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Abstract 

Lymphocystis disease has a broad host range and has been reported to enter 
Indonesia. However, information regarding its susceptibility and predilection 
organs in fish is lacking. This study examined the susceptibility of four important 
fish species in Indonesia, namely, giant gourami (Osphronemus goramy), hybrid 
tilapia (Oreochromis sp.), Siamese fighting fish (Betta splendens), and hybrid 
catfish (Clarias sp.). The fish were infected with virus filtrate by intraperitoneal 
injection and immersion. The postinfection observation period was 60 days. 
Viral load was quantified by qPCR and expressed as major capsid protein (MCP) 
copy number/mg tissue. Mortality was observed in all fish species, with the 
highest recorded in hybrid catfish and the lowest in Siamese fighting fish. All the 
fish species showed changes in their clinical symptoms, such as anorexia and 
separation from schools. However, only giant gourami showed internal change 
seven days after injection (dpi), with white lesion detected in the liver. Viral load 
quantification showed that LCDV had different predilection organs in the four 
fish species. The highest viral load of giant gourami (1.7 x 104) was observed 
in the liver at 7 dpi, hybrid tilapia (7.5 x 103) was observed in the fins at 21 
dpi, Siamese fighting fish (8.4 x 103) was observed in the fins at 14 dpi, and 
hybrid catfish (1.2 x 103) were observed in the fins and gills at 7 and 14 dpi. The 
findings indicated that giant gourami, hybrid tilapia, Siamese fighting fish, and 
hybrid catfish were susceptible to LCDV infection with different predilection 
organs.
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1. Introduction
Lymphocystis disease virus (LCDV) is the eti-

ologic agent of lymphocystis disease, also known as 
cauliflower disease. This name comes from the typical 
clinical symptoms in the form of cauliflower-like nod-
ules on the body surface and viscera of infected fish 
(Zhang et al., 2023). Lymphocystis disease was first 
reported in flounder fish (Paralichthys olivaceus), with 
LCDV declared as the etiological agent and isolated 
in 1966 (Frasca et al., 2018). Lymphocystis disease 
has the pathognomonic symptom of warts clustered on 
the body surface. These warts comprise hypertrophied 
dermal fibroblast cells containing replicative virions 
(Valverde et al., 2017).

Previous studies reported no mortality due to 
lymphocystis disease because the lymphocystis that 
appears can heal by itself (Zhang et al., 2023). Cur-
rent studies, lymphocystis disease was associated with 
mass mortality in farmed fish (Rahmati-Holasoo et 
al., 2023) with incidence rate of up to 70% and was 
linked to economic losses in fish farming (Borrego 
et al., 2015). Lymphocystis disease has also begun 
to spread in Tunisia on the African continent since 
2011, resulting in significant mortality of up to 45% 
of the total population of cultured gilthead sea bream 
(Sparus aurata) on local semi-intensive fish farms in 
Italy (Dezfuli et al., 2012) as well as 20–45% mortali-
ty of gilthead sea bream in Tunisia (Haddad-Boubaker 
et al., 2013). In addition, lymphocystis disease caused 
the mortality of 10% of the population of a yellow 
bar angelfish (Pomacanthus maculosus) farm in Iran 
(Rahmati-Holasoo et al., 2023) and 53% of the popu-
lation of john snapper (Lutjanus johnii) on a farm in 
Malaysia with a total loss of USD 4,000 (Nurliyana et 
al., 2023).

