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Tilapia tilapinevirus or known as Tilapia Lake Virus (TiLV) is an emerging virus 
accountable for a viral disease in cultured and wild tilapia. TiLV has been 
responsible for a massive mortality of tilapia around the globe including Malaysia. 
Interestingly, most cases of TiLV-infected fish in Malaysia were co-present with 
bacterial pathogen including Streptococcus agalactiae that often resulted with a 
high death rate. The prominence of TiLV and S. agalactiae co-infection has not 
been explored concerning the interactions and mechanisms of these two 
infectious agents and their possible impact on the disease in tilapia. Thus, this 
study was conducted to determine the median lethal dose (LD50), and 
pathogenicity of TiLV and S. agalactiae single and co-infection in red hybrid 
tilapia (Oreochromis niloticus × O. mossambicus) following intraperitoneal (IP) 
injection route. In this study, the red hybrid tilapias were challenged with different 
concentrations of TiLV (104, 105, and 106 TCID50/mL) and S. agalactiae (103, 104, 
105, 106 and 107 CFU/mL). Following the infections, the LD50 of TiLV and S. 
agalactiae was determined at 106 TCID50/mL and 104 CFU/mL, respectively. The 
clinical signs, and gross lesions of TiLV and S. agalactiae challenged fish were 
similar as observed in the naturally infected fish. Then, by referring to the 
obtained LD50, the fish were challenged with 106 TCID50/mL of TiLV and 103 
CFU/mL of S. agalactiae following the single and co-infection studies. The co-
infected fish showed a higher cumulative mortality (60.00% in TiLV-S. agalactiae 
co-infection, and 73.33% in S. agalactiae-TiLV co-infection) compared to the 
single infected fish (40.00% in TiLV infection, and 20.00% in S. agalactiae 
infection). Important histopathological findings such as intracytoplasmic inclusion 
bodies, and syncytial giant cells were also frequently observed in the co-infected 
fish with some of the lesions were significantly (P < 0.05) severe compared to 
the single infected fish. The viral and bacterial load recovered from the fish’s 
brain and liver in qPCR analysis showed a significantly (P < 0.05) higher load 
pattern was observed in the co-infected fish following the introduction of the 
second pathogen compared to the single infected fish. The viral particles and 
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bacterial cells were also observed using the TEM analysis and important 
ultrastructural lesion was found in the infected organs.  This study showed the 
red hybrid tilapia was susceptible to both pathogens following the IP challenge 
and the co-infection between TiLV and S. agalactiae synergistically worsened 
the disease severity in tilapia. The results could help in the future effective 
disease management strategies in cultured tilapia in Malaysia. 
 
Keywords: Tilapia Lake Virus, Streptococcus agalactiae, clinical signs, 
histopathological changes, qPCR, TEM  
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Tilapia tilapinevirus atau lebih dikenali sebagai Virus Tilapia Tasik (TiLV) adalah 
virus baru dan bertanggungjawab terhadap jangkitan virus pada tilapia ternakan 
dan liar. TiLV telah menyebabkan kematian secara besar-besaran terhadap ikan 
tilapia di seluruh dunia termasuklah Malaysia. Menariknya, kebanyakan kes ikan 
yang dijangkiti TiLV di Malaysia telah hadir bersama patogen bakteria seperti 
Streptococcus agalactiae yang telah menyebabkan kadar kematian lebih tinggi. 
Kepentingan jangkitan bersama antara TiLV dan S. agalactiae belum pernah 
dikaji sebelum ini terutamanya mengenai interaksi dan mekanisme kedua-dua 
agen berjangkit ini dan kemungkinan kesannya terhadap tilapia. Justeru itu, 
kajian ini dijalankan bertujuan untuk mengenalpasti median dos membunuh 
(LD50), dan patogenisiti jangkitan sendiri dan bersama antara TiLV dan S. 
agalactiae dalam ikan tilapia merah hibrid (Oreochromis niloticus × O. 
mossambicus) menerusi suntikan intraperitoneum (IP). Dalam kajian ini, ikan 
tilapia merah hibrid tersebut telah dicabar dengan kepekatan TiLV (104, 105, and 
106 TCID50/mL) dan S. agalactiae (103, 104, 105, 106 and 107 CFU/mL). Menerusi 
cabaran tersebut, LD50 TiLV dan S. agalactiae telah ditentukan pada 106 

TCID50/mL dan 104 CFU/mL. Tanda klinikal, dan luka kasar ikan yang dicabar 
dengan TiLV dan S. agalactiae adalah sama seperti yang ditunjukkan oleh ikan 
yang dijangkiti secara semula jadi. Dengan merujuk kepada LD50, ikan tersebut 
seterusnya telah dicabar dengan 106 TCID50/mL TiLV dan 103 CFU/mL S. 
agalactiae untuk kajian jangkitan sendiri dan bersama. Ikan yang dijangkiti 
bersama telah menunjukkan kadar kematian yang tinggi (60.00% dalam 
jangkitan bersama TiLV-S. agalactiae dan 73.33% dalam jangkitan bersama S. 
agalactiae-TiLV) berbanding ikan yang dicabar secara sendiri (40.00% dalam 
jangkitan TiLV dan 20.00% dalam jangkitan S. agalactiae). Perubahan 
histopatologi yang penting seperti sel intrasitoplasmik dan sel gergasi telah 
dijumpai dalam ikan yang dijangkiti bersama dengan beberapa luka adalah lebih 
signifikan (P < 0.05) berbanding dengan ikan yang dicabar sendiri. Kadar virus 
dan bakteria yang diperolehi daripada organ otak dan hati ikan yang dicabar 



© C
OPYRIG

HT U
PM

iv 

 

melalui qPCR menunjukkan terdapat corak signifikan (P < 0.05) yang tinggi telah 
ditemui dalam ikan yang dijangkiti bersama selepas pengenalan patogen kedua 
berbanding dengan ikan yang dicabar secara sendiri. Partikel virus dan sel 
bakteria juga berjaya ditemui dengan menggunakan analisis TEM dan 
perubahan ultrastruktural yang penting telah ditemui dalam organ yang 
dijangkiti. Kajian ini menunjukkan bahawa ikan tilapia merah hibrid boleh 
dijangkiti dengan kedua-dua patogen tersebut menerusi suntikan IP dan 
jangkitan bersama antara TiLV dan S. agalactiae menerukkan lagi jangkitan 
dalam tilapia. Data yang diperolehi dalam kajian ini mampu membantu 
pengurusan penyakit ikan ternakan tilapia di Malaysia pada masa hadapan. 
 
Keywords: Virus Tilapia Tasik, Streptococcus agalactiae, tanda klinikal, 
perubahan histopatologi, qPCR, TEM
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single TiLV infection. (A) Severe hepatic congestion 
(arrows) in the hepatic sinusoids and veins. (B) Presence 
of numerous eosinophilic intracytoplasmic inclusion 
bodies (arrows) in the hepatocytes. Syncytial cells were 
occasionally observed (inset). (C) Mild cerebral and 
meningeal congestion (arrows) involving capillaries. 
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6.2 The photomicrograph of infected liver and brain following 

single S. agalactiae infection. (A) Moderate hepatic 
congestion observed in hepatocytes. (B) Severe cerebral 
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and meningeal congestion (arrows) and thickness of 
meningeal layer due to oedema (double headed arrow). 

   
6.3 The photomicrograph of infected liver and brain following 

TiLV and S. agalactiae co-infection. (A) Severe and 
generalized hepatic lipidosis with common observations 
of syncytial cells (insets). (B) Severe infiltration of 
lymphocyte (arrow) accompanied by meningeal redness 
(star). 
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6.4 The photomicrograph of infected liver and brain following 

TiLV and S. agalactiae co-infection. (A) Severe and 
generalized hepatic lipidosis with common observations 
of syncytial cells (insets). (B) Cerebral congestion 
(arrows) and thickness of meningeal layer due to oedema 
(double headed arrow). 
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6.5 The ultrastructural micrograph of infected liver in TiLV 

infection group. (A) The presence of viral particles 
(arrows) with diameter of 55 to 100 nm in the cytoplasm 
of hepatocytes (bar = 1 µm). (B) Swollen hepatocytic 
mitochondria (arrows) (bar = 1 µm). 

65 

   
6.6 The ultrastructural micrograph of infected liver in S. 

agalactiae infection group. The presence of bacterial cells 
(arrows) with diameter of 1 to 2 µm in a vascular lumen of 
the liver (bar = 2 µm). 
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6.7 The electron micrograph of infected liver in TiLV followed 

by S. agalactiae co-infection group revealed (A) the 
presence of intracytoplasmic vesicles containing 
immature viral particles (arrows) between hepatocyte 
tubular organelles (bar = 1 µm), (B) presence of bacterial 
cells (arrow) in a lumen of capillary in the liver (bar = 1 
µm), and (C) numerous, severely swollen mitochondria 
(arrows) in the cytoplasm of infected hepatocytes (bar = 
500 µm). 
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6.8 The electron micrograph of infected liver in S. agalactiae 

followed by TiLV co-infection group revealed (A) the 
presence multiple bacterial cells (arrows) in the capillary 
lumen in the liver (bar = 2 µm), (B) viral particles 
resembling the TiLV in the cytoplasm of hepatocytes (bar 
= 1 µm), and (C) multiple swollen mitochondria (arrows) in 
the cytoplasm of infected cells (bar = 2 µm). 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Background of study 
 
 
Tilapia (Oreochromis spp.) is a common cultured freshwater fish which serve as 
one of the main protein sources globally (FAO, 2016). In aquaculture industry, 
tilapia was produced extensively from all over the world for two main purposes: 
commercialization and economical purpose. In Malaysia, 44.7% of the total 
freshwater aquaculture production is dominated by tilapia (FAO, 2016). The first 
and the third highest Malaysian freshwater aquaculture production were 
recorded for catfish (Clarias spp.) and striped catfish (Pangasianodon spp.). The 
annual Malaysian tilapia production between 2007 to 2018 was recorded at 351, 
545 MT with estimated wholesale value of USD 61.5 million (Saba et al., 2020). 
Meanwhile, at the end of 2020, the production of tilapia globally was estimated 
at 7 million tons making them as a second most important freshwater fish in the 
world (FAO, 2021). These values significantly indicated that tilapia farming 
industry plays an important role in the aquaculture industry for this country and 
the world (DOF, 2018).  
 
 
On the other hand, Tilapia Lake Virus (TiLV) disease (TiLVD) is an emerging 
novel viral disease which has been responsible for high mass mortalities of 
farmed and wild tilapia (Waiyamitra et al., 2018). The disease also known as 
syncytial hepatitis of tilapia (SHT) and ‘tilapia one month mortality syndrome’ as 
it caused syncytial hepatitis and mortalities of tilapia’s fry or juveniles within one 
month of transferred from hatcheries to grow out cages (Del-Pozo et al., 2017; 
Surachetpong et al., 2017). The TiLVD was primarily caused by Orthomyxo-like 
virus called Tilapia Lake Virus (TiLV) (Tilapia tilapiinevirus). The TiLV has been 
reported recently to cause a viral disease in tilapia in several Asian countries 
including Thailand (Surachetpong et al., 2017; Dong et al., 2017b), Malaysia 
(Abdullah et al., 2018; Amal et al., 2018), Indonesia (Koesharyani et al., 2018), 
and Philippines (OIE, 2017a). The first case caused by TiLV was reported to 
occur in Israel (Eyngor et al., 2014) followed by Ecuador (Ferguson et al., 2014). 
Other than tilapia, TiLV also found susceptible to infect other fish species 
including wild river carp (Abdullah et al., 2018), zebrafish (Rakus et al., 2020), 
and giant gourami (Jaemwimol et al., 2018).  
 
 
Meanwhile, the streptococcosis remains as one of the main diseases that caused 
problems in tilapia farming industry in Malaysia (Syuhada et al., 2020). One of 
the main pathogens that caused streptococcosis in Malaysia is Streptococcus 
agalactiae. Streptococcus agalactiae is a Gram-positive bacterium that could 
infect wide range of organisms including humans and animals (Pradeep et al., 
2016). Unlike other Streptococcus spp., S. agalactiae belongs to the Lancefield 
group B Streptococcus (GBS) that usually caused neonatal sepsis and 
meningitis in human and fish (Wang et al., 2017). Besides, it was also reported 
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that the S. agalactiae usually appeared with chained or non-chained group and 
could be haemolytic or non-haemolytic (Wang et a., 2017).  
 
 
Co-infection occurs when the host organisms was infected simultaneously or 
non-simultaneously (secondary pathogen) by two or more different pathogens 
and the two or more infectious pathogens were actively together infecting the 
host organisms (Kotob et al., 2017). Most of the time, the co-infection increased 
and worsened the diseased severity in fish compared to the single infection 
(Nicholson et al., 2020). In previous study in Malaysia, Aeromonas veronii was 
concurrently isolated from TiLV-diseased red hybrid tilapia (Amal et al., 2018) 
and similarly, multiple bacteria including S. agalactiae and A. hydrophila were 
also concurrently isolated from the TiLV-infected red hybrid tilapia (Basri et al., 
2020). Besides, in other countries, several bacterial species including 
Flavobacterium, Streptococcus, and Aeromonas spp. were also found in the 
TiLV-infected tilapia (Nicholson et al., 2017; Surachetpong et al., 2017). 
Therefore, these reports indicated the potential threat of co-infection to occur in 
tilapia farming industry, especially in Malaysia.  
 
 
Problem statement 
 
 
Freshwater aquaculture industry, especially tilapia farming has become one of 
the major contributors of income and food sources in Malaysia. However, the 
presence of infectious agents including TiLV and S. agalactiae have caused 
problems towards tilapia farming and consequently resulted with enormous 
economic losses (Amal and Zamri-Saad, 2011). To make it worse, most of the 
TiLV-diseased fish in Malaysia were co-infected with bacterial pathogen 
including S. agalactiae which has worsened and increased the disease severity 
in tilapia. Since the study on virulency and pathogenicity of the co-infection 
between TiLV and S. agalactiae is still lacking, therefore, a complete in-vivo 
study should be conducted to gain a better understanding on the pathogenicity 
of the co-infection between TiLV and S. agalactiae in tilapia. Nevertheless, by 
studying on the pathogenicity of single and co-infection between these two 
infectious agents, the data could provide an important information for the 
effective future tilapia farming management to counter the tilapia diseases.  
 
 
Objectives 
 
 
The objectives of this present study are: 
 
 
1. To determine the median lethal dose (LD50)  of Tilapia Lake Virus and 

Streptococcus agalactiae infection in red hybrid tilapia. 
2. To analyze the pathogenecity of single infection of Tilapia Lake Virus and 

Streptococcus agalactiae in red hybrid tilapia. 
3. To identify and compare the pathogenecity of  co-infection between Tilapia 

Lake Virus and Streptococcus agalactiae in red hybrid tilapia. 
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