re-embedded into paraffin wax 

blocks at the IoA, University of Stirling (Leica Histoembedder, Leica 

Microsystems Ltd, Milton Kynes, UK) and duplicate 5 µm thick sections cut 

(Leica RM 2035 microtome, Leica Microsystems Ltd, Milton Kynes, UK). One 

section was stained with Haematoxylin and Eosin, and the other tissue section 

was Gram stained with crystal violet and counterstained with 1% neutral red for 

detection bacteria. These were conducted following routine laboratory methods 

(Del Pozo et al., 2010). The sections were cover slipped and then examined 

under light microscopy at up to 100x magnification and images captured using a 

digital slide scanner (ZEISS Axio Scan.Z1, ZEISS Germany).  

 

http://www.ncbi.nlm.nih.gov/
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3.4 Results 

3.4.1 Fish samples 

From the 16 farms included in this study, a total of 105 fish were sampled 

and presented as 61 apparently normal fish and 44 moribund animals (Table 

3.2). Fifty-five percent (55%) of the fish weighed 50-149 g while only 4% were 

below 50 g. The data on farms and fish sampled together with weight range are 

summarised in Table 3.2. 

 

Table 3.2 Number of farms visited, and fish sampled. 

 

Sampling Site 

 

No. of 
Farms 

 

Average weight (g) 

Fish Sampled 

Total (n) Apparently 
Healthy (n) 

Moribund 
(n) 

Taal 1 3 95.53±53.67 19 4 15 

Taal 2 2 253.79±85.78 14 5 9 

Taal 3 2 126.69±60.90 13 5 8 

Laguna Lake 1 137.60±16.35 5 5 0 

Calauan, Laguna 4 164.67±81.78 18 6 12 

Lubao, Pampanga 1 190.10±38.08 10 10 0 

Batad, Iloilo 1 62.22±17.87 9 9 0 

Silay,Negros Occidental 1 368.89±43.72 7 7 0 

Panabo, Davao 1 161.9±12.33 10 10 0 

Total 16  105 61 44 

 

Clinical signs of disease. As expected, a higher percentage of the 

moribund fish displayed more external clinical compared with the apparently 

healthy fish (Table 3.3). However, body redness (25%) and ulcers (11%) were 

seen in both groups of fish (Table 3.3). Most notable clinical signs observed in 

the moribund fish group were abnormal/sluggish swimming behaviour (33%) 

and distended belly (29%). For internal clinical signs, the most prevalent were 

gill pallor (29%), ascites (26%) and hepatomegaly/pale liver (20%). A single 

onset clinical signs was not identified and instead multiple clinical signs per fish 
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was observed (Table 3.3) An attempt was made to collate the most observed 

clinical signs within the moribund sample group. This gave swimming 

abnormality as the highest (80%), followed by distended belly and gill pallor 

(59%), and ascites (57%). Gross external and internal abnormalities in the 

sampled fish are summarised in Table 3.3 and shown in Figure 3.2-3.6. Figure 

3.1 shows an apparently farmed Nile tilapia. 

 

Table 3.3 External and internal clinical signs of the moribund Nile tilapia samples. 

  
Description 

Frequency in 
moribund samples (n 

= 44) 

 
Percentage (%) 

External Abnormal/sluggish swimming 35 80  

Distended belly 26 59 

Body redness/petechiae 10 23 

Corneal opacity 13 27 

Ulcers/lesions 6 14 

Discoloration 5 11 

Exophthalmia 5 11 

Swollen anus 2 5 

Fin rot 4 9 

Internal Gill pallor 26 59 

Ascites 25 57 

Hepatomegaly/pale liver 13 30 

Splenomegaly 11 25 

Haemoperitoneum 6 20 

Enlarged kidney 6 18 

Intracranial oedema 4 9 

Enlarged and deep red heart 2 5 
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Figure 3.1 An apparently normal farmed Nile tilapia with no gross clinical signs apparent. 

 

 

 

 

 

 

Figure 3.2 Figure 3.2. A moribund farmed tilapia, note the presence of body redness (thin 
arrows) and haemorrhage of the eye (thick arrow). 
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Figure 3.3 Nile tilapia showing distended belly (yellow dashed circle) and cloudy eye (arrow). 

 

 

 

 

 

Figure 3.4 (a) Bilateral exophthalmia with corneal opacity (thick arrow) and (b) anal swelling 
(thin arrow). 
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Figure 3.5 (a) Corneal opacity (arrow) and (b) enlarged kidney (yellow dashed circle). 

 

 

 

 

 

Figure 3.6 (a) Yellowish ascitic fluid and (b) liver lesion (yellow dashed circle). 

3.4.2 Bacterial recovery and identification  

A total of 102 bacterial strains were recovered from the fish sampled in 

this study. This was separated into 55 Gram-positive cocci isolates, 45 isolates 

of Gram-negative rods and 2 Gram-positive rods. Figure 3.7A and B show 
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typical Gram stain presentation of the Gram-positive and Gram-negative 

bacteria, respectively. Presumptive identification of the isolates showed that 

50% (n=51) of the isolates belongs to the genus Streptococci and Lactococci 

while the rest were identified as belonging to Aeromonas and Vibrio (n=24), 

Enterobacteriaceae (n=21), Staphylococci (4), and Bacillus and Lactobacillus 

(n=2). The identification profiles and presumptive bacterial identification results 

are presented in Table 3.4. 

 

Figure 3.7 Gram-stain showing Gram-positive cocci (A) and Gram-negative rods (B). 

 

Table 3.4 Preliminary identification based on the phenotypic and biochemical tests. 

Isolate Gram 

reaction 

Motility Catalase Oxidase OF 

test 

Preliminary Identification n 

 

cocci 

+ - - - + Streptococci, Lactococci 51 

+ - + - + Staphylococci 4 

 

bacilli 

+ + + + + Bacillus, Lactobacillus 2 

- + + + + Aeromonas, Vibrio 24 

- + + - + Enterobacteriaceae 21 

 

 Molecular identification using 16S rRNA gene sequencing. 

From the 16S rRNA sequence results, 30 of the Gram-positive cocci were 

identified as Streptococcus agalactiae and 8 were confirmed as S. iniae. The 

remaining 19 Gram positive species were identified as Bacillus aryabhatthai (n 
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=1), Bacillus kochii (n = 1), Enterococcus faecium (n = 1), Enterococcus 

gallinarum (n = 1), Enterococcus hirae (n = 2), Lactococcus garvieae (n = 4), 

Lactococcus lactis (n = 2), Lactococcus taiwanensis (n =1), Staphylococcus 

aureus (n = 4) and Streptococcus lutetiensis (n = 2).  For Gram negative 

bacteria, 14 isolates were identified as Enterobacter cloacae, 13 as Aeromonas 

veronii, 7 were Klebsiella pneumonia, and 3 each for Vibrio cholera and Vibrio 

harveyi, respectively. The remaining 4 Gram negative species were identified as 

Vibrio alginolyticus (n = 2), Aeromonas caviae (n = 1), and Aeromonas 

dhakensis (n = 1).  The number of bacterial species isolated from tilapia 

samples is shown in Figure 3.8. 

 

Figure 3.8 Number of bacterial isolates recovered from 16 tilapia farms throughout the 
Philippines. 
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The data in Table 3.5 collates the bacterial recovery, identification, 

histopathology results, and clinical status. This was produced to provide an 

understanding of the role of the bacterial species in the disease outcome. Table 

3.5 shows the recovery of the different fish pathogenic bacteria from 38 Nile 

tilapia samples showing different clinical signs. Two isolates of A. veronii were 

recovered from two apparently healthy tilapia samples from Laguna Lake. 

Twelve S. agalactiae isolates were recovered from the brain of the fish which 

accounted for 40% of the total S. agalactiae isolates while the rest of the 18 

isolates were either from kidney or spleen. In terms of pathology, 49% of the 

fish showed bacterial septicaemia while the rest have inflamamation in the 

internal organs including the kidneys, spleen, and liver.  

Table 3.5 Summary for the recovered bacterial isolates in relation to location, farm description, 
clinical signs, and organ the bacteria was recovered, bacterial ID and pathology. 

Farm 

No. 

Location Farm 

Description 

Fish 

No.* 

Clinical Signs Organ 

Bacteria 
Recovered* 

Bacteria Pathology 

1 Taal Lake 
Site 1 

Freshwater 
grow-out 
floating cage 

1 

2-M gill pallor, ascites K A. veronii Bacterial septicaemia 

4-M Gill pallor, ascites K S. iniae Bacterial septicaemia 

5-M One eye absent, 

ascites 

K, S S. iniae Bacterial septicaemia 

Freshwater 
grow-out 

floating cage 
2 

1-M Redness, ascites, 
discoloration, 

hepatosplenomegaly 

K, S & B S. agalactiae Ib Bacterial septicaemia 

3-M Gill pallor, 

hepatosplenomegaly 

K, S & B S. agalactiae Ia Bacterial septicaemia 

4-M Ascites, 
hepatosplenomegaly 

K, S & B S. agalactiae Ia Bacterial septicaemia 

5-M Gill pallor, eyes 
missing, 
hepatosplenomegaly 

K, S & B S. agalactiae Ia Bacterial septicaemia 

Freshwater 
grow-out 
floating cage 

3 

1-M Bilateral 
exophthalmia, 
ascites 

hepatosplenomegaly 

K & B S. agalactiae Ia Nephritis, splenitis, 
hepatitis 

2-M Loose scales, 
discoloration, gill 

pallor 

B S. agalactiae Ia Nephritis, splenitis, 
hepatitis 

3-M Loose scales, gill 

pallor, ascites 

S S. agalactiae Ia Nephritis, splenitis, 

hepatitis 

4-M Corneal opacity, fin 
rot, ascites 

K & B S. agalactiae Ia Nephritis, splenitis, 
hepatitis 

5-M Gill pallor, corneal 
opacity 

S & B S. agalactiae Ia Nephritis, splenitis, 
hepatitis 

2 Taal Lake 

Site 2 

Freshwater 

grow-out 
floating cage 
1 

2-M Gill pallor, ascites K S. iniae Bacterial septicaemia 

S A. veronii  
3-M Gill pallor, ascites K S. iniae  

 6-M gill pallor, pale and 
discoloured liver, 

S A. veronii Nephritis, splenitis, 
hepatitis 
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ascites 

Freshwater 

grow-out 
floating cage 
2 

1-M Corneal opacity, 

ascites, 
hepatosplenomegaly 

B S. agalactiae Ib Bacterial septicaemia 

3-M Ascites, 

hepatosplenomegaly 

K & S S. agalactiae Ia Bacterial septicaemia 

4-M Ascites, redness, 
hepatosplenomegaly, 

corneal opacity, fin 
rot 

S 
B 

S. agalactiae Ia 
S. agalactiae Ib 

Bacterial septicaemia 

3 Taal Lake 

Site 3 

Freshwater 

grow-out 
floating cage 
1 

1-M Discoloration, 

corneal opacity, 
ascites 

K S. iniae Bacterial septicaemia 

3-M Discoloration, 
corneal opacity, 
ascites 

S A. veronii Bacterial septicaemia 

S S. iniae  

5-M Gill pallor, ascites K A. veronii Bacterial septicaemia 

8-M Discoloration, gill 
pallor, ascites, mild 

exophthalmos 

K A. caviae Nephritis, splenitis, 
hepatitis 

Freshwater 
grow-out 

floating cage 
2 

1-M Anus swollen, 
petechiae, ascites, 

gill pallor, ascites 

K S. iniae Bacterial septicaemia 

2-M Corneal opacity, 

ascites, gill pallor, 
reddened heart 

S L. lactis Nephritis, splenitis, 

hepatitis 

K L. lactis,              
S. lutetiensis 

 

B S. lutetiensis  
3-M Gill pallor, redness, 

ascites, 

hepatosplenomegaly 

K & B S. agalactiae Ia Bacterial septicaemia 

4-M Anus swollen, 
ascites, 

hepatosplenomegaly 

K S. agalactiae Ia Bacterial septicaemia 

5-M Anus swollen, 
ascites, 

hepatosplenomegaly 

S S. agalactiae Ia Bacterial septicaemia 

4 Calauan, 
Laguna 

Freshwater 
Earthen Pond 

Hatchery 1 

2-M Redness operculum 
and body 

K E. faecium Nephritis, splenitis, 
hepatitis 

3-M Redness operculum 
and body 

B L. garvieae Nephritis, splenitis, 
hepatitis 

4-M Redness body K L. garvieae,         
E. hirae 

Nephritis, splenitis, 
hepatitis 

  S L. garvieae,         

E. hirae 

 

Freshwater 
Earthen Pond 

Hatchery 3 

2-M Redness of body, 
petechiae operculum 

and head 
 

S & B S. agalactiae Ia Bacterial septicaemia 

3-M Redness of 

operculum and body 

B L. garvieae Nephritis, splenitis, 

hepatitis 

4M Redness of 
operculum 

B L. taiwanenesis,  
E. gallinarum 

Nephritis, splenitis, 
hepatitis 

Freshwater 
Earthen Pond 

Hatchery 4 

3-M gill pallor, redness of 
body, ascites 

K A. veronii Nephritis, splenitis, 
hepatitis 

6-M gill pallor, cloudy 
eyes, ascites 

K A. veronii Nephritis, splenitis, 
hepatitis 

S A. veronii  

5 Laguna 
Lake 

Freshwater 
grow-out 
submerged 

cage 

3-AH Apparently healthy S A, veronii Nephritis, splenitis, 
hepatitis 

5-AH Apparently healthy S A. veronii Nephritis, splenitis, 
hepatitis 

16 Panabo, 

Davao 

Seawater 

floating cage 

5-M Red marks in the 

body, damaged fins 
ascites 

K V. harveyi Liver necrosis 

6-M Red marks in the 

body, damaged fins 
ascites 

K V. alginolyticus Nephritis, splenitis, 

hepatitis 
S V. harveyi  
L V. alginolyticus  

* M = moribund; AH = apparently healthy 
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3.4.3 Histopathology 

Histopathological examination revealed serous degeneration, necrosis 

and inflammatory response in multiple organs, which were particularly 

prominent in the liver, heart, kidney and brain of the fish showing clinical signs.  

Liver. Severe vacuolar degeneration, congestion, haemorrhage, and foci 

necrosis with infiltration of inflammatory cells were observed in the liver (Figure 

3.9). Vacuolation with mild hepatitis was observed in tilapia samples from 

seawater cages, while most of the diseased fish had extensive vacuolar 

necrotic degeneration of the hepatocytes. All diseased fish showed various level 

of hepatitis with 14 (25%) exhibiting lytic necrosis, where the normal hepatic 

architecture was lost, and presence of numerous inflammatory cells were 

present. 

 

Figure 3.9 Liver showing foci necrosis (dashed circle), infiltration of inflammatory cells, and 
vacuolation of hepatocytes in H&E stained section (A). Gram stained of the same section (B) 

showing Gram-positive cocci in the same areas of foci necrosis. 
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Heart. Pericarditis was present in the heart; the epicardium was 

thickened by the infiltration of inflammatory cells and oedema (Figure 3.10). 

Microscopic observation of the heart revealed histological abnormalities in 34% 

of the diseased samples. Myocardial necrosis with infiltration of inflammatory 

cells (Figure 3.11) was most notable. Gram-stained of the endocardium showed 

bacterial and inflammatory cells (Figure 3.12).  

 

Figure 3.10 An H&E stained section of the heart showing massive pericarditis (star, P), marked 
thickening of the epicardium (E) and infiltration of inflammatory cells in the myocardium (M). 
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Figure 3.11 An H&E stained section of the myocardium (M) showing necrosis (red circle) with 
infiltration of lymphocytes (green circles) and macrophages (small & big arrows). 

 

 

Figure 3.12 Gram stained section of the myocardium showing with numerous Gram-positive 
cocci bacteria.  
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Kidney. The kidney showed marked necrosis in haemopoietic tissue and 

renal tubule showing cells that were pyknotic and karyorrhectic, and with 

macrophages and lymphocyte infiltration (Figure 3.13). Diffuse interstitial 

nephritis with diffuse coagulative necrosis of tubular cells and infiltration of 

inflammatory cells were observed which altered greatly the renal tissue 

architecture. Most of the tubular epithelium underwent hyaline degeneration and 

detachment from the basement membrane. The epithelial tissue of the renal 

tubules and the basement membrane were destroyed by numerous Gram-

positive cocci bacteria (Figure 3.14). Aside from tubular damage, renal sections 

of the diseased fish presented severely damaged glomeruli where they become 

with infiltration of inflammatory cells and dilatation of the Bowman’s capsule. 
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Figure 3.13 An H&E section of the kidney showing necrosis and degeneration of the renal 
tubules characterised by karyorrhectic cells (arrows). 

 

Figure 3.14 A Gram-stained section of the kidney presenting acute tubular necrosis with 
karyorrhectic cells (small arrows) and massive infiltration of Gram-positive cocci bacteria. 

 

  

Spleen. The splenic sections of the diseased fish revealed splenomegaly 

(75%) with most showing acute haemorrhagic and necrotic splenitis.  The 

splenic haematopoietic tissue was necrotic with numerous bacteria, 

inflammatory cells and melanomacrophages (Figure 3.15). Increased number of 

melanomacrophage centres and scattered brown pigment granules were seen 

in most of the samples.  
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Figure 3.15 A Gram-stained section of the spleen showing foci of necrosis (dashed circle) and 
macrophages containing bacteria (arrow). 

 

Brain. Changes in the brain included meningitis, necrosis of neuron, 

oedema and infiltration of inflammatory cells in parenchyma. Meningitis and or 

encephalitis was observed in 30% of the diseased fish. The meninges were 

massively thickened (Figure 3.16) and Gram-stained section demonstrated 

numerous Gram-positive bacteria in the thickened meninges where most of 

them were also found within macrophages (Figure 3.17).  A few samples have 

mild meningitis, however, there were marked diffuse necrotic encephalitis 

(Figure 3.18) in the brain where bacteria-filled macrophages were found within 

the brain cortex (Figure 3.19). It was clearly shown in this study that necrotic 

neurons or Purkinje cells of the meninx primitive and brain parenchyma, 

especially in the midbrain and hindbrain, were damaged by numerous Gram-

positive bacteria.  
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Figure 3.16 Massive cellular meningitis (M) with areas of haemorrhage (arrow).  

 

 

 

Figure 3.17 Gram-stained section of Figure 3.19 showing numerous bacteria-filled 
macrophages (small arrows) in the massive cellular meningitis.  
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Figure 3.18. Diffuse necrotic encephalitis with infiltration of inflammatory cells in the brain 
cortex. 

 

 

Figure 3.19 A Gram-stained section of the brain in Figure 3.18 showing diffuse necrosis with 
numerous macrophages-filled with Gram-positive cocci bacteria.   

 

Chains and small clusters of coccus bacteria were found in the liver, 

heart, kidney, and brain. The main clinical and pathological features were 

similar to those previously described fish which were infected by 
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streptococcosis. Additionally, myxosporean parasites were present in the 

muscles of the gill arches of some diseased fish (Figure 3.20). Gram-negative 

rods were also seen in in the spleen, kidney, and liver of two diseased fish 

(Figure 3.21).  

 

Figure 3.20 Myxosporean parasite (stained purple) encysting in the muscle of the gill arch 
(Gram stain). 

 

 

Figure 3.21 Gram-negative rods in the spleen of the diseased tilapia.  
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3.5 Discussion 

Understanding the cause of mortalities and morbidities on tilapia farms is 

important to support the continued development of this sector. Previously little if 

any clinical evidence was available on the cause of fish mortalities within the 

range of production systems in the Philippines. Globally, the intensification of 

tilapia aquaculture has led to the emergence of diseases which have adversely 

affected the sector. Although the Philippine fisheries agency already reported 

that various bacterial, parasitic, and viral disease scourge the tilapia farms 

(Romana-Eguia et al., 2020), the clinical data was fragmented or not current. 

The results of this study firmly established the infectious nature of the reported 

fish losses and identified the bacterial diseases and aetiological agents for fish 

farmers.   

As the purpose of this study was to determine the current disease status 

in the tilapia farms, a diagnostic approach was adopted. By using such methods 

this secured the most robust evidence and provided a foundation, from which to 

build and share, the biological material with others in the future.  From the data 

presented in Chapter 2, farmers reported that diseases affected different life 

stages in the culture period with highest mortality after 1 month of stocking and 

progressive presentation of clinical signs up to harvest. Certainly, the biological 

samples taken and analysed in this chapter would support the farmers’ data. It 

was not expected that a single bacterial species would be recovered, or a single 

disease would occur at the time of sampling.   
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Clinical signs observed in the moribund fish farmed in the Philippines 

were similar to those observed in previous studies in Nile tilapia (Jantrakajorn et 

al., 2014; Dong et al., 2017; Assis et al., 2016). Moreover, same clinical signs 

were presented when Nile tilapia were experimentally infected with infectious 

agents like Streptococcus agalactiae (Chen et al., 2007; Pereira et al., 2010; He 

et al., 2021), Streptococcus iniae (Chen et al., 2007; Rahmatullah et al., 2017; 

Baums et al., 2013), Aeromonas hydrophila (Amphan et al., 2019), Edwardsiella 

ictaluri (Soto et al., 2013), Francisella noatunensis (Fernandez-Alarcon et al., 

2019), and Tilapia Lake virus (TiLV) (Tattiyapong et al., 2017). None of the 

clinical signs observed in this study were pathognomonic for any specific 

etiologic agent and instead a diverse range of signs were reported. 

None of the clinical signs reported from this study were unique to the fish 

or the disease conditions. All of these have been reported elsewhere and whilst 

a complete comparative study was not performed, it is clear that the gross 

clinical presentation for the Philippine study is similar to that reported for tilapia 

elsewhere (Jantrakajorn et al., 2014; Dong et al., 2017; Assis et al., 2016). 

Whilst farmers are able to observe abnormalities in their stocks the relevance of 

these may not always be apparent. For example, in this study, diseased Nile 

tilapia showed abnormal swimming behaviour like spiralling or sluggish 

movement observed surfacing at the water with increased ventilation, which 

may indicate respiratory problems.  Yet the dissolve oxygen level at these sites 

was acceptable limit (3-5 mg/L). Li et al. (2018) reported that tilapia are able to 

tolerate low DO levels and so if the perception is that the fish are robust, such 

behavioural changes in the fish may simply be accepted by the farmer rather 

that there may be a health issue. In this study, the fish may have reduced 
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oxygen transportation from haemolysis and anaemia, which was severe enough 

to induce the observed clinical behaviour and most notably gill pallor in most of 

the samples. This observation of gill pallor is similar to the findings of various 

studies where tilapia was infected by megalocytic virus, F. noatunensis and S. 

iniae (Subramaniam et al., 2016; Leal et al., 2014; Lahav et al., 2004). 

It is critical that farmers understand what is apparently normal and 

abnormal in their stocks and have the confidence to act rapidly. This will lead to 

improved health intervention and better welfare of their stocks. However, not all 

clinical signs noted in this study would be simply from an infection, some may 

be due to poor water quality or environmental factors. It will be difficult to 

determine at this point if the type of farms and background environments has an 

effect to the disease or pathology. Current data from the study will not be able 

to support this. Therefore, it is important to continue to take farm level data and 

biological samples and explore the cause of unexpected mortality or morbidity 

event. However, the first stage in this process is a clear and robust framework 

from which farmers can recognise abnormal behaviour.  

It is clear that further work is required to support the disease diagnosis 

from gross clinical signs by bacterial recovery, culture, and identification. 

Bacteria were isolated using a general-purpose medium (i.e., TSA) in order to 

recover any culturable bacterial pathogens. A streptococci selective Edwards’s 

medium was used together with TSA since the tilapia farms were suspecting 

streptococcosis as the primary disease in the stocks.  Bacterial recovery was 

performed aseptically from the kidney, and spleen as these organs are where 

bacteria are usually found during infection (Austin, 2019). Additionally, swabs 

from the brain were taken as streptococci have a particular tropism for brain 
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tissue (Russo et al., 2006). In the isolation of streptococci, it was a challenge to 

discriminately recover S. iniae and S. agalactiae together in one sample since 

they are both morphologically identical in TSA and Edward’s medium. This 

problem could have been addressed by using chromogenic agar that 

differentially show S. iniae and S. agalactiae in the single agar plate. The 

advantage of using this chromogenic agar is that co-infection by the two 

streptococci can be easily determined as their colonies can be isolated and 

cultured separately. However, because it is expensive it is impractical to use in 

surveillance studies or routine diagnostics in fish health laboratories. An 

alternative method for rapid detection of the streptococci or aeromonas 

pathogens can be done by species-specific PCR using extracted genomic DNA 

from fish tissue (Rodkum et al., 2012; Cui et al., 2019; Persson et al., 2015). 

However, the value of this species-specific PCR is mere detection but not for 

phylogenetic analysis which is important for epidemiological study.  

A combination of laboratory-based identification methods were applied in 

this study, to provide bacterial identification from the strains recovered during 

the sampling at species level. Initial morphological and enzymatic identification 

was only able to presumptively identify the recovered bacteria at the genus 

level. In order to determine the species of the isolates, 16S rRNA gene 

sequencing was done. There was good agreement between the traditional and 

16S rRNA sequencing where the most abundant strains recovered from 

diseased tilapia were Streptococcus agalactiae, Aeromonas veronii and 

Streptococcus iniae. However, studies has shown that the limitation of 16S 

rRNA gene sequencing in speciation of phylogenetically tight Aeromonas group 

(Persson et al., 2015), and also this method cannot differentiate the different 
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serotypes of S. agalactiae. Thus, there is a need for other identification tests. 

The recovery and identification of S. agalactiae and S. iniae coupled with 

clinical signs and histopathology strongly established the involvement of 

bacteria in the disease/mortality outbreaks investigated. Although it is believed 

that streptococci caused bacterial disease in Nile tilapia in Taal Lake, this is the 

first study to recover and identify them from diseased tilapia in the Philippines. 

Moreover, the recovery and identification of A. veronii strains as an emerging 

motile aeromonad affecting farmed freshwater fishes (Dong et al., 2017) adds to 

the body of knowledge in the aetiology of motile aeromonad septicaemia 

especially in farmed Nile tilapia. Further description and characterisation of S. 

iniae and S. agalactiae are in Chapter 4 while for motile Aeromonads are in 

Chapter 5.  

The recovery of L. garvieae from diseased Nile tilapia broodstocks in 

Calauan, Laguna is the first in the Philippines and this should be a concern 

since it causes lactococcosis in tilapia (Evans et al., 2009; Vendrell et al., 2006) 

with clinical signs of the diseased fish similar to streptococcosis (Abu-Elala et 

al., 2020). L. garvieae infected fish suffers from acute haemorrhagic 

septicaemia with exhibiting similar lesions to S. agalactiae-infected fish with 

high and rapid mortality (Abu-Elala et al., 2020; Vendrell et al., 2006). Moreover, 

this bacterium is a public health concern due to humans suffering from 

gastrointestinal infection after eating raw fish (Wang et al., 2007) which 

synchronised with the aquaculture outbreak of L. garvieae (Didinen et al., 

2014). Additionally, strains of L. lactis which is classified as lactic acid bacteria 

(LAB) were isolated and they may be leachate from the gastrointestinal tract 

during dissection. These bacteria are commensal in the gut of the fish, and they 
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can produce bacteriocin which are antimicrobial proteins which can inhibit 

similar and/or competitive bacteria species (Kaktcham et al., 2019; Feng et al., 

2019). Another LAB identified as L. taiwanensis was isolated, and this may be 

also a commensal in the gut since this bacterium was initially isolated from 

fermented cummingcordia plant (Cordia dichotoma) (Chen et al., 2013). Tilapia, 

which is a detritivorous fish, harbours gut bacteria that ferments carbohydrates 

into short-chain fatty acids (Kihara et al., 1997).  

Although Streptococcus species is recognised as the major causative 

agent of streptococcosis, Enterococcus are also isolated from the diseased fish 

(Osman et al., 2017). In this study, E. hirae, E. gallinarum and E. faecium were 

recovered from diseased tilapia showing histological abnormalities such as 

inflammation and necrosis indicative of bacterial septicaemia. Previous studies 

have shown that E. faecalis as causative agent of streptococcosis in tilapia  (El-

Sayed & El-Gheit, 2005; Osman et al., 2017), however, a recent study have 

also shown the involvement of E. faecium and E. hirae in streptococcosis in 

tilapia (Akter et al., 2021). Moreover, E. gallinarum was also found to be 

associated with farmed tilapia suffering from septicaemia in Egypt (Osman et 

al., 2017). Enterococcus species in water are the indicator of faecal 

contamination by the enteric and opportunistic pathogen (Boehm & Sassoubre, 

2014; Wen et al., 2020). This is not surprising since data from Chapter 2 

(pages) showed that most tilapia farms in the Philippines were close to human 

communities and the association of these enterococci in streptococcosis of 

tilapia is alarming for public health and aquaculture in the Philippines. However, 

the role of pollution, water quality, and Enterococcus transmission into farmed 

tilapia needs further investigation.  

https://www.sciencedirect.com/science/article/pii/S0044848620305871?casa_token=4_BXZ1nCJswAAAAA:5i9ysnLgdo5I_zqJdvZJlrvJfd4JYpgv4V7IuoQ0fLmZ5yODxh0jA8UCmN3D-WMNaP7ErCo0#bb0005
https://www.sciencedirect.com/science/article/pii/S0044848620305871?casa_token=4_BXZ1nCJswAAAAA:5i9ysnLgdo5I_zqJdvZJlrvJfd4JYpgv4V7IuoQ0fLmZ5yODxh0jA8UCmN3D-WMNaP7ErCo0#bb0005
https://www.sciencedirect.com/science/article/pii/S0044848620305871?casa_token=4_BXZ1nCJswAAAAA:5i9ysnLgdo5I_zqJdvZJlrvJfd4JYpgv4V7IuoQ0fLmZ5yODxh0jA8UCmN3D-WMNaP7ErCo0#bb0205
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Streptococcus lutetiensis, which belong to the S. bovis group, was also 

isolated from diseased tilapia samples in this study. This streptococci species is 

a commensal or opportunistic pathogens of humans and animals which have 

been associated with bacteraemia or septicaemia, endocarditis, gastrointestinal 

and hepatobiliary diseases, and urinary infections (Bayliss et al. 1984; Romero 

et al. 2011; Wang et al. 2012; Carrasco et al., 2014; Counihab-Edgar et al., 

2012). Presently, there are no studies about the pathogenicity of this bacterium 

to fish. It is an emerging pathogen, and little is known of its virulence and 

antibiotic resistance profile (Piva et al., 2019), thus additional research is 

required to determine is potential as pathogen in cultured fishes.  

Some studies have reported the recovery of S. aureus from tilapia (Atyah 

et al., 2010; Soliman et al., 2014; Gaafar et al., 2015). In the study of Soliman et 

al. (2014), S. aureus was implicated in the mortality outbreak in the Nile tilapia, 

however, there was no histological data to show the pathology in the tissues 

and the presence of the bacteria. Moreover, these three studies did not perform 

pathogenicity test in order to confirm if the isolated S. aureus strains were truly 

pathogenic to the fish.  Similarly, in this study the recovered tilapia came from 

apparently healthy fish that did not showed signs of pathology in the tissues or 

presence of bacteria. Therefore, the recovered S. aureus may only represent 

contamination from the water or leachate from the gut of the fish. However, it 

will be important to look into the pathogenicity of this bacterium to fish by 

performing infection bioassay.  The recovery of B. aryabhattai, which is a 

rhizobacterium (Lee et al., 2012), and B. kochii, an environmental bacterium 
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isolated from dairy farms and marine environment (Seiler et al., 2012; 

Chellaram & John, 2015) may also be contamination during sampling.  

Gram-negative bacteria were recovered from both apparently healthy 

and diseased tilapia in the freshwater sites; however, the bacterial strains may 

represent as normal commensals of the fish. In this study, the recovered 

bacteria were E. cloacae, K. pneumoniae, V. cholerae, and P. shigelloides 

which were similar to the bacterial microbiota recovered from intestines and gills 

of tilapia (Pakingking et al., 2015; Sheyin & solon, 2017). The recovery of V. 

harveyi and V. alginolyticus from red hybrid tilapia in seawater grow-out cages 

should be looked further since vibriosis mostly affect grouper and Asian 

seabass though experimental infection of red hybrid tilapia in seawater causes 

significant mortality (Abu Nor et al., 2020). Though the culture of red tilapia in 

seawater is quite new in the Philippines, it is important to conduct research on 

the pathogenicity of these bacteria for health and management in case of future 

mortality or disease outbreaks.  

Furthermore, result from this diagnostic survey reported for the first time 

myxosporean infection in farmed Nile tilapia (13%) in the Philippines although 

Myxobolus spp. were detected before from imported fishes like common carp, 

grass carp and goldfish (Arthur & Lumanlan-Mayo, 1997). The recovery of L. 

garvieae from diseased Nile tilapia is also the first record in the country. Majority 

of the pathogenic bacteria recovered and identified were from moribund and 

apparently healthy tilapia from Taal Lake, Laguna Lake and Calauan Laguna 

which are areas where intensive freshwater farming of tilapia is done. These 

were also the areas that reported problems on disease/mortality outbreaks. 
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The changes in the gills observed in this study were consistent with 

bacterial invasion. It is difficult to determine acute responses in gill histology 

since changes such as aneurysm or necrosis may actually be associated with 

tissue fixation (Ferguson, 2006), however this was not the case here. Chronic 

infections which can provoke the inflammatory response with the migration of 

neutrophils, thrombocytes, macrophages, lymphocytes, and eosinophilic 

granulocytes along the gill filaments and in the central filament vessel 

(Ferguson, 2006; Del Rio- Zaragoza et al., 2010) may result into epithelial 

hyperplasia with fusion of adjacent lamellae and obliteration of the interlamellar 

space, increased mucus production due to proliferation of Goblet cells, and 

branchitis. Gram staining confirmed bacterial involvement in most of the 

observed pathology such as hydropic degeneration, hyperplasia and leukocytic 

infiltration which are similar to a previous study in catfish infected by A. 

hydrophila (Laith & Najiah, 2013). It may be that the gill infections resulted in 

lethargy in the affected fish leading systemic bacterial infection. Additionally, 

myxosporean infection was also observed in the gill of the diseased and some 

apparently healthy fish which may had been the predisposing factor for the later 

bacterial infection. This in turn will affect the fish behaviour and disease 

susceptibility. 

The liver is an organ primarily made-up of polygonal cells called 

hepatocytes which are considered the first toxicity target of a substance, 

characterizing it as a biomarker organ of environmental pollution (Steckert et al., 

2018; Zelikoff, 1998). In this study, most of the diseased fish exhibited 

hepatomegaly and paleness and a number were observed to have some 

necrotic lesions. Vacuolar degeneration may lead to hepatomegaly and 
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impaired liver function; however, this should be interpreted carefully as 

intracellular accumulations maybe a nutritional response (Ferguson, 2006). 

Numerous studies also report hypertrophy, vacuolar degeneration and 

increased lipid droplets in fish hepatocytes exposed to pollutants (Strmac & 

Braunbeck, 2002; Giari et al., 2007). In fish culture, commercial feed is known 

to cause accumulation of fat, degeneration of the liver cell membrane and 

vacuolation of hepatocytes, which may cause circulatory disturbances (Coz-

Rakovac et al., 2005; Bilen & Bilen, 2013). The lesions, especially the vacuolar 

degeneration observed in this present study, may be due to numerous factors, 

and it is difficult to establish a threshold of what is healthy and pathological in 

the liver of cultured fish. Additionally, liver tissue exhibited multifocal 

aggregation of inflammatory cells surrounding necrotic hepatocytes which was 

similar to those reported in Nile tilapia (Asencios et al., 2016), the walking 

catfish (Claris batrachus) (Angka, 1990), and channel catfish (I. punctatus) 

(Ventura & Grizzle, 1988). However, in this study, Gram-stained section of the 

liver showed that 38% have bacterial involvement which could be the cause of 

the observed hepatic changes since toxins and extracellular enzymes produced 

by bacteria may induce different organ damage, which cause hepatic lesions 

characterised by different degrees of hepatocyte degeneration and cell death 

(Surai, 2015). Notably, lytic necrosis noted in some areas of the liver are 

abnormal changes, specifically, syncytial cell formation and massive 

hepatocellular necrosis with pyknotic and karyolytic nuclei similar to the liver 

cells of TiLV infected tilapia (Tattiyapong et al., 2017). All diseased tilapia 

showed generalised hepatitis where there was an infiltration of lymphocytes and 

neutrophils. This inflammatory response is usually preceded by hepatocellular 
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necrosis, but the converse can also happen (Ferguson, 2006). The lesions 

observed in the liver, as necrosis and mononuclear infiltration, described in this 

study are consistent with those reported by Mohamed et al. (2014) in tilapias 

infected experimentally with Streptococcus spp. It is noteworthy that the 

infiltration of mononuclear cells, mainly macrophages, observed in this study in 

all organs were also described by Filho et al. (2009) and Iregui et al. (2014). 

The spleen is one the two major filtering organs in the vascular system of 

fish the other being the kidney (Ferguson, 2006). This is the reason why 

bacterial recovery is primarily done using the spleen and kidney. One of the 

major pathological changes in this study included expansion of the red pulp, 

histiocytosis, splenitis and necrosis with hemosiderosis. Careful consideration 

should also be taken in interpreting hemosiderin and MMC in the spleen since 

these are normal in fish spleen and some could be repositories of scavenged 

material and simply represent a metabolic dump (Ferguson, 2006). Gram-

stained section of the spleen showed numerous bacteria and inflammatory cells 

causing severe necrosis obliterating the spleen altering its normal architecture. 

Hemosiderosis was reported to be associated with bacterial β-haemolysin that 

cause haemolysis inside the fish body followed by deposition of hemosiderin 

(Miyazaki & Kaige, 1985). Other authors observed increased number of MMC in 

the spleen of fish during bacterial infection (Manrique et al., 2014). Thus, the 

observed increase in hemosiderin and MMC can be safely attributed to 

bacteraemia. A similar type of splenic lesion was reported in channel catfish 

following IP injection with A. hydrophila (Bach et al., 1978). In the spleen was 

found congestion, necrotic foci and increased of MMC. Similar histological 

lesions in the splenic tissue of red tilapia were described by Alsaid et al. (2013). 

https://www.sciencedirect.com/science/article/pii/S2352513416300503#bib0115
https://www.sciencedirect.com/science/article/pii/S2352513416300503#bib0010
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The cellular alterations and damage to the spleen could be the reason for the 

splenomegaly that was observed in most diseased tilapia. In some broodstock 

tilapia, the spleen showed numerous granulomas surround by MMC. This 

particular may indicate a chronic condition or that the fish was able to control 

the infection.  

Gross external observation of tilapia kidney was quite difficult although 

some samples showed size enlargement. Histological sections of the kidney of 

the diseased fish exhibited varying degrees of nephritis. Hyaline degeneration 

was notable kidney lesion in majority of the diseased fished which was similar to 

the findings of Abdelhamed et al. (2017) when channel catfish was 

experimentally infected with virulent A. hydrophila strain. These “droplets” are 

absorbed haemoglobin proteins which have passed through the glomeruli 

(Croce & Stagg, 1997). Gram-stained kidney sections from these samples 

showed diffuse necrosis which was so severe in the tubules of some samples 

that only the basement membrane remained. This diffuse necrosis was similar 

previous studies in the kidney of crucian carp (Miyazaki & Kaige, 1985), Nile 

tilapia (Yardimci & Aydin, 2011), and channel catfish (Ventura & Grizzle, 1988). 

Degeneration of the distal kidney luminal epithelium caused by bacterial toxin 

was observed as hyaline droplets, all lesions resulted from bacteraemic sepsis 

were as previously described by other studies (Jantakajorn et al., 2014; 

Bromage & Owens 2002; Neely et al. 2002; Zamri-Saad et al. 2010).  However, 

these can also occur in the epithelial cells of renal tubules under normal 

conditions, where bright eosinophilic droplets within the proximal tubular 

epithelial cells can be found in normal fish (Takashima & Hibiya, 1995; 

Reimschuessel & Ferguson, 2006). Therefore, the accumulation of protein in 
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renal tubule epithelium might not specific clinical sign to diseased fish. 

Additionally, some samples from broodstock tilapia exhibited nephritis with 

numerous granulomas that indicates the fish is suffering a chronic infection 

(Ferguson, 2006) or it may have actually recovered from a previous infection. 

The heart of the fish is frequently involved in a wide range of diseases 

and its examination is important (Ferguson, 2006). Pathological changes 

commonly found in the heart are inflammation of the pericardial sac and heart 

muscle, called pericarditis and myocarditis, respectively (Steckert et al., 2018; 

Ferguson, 2006; Takashima & Hibiya, 1995). In this study, around 34% of the 

diseased tilapia exhibited these pathological changes. The findings of 

pericarditis and epicarditis found in this study are consistent with those 

described by Zamri-Saad et al. (2010) in O. niloticus infected naturally with S. 

agalactiae. Alsaid et al. (2013) and Pulido et al. (2004) mentioned that 

inflammation in the epicardium may vary in different degrees, while other 

organs could be less affected, corroborating the findings observed in this study 

with types of acute or chronic epicarditis. In myocarditis, the alteration is 

characterized by the presence of leukocytes and lymphocytes with excessive 

accumulation in the spaces between the muscular fibres, corroborating the most 

frequent alterations of cardiac tissue observed in this study, which were the 

mononuclear and granular inflammatory infiltrates. As the presence of Gram-

positive bacteria were observed, these alterations may be associated with the 

presence of bacteria present in the analysed fish, since such inflammation of 

the myocardium is usually preceded by bacterial colonisation (Ferguson, 2006). 

Necrosis of the endocardium with infiltration of mononuclear cells and 

https://www.sciencedirect.com/science/article/pii/S2352513416300503#bib0215
https://www.sciencedirect.com/science/article/pii/S2352513416300503#bib0010
https://www.sciencedirect.com/science/article/pii/S2352513416300503#bib0155
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/epicardium


183 

 

macrophage were also evident which could have resulted into cardiomyopathy 

in some diseased tilapia.  

Histopathological examination of brain tissue specimens show meningeal 

thickening and inflammatory cell infiltration in the brain tissue, indicating 

meningitis, accompanied by haemorrhage. Meningitis was the most obvious 

brain abnormality observed in 36% of diseased tilapia. Gram-stained section of 

the specimens showed numerous bacteria in the thickened meninges and in the 

macrophages together with inflammatory cells. Moreover, other specimens 

showed encephalitis where macrophages filled with Gram-positive bacteria are 

infiltrating the brain cortex. These findings are similar to reports in various study 

(Abuseliana et al., 2010; Rodkhum et al., 2011; Hernandez et al., 2009; Noraini 

et al., 2013; Suwannasang et al., 2014). These results demonstrated that 

macrophages can possibly act as a vehicle for these Gram-positive cocci, 

allowing it to cross the blood-brain barrier and gain access to the central 

nervous system, thereby becoming disseminated throughout the organism’s 

organ systems initiating bacterial septicaemia (Bowater et al., 2012). The 

medial longitudinal fasciculus and its nucleus, which were damaged by Gram-

positive bacteria in this study, have been suggested to be involved in the 

swimming control of the fish by sending axons to innervate the primary and 

secondary motor neurons of the spinal cord that control swimming activities 

(Palang et al., 2020; Uematsu et al., 2007). This pathological manifestation in 

the brain tissue of naturally infected fish correlates with the clinical behavioural 

abnormalities of erratic pattern of swimming, orientation abnormalities which 

were the most prevalent clinical signs in the moribund tilapia samples. These 

results support the observations of the fish farmers that the disease/mortality 
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outbreaks in their tilapia farms during the warm months of March to June has an 

infectious etiologic nature.  

Over-all, the description of clinical signs from diseased fish together with 

bacterial recovery and identification, and microscopic analyses of the cellular 

changes suggest that the disease/mortality outbreaks in farmed tilapia reported 

by farmers in the Philippines is caused by Streptococcus species and motile 

Aeromonas species. 

 

3.6 Conclusion 

In conclusion, it appears that farmed Nile tilapia in the Philippines are 

suffering from myriad of infectious diseases. The recovery and identification of 

the bacteria correlates with the observed clinical signs and is further 

strengthened by the abnormality and changes in the tissues examined. Majority 

of the diseased fish suffered from bacterial septicaemia and generalised 

inflammatory changes in the internal organs especially the brain. It would also 

appear from the histopathology result that a single etiologic is not responsible 

for the reported diseases or mortalities. Although it is possible that 

myxosporean parasites and viruses like TiLV contributes to the whole disease 

scenario, streptococci and aeromonads seem to be the major bacterial 

pathogens causing infectious diseases. The present work from this study now 

clarified the clinical picture of the observed disease/mortality among tilapia 

farms in the Philippines.  
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CHAPTER 4.  
 
 

Streptococcosis in Farmed Nile Tilapia in the 
Philippines 

 

Some of work presented in this chapter has been published in Journal of Fish Diseases. 

Legario FS, Choresca CH Jr., Turnbull JF, Crumlish M. Isolation and molecular characterization 

of streptococcal species recovered from clinical infections in farmed Nile tilapia (Oreochromis 

niloticus) in the Philippines. J Fish Dis. 2020; 00:1–12. https://doi.org/10.1111/jfd.13247 

4.1 Abstract 

Streptococcosis cause severe losses for global tilapia farming especially 

in developing countries. The aim of this study was to understand the pathogenic 

mechanisms of isolates recovered from natural disease outbreaks in farmed 

tilapia from the Philippines. A total of 25 bacterial strains identified as 

Streptococcal species, were profiled for antibiotic resistance and virulence 

patterns. There were 7 Streptococcus iniae and 18 Streptococcus agalactiae 

included in the study. A mixture of traditional and molecular probes was applied 

to determine the antibiotic and virulence profiles. Confirmation of species 

identification of the Streptococci were done using API 20 STREP, starch 

hydrolysis, species-specific duplex PCR and MALDI-TOF MS.  The S. 

agalactiae isolates serotyping was done using the multiplex PCR amplification 

of the capsular cps gene. The viable growth of the isolates in different 

incubation temperatures and salinities (% NaCl) was also determined. Antibiotic 

profiling was performed using the antibiotic disc diffusion method and PCR 
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amplification of antibiotic resistance genes. The virulence pattern was 

determined by haemolysis assay, capsule staining, and PCR amplification of 

virulence genes. The results of the confirmatory identification showed the 

limitation of API 20 STREP in identifying S. iniae isolates but was excellent for 

S. agalactiae. However, when the API profile of S. iniae was compared to 

published works on the identification of piscine S. iniae, good agreement and 

identification were possible.  Hydrolysis of starch can differentiate the positive 

S. iniae from the negative S. agalactiae. High correlation was found between 

16S rRNA gene sequencing and species-specific duplex PCR identifications. 

Peak analysis of the spectral profiles from MALDI-TOF can discriminate 

between S. iniae from S. agalactiae. Moreover, indicative serotype-specific 

peaks were observed in S. agalactiae isolates. The multiplex PCR serotyping 

positively identified two serotypes among the S. agalactiae isolates which were 

serotype Ia and serotype Ib. All strains were susceptible to the tested antibiotics 

and resistant to oxolinic acid while they were highly susceptible to β-lactam 

antibiotics and florfenicol. Only S. agalactiae serotype Ib showed resistance to 

sulphamethoxazole-trimethoprim. No resistance genes were detected among 

isolates; however, this is limited by the number of antibiotics used and the 

ARGs that were assayed. The low incidence of antibiotic resistance among 

streptococci isolates from the Philippines may indicate low use of antibiotics in 

the faming of tilapia. Identical virulence profiles were found for all strains of S. 

iniae, while S. agalactiae serotypes have different set of virulence genes. All the 

streptococci have capsules and the virulence genes for its expression. The S. 

agalactiae serotype Ib did not contain the cylE gene which is the structural gene 

for haemolysis. The presence of these virulence genes adds to the evidence of 
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their pathogenic potential which was supported by histopathology. This is the 

first study from the Philippines to characterize the streptococci involved in 

disease outbreaks in tilapia aquaculture. Outputs from this study will promote 

development of efficacious disease control strategies in tilapia farming for the 

Philippines and in Southeast Asia.  

4.2 Introduction 

Streptococcosis outbreaks in farmed freshwater tilapia continues to 

threaten global production, contributing to severe economic losses encountered 

worldwide (Amal & Saad, 2011; Li et al., 2015; Liu et al., 2018; Mishra et al., 

2018). Streptococcosis in fish can be caused by more than one streptococcus 

species (Austin & Austin, 2007). The main aetiological agents identified from 

natural disease outbreaks in freshwater and marine water fishes are the Gram 

positive, Streptococcus agalactiae and S. iniae (Agnew & Barnes, 2007; Zhou 

et al, 2008; Mishra et al., 2018). These two streptococci species present 

identical gross clinical signs, and it is difficult to differentiate them by 

microscopic examination of tissue. Moreover, conventional morphological and 

biochemical tests are not able to accurately identify the species and serotypes 

(Mishra et al., 2018). It is of paramount importance to discriminate the two 

species since preventive strategies like vaccination does not provide cross-

protection to the fish (Evans et al., 2004). Since their first detection as 

aetiological agents of streptococcosis in fish, the continued mortalities in farmed 

tilapia infected by these two streptococcal species is making them fish 

pathogens of global aquatic importance (Perera & Johnson, 1994; Zamri-Saad 
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et al., 2010). Understanding the pathogenesis of streptococcal infections in 

aquatic outbreaks remains complex, as similar to other aquatic pathogens, both 

bacterial species possess an array of virulence genes and express a range of 

virulence factors in relation to their pathogenicity. Identification of virulence 

gene patterns can be used to determine the genetic diversity of fish pathogens 

belonging to streptococcal species and provide improved understanding of the 

evolutionary relationship between pathogen virulence and host adaptation 

(Godoy et al., 2013). This relationship is important to identify efficacious 

solutions to reduce natural disease outbreaks on the farms. 

Antibiotics are widely used to prevent bacterial disease in fish. On a 

global scale, several of the major classes of antimicrobials are being used or 

have been used in aquaculture. Among these are sulphonamides, penicillins, 

macrolides, quinolones, phenicols, and tetracyclines (Sapkota et al., 2008), all 

of which are listed as critically or highly important antimicrobials in human 

medicine (WHO, 2011). Currently, the tilapia industry, especially in China, 

remains reliant on antibiotics to treat bacterial infections in their stocks and that 

the overuse of antibiotics without legislation has contributed towards the 

production of AMR within aquatic bacterial strains (Zhou et al., 2021). 

Furthermore, without appropriate infrastructure and better administration 

processes, aquaculture can inadvertently contribute towards the rapid 

production of AMR via anthropogenic drivers, which can lead to human health 

issues as aquatic strains can carry genetic resistance and virulence markers 

which allows them to infect humans. In the Philippines, around 20 antibiotics are 

permitted for use in aquaculture including tetracyclines, erythromycin, 

amoxicillin, sulphonamides-trimethoprim, enrofloxacin, florfenicol, and oxolinic 

https://www.frontiersin.org/articles/10.3389/fmicb.2013.00233/full#B81
https://www.frontiersin.org/articles/10.3389/fmicb.2013.00233/full#B100
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acid (FAO, 2020). A major concern surrounding the use of antimicrobials in 

aquaculture is the potential to favour the development of a reservoir of 

antimicrobial resistance genes (ARGs) that may eventually be transferred to 

clinically relevant bacteria by horizontal gene transfer (von Wintersdorff et al., 

2016). The indiscriminate use of antibiotics by fish farmers allows residues of 

antibiotics to remain in both cultured organisms and local environments which 

can lead to the emergence of drug-resistant strains. Some streptococci, i.e. S. 

iniae and S. agalactiae, are known to be zoonotic and emergence of their 

antibiotic-resistant strains can create serious public health problems (Ghittino et 

al., 2003). According to several studies, presently there is an increased call for 

the ban of antimicrobial use especially in animal production, however, 

addressing food security should not prohibit their usage but instead to minimise 

it (FAO/OIE/WHO, 2006; Smith, 2008; Heuer et al., 2009; WHO, 2011). The 

judicious use of antimicrobials in global aquaculture is important to effectively 

treat bacterial fish diseases and maintain fish health and welfare. 

Under experimental conditions, a diverse type of virulence factors of S. 

iniae have been identified and expression confirmed in white striped bass 

(Baiano & Barnes, 2009). The pathogenic strains of S. iniae possess a capsule 

and the M-like protein called SiM (genes: simA and simB) which when 

expressed protect S. iniae against phagocytosis from host immune cells via 

opsonisation (Locke et al., 2007a, 2008). Phosphoglucomutase is regulated by 

the pgm gene and is crucial for virulence as it is involved in cell wall thickness 

and rigidity, surface capsule expression and resistance to cationic antimicrobial 

peptides (Buchanan et al., 2005). Furthermore, pathogenic S. iniae expresses a 

cytolysin called SLS) which is a peptide toxin homologous to streptolysin S from 

https://www.frontiersin.org/articles/10.3389/fmicb.2013.00233/full#B25
https://www.sciencedirect.com/science/article/pii/S0378113508004756?casa_token=1JZPxEmPCXAAAAAA:iEcpipEfBzn4WagttFJlBtcLgh27gvtwO40jndiWjWlsVN6_zBTvGBhp9_HDDueWRU2KIclu#bib13
https://www.sciencedirect.com/science/article/pii/S0378113508004756?casa_token=1JZPxEmPCXAAAAAA:iEcpipEfBzn4WagttFJlBtcLgh27gvtwO40jndiWjWlsVN6_zBTvGBhp9_HDDueWRU2KIclu#bib13
https://www.frontiersin.org/articles/10.3389/fmicb.2013.00233/full#B25
https://www.frontiersin.org/articles/10.3389/fmicb.2013.00233/full#B89
https://www.frontiersin.org/articles/10.3389/fmicb.2013.00233/full#B36
https://www.frontiersin.org/articles/10.3389/fmicb.2013.00233/full#B100
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Streptococcus pyogenes which is responsible for beta-haemolysis. The S. iniae 

SLS is a pore forming cytotoxin, where the work reported by Locke et al (2007b) 

confirmed SLS as an important promoter of cell cytotoxicity in vitro and 

expression of SLS was required during an in vivo fish challenge study to induce 

infection and mortalities in injected hybrid stripe bass. Experimental results 

showed sagA mutant S. iniae have highly decreased virulence compared to the 

wild-type strains since the sag operon is involved in SLS formation (Locke et al., 

2007b).  

The virulence genes of S. agalactiae or GBS are clustered into three 

broad groups: adhesins, invasins and immune evasins, all of which play 

interrelated roles in their pathogenicity in the host after infection (Lin et al. 

2011). The adhesins are cell surface components of bacteria that promote the 

adhesion of those bacteria to the host cell surface; for example, 

fibrinogen‐binding proteins allow bacteria to bind with fibrinogen to protect them 

from opsonophagocytosis (Gutekunst et al. 2004; Tenenbaum et al. 2005; 

Buscetta et al. 2014). Invasins, are a class of proteins that allow penetration into 

the host cells. Examples include enabling the adhesive bacteria to cross the 

mucosal and the blood‐brain barrier (Landwehr-Kenzel & Henneke, 2014) by 

the degradation of hyaluronan (Li & Jedrzejas 2001; Haas et al. 2015; Kolar et 

al. 2015) and collagen (Surve et al. 2016). The immune evasins, facilitate 

escape from host immunity; for example, the pbp1A/ponA gene that promotes 

resistance to host’s cationic antimicrobial peptides (AMPs) (Hamilton et al., 

2006). Investigation of the different virulence factors within a specific bacterial 

pathogen is important since it confers evolutionary advantages whether in 

transmission or within-host growth which consequently lead to disease and 
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mortality (Brown et al., 2012). However, some virulence factors are said to be 

by products or adaptation to other ecological niches and not directly related to 

disease (Adiba et al., 2010). These virulence factors act as coincidental by-

product of adaptation may help us understand some pathogenic strategies 

employed by fish bacterial pathogens and their strains as observed in acute and 

chronic infections. 

Pathogenic GBS strains are able to induce haemolysis in the infected 

host during natural disease outbreaks. This has been reported in human GBS 

(Doran et al., 2004; Liu et al., 2004) as well as many fish GBS strains 

(Kayansamruaj et al., 2014). The ability of the bacteria to induce haemolysis of 

the host cells is via possession of the surface-associated pore-forming GBS B-

haemolysin/cytolysin toxins which are encoded by the cylE gene (Liu et al., 

2004). βH/C is responsible for the characteristic zone of clearing around GBS 

colonies grown on blood agar plates and is capable of forming pores in a variety 

of eukaryotic cell membranes. βH/C is thought to contribute to GBS 

pathogenicity by virtue of its cytolytic properties, its ability to promote bacterial 

invasion of epithelial and endothelial barriers, and its activation of host 

cytokines and other inflammatory mediators. Studies have shown that GBS 

βH/C mutant exhibited decreased virulence in animal models of sepsis and 

meningitis (Ring et al., 2002; Doran et al., 2003). The work by Whidbey et al. 

(2013) identified that the ornithine rhamnolipid pigment is an important 

pluripotent toxin for GBS infections in humans as this pigment/lipid toxin 

complex, which is produced by the cyl operon (Rosa-Fraile et al., 2014; 

Armistead et al., 2019) enables the bacteria to be cytotoxic to a wide range of 

host cells. Optimum level production of this pigment enables GBS to induce 
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cytolysis and apoptosis of phagocytes and contributes to enhanced survival 

within phagocytes by shielding from oxidative damage caused by reactive 

oxygen species (ROS) (Armistead et al., 2019; Liu et al., 2004). 

However, like the human GBS strains some fish GBS strains are also 

non-beta-haemolytic like the piscine S. agalactiae serotype Ib. In the study of 

Banno et al. (2017), clinical isolates of S. agalactiae from humans that are non-

beta-haemolytic were observed to have reduced growth, small colony size, and 

atypical colony morphology which is called small colony variants (SCVs). The 

SCVs have been described in several bacterial genera and species such as 

Staphylococcus (Baddour et al., 1990) and Streptococcus (Allegrucci et al., 

2007)) with their most prominent feature is the nearly one-tenth size of colonies 

associated with the wild-type bacteria (Proctor et al, 2006). In human medicine, 

the clinical importance of SCVs is their association with persistent, recurrent, 

and antibiotic-resistant infections (Proctor et al., 2006). Moreover, these SCVs 

may cause problems in bacterial isolation and identification which may lead to 

misdiagnosis and treatment failure. (Banno et al., 2014). To date, piscine GBS 

with this SCV phenotype have not been described or reported in the literature.  

Investigation of the genetic and epidemiological relationship of piscine 

streptococci is important in finding the appropriate health strategies, which may 

be unique depending on the geographical area. To support the tilapia farming 

sector, the “holy grail” is to produce highly efficacious prevention and control 

measures against fish losses due to streptococcal infections. Disease outbreaks 

from both of these bacterial pathogens, often present with similar clinical signs, 

and can be confused with other bacterial infections. In addition, concurrent 

infections with both S. agalactiae and S. iniae (Conroy, 2009) can be seen on 
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single farms. These factors have contributed to a slower development of 

effective prevention and control strategies within tilapia farming systems 

globally and have resulted in more fragmented approaches. To reduce disease 

outbreaks, reliable data on the antimicrobial susceptibility and genetic 

determinants of virulence are required.  

4.2.1 Study Aim  

The objectives of the present study were to characterize and profile the 

antibiotic susceptibility and virulence genes of streptococcal species recovered 

from clinically sick tilapia farmed in the Philippines, with a view to improving 

targeted disease prevention and control measures.  

 

4.3 Materials and Methods 

 The origin and preliminary identification of the strains 

characterised in this chapter was reported in Chapter 3 (pages x-y). Preliminary 

identification of the isolates included conventional methods like Gram staining, 

oxidase, catalase, motility, and oxidation-fermentation while the molecular 

identification test was 16S rRNA gene sequencing.  

 In total there were 7 S. iniae and 25 S. agalactiae. The S. iniae 

isolates were recovered from moribund tilapia from Taal Lake farms while the S. 

agalactiae isolates were from Taal Lake, Calauan and Nueva Ecija.  
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4.3.1 Identification of Species 

4.3.1.1 Biochemical profiles of the isolates 

The biochemical profiles of the streptococci isolates were identified using 

the API 20 STREP kit (BioMérieux, France) following the manufacturer’s 

instructions but modified incubated at 28° C instead of 37° C (Crumlish et al., 

2002).  

4.3.1.2 Starch hydrolysis for streptococci 

The starch hydrolysis test was performed based on the method of Cowan 

and Steel (Barrow & Feltham, 2003).  A single colony subculture from TSA plate 

was aseptically streaked onto a starch agar plate (10 g starch/L of Nutrient 

Broth-Oxoid). The inoculated starch agar plates were incubated at 28° C for 24 

h, then flooded with iodine’s solution and the presence of zone of clearance 

around the bacterial growth against a deep blue background was a positive 

result. 

4.3.1.3 Duplex PCR for S. agalactiae and S. iniae 

A duplex PCR assay was performed to test species differentiation 

between S. iniae and S. agalactiae strains. Prior to adopting the PCR method, a 

series of optimisation steps were performed as described. 

Optimisation. A duplex PCR was developed to differentiate between S. 

agalactiae and S. iniae using species-specific primers: LOX-1 (5’-

AAGGGGAAATCGCAAGTGCC-3’) and LOX-2 (5’-

ATATCTGATTGGGCCGTCTAA-3’) for target gene lctO of S. iniae which 

amplifies approximately 870 bp of the gene (Mata et al., 2004), and STRA-AgI 

(5’-AAGGAAACCTGCCATTTG-3’) and STRA-AgII (5’- 
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TTAACCTAGTTTCTTTAAAACTAGAA-3’) which targets the 16-23S intergenic 

spacer region of S. agalactiae which is about 270 bp (Phuektes et al., 2003). 

Optimisation of the duplex PCR was done by doing specificity and sensitivity 

tests. For sensitivity test, genomic DNA of S. iniae ATCC 29178 and S. 

agalactiae NCIMB 701348 were diluted 10-fold with Milli-Q water starting with a 

50 ng/ µl concentration. Then, each concentration of the genomic DNA for each 

streptococci was PCR amplified using the species-specific primers, 

electrophoresed and visualised. In specificity test, each specific primer pairs 

were separately used for PCR amplification using genomic DNA at 50 ng/ µl. 

Then a duplex PCR was designed using both primers in a single reaction. The 

genomic DNA of S. iniae ATCC 29178, S. agalactiae NCIMB 701348, and a 

mixture of both streptococci were used in a 25 ul PCR reaction at 50 ng/ µl and 

amplified with an initial denaturation at 95 °C for 15 min, followed by 35 cycles 

of denaturation at 95°C for 30s, annealing at 55°C for 30s and extension at 

72°C for 25s, with a final extension of 72°C for 10 min. PCR products were then 

electrophoresed and visualised in UV transilluminator. 

Duplex PCR. Each PCR was performed in a 25 µl reaction mixture 

consisting of 12.5 µl of 2X HS MyTaq mastermix (bioline UK), 1.5 µl of 10 pmol 

of each oligonucleotide primer (Eurofins MWG Operon, Germany), 2.0 µl of 

DNA template, and Milli-Q water to volume. The amplification profile consisted 

of an initial denaturation at 95 °C for 15 min, followed by 35 cycles of 

denaturation at 95°C for 30s, annealing at 55°C for 30s and extension at 72°C 

for 25s, with a final extension of 72°C for 10 min. The PCR products were 

obtained by electrophoresis in a 1% (w/v) agarose gel prepared in 0.5X TAE 

(Tris-acetate-EDTA) buffer with ethidium bromide (0.5 µg ml-1), visualized on a 
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UV transilluminator. Positive control isolates were used which included type 

strain of S. agalactiae NCIMB 701348 and S. iniae ATCC 29178. (Appendix 

2.3). 

 

4.3.1.4 Capsular serotyping for S. agalactiae 

Molecular serotype based on the cps gene was determined using a 

multiplex PCR described by Imperi et al. (2010) with minor modifications. 

Instead of 19 primers, seven primers (Table 4.1) were used to amplify serotypes 

Ia, Ib, II and III to reflect the most common serotypes infecting fishes (Delannoy 

et al., 2016). The S. agalactiae (STIR-CD-17) serotype Ib and Milli-Q water 

were used as positive and negative controls respectively. The PCR reaction 

contained 12.5 µl of 2X HS MyTaq mastermix, 1.0 µl of 10 pmol of each 

oligonucleotide primer, 5.0 µl of 20 ng gDNA, and 0.5 µl of milliQ water. PCR 

amplification was performed in Biometra thermal cycler (Analytik Jena) using a 

cycling protocol of: 1 cycle of 1 min at 95°C; 15 cycles of 60 s at 95°C, 60 s at 

54°C and 2 min at 72°C; 25 cycles of 60 s at 95°C, 60 s at 56°C and 2 min at 

72°C; final cycle of 10 min at 72°C. The PCR products were then separated by 

electrophoresis in 1.5 % (w/v) agarose gel and visualized under UV light. 

(Appendix 2.4). 
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Table 4.1 Molecular serotyping primers for S. agalactiae. 

Serotype Target Gene Primer Nucleotide (5’ → 3’)* Target Region (bp) 

 

 

Ia 

cpsL cpsL-F CAATCCTAAGTATTTTCGGTTCATT 688 

 cpsL-R TAGGAACATGTTCATTAACATAGC  

cpsG cpsG-F ACATGAACAGCAGTTCAACCGT 272 

 cpsG-R ATGCTCTCCAAACTGTTCTTGT  

 

 

 

Ib 

cpsG cpsG-F ACATGAACAGCAGTTCAACCGT 272 

 cpsG-R ATGCTCTCCAAACTGTTCTTGT  

cpsJ cpsJ-Ib-F GCAATTCTTAACAGAATATTCAGTTG 621 

 cpsJ-Ib-R GCGTTTCTTTATCACATACTCTTG  

cpsL cpsL-F CAATCCTAAGTATTTTCGGTTCATT 688 

 cpsL-R TAGGAACATGTTCATTAACATAGC  

 

 

III 

cpsG cpsG-F ACATGAACAGCAGTTCAACCGT 352 

 cpsG-2-3-6-R TCCATCTACATCTTCAATCCAAGC  

cpsL cpsL-F CAATCCTAAGTATTTTCGGTTCATT 688 

 cpsL-R TAGGAACATGTTCATTAACATAGC  

 

4.3.1.5 Protein spectral profiles of the streptococci isolates  

Ethanol-formic acid extraction. The ethanol-formic extraction method 

used in this study was carried out following the method published by Freiwald 

and Sauer (2009). In summary, single colonies were taken using a disposable 

loop and re-suspended in 300 μL of Milli-Q water before 900 μL of absolute 

ethanol at RT was added. At this point, it was possible to store the ethanol-

inactivated bacteria for several weeks at 4° C. If this was not to be the case, 

samples were centrifuged at 10,000 x g for 2 min at RT and the supernatants 

were removed and discarded. Samples were then centrifuged again at 10,000 x 

g at RT for 2 min and any residual ethanol was removed using a pipette before 

sample were left open to dry for approximately 2 min. Once samples had been 

given time to dry, 10 μL of 70% formic acid was added to the pellets and mixed 

thoroughly by pipetting in order to dissolve extracted proteins. Following this, 10 

μL of pure acetonitrile was added to the samples and carefully mixed before 
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being centrifuged once again at RT for 2 min at 10,000 x g. The extracted 

proteins were in the supernatant and were transferred into a new sterile 

eppendorf tube. The extracted protein samples were then stored at 4°C until 

used. 

Spotting of MALDI-TOF slide/target plate 

The matrix solution used in all analysed samples was α-Cyano-4-

hydroxycinnamic acid (CHCA; C10H7NO3) which was prepared at a 

concentration of 5 mg/mL in a solution of 70% acetonitrile and subsequently 

stored at 4°C for one week.  

In order to spot the MALDI target plate (FlexiMass-SR48 steel targets; 

Shimadzu, Japan), 0.5 μL of the extracted protein samples were added to each 

spot of the target plate. Samples were left to dry in air for 20 min before 0.5 μL 

of CHCA matrix solution was added to each spot. Again, the plate was given 20 

min to dry in air before being inserted into the MALDI-TOF MS instrument. From 

each original sample six dilutions (1:1, 1:2.5, 1:5, 1:10, 1:20, 1:40) were 

prepared with 0.1% trifluoroacetic acid (TFA). Each original and dilution sample 

was spotted in tetraplicates (technical replicates n=4/dilution). 

 

Analysis of bacterial profiles through use of MALDI-TOF spectrometry 

MALDI-TOF analysis was performed using a Benchtop Linear MALDI-

TOF Mass Spectrometer 8020 (Shimadzu, Japan) equipped with the Shimadzu 

software package, for spectra 15 recording in the positive linear mode (laser 

power set at 50, Pulse extraction value 1800; mass range, 300 Da to 15,000 

Da). A total of 300 profiles per spot were accumulated for analysis. Mass 

calibration was performed using the Protein Mix 1 calibrant from Laserbio Labs 
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(UK) that contains a mixture of proteins within a mass range of 5,700-17,000 

Da. 

4.3.2 Viable growth in different incubation temperatures and salt 
concentrations 

From a pure culture, colonies of each bacterial isolate were transferred 

into 2 ml sterile distilled water with the bacterial density adjusted to a McFarland 

standard of 0.5 (bacterial density ≈ 1.5 x 108/ml). A 40 µl sample of each 

bacterial suspension was then added to 2 ml TSB. To determine the 

temperature tolerance, each isolate was incubated at 4, 15, 22, 28, 37, 43 and 

47 °C alongside the negative controls which consisted of TSB with no bacteria.  

Salinity tolerance was investigated by growing the isolates at 0.5, 1.0, 

2.0, 3.0, 4.0, 5.0, 6.0, 6.5 and 7.0 (w/v) NaCl in TSB at 28 °C. The bacterial 

suspensions were prepared as described above. Negative control comprising of 

TSB without bacteria were made for each salinity group. A positive result for 

growth is indicated by turbidity while negative result showed absence of 

turbidity. For both assays viable growth was compared with the controls for 5 

days. 

4.3.3 Histopathology 

 The details of the histopathology protocol is found in Chapter 3 

(pages). H&E and Gram-stained tissue sections were examined using the digital 

slide scanner (ZEISS Axio Scan.Z1, ZEISS Germany).  



200 

 

4.3.4 Antibiotic susceptibility and antibiotic resistance determinants 

4.3.4.1Antibiotic susceptibility assay 

All the isolates were tested for antibiotic sensitivity to antibiotics that are 

globally licensed for aquaculture which are amoxicillin (AML 10 µg), 

oxytetracycline (OT 30 µg), florfenicol (FFC 30 µg), sulfamethoxazole-

trimethoprim (SXT 25 µg), oxolinic acid (OA 2 µg), enrofloxacin (ENR 5 µg), 

tetracycline (TE 30 µg) and erythromycin (E 15). Additionally other antibiotics of 

human health significance were also tested which include ampicillin (AMP 25 

µg), penicillin G (P 10 units), chloramphenicol (C 30 µg), and vancomycin (VA 

30 µg) (Oxoid UK). The antibiotics selected were those routinely screened in the 

diagnostic laboratory at the Institute of Aquaculture, University of Stirling and 

representative of antibiotics licensed for use in global aquaculture. The Kirby-

Bauer method of antibiotic suscpetiblitiy testing as described was also followed. 

was applied: spread plates were produced on TSA by aseptically removing 2-3 

single colonies per strain from a single colony subculture plate and emulsifying 

in 5 ml of sterile saline (0.85% NaCl) to give a concentration equal to McFarland 

Standard of 1. This gave an approximate bacterial concentration of 3.0 x 108 

CFU/ml. A bacterial lawn was produced, and the antibiotic discs applied using 

an Oxoid TM antimicrobial susceptibility disc dispenser and incubated at 28°C for 

72 h. Results were interpreted as sensitive (≥ 16 mm), partially sensitive (12-15 

mm) or resistant (≤ 11 mm) based on the diameter zone of inhibitions (Crumlish 

et al., 2002). Multi-resistance of the isolates is based on the definition as 

resistance to at least three antimicrobial classes (Schwarz et al., 2010).  
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4.3.4.2 Detection of antibiotic resistance genes 

Based on the antibiotic resistance phenotypes, genes encoding 

resistance to sulphonamides (sul1, sul2, sul3) and trimethoprim (dfrA1, dfrA12, 

drfA17) were tested by PCR. The presence of integrons (IntII, IntI2, Class 1 

integron) were also screened in all isolates. The list of primers are shown in 

Table 4.2. The antimicrobial resistance genes amplified PCR products were 

purified and sent for sequencing to confirm their identity.   

Table 4.2 Primers used for PCR detection of different ARGs in Streptococci spp. isolates. 

Targeted Gene Primer Pair Sequence (5’-3’) Annealing 
temperature (°C) 

Amplicon 
size (bp) 

Sulphonamide Resistance 

     sul1** sul1-F CTTCGATGAGAGCCGGCGGC 71 417 

 sul1-R GCAAGGCGGAAACCCGCGCC   

     sul2** sul2-F AGGGGGCAGATGTGATCGAC 54 249 

 sul2-R GCAGATGATTTCGCCAATTG   

     sul3** sul3-F GAGCAAGATTTTTGGAATCG 52 789 

 sul3-R CATCTGCAGCTAACCTAGGGCTTTGGA   

Trimethoprim Resistance 

     dfra1** dfra1-F ACG GAT CCT GGC TGT TGG TTG GAC GC 65 254 

 dfra1-R CGG AAT TCA CCT TCC GGC TCG ATG TC   

     dfra12** dfra12-F ACT CGG AAT CAG TAC GCA 50 462 

 dfra12-R GTG TAC GGA ATT ACA GCT   

     dfra17** dfra17-F GAT TTC TGC AGT GTC AGA 50 384 

 dfra17-R CTC AGG CAT TAT AGG GAA   

Integrons 

     IntI1* InII-F CTACCTCTCACTAGTGAGGGGCGG 58 847 

 InII-R GGGCAGCAGCGAAGTCGAGGC   

     IntI2* IntI2-F GCAAATGAAGTGCAACGC 56 467 

 IntI2-R ACACGCTTGCTAACGATG   

     Class 1 integron* 5’CS GGCATCCAAGCAGCAAG 64 Variable 

 3'-CS AAGCAGACTTGACCTGA   

*Hossain et al. (2018), **Syrova et al. (2018). 
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4.3.5 Virulence and virulence genes 

4.3.5.1 Phenotypic virulence determinants 

Presence of capsule  

The protocol for Anthony’s capsule stain was based on Hughes and 

Smith (2007). One colony of each bacterial isolate from a pure culture was 

placed into 5 ml milk broth (0.95% skim powder milk) and incubated at 28° C, 

140 rpm for 18 hours. After incubation, a 20 µl smear of the bacterial 

suspension was made on a microscope and left to air dry. The slides were 

covered with 1% crystal violet for 1 minute and washed with 20% copper 

sulphate solution (see Appendix). Pseudomonas aeruginosa strain ATCC 

27835 was used as positive control and prepared as above except that it was 

grown at 22° C. Coverslips were mounted onto slides using Pertex and then 

visualised using Zeiss Axiocam MRc digital camera on an Olympus BX51 

microscope under 100 x magnification. Bacterial cells and the proteinaceous 

background will appear purplish while the capsule will appear transparent 

(positive result).  

Haemolysis on Sheep Blood 

A pure colony of the streptococcal isolate was streaked onto 5% (v/v) 

sheep blood agar. The plates were then incubated at 28° C and checked daily 

for five days. A clearing around the colonies on the blood agar plate was 

recorded as a positive result for haemolysis. The S. iniae ATCC 29178 was 

used as the positive control.  
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4.3.5.2 Detection of virulence genes 

Isolates were screened for a total of 6 and 7 virulence genes for the S. 

iniae, and S. agalactiae, respectively (Table 4.3) using conventional PCR. The 

PCR conditions followed those cited in the literature (Table 2) with minor 

modifications to the time for denaturation (15s), annealing (15s) and extension 

(30s). Temperatures for each stage were followed as described in the cited 

publication.  

Each PCR was performed in a 25 µl reaction mixture consisting of 12.5 

µl of 2X HS MyTaq mastermix (bioline UK), 1.5 µl of 10 pmol of each 

oligonucleotide primer (Eurofins MWG Operon, Germany), 2.0 µl of DNA 

template, and Milli-Q water to volume. The PCR products were obtained by 

electrophoresis in a 1% (w/v) agarose gel prepared in 0.5X TAE buffer with 

ethidium bromide (0.5 µg ml-1), visualized on a UV transilluminator.   

 

 

Table 4.3 Primers used for the detection of virulence genes in S. iniae and S. agalactiae.  

  
Virulence Factor Target 

Gene 
Primer Nucleotide (5’-3’) Target 

Region 

(bp) 

Function 

S. iniae      
      

M-like Protein* simA simAfornew AATTCGCTCAGCAGGTCTTG 994 Adhesin 

simArevnew AACCATAACCGCGATAGCAC 

C5α peptidase* scpI scpIfor GCAACGGGTTGTCAAAAATC 822 Immune evasin 

scpirev GAGCAAAAGGAGTTGCTTGG 

Phosphoglucomutase* pgm pgmfor TATTAGCTGCTCACGGCATC 490 Immune evasin 

pgmrev TTAGGGTCTGCTTTGGCTTG 

Capsule* cpsD cpsDfor TGGTGAAGGAAAGTCAACCAC 534 Immune evasin 

cpsDrev TCTCCGTAGGAACCGTAAGC 

Polysaccharide deacetylase* pdi pdifor TTTCGACGACAGCATGATTG 381 Adhesin 

pdirev TTAGGGTCTGCTTTGGCTTG 

Cytolysin SLS* sagA sagAfor AGGAGGTAAGCGTTATGTTAC 190 Invasin 

sagArev AAGAAGTGAATTACTTTGG 
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S. agalactiae      

      

CAMP factor** cfb cfb-F GGATTCAACTGAACTCCAAC 600 Invasin 

cfb-R GACAACTCCACAAGTGGTAA 

Serine protease** cspA cspA-F CTGCTAAAGCACACCTAAAC 971 Immune evasin 

cspA-R ATCAGTAGTGGTTCCTTTCC 

B-hemolysin/cytolysin*** cylE cylE-F CACTGCCAAGAGCAGTTGATT 558 Adhesin 

cylE-R TTCCCCTTGGCGGATTTGGA 

Fibrinogen-binding protein A** fbsA fbsA-F AACCGCAGCGACTTGTTA 278 Adhesin 

fbsA-R AAACAAGAGCCAAGTAGGTC 

Hyaluronate lyase** hylB hylB-F TCTATGCTGACGGTTCTTAC 323 Invasin 

hylB-R GAGGTCTAAGTTTCGCTCTT 

Pilus-island 2B**** PI-2b PI-2b-F ACACGACTATGCCTCCTCATG 721 Immune evasin 

PI-2b-R TCTCCTACTGGAATAATGACAG 

Penicillin-binding protein 1A** pbp1A/ponA pbp1A/ponA-
F 

AGGGGTAGTAGCATTACCAT 939 Immune evasin 

pbp1A/ponA-
R 

CAACTATATGACTGGGATCG 

*Baum et al. (2013), **Kannika et al. (2017), ***Jiang et al. (2016); ****Chattopadhyay et al. (2011) 

 

4.4 Results 

4.4.1 Identification of the species 

4.4.1.1 Biochemical profiles of the isolates 

The API 20 STREP biochemical profiles produced higher variation 

between the S. agalactiae strains compared with the S. iniae. All of the 7 S. 

iniae isolates tested had identical API 20 STREP biochemical profiles and they 

differed only from the type strain S. iniae ATCC 29178 on beta-glucoronidase 

(β-GUR) and arginine dihydrolase (ADH) (Table 4.4). The S. agalactiae isolates 

exhibited varied biochemical characteristics and primarily differed from the type 

strain S. agalactiae NCIMB 701348 on β-GUR and lactose fermentation (LAC). 

All results are summarised in Table 4.4and the S. agalactiae isolates were 

grouped into three biochemical profiles.  
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Table 4.4. Phenotypic and biochemical characteristics of the different Streptococci isolates. 

 
 S. iniae 

ATCC 
29178 

SI 9* SI 25* SI 105* S. 
agalactiae 

NCIMB 

701348 

SA 
Group 1** 

SA 
  Group 2*** 

SA 
Group 3**** 

Gram Positive Positive Positive Positive Positive Positive Positive Positive 

Morphology cocci cocci cocci cocci cocci cocci cocci Cocci 

Motility - - - - - - - - 

Catalase - - - - - - - - 

Oxidase - - - - - - - - 

O/F + + + + + + + + 

Starch 
hydrolysis 

+ + + + - - - - 

Haemolysis + + + + + + + + 

VP - - - - + + + + 

HIP - - - - + + - + 

ESC + + + + - - - - 

PYRA + + + + - - - - 

αGAL - - - - - - - - 

βGUR + - - - + - - - 

βGAL - - - - - - - - 

PAL + + + + + - - + 

LAP + + + + + + - + 

ADH + - - - + + - + 

RIB + + + + + + - + 

ARA - - - - - - - - 

MAN + + + + - - - - 

SOR - - - - - - - - 

LAC - - - - + - - - 

TRE + + + + + + + + 

INU - - - - - - - - 

RAF - - - - - - - - 

AMD + + + + - - - - 

GLYG + + + + - - - - 

*SI = Streptococcus iniae; similar biochemical profile with 7, 16, 18, 31 

**SA Group 1 = Streptococcus agalactiae isolate 63 

***SA Group 2 = Streptococcus agalactiae isolates 100, 101, 102 

****SA Group 3 = Streptococcus agalactiae; similar biochemical profile with isolates 97, 106, 108, 109, 113, 117, 122, 126, 131, 

132, 135, 138, 139, 141 

 

A single biochemical profile was obtained for the Philippine S. iniae 

strains in this study (Table 4.5, column A). When comparing the API STREP 
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profiles with published results, only 3 tests gave 100% positive responses for all 

studies. This was PYRA, PAL and LAP and only more comparative results were 

found in the strains being negative for VP, HIP, ARA, SOR, LAC, INU, and RAF 

(Table 4.5). The remaining tests gave variable results and would therefore not 

be considered reliable for species identification. 

Previous authors have confirmed the variability in using API20STREP 

kits for the identification of aquatic S. agalactiae strains and this was confirmed 

for the Philippines strains tested in this study (Table 4.5, column A). More tests 

were negative or variable for the S. agalactiae strains tested in this study as 

well as those published previously.  

From the API STREP results, S. agalactiae could be differentiated from 

S. iniae based on positive VP, HIP only (Table 4.5). 
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Table 4.5 Table 4.5. Percentage positivity for API 20 STREP for Streptococcus agalactiae and 
Streptococcus iniae isolates from farmed Nile tilapia in the Philippines and in other literature 

reports.  

 
S. agalactiae S. iniae 

Reference* A B C D E F G H I J A G K L M N O P Q R 

Number of 
Isolates 

 

18 

 

8 

 

4 

 

8 

 

20 

 

20 

 

10 

 

20 

 

9 

 

18 

 

7 

 

10 

 

10 

 

1 

 

3 

 

65 

 

26 

 

11 

 

24 

 

31 

Country** PH CH CH KW KW BZ IS, 
JP, 
TW 

TH VT US, 
TH, 
EC, 

HN, 
IS 

PH IS, 
JP, 
TW 

TH SP BH SK CH IS AU AU 

VP 100 n/a 0 0 100 100 100 100 100 100 0 0 0 0 0 0 0 0 0 0 

HIP 83 100 100 100 100 0 0 0 100 100 0 0 0 0 0 0 0 0 0 0 

ESC 0 0 0 0 0 0 0 0 0 0 100 100 100 100 100 3 100 100 100 100 

PYRA 0 0 0 0 0 0 0 0 0 0 100 100 100 100 100 100 100 100 100 100 

α-GAL 0 100 0 0 0 0 0 100 0 11 0 0 60 0 0 0 0 0 0 0 

β-GUR 0 100 0 0 70 0 0 0 0 11 0 100 100 100 0 2 100 100 100 100 

β-GAL 0 0 0 0 0 0 0 0 0 0 0 0 40 0 100 0 0 0 0 0 

PAL 78 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

LAP 83 100 100 100 100 100 100 100 100 94 100 100 100 100 100 100 100 100 100 100 

ADH 83 100 100 100 100 100 100 100 33 94 0 100 100 100 100 11 100 27 v 100 

RIB 83 100 100 100 100 100 100 100 89 94 100 100 100 100 100 77 100 100 100 100 

ARA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MAN 0 0 0 0 0 0 0 0 0 0 100 100 100 100 100 69 100 100 100 100 

SOR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

LAC 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TRE 100 100 100 100 45 0 0 100 89 28 100 100 100 100 100 95 100 100 100 100 

INU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RAF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AMD 0 n/a 0 0 0 0 0 0 0 0 100 0 100 0 100 74 100 100 100 100 

GLYG 0 0 0 0 0 0 0 0 0 0 100 100 100 100 100 57 100 100 0 100 

 

*(A) Current study (B) Wang et al., 2013 (C) Geng et al., 2012 (D) Duremdez et al., 2004 (E) Al-Marzouk et al., 2005 (F) 

Salvador et al., 2005 (G) Eldar et al., 1994 (H) Maisak et al., 2008 (I) Oanh & Phuong, 2012 (J) Soto et al., 2015 (K) Suanyuk et al., 2010 

(L) El Aamri et al., 2010 (M) Yuasa et al., 1999 (N) Nho et al., 2009 (O) Zhou et al., 2008 (P) Colorni et al., 2002 (Q) Nawawai et al., 2008 

(R) Bromage et al., 1999.  

(VP) Voges-Proskauer; (HIP) Hippurate; (ESC) Aesculin; (PYRA) Pyrrolidonylarylamidase; (α-GAL) α galactosidase; (β-GUR) 

β glucuronidase; (β-GAL) β galactosidase; (PAL) Alkaline phosphatase; (LAP) Leucine arylamidase; (ADH) Arginine dihydrolase; (RIB) 

Ribose; (ARA) Arabinose; (MAN) Mannitol; (SOR) Sorbitol; (LAC) Lactose; (TRE) Trehalose; (INU) Inulin; (RAF) Raffinose; (AMD) 

Amygdalin; (GLYG) Glycogen. 

(n/a) Data not available; (v) variable but no value provided. Numbers show percentage of positive strains. 

**Country PH = Philippines; CH = China; KW = Kuwait; BZ = Brazil; IS = Israel; JP = Japan; TW = Taiwan; TH = Thailand; VT = Vietnam; 
US = United States of America; EC = Ecuador; HN = Honduras; SP = Spain; BH = Bahrain; SK = South Korea; AU = Australia.  
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4.4.1.2 Starch hydrolysis 

Results from starch hydrolysis showed that all S. iniae were positive as 

evidence by the appearance of the clearance around the colonies against the 

dark blue background. The S. agalactiae isolates were all negative for the 

hydrolysis of starch. The positive and negative reactions of the streptococci 

isolates are presented in Figure 4.1A and B. 

 

Figure 4.1 Starch agar plates flooded with iodine solution showing S. iniae isolate (A) positive 
reaction and S. agalactiae (B) isolate with the negative reaction. 

4.4.1.3 Duplex PCR for S. agalactiae and S. iniae 

 Optimisation. A species-specific duplex PCR was developed using the 

primer pairs LOX-1 and LOX-2 (for lcto gene of S. iniae) and STRA-Ag-I and 

STRA-Ag-II (for 16-23S rRNA of S. agalactiae). The starting DNA concentration 

for the sensitivity testing of the PCR is 50 ng/µl. Result on the sensitivity test 

(Figure 4.2) showed that the LOX primers can amplify the gene up to seven-fold 

concentration while the STRA-Ag primers can amplify the gene up to the 10-fold 

concentration.  
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Figure 4.2 Sensitivity PCR for (A) LOX gene primers (amplicon size: 870 bp) for S. iniae ATCC 
29178 & (B) STRA-Ag gene primers (amplicon size: 270 bp) for S. agalactiae NCIMB 701348: 

Lane M is 100 bp marker; Lane 1 negative control (Milli-Q water); Lanes 2 to 11 are DNA 
concentrations in a 10-fold dilution (50 ng to 0.5 fg DNA concentration).  

 

  

For the specificity test, the STRA-Ag primer pair was only able to amplify 

the target gene (270 bp) of S. agalactiae but not the target gene of the S. iniae 

(Figure 4.3A). The LOX primer pair amplified the 870 bp target gene of the S. 

iniae but not the 16-23S rRNA gene of the S. agalactiae (Figure 4.3B).  

 

 

Figure 4.3 Specificity PCR for (A) STRA-Ag gene primers (amplicon size: 270 bp) for S. 
agalactiae NCIMB 701348: Lane M is 100 bp marker; 1 negative control (Milli-Q water); Lanes 2 

to 6 are S. agalactiae NCIMB 701348; Lane 7 is S. iniae ATCC 29178; (B) LOX gene primers 
(amplicon size: 870 bp) for S. iniae ATCC 29178: Lane M is 100 bp marker; Lane 1 negative 
control (Milli-Q water); Lanes 2 to 6 are S. iniae ATCC 29178; Lane 7 is S. agalactiae NCIMB 

701348. 
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 The result of the optimised species-specific PCR using primers 

LOX and STRA-Ag was able to efficiently discriminate S. iniae from S. 

agalactiae. In Figure 4.4, samples of the genomic DNA of S. agalactiae only 

amplified a product of only 270 bp which is the 16-23S rRNA gene target. For 

the S. iniae genomic DNA only samples, gel electrophoresis showed amplicons 

of 870 bp size which corresponds to the lctO gene. A mixture of the genomic 

DNA of both streptococci species showed positive amplification of both bands at 

270 and 870 bp which corresponds to S. agalactiae and S. iniae, respectively. 

 

 

Figure 4.4. Optimised Duplex-PCR amplification of the LOX and STRA-Ag genes for the 
identification of S. iniae and Streptococcus agalactiae. Lane M: 100 bp molecular marker; Lane 

1: negative control (Milli-Q water); Lanes 2-4: S. agalactiae NCIMB 701348 only (270 bp); 
Lanes 5-7: S. iniae ATCC 29178 only (870 bp); Lanes 8-10 are the band sizes for the mixture of 

S. agalactiae (270 bp) and S. iniae (870 bp). 

 

Species-specific Duplex PCR of Streptococci isolates. The species-

specific duplex PCR discriminated S. iniae from S. agalactiae, where a single 

band was observed at 870 bp for S. iniae and at 270 bp for S. agalactiae 

(Figure 4.5 & 4.6). Good correlation was found between the 16S rRNA 



211 

 

sequence results and the duplex-PCR results for S. iniae and S. agalactiae 

strains. 

  

 

Figure 4.5 Duplex-PCR amplification of the LOX and STRA-Ag genes for the identification of S. 
iniae and Streptococcus agalactiae isolates from clinically affected tilapia in the Philippines. 
Lane M: 1 kb molecular marker; Lane 1: S. iniae ATCC 29178; Lane 2: S. agalactiae NCIMB 

701348; Lanes 3–9 are the band size for Streptococci iniae (870 bp); Lane 10 is the band size 
for S. agalactiae (270 bp); and Lane 11: negative control (Milli-Q water) 

 

 

 

Figure 4.6 Duplex-PCR amplification of the LOX and STRA-Ag genes for the identification of S. 
iniae and Streptococcus agalactiae isolates from clinically affected tilapia in the Philippines. 

Lane M1 & M2: 100 bp molecular marker; Lane 1: negative control (Milli-Q water); Lane 2: S. 
agalactiae NCIMB 701348; Lane 3: S. iniae ATCC 29178; Lanes 6–15, 20-21, 25 are the band 

size for S. agalactiae (270 bp); Lane 16 is the band size for S. iniae (870 bp). 

 

 

4.4.1.4 Capsular serotyping of S. agalactiae  

From the 18 isolates identified as S. agalactiae, 15 (83%) isolates were 

identified as serotype Ia, while the remaining 3 (17%) were identified as 
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serotype Ib. Serotype Ia was indicated by the presence of cpsL (688bp) and 

cpsG (272 bp), while serotype Ib by cpsL (688bp), cpsJ (621 bp) and cpsG (272 

bp) (Figure 4.7). Serotype Ia and Ib shares the presence of cpsL gene. No other 

serotype was detected in this study. 

 

 

Figure 4.7 Multiplex PCR amplification of cps genes of S. agalactiae. Lanes 3, 4, 5, 9, 10, 11 
and 12 are the band size for serotype Ia (272 bp and 688 bp); Lanes 6, 7 and 8 are the band 

size for serotype Ib (272 bp, 621 bp and 688 bp).  

 

Taking together the results from API 20STREP, species-specific duplex 

PCR and 16S rRNA gene sequencing, most of the streptococci isolates 

specifically S. agalactiae were accurately identified by the three methods except 

for isolates 100, 101 and 102 which cannot be identified by the API 20 STREP. 

The S. iniae isolates were not positively identified by the API 20 STREP but 

only by the species-specific duplex PCR and 16S rRNA gene sequencing. The 

identification based on the three methods are summarised in Table 4.6. 
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Table 4.6 Identification results of the streptococci isolates from the three tests. 

 
 
 

Isolate 

Identification Test 

 
API 20 STREP 

ID using Buller and 
Streptococci profile in 

this study 

 
Species-specific 

Duplex PCR 

 
16S rRNA Gene 

sequencing 

 

NCIMB 701348* S. agalactiae 

 

S. agalactiae 

 

S. agalactiae 

 

S. agalactiae 

ATCC 29178** S. dysagalactiae ssp. 
equisimilis 

S. iniae S. iniae S. iniae 

7 Indeterminate S. iniae S. iniae S. iniae 

9 Indeterminate S. iniae S. iniae S. iniae 

16 Indeterminate S. iniae S. iniae S. iniae 

18 Indeterminate S. iniae S. iniae S. iniae 

25 Indeterminate S. iniae S. iniae S. iniae 

31 Indeterminate S. iniae S. iniae S. iniae 

105 Indeterminate S. iniae S. iniae S. iniae 

64 S. agalactiae S. agalactiae S. agalactiae S. agalactiae 

97 S. agalactiae S. agalactiae S. agalactiae S. agalactiae 

100 Indeterminate Indeterminate S. agalactiae S. agalactiae 

101 Indeterminate Indeterminate S. agalactiae S. agalactiae 

102 Indeterminate Indeterminate S. agalactiae S. agalactiae 

109 S. agalactiae S. agalactiae S. agalactiae S. agalactiae 

113 S. agalactiae S. agalactiae S. agalactiae S. agalactiae 

122 S. agalactiae S. agalactiae S. agalactiae S. agalactiae 

SA132 S. agalactiae S. agalactiae S. agalactiae S. agalactiae 

*NCIMB 701348 = S. agalactiae type strain; **ATCC 29178 = S. iniae type strain 

 

The phylogenetic trees constructed, based on 16S rDNA sequences of 

the S. agalactiae and S. iniae isolates and the reference strains of Streptococci 

species, strongly supported the identification results from both the conventional 

and molecular methods (Figure 4.8& 4.9). In S. agalactiae isolates, it can be 

seen that there are two subgroups which are subgroup A (S. agalactiae ATCC 

13813T, 102, 132, 113, 122 & 109) and subgroup B (63, 97 & 101) while for S. 

iniae isolates there is only one.  
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Subgroup A 

Subgroup B 

 

Figure 4.8 Phylogenetic tree was constructed based on the 16S rRNA of the S. agalactiae 
isolates in this study (bold) and their closely related species. Staphylococcus aureus ATCC 
12600T was selected as an out-group. Percentage bootstrap values (1000 replicates) are 

shown at each branch point.  
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Figure 4.9 Phylogenetic tree was constructed based on the 16S rRNA of the S. iniae isolates in 
this study (bold) and their closely related species. Staphylococcus aureus ATCC 12600T was 
selected as an out-group. Percentage bootstrap values (1000 replicates) are shown at each 

branch point.  

 

 

4.4.1.5 Protein spectral profiles of streptococci isolates 

Figures taken directly from the MALDI-TOF MS instrument have been 

provided in greater scale in the Appendix 3 section of this thesis.  

Differences in the peaks from the MALDI-TOF analysis were visible 

between the S. iniae (blue font, Figure 4.10) and S. agalactiae strains (purple, 

green and red font, Figure 4.10). The S. agalactiae isolates all possess distinct 

peaks at approximately 4100, 4278, 6127, and 8195 m/z whereas the S. iniae 

isolate, distinctive peaks were observed at approximately 4737, 5361, 5953, 

6276 and 6350 m/z. To make it easier to differentiate, the different peaks and 

their assignment for the streptococci isolates analysed are presented in Table 
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4.7. These species-specific peaks allowed for the differentiation between 

species S. agalactiae from S. iniae.   

 

 

Figure 4.10 Depicts the optimal mass spectrum results achieved with isolates undergoing 
ethanol-formic acid extraction after being grown on TSA at 28° C. The four Streptococci isolates 

were grown for 48 hours before subculture and were procured at subculture 2. The blue 
spectrum exhibits isolate S. iniae 105, the red spectrum displays isolate S. agalactiae serotype 

Ia 63, the spectrum in green shows S. agalactiae serotype Ib 100 and the violet spectrum 
depicts S. agalactiae NCIMB 701348. (Appendix 3.1) 

 

Table 4.7 Identification of Streptococci isolates by peak analysis by MALDI-TOF MS. 

 

Isolate Number 

 

16S rRNA ID 

 

Peak analysis (m/z) 
 

4100 4278 4737 5361 5953 6127 6181 6276 6181 6350 7900 8195 

ATCC 29178 S. iniae - - + + + - - + - + + - 

9 S. iniae - - + + + - - + - + + - 

25 S. iniae - - + + + - - + - + + - 

105 S. iniae - - + + + - - + - + + - 

63 S. agalactiae + + - - - + + - - - - + 

100 S. agalactiae + + - - - + + - - - - + 

101 S. agalactiae + + - - - + + - - - - + 

102 S. agalactiae + + - - - + + - - - - + 

122 S. agalactiae + + - - - + + - - - - + 

132 S. agalactiae + + - - - + + - - - - + 

NCIMB 701348 S. agalactiae + + - - - + + - - - - + 
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An attempt was made to use the protein profiles from the MALDI-TOF 

MS to differentiate between different serotypes of the S. agalactiae strains 

included in this study (Figure 4.11). For serotype Ia, a peak of approximately 

6885 m/z was seen while for serotype Ib there were distinct two distinct peaks 

at approximately 4257 and 6248 m/z. The serotype II which is S. agalactiae 

NCIMB 701348 did not have these peak masses seen in both serotypes Ia and 

Ib. The different peaks and their assignment on the different S. agalactiae 

serotypes are presented in Table 4.8.  

 

 

Figure 4.11 Depicts the optimal mass spectrum results achieved with isolates undergoing 
ethanol-formic acid extraction after being grown on TSA at 28° C. The four Streptococci isolates 

were grown for 48 hours before subculture and were procured at subculture 2. The violet 
spectrum exhibits isolate S. agalactiae NCIMB 701348, the blue spectrum displays isolate 122, 

the spectrum in red shows 132 and the yellow green spectrum depicts isolate 63. (Appendix 
3.2) 

 

Table 4.8 Identification of S. agalactiae serotypes by peak analysis by MALDI-TOF MS. 

 
 

Isolate Number 

 
 

16S rRNA ID 

 
 

Serotype 

 
Peak analysis (m/z) 

 

4257 6248 6885 

63 S. agalactiae Ia - - + 

122 S. agalactiae Ia - - + 

132 S. agalactiae Ia - - + 

100 S. agalactiae Ib + + - 

101 S. agalactiae Ib + + - 

102 S. agalactiae Ib + + - 

NCIMB 701438 S. agalactiae II - - - 



218 

 

 

4.4.2 Viable growth in different incubation temperatures and salt          
concentrations 

All streptococci isolates were able to grow at 15 to 43° C except for S. 

iniae isolate 31 which was only able to grow until 37° C (Figure 4.12). For 

salinity tolerance, both S. agalactiae and S. iniae isolates were able to grow 0.5 

to 5 % NaCl (Figure 4.13). 

 

Figure 4.12 The total percentage of S. agalactiae (n = 18) and S. iniae (n =7) isolates with 
viable growth in different incubation temperatures. 
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Figure 4.13 The total percentage of S. agalactiae (n = 18) and S. iniae (n =7) isolates with 
viable growth in different salt concentrations. 

 

4.4.3 Histopathology 

  A range of histopathology changes were observed from the 

moribund tilapia infected with both S. iniae and S. agalactiae. By far, the 

greatest histological changes were encephalitis (Figure 4.14) or meningitis 

(Figure 4.15) which was observed in 20 diseased fish (80%) where the 

streptococci bacteria were recovered. Other histological changes included 

myonecrosis, endocarditis, myocarditis, and pericarditis. 
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Figure 4.14 Gram-stained section of the basal layer of the optic tectum showing encephalitis 
(arrow) with infiltration of bacteria-filled macrophages.  

 

 

Figure 4.15 H&E stained section of the brain showing massive cellular meningitis (arrow, M) 
encapsulating the optic tectum (OP) of the brain. 

 

Histiocytosis and increased melanomacrophage centres were noted in 

the spleen, and glomerulonephritis, interstitial necrosis and tubular 

degeneration were observed in the kidneys. The liver presented separation of 

hepatocytes, perivascular inflammation, necrosis and vacuolation. Mononuclear 
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and bacterial infiltration (Figure 4.16) was seen in most of the sampled organs. 

These changes were similar to previous descriptions of clinical streptococcosis 

outbreaks in farmed tilapia (Asencios et al., 2016; Ortega et al., 2017). 

 

Figure 4.16 Gram-stained section of the liver showing proliferation of streptococci bacteria 
(arrow). 

 

Histological analysis of the brain tissues of clinically sick tilapia showed 

subtle differences between S. iniae, S. agalactiae Ia and S. agalactiae Ib. Both 

S. iniae and S. agalactiae Ib showed meningoencephalitis with bacteria-filled 

macrophages in brain cortex (Figure 4.17A). For S. agalactiae Ia, although a 

large number of bacteria was present in the brain capillaries (Figure 4.17B), 

there was mild meningitis of the brain and absence of meningoencephalitis. 

However, S. agalactiae Ia presented high number of bacteria in the sampled 

internal organs like the heart (Figure 4.18A) and the kidney (Figure 4.18B). 
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Figure 4.17 Gram-stained sections of (A) brain of tilapia with meningoencephalitis due to 
Streptococcus iniae showing macrophages (arrows) filled with bacteria; (B) meningitis in tilapia 

infected with Streptococcus agalactiae showing bacterial infiltration (arrow) in the brain 
capillaries.  

 

 

 

 

Figure 4.18. Gram-stained section of the (A) heart and (B) kidney showing massive infiltration of 
Gram-positive cocci bacteria 

. 
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4.4.4 Antibiotic susceptibility and antibiotic resistance determinants 

4.4.4.1 Antibiotic susceptibility results and detection of antibiotic 
resistance genes 

The antibiotic susceptibility showed that 100% (n = 7) of S. iniae isolates 

were resistant only to oxolinic acid only and susceptible to all other antibiotics 

tested. For the S. agalactiae isolates, 100% (n = 18) were resistant to oxolinic 

acid and 17% (n = 3) were resistant to sulphamethoxazole trimethoprim. They 

were susceptible to all other antibiotics tested. No antibiotic resistance genes 

were detected in both isolates of S. iniae and S. agalactiae in this present study. 

The result of antibiotic response profile and antibiotic resistance genes of the 

isolates are summarised in Table 4.9. 

 

Table 4.9 Antibiotic response profiles of the different Streptococci isolates. 

Streptococci Isolate Multiresistance*   Resistant to** Susceptible to** AMR Gene/s 
Present*** 

S. iniae 7 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. iniae 9 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. iniae 16 - OA  AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. iniae 18 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. iniae 25 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. iniae 31 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. iniae 105 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 63 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 97 - OA TE, OT, E, ENR, 

FFC, C, OA 

- 

S. agalactiae 100 - OA, SXT AML, AMP, P, TE, 
OT, E, SXT, ENR, 

- 
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FFC, C, VA 

S. agalactiae 101 - OA, SXT AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 102 - OA, SXT AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 106 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 108 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 109 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 113 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 117 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 122 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 126 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 131 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 132 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 135 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 138 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 139 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

S. agalactiae 141 - OA AML, AMP, P, TE, 

OT, E, SXT, ENR, 
FFC, C, VA 

- 

     
* + = resistant to 2 or more antibiotic class; - = resistant to only 1 antibiotic class 
**AML = amoxicillin; AMP = ampicillin; P = penicillin; TE = tetracycline; OT = oxytetracycline; E = erythromycin; SXT = 

sulfamethoxazole-trimethoprim; ENR = enrofloxacin; FFC = florfenicol; C = chloramphenicol; OA = oxolinic acid; VA = vancomycin.  
***- = absent 
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4.4.5 Virulence and virulence genes 

4.4.5.1 Phenotypic virulence determinants 

Presence of capsule. All S. iniae and S. agalactiae isolates tested 

showed the presence of capsule (Figure 4.19B & C) similar to the positive 

control Bacillus megaterium (Figure 4.19A). In the photomicrograph, the 

bacterial cells and the proteinaceous background appear purplish with the 

capsule forming a transparent outline surrounding the bacterium.  

 

Figure 4.19 The capsules of (A) Bacillus meagterium (B) S. iniae and (B) S. agalactiae isolates 
under 1000x magnification.  

 

Haemolysis. All S. iniae isolates were β-haemolytic. As for S. agalactiae, 

all serotype Ia were β-haemolytic while all serotype Ib were non-haemolytic. As 

seen in Figure 4.20, the transparent outline around the bacterial colonies are 

indicative of haemolytic reaction.  
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Figure 4.20 Streptococcal isolates on 5% sheep blood agar. Positive haemolytic reaction is 
indicated by transparent outline around bacterial colonies. A – S. iniae isolate; B – S. agalactiae 

serotype Ia isolate; C – S. agalactiae serotype Ib isolate; D – S. iniae ATCC 29178.  

 

 

4.4.5.2 Detection of virulence genes 

Virulence Genes of S. iniae. All six virulence genes sagaA and pdi, 

simA and pgm, and cpsD and scpI were detected for all S. iniae strains (n=7). 

The haemolytic activity of the isolates was due to sagA gene. The ability to 

survive in the fish blood and from lysozyme killing is mediated by the pdi gene 

while adherence and resistance to phagocyte killing is contributed by sim gene. 

The phenotypic (expression) and genotypic (gene detection) virulence 

profiles for the S. iniae strains tested were identical (Table 4.10). 
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Table 4.10 Phenotypic and genotypic virulence determinants in S. iniae isolates.  

Streptococcal 

Isolate 

Capsule Haemolysis Virulence Gene 

simA scpI pgm cpsD pdi sagA 

7- S. iniae + +, β + + + + + + 

9- S. iniae + +, β + + + + + + 

16- S. iniae + +, β + + + + + + 

18- S. iniae + +, β + + + + + + 

25- S. iniae + +, β + + + + + + 

31- S. iniae + +, β + + + + + + 

105- S. iniae + +, β + + + + + + 

 

Virulence Genes of S. agalactiae. For S. agalactiae isolates, all 

virulence factors fbsA and cylE, cfb, cspA, hylB, pbp1a/pona, and PI-2B were 

detected in 15 strains. Three strains of S. agalactiae (BSMF1, BSMF-4 & 

SMF1) were absent for gene cylE. From these data 2 virulence profiles for the 

S. agalactiae strains were constructed: profile I (all virulence genes present) 

and profile II (absent gene cylE). This virulence profiles of the S. agalactiae 

strain are summarised in Table 4.11.  
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Table 4.11 Phenotypic and genotypic virulence determinants in S. agalactiae isolates.  

 
Streptococcal 

Isolate 

Capsule Haemolysis* Virulence Gene 

cfb cspA cylE fbsA hylB PI-2B pbp1A/ponA 

63- S. agalactiae  + +, β + + + + + + + 

97- S. agalactiae + +, β + + + + + + + 

100- S. agalactiae + - + + - + + + + 

101- S. agalactiae + - + + - + + + + 

102- S. agalactiae + - + + - + + + + 

106- S. agalactiae + +, β + + + + + + + 

108- S. agalactiae + +, β + + + + + + + 

109- S. agalactiae + +, β + + + + + + + 

113- S. agalactiae + +, β + + + + + + + 

117- S. agalactiae + +, β + + + + + + + 

122- S. agalactiae + +, β + + + + + + + 

126- S. agalactiae + +, β + + + + + + + 

131- S. agalactiae + +, β + + + + + + + 

132- S. agalactiae + +, β + + + + + + + 

135- S. agalactiae + +, β + + + + + + + 

138- S. agalactiae + +, β + + + + + + + 

139- S. agalactiae + +, β + + + + + + + 

141- S. agalactiae + +, β + + + + + + + 

* β = beta hemolytic 

4.5 Discussion 

Streptococcosis is one of the most significant diseases of tilapia 

worldwide (Anshary et al., 2014) which is frequently reported to be caused by S. 

iniae and S. agalactiae (Perera et al.1994; Eldar et al.1995; Bowser et al.1998; 

Salvador et al.2005; Suanyuk et al.2005,2010; Yuasa et al.2008; Hernandez et 

al.2009; Musa et al.2009; Abuseliana et al.2010; Lusiastuti et al.2012; Najiah et 

al.2012; Figueiredo et al.2012). Although streptococcosis has been reported 

affecting the tilapia sector in the Philippines, there was no comprehensive study 

https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR43
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR18
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR10
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR48
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR55
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR56
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR62
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR29
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR39
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR2
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR36
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR40
https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-627#ref-CR25
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on the streptococci species especially on their pathogenic mechanisms and 

antibiotic resistance.  This chapter confirmed the diagnostic findings from 

Chapter 3 where S. agalactiae and S. iniae were isolated from different tissues 

of diseased tilapia. Moreover, the histopathology results positively showed the 

presence of Gram-positive bacteria most especially in the brain, which is often 

expressed as target organ for streptococcal infections in tilapia (Su et al., 2015).  

The evidence presented in this chapter showed a clear diagnosis of 

Streptococcosis in the diseased tilapia, exhibiting clinical signs of disease and 

both S. agalactiae and S. iniae were recovered from these fish. A wide range of 

identification methods have been applied to differentiate streptococcal species 

and confirm serotypes in S. agalactiae populations occurring in farmed tilapia 

(Barkham et al., 2019; Mishra et al., 2018).  

 Prior to the rapid uptake of molecular probes, bacterial identification 

methods relied on the use of traditional and biochemical assays. Whilst primary 

identification tests e.g., Gram stain, oxidase, catalase, OF and motility remain 

the cornerstone of any bacterial identification work, biochemical profiles can be 

inconsistent particularly for the Gram-positive piscine strains. Whilst Suanyuk et 

al. (2008) and Sun et al. (2016) demonstrated good level of accuracy with API 

20 STREP kit in identifying GBS where all the isolates in their study belong to 

serotype Ia, a similar finding was not determined in the current study. The 

results showed that for the Philippine strains a good level of agreement was 

found using the API 20 STREP kit, but when compared with results from other 

published studies, comparable profiles could not be obtained. There was more 

variability in the biochemical profiles from the Philippine strains which correlated 

well with the clustering of the strains between phenotypic profile and serotype. 
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However, this was a very small sample size and further work is required to 

determine how accurate this test may be to differentiate serotypes. Other 

authors have also found the biochemical test kits to be less reliable in species 

identification (Deasy et al., 2000; Garcia-Garrote et al., 2000; Jackson et al., 

2004). It is difficult to determine where the variability may lie, is it with kit itself or 

perhaps with the technical performance or even simple strain variation. The 

observed reduction in test positivity of these S. agalactiae strains in the current 

study may indicate a slow or impaired metabolic activity by the bacterium or an 

adaptation to help establish infection in fish (Gori et al., 2020; Lannes-Costa et 

al., 2021).   

For the S. iniae isolates, the API 20 STREP database identified them as 

having unacceptable profile since S. iniae is not in the database of API 20 

STREP and the best possible identification for its profile would be “unable to 

identify or unacceptable profile” (Facklam et al., 2005).  Moreover, the database 

results provided a “misidentification” match for the type strain of S. iniae ATCC 

29178. This was similar to the report of Koh et al. (2004) where their 

streptococcal isolate was also identified by API 20 STREP as S. dysagalactiae 

ssp. equsimilis (SDSE) but 16S rRNA gene sequencing revealed it was S. iniae 

identical to the ATCC 29178 which is the type strain first recovered from the 

Amazonian dolphin in 1971. The profile number of 4563117 in the API database 

should not identify it as SDSE since this profile number has a positive test for 

pyrrolidonyl-arylamidase while SDSE is negative (Takashi et al., 2011). 

Although the API 20 STREP kit does not have a code for S. iniae, the bacteria 

isolated from the diseased tilapia gave essentially identical profiles and were 

identifiable by using a traditional identification key from Buller and from 
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comparison with the API 20 STREP profiles from previous studies of piscine S. 

iniae. This data is valuable since it can be used to create a profile specific for 

fish-adapted S. iniae thus complementing the limitation from API 20 STREP 

database which can be used in rapid and easy identification of the pathogen 

especially in devising treatment for affected fish farms. However, not all 

laboratories will be able to provide their own databases and so the use of rapid 

API 20 STREP kit or conventional tube biochemical tests in identifying piscine 

S. agalactiae and S. iniae still will give an accurate identification as long as 

analysts take cognizance of the limitation of the API kit.  

Whilst these limitations of rapid kits in identification of aquatic bacterial 

pathogens is not new information, it is very important in disease diagnostics 

since most fish health laboratories in developing countries where aquaculture 

activities are intensive do not have the technical and logistical capabilities to 

perform molecular identification tests. Therefore, there is continued need to use 

traditional and where possible more advanced methods. It is questionable now, 

to say if simple 16S PCR sequence is “advanced” as it has become more 

common place in many aquatic labs, yet it is not considered a core method. 

Instead, facilities will rely on a mixture of basic and molecular tools, which may 

be the most cost-effective. For example, the starch hydrolysis test is a simple 

yet reliable way of differentiating between the two species and in this study, all 

S. iniae isolates gave positive reaction while all S. agalactiae were negative. 

Although S. agalactiae are generally negative for starch hydrolysis, there are 

some strains that can give a positive reaction (Evans et al., 2004) thus 

additional confirmatory tests are needed to accurately identify streptococci 



232 

 

species. The value of this test is that it is rapid and cost-effective thus 

increasing the number of isolates that can be tested at once. 

In this study, we found excellent agreement between the duplex species-

specific PCR and the 16S rRNA sequencing in identification of both the 

streptococcal species. The duplex-PCR method is relatively simple and cheap 

compared with 16S rRNA gene sequencing and can be performed within most 

laboratories with limited training. However, this does not replace the need for 

more advanced molecular epidemiology methods, for example WGS, but it 

could be a sensible first step in understanding the aetiology and efficacy of any 

biosecurity or health management programmes. 

From the present data, 2 serotypes of S. agalactiae appear to be 

circulating in the Philippine tilapia farming systems with a slightly higher 

prevalence of serotype Ia. This serotype was more frequently recovered from 

the clinically sick grow-out and broodstock tilapia, while serotype Ib was only 

isolated from grow-out fish samples. Serotyping of S. agalactiae isolates is 

important when considering vaccine development as cross-protection between 

the different bio/serotypes does not occur in fish (Munang'andu, Paul, & 

Evensen, 2016). The results from the Philippines agree with data from 

surrounding SEA countries and China which all reported S. agalactiae serotype 

Ia as the most prevalent and widespread cause of streptococcosis in freshwater 

tilapia aquaculture (Kannika et al., 2017; Kayansamruaj et al., 2019; Lusiastuti, 

Textor, Seeger, Akineden, & Zschock, 2014; Su et al., 2019; Syuhada et al., 

2020). In this study, cps gene serotyping was applied which is used widely and 

successfully by others as a reliable way to serotype S. agalactiae in fish 

(Kannika et al., 2017). While we recognize the limited sample size in this study, 
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our findings were similar to surrounding SEA countries (Kannika et al., 2017; 

Kayansamruaj et al., 2019; Lusiastuti, Textor, Seeger, Akineden, & Zschock, 

2014; Su et al., 2019; Syuhada et al., 2020). To address this limitation, both 

active and passive surveillance should be undertaken by the Bureau of 

Fisheries and Aquatic Resources in order to collect more samples and do a 

comprehensive study to further characterise these S. agalactiae pathogens to 

determine the sequence types, genetic and proteomic profiles, and 

exposure/transmission routes of the serotypes which will be vital for future 

vaccination programmes in the Philippines. 

There is always a desire to have accurate and rapid disease diagnosis, 

particularly in aquaculture where so many variables can influence the disease 

outcome. Application of the MALDI-TOF MS method has many adbantages 

over more traditional profiling: rapid time to result, reduced consumable cost, 

improved quality of result, does not require high technical skills since sample 

preparation technique is simple, and may aid in diagnosis of hard-to-identify 

bacteria (Kostrzewa & Nagy, 2016). In this study, protein mass spectra of both 

S. agalactiae and S. iniae isolates showed subtle differences by peak analysis. 

Grouping the streptococci by their specific peaks was found to correlate with the 

identification by 16S rRNA gene sequencing. Additionally, different serotypes of 

S. agalactiae possess specific peak/s that can be used to discriminate them 

visually, and this also agreed with molecular serotyping using the capsular 

gene.  The discrimination of S. agalactiae and S. iniae isolates in this study by 

spectral profile analysis is similar to the results of Piamsomboon et al. (2020) 

where they were also to differentiate between the piscine S. agalactiae and S. 

iniae. This study also attempted to use spectral profile to distinguish different 
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serotypes of S. agalactiae since the study of Rothen et al. (2019) showed that 

MALDI-TOF can predict their probable capsular serotype.  

The peak in the spectral profile needs further tests in order to determine 

their biological significance such as their involvement in pathogenesis of 

streptococcosis in fish. This include tests such sodium dodecyl sulphate 

polyacrylamide-gel electrophoresis (SDS-PAGE) which will visually show 

different protein fractions by their relative molecular weights. Then these protein 

bands from SDS-PAGE can be digested and analysed using liquid-

chromatography with tandem mass spectrometry (LC-MS/MS) in order to derive 

the sequences of a specific peptide for identification. Over-all, the result showed 

indication that spectral profile peak analysis can speciate S. iniae and S. 

agalactiae and also shows indication that it can recognise different capsular 

serotypes of S. agalactiae. However, the limitation of this study is the small 

sample size that can affect its accuracy. Moreover, further studies should be 

undertaken such as methods of sample preparation and different percentage of 

acid used since it can result to inconsistent protein spectral profile (Piamsoboon 

et al., 2020), and to identify species-specific peaks for protein finger printing in 

order to aid in the identification.  Although MALDI-TOF has the advantage in 

terms of its rapidity, reliability, and low cost (Rosa et al., 2019), the limitation of 

this method is its dependence on pure bacteria isolates which PCR methods 

are more advantageous since it can directly extract genomic DNA from clinical 

samples and perform identification. This limitation of MALDI-TOF in rapid and 

accurate pathogen identification is more pronounced in difficult-to-isolate-and-

culture bacteria, especially those that are of intracellular in nature, however, for 

common bacterial pathogens the implementation of MALDI-TOF MS plus peak 
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analysis for the identification of this group of microorganisms may provide 

precise species-level information that will allow the early implementation of 

directed antibiotic therapy (Marin et al., 2017). 

In the Philippines, the use of antibiotics in tilapia aquaculture is not 

common because of the prevailing view that tilapia are resistant to diseases. 

However, recent episodes of disease outbreaks leading to mass mortality, has 

led to some fish farmers starting to use antibiotics particularly amoxicillin which 

is administered orally mixed with feed. The antibiotic susceptibility profile of the 

Philippine strains was similar to previous reports in Thailand (Jantrakajorn et al., 

2014; Dangwetngam et al., 2016; Kannika et al., 2017; Klingklib & Suanyuk, 

2017) specifically on their susceptibility to florfenicol and amoxicillin, and their 

resistance to oxolinic acid. However, emerging resistance to oxytetracycline, 

enrofloxacin, erythromycin, ampicillin, and sulfamethoxazole-trimethoprim were 

noted for both S. iniae and S. agalactiae isolates from Nile tilapia and red hybrid 

tilapia in Thailand (Janktrakajorn et al., 2014) which currently is still absent in 

the Philippine streptococci isolates.  The resistance to oxolinic acid of the 

streptococci isolates is primarily mediated by chromosomal mutations in 

topoisomerase genes and mutations that decrease drug accumulation by 

reducing uptake or increasing efflux (Miranda et al., 2013; Dangwetnam et al., 

2016). For sulfamethoxazole-trimethoprim, resistance was observed only in S. 

agalactiae serotype Ib isolates. Resistance to these antibiotics is mediated by 

the permeability barrier and/or efflux pumps, naturally insensitive target 

enzymes, regulational, mutational or recombinational changes in the target 

enzymes genes and acquired drug-resistance genes (Huovinen, 2001). Over-all 

the Philippine piscine streptococci isolates were susceptible to other antibiotics 

https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.000213?crawler=true#jmm000213-Miranda1
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tested in this study. This antibiotic susceptibility profile is similar to most strains 

of S. iniae and S. agalactiae from mammalian origin that they are susceptible to 

β-lactams, macrolides, quinolones, and vancomycin, with penicillin being the 

drug of choice for treating streptococcal infections when antimicrobial therapy is 

required (Facklam et al., 2005). The use of antimicrobials in fish culture 

situations does have some limitations and concerns. The first is selection for 

resistance amongst dense populations.  An evidence of selection for an 

enrofloxacin-resistant isolate was noted by Stoffregen et al. (1996). 

Development of resistance may also be increased when bacteria are not fully 

eliminated from fish or their environment. The ability of streptococci to survive in 

macrophages (Zlotkin et al., 2003) and the failure of sick fish to eat sufficient 

quantities of medicated feed may contribute to the development of resistant 

strains or carrier fish (Shoemaker et al., 2001). 

Published studies on the presence of antibiotic resistance genes (ARGs) 

in piscine streptococci are few. However, it is important to know the genetic and 

molecular mechanisms for the observed phenotypic resistance to antibiotics in 

order to determine their clinical relevance (i.e., whether they confer low- vs. 

high-level clinical resistance, their ability to be mobilized by lateral gene 

transfer, and their frequency of occurrence) (Miranda et al., 2013). In this study, 

no ARGs such as β-lactam, tetracycline, sulfonamide, and trimethoprim were 

detected in the streptococci isolates, even though there were observed 

phenotypic resistance to oxolinic acid and sulfamethoxazole-trimethoprim. This 

may indicate the low use of antibiotics in the tilapia farming sector in the 

Philippines. In contrast, macrolide resistance gene (ermB) and tetracycline 

resistance (tetM) were detected in S. agalactiae isolates from Nile tilapia in 

https://www.sciencedirect.com/science/article/pii/S0378113507001356?casa_token=YrpdyU4ZDfsAAAAA:-GpPyFQf8hZ9VVM7-VpCy1ZD3LkxQ04JK0jq3u5rIt6GtKIYPfC89o1iB9QVYIr-cthTfwCY#bib24
https://www.sciencedirect.com/science/article/pii/S0378113507001356?casa_token=YrpdyU4ZDfsAAAAA:-GpPyFQf8hZ9VVM7-VpCy1ZD3LkxQ04JK0jq3u5rIt6GtKIYPfC89o1iB9QVYIr-cthTfwCY#bib61
https://www.sciencedirect.com/science/article/pii/S0378113507001356?casa_token=YrpdyU4ZDfsAAAAA:-GpPyFQf8hZ9VVM7-VpCy1ZD3LkxQ04JK0jq3u5rIt6GtKIYPfC89o1iB9QVYIr-cthTfwCY#bib68
https://www.sciencedirect.com/science/article/pii/S0378113507001356?casa_token=YrpdyU4ZDfsAAAAA:-GpPyFQf8hZ9VVM7-VpCy1ZD3LkxQ04JK0jq3u5rIt6GtKIYPfC89o1iB9QVYIr-cthTfwCY#bib59
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China. Presently, China is the world’s largest tilapia producer and exporter 

(Yuan et al., 2020). The intensified production and use of antibiotics to meet 

global demand could play a significant role in selecting bacterial strains with 

antibiotic resistance genes. Pathogens can evolve resistance to treatments—

leading to the re-emergence of disease problems e.g. bacteria evolve 

resistance to antibiotics (Karunasagar et al., 1994). Thus, knowledge of ARGs 

from aquaculture environments is important to design and prioritize monitoring 

programs that may generate data that eventually becomes relevant for 

performing quantitative risk assessments and develop sound treatment 

strategies to control fish disease. 

In this study, all three functional categories of virulence genes namely 

adhesins, invasins and immune evasins were detected in all isolates revealing 

their pathogenic and invasive abilities. Identical virulence gene profiles were 

found for all the S. iniae strains recovered from infected fish which may suggest 

that they have arisen from a single clone as these strains were all recovered 

from a single site which is Taal Lake. This agrees with the result of Baum et al. 

(2013). These virulence genes may be universally present in S. iniae, however 

more strains from different areas should confirm this. In the PCR amplification 

of the phosphoglucomutase (pgm) gene, Baum et al. (2013) indicated the 

amplicon product of the designed primer as 730 bp while upon examination of 

the primer by primer blast (NCBI), the amplification product should be 513 bp. In 

the present study, PCR amplification of the pgm gene resulted in a band of 

approximately 500 bp which was similar to the expected size in the NCBI 

database. To further confirm the identity of the PCR product for the pgm gene, it 

https://www.sciencedirect.com/science/article/pii/S0167587704002120?casa_token=yRlkPPseMeoAAAAA:vivaJGWHWFdmGa5vxnr3mQYG1crnzTAyLUAw8H6_7d79eYfMSkKcJdCZsNYdBKJTi3CZL8lD#bib45
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was submitted for gene sequencing and the result confirmed this to be the pgm 

gene contrary to the expected size of 730 bp in the study of Baum et al. (2013). 

Detecting the presence of a particular virulence factor by PCR does not provide 

any evidence of whether this is expressed during the disease process. In this 

study, capsule and haemolysis expression were confirmed, cpsD and sagA 

genes were all present in the S. iniae strains, but the expression were 

determined through Anthony’s capsule staining and sheep blood haemolysis, 

respectively. These kinds of tests should also be extended to other virulence 

genes to ascertain their expression; however, these may be difficult and limiting 

since most of the virulence genes are only expressed when the bacteria is in 

contact with the host tissues or cells. This presence of virulence may help 

explain the invasiveness of the S. iniae isolates as observed in the tissues of 

diseased Nile tilapia. The bacteria were found in different organs like liver, 

spleen, kidney, and the brain. Histopathological findings in the brain revealed 

meningoencephalitis which will only be possible if these virulence factors are 

present in the strain.  

A study of Delannoy et al. (2013) examined the presence of virulence 

genes of piscine S. agalacatiae, which became the basis for the detection of 

these factors in the S. agalactiae isolates from the Philippines. All virulence 

genes were present in S. agalactiae serotype Ia while the S. agalactiae 

serotype Ib lacked the cylE gene. This is the structural gene involved in β-

haemolysis/cytolysis of the red blood cells (Pritzlaff et al., 2001). The lack of 

cylE gene was confirmed by the lack of haemolysis expressed in the 3 non-

haemolytic S. agalactiae isolates tested when grown on sheep blood agar. The 

serotype Ia isolates from Thailand and Vietnam (Kayansamruaj, 2019) share 
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the same patterns of virulence genes with the Philippine isolates. Studies have 

shown that β-haemolysin is a virulence factor that influences S. agalactiae 

survival in macrophages (Doran, Liu & Nizet, 2003; Sagar et al., 2013) and 

promotes infection of the less or non-haemolytic strains by their ability to evade 

the host immune response and remain dormant inside macrophages until 

suitable conditions for their reactivation. The presence of cylE gene in S. 

agalactiae serotype Ia is believed to promote invasiveness (Chu et al., 2016) 

supporting rapid spread in the bloodstream and organs of the infected host, 

while its absence is considered a factor in the development of more chronic 

infection in fish (Li et al., 2014). For the nonhaemolytic S. agalactiae serotype Ib 

isolates, the observed numerous bacteria-filled macrophage cells in the brain 

resulting in meningoencephalitis was indicative of a more chronic type of 

infection although we do know if they are viable or not. The loss of the cylE 

gene in S. agalactiae serotype Ib may actually be an evolutionary advantage to 

the strain. Although the absence of haemolysis decreases the severity of the 

infection and invasion leading to decrease in host mortality, it increases the 

ability of the pathogen to become established in a particular species in a 

particular geographic area. The loss of the cylE gene and the metabolic 

inactivity might actually increase the virulence of serotype Ib, since virulence 

evolves when there is a non-negligible trade-off between the rate of spread of 

infection versus host mortality (Bull, 1994, Frank, 1996, Ebert & Bull, 2003). In 

the study of Rosinski-Chupin et al. (2013), they observed that in fish adapted S. 

agalactiae serotype Ib specifically the ST 260-261, there was massive gene 

inactivation and broad changes in gene expression due to genome reduction. 

They detected the inactivation of the cyl locus which explained the absence of 

https://www.sciencedirect.com/science/article/pii/S0167587704002120?casa_token=yRlkPPseMeoAAAAA:vivaJGWHWFdmGa5vxnr3mQYG1crnzTAyLUAw8H6_7d79eYfMSkKcJdCZsNYdBKJTi3CZL8lD#bib15
https://www.sciencedirect.com/science/article/pii/S0167587704002120?casa_token=yRlkPPseMeoAAAAA:vivaJGWHWFdmGa5vxnr3mQYG1crnzTAyLUAw8H6_7d79eYfMSkKcJdCZsNYdBKJTi3CZL8lD#bib29
https://www.sciencedirect.com/science/article/pii/S0167587704002120?casa_token=yRlkPPseMeoAAAAA:vivaJGWHWFdmGa5vxnr3mQYG1crnzTAyLUAw8H6_7d79eYfMSkKcJdCZsNYdBKJTi3CZL8lD#bib26
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haemolytic activity in this piscine strain which is similar to the serotype Ib strains 

in this study. Moreover, they found profound remodelling of the metabolic 

activity in the said sequence types reflecting a reduced capacity to utilise 

different carbon sources which was also seen in this study from the biochemical 

tests.  The reduction in the catabolic capacities observed in these fish adapted 

S. agalactiae strains is in favour of a transition to an obligate pathogen style-of-

life (Rosinski-Chupin et al., 2013). Evolution that increases transmission without 

affecting host mortality, or that reduces host mortality without decreasing 

transmission, will be beneficial to the pathogen (non-trade off adaptation) 

(Murray & Peter, 2005). This loss of the cylE gene might explain why S. 

agalactiae serotype Ib is implicated in sudden recurrent mortalities and chronic 

streptococcosis in tilapia in Brazil (Leal & Figueiredo, 2018). In the study of 

Owatari et al. (2020), they found that the bacteria can remain lodged in different 

organs like liver and spleen that are not commonly described as 

pathognomonic, in addition to haematological alterations.  These subclinical 

lesions in the organs compromises physiological functions of the fish without 

revealing external clinical signs in the animals. This strategy of a chronic and 

recurrent infection by non-haemolytic S. agalactiae serotype Ib causing 

subclinical infections is indicative of an obligate pathogen-style of life as 

suggested by Rosinski-Chupin et al. (2013). This data is important to develop 

methods of efficiently eradicating these pathogenic strains as they have 

adapted towards an intracellular behaviour. 

The results from the present study did show a limited number of SCV 

with the S. agalactiae strains which all belongs to serotype Ib, non-haemolytic, 

cylE gene deficient and SXT resistant. SCV’s are typically resistant to antibiotics 
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like sulphonamides (Garcia et al., 2013) in which the SA-SCVs in the present 

study were resistant to SXT. These SCV are noteworthy because this is a form 

of the pathogenic bacteria that produces subacute infections leading to 

recurrent and chronic infections, reduced antibiotic susceptibility and resistance 

to oxidative burst (Proctor et al., 2006; Banno et al., 2014; Painter et al., 2017). 

This change from wild-type phenotype to SCV could be a strategy for S. 

agalactiae serotype Ib for increased intracellular survival within macrophages as 

similar to strategies used by SCV of S. aureus and Salmonella sp. Studies have 

shown that when environmental stress is removed such as using enriched 

media over standard cultured, the SCV can revert to WT albeit the revertant is 

not identical to the original WT progenitor or can produce alternative revertant 

phenotype (Proctor et al., 2006; Johns et al., 2015). However, the reversal from 

SCV to WT of the SA-SCV was not explored in this study at the moment. So far 

this is the first report of SA-SCV in piscine S. agalactiae. Currently, there is no 

or little study regarding the SCV form of piscine S. agalactiae and their 

implications in pathogenesis in fish.  

In this present study, the farmed Nile tilapia (O. niloticus) which were 

naturally infected by S. agalactiae and S. iniae revealed several clinical 

manifestations consistent with streptococcosis including: lethargy, erratic 

swimming, exophthalmia, corneal opacity, dropsy, haemorrhage of the fin and 

internal organs. Histopathological abnormalities observed in the brain, kidney, 

spleen, heart, and liver tissues are suggestive of septicaemia as observed in 

natural and experimental streptococcal infection in accordance with those 

described in fish (Austin & Austin, 2007; Musa et al., 2009; Evans et al., 2006; 

Abdullah et al., 2013; Suanyuk et al., 2005; Shoemaker et al., 2001; 
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Rahmatullah et al., 2017). Streptococcosis caused by S. agalactiae and S. iniae 

in fish is primarily characterised by septicaemia and meningoencephalitis (Netto 

et al. 2011; Mian et al. 2009; Agnew & Barnes, 2007).  Gram-staining of tissue 

sections from moribund tilapia samples confirmed the invasion of Gram-positive 

cocci bacteria in various internal organs including the brain. The lesions of 

encephalitis and meningitis in this study are classified as lymphohistiocyctic 

since macrophages and not neutrophils were the dominant immune response 

cells. This contrasts with the observations of previous studies where 

experimental infection with S. iniae (Eldar & Ghittino, 1999; Bromage & Owens, 

2002) and natural infection with S. agalactiae (Asencios et al., 2016), the 

lesions have been described as suppurative. The interaction between 

Streptococci and macrophages is crucial in the pathogenesis of infection of S. 

iniae and S. agalactiae as they can enter and survive in the macrophages 

sufficient to cause bacteraemia required in developing meningitis. This 

mechanism of Streptococci entering the central nervous system through 

migrating macrophages is postulated as Trojan horse theory (Gottschalk & 

Segura, 2000; Zlotkin et al., 2003). The pathological findings in the brains 

correlated with the clinical behavioural abnormalities, such as lethargy and loss 

of orientation. These findings supported that S. agalactiae and S. iniae were 

neurotropic as described in previous studies (Eldar et al. 1995; Abuseliana et al. 

2010; Baums et al., 2013). The histopathological findings observed in other 

organs revealed common features such as infiltration of inflammatory cells, 

congestion, degeneration, and necrosis of cells as evidenced by pyknosis, 

karyorrhexis and karyolysis. Moreover, haemorrhages, deposition of 

hemosiderin and increase of melanomacrophage centres were also noted 



243 

 

especially in the spleen and kidney. These tissue and cell anomalies may be 

due to the high number of bacteria producing toxins and enzymes that also 

stimulates the immune response of infected fish. These lesions are similar to 

those tilapias which were naturally infected by S. agalactiae and S. iniae (Chen 

et al., 2007; Asencios et al., 2016; Perera et al., 1998; Rahmatullah et al., 

2017). Over-all, in this study the histopathology confirmed the virulence of both 

Philippine isolates of S. agalactiae and S. iniae to induce systemic infection in 

tilapia. This infectious disease can arise as a septicaemia where expression of 

bacterial virulence factors and its extracellular products facilitates the 

establishment of disease leading to entry of the bacteria in the circulatory 

system and disseminates to the different organs disrupting fish physiological 

functions and induce variety of pathological alterations that may lead to death or 

subclinical conditions. Thus, the observed disease or mortality outbreaks in 

tilapia farms can be due to acute systemic infection of natural infection by S. 

agalactiae and S. iniae. 

 

4.6 Conclusion  

As with other SEA countries, streptococcal infections cause disease and 

fish losses within the tilapia production systems in the Philippines. The use of 

molecular methods such as 16S rRNA gene sequencing, species-specific 

duplex PCR, multiplex PCR capsular serotyping, and MALDI-TOF MS analysis 

will help address the limitations of conventional bacteriological methods for 

rapid and accurate pathogen identification and typing. Similar to previous 
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reports from neighbouring countries, both S. iniae and S. agalactiae are present 

within the tilapia farming systems, able to cause disease with clinical signs 

similar to those previously reported. The S. agalactiae serotype Ia was the most 

prevalent pathogen. The non-beta-haemolytic S. agalactiae serotype Ib was 

also detected albeit it was more geographically limited in the Taal Lake in the 

present study. Antibiotic response profile of the streptococci isolates is also 

similar to neighbouring Southeast Asian countries. Virulence genes namely 

adhesins, invasion and immune evasins which are indicative of the ability of the 

streptococci to cause disease in fish were detected. The S. agalactiae serotype 

Ib lacked the cylE gene which is responsible to for the β-haemolysin/cytolysin, 

however, the absence of this virulence may be a mechanism of the pathogen to 

persist in fish causing chronic or subclinical infections. This study is the first to 

confirm that a range of streptococcal species is causing disease outbreaks in 

tilapia farms in the Philippines and that uptake of these data will better inform 

the disease prevention and control strategies for the Philippine sector and 

contribute towards a geographically distinct vaccine. 
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CHAPTER 5.  
 
 

Aeromonas spp. Associated with Farmed Nile Tilapia in 
the Philippines 

 

5.1 Abstract 

This study aimed to identify and characterise the motile Aeromonas 

strains recovered from the farmed tilapia presenting with clinical signs of 

disease. Given how heterogeneous these aquatic strains can be particular 

emphasis was placed on identification of the antibiotic sensitivity and virulence 

profiles of Aeromonas spp. isolated from farmed Nile tilapia in the Philippines. 

Conventional and molecular identification methods confirmed 16 motile 

aeromonas isolates recovered from moribund fish as being strains of 

Aeromonas veronii (n=14), Aeromonas caviae (n=1), and Aeromonas dhakensis 

(n=1). The antibiotic sensitivity of the isolates was determined by disc diffusion 

method while the antibiotic resistance genes were detected using conventional 

PCR. Virulence profile was determined using both phenotypic expression of 

virulence by agar plates and detection of virulence genes by conventional PCR.   

Phenotypic resistance to two or more antibiotic classes was found in 7 isolates 

(44%, n=16). All isolates were susceptible to enrofloxacin, oxolinic acid, 

florfenicol and chloramphenicol.  Tetracycline tetE and sulfonamide sul1 



246 

 

resistance, and class 1 integron IntI1 were detected in three A. veronii isolates. 

The isolates showed three or more virulence genes dominated by the cytotoxic 

enterotoxin act and aerolysin aer genes. The different virulence genotypes 

suggest varied mechanisms used by Aeromonas to colonise and cause 

infection or to mutualistically co-exist with the fish. This is the first study from the 

Philippines to characterise the antibiotic profile and virulence determinants of 

Aeromonas spp. associated with farmed Nile tilapia. Data from this study will 

help in the development of polyvalent vaccine and improve diagnosis and 

control strategies in the sector.  

5.2 Introduction 

Infectious diseases caused by motile aeromonads are one of the most 

common problems in freshwater aquaculture (Austin & Austin, 2016) and 

several aeromonads including A. veronii, A. sobria and A. jandaei, in addition to 

A. hydrophila, have been associated with diseases in Nile tilapia (Li & Cai, 

2011; Dong et al., 2017). Given the ubiquitous presence of Aeromonas spp. 

within aquatic environments and animals, they are typically considered as an 

opportunistic or secondary pathogen but more recent work has shown it can 

also become a primary pathogen (Shahi et al. 2013), causing mass mortalities 

of fish and huge economic losses to the aquaculture industry (Fang et al. 2004; 

Pridgeon & Klesius 2012). Epidemics caused by motile aeromonas in cultured 

fish farms, resulting in millions of dollars of lost revenue, have been reported 

worldwide (Silva et al. 2012; Hossain et al. 2014). Additionally, motile 

aeromonas septicaemia (MAS) has caused the large economic losses in 

https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/aah.10099?casa_token=XOdRwUOTjJQAAAAA%3AuQsht_MrSlJ0KuZXMbqbhlcHG6mlLbXT6cPJxce05jz4mIO3eYOa4nEKgm0fOP06KnL4qxRfX4Ud#aah10099-bib-0063
https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/aah.10099?casa_token=XOdRwUOTjJQAAAAA%3AuQsht_MrSlJ0KuZXMbqbhlcHG6mlLbXT6cPJxce05jz4mIO3eYOa4nEKgm0fOP06KnL4qxRfX4Ud#aah10099-bib-0018
https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/aah.10099?casa_token=XOdRwUOTjJQAAAAA%3AuQsht_MrSlJ0KuZXMbqbhlcHG6mlLbXT6cPJxce05jz4mIO3eYOa4nEKgm0fOP06KnL4qxRfX4Ud#aah10099-bib-0057
https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/aah.10099?casa_token=XOdRwUOTjJQAAAAA%3AuQsht_MrSlJ0KuZXMbqbhlcHG6mlLbXT6cPJxce05jz4mIO3eYOa4nEKgm0fOP06KnL4qxRfX4Ud#aah10099-bib-0067
https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/aah.10099?casa_token=XOdRwUOTjJQAAAAA%3AuQsht_MrSlJ0KuZXMbqbhlcHG6mlLbXT6cPJxce05jz4mIO3eYOa4nEKgm0fOP06KnL4qxRfX4Ud#aah10099-bib-0023
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aquaculture in tilapia farms worldwide (Nielsen et al. 2001;Pridgeon & Klesius 

2011). 

Aquatic infections due to MAS has been one of the most common 

problems described in freshwater fish, and most studies associate this to a 

single bacterial species, Aeromonas hydrophila. Doubt is now being raised 

about how common this bacterial species is during MAS infections primarily 

being driven its complex phenotypic and genotypic heterogeneity (Lamy et al., 

2010) especially in developing countries like the Philippines where laboratories 

depend heavily on the use of biochemical test kits such as API for bacterial 

identification. For a treatment or intervention of the disease, it is rarely needed 

to differentiate bacteria at the species level. However, many countries are 

limited in their degree of bacterial speciation which in itself, is not always critical 

with the motile Aeromonads for treatments as the same approach is used. 

However, understanding the speciation and level of diversity for microbial 

epidemiology studies is critical, particularly for sectors where MAS outbreaks 

can significantly impair the productivity and sustainability. Moreover, the mis-

identification could be also due to contamination from the leaching in the gut 

compared with the actual pathogenic strains during isolation as A. hydrophila is 

a known commensal in fish gut (Ray et al., 2012). The ability to refine our 

understanding of the role of varied species within MAS outbreaks is through the 

uptake of highly sensitive and specific molecular identification methods such as 

the 16S rRNA, gyrB, rpoB and rpoD gene sequencing (Beaz-Hidalgo, Alperi, 

Bujan, Romalde & Figueras, 2010). These molecular probes have higher 

resolution compared with the more biochemical identification of these MAS 

complex. The rpoD gene, a house keeping gene, is reported as an excellent 

https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/aah.10099?casa_token=XOdRwUOTjJQAAAAA%3AuQsht_MrSlJ0KuZXMbqbhlcHG6mlLbXT6cPJxce05jz4mIO3eYOa4nEKgm0fOP06KnL4qxRfX4Ud#aah10099-bib-0043
https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/aah.10099?casa_token=XOdRwUOTjJQAAAAA%3AuQsht_MrSlJ0KuZXMbqbhlcHG6mlLbXT6cPJxce05jz4mIO3eYOa4nEKgm0fOP06KnL4qxRfX4Ud#aah10099-bib-0056
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tool for identification and for inferring taxonomy of the genus Aeromonas (Beaz-

Hidalgo et al., 2010). Several motile Aeromonas species, aside from A. 

hydrophila, are reported as aetiological agents of MAS in a wide range of fish 

species. These include A. veronii (Dong et al., 2015), A. dhakensis (Soto-

Rodriguez et al., 2013), A. caviae (Peepim et al., 2016), A. sobria (Li & Cai, 

2011) and A. jandaei (Dong et al., 2017). Some strains of these bacteria also 

cause broad range of human diseases ranging from diarrhoea to life threatening 

tissue infections and septicaemia in immunocompromised persons (Parker & 

Shaw, 2011). However, the human strains appear to be genetically distinct from 

piscine strains (Pablos et al., 2011). This genetic difference among human and 

piscine strains of Aeromonas indicates a complex adaptation strategy in 

different host via transmission through the water. 

Aeromonas, being ubiquitous, may be constantly exposed to 

micropollutants, such as residual antimicrobial compounds that may be present 

from agricultural run-offs, human sewage and fish farms doing antibiotic 

treatment. Depending on their concentration, residual time in the environment 

and frequency of exposure, contaminating antimicrobials can exert a selective 

pressure and may thus favour the spread of AMR among aquatic bacterial 

populations (Stratev et al., 2015). Since the intensification of tilapia aquaculture, 

numerous diseases have impacted production which consequently resulted in 

the need of prophylactic and therapeutic administration of antimicrobial 

substances. Although the use of antibiotics may positively impact aquaculture 

productivity, there is a rising concern that their extensive application and way of 

administration selects for antibiotic-resistant bacteria via the presence of 

antibiotic resistance genes (ARG).  
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Antibiotic resistance genes in Aeromonas are often harboured on mobile 

genetic elements including class 1 integrons, plasmids, insertion sequence 

elements, transposons, genomic islands carrying single or multidrug resistance 

(MDR) genes and gene cassettes (Hossain et al., 2013; Huddleston et al., 

2013; Piotrowska & Popowska, 2015). Horizontal gene transfer (HGT) is a 

mechanism by which bacteria acquire resistance to antibiotics by exchanging 

their antibiotic resistance genes among diverse species (Le Roux & Blokesch, 

2018), greatly fostering collaboration among bacterial population in MDR 

development (Sun et al., 2019). HGT is the most important factor in the current 

pandemic of AMR (von Wintersdorff et al, 2016). Horizontal gene transfer of 

these elements can significantly expand the ability of bacteria to spread and 

cause disease leading to the potential transfer of mobile genetic elements 

across microbiomes of common ecological niches. Many of these mobile 

elements harbour multiple antimicrobial resistance determinants resulting in the 

propagation of antibiotic resistance. The ability of the MAS species within the 

aquatic MAS disease complex can rapidly acquire AMR via HGT and this 

combined with the diverse range of virulence factors possessed by the 

members of this MAS complex makes the disease outbreaks difficult to control. 

This in turn, can have a high economic threat to the sustainable development of 

freshwater aquaculture species (Yang et al., 2020) and with human health for 

the MAS strains which able to cause disease in people (WHO, 2011). The 

global rise in AMR detection from motile Aeromonas isolates from different 

sources may pose a serious threat to public health due to their zoonotic 

potential (Patil et al., 2016; Lijon et al., 2016; Gordon et al., 2007; Palu et al., 

2006; Hatha et al., 2005). Recent literature showed that 95.4% of the strains 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B11
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B14
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B14
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B33
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associated with clinical cases correspond to four species, namely A. caviae, A. 

dhakensis, A. veronii, and A. hydrophila (Figueras & Beaz-Hidalgo, 2015; 

Fernandez-Bravo & Figueras, 2020). Despite the vast information being collated 

and presented on the AMR of motile aeromonads isolated from water, 

sediments, and seafood samples (Patil et al., 2016; Lijon et al., 2016; Gordon et 

al., 2007), there is a need for constant surveillance of the AMR patterns of MAS 

isolates from intensively farmed fish due to increased reports of infectious 

disease outbreaks despite antibiotic treatments. 

 Screening for the presence of virulence genes as a method to evaluate 

the potential virulence of aeromonads could be hypothetical, since virulence is a 

complex process, and empirical testing with an infection bioassay is often 

necessary for conclusive results. Nevertheless, screening for virulence genes 

has been used in many studies as a practical approach for evaluating the 

genetic potential of aeromonads to express virulence factors (Puthucheary et al. 

2012). A number of putative virulence genes have been described in 

Aeromonas which are present in known human bacterial pathogens, are 

considered essential to establish infection in a susceptible host although the 

exact mechanism of how these virulence factors cause disease in susceptible 

host is still complex and not fully understood (Senderovich et al., 2021; Sen & 

Rodgers, 2004). The presence of virulence genes does not necessarily imply its 

expression in the host (Talagrand-Reboul, 2018). These virulence factors 

detected so far have been reported to contribute to biofilm formation, cell 

adherence, invasion, and cytotoxicity (Tomas, 2012), all important in the 

establishment of aquatic disease. Studies have also shown that only certain 

subsets of strains within a species, referred to as “pathotypes” produce disease 
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in particular hosts (Janda & Abbot, 2010). This could be due to the differences 

in the content of virulence-associated genes within the pathotypes compared 

with other strains. The detection of these virulence genes in a given strain of a 

particular Aeromonas species in a defined geographical area is necessary in 

determining potential pathogenicity and subsequent possible targets for vaccine 

(Khor et al., 2015). 

Aeromonas virulence expression is complex, since several factors 

contribute significantly to the development of an infectious process (Pablos et 

al., 2009) as host becomes susceptible due to a compromised immune 

response caused by stresses (Dallaire-Dufresne et al., 2014). Colonisation and 

infection ability by the bacterium is due to the microorganism’s structural 

components, toxins, and extracellular products (Hoel et al., 2017; Beaz-Hidalgo 

& Figueras 2013), acting jointly or individually (Igbinosa et al., 2017). Due to the 

diversity of the Aeromonas virulence complexes detected in aquatic strains, it 

has not yet been fully understood due to the unpredictability or differential 

expression of the virulence genes (Ottaviani et al., 2011). In the infectious 

process, the structural composition of a bacterial cell has a great influence on 

its ability to cause the disease. Several factors such as flagella, pili, proteins, 

and membrane antigens, amongst others, have been studied and identified 

roles described in bacterial pathogenicity, for example, locomotion, adhesion to 

host tissue, protection against bactericidal agents and immune system cells 

(Rasmussen-Ivey et al., 2016). Additionally, a great variety of extracellular 

products are generated among Aeromonas species (Praveen et al., 2016). 

These enzymatic proteins such as haemolysins, lipases and proteases as well 

as toxins have been studied over time due to their role in the infectious process 
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and host impairment (Beaz-Hidalgo & Figueras 2013). The transfer of the 

virulence factors produced by bacteria to the extracellular medium and/or to 

host cells is extremely important to the contamination and infection processes. 

Six different types of secretory systems have been detected in Gram-negative 

microorganisms (Liu, 2015); four of them were reported in the genus 

Aeromonas, described as types II, III, IV and VI (Beaz-Hidalgo & Figueras., 

2013).  

5.2.1 Study Aim 

The objectives of the present study were to characterise and profile the 

antibiotic susceptibility and virulence genes of motile Aeromonas species 

recovered from clinically sick tilapia farmed in the Philippines, with a view to 

identifying targeted disease prevention and control measures against MAS in 

farmed tilapia species.  

5.3 Materials and Methods 

5.3.1 Identification of the isolates 

 The source and preliminary identification of the strains 

characterised in this chapter was reported in Chapter 3 (134-136). Preliminary 

identification of the isolates included conventional methods like Gram staining, 

oxidase, catalase, motility, and oxidation-fermentation while the molecular 

identification test was 16S rRNA gene sequencing.  

 In total there were 14 A. veronii, 1 A. jandaei, 1 A. caviae and 1 A. 

dhakensis. The Aeromonas isolates were recovered both moribund and 



253 

 

apparently healthy tilapia from Taal Lake, Laguna Lake, Calauan and Nueva 

Ecija.  

 

5.3.1.1 Biochemical profiles 

The biochemical profiles of the different Aeromonas isolates were 

performed using API 20E identification kit (BioMérieux, France), following the 

manufacturer’s instructions but modified for a temperature of incubation of 28° 

C and read after 48 hours (Crumlish et al., 2002).  

5.3.1.2 Molecular identification of the MAS strains 

All motile Aeromonas isolates (n = 16) identified by 16S rRNA gene 

sequencing were processed for rpoD sequence analysis. PCR amplification of 

the rpoD gene was performed as described by Yamamoto et al. (2000). PCR 

amplification was performed with a Biometra thermal cycler (Analytik Jena) by 

using 2X HS MyTaq mastermix (bioline UK) and the final concentrations of each 

component in a 25 ul reaction mixture were as follows: 12.5 µl of 2X HS MyTaq 

mastermix, 1.0 µl of 10 pmol of each oligonucleotide primer, 2.0 µl of 20 ng 

gDNA, and 8.5 µl of milliQ water. The primers for the PCR amplification were 

the 70F (5’-

ACGACTGACCCGGTACGCATGTAYATGMGNGARATGGGNACNGT-3’) and 

70R (5’-ATAGAAATAACCAGACGTAAGTTNGCYTCNACCATYTCYTTYTT-3’) 

which amplifies approximately 820 bp gene segment. The annealing 

temperature ranged from 58 to 63 °C depending on the G+C content of the 

template DNA. Higher annealing temperatures were used for higher GC 

contents. Amplified products were visualised on 1.5% (w/v) agarose gels with 

ethidium bromide (0.5 µg/ml), and PCR products purified using QIAquick PCR 
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Purification Kit (Qiagen). The total nucleotide sequences of the amplified 

fragments were sequenced commercially (Eurofins Genomics) by using 

sequencing primers 70Fs (5'-ACGACTGACCCGGTACGCATGTA-3') and 70Rs 

(5’-ATAGAAATAACCAGACGTAAGTT-3’) which correspond to the first 23 

nucleotides of PCR primers 70F and 70R, respectively (Appendix 2.5). PCR 

primers and sequencing primers used in this study are summarized in Error! 

Reference source not found.. Sequences were aligned with ClustalW 

algorithm against phylogenetically related organisms available in GenBank in 

the National Centre for Biotechnology Information website (http: //www.ncbi. 

nlm.nih.gov). A phylogenetic tree based on the 16S rRNA and rpoD genes for 

the different motile Aeromonas isolates was constructed using MEGA 10 

software. 

 

Table 5.1 PCR primers and sequencing primers for rpoD gene. 

 
Primer 

 
Target Gene 

 
Sequence (5’-3’) 

 
Length 

(mer) 

70F rpoD ACGACTGACCCGGTACGCATGTAYATGMGNGARATGGGNACNGT 44 

70Fs  ACGACTGACCCGGTACGCATGTA 23 

70R rpoD ATAGAAATAACCAGACGTAAGTTNGCYTCNACCATYTCYTTYTT 44 

70Rs  ATAGAAATAACCAGACGTAAGTT 23 

 

 

5.3.1.3 Protein spectral profiles of the MAS strains 

 Protein spectral profiles of the different Aeromonas (n = 16) 

isolates including the A. hydrophila NCIMB 9240 and A. veronii ATCC 35624 

were determined using the ethanolic-formic acid extraction method as described 

in Chapter 4, with exception of a 24 h instead of 48 h incubation period. A 
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further modification was the use of 12 sequential dilutions for the Aeromonas 

species (1:1, 1:2.5. 1:5, 1:10, 1:20, 1:40…1:2560) all prepared in tetraplicates.  

 

5.3.2 Viable growth in different incubation temperatures and salt 
concentrations 

 The method for the determination of temperature and salt 

tolerances of the Aeromonas isolates was the same as described in Chapter 4.  

5.3.3 Histopathology 

 The details of the histopathology protocol is found in Chapter 3 

(pages). H&E and Gram-stained tissue sections were examined using the digital 

slide scanner (ZEISS Axio Scan.Z1, ZEISS Germany). 

5.3.4 Antibiotic susceptibility and antimicrobial resistance determinants 

5.3.4.1 Antibiotic susceptibility assay 

Susceptibility tests were performed with some modification by the disc 

diffusion method in accordance with Clinical and Laboratory Standards Institute 

(CLSI 2012) guidelines. All the isolates were tested for antibiotic sensitivity to 

antibiotics that are globally licensed for aquaculture which are amoxicillin (AML 

10 µg), oxytetracycline (OT 30 µg), florfenicol (FFC 30 µg), sulfamethoxazole-

trimethoprim (SXT 25 µg), oxolinic acid (OA 2 µg), enrofloxacin (ENR 5 µg), 

tetracycline (30 µg) and erythromycin (E 15). Additionally other antibiotics of 

human health significance were also tested which include ampicillin (25 µg), 

penicillin G (10 units), chloramphenicol (30 µg), and ampicillin (AMP; 25 µg) 
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(Oxoid UK). The antibiotics selected were those routinely screened in the 

diagnostic laboratory at the Institute of Aquaculture, University of Stirling and 

representative of antibiotics licensed for use in global aquaculture. The Kirby-

Bauer method for antibiotic susceptibility testing was followed as described in 

Chapter 4 of this study.  

 

5.2.5.2 Detection of antibiotic resistance genes 

The presence of genes encoding resistance to tetracyclines (tetA, tetB, 

tetC, tetD, tetE, tetG, tetM), sulfonamides (sul1, sul2, sul3) and trimetophrim 

(dfrA1, dfrA12, drfA17) were detected by conventional one-step PCR using 

genomic DNA from Chapter 3 (pages). Extended Spectrum Beta-Lactamase 

(ESBL) resistance genes (blaSHV, blaCTX-M, blaTEM), plasmid-mediated 

quinolone resistance (PMQR) genes (qnrA, qnrB, qnrS)), aminoglycoside 

resistance genes (armA, aphaI-IAB, aac(3)-IIa, aac(6’)-Ib ) and integrons (IntII, 

IntI2, Class 1 integron) were screened for all isolates (n = 16) regardless the 

results of antibiotic susceptibility testing. The list of PCR primers are shown in 

Table 5.2. The antimicrobial resistance genes amplified PCR products were 

sent for sequencing to confirm their identity as following methods described by 

Syrova et al. (2018).  
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Table 5.2 Primers used for PCR detection of different antimicrobial resistance genes in 
Aeromonas spp. isolates. 

Targeted Gene Primer Pair Sequence (5’-3’) Annealing 
temperature 

(°C) 

Amplicon size 
(bp) 

Extended Spectrum B-Lactamase (ESBL) Resistance 

     blaTEM* blaTEM-F ATAAAATTCTTGAAGACGAAA 58 
1080 

 blaTEM-R GACAGTTACCAATGCTTAATC  
 

     blaSHV* blaSHV-F TTATCTCCCTGTTAGCCACC 58 
797 

 blaSHV-R GATTTGCTGATTTCGCTCGG  
 

     blaCTX-M* blaCTX-M-F CGCTTTGCGATGTGCAG 52 
551 

 blaCTX-M-R ACCGCGATATCGTTGGT  
 

Tetracycline Resistance 

     tetA* tetA-F GTAATTCTGAGCACTGTCGC 62 
957 

 tetA-R CTGCCTGGACAACATTGCTT  
 

     tetB* tetB-F CTCAGTATTCCAAGCCTTTG 57 
436 

 tetB-R CTAAGCACTTGTCTCCTGTT  
 

     tetC** tetC-F CTTGAGAGCCTTCAACCCAG 58 
418 

 tetC-R ATGGTCGTCATCTACCTGCC  
 

     tetD** tetD-F AAACCATTACGGCATTCTGC 54 
787 

 tetD-R GACCGGATACACCATCCATC  
 

     tetE* tetE-F GTGATGATGGCACTGGTCAT 62 
1199 

 tetA-R CTGCCTGGACAACATTGCTT  
 

     tetG** tetG-F CAGCTTTCGGATTCTTACGG 56 
844 

 tetG-R GATTGGTGAGGCTCGTTAGC  
 

     tetM*** tetM-F ACACGCCAGGACATATGGAT 54 
536 

      tetM-R ATTTCCGCAAAGTTCAGACG  
 

Plasmid-Mediated Quinolone Resistance (PMQR) 

     qnrA* qnrA-F AGAAGGATTTCTCACGCCAGG 56 
580 

 qnrA-R TGCCAGGCACAGATCTTGAC  
 

     qnrB* qnrB-F GATCGTGAAAGCCAGAAAGG 53 
469 

 qnrB-R ACGATGCCTGGTAGTTGTCC  
 

     qnrS* qnrS-F GCAAGTTCATTGAACAGGGT 56 
427 

 qnS-R TCTAAACCGTCGAGTTCGGCG  
 

Aminoglycoside Resistance 

     armA* armA-F AGGTTGTTTCCATTTCTGAG 53 
591 

 armA-R TCTCTTCCATTCCCTTCTCC  
 

     aphaI-IAB* aphAI-IAB-F AAACGTCTTGCTCGAGGC 53 
461 
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 aphAI-IAB-R CAAACCGTTATTCATTCGTGA  
 

     aac(3)-IIa* aac(3)-IIa-F ATGGGCATCATTCGCACA 55 
484 

 aac(3)-IIa-R TCTCGGCTTGAACGAATTGT  
 

     aac(6’)-Ib* aac(6')-Ib-F TTGCGATGCTCTATCAGTGGCTA 55 
482 

 aac(6')-Ib-R CTCGAATGCCTGGCGTGTTT  
 

Sulfonamide Resistance 

     sul1** sul1-F CTTCGATGAGAGCCGGCGGC 71 
417 

 sul1-R GCAAGGCGGAAACCCGCGCC  
 

     sul2** sul2-F AGGGGGCAGATGTGATCGAC 54 
249 

 sul2-R GCAGATGATTTCGCCAATTG  
 

     sul3** sul3-F GAGCAAGATTTTTGGAATCG 52 
789 

 sul3-R CATCTGCAGCTAACCTAGGGCTTTGGA  
 

Trimethoprim Resistance 

     dfra1** dfra1-F ACGGATCCTGGCTGTTGGTTGGACGC 65 
254 

 dfra1-R CGGAATTCACCTTCCGGCTCGATGTC  
 

     dfra12** dfra12-F ACTCGGAATCAGTACGCA 50 
462 

 dfra12-R GTGTACGGAATTACAGCT  
 

     dfra17** dfra17-F GATTTCTGCAGTGTCAGA 50 
384 

 dfra17-R CTCAGGCATTATAGGGAA  
 

Integrons 

     IntI1* InII-F CTACCTCTCACTAGTGAGGGGCGG 58 
847 

 InII-R GGGCAGCAGCGAAGTCGAGGC  
 

     IntI2* IntI2-F GCAAATGAAGTGCAACGC 56 
467 

 IntI2-R ACACGCTTGCTAACGATG  
 

     Class 1 integron* 5’CS GGCATCCAAGCAGCAAG 64 
Variab

le 

 3'-CS AAGCAGACTTGACCTGA  
 

*Hossain et al. (2018), **Syrova et al. (2018), ***Skwor et al. (2020). 

5.3.5 Detection of virulence determinants and virulence genes 

 Two methods were applied in this study: phenotypic expression of 

common virulence factors and detection of virulence genes. 

5.3.5.1 Phenotypic virulence determinants 

Phenotypic expression of putative virulence factors associated with 

pathogenic strains of Aeromonas were evaluated in vitro following the methods 

of (Sreedharan et al., 2011). In all assays A. hydrophila strain NCIMB 9240 was 
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applied as positive control and all inoculated agar plates were incubated at 28 

°C. 

Haemolysis. A pure colony of each isolate tested was streaked onto a 5 

% (v/v) sheep blood agar plate incubated at 28 °C and observed daily for five 

days. Clearing around the bacterial colonies indicated positive haemolytic 

activity.  

Extracellular Lipase. Lipase agar (Tween 80 agar) was prepared as per 

Plou et al. (1998). A positive result was indicated by a white halo of precipitation 

around colonies and a negative result by lack of this.  

Extracellular Gelatinase. The agar was prepared as per Smith and 

Goodner (1958). A positive result was indicated by clearing around colonies and 

a negative result by lack of this. 

Extracellular Protease. The agar was prepared as per Vermelho et al. 

(1996). A positive result was indicated by clearing around colonies after 24-48 h 

and a negative result by lack of this. 

Extracellular DNAse. DNAse agar was prepared according to 

manufacturer’s guide for DNAse Agar Base (CM0854) (Oxoid, UK) with 0.01 % 

toluidine blue O (w/v). A positive result was indicated by pink zones around 

colonies and a negative result by lack of this. 

Biofilm Formation. The assay was performed using the Congo red agar 

method (Freeman et al., 1989). A positive result was indicated by black colonies 

with a dry crystalline consistency after 24-48 hours. 

 



260 

 

5.3.5.2 Detection Virulence Genes 

All isolates 16 bacterial isolates were screened by conventional one step 

PCR for a total of 15 virulence genes (Table 5.3). Characteristics of primers and 

thermal cycling conditions used for the amplification of virulence genes are 

summarised in Table 5.3 with modifications in the annealing temperatures and 

time for PCR denaturation, annealing and extension which were performed at 

15s, 15s and 30s, respectively and since optimisation of the PCR using these 

times and temperatures gave the best amplification bands.  

Each PCR was performed in a 25 µl reaction mixture consisting of 12.5 

µl of 2X HS MyTaq mastermix (bioline UK), 1.5 µl of 10 pmol of each 

oligonucleotide primer (Eurofins MWG Operon, Germany), 2.0 µl of DNA 

template, and Milli-Q water to volume. The PCR products were analysed by 

electrophoresis in a 1% (w/v) agarose gel prepared in 0.5X TAE buffer with 

ethidium bromide (0.5 µg ml-1), visualized on a UV transilluminator and 

documented.  A GeneRulerTM 1kb Plus DNA Ladder (Thermo ScientificTM, UK) 

was run together with the PCR products to enable estimation of the size of the 

amplified fragments. 
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Table 5.3 Primers used for PCR detection of different virulence genes in Aeromonas spp. 
isolates. 

Virulence 

Factor 

Gene Primer Nucleotide Sequence (5’- 3’) Target 

region (bp) 

Annealing 

Temperature (°C) 

Aerolysin* aer aerA_F 

aerA_R 

CCTATGGCCTGAGCGAGAAG 

CCAGTTCCAGTCCCACCACT 

431 69 

Hemolysin 

A** 

hylA hylA-F 

hylA-R 

ATGAGTTTTGCCGATAGTTTATTTTTCCTGA 

TTACGATTCCTGAGCGGGCTTGTCGGCCGGCGTG 

1320 67 

DNAse* exu exu_F 

exu_R 

RGACATGCACAACCTCTTCC 

GATTGGTATTGCCYTGCAAS 

323 61 

Serine 

protease* 

ser ser_F 

ser_R 

CACCGAAGTATTGGGTCAGG 

GGCTCATGCGTAACTCTGGT 

350 64 

Lateral 

flagella* 

lafA lafA_F 

lafA_R 

CCAACTTYGCYTCYMTGACC 

TCTTGGTCATRTTGGTGCTY 

738 62 

Cytotoxic 

enterotoxin* 

act act_F 

act_R 

AGAAGGTGACCACCACCAAGAACA 

AACTGACATCGGCCTTGAACTC 

232 65 

Elastase* ahyB ahyB_F 

ahyB_R 

ACACGGTCAAGGAGATCAAC 

CGCTGGTGTTGGCCAGCAGG 

513 62 

ADP-ribosyl 

transferase 

toxin*** 

aexT/aexU aexT/aexU_F 

aexT/aexU_R 

TGGCVMTSAAAGAGTGGAT 

GCARDGSRCCRTTGCCRGTC 

225 60 

Lipase* lip lip_F 

lip_R 

CAYCTGGTKCCGCTCAAG 

GTRCCGAACCAGTCGGAGAA 

247 63 

Heat-labile 

cyototonic 

enterotoxin* 

alt alt_F 

alt_R 

TGACCCAGTCCTGGCACGGC 

GGTGATCGATCACCACCAGC 

442 66 

Heat-stable 

cytotonic 

enterotoxin* 

ast ast_R 

ast_R 

TCTCCATGCTTCCCTTCCACT 

GTGTAGGGATTGAAGAAGCCG 

331 65 

DNA 

adenine 

methyl-

transferase** 

dam dam_F 

dam_R 

ATGAAAAAAACACGCGCTTTTTTAAAATGG 

TCAGCCGAGTGGCGCCAGTTCGGCGTCG 

873 65 

Enolase** enolase enolase_F 

enolase_R 

ATGTCCAAGATCGTTAAAGTGAT 

TTAAGCCTGGTTCTTCACTTCTT 

1302 60 
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T3SS 

membrane 

component** 

ascV ascV_F 

ascV_R 

ATGAAGCCCGCTTCGCCTATCAA 

TCACAGGCAGACCCTTCCCAGC 

2166 65 

Cholesterol 

acyl 

transferase* 

gcaT gcaT_F 

gcaT_R 

CTCCTGGAATCCCAAGTATCAG 

GGCAGGTTGAACAGCAGTATCT 

237 65 

* Nawaz et al (2010); **Khor et al (2015); ***Talagrand-Reboul et al. (2018). 

5.4 Results 

5.4.1 Identification of the isolates 

 All the bacterial isolates were identified as Gram-negative rods, 

catalase, and oxidase positive, motile and fermentative. 

5.4.1.1 Biochemical profiles 

As expected, the API 20E biochemical profiles gave a high level of 

variation observed between and within different Aeromonas species/strains 

(Table 5.4). Isolates 39 and 69 had their own unique profile were later identified 

as strains of A. caviae and A. dhakensis, respectively.  For the rest of the 

isolates, which were later identified as A. veronii, there were five distinct 

biochemical profiles (Table 5.3). All the A. veronii isolates differed from the type 

strain A. veronii ATCC 35624 which was negative for ADH, but the Philippine 

strains were all ADH positive.  Additionally, A. veronii 4 was negative for LDC, 

CIT and IND while the rest of Philippine A. veronii strains and the type strain 

were positive. The A. veronii 4 and 17 were negative for VP while the rest of A. 

veronii strains including the type strain were positive. For ODC, the A. veronii 

isolates 4, 17, 40 and 67 were negative while the type strain and the rest of A. 

veronii strains were positive. A positive result for AMY was shown by A. veronii 

isolates 23 and 51 while other A. veronii isolates and the type strain were 
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negative.   The isolates A. veronii 17, 23 and 51 were positive for ARA which 

was negative in other A. veronii isolates and the type strain. The summary of 

the phenotypic and biochemical tests results on motile Aeromonas isolates are 

presented in Table 5.4.  

 

Table 5.4 Phenotypic and biochemical characteristics of the different Aeromonas isolates. 

 

 

Characteristi

cs 

A. veronii 

ATCC 

35624 

A. 
hydrophila 

NCIMB 
9240 

A. 
caviae 

39 

 

A. 
dhakensis 

69 

 

AV 

Profile 1   

* 

AV 

Profile 2  

** 

AV 

Profile 3 

*** 

AV 

Profile 4 

**** 

AV 

Profile 5 

***** 

     

Gram Negative Negative Negative Negative Negative Negative Negative Negative Negative 

Morphology Rod Rod Rod Rod Rod Rod Rod Rod Rod 

Motility + + + + + + + + + 

Catalase + + + + + + + + + 

Oxidase + + + + + + + + + 

O/F + + + + + + + + + 

MAC + + + + + + + + + 

Haemolysis + + + + + + + + + 

ONPG + + + + + + + + + 

ADH - + + + + + + + + 

LDC + + - + - + + + + 

ODC + + - + - - + + - 

CIT + + - + - + + + + 

H2S - - - - - - - - - 

UREA - - - - - - - - - 

TDA + + + + + + + + + 

IND + + + + - + + + + 

VP + + - + - - + + + 

GEL + + + + + + + + + 

GLU + + + + + + + + + 

MAN + + + + - + + + + 

INO - - - - - - - - - 

SOR - - - - - - - - - 

RHA - - - - - - - - - 

SAC + + + + + + + + + 

MEL - - - - - - - - - 

AMY - - + + - - + - - 

ARA - + + - - + + - - 

NO2 + + + + + + + + + 
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N2 - - - - - - - - - 
*AV Profile 1 = A. veronii isolate 4 
**AV Profile 2 = A. veronii isolate 17  
***AV Profile 3 = A. veronii isolates 23, 51  
****AV Profile 4 = A. veronii isolates 26, 34, 41, 46, 47, 50, 64, 74 
*****AV Profile 5 = A. veronii isolates 40, 67 

 

An attempt was made to compare the biochemical profiles of the 

Philippine A. veronii strains with other published strains also using the same 

method (Table 5.5). In the reported literature, all A. veronii strains were negative 

for hydrogen sulphide production, urease, inositol, sorbitol, rhamnose, and 

melibiose. There is not one positive biochemical test that is common to all the 

A. veronii isolates in Table 5.5 although there is high rate of positivity (≥ 70%) 

noted for ONPG, ADH, LDC, CIT, IND, VP, GEL, GLU, MAN and SAC. From 

the API 20E results in this study and in other published literatures on aquatic A. 

veronii, this species can only be identified biochemically up to the genus level 

as Aeromonas sp. since the high positivity in the different biochemical tests 

were also similar to other Aeromonas species such as A. hydrophila, A. caviae 

and A. dhakensis.  
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Table 5.5 Summary of API 20E results for Aeromonas veronii isolates from farmed Nile tilapia in 
the Philippines and in other literature reports. 

 
Aeromonas veronii 

Reference* A B C D E F G H I J 

 
Number of Isolates 

 
14 

 
22 

 
1 

 
35 

 
5 

 
9 

 
5 

 
3 

 
1 

 
5 

Country** PH VT TH INT SP USA GR EG SK USA 

ONPG 100 100 100 100 100 89 100 100 100 100 

ADH 100 100 100 100 0 0 100 100 100 100 

LDC 93 100 100 96 100 100 100 100 100 100 

ODC 71 0 0 0 100 100 0 100 0 0 

CIT 93 100 100 52 v 100 80 100 100 0 

H2S 0 0 0 n/a n/a 0 0 0 0 0 

URE 0 0 0 0 0 0 0 0 0 0 

TDA 100 0 0 n/a n/a n/a 60 100 0 100 

IND 93 100 100 100 100 100 0 100 100 100 

VP 86 0 0 88 100 89 70 v 100 100 

GEL 100 100 100 100 100 89 50 100 100 100 

GLU 100 100 100 92 100 100 100 100 100 100 

MAN 93 100 100 100 100 100 80 100 100 100 

INO 0 0 0 0 0 0 0 0 0 0 

SOR 0 0 0 0 0 0 0 0 0 0 

RHA 0 0 0 0 0 0 0 0 0 0 

SAC 100 100 100 100 100 100 90 100 100 100 

MEL 0 0 0 0 0 0 0 0 0 0 

AMY 14 0 0 0 100 n/a 0 v 0 0 

ARA 21 0 0 12 0 0 0 0 0 0 

(A) Current study (B) Hoai et al., 2019 (C) Dong et al., 2017 (D) Abbott et al., 2003 (E) Esteve et al., 2003 (F) 

Hickmann-Brenner et al., 1987 (G) Smyrli et al., 2017 (H) El Latif et al., 2019 (I) Yu et al., 2010 (J) Mohammed & 
Peatman, 2018. 

(ONPG) β galactosidase; (ADH) Arginine dihydrolase; (LDC) Lysine decarboxylase; (ODC) Ornithine decarboxylase; (CIT) 
Citrate; (H2S) Hydrogen sulfide; (URE) Urease; (TDA) Tryptophan deaminase; (IND) Indole; (VP) Voges Proskauer; (GEL) Gelatinase; 
(GLU) Glucose; (MAN) Mannose; (INO) Inositol; (SOR) Sorbitol; (RHA) Rhamnose; (SAC) Sucrose; (MEL) Melibiose; (AMY) 
Amygdalin; (ARA) Arabinose. 

(n/a) Data not available; (v) variable but no value provided. Numbers show percentage of positive strains. 
**Country: PH = Philippines; VT = Vietnam; TH = Thailand; INT = International; SP = SPAIN; GR = Greece; 

EG = Egypt; SK = South Korea 
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5.4.1.2 Molecular identification 

Identification of the MAS strains using the 16S rRNA and rpoD gene was 

achieved and gave a 94% level of agreement using either of these methods 

(Error! Reference source not found.). An exception was observed with the 

isolate 4 in which 16S rRNA identified it as A. jandaei while rpoD sequencing 

speciated it as A. veronii. The API 20E either shows an unacceptable profile or 

doubtful/wrong species identification. The API 20E identified eight A. veronii 

isolates as Vibrio cholerae and one isolate as V. fluvialis.  Two of the A. veronii 

isolates (23 and 51) have an unacceptable profile while the rest of the 

Aeromonas isolates were identified as A. hydrophila/caviae/sobria complex. 

These results may be due to lack reactions of the strains on some biochemical 

substrates which aquatic strains are not able to metabolise.   The summary of 

the identification test is shown in Error! Reference source not found.. 
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Table 5.6 Comparative identification results of the motile Aeromonas isolates from the three 
tests. 

 
 
 

Isolate 

 
Identification Test 

 

API 20E ID Using Buller and 
Aeromonas profile in 

this study 

16S rRNA Gene 
Sequencing 

rpoD Gene 
sequencing 

Aeromonas veronii 
ATCC 35624 

Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

4 Vibrio fluvialis 

 

Aeromonas sp. 

 

A. jandaei 

 

A. veronii 

 

17 

 

Aeromonas 

hydrophila/caviae/sobria 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

23 Indeterminate 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

26 Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

34 Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

39 

 

Aeromonas 

hydrophila/caviae/sobria 

 

Aeromonas sp. 

 

A. caviae 

 

A. caviae 

 

40 

 

Aeromonas 

hydrophila/caviae/sobria 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

41 Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

46 Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

47 Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

50 Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

51 Indeterminate 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

64 Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 

 

 

 

Aeromonas 
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The phylogenetic trees constructed, based on 16S rRNA and rpoD gene 

sequences of the Aeromonas isolates and the reference strains of Aeromonas 

species, strongly supported the identification results from both molecular 

methods. In the 16S rRNA tree, isolate 04 which is identified as A. jandaei, it 

can be seen it is grouped separately from two subgroups of A. veronii species 

(Error! Reference source not found.).  

 

67 
hydrophila/caviae/sobria 

Aeromonas sp. A. veronii A. veronii 

 

69 

 

Aeromonas 
hydrophila/caviae/sobria 

 

Aeromonas sp. 

 

A. dhakensis 

 

A. dhakensis 

 

74 

 

Vibrio cholerae 

 

Aeromonas sp. 

 

A. veronii 

 

A. veronii 
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Figure 5.1 Phylogenetic tree was constructed based on the 16S rRNA of the motile Aeromonas 
isolates in this study and their closely related species. Vibrio harveyi ATCC 14126T was 

selected as an out-group. Percentage bootstrap values (1000 replicates) are shown at each 
branch point. 

 

However, looking at the rpoD tree, isolate 4 which was identified as A. 

veronii is grouped with one of the two A. veronii subgroups (Error! Reference 

source not found.). Additionally, in the rpoD tree, isolate 41-A. veronii is 

positioned separately from both two A. veronii subgroups.  
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Figure 5.2 Phylogenetic tree was constructed based on the rpoD gene of the motile Aeromonas 
isolates in this study and their closely related species. Vibrio cholerae CECT 514T was selected 

as an out-group. Percentage bootstrap values (1000 replicates) are shown at each branch 
point. 

 

5.4.1.3 Protein spectral profile the MAS strains 

A single peak analysis was performed in the range of 4,000–8,000 Da, 

which included most of the potential biomarkers for bacterial identification, and 

the peak list of A. veronii, A. caviae, A. dhakensis, A. veronii ATCC 35624 and 

A. hydrophila NCIMB 9240 as compared with fish Aeromonas isolates in the 

study of Perez-Sancho et al. (2018). Figures taken directly from the MALDI-TOF 

MS instrument have been provided in greater scale in the Appendix 3 of this 

thesis.  

From the MALDI TOF results, the protein spectral profiles obtained for 

motile Aeromonas isolates and the respective positive control samples were 

similar except for isolates A. veronii 34, 41 and 67. As seen from the spectral 

profiles in Error! Reference source not found., there is no visual differences 

between different motile Aeromonas species tested in this study.  

 

Figure 5.3 Depicts the optimal mass spectrum results achieved with isolate undergoing ethanol-
formic acid extraction after being grown on TSA at 28° C. The four Aeromonas isolates were 
grown for 24 hours before subculture and were procured at subculture 2. The red spectrum 
displays isolate A. veronii ATCC 35624, the spectrum in blue shows isolate A. hydrophila 

NCIMB 9240, the green spectrum depicts isolate 39 and the orange spectrum exhibits isolate 
69. (Appendix 3.3) 
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Moreover, in Error! Reference source not found. which shows spectral 

profiles from different A. veronii isolates, all have similar spectral profiles except 

for three A. veronii isolates which have additional unique peaks of their own.  

 

Figure 5.4 Depicts the optimal mass spectrum results achieved with isolate undergoing ethanol-
formic acid extraction after being grown on TSA at 28° C. The five Aeromonas isolates were 
grown for 24 hours before subculture and were procured at subculture 2. The red spectrum 

displays isolate A. veronii ATCC 35624, the spectrum in blue shows isolate 4, the violet 
spectrum depicts isolate 23, the green spectrum depicts isolate 26 and the orange spectrum 

exhibits isolate 34. (Appendix 3.4) 

 

Analysis of the peaks of the spectral profiles of the Aeromonas isolates 

and the controls all clearly showed identical peaks. In Error! Reference source 

not found., all the A. veronii isolates with A. caviae (39), A. dhakensis (69) and 

controls (A. hydrophila NCIMB 9240 & A. veronii ATCC 35624) possessed 

identical peaks at 4260, 4492, 5050, 6097, 6302, 6480 and 7204.8 m/z.  
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Table 5.7 MALDI-TOF indicative peaks identified in motile Aeromonas isolates and type strains. 

 
 

Isolate 

Number 

 
 
 

rpoD ID 

 
Peak analysis (m/z) 

 

 
4260* 

 

 
4492 

 
4640 

 
4702* 

 
5050* 

 
5615 

 
5771 

 
6097 

 
6302* 

 
6480* 

 
7204* 

4 A. veronii + + - + + - - + + + + 

17 A. veronii + + - + + - - + + + + 

23 A. veronii + + - + + - - + + + + 

26 A. veronii + + - + + - - + + + + 

34 A. veronii + + + + + - - + + + + 

39 A. caviae + + - + + - - + + + + 

40 A. veronii + + - + + - - + + + + 

41 A. veronii + + - + + + + + + + + 

46 A. veronii + + - + + - - + + + + 

47 A. veronii + + - + + - - + + + + 

50 A. veronii + + - + + - - + + + + 

51 A. veronii + + - + + - - + + + + 

64 A. veronii + + - + + - - + + + + 

67 A. veronii + + - + + + + + + + + 

69 A. dhakensis + + - + + - - + + + + 

74 A. veronii + + - + + - - + + + + 

NCIMB 9240 A. hydrophila + + - + + - - + + + + 

ATCC 35624 A. veronii + + - + + - - + + + + 

*Peak masses identified by Perez-Sancho et al. (2018). 

 

Isolate 34 possessed a peak at approximately m/z 4640 which was 

absent in the rest while isolates 41 and 67 possessed peaks at m/z 5615 and 

5770 which were not seen also with the other isolates (Error! Reference 

source not found.).  
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Figure 5.5 Depicts the optimal mass spectrum results achieved with isolate undergoing ethanol-
formic acid extraction after being grown on TSA at 28° C. The five Aeromonas isolates were 

grown for 24 hours before subculture and were procured at subculture 2. The green spectrum 
displays isolate 34, the spectrum in blue shows isolate 41, and red green spectrum depicts 

isolate 67. (Appnedix 3.5) 

 

 

 

Over-all the spectral profiles of Aeromonas spp. in this study together 

with the control reference strains were identical which made it difficult to 

speciate them by peak analysis alone. Three A. veronii isolates possessed 

unique peaks, however, these are not sufficiently strong enough to use for 

species identification, but this may give a unique pathogenic type within the 

species by possessing unique proteins.  

 

5.4.2 Viable growth in different incubation temperatures and salt 
concentrations  

All Aeromonas isolates (n = 16) were able to grow at 15 to 47° C except 

for isolates A. caviae 39, A. veronii 46, A. veronii 50 and A. dhakensis 69 which 

were only able to grow until 43° C (Error! Reference source not found.). For 

salinity tolerance, all Aeromonas isolates were able to grow at 0.5 to 4 % NaCl. 
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At 5 % NaCl isolates 39 and 69 showed viable growth while for 6 and 6.5 % 

NaCl only isolate 69 was able to grow (Error! Reference source not found.). 

These two isolates were identified as A. caviae and A. dhakensis, respectively. 

 

Figure 5.6 Percentage viable growth of the motile Aeromonas isolates at different incubation 
temperatures (°C). 

 

 

Figure 5.7 Percentage viable growth of the motile Aeromonas isolates at different salinity levels 
(% NaCl). 
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5.4.3 Histopathology 

Microscopic examination of the tissues of the moribund and apparently 

healthy fish specimens where the motile Aeromonas isolates were recovered 

showed notable changes in the spleen, kidney, liver, and brain. Moderate 

splenitis was observed with numerous inflammatory cells aggregated around 

diffuse fibroid necrosis of ellipsoidal sheath in addition hemosiderosis. 

Addtionally massive congestion of the spleen was also observed (Error! 

Reference source not found.). Presence of Gram-negative rods was observed 

in the Gram-stained spleen (Error! Reference source not found.) of A. veronii 

isolate 17.   

 

Figure 5.8 An H&E section of the spleen showing massive congestion. 
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Figure 5.9 Gram-stained section of the spleen of A. veronii 17 showing numerous Gram-
negative rods (arrow). 

 

 

The liver showed multifocal hepatitis with necrosis, dissociation of the 

hepatocytes and congestion (Error! Reference source not found.). The 

kidney of most of the fish examined showed interstitial nephritis with diffuse 

coagulative necrosis of the tubular epithelium with most cells that are pyknotic 

and karyorrhectic (Error! Reference source not found.).  
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Figure 5.10 An H&E section of the liver showing necrosis characterised by margination of 
chromatin (thin red arrow), infiltration of lymphocytes (thin green arrow), and numerous 

macropahges (thick red arrow) and eosinophils (thick green arrow). 

 

  

 

Figure 5.11 An H&E section of the kidney showing diffuse necrosis of the tubules with infiltration 
of inflammatory cells (thick arrow), and tubular cells that are pyknotic (green arrow) and 

karyorrhectic (thin arrow). 
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5.4.4 Antibiotic susceptibility and antimicrobial resistance 
determinants 

5.4.4.1 Antibiotic susceptibility assay 

The antibiotic susceptibility profiles for the 16 motile Aeromonas strains, 

representing 3 species of MAS (i.e., A. veronii, A. caviae, and A. dhakensis) is 

presented in Error! Reference source not found.. All the isolates were found 

to be susceptible to oxolinic acid, chloramphenicol, florfenicol and enrofloxacin. 

A 100% resistance was observed with amoxicillin and penicillin, 94% with 

ampicillin, 25% with both tetracycline and oxytetracycline, 38% with 

erythromycin and 63% with sulphamethoxazole-trimethoprim. Antibiotic 

resistance to three or more antibiotics was found in all isolates (100%, n=16) 

using the Kirby-Bauer disc diffusion method (
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Table 5.8). Multiresistance defined as resistance to at least three antimicrobial 

classes (Schwarz et al., 2010) was found in 7 (44%) isolates.  

 

Figure 5.12 Antibiotic susceptibility patterns of motile Aeromonas isolated from farmed Nile 
tilapia in the Philippines. 

 

5.4.4.2 Detection of antibiotic resistance genes  

Resistance to oxytetracycline and tetracycline was identified in 4 (25%) 

isolates and was associated with the presence of tetE gene (Table 5.8). For 

sulfamethoxazole-trimethoprim, resistance was detected in 10 (63%) isolates 

and resistance genes sul1 (Table 5.8) was only present in one isolate. All of the 

isolates were resistant to amoxicillin and penicillin. Resistance to other 

antimicrobials including ampicillin (94%) and erythromycin (38%) was found. No 

resistance was detected with enrofloxacin, oxolinic acid, florfenicol and 

chloramphenicol. Three A. veronii isolates carried class 1 integron-integrase 
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(IntI1) (Table 5.8) gene which is 100% identical to the integrase of Escherichia 

coli strain JJ1897 (Accession number CP013836.1). BLAST analysis of the 

amplified product for antimicrobial resistance genes confirmed their identity.  
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Table 5.8 Phenotypic vs. genotypic vs. multiresistance antibiotic profiles of the different motile 
Aeromonas spp. isolates. 

Aeromonas Isolate Multiresistance*   Resistant to** Susceptible to** AMR Gene/s 
Present 

A. veronii 4 - AML, AMP, P TE, OT, E, SXT, 

ENR, FFC, C, OA 

- 

A. veronii 17 + AML, AMP, P, E, SXT TE, OT, ENR, FFC, 
C, OA 

- 

A. veronii 23 + AML, AMP, P, TE, OT, 
E, SXT 

ENR, FFC, C, OA tetE, sul1, IntI1 

A. veronii 26 - AML, AMP, P TE, OT, E, SXT, 

ENR, FFC, C, OA 

- 

A. veronii 34 - AML, AMP, P, SXT T, OT, E, ENR, 
FFC, C, OA 

Int1 

A. caviae 39 + AML, AMP, P, E, SXT TE, OT, ENR, FFC, 
C, OA 

- 

A. veronii 40 - AML, P, TE, OT AMP, E, SXT, ENR, 

FFC, C, OA 

tetE, IntI1 

A. veronii 41 + AML, AMP, P, TE, OT E, SXT, ENR, FFC, 
C, OA 

tetE 

A. veronii 46 - AML, AMP, P, SXT TE, OT, E, ENR, 
FFC, C, OA 

- 

A. veronii 47 + AML, AMP, P, E, SXT TE, OT, ENR, FFC, 

C, OA 

- 

A. veronii 50 - AML, AMP, P, SXT TE, OT, E, ENR, 
FFC, C, OA 

- 

A. veronii 51 - AML, AMP, P, SXT TE, OT, E, ENR, 
FFC, C, OA 

- 

A. veronii 64 + AML, AMP, P, E, SXT TE, OT, ENR, FFC, 

C, OA 

- 

A. veronii 67 - AML, AMP, P, TE, OT E, SXT, ENR, FFC, 
C, OA 

tetE 

A. dhakensis 69 + AML, AMP, P, E, SXT TE, OT, ENR, FFC, 
C, OA 

- 

A. veronii 74 - AML, AMP, P TE, OT, E, SXT, 

ENR, FFC, C, OA 

- 

* + = resistant to 3 or more antibiotic class; - = resistant to only 2 antibiotic class 
**AML = amoxicillin; AMP = ampicillin; P = penicillin; TE = tetracycline; OT = oxytetracycline; E = erythromycin; SXT = 

sulfamethoxazole-trimethoprim; ENR = enrofloxacin; FFC = florfenicol; C = chloramphenicol; OA = oxolinic acid.  
*** - = absent 

 

5.4.5 Detection of virulence determinant and virulence genes 

5.4.5.1 Phenotypic expression of virulence detected in vitro 

Phenotypic virulence traits of Nile tilapia‐borne aeromonads were 

observed by in vitro pathogenicity tests including β‐hemolysis activity (Error! 

Reference source not found.A), biofilm formation (Error! Reference source 
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not found.B) and production of DNAse (Error! Reference source not 

found.C), gelatinase, lipase, and protease enzymes (Error! Reference source 

not found.D). In our study, 13 (81%) isolates were positive for lipase production 

and biofilm formation was found in 16 (100%) isolates. DNAse enzyme 

production and gelatinase activity were observed in 13 (81%) and 15 (94%) 

isolates, respectively. Also, 14 (88%) and 16 (100%) isolates were positive for 

protease and β‐haemolysis, respectively. The result for the extracellular enzyme 

activities are summarised in Error! Reference source not found.. 

 

Figure 5.13 Some extracellular enzymes/virulence activity secreted by the Aeromonas isolates 
(A) biofilm formation; (B) extracellular protease; (C) extracellular DNAse; (D) haemolysis on 5% 

sheep blood agar. 

 

5.4.5.2 Detection virulence genes 

PCR amplification of the act gene which also detects the presence of aer 

and hylA showed 100% positivity. Separate detection of aer and hylA genes 

showed 12 isolates (75%) and only isolate 64 (A. dhakensis) were positive for 

the said virulence genes, respectively. Aside from act and aer, the most 
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frequent genes were eno (100%) encoding for enolase followed by exu (94%) 

for DNAse, and ser (75%) for serine protease.  The prevalence of aexT/aexU 

coding for ADP-ribosyl transferase was 38 %, and for lafA lateral flagella and 

gcaT cholesterol acyl transferase was 31%. Only two isolates (39 and 69, 13%) 

were positive for the gene ahyB encoding elastase and. The genes ascV coding 

for T3SS membrane component, lip for lipase, alt for heat-labile cytotonic toxin, 

and dam for DNA adenine methyltransferase were detected at 6%.  The gene 

ast for heat-stable cytotonic toxin was not detected in any isolate.  

 

Table 5.9 Virulence Profile of motile Aeromonas isolates from farmed Nile tilapia in the 
Philippines. 

Virulence 
Determinants 

 
Motile Aeromonas Isolates 

 

 4 17 23 26 34 39 40 41 46 47 50 51 64 67 69 74 Control 

In-Vitro Phenotypic Expression  

Haemolysis + + + + + + + + + + + + + + + + + Ah 

Protease - + + - + + + + + + + + + + + + + Ah 

Lipase - + + + - + - + + + + + + + + + + Ah 

DNAse - + + + + + - + + + + + + + + + + Ah 

Gelatinase - + + + + + + + + + + + + + + + + Ah 

Biofilm + + + + + + + + + + + + + + + + + Ah 

Virulence Genes  

Aer + - + + + - + - + + + + + - + + + Ah 

hylA - - - - - - - - - - - - - - + - + Ah 

Exu - + + + + + + + + + + + + + + + + Ah 

Ser - - + + + - + + + + + + + + - + + As 

lafA - - - - + - - + - + - - - + + - + Seq 

Act + + + + + + + + + + + + + + + + + Ah 

ahyB - - - - - + - - - - - - - - + - + Ah 

aexT/aexU - - - + - - - - - + + - + - + + + As 

Lip - - - + - + - + + + + + + + - + + Ah 

Alt - - - - - - - - - - - - - - + - + Ah 

Ast - - - - - - - - - - - - - - - - + Ah 

Dam - - - - - - - - + - - - - - + - + Ah 

Eno + + + + + + + + + + + + + + + + + Ah 

ascV - - - - - - - - - - - - - - + - + Seq 

gcaT - - - - - + - + - - - + + - + - + Ah 
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* + = positive; - = negative, Ah = Aeromonas hydrophila NCIMB 9240; As = Aeromonas salmonicida NCIMB 

1102; Seq = confirmed by gene sequencing 

 

In an attempt to simplify the virulence profiles of these motile Aeromonas 

species the virulence profiles are shown in Error! Reference source not 

found.. The data show a combination of virulence factors detected in the 

Aeromonas isolates from farmed Nile tilapia (Error! Reference source not 

found.). It was clear that a range of virulence profiles were detected amongst 

MAS strains and species (Error! Reference source not found.), where the 

minimum number of virulence genes detected was 3 and the maximum was 12, 

which were found in isolate 4, identified as A. veronii and isolate 69 identified as 

A. dhakensis (Error! Reference source not found.). For Taal Lake isolates, 

there are six types of virulence genotypes, which include isolates 4, 17, 23, 26, 

34, and 39, were all associated with diseased tilapia. Two of these genotypes 

aer-exu-ser-act-eno and aer-exu-ser-act-aexT/aexU-lip-eno were shared with A. 

veronii isolates from a different geographical site, Calauan Laguna. Aeromonas 

spp. with genotype containing an aer-act-ser (69%, n=16) subset of virulence 

genes is linked with diseased fish. However, an aer-act (isolate 4) or act only 

(isolate 17) containing genotype is also associated with disease. One isolate, 

the A. dhakensis (isolate 69) contains 12 virulence genes, which is the isolate 

highest number of virulence factors. A. veronii isolates from Laguna Lake and 

from Nueva Ecija have their own distinct virulence genotypes not shared with 

either Taal Lake or Calauan Laguna.  
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Table 5.10 Subsets of virulence genes in Aeromonas isolates from farmed Nile tilapia in the 
Philippines. 

Subset of Virulence gene Isolate/s Species Geographical Location 

aer-act-eno 4 A. jandaei Taal Lake 

exu-act-eno 17 A. veronii Taal Lake 

aer-exu-ser-act-eno 23, 40 A. veronii Taal Lake, Calauan Laguna 

aer-exu-ser-act-aexT/aexU-lip-eno 26, 50, 74 A. veronii,  Taal Lake, Calauan Laguna 

aer-exu-ser-lafA-act-eno 34 A. veronii Taal Lake 

exu-act-ahyB-lip-eno-gcaT 39 A. caviae Taal Lake 

exu-ser-lafA-act-lip-eno 67 A. veronii Laguna Lake 

exu-ser-lafA-act-eno-gcaT 41 A. veronii Laguna Lake 

aer-exu-ser-act-lip-dam-eno 46 A. veronii Calauan, Laguna 

aer-exu-ser-lafA-act-aexT/aexU-eno 47 A. veronii Calauan, Laguna 

aer-exu-ser-act-lip-eno-gcaT 51 A. veronii Calauan, Laguna 

aer-hylA-exu-lafA-act-ahyB-aexT/aexU-alt-dam-eno-ascV-gcaT 69 A. dhakensis Calauan Laguna 

aer-exu-ser-act-aexT/aexU-lip-eno-gcaT 64 A. veronii Nueva Ecija 

 

5.5 Discussion 

Species identification in the MAS strains associated with infectious 

disease outbreaks in freshwater aquaculture systems is complex. This is well 

recognised within the sector, particularly when undertaking initial disease or 

diagnostic investigation where it is important to know the aetiological agent for 

subsequent treatment and or prevention. However, given the heterogeneity 

within the MAS combined with the ubiquitous nature of these bacterial species, 

understanding the pathogenesis has become rather challenging.  In this present 

study, the most common bacterial species identified from the disease outbreaks 

from sampled tilapia farms was A. veronii. This was identified using a 

combination of methods where similar to previous reports (Dong et al., 2017; 

Amal et al., 2018; Mzula et al., 2020). In the study presented, a comparative 
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approach was adopted to identify the bacteria to species level. A greater level of 

agreement was found in speciation using the 2 difference molecular approaches 

compared with the biochemical assays alone.  Recent work by Pakingking et al. 

(2020; 2015) found a similar range of bacterial species recovered from the pond 

water environment and the microbiota of farmed Nile tilapia in the Philippines, 

however, their identification methods relied on biochemical profiles. In this study 

alone we identified 5 variations in the biochemical patterns from 14 strains 

belonging to the same species. To provide confidence in the identification of 

pathogenic MAS species and strains a single approach is not recommended, 

instead a combination of approaches which would include traditional phenotypic 

test that are cheap and reliable but also give an immediate results with one of 

the 2 PCR methods would be recommended for diagnostic investigations.  

Prior to API 20E identification, the isolates were already identified by 16S 

rRNA gene sequencing which is found in Chapter 3. This test was performed to 

determine the biochemical profiles of the piscine associated motile Aeromonas 

isolates in order to develop a profile which can aid in their identification. In the 

result of this study, API 20E was not able to correctly identify the isolates at 

species level and in some instance at the genus level like where some 

Aeromonas were identified as Vibrio. Although misidentification was very high, 

comparing the results with previous studies on API 20E results of piscine motile 

aeromonads revealed high positivity in 10 of the tests and consistent negative 

results in 6 other tests. Given this data, biochemical profiles for motile 

aeromonads can be developed in order to aid their identification. The 

misidentification of motile Aeromonas by API 20E hinders the recognition of 

Aeromonas infections implicated in diseased fish and also in clinical cases in 
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immunodeficient hosts.  Our results demonstrate that the use of API 20E 

system has some limits in the diagnostic of piscine motile Aeromonas, however, 

the use of this method in the current laboratory practice can still be employed as 

long as analysts take cognizance of the origin of bacterial isolates and use 

modified biochemical profiles that are best suited to identify piscine and 

environmental isolates using previous information and studies for the particular 

bacterial genera and species of interest. 

The result of 16S rRNA gene sequencing and the rpoD sequencing 

showed excellent agreement in the identification of the Aeromonas isolates. 

From the identification tests, it was revealed that most of the isolates are 

identified as A. veronii. Other species includes A. caviae and A. dhakensis 

which we report for the first time as associated with naturally diseased Nile 

tilapia in the Philippines. The correct identification rate with biochemical tests 

like API 20E has been shown to be very low as compared to molecular methods 

(Persson et al., 2015). Bacterial species identification has relied recently on the 

use of 16S rRNA gene sequencing, however, for Aeromonas this gene is not 

the optimal target due to low discriminatory power and interspecies variation 

(Shin et al., 2015; Kupfer et al., 2006; Morandi et al., 2005; Martinez-Murcia et 

al., 1992). Several studies have described that some housekeeping genes in 

this tight taxonomic bacterial genus are able to differentiate them at the species 

level. These genes include RNA polymerase subunits B (rpoB) and D (rpoD), 

and the DNA gyrase subunit B (gyrB) (Persson et al., 2015; Martinez-Murcia et 

al., 2011; Lamy, Laurent & Kodjo, 2010). Infectious disease particularly MAS 

caused by motile aeromonads is associated primarily with A. hydrophila (Austin 

& Austin, 2016). However, this study showed that A. veronii dominated as the 
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recovered infectious etiologic agent as we are not able to isolate a single A. 

hydrophila.  This observation is consistent with reports that natural infections 

caused by A. hydrophila with reliable taxonomic identification is relatively rare in 

tilapia (Dong et al., 2017). Moreover, the Aeromonas spp. were all recovered in 

freshwater tilapia farms in the island of Luzon particularly in the Taal Lake, 

Batangas and Laguna. This result on geographical occurrence is also similar to 

previous study of the authors for streptococcosis in farmed tilapia (Legario et al, 

2020).  

Bacterial identification using the 16S rRNA gene is generally accepted as 

stable and specific biomarker due to its highly conserved nature with 

microheterogenous portions or polymorphisms (Alperi et al., 2008). These 

scattered nucleotide differences in the 16S rRNA is the basis for its use in 

bacterial species delineation. However, this low level of microheterogeneities 

may lead to misidentification (Cilia et al., 1996; Marchandin et al., 2003; 

Morandi et al., 2005) particularly for species that are tightly defined such as 

those belonging to genus Aeromonas (Martinez-Murcia et al., 1992; Martinez-

Murcia et al., 2007). The high interspecies similarity of the 16S rRNA gene 

sequence among aeromonads, which ranges from 96.7 to 100% (Martínez-

Murcia et al. 2007), in addition to overlapping biochemical profiles and minimal 

information about the correlation between phenotypic and genotypic 

identification makes its taxonomy complex (Ormen et al. 2005). 

The taxonomy of the genus Aeromonas has undergone continuous 

changes due to addition of new species and new diagnostic criteria such as the 

use of housekeeping genes (Martinez-Murcia et al., 2007; Saavedra et al., 

2006). The rpoD gene (Martinez-Murcia et al., 2007; Soler et al., 2004), among 

https://link.springer.com/article/10.1007/s10499-019-00429-8#ref-CR24
https://link.springer.com/article/10.1007/s10499-019-00429-8#ref-CR32
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other housekeeping genes (Kupfer et al., 2006; Saavedra et al., 2006; Yanez et 

al., 2003), has proven to be an excellent molecular tool for inferring the 

taxonomy of Aeromonas (Alperi et al., 2008). In this study, results from 16S 

rRNA and rpoD showed the same identification except for one isolate. Isolate 

04 was identified in 16S rRNA as A. jandaei while in rpoD it was A. veronii. 

Looking at the phylogenetic relationship of the isolate in both phylogenetic 

trees, it can be assumed that identification based on rpoD is more accurate 

since it is grouped within the subgroup of the A. veronii in the rpoD tree while in 

16S rRNA tree it was distantly positioned from A. jandaei ATCC 49658T. 

The use of MALDI-TOF MS has been successful in the identification of 

bacterial genera of relevance to aquaculture (Regecova et al., 2014) and could 

presumably efficiently identify Aeromonas species (Benagli et al., 2012; Chen et 

al., 2014; Deng et al., 2014; Donohue et al., 2006; Donohue et al., 2007; Lamy 

et al., 2011; Rychert et al., 2015). However, there are no specific studies that 

include a large number of Aeromonas isolates from diseased fish. The detection 

and identification of genus- and species-specific mass peaks can be useful for 

bacterial identification (Holland et al., 1999, 2000). The high consistency of the 

mass peaks in the spectral profiles among A. veronii, A. hydrophila, A. caviae 

and A. dhakensis in this study suggests a low variability in their MALDI-TOF 

proteome which will make speciation of piscine motile Aeromonas difficult using 

this method alone. This close-similarity among MALDI-TOF spectral profiles 

from the motile Aeromonas isolates in this study, is likely related with the strong 

phylogenetic relatedness within the genus Aeromonas (Martin-Carnahan & 

Joseph, 2005). Therefore, these peaks could be considered potential genus-

characteristic ions but not species-characteristic mass peaks. However, some 
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specific mass ions were observed only in the spectra of three A. veronii isolates 

which may indicate variability in the proteome within the species in line with 

their high intra-species variability in the genus Aeromonas (Mandrell et al., 

2005) that would limit their use as species-characteristic mass peaks. 

Comparison of the mass spectra and mass list obtained by MALDI-TOF MS for 

very closely related microorganism like Aeromonas is hindered by experimental 

parameters such as bacterial culture conditions, protein extraction protocol or 

sample preparation protocol and the equipment as it affects the reproducibility 

obtained (Jackson et al., 2005; Williams et al., 2003). The culture medium used 

in this study was TSA while in the study of Perez-Sancho et al. (2018) it was 

blood agar. Additionally, dilution of the extracted protein was performed in this 

study which was not done by the work of Perez-Sancho et al. (2018). In this 

study, dilution of the protein extracts allowed more identification of mass peaks 

since some of the mass peaks were not identifiable at higher protein 

concentrations. These two differences could explain why some the mass peaks 

identified in this study were absent or not consistently present in the work of 

Perez-Sancho et al. (2018). Results in the present study highlight the significant 

and unpredictable effect of sample dilution when using MALDI-TOF MS. The 

protein spectral profile of a sample shows some peaks which are only seen at 

lower dilutions. This hinders the identification/assessment of biomarkers using 

this platform. Single sample dilutions when analysed resulted in substantial 

discrepancies and that potential biomarkers might be detectable at certain 

concentration ranges only and that valuable information is lost when too 

restricted dilution ranges are analysed (Albalat et al., 2013). The data in the 

present study presented a problem of using a single sample dilution in the 
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identification of motile Aeromonas by protein spectral profile biomarkers using 

MALDITOF. The sample composition and dilution severely affect peptide 

quantification, therefore analysing samples by serial dilutions is recommended.  

The observations of using MALDI-TOF to speciate Aeromonas isolates in 

this study is similar to the work of Perez-Sancho et al. (2018) where they found 

the utility of MALDI-TOF MS for the identification of Aeromonas at the genus 

level but it has a poor performance in accurate identification at species level of 

Aeromonas species implicated in fish disease. Some of the peak masses (4256, 

4700, 5049, 6304 and 6480 m/z) of the motile Aeromonas in this study were 

also identified in the fish Aeromonas isolates in the study of Perez-Sancho et 

al., (2018).This is in contrast to the study of Shin et al., (2017) on clinical 

isolates of Aeromonas where they found good correlation in species 

identification with MALDI-TOF and housekeeping gene sequencing although 

gene sequencing with phylogenetic analysis is still the most accurate. 

Therefore, further studies with standardized experimental protocols will be 

necessary before well-defined potential species-specific peaks for piscine motile 

Aeromonas can be assigned. Moreover, it will also be valuable to determine the 

molecular weight of the specific peak masses and their peptide sequence or 

identity in order to know whether these expressed proteins play crucial roles in 

the pathogenesis of motile aeromonads in fish. 

The identification of motile Aeromonas associated with fish epizootics 

can be performed using the conventional biochemical methods or API 20E test 

kit as long as the fish health laboratory is aware of its limitation and instead use 

species profiles from published studies of Aeromonas recovered from fish. This 

is especially relevant to poor countries that lack the capacity to perform 
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advance identification methods like PCR and gene sequencing. However, for 

accurate identification and epidemiological surveillance the use of 

housekeeping gene sequencing like rpoD is recommended. Whilst MALDI-TOF 

is becoming popular for bacterial identification due to its ease and low cost of 

consumables (Rosa et al., 2019), at this stage it is not yet recommended for use 

in the species identification of piscine motile Aeromonas due to lack of species-

characteristic mass peaks.  

The growth of the Aeromonas isolates at different temperature and 

salinity levels were consistent with the previous study of Knochel (1990). Motile 

aeromonas isolates from environments with temperatures above 25° C have 

optimal growth at temperature range of 10-37° C and salinity of 0-4% NaCl 

which is very similar with isolates from this study where they grew optimally at 

15-37°C and 0-4%. The ability of the isolates to tolerate wide range of 

temperature and salinity supports their growth making these bacteria formidable 

pathogens with persistent viability and presence in diverse aquatic ecosystems. 

The ecological background of the isolates which is from tropical waters 

influenced their thermal and salinity growth range which is indicative of their 

potential to cause infection to their susceptible host (Knochel, 1990).  

Our results revealed that the motile aeromonads isolated from farmed 

Nile tilapia displayed a significant proportion of phenotypic virulence traits. 

These phenotypic traits are related to the detected virulence genes that could 

lead to the pathogenicity of the Aeromonas strains. Biofilm formation acts 

against chemotaxis and the action of antibiotics while extracellular lipase 

enzyme interrupts the normal immune functions (Tomás 2012). The β-

haemolysis activity is related to the enterotoxin production (Arslan & Kucuksari 

https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/lam.13075?casa_token=uKuz27uhmrYAAAAA%3ALrl84fvI4CHhnSntKym2Ev3vyD9gffKZMYfJ2J0cPlKfVuMXl7tEVzRHm-oCxomgIl7iE3SP3c5-#lam13075-bib-0027
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2015). DNase, protease and gelatinase enzymes play important roles in the 

degradation of nucleic acids, protein and gelatine, respectively, during infection 

and invasion processes (Pemberton et al. 1997). 

Aeromonas isolates in the present study are potential pathogens due to 

the high number of virulence genes present although there is not a definitive link 

between the presence of specific toxin genes and clinical presentation (Roges 

et al., 2020; Hoel et al., 2017). The mechanism of pathogenesis in Aeromonas 

is complex and still not well understood as its virulence is multifactorial and 

partially elucidated (Talagrand-Rebould et al., 2018; Khor et al., 2015; Sen & 

Rodgers, 2004) although numerous virulence factors have been described 

(Tomas, 2012). The expression of the putative virulence-associated factors in 

Aeromonas appears to be affected by environmental conditions (Tso & Dooley 

1995, Merino et al. 1998), making the detection of true virulent strains difficult. 

These putative virulence factors that have been detected and studied include 

haemolysins, cytotoxins, enterotoxins proteases, elastase, lipases, DNAses and 

adhesins (lateral flagella) (Ran et al., 2018; Nawaz et al., 2010; Kirov et al., 

2002). The identification of these virulence factors in a pathogen is necessary to 

determine the potential pathogenicity and can be used as target for vaccines 

(Khor et al., 2015).  In our study, all Aeromonas isolates possessed the 

cytotoxic enterotoxin act gene while 75% of them were positive for the aerolysin 

aer gene. These two genes play an important role in the establishment of 

infections (Chopra et al., 1996; Ran et al., 2018). Aerolysin is a pore-forming 

toxin that is secreted via the Type 2 secretion system (T2SS) of Aeromonas 

which causes the destruction of the eukaryotic cell membrane and triggers 

osmotic lysis (Abrami et al., 2000; Rossjohn et al., 1988). Moreover, Aeromonas 

https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/lam.13075?casa_token=uKuz27uhmrYAAAAA%3ALrl84fvI4CHhnSntKym2Ev3vyD9gffKZMYfJ2J0cPlKfVuMXl7tEVzRHm-oCxomgIl7iE3SP3c5-#lam13075-bib-0002
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/lam.13075?casa_token=uKuz27uhmrYAAAAA%3ALrl84fvI4CHhnSntKym2Ev3vyD9gffKZMYfJ2J0cPlKfVuMXl7tEVzRHm-oCxomgIl7iE3SP3c5-#lam13075-bib-0021
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aerolysin induces lesions in the intestine enabling it to cross epithelial barrier 

and causes systemic invasion (Ran et al., 2018). The act gene is the most 

cytotoxic enterotoxin, in addition to its enterotoxic activity, has haemolytic and 

cytotoxic activities and unlike other enterotoxins it is exported via T2SS 

(Rasmussen-Ivey et al., 2016; Chopra & Houston, 1999; Xu et al., 1998). These 

toxins trigger fluid accumulation in the intestinal loop (Nawaz, et al., 2010) 

which will eventually cause ascites which is one of the most prevalent clinical 

signs of the tilapia samples in this study. Moreover, due to its lytic activity on 

erythrocytes the fish becomes anaemic which is evidenced by extreme gill 

pallor of all moribund samples. The observed expression of β-haemolytic 

activity of all the motile Aeromonas isolates in this study can be correlated 

positively either to the presence of the act or aer genes or both since both 

genes have haemolytic function. All the isolates in this study contained enolase 

eno gene which aside from its glycolytic activity has been linked in the 

pathogenesis of some bacteria. Surface-expressed enolase binds to 

plasminogen which subsequently activates the fibrinolytic system and promotes 

bacterial penetration of the barriers of infected host (Sha et al., 2009). This 

activity of enolase may aid in the dissemination of Aeromonas bacteria in the 

tissues and organs thus contributing to septicaemia. The presence of T3SS 

ADP-ribosylating toxins aexT/aexU was detected in five A. veronii and one A. 

dhakensis isolates. These toxins are involved in the delivery of toxins directly 

into the host cells and induce apoptosis (Senderovich et al., 2012). Some 

studies have shown that presence of virulence genes are species-dependent 

(Nawaz et al., 2010; Sun et al., 2016) as in the case of aexT which was found 

almost exclusively in A. veronii (Martino et al., 2011) as also observed in our 
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study. The primers designed for ADP-ribosylating toxins detection matches the 

homologous parts shared by aexT and aexU genes (Talagrand-Rebould et al., 

2018), thus positivity for A. dhakensis may be due to presence of aexU but not 

aexT. The presence of either of these toxins does not necessarily confers the 

isolate pathogenic since presence of Type 3 secretion system (T3SS) 

components like ascV is required for the delivery of aexT/aexU. The presence 

of a virulence gene does not imply its expression because it may be involved in 

a non-pathogenic mutualistic interaction (Silver et al., 2007) albeit the A. veronii 

isolates positive for aexT/aexU were all recovered from diseased fish. In this 

view, screening of aexT/aexU by PCR resulting to positive result should be 

followed by PCR aexT gene alone.  

The polar monotrichous flagellum of motile Aeromonas which is 

responsible for its swimming motility is important not only in the initial approach 

of bacterial cells but also to the attachment to surfaces (Kirov et al., 2002). 

Additionally, some strains produce inducible lateral flagella which are involved 

in swarming motility, a phenomenon associated with the expansion of 

colonisation surfaces, biomass production and biofilm formation (Santos et al., 

2010). Bacteria in biofilms are more resistant to host defences and antimicrobial 

agents than they are as free-floating planktonic cells and express more virulent 

phenotypes as a result of gene activation through bacterial communication 

(“quorum sensing”) or gene transfer (Costerton et al., 1999). Both flagellar 

systems are associated with the colonisation process and biofilm formation, 

however lateral flagella are more involved in swarming which makes 

colonisation of the gastrointestinal tract efficient thus is critical in virulence 

(Kirov et al., 2002). In this study, all the Aeromonas isolates exhibited biofilm 
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formation however only five isolates composed of 4 A. veronii and 1 A. 

dhakensis were positive for the lateral flagella lafA gene indicating that polar 

flagellum contributes to biofilm formation and that the lateral flagella confer 

increased virulence to the strain. In the recent study of Yang et al. (2021), 

virulent, attenuated and avirulent A. veronii strains all contained polar and 

lateral flagella genes which suggest that some unknown mechanisms may be 

involved for their expression to contribute to virulence. Although the genomes of 

some A. veronii strains are publicly accessible, there is a need to perform 

genetic manipulations to evaluate the contribution of polar and lateral flagella to 

virulence (Rasmussen-Ivey et al., 2016).  

Genotyping the Aeromonas isolates based on their subset of virulence 

genes revealed some leading observations. All A. veronii genotypes containing 

aer-act-ser genes were recovered from diseased fish. The cytotoxic enterotoxin 

and aerolysin are important factors for the establishment of infection in 

Aeromonas pathogenesis. Moreover, serine protease is vital for the expression 

of aerolysin gene. However, some genotypes of A. veronii like the exu-act-eno 

was associated with a diseased fish while those with exu-ser-lafA-act-lip-eno 

and exu-ser-lafA-act-eno-gcaT are from apparently healthy samples but upon 

histopathological examination the fish showed signs of cellular and tissue 

damage. The two A. veronii genotypes, aer-exu-ser-act-eno and aer-exu-ser-

act-aexT/aexU-lip-eno, in Taal Lake shared with Calauan, Laguna isolates is 

notable since the Calauan hatchery supplies the tilapia fry in grow-out cages in 

Taal Lake. This indicates that there is movement of bacterial pathogens 

between the two sites. Significantly, Laguna Lake and Nueva Ecija A. veronii 

isolates have their own distinct virulence genotypes since these areas do not 
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source out their fry from Calauan hatcheries. The two other Aeromonas spp. 

isolates namely A. caviae and A. dhakensis have also their own distinct 

virulence profiles. The A. dhakensis isolate showed the most numerous 

virulence genes, however, it was recovered from tilapia fry which we cannot 

determine to be diseased although it came from a hatchery where the 

broodstocks were having disease outbreak. Looking at the genospecies of the 

Aeromonas isolates, the aer and act genes were consistently present in isolates 

recovered from diseased tilapia presenting numerous gross and internal clinical 

signs while those that have only the act gene were from apparently healthy 

tilapia although histopathologically they also exhibited signs of tissue/cellular 

damage. The high proportion of these two genes aer (75%) and act (100%) 

among Aeromonas strain in this study is similar to the previous studies of 

Nawaz et al. (2010) and Khor et al. (2015) where they also were present in high 

percentage in A. veronii isolates from diseased catfish and in aquatic 

Aeromonas spp., respectively. Based on this result, act gene may be integral in 

the pathogenicity of aquatic Aeromonas especially of the A. veronii and that the 

presence of aer enhances the severity of the infection as displayed by the gross 

clinical signs. As these two genes exhibits haemolytic, cytotoxic and enterotoxic 

activities which are important in establishment of infection (Nawaz et al., 2010), 

their presence in a particular Aeromonas strain can be an indication of the 

virulence of the strain.   The production of haemolytic toxins has been regarded 

as strong evidence of pathogenic potential in aeromonads (Santos et al., 1999). 

Over-all this shows a significant variability in terms of the pathogenic potential of 

the isolates especially on the A. veronii strains. The different combinations of 

virulence genes in different geographical areas suggests that different 
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mechanisms may be used by these Aeromonas spp. to colonise and cause 

infection or to mutualistically co-exist with the fish host. The expression of 

virulence factors is linked to gene regulation cascades associated with 

interactions of microorganisms with the environment in which they are found 

(Rasmussen-Ivey, 2016). These findings need to be evaluated carefully in terms 

of the pathogenesis of Aeromonas spp. in fish since the exact relationship 

between presence of virulence genes or subset of virulence genes and the 

ability of a particular genospecies to cause disease has not been fully 

established. 

Increasing reports of A. veronii and other motile aeromonads cases have 

indicated that their virulence and antibiotic resistance are both gradually 

increasing (Shameena et al., 2020; Zhang et al., 2019). In this study, the 

phenotypic and genotypic characteristics of the Aeromonas isolates correlated 

well with the observed clinical signs of the moribund tilapia such as dropsy, 

ascites, lethargy, inflammation of the internal organs particularly the spleen, 

kidney and liver, and body redness. Moreover, histopathology revealed cellular 

changes such as necrosis, inflammation, haemorrhages, infiltration of immune 

response cells among others. More and more countries have recognised the 

threat of A. veronii and have classified the bacteria as a highly virulent 

Aeromonas capable of infecting both humans and aquatic species (Borchardt et 

al., 2003; World Health Organization, 2011). Hence, more research into motile 

aeromonads particularly A. veronii is of importance considering both its 

economic value in aquaculture and public health 

There is a widespread belief that the prophylactic use of antibiotics in 

aquaculture, aside from its systemic application in treatment of fish diseases, 
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enhances growth and reduces mortality thereby increasing production and 

revenues (Pridgeon & Klesius, 2013). These compounds are commonly 

administered through fish feed for the prevention and/or treatment of 

Aeromonas-related diseases such as motile Aeromonas septicaemia (MAS), 

haemorrhagic septicaemia, ulcer disease, and red-sore disease (Swann & 

White, 1991). The prevention and treatment of fish diseases through extensive 

application of antimicrobial agents contributes to the development of antibiotic-

resistant bacterial strains (Rhodes et al., 2000). Most commonly used antibiotics 

in aquaculture around the world include sulphonamides potentiated with 

trimethoprim, ormethoprim, oxytetracycline, florfenicol, and erythromycin 

(Serrano, 2005). Consequently, resistance to antibiotics has been widely spread 

in aquaculture environments, which has been reported in many studies 

(Petersen et al. 2002; Colquhoun et al. 2007; Newaj-Fyzul et al. 2008; Sørum 

2008; Shah et al. 2012). As a result of these concerns, the usage of antibiotics 

as growth promoters has been strictly regulated or even banned in many 

countries (Piotrowska & Popowska, 2014). In this study, the Aeromonas isolates 

were resistant to β-lactam antibiotics since the genus Aeromonas has an 

intrinsic resistance to this compound (Senderovich et al., 2012). One particular 

isolate of concern was the A. veronii 23 because it has resistance to four 

antibiotic classes. Moreover, this isolate harbours two plasmid-mediated 

resistance genes and one class 1 integron.  Having these mobile elements that 

can carry antibiotic resistance may become problem in aquaculture and also in 

humans in zoonotic infections. Other three A. veronii isolates also harbours 

class 1 integron which may also allow them to obtain or transfer antibiotic 

resistance not only among Aeromonas species but other bacterial species that 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B34
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B41
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B41
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B37
https://link.springer.com/article/10.1007/s13213-014-0911-2#ref-CR78
https://link.springer.com/article/10.1007/s13213-014-0911-2#ref-CR22
https://link.springer.com/article/10.1007/s13213-014-0911-2#ref-CR73
https://link.springer.com/article/10.1007/s13213-014-0911-2#ref-CR94
https://link.springer.com/article/10.1007/s13213-014-0911-2#ref-CR90
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are of concern not only in aquaculture but in human health. Whilst there is an 

observed increase antibiotic resistance among motile Aeromonas, the 

Philippine strains are currently still susceptible to oxolinic acid, enrofloxacin, 

florfenicol and chloramphenicol. However, this should not make the aquaculture 

industry complacent but instead be vigilant and adhere to good antibiotic 

practice since these antibiotics may become ineffective if the bacterial 

pathogens acquire resistance. 

Although antibiotics may ultimately contribute to aquaculture productivity, 

there is a rising concern that the extensive application of antibiotics in 

aquaculture selects for antibiotic resistant bacteria as well as antibiotic 

resistance genes (ARGs), especially when inadequate- or over-doses of 

antibiotics are administered (Kolar et al., 2001). These can ultimately contribute 

to antibiotic resistance on a global level through water discharge and fish 

consumption. Nonetheless, data on bacterial community composition and 

antibiotic resistance dynamics in aquaculture environments subjected to 

antibiotic use are still limited. Antimicrobial resistance in Aeromonas can either 

be chromosomally mediated or by mobile elements like plasmids, transposons 

and integrons (Stratev & Odeyemi, 2016). Whilst chromosomally mediated 

resistance is intrinsic in a particular bacterial genus, acquired resistance is via 

mobile elements that facilitates its rapid spread of resistance genes across 

bacterial genera and species (Stratev & Odeyemi, 2016). These mobile 

elements could be transmitted via three pathways namely transformation, 

transduction and conjugation (Romero et al., 2012). Therefore, it is very 

important to differentiate intrinsic from acquired resistance in studying antibiotic 

response profile of pathogens since it is the acquired resistance that is of 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B21
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concern in therapeutic management of infections. In this study, most of the 

isolates were resistant to β-lactams antibiotics as Aeromonas species are 

known to be intrinsically resistant to this antibiotic class due to their production 

of multiple inducible, chromosomally encoded β-lactamases (Senderovich et al., 

2012; Ndi & Barton, 2011; Fosse, Giraud-Morin & Madinier, 2003). We were not 

able to detect by PCR the plasmid-mediated β-lactam resistance genes namely 

blaTEM, blaSHV and blaCTX-M which are implicated in extended spectrum β-

lactamase (ESBL) resistance. Therefore the observed phenotypic resistance to 

the β-lactam antibiotics in our isolates is due to their intrinsic resistance 

explaining the high levels of amoxicillin, ampicillin and penicillin resistance in 

the Nile tilapia associated strains (Bakken et al., 1988). Resistance to 

tetracycline and oxytetracycline was detected in four A. veronii isolates which 

was encoded by the plasmid-mediated tetE gene which studies have shown to 

be a dominant tetracycline resistance gene in aeromonads from freshwater fish 

aquaculture (Piotrowska & Popowska, 2014; Han et al., 2012; Cizek et al., 

2010; Nawaz et al., 2006). Majority of the isolates showing phenotypic 

resistance to SXT did not have the sulfonamide and trimethoprim resistance 

genes except for A. veronii A23. This suggests the presence of other resistance 

mechanisms such as other described resistance genes or mutation in 

chromosomal genes encoding dihydropteroate synthetase (Giordanetto et al., 

2005). Erythromycin resistance was detected in 38% of the isolates, however, 

we did not assay to detect resistance genes for macrolides since it is only 

primarily used against Gram-positive bacteria in shrimp farms in the Philippines. 

All isolates were susceptible to chloramphenicol, florfenicol, enrofloxacin and 

oxolinic acid. These antibiotics, except for chloramphenicol, which is banned in 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B6
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the Philippine aquaculture, can be future alternatives to β-lactams antibiotics 

and tetracyclines for treatment of MAS in tilapia fisheries.  

In this study, we detected the presence of class 1 integron IntI1 coding 

for integrase in three A. veronii isolates. Integrases are responsible for the 

mobility of antibiotic resistance cassettes found in integrons. Integrons are a 

class of site-specific recombination elements which contain a variable region 

where antibiotic resistance genes are found organised as resistance cassettes 

(Francia et al, 1999). These integrons are important contributors of antibiotic 

resistance in members of the Aeromonadaceae (Jacobs & Chenia, 2007). One 

of the isolates with IntI1 was also found with sul1 gene which is involved in 

sulfonamide resistance while the other two isolates have none. Other antibiotic 

resistance genes may be present in the two other IntI1 genes but were not 

included in the AMR genes assayed in this study.  The presence of a single 

gene cassette sul1 correlates with studies that integrons from fish pathogenic 

bacteria primarily contain a single gene cassette (L’abee-Lund & Sorum, 2001). 

Class 1 integrons are known to harbor sul1, and the close association between 

sul1 and class 1 integrons has been reported earlier (Antunes et al., 2005). 

Linkage between antibiotic use and resistance has been demonstrated for 

aquaculture-associated bacteria (Verner-Jeffreys et al., 2009; Tamminen et al., 

2010; Laganà et al., 2011; Scarano et al., 2014), and similar data has been 

reported in animal husbandry facilities. These findings have resulted in calls to 

ban non-medical use of antibiotics (Meek et al., 2015). However, with 

intensification of aquaculture production to meet food security, and the 

emergence of infectious bacterial diseases, the ban on the use of antibiotics will 

be vehemently contested. Instead, an updated data on antibiotic efficacy and 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B3
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01875/full#B46
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vigilant monitoring of antibiotic resistance in bacterial pathogens affecting 

aquaculture sector can be done to guide fish farmers in a regional scope.  

In accordance with histopathological changes, as observed in the current 

study, our findings were consistent with previous studies that showed similar 

histopathological lesions due to MAS (Hassan et al., 2017). These observations 

were supportive to the motile aeromonads’ virulence toxins particularly the 

aerolysin and cytotoxic enterotoxin which were present in the Aeromonas 

strains in this study. These two toxins induce apoptosis of epithelial cells and 

macrophages (Krzyminska et al. 2012) and pore formation in the membranes of 

affected cells (Heuzenroeder et al. 1999; Wong et al. 1998) causing cellular 

degeneration and necrosis. In the study of Sreedharan et al. (2013), the A. 

veronii displayed cytotoxicity towards the Hep-2 cell line. Krzyminska et al. 

(2012) showed that the interaction of the act from A. veronii with epithelial cells 

resulted in extensive generation of reactive oxygen species (ROS) and nitric 

oxide radicals (NO-) and caused cytotoxicity which further supports the ability of 

act-positive Aeromonas strains to cause cell damage and death. All of the 

Aeromonas strains in the current study were beta-haemolytic and it was shown 

in a previous study (Singh & Snayal, 1992) that this activity increases fluid 

accumulation in the organs of experimentally infected animals explaining the 

inflammatory changes observed in the tissues of the affected fish and the high 

incidence of dropsy in moribund tilapia. Additionally, all of the Aeromonas 

strains in this study also possessed the exu gene which codes for the DNAse 

which causes cells to become pyknotic and karyorrhectic leading to cell death 

and necrosis. The extracellular products, enzymes, and enterotoxins produced 

by motile aeromonads that together led to a systemic damage to the internal 
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organs, mainly, liver, kidney and spleen with eventual death (Beaz-Hidalgo & 

Figueras, 2013; Citarasu et al., 2011; Hassan et al., 2017). To confirm the 

virulence of the Aeromonas strains recovered from tilapia, an in-vivo infection 

study is necessary. Moreover, both an in-vitro and in-vivo virulence gene 

expression of the different virulence factors of fish motile Aeromonas spp. can 

help understand the establishment of infection and progression of MAS in fish. 

5.6 Conclusion  

In summary the comparison of the different identification methods 

showed the superiority of molecular sequencing specifically 16S rRNA and rpoD 

genes over the API 20E and MALDI-TOF in species identification of the piscine 

motile Aeromonas. However, the API 20E and conventional biochemical tests 

can still be utilised in identification by fish health laboratories especially in 

developing countries if the profiles are compared with those of piscine motile 

Aeromonas. The use of MALDI-TOF identification for piscine Aeromonas in this 

study is limited only to the genus level, however refinement of the technique 

may be able to discriminate species in phylogenetically tight bacterial groups.  

The antibiotic response profile and ARG results showed resistance 

profiles in motile Aeromonas spp. recovered from farmed Nile tilapia in the 

Philippines. Although it may not be possible to ban the use of antibiotics in 

tilapia farming, an accurate dosing guideline can be developed for antibiotic 

treatment of fish if clear understanding of the antibiotic response profile 

(susceptibility, resistance, and presence of ARGs) of the pathogen is 

established within the framework of complex aquaculture ecosystems in the 
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country. The varied virulence profiles of the Aeromonas isolates show the 

complex pathogenic mechanisms they employ to cause disease in fish, and 

their ability to adapt to the conditions of the environment. Detection and typing 

based on virulence profile will be an important data for development of 

diagnostic methods for rapid strain identification and for the development of 

therapeutic strategies like vaccines. 

 

 

 

 

 

 



306 

 

 

CHAPTER 6.  
 
 

General Discussion 

 

6.1 Context of this study 

 
The stagnation and myriad of problems the Philippine tilapia sector is 

currently experiencing is a warning for an eventual collapse of the industry if not 

addressed properly and immediately (Guerrero, 2019). The effect of this 

scenario for the Philippines will be devastating socially and economically since 

tilapia aquaculture maintains a key role in rural communities, where it directly 

and indirectly contributes towards improving the welfare of the poorest farmers 

and communities. At the same time, it provides a source of essential micro and 

macronutrients to households thus directly supporting food security in the 

Philippines, which had higher prevalence of undernourishment and higher 

prevalence of severe food insecurity compared with the world, Asia and 

Southeast Asia (FAO, 2020).  

The aim of the present study was to provide an in depth understanding of 

the health management practices and approaches adopted within the existing 

range of tilapia farming systems practised in the Philippines. This was achieved 

by using a range of methods, including a field-based survey to gather farm-

based information and biological samples for diagnostic investigation (Chapter 2 

and 3, respectively). This provided high quality diagnostic data from which in 



307 

 

depth analysis was performed to determine the disease status of the animals 

farmed (Chapter 3) and characterisation of two aquatic bacterial pathogens 

known to cause mass mortalities and morbidities in global aquaculture (Chapter 

4 and 5). By using an integrated diagnostic approach, we can correlate what the 

farmers see and experience, with the actual cause of the fish loss at the time. 

The laboratory-based studies provided essential information on the 

pathogenesis which can support the development of efficacious health 

management strategies to reduce the fish losses in a more cost-effective way 

that supports the further development of the sector.  

6.2. Summary and conclusions 

At the time of the survey, only anecdotal or very limited data was 

available on the health management practises but perhaps more importantly, on 

the cause of fish losses experienced and reported by the farmers. Ideally a 

longitudinal survey, perhaps as part of an active surveillance programme would 

provide robust data on health management practises. This was out with the 

scope of the current study and instead a cross sectional survey was performed. 

Previous studies in aquaculture have used both cross sectional (del Pozo et al., 

2009; Huang et al., 2020) and longitudinal approaches (del Pozo et al., 2010; 

Walker et al., 2011; Mitchell et al., 2012) and there are strengths and 

weaknesses in both applications. Cross-sectional studies are observational 

studies that make few assumptions about the disease status of the population 

of interest, allowing large numbers of potential risk factors to be screened (del 

Pozo, 2009). A cross-sectional design was used in this study, since limited 
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information was available on infectious bacterial diseases in tilapia within the 

Philippines, allowing the prevalence to be established (Dohoo et al., 2003, 

Thrusfield, 2006). 

The key findings from the cross-sectional survey applied in this study 

identified the lack of a systematic and comparable biosecurity approach within 

the farming systems. Rarely is there a “one-size-fits-all” biosecurity plan that 

can be applied to all farms in a sector, but there are similar risks and threats, 

which once identified then the health management approaches can be modified 

depending on the farming practises (Young et al., 2015). A good example from 

the current study was this inability of the tilapia farmers practising submerged 

cages or those with water depth 2 m or more in this study to determine disease 

or mortality in the stocks. Here the farmers correctly stated that they would not 

be able to reliably account for the fish mortalities or even recognised morbidity 

until it was too late due to water depth and the fact that dead/sick fish would 

sink to the bottom without being observed. However, this would not be unique to 

tilapia cage farming and in fact it would be similar to any cage farming system 

practised in deep water. 

 One approach adopted by the salmonid sector to help monitor their fish 

stocks in the cages is the inclusion of cameras – these are in the cages and the 

fish can be monitored 24 h with video recordings (Petrell et al., 1997). Tilapia 

being an inexpensive fish, especially compared with farmed salmonids, the use 

of camera in cages will be impractical and uneconomical generally, however, a 

monthly sampling of fish stocks to determine growth and health conditions using 

behaviour and clinical signs which in this study showed the farmers were 

capable of could be applied. From this survey, it was mentioned that some farm 
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workers were selling the moribund fish for human consumption in the local 

market as an additional source of income for their salary. Although in the 

Philippines raw tilapia is never consumed, it still poses zoonotic hazard from 

handling of the raw product as some fish bacterial pathogens such as S. iniae 

and Aeromonas spp. are known to infect humans (WHO, 1999). A particular 

case of epidemic occurred in Singapore in 2015 where S. agalactiae sequence 

type 283 caused infections in humans by consumption of raw fish (Kalimuddin 

et al., 2017). This S. agalactiae ST 283 were recovered from both freshwater 

and saltwater fishes one of which was tilapia (Chau et al., 2017).  Though there 

are no reports in the country of fish bacteria infecting humans, this does not 

mean that it has not occurred or may not occur thus a proactive approach is 

necessary to prevent any disease outbreaks. The selling of moribund fish by the 

farm workers to the market must be prohibited such that pertinent laws or 

regulations should be passed. Moreover, this practice can be avoided if tilapia 

farm owners increase the salary, or the local government extend financial aid or 

incentive to these farm workers.  

Nearly all the farmers included in the study did use commercial feeds for 

their fish stocks. It is fair to say that as the global aquaculture industry has 

intensified and become a more commercially viable product for the international 

market, so too has the aquafeed sector grown. Most intensively farmed fish are 

now fed with commercial fish pelleted diets where the micro and macro 

nutrients are balanced. The average cost of feed during the production cycle 

can be as much as 60% of the total production costs, and so it would be 

sensible to use well balanced diets with a well-managed farming system and yet 

the data from the farm level survey in chapter 2 did not support that these were 
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always well-managed systems. In fact, the general lack of any biosecurity 

practises would suggest that improvement could be made, which would be 

relatively cost-effective and have immediate benefit to the individual farms as 

well as strengthening the over-all sector over time. This may include the 

recommended stocking density, procurement of disease-free fry, monthly health 

inspection of stocks, and consistent water/nutrient quality monitoring of the 

culture environment. 

Whilst the water quality data provided from the field-base survey in 

Chapter 2 agreed with other tilapia farming systems, the persistent use of 

sinking type of feed and excessive feeding rations observed from the data in the 

farms based in Taal Lake may contribute towards poor environmental health in 

the farms. This in turn could promote poor fish health and leave the animals 

immunocompromised and vulnerable to opportunistic diseases. Survey data for 

water quality monitoring showed that hatcheries do not perform any water 

quality monitoring while all of the grow-out farms measured aspects of quality 

primarily salinity, temperature, DO and pH. The farmers were most concerned 

when the DO level of the water dropped in critical value as this will cause 

massive fish kills.  Data from the field survey showed that farmers in general 

tended to overstock their systems and in fact some were willing to tolerate 70% 

losses in stock. It may be that the importance of overstocking, poor water 

quality parameters in general, except for DO, is not considered as important by 

the farmers given the perception that tilapia are a robust fish species able to 

tolerate wide range of environmental conditions. Although, they consider DO as 

important the farmers were helpless to maintain optimum level as the lake is a 

common resource and regulation of feeding and illegal cages were difficult to 
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monitor and control. However, being able to tolerate is not the same as optimal. 

A follow-on study would support the need for more refined or regular 

measurements of water quality in freshwater lake cages and brackishwater 

ponds related to disease outbreaks. 

One of the more positive findings from the survey data in chapter 2 was 

the attendance of farmers at trainings, seminars, and their ability to recognise 

disease in their stocks. However, analysis of the questionnaire-based data 

showed awareness of the abnormalities in their fish stocks, but unfortunately 

this did not translate to preventive action. Perhaps, as has been seen in other 

intensive freshwater farming systems, one of the issues to solving these 

problems is the lack of efficacious solutions available to farmers, irrespective of 

where they get their information from. However, although these farmers were 

adept in recognising disease in their stocks, some other aspects of fish 

husbandry and health management were lacking. This can be seen in the 

survey where farmers were developing their own strain of tilapia which they 

believed were more robust and resistant to diseases. However, these unguided 

breeding can result to strains having lower genetic diversity resulting to 

undesirable growth characteristics and depressed fitness which can instead 

lead to decline in productivity (Nguyen, 2016; Fessehaye et al., 2007). 

Additionally, in response to the diseases they observed, some were preparing 

farm-made medicated feeds using antibiotics not licensed for use in 

aquaculture.  

For any management or intervention strategy to be effective, whether this 

is measured by increased fish production output or prevention/control of 

disease and mortality outbreaks, depend upon sound information. Aquaculture 
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farm records can be a reliable form of information where analyses can be made 

to address problems encountered in the culture. In this study, most of the tilapia 

farms did not keep mortality records which was understandable since these 

farmers do not understand the value of such records in fish health 

management. Moreover, this supports the observation that the Philippine tilapia 

farming sector lacks application of effective biosecurity measures. Keeping 

mortality records is important since it can alert farmers to a problem and they 

can develop remedies by operational intervention (Ellis et al., 2012) in their 

husbandry such as reduction of feeding, change of nets or application of 

antibiotics through medicated feeds. Unlike production and stocking density 

records, the lack of mortality records in the farms in this study is due to the 

farmers’ belief that mortalities do not hugely affect their production, even when 

the data contradicted this perception. 

Although no records of mortality were kept in the tilapia farms in this 

study, farmers were able to take note of unusual high number of diseased or 

dead fish during the warmer months of the year which was during March to 

June. During this time, higher water temperatures were recorded, and this may 

contribute indirectly to the observed disease and mortality outbreaks. This 

observation is similar to those in other tilapia producing countries such as 

Brazil, Egypt and Vietnam (Roriz et al., 2017; Elsheshtawy et al., 2019; Liao et 

al., 2020). As the water temperature in the surveyed farms did not exceed 

beyond the tolerable limit for tilapia, the increase as stated previously may 

indirectly contribute to the problem by increasing the respiratory rate of 

planktonic organisms and other animals in the eutrophic lake causing a further 

drop in the DO causing additional stress to fish stocks. Additionally, higher 
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temperature increases the expression of virulence factors of aquatic bacterial 

pathogens such as S. agalactiae (Kayansamruaj et al., 2014) thus causing 

higher infection rate in severely stressed fish. Whilst disease and mortality 

outbreaks peaked during these warm months, farmers observed that infectious 

diseases persisted throughout the production cycle albeit in lower numbers 

which is like the perennial disease problems reported in South China tilapia 

farms (Liu et al., 2013). This low level of diseases in fish stocks during other 

months were considered normal by the Philippine farmers, although, from a 

viewpoint of food security and safety this is indicative of lack of appropriate fish 

health management (Segner et al., 2012). The increase in water temperature 

together with low water quality and highly stocked farming system may be the 

factors contributing to the disease outbreaks during warm months of the year 

(Zamri-Saad et al., 2014; Chitmanat et al., 2016). 

Of course, the recognised limitation of this study was the small sample 

size of the number of fish farms. The farms included in the study, were chosen 

as they represent the varied production units in the Philippine sector. However, 

given the geographical distribution of the farms and the Philippines itself, a large 

survey was not possible in this study. However, by choosing representative 

farming and production systems, the data generated could be applied to the 

wider sector. However, further works such as pathogenicity and molecular 

epidemiology of the pathogens are required prior to exploration of any health 

management strategies being implemented from this study. 

 Understanding the drivers for disease outbreaks in aquaculture is 

complex and multifactorial. In chapter 3, samples were taken at each farm and 

a description from the farmers of the clinical abnormalities observed grossly, 
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matched well with the clinical presentation of the moribund fish and the disease 

diagnosis. It is critical that samples are routinely taken to confirm the health 

status or during a morbidity event the cause of the disease outbreak. In farmed 

tilapia, there are reports of emerging (A. veronii, Dong et al., 2017), (S. iniae 

and S. agalactiae, Alsaid et al., 2013) and existing disease conditions. All of 

these will require a different health management approach, which need not to 

be costly and can be simple as verification of health status of the fry pre-

stocking. Often farmers will perform some health evaluation in the stocks 

purchased prior to stocking (Phan et al., 2009). These rarely require laboratory-

based methods and are often developed by farmers as a practical way for them 

to check the health of the fry or juveniles. These types of practises vary 

between different farming sectors and species. Correlation with laboratory-

based methods is rare although more recently there has been an increase in 

uptake of laboratory-based pathogen detection methods in aquatic stocks prior 

to stocking in the farm. A good example of this is the use of an accelerated 

colorimetric loop-mediated isothermal amplification (LAMP) assay for the 

detection of S. iniae and S. agalactiae for screening broodstock and fry before 

stocking and for monitoring fish health in grow-out ponds (Suebsing et al., 

2013). It was clear from the work performed in this study that such practises are 

not performed and yet could be encouraged via training programmes which 

farmers already attended.  

 The diagnostic approach used in chapter 3 confirmed the disease 

status of the fish sampled and confirmed a bacterial aetiology. Farmed tilapia 

suffered high levels of losses due to bacterial infections compared with other 

pathogens (Kayansamruaj et al., 2020) and so the bacterial aetiology and the 
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species identified in this study was not unexpected, but until this work has been 

completed the disease status was unknown in these farming systems. As stated 

previously, without these diagnostic data the farmers run risk of high production 

costs as they may be inadvertently treating when the actual cause of the 

disease is nutritional or water quality and not pathogen driven. 

 When disease outbreaks occur however, it is critical to confirm the 

cause and the data from the work presented in this chapter, showed primarily 

Gram-negative and Gram-positive bacterial diseases. It was interesting from a 

disease perspective that both S. iniae and S. agalactiae were detected in the 

systems but by far a higher percentage of tilapia suffering from streptococcosis 

were infected with S. agalactiae. Additionally, motile aeromonads were also 

recovered from diseased tilapia and the species primarily involved was A. 

veronii contrary to the previous published studies in the Philippines on motile 

aeromonad septicaemia in freshwater fishes where the primary aetiologic agent 

was A. hydrophila (Lio-Po et al., 1992; 1998; Yambot, 1998). Bacterial isolates 

were identified using both conventional and molecular methods. The 

conventional morphological and biochemical methods were able to discriminate 

bacterial isolates at the genus level only, albeit putatively. The 16S rRNA gene 

sequencing, considered as the gold standard in bacterial identification, was able 

to confirm the putative identification from the traditional identification results and 

was able to identify the different bacterial isolates up to the species level.  

In some samples from diseased fish, either an S. agalactiae/A. veronii or 

S. iniae/A. veronii complex were recovered. It may well be that these were, co-

infections or where fish became infected at the same time to the 2 bacterial 

species, or it may be results of subsequent infections as most samples showed 
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marked clinical signs of infection which ranged from acute to chronic. Further 

work was not performed to explore this phenomenon, but future studies could 

incorporate experimental challenges with both pathogens performed under a 

sequential time. There are more reported cases of co-infections emerging in 

aquaculture such as that of Edwardsiella ictaluri and A. hydrophila (Crumlish et 

al., 2017), E. ictaluri and Flavobacterium columnare (Dong et al., 2017), S. 

agalactiae, S. iniae, Francisella noatunenis and A. hydrophila (Delphino et al., 

2019) to name a few.  Co-infections have a fundamental effect and can alter the 

course and the severity of different fish diseases (Kotob et al., 2017). 

Confirmation of a coinfection would be critical to the development of any future 

health management strategies developed.  

A co-infection of S. agalactiae and S. iniae was not observed in this 

study but has been reported (Featherstone, 2014). Recovery of both S. iniae 

and S. agalactiae from fish sampled during this study could have been 

performed by using chromogenic agar that differentially show S. iniae and S. 

agalactiae in the single agar plate, however, the work performed in chapter 3 

was not to confirm co-infection but instead to recover and identify the bacterial 

species associated with the disease at the time of sampling. Nevertheless, now 

that the presence of both pathogens has been identified from the worked 

performed in this study, it would be sensible for any screening programmes in 

the future to incorporate a chromogenic agar for viable bacterial recovery and 

confirm the presence of the 2 bacterial species. The importance of this work 

would be to support the future development of the health management 

strategies as current vaccination programmes are not in place in the Philippine 

tilapia sector but would be a sensible approach going forward. It is recognised 
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that the 2 vaccines available to protect against streptococcal infections do not 

cross-protect (Wang et al., 2014). 

An alternative method for rapid detection of the streptococci or 

aeromonas pathogens can be done by species-specific PCR using extracted 

genomic DNA from fish tissue (Rodkum et al., 2012; Cui et al., 2019; Persson et 

al., 2015). However, the value of this would be more limited compared with the 

gene sequencing methods like 16S rRNA. Species-specific PCR is only for 

detection but not for phylogenetic analysis which is important for 

epidemiological study as sequencing identification methods do not only identify 

species but also can give show evolutionary or genetic variation within a 

species. 

The recovery of L. garvieae from diseased tilapia is the first record in the 

Philippines. This bacterium has been reported to infect and cause mass 

mortality in several fish species including tilapia (Evans et al., 2009; Anshary et 

al., 2014). L. garvieae-infected fish exhibited similar clinical signs typical of 

streptococcosis. This is very important since lactococcosis and streptococcosis 

clinical signs are identical (Vendrell et al., 2006), misidentification of the 

aetiologic agent can lead to treatment failure and production losses in the 

farms. 

Results of histopathology from different organs of the moribund fish 

showed abnormalities and tissue damage typical of bacterial septicaemia. 

Histologically, the moribund tilapia tissue samples showed congestion, 

haemorrhages, inflammation, degeneration, and necrosis in several internal 

organs, particularly the liver, heart, spleen, kidney, and brain as systemic phase 

of the septicaemic disease. These histological lesions that were indicative of 
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bacterial infection are consistent with those described by Jantrakajorn (2014) in 

Nile tilapia infected naturally with S. agalactiae and S. iniae, and also of motile 

aeromonas by El-Gohary et al. (2020). Parasitic infection typical of the 

myxosporean parasite Myxobolus sp. was detected in the gill muscles of some 

moribund fish samples. This is also the first report of the myxosporean parasite 

affecting farmed Nile tilapia in the Philippines, although its impact on the 

mortality outbreaks was not determined in the current study.  

To understand the pathogenesis of streptococcal and motile aeromonas 

infections of diseased farmed tilapia in chapter 3, further identification and 

characterisation were performed to the bacterial isolates in chapters 4 and 5. 

Currently, the immediate and inexpensive diagnosis of bacterial infections in 

infected fish is difficult as fish exhibit similar clinical signs regardless of the 

etiological agent. Reliance on a single laboratory-based method to identify the 

bacterial species is not possible and a combination of tests are always 

performed. In this study, conventional morphological, biochemical and 

molecular methods were used for species level identification of the isolates but 

also to determine unique characteristics of the bacterial pathogens associated 

with disease outbreaks in these farming systems. 

In chapter 4, identification of S. agalactiae using the API20 STREP, 

species-specific duplex PCR and 16S rRNA gene sequencing gave excellent 

agreement except for S. agalactiae serotype Ib strains which were metabolically 

impaired as they had very slow growth. Additionally, molecular serotyping of S. 

agalactiae was performed which determined that there were two serotypes of S. 

agalactiae namely serotype Ia and serotype Ib circulating within the tilapia 

farming systems in the Philippines. The predominance of S. agalactiae serotype 
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Ia over serotype Ib is consistent with reports in SEA (Anshary, et al., 2014; 

Barkham et al., 2019; Jantrakajorn et al., 2014; Kayansamruaj et al., 2019; 

Syuhada et al., 2020) but contrary to previous reports that S. agalactiae 

serotype Ib is the main serotype causing streptococcosis in Philippine tilapia 

farms. For S. iniae, there was also excellent agreement with species-specific 

duplex PCR and 16S rRNA, however, the API20 STREP database cannot 

identify it. This limitation in S. iniae identification using the API can be sorted out 

using biochemical profiles of piscine S. iniae from published studies or 

literatures (El Aamri et al., 2010). An additional test which was useful to 

differentiate S. agalactiae from S. iniae is the starch hydrolysis test. An attempt 

was also used to speciate and subtype streptococci isolates using protein 

spectral profiles from MALDI-TOF MS which resulted in the visual differentiation 

of S. agalactiae and S. iniae similar to the observations of Piamsomboon et al. 

(2020). Although an indication that MALDI-TOF MS can differentiate S. 

agalactiae serotype Ia from serotype Ib, and that it allows speciation of S. iniae 

and S. agalactiae, it is premature to conclude because of the limited sample 

size and few number of S. agalactiae serotypes.  

From the results of the different identification tests for streptococci, it is 

safe to recommend the use of Gram staining, oxidase, catalase, API 20STREP 

or tube biochemical tests, species-specific duplex PCR and starch hydrolysis as 

rapid and inexpensive tests for the identification of S. agalactiae and S. iniae in 

cases of streptococcosis outbreaks in finfish aquaculture. This could be taken 

up by fish diagnostic laboratories especially in the developing countries.  

However, in the case of S. agalactiae the determination of serotype is important 

in lieu of control and treatment since vaccine from different serotype does not 
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offer cross-protection to the fish (Evans et al., 2004). Serotype determination is 

not expensive as it is done only by conventional multiplex PCR method. 

The histopathology of the tilapia samples where S. agalactiae and S. 

iniae were recovered presented lesions typical of bacterial septicaemia. 

Meningitis and encephalitis were observed in 80% of the moribund samples 

where both streptococci bacteria were recovered. From the study of Chen et al. 

(2007), they have noted that S. agalactiae infected tilapia fish contained large 

numbers of the bacteria in tissues and in circulation as compared with S. iniae. 

This finding of the streptococci tropism for brain tissue is typically decribed for 

streptococcosis (Eldar et al., 1995; Abuseliana et al., 2010; Baums et al., 2013). 

Histopathological abnormalities observed in the brain, kidney, spleen, heart and 

liver tissues were suggestive of septicaemia as observed in natural and 

experimental streptococcal infection in accordance with those described in fish 

(Austin & Austin, 2007; Musa et al., 2009; Evans et al., 2006; Abdullah et al., 

2013; Suanyuk et al., 2005; Shoemaker et al., 2001; Rahmatullah et al., 2017). 

These lesions may be due to the high number of bacteria producing toxins and 

enzymes that also stimulates the immune response of infected fish. Over-all, in 

this study the histopathology confirmed the virulence of both Philippine isolates 

of S. agalactiae and S. iniae to induce systemic infection in tilapia.  

 As infection bioassay was not possible during the study, the 

antibiotic response profile, antibiotic resistance genes and virulence factors 

were determined in order establish the pathogenic nature of the streptococci 

isolates. Both S. iniae and S. agalactiae serotype Ia were susceptible to 

assayed antibiotics which are licensed for use in global aquaculture except for 

oxolinic acid for which they are inherently resistant. The S. agalactiae serotype 
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Ib antibiotic profile was similar to the two strains except for its resistance to 

sulphamethoxazole-trimethoprim. These results are similar to previous reports 

in Thailand (Jantrakajorn et al., 2014; Dangwetngam et al., 2016; Kannika et al., 

2017; Klingklib & Suanyuk, 2017) and may indicate a low reliance to antibiotics 

in tilapia farms evidenced by a low level of antibiotic resistance. No antibiotic 

resistance genes were detected in the isolates in this study; however, this does 

not mean that they will be not able to develop or acquire one so prudent and 

judicious use of antimicrobials is still recommended. 

 All the S. iniae isolates had identical virulence profiles in 

containing the necessary genes to establish infection in fish (Baums et al., 

2013). These are the adhesins, invasins and immune evasins virulence genes. 

Similar types of virulence genes were also detected in S. agalactiae isolates 

except that the serotype Ib lacked the cylE gene involved in haemolysis. The 

loss of this particular gene, coupled with reduced metabolic activity,  can be an 

evolutionary strategy in order to establish persistent infection in the host by 

becoming less virulent (Bull, 1994; Frank, 1996; Ebert & Bull, 2003; Rosinski-

Chupin et al., 2013). Studies have shown that highly haemolytic GBS were 

easily cleared by the host immune response unlike the non-haemolytic strain 

which has higher survival and can persist causing subclinical and chronic 

infection (Li et al., 2014).  

During bacterial culture, some of the S. agalactiae exhibited pin-pricked-

sized colonies which were described as non-haemolytic and had reduced 

metabolic activity as compared to other isolates. These same S. agalactiae 

serotype Ib isolates were the strains that the API20 STREP was not able to 

identify. This morphological variant was also observed in clinical human GBS in 

https://www.sciencedirect.com/science/article/pii/S0167587704002120?casa_token=yRlkPPseMeoAAAAA:vivaJGWHWFdmGa5vxnr3mQYG1crnzTAyLUAw8H6_7d79eYfMSkKcJdCZsNYdBKJTi3CZL8lD#bib15
https://www.sciencedirect.com/science/article/pii/S0167587704002120?casa_token=yRlkPPseMeoAAAAA:vivaJGWHWFdmGa5vxnr3mQYG1crnzTAyLUAw8H6_7d79eYfMSkKcJdCZsNYdBKJTi3CZL8lD#bib29
https://www.sciencedirect.com/science/article/pii/S0167587704002120?casa_token=yRlkPPseMeoAAAAA:vivaJGWHWFdmGa5vxnr3mQYG1crnzTAyLUAw8H6_7d79eYfMSkKcJdCZsNYdBKJTi3CZL8lD#bib26
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the study of Banno et al. (2014). These are described as small colony variants 

(SCV) which are a slow-growing subpopulation of bacteria with distinctive 

phenotypic and pathogenic traits that are involved in chronic and recurrent 

infections (Proctor et al., 2006; Johns et al., 2015; Tikhomirova et al., 2018).  

This morphological switch may be a strategy employed by bacteria to increase 

intracellularity in host macrophage thus evading clearance from the host’s 

immune system producing persistent infections. These SCV are noteworthy 

because this is a form of the pathogenic bacteria that produces subacute 

infections leading to recurrent and chronic infections, reduced antibiotic 

susceptibility and resistance to oxidative burst (Proctor et al., 2006; Banno et 

al., 2014; Painter et al., 2017). So far this is the first report of SA-SCV in piscine 

S. agalactiae. Currently, there is no study regarding the SCV form of piscine S. 

agalactiae and their implications in pathogenesis in fish.  

Identification of motile Aeromonas species using conventional and 

biochemical methods did not show excellent agreement with the 16S rRNA and 

rpoD gene sequencing. A greater agreement was found between 16S rRNA and 

rpoD gene sequencing in the identification compared with the biochemical 

assay. Some studies recommend the use of the housekeeping genes like rpoD 

over 16S rRNA because it has higher discriminatory power and interspecies 

variation (Shin et al., 2015), however, the amount of rpoD sequences in the 

gene bank database is much smaller the reason why most diagnostic 

laboratories still use 16S rRNA for pathogen identification purposes. The 

difficulty lies within the genus Aeromonas itself as it is composed of 

phylogenetically tight members but showing highly heterogeneous biochemical 

and pathogenic characteristics even within species level. A good solution to the 
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identification of motile aeromonads is the development and use of multiplex 

PCR which can discriminate different species. The motile aeromonas recovered 

were A. veronii, A. caviae and A. dhakensis, all of which were first report in the 

Philippines infecting farmed Nile tilapia.  An attempt was made to use MALDI-

TOF MS to identify piscine motile Aeromonas as previous studies reported that 

this method can discriminate them to the species level (Donohue et al., 2006; 

Benagli et al., 2012; Piamsomboon et al., 2020). However, results of this study 

demonstrated the utility of MALDI-TOF MS in identifying piscine Aeromonas to 

the genus level only since the protein spectral profiles of the samples were 

identical across the genus making species identification impossible. An 

important observation in this study is that species specific protein biomarkers 

detected by previous studies (Donohue et al., 2006; Benagli et al., 2012; Perez-

Sancho et al., 2018) were present in the lower dilutions of the sample from the 

different Aeromonas species. Therefore, it is recommended that further 

investigation should be done on the use of different dilutions in sample analysis 

for bacterial identification using the MALDI-TOF MS. 

The dominance of A. veronii in aquatic disease outbreaks, which was 

also reported from this study, was not surprising as numerous reports have 

identified this bacterium as the dominant aetiologic agent responsible for 

haemorrhagic septicaemia resulting to mortality outbreaks in many fish species 

(Hoai et al., 2019; Dong et al., 2017; Smyrli et al., 2017; Zhu et al., 2016; 

Sreedharan et al., 2011). The current reports of the dominance of A. veronii in 

diseased fish could be to previous misidentification of the bacteria as A. 

hydrophila since old studies were still reliant on conventional methods of 

identification which was proven in this study as unreliable. Moreover, the high 
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prevalence of aerolysin virulence gene and its expression in A. veronii might 

explain its high presence in natural infections in contrast to A. hydrophila. The 

aerolysin of A. veronii was shown to induce intestinal lesions enabling it to cross 

intestinal barrier and invade the host systemically which is in contrast to the low 

activity and expression of aerolysin from A. hydrophila contributing to its low 

virulence via natural route of infections (Ran et al., 2018).  However, this needs 

further investigation as the pathogenesis of motile aeromonads are highly 

diverse and complex. This indicates that A. veronii is an important motile 

aeromonas species that contributes to diseases in farmed Nile tilapia in the 

Philippines aside from the well described A. hydrophila.   

The motile Aeromonas isolates in this study are potential virulent strains 

due to their production of extracellular enzymes and the presence of various 

virulence factors. Two virulence genes namely aer which codes for aerolysin 

and act for cytotoxic enterotoxin were detected in 75% and 100% the isolates, 

respectively. The high proportion of these two genes among Aeromonas strain 

in this study is like the previous studies of Nawaz et al. (2010) and Khor et al. 

(2015) where they also were present in high percentage in A. veronii isolates 

from diseased catfish and in aquatic Aeromonas spp., respectively. Based on 

this result, act gene may be integral in the pathogenicity of aquatic Aeromonas 

especially of the A. veronii and that the presence of aer enhances the severity 

of the infection as displayed by the gross clinical signs. As these two genes 

exhibits haemolytic, cytotoxic and enterotoxic activities which are important in 

establishment of infection (Nawaz et al., 2010), their presence in a particular 

Aeromonas strain can be an indication of the virulence of the strain.   The 
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production of haemolytic toxins has been regarded as strong evidence of 

pathogenic potential in aeromonads (Santos et al., 1999).  

The motile Aeromonas isolates were genotyped based on the virulence 

genes they possessed. Results showed remarkable variability in the virulence 

gene content within the A. veronii group which indicates significant variability in 

terms of their pathogenic strategy, however, analysis showed that the presence 

of act and aer genes resulted in higher proportion of moribund fish showing 

numerous gross clinical signs. A careful evaluation should be made in terms of 

pathogenesis of Aeromonas spp. in fish since the exact relationship of virulence 

genes or subset of virulence genes and the ability of a particular genospecies to 

cause disease has not been fully established. The different combinations of 

virulence genes in different geographical areas may also suggests that different 

mechanisms may be used by these Aeromonas spp. to colonise and cause 

infection or to mutualistically co-exist with the fish host (Silver et al., 2007; 

Rasmussen-Ivey et al., 2016). 

The Philippine motile Aeromonas strains in this current study showed 

susceptibility to oxolinic acid, enrofloxacin, florfenicol and chloramphenicol while 

some showed resistance to oxytetracycline, tetracycline and 

sulphamethoxazole-trimethoprim.  Almost all were resistant to β-lactam 

antibiotics since the genus Aeromonas has an intrinsic resistance to this 

compound (Senderovich et al., 2012). Plasmid-mediated β-lactam resistance 

genes responsible for extended spectrum β-lactamase (ESBL) resistance were 

not detected confirming that the observed phenotypic resistance to β-lactam 

antibiotics were of intrinsic in origin. The tetE gene was detected in A. veronii 

strains which is responsible to the observed resistance to oxytetracycline and 
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tetracycline. This conforms to previous studies showing that the tetE gene is the 

dominant tetracycline resistance gene in aeromonads from freshwater fish 

aquaculture (Piotrowska & Popowska, 2014; Han et al., 2012; Cizek et al., 

2010; Nawaz et al., 2006). Majority of the isolates showing phenotypic 

resistance to sulphamethoxazole-trimethoprim did not have the specific 

resistance gene suggesting that there might be other genes involved or that 

there is mutation in chromosomal genes encoding dihydropteroate synthetase 

(Giordanetto et al., 2005). Moreover, class 1 integron IntI1 coding for integrase 

was detected in some A. veronii isolates which is concerning since this enzyme 

allows for the transfer of antibiotic resistance cassettes within A. veronii and 

other motile Aeromonas species. Over-all the results showed piscine 

Aeromonas species in this current study exhibited emerging resistance to 

antibiotics especially the A. veronii strains. As there is no vaccine available to 

treat motile aeromonas septicaemia because of the heterogeneity of the 

aetiologic agents involved, the control of this bacterial infection is still reliant on 

the use of antibiotics and good husbandry practices. The aquaculture industry 

should be vigilant and adhere to good antibiotic practice as antibiotic usage may 

become ineffective as the bacterial pathogens acquire resistance. 

In accordance with histopathological changes, as observed in the current 

study, our findings were consistent with previous studies that showed similar 

histopathological lesions due to MAS (Hassan et al., 2017). These observations 

were supportive to the motile aeromonas virulence toxins particularly the 

aerolysin and cytotoxic enterotoxin which were present in the Aeromonas 

strains in this study. The extracellular products, enzymes, enterotoxins, and 

antibiotic resistance produced by motile aeromonads that together contributed 
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to their virulence leading to a systemic damage to the internal organs, mainly, 

liver, kidney, and spleen with eventual death (Beaz-Hidalgo & Figueras, 2013; 

Citarasu et al., 2011; Hassan et al., 2017).  

6.3 Future work  

The work presented in this thesis contributes to a growing body of 

knowledge in tilapia infectious bacterial diseases applicable to the Philippines. 

Moreover, it established that at the time of sampling, the disease and mortality 

outbreaks observed by tilapia farmers is primarily due to streptococcosis and 

motile aeromonas septicaemia. Field survey in the different tilapia farms 

revealed a lack of robust biosecurity measure. The continued growth of the 

Philippine population will put more pressure on tilapia production such that the 

degree of intensification will increase with the eventual collapse of the sector if 

not addressed correctly and immediately due to interrelated problems of 

environmental pollution, recurrent fish kills and disease/mortality outbreaks. It is 

therefore imperative that tilapia production should expand to brackishwater and 

seawater to relieve the freshwater lakes and other freshwater areas from high 

number of cages and pens, and ecological deterioration. As the pathogens are 

already established in the sector, research work on the development of 

autogenous vaccines for streptococcosis using the isolates in this study be 

done to help lessen its impact on the already stagnating tilapia production in the 

country. Such research will continue to enhance our understanding on the 

pathogenesis of the piscine streptococcal species so that effective and 

appropriate control measures and strategies can be established. Additional 
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investigation on the diversity and virulence of motile aeromonas species 

involved in motile aeromonas septicaemia in tilapia will add existing data on the 

control of this highly challenging bacterial genus. All of these will help improve 

the tilapia farming sector of the Philippines to become sustainable and profitable 

at the same time supporting food security and safety of the Filipino consumers. 

Suggestions for future work include: 

▪ Implement long term, routine field sampling to determine the 

presence and dynamics of infectious bacterial diseases in 

Philippine tilapia aquaculture sector. This can be done by 

establishing aquatic diagnostic laboratories in different regions 

that is capable of doing surveillance and disease diagnostics.  

▪ Development of a national biosecurity measure in the tilapia 

sector. This can be achieved by assisting hatcheries and grow-

out farms of developing specific pathogen-free broodstocks and 

fry. Additionally, to initiate annual training programs for farmers in 

health management and record keeping related to husbandry and 

health. Output from this thesis would contribute towards 

development of a tilapia health management manual and 

biosecurity, written in language that can be understood by tilapia 

farmers. 

▪ Investigations of the nature of infectious co-infections as it 

contributes to severity of infectious diseases affecting 

farmed tilapia. This can be done by doing infection bioassays 

using the different bacterial pathogens recovered in this study. A 

sequential experimental infection approach can further elucidate 
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the pathogenesis of streptococcal and aeromonas diseases 

starting from establishment of bacteria in tissues to progression to 

acute stage. 

▪ Development of autogenous vaccine against streptococcosis. 

A polyvalent vaccine with S. agalactiae serotypes Ia and Ib, and 

S. iniae will be ideal since there is no cross-protection from these 

pathogens. The vaccine should be a type that can be 

administered by bath or feed or both as intra-peritoneal 

administered vaccine is uneconomical for tilapia species. 

▪ Investigate the pathogenicity of the different bacterial 

isolates in different tilapia breeds or strains. As expansion of 

tilapia farming to brackishwater and seawater will be inevitable in 

the near future, it will be a good proactive work to determine and 

understand the pathogenicity of these bacteria especially the 

streptococci as they are also known to infect tilapia reared in 

seawater and other marine fishes.  

▪ Further work on the nature and role of the small colony 

variants of S. agalactiae. Experimental studies on the metabolic 

and genotypic characteristics of small colony variant S. agalactiae 

will contribute to the understanding on its role in subclinical or 

chronic infections in aquatic animals especially finfishes. 

▪ Further investigations on the motile aeromonas septicaemia 

(MAS) affecting Philippine freshwater fishes. As motile 

aeromonads are genetically and pathogenetically diverse, there is 

a need to further investigate of the main species involved in the 
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current disease outbreaks associated with MAS and whether the 

species involved are host specific. 
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Appendix 2: Protocols  

Appendix 2.1: DNA Extraction (Crude Boiling Method) 

1. Centrifuge bacterial suspension (5 ml in TSB, 24 h culture at 28 C) at 3000 

rpm for 15 min at 4 C. 

2. Decant the supernatant and resuspend bacterial pellet with 1 ml of sodium 

chloride-Tris-EDTA (STE) buffer (0.1 M NaCl, 10 mM Tris at pH 8, 1 mM EDTA). 

Transfer this suspension in 1.5 ml Eppendorf tube. 

3. Centrifuge the suspension at 13, 000 rpm for 1 min at 4 C. 

4. Remove supernatant, resuspend pellet immediately in 100 ul of Tris-EDTA 

(TE) buffer (10 mM Tris at pH 8, 1 mM EDTA). 

5. Heat the suspension at 95 C for 10 min, then immediately place on ice for 3 

min. 

6. Centrifuge the suspension at 13, 000 rpm for 1 min at 4 C. 

7. Collect the supernatant and transfer into new Eppendorf tube leaving 

behind the cellular debris. Aliquot supernatant into smaller Eppendorf tubes and 

store at -20 C. 

Quantify DNA concentration using Nanodrop. 
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Appendix 2.2: 16S rRNA PCR 

1. Put on nitrile gloves 

2. Label a clean 0.2mL PCR tube  

3. Keep all reagents on ice 

Table 1. Ingredients and quantities required for a 25μL PCR reaction.  

Ingredients Vol.  for 25μL PCR 

reaction (μL) 

2x HS MytaQ mastermix 12.5 

Milli-Q water 8.5 

20F (Forward) (10µm) 1 

1500R (Reverse) (10µm) 1 

Sample DNA 2 

 

4. Add milli-Q water into the 0.2mL PCR tube. Change tip 

5. Add 2 x HS MytaQ mastermix into the 0.2mL PCR tube. Change tip 

6. Add the forward primer to the inside wall of the 0.2mL PCR tube. Change tip  

7. Add the reverse primer to the inside wall of the 0.2mL PCR tube. Change tip 

8. Add the sample DNA to the inside wall of the 0.2mL PCR tube. Change tip  

9. Aeromonas hydrophila NCIMB 9240 or Vibrio paraheamolyticus NCIMB 1902 should 

be used as a positive reference control for Eubacterial DNA 

10. Make up a positive control PCR reaction in a clean-labelled 0.2mL PCR tube. 

Change tip between each reagent   
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Table 2. Ingredients and quantities required for a 25μL positive control 

PCR reaction. 

Ingredients Vol.  for 25μL PCR 

reaction (μL) 

2x HS MytaQ mastermix 12.5 

Milli-Q water 8.5 

20F (Forward) (10µm) 1 

1500R (Reverse) (10µm) 1 

Positive control DNA 2 

11. Make up an internal negative control PCR reaction in a clean labelled 0.2mL PCR 

tube. Change tip between each reagent: 

Table 3. Ingredients and quantities required for a 25μL negative control 

PCR reaction. 

Ingredients Vol.  for 25μL PCR 

reaction (μL) 

2x HS MytaQ mastermix 12.5 

Milli-Q water 10.5 

20F (Forward) (10µm) 1 

1500R (Reverse) (10µm) 1 

12. Ensure that lids are tightly closed on each tube  

13. Centrifuge briefly at 6000rpm for 10 seconds in a benchtop centrifuge to ensure 

contents of the tube are fully mixed 
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14. Place samples in the middle of the thermocycler plate, as this will have a more 

uniform temperature.   

15. Programme the Biometra Tgradient thermocycler to the following conditions: 

Table 4. Thermal cycling conditions. 

Step Function Temperature Time Cycles 

1 Initial Denature 95°C 1 min 

30 x cycles of 
step 2, 3 & 4. 

2 Denature 94°C 15s 

3 Annealing 56°C 20s 

4 Extension 72°C 1min 

5 Final Extension  72⁰C 2 min  

 

16. Total running time: 1h. 7m 

17. The results from the PCR amplification should be visualised in a 1% (w/v) 

agarose gel loaded with a 1Kb DNA ladder (SP/ M.5).  

18. Store PCR products in the fridge/ freezer until needed for further downstream 

applications.  
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Appendix 2.3: Species-specific Duplex PCR 

 

1. Include appropriate controls within the PCR protocol: positive controls (S. 

agalactiae NCIMB 701348 and S. iniae ATCC 29178), a negative control for PCR mix 

(Milli-Q water with no DNA) and controls to illustrate primer specificity (100 bp 

ladder).  

2. The oligonucleotide primers to be used for the detection of S. agalactiae or 

S. iniae are: 

Primer Direction Nucleotide Sequence Amplicon 
size (bp) 

Pathogen 

LOX-1 Forward AAGGGGAAATCGCAAGTGCC 870 S. iniae 

LOX-2 Reverse ATATCTGATTGGGCCGTCTAA   

STRA-AgI Forward AAGGAAACCTGCCATTTG 270 S. agalactiae 

STRA-AgII Reverse TTAACCTAGTTTCTTTAAAACTAGAA   

 

3. Perform amplification in a 25 µl reaction mixture using master mix that 

contain: 

Ingredients Vol.  for 25μL PCR reaction 
(μL) 

2x HS MytaQ mastermix 12.5 

Milli-Q water 4.5 

LOX-1 (Forward) (10 pmol) 1.5 

LOX-2 (Reverse) (10 pmol) 1.5 

STRA-AgI (10 pmol) 1.5 

STRA-AgII (10 pmol) 1.5 

DNA sample 2.0 

 

4. The amplification profile is consisted of an initial denaturation at 95 °C for 

15 min, followed by 35 cycles of denaturation at 95°C for 30s, annealing at 55°C for 

30s and extension at 72°C for 25s, with a final extension of 72°C for 10 min.  
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5. Run PCR products by electrophoresis in a 1% (w/v) agarose gel prepared in 

0.5X TAE (Tris-acetate-EDTA) buffer with ethidium bromide (0.5 µg ml-1), visualized 

on a UV transilluminator. 
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Appendix 2.4: Molecular serotyping of piscine S. agalactiae capsule cps 
gene 

1. Include appropriate controls within the PCR protocol: positive control (S. 

agalactiae NCIMB 701348), a negative control for PCR mix (Milli-Q water with no 

DNA) and controls to illustrate primer specificity (100 bp ladder).  

2. The oligonucleotide primers to be used for the capsular serotyping of S. 

agalactiae are: 

 

Serotype Target Gene Primer Nucleotide (5’ → 3’)* Target Region (bp) 

 

 

Ia 

cpsL cpsL-F CAATCCTAAGTATTTTCGGTTCATT 688 

 cpsL-R TAGGAACATGTTCATTAACATAGC  

cpsG cpsG-F ACATGAACAGCAGTTCAACCGT 272 

 cpsG-R ATGCTCTCCAAACTGTTCTTGT  

 

 

 

Ib 

cpsG cpsG-F ACATGAACAGCAGTTCAACCGT 272 

 cpsG-R ATGCTCTCCAAACTGTTCTTGT  

cpsJ cpsJ-Ib-F GCAATTCTTAACAGAATATTCAGTTG 621 

 cpsJ-Ib-R GCGTTTCTTTATCACATACTCTTG  

cpsL cpsL-F CAATCCTAAGTATTTTCGGTTCATT 688 

 cpsL-R TAGGAACATGTTCATTAACATAGC  

 

 

III 

cpsG cpsG-F ACATGAACAGCAGTTCAACCGT 352 

 cpsG-2-3-6-R TCCATCTACATCTTCAATCCAAGC  

cpsL cpsL-F CAATCCTAAGTATTTTCGGTTCATT 688 

 cpsL-R TAGGAACATGTTCATTAACATAGC  
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3. Perform amplification in a 25 µl reaction mixture using master mix that 

contain: 

 

Ingredients Vol.  for 25μL PCR reaction 
(μL) 

2x HS MytaQ mastermix 12.5 

Milli-Q water 0.5 

cpsL-F (10 pmol) 1.0 

cpsL-R (10 pmol) 1.0 

cpsG-F (10 pmol) 1.0 

cpsG-R (10 pmol) 1.0 

cpsJ-Ib-F (10 pmol) 1.0 

cpsJ-Ib-R (10 pmol) 1.0 

cpsG-2-3-6-R (10 pmol) 1.0 

DNA sample 5.0 

 

4. The amplification profile is consisted of:  1 cycle of 1 min at 95°C; 15 cycles 

of 60 s at 95°C, 60 s at 54°C and 2 min at 72°C; 25 cycles of 60 s at 95°C, 60 s at 56°C 

and 2 min at 72°C; final cycle of 10 min at 72°C. 

 

5. Run PCR products by electrophoresis in a 1.5 % (w/v) agarose gel prepared 

in 0.5X TAE (Tris-acetate-EDTA) buffer with ethidium bromide (0.5 µg ml-1), 

visualized on a UV transilluminator. 
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Appendix 2.5: rpoD PCR amplification and sequencing 

 

1. Include appropriate controls within the PCR protocol: positive control (A. 

hydrophila NCIMB 9240), a negative control for PCR mix (Milli-Q water with no DNA) 

and controls to illustrate primer specificity (100 bp ladder).  

2. The oligonucleotide primers to be used for the capsular serotyping of S. 

agalactiae are: 

 
Primer 

 
Target 
Gene 

 
Sequence (5’-3’) 

 
Product 
size (bp) 

70F rpoD ACGACTGACCCGGTACGCATGTAYATGMGNGARATGGG
NACNGT 

820 

70Fs  ACGACTGACCCGGTACGCATGTA  

70R rpoD ATAGAAATAACCAGACGTAAGTTNGCYTCNACCATYTCY
TTYTT 

 

70Rs  ATAGAAATAACCAGACGTAAGTT  

 

3. Perform amplification in a 25 µl reaction mixture using master mix that 

contain: 

 

Ingredients Vol.  for 25μL PCR 

reaction (μL) 

2x HS MytaQ mastermix 12.5 

Milli-Q water 8.5 

70F (10 pmol) 1.0 

70R (10 pmol) 1.0 

DNA sample 2.0 

 

4. The amplification profile is consisted of an initial denaturation at 94 °C for 2 

min, followed by 35 cycles of denaturation at 94°C for 60s, annealing at 58-63°C for 

30s and extension at 72°C for 30s, with a final extension of 72°C for 2 min.  



425 

 

Note: The annealing temperature ranged from 58 to 63 °C depending on the 

G+C content of the template DNA. Higher annealing temperatures were used for 

higher GC contents. 

5. Run PCR products by electrophoresis in a 1.5 % (w/v) agarose gel prepared 

in 0.5X TAE (Tris-acetate-EDTA) buffer with ethidium bromide (0.5 µg ml-1), 

visualized on a UV transilluminator. 

6. Then purify the PCR products purified using QIAquick PCR Purification Kit 

(Qiagen).  

7. Then purified PCR porducts will be sent to Eurofins Genomics for 

sequencing using the sequencing primers 70Fs (5'-ACGACTGACCCGGTACGCATGTA-

3') and 70Rs (5’-ATAGAAATAACCAGACGTAAGTT-3’) which correspond to the first 23 

nucleotides of PCR primers 70F and 70R, respectively.  
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Appendix 3: Protein spectral profiles 

Appendix 3.1 

 

Figure 4.10. Depicts the optimal mass spectrum results achieved with isolates undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. The four 
Streptococci isolates were grown for 48 hours before subculture and were procured at subculture 2. The blue spectrum exhibits isolate S. iniae 105, the red spectrum displays 
isolate S. agalactiae serotype Ia 63, the spectrum in green shows S. agalactiae serotype Ib 100 and the violet spectrum depicts S. agalactiae NCIMB 701348.  
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Appendix 3.2 

 

Figure 4.11. Depicts the optimal mass spectrum results achieved with isolates undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. The four 
Streptococci isolates were grown for 48 hours before subculture and were procured at subculture 2. The violet spectrum exhibits isolate S. agalactiae NCIMB 701348, the blue 
spectrum displays isolate 122, the spectrum in red shows 132 and the yellow green spectrum depicts isolate 63.  
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Appendix 3.3 

 

Figure 5.3. Depicts the optimal mass spectrum results achieved with isolate undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. The four Aeromonas isolates 

were grown for 24 hours before subculture and were procured at subculture 2. The red spectrum displays isolate A. veronii ATCC 35624, the spectrum in blue shows isolate A. hydrophila NCIMB 
9240, the green spectrum depicts isolate 39 and the orange spectrum exhibits isolate 69.  
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Appendix 3.4 

 

Figure 5.4. Depicts the optimal mass spectrum results achieved with isolate undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. The five Aeromonas isolates 
were grown for 24 hours before subculture and were procured at subculture 2. The red spectrum displays isolate A. veronii ATCC 35624, the spectrum in blue shows isolate 4, the violet spectrum 

depicts isolate 23, the green spectrum depicts isolate 26 and the orange spectrum exhibits isolate 34.  
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Appendix 3.5 

 

Figure 5.5. Depicts the optimal mass spectrum results achieved with isolate undergoing ethanol-formic acid extraction after being grown on TSA at 28° C. The five Aeromonas isolates 
were grown for 24 hours before subculture and were procured at subculture 2. The green spectrum displays isolate 34, the spectrum in blue shows isolate 41, and red green spectrum depicts isolate 

67. 
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Appendix 4. Publication 

 

 

Link to pdf online at Journal of Fish Diseases 

https://doi.org/10.1111/jfd.13247 