Since the first report of LCDV from the Baltic 
Sea in Germany, this virus has spread throughout the 
continent (Borrego et al., 2015). To date, lymphocys-
tis disease has been reported in 26 countries on four 
continents, including Europe (Benkaroun et al., 2022), 
North Africa (Cherif et al., 2020), East Africa (Abo-
wei et al., 2011), Australia (Ashburner, 1975), China 
(Xu et al., 2014), Japan (Kawato et al., 2021), Spain 
(Valverde et al., 2017), Malaysia (Nurliyana et al., 
2023), Indonesia (Murwantoko et al., 2022), Uruguay 
(Doszpoly et al., 2020), Turkey (Pekmez et al., 2022), 
Iran (Rahmati-Holasoo et al., 2022), Brazil (de Lucca 
Maganha et al., 2020), China (Zheng et al., 2016), In-
dia (Shahi et al., 2020), Israel (Pekmez et al., 2022), 
Germany (Benkaroun et al., 2022), Taiwan (Cheng 
et al., 2023), Korea (Cheng et al., 2023), Egypt (Aly 
et al., 2018), Singapore (Sheng et al., 2020), Virgin-
ia (Wolf, 1962), France (Cano et al., 2010), Tunisia 
(Cano et al., 2010), Portugal (Cano et al., 2010), and 

America (Benkaroun et al., 2022).

Lymphocystis disease has become endemic in 
the North Sea and the Mediterranean zone, affecting 
snakeskin gourami (Trichogaster pectoralis) in Je-
rusalem (Paperna et al., 1987); gilthead sea bream 
(Sparus aurata) in Spain (Basurco et al., 1990), Aqaba 
(Paperna et al., 1982), and Portugal (Menezes et al., 
1987); common dab (Limanda limanda) in the North 
Sea (Dethlefsen et al., 2000); and Sennegalese sole 
(Solea senegalensis Kaup) and blackspot sea bream 
(Pagellus bogaraveo) in Spain (Alonso et al., 2005). 
This infection has also been reported in Asian waters, 
including in bastard halibut (Paralichthys olivaceus) 
in Hime, Japan (Matsuoka et al., 1995); Korean rock-
fish (Sebastes schlegeli) in Hokkaido, Japan (Tanaka 
et al., 1984); Korean rockfish (Sebastes schlegelii) in 
Korea (Chun, 1998); bastard halibut (Paralichthys ol-
ivaceus) in China (Xu et al., 2000); Indian glassy fish 
(Parambassis ranga), three spot gourami (Trichopodus 
trichopterus), and pearl gourami (Trichopodus leerii) 
in Yeosu, Korea (Hossain et al., 2008); paradisefish 
(Macropodus opercularis) in Guangdong, China (Xu 
et al., 2014); and giant grouper (Epinephelus lanceo-
latus), orange-spotted grouper (Epinephelus coioides), 
and brown-marbled grouper (Epinephelus fuscogutta-
tus) in Hainan and Fujian, China (Huang et al., 2015).

In Indonesia, lymphocystis disease infects 
clownfish (Amphiprion percula) (Lam et al., 2020; 
Murwantoko et al., 2022) and snakehead (Channa 
striata) (Sihananto et al., 2019; Nikmah et al., 2024). 
Indonesia has economically important fish and main-
stay commodities, some of which are giant gourami 
(Osphronemus goramy), hybrid tilapia (Oreochromis 
sp.), Siamese fighting fish (Betta splendens), and hy-
brid catfish (Clarias sp.) (BPS-Statistics Indonesia, 
2023). The production value of giant gourami was 
875.594 tons in 2018, hybrid catfish was 993.768 
tons in 2020, and hybrid tilapia was 1.172.633 tons 
in 2020 (BPS-Statistics Indonesia, 2023). Meanwhile, 
Siamese fighting fish are classified as ornamental fish, 
which shows potential utilization in Indonesia (Afnan 
et al., 2019). Therefore, this study aims to determine 
the possibility of LCDV infection, identify the pre-
dilection organs, and quantify the viral load in these 
important fish.

2. Materials and Methods
2.1 Materials
 The equipment used in this study are centri-
fuge sorval legend 21R (ThermoScientific, USA), ny-
lon syringe filters (Milipore, USA), NanoDrop 2000 
spectrophotometer (Thermo Fisher Scientific, USA), 
and CFX96 Touch Real-Time PCR Machine (BioRad, 
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observations were carried out every day, and sampling 
for virus quantification was performed at 2, 4, 7, 14, 
21, 30, and 60 days after injection (dpi). The spleen, 
liver, kidney, fins, gills, and brain were collected and 
preserved in ethanol for further analysis.

2.4 DNA Isolation
The preserved tissues were washed with PBS 

and subjected to DNA isolation using FavorPrepTM 
Tissue Genomic DNA Extraction Mini Kit (Favor-
gen, Taiwan) following the manufacturer’s protocol. 
The purity and quantity of extracted DNA were de-
termined using a NanoDrop 2000 spectrophotometer 
(Thermo Fisher Scientific, USA) (García-Alegría et 
al., 2020). Good quality DNA with an absorbance val-
ue of 260/280 ranging from 1.8 to 2.0 was stored at 
−20°C until use.

2.5 Preparation of Recombinant Plasmid
The recombinant plasmid in this study used a 

partial major capsid protein (MCP) gene, amplified 
with specific primers, and cloned in a T-vector. The re-
combinant MCP plasmid was isolated using an alkali 
lysis minipreparation method (Sambrook and Russell, 
2001). Its concentration and molecular mass were de-
termined using https://scienceprimer.com/copy-num-
ber-calculator-for-realtime-pcr. The recombinant plas-
mid was subjected to a tenfold serial dilution from 101 
to 108 copies/μL and used for virus quantification.

2.6 Quantification of LCDV MCP Copy Number
SYBR-based real-time PCR was used to quan-

tify the viral load of the virus filtrate from the wart 
and from the spleen, liver, kidney, fin, gill, and brain 
using the CFX96 Touch Real-Time PCR Machine 
(BioRad, USA). The specific primers were MCP-F: 
CCTCGATTTCTGGTCCGCCT and MCP-R: AC-
CGTTGGAATCGACGGGTT with an amplicon target 
of 106 base pairs. The final volume of the qPCR re-
action was 20 μL, consisting of 10 μL of 2x Sensi-
FAST SYBR® No-ROX Mix (Meridian Bioscience), 
0.8 μL of forward primer (400nM), 0.8 μL of reverse 
primer (400nM), 1 μL of DNA template, and 1.8 μL 
of ddH2O. qPCR amplification was carried out as fol-
lows: an initial of 95°C for 10 minutes, followed by 
40 cycles of 95°C for 15 seconds and 60°C for 15 sec-
onds. The melting curve was analyzed using a gradual 
temperature increase of 65°C to 95°C, rising by 0.5°C 
per cycle. Ct values converted to MCP copy numbers 
using a standard curve were employed for viral load 
quantification.

3. Results and Discussion
3.1 Results
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USA). The materials used are  Tryptic Soy Agar (Ox-
oid,  USA),  FavorPrepTM Tissue  Genomic  DNA  Ex-
traction Mini Kit (Favorgen, Taiwan),  ethanol (Merck,
germany), and  2x SensiFAST SYBR® No-ROX Mix
(Meridian Bioscience, USA).

2.1.1 Ethical approval

  The  dissection  and  utilization  of  experimen-
tal  animals  in  this  study  were  performed  under
the  supervision  of  ethical  clearance  no.  00025/04/
LPPT/X/2022.

2.2 Wart Tissue Collection and Virus Filtrate 
Preparation
  Wart  tissue  for  virus  infection  was  collected
from sick with an average length of 15 cm and weight
of 150 grams from an earth pond in Jejangkit Village,
Barito Kuala Regency, South Kalimantan, Indonesia.
In  brief,  three  grams  of  wart  tissues  were  homoge-
nized  in  27  mL  of  PBS  and  centrifuged  at  3,000  xg
for  10  minutes  at  4°C.  The  supernatant  was  filtered
using 0.22  μm nylon syringe filters (Millipore, USA)
(Sigma-Aldrich, US). The virus filtrate was inoculat-
ed into Tryptic Soy Agar to ensure they were free of
bacteria.

2.3 Experimental Infection
  Giant  gourami  Osphronemus  gouramy  (length
of  nine  cm),  hybrid  tilapia  Oreochromis  sp.  (length
of  seven  cm),  Siamese  fighting  fish  Betta  splendens
(length  of  three  cm),  and  hybrid  catfish  Clarias  sp.
(length of seven cm) were collected from a commer-
cial farm. Each fish species was kept in a separate tank
at a density of one fish per two liters of water, with a
change  of  15%  of  the  total  volume  every  three  days
and  continuous  aeration  in  The  Laboratory  of  Fish
Health  and  Environment,  Universitas  Gadjah  Mada.
The  fish  were  acclimatized  for  two  weeks  and  given
commercial  feed  ad  libitum  in  the  morning  and  eve-
ning.

  The fish were anesthetized by immersion in wa-
ter at  4°C (AVMA, 2020) before  infection until their
movements slowed down. Infection was induced on a
minimum of 30 fish for each species. Giant gourami,
hybrid tilapia, and hybrid catfish were intraperitoneal-
ly injected with 0.1 mL of virus filtrate containing 2 x
109, and Siamese fighting fish was immersed in one li-
ter of virus filtrate containing 2x1010  for one hour. The
control  group  for  each  species  was  treated  with  PBS
as a substitute for viral filtrate. After infection, the fish
were maintained on a recirculation system at a density
of  one  fish  per  two  liters  of  water,  with  a  change  of
10% once a week and continuous aeration. Commer-
cial feed was given twice a day ad libitum. Behavioral
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The behavioral changes that occur after infec-
tion differed in each species. The first change observed 
was anorexia, which occurred in giant gourami start-
ing at 6 dpi and in hybrid tilapia and hybrid catfish 
starting at 4 dpi. However, this change was not ob-
served in Siamese fighting fish. The second change 
was swimming at the top edge of the tank away from 
the fish schools, which was observed in giant gourami 
at 20 dpi, in hybrid tilapia at 5 dpi, and in hybrid cat-
fish at 3 dpi. This change was not observed in Siamese 
fighting fish. The third change was erratic swimming 
and staying at the bottom of the tank, which was ob-
served in Siamese fighting fish at 15 dpi but was not 
exhibited by giant gourami, hybrid tilapia, and hybrid 
catfish. The control group did not show any chang-
es in behavior throughout the observation period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No external morphological changes after infec-
tion were observed in giant gourami, hybrid tilapia, 
Siamese fighting fish, and hybrid catfish until the end 
of the observation. Meanwhile, internal morpholog-
ical changes after infection were observed in giant 
gourami at 7 dpi, specifically a white nodule in the 
liver (Figure 1A), but not in hybrid tilapia (Figure 
1B), Siamese fighting fish (Figure 1C), and hybrid cat-
fish (Figure 1D) until the end of the observation. The 
control group did not experience external or internal 
changes throughout the observation period. 

Mortality was observed in each species at dif-
ferent dpi. The first mortality of giant gourami, hybrid 
tilapia, Siamese fighting fish, and hybrid catfish was 
observed at 4, 1, 8, and 1 dpi, respectively (Figure 2). 
The highest total mortality was observed in hybrid cat-
fish at 42% of the total population and the lowest in 
Siamese fighting fish at 5.7% of the total population. 

Meanwhile, the total mortality of giant gourami was 
14% of the total population, and that of hybrid tilapia 
was 36% of the total population (Figure 2). The con-
trol group had no mortality throughout the observation 
period. 

The viral load of LCDV in the liver, spleen, kid-
ney, gills, fins, and brain of each species was quanti-
fied at different times. All fish species showed an in-
crease in viral load. An increasing pattern of viral load 
in giant gourami occurred from 7 dpi to 21 dpi. Initial 
observation results (7 dpi) showed that the highest vi-
ral load was in the liver (1.7 x 104). Over time, the 
highest viral load differed in each organ (Figure 3A). 
The highest viral load in the brain (1.2 x 104), liver 
(1.7 x 104), and kidney (2.7 x 105) occurred at 14, 7, 
and 30 dpi, respectively. The highest viral loads in the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
spleen, fins, and gills were 1.0 x 106, 7.0 x 103, and 1.5 
x 105, respectively (Figure 3A). An increasing pattern 
of viral load in hybrid tilapia was observed in the brain 
(1.3 x 103) and spleen (4.3 x 102) at 30 dpi, fins (7.5 x 
103), gills (1.0 x 103), and liver (4.1 x 102) at 21 dpi, 
and kidney (6.1 x 102) at 7 dpi (Figure 3B). Mean-
while, an increasing pattern of viral load in Siamese 
fighting fish was detected in the brain (3.9 x 103) and 
fins (8.4 x 103) at 14 dpi and viscera at (3.9 x 103) at 
7 dpi (Figure 3C). The highest increasing pattern of 
viral load in hybrid catfish was found in the brain (7.4 
x 102), kidney (8.4 x 102), and spleen (1.6 x 102) at 1 
dpi, fins (1.2 x 103) at 7 dpi, and gills (1.2 x 103) and 
liver (2.8 x 102) at 14 dpi (Figure 3D).

3.2 Discussion
Viral infection resulting in anorexia has been 

reported in salmon (Salmo salar) infected with IPNV, 

Figure 1. External and viscera appearance of fish at 7 days post injection of lymphocystis disease virus: A) giant 
gourami (Osphronemus goramy) with white nodule in the liver (red circle), B) hybrid tilapia (Oreochromis sp.), C) 
Siamese fighting fish (Betta splendens), and D) hybrid catfish (Clarias sp.).
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characterized by increased expression of anorexia 
genes in the brain and decreased lipid content (Muñoz 
et al., 2021). This study showed that giant gourami, 
hybrid tilapia, and hybrid catfish experienced anorex-
ia, which started at different periods after lymphocystis 
disease infection. Research on animal species infected  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

with diseases and inherited infections has shown re-
duced their connectivity to their social groups as an 
instinct to prevent the disease from spreading widely 
(Lee et al., 2015; Lopes et al., 2016). The present work 
also observed a similar behavior among giant goura-
mi, hybrid tilapia, and hybrid catfish, i.e., swimming  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Cumulative mortality (%) of giant gourami (Osphronemus goramy), hybrid tilapia (Oreochromis sp.), Sia-
mese fighting fish (Betta splendens), and hybrid catfish (Clarias sp.)

Figure 3. LCDV viral load on various tissues from the brain, liver, and fin of giant gourami (Osphronemus goramy) 
(A), hybrid tilapia (Oreochromis sp.) (B), Siamese fighting fish (Betta splendens) (C), and hybrid catfish (Clarias 
sp.). (D). Viral load in tissue is described as the mean ± SE of the number of MCP copies in 1 mg of tissue.
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at the top of the tank away from the schools. Mean-
while, Siamese fighting fish swim erratically and stay 
at the bottom of the tank after being infected with lym-
phocystis disease.

Lymphocystis disease has typical clinical symp-
toms of multinodular tumor-like masses with diame-
ter of up to 1 mm on the surface of the skin and, in 
some cases, viscera (Hick et al., 2016; Zhang et al., 
2023). In this study, the same symptoms at seven days 
post-infection were observed in moribund giant gour-
ami with white nodules in the liver (Figure 1A) but not 
in hybrid tilapia, Siamese fighting fish, hybrid catfish 
and the entire control group.

Lymphocystis disease resulted in 45% mortality 
of Sparus aurata in Italy and Tunisia (Dezfuli et al., 
2012; Haddad-Boubaker et al., 2013), 10% mortality 
of Pomacanthus maculosus in Iran (Rahmati-Holasoo 
et al., 2023), and 53% mortality of Lutjanus johnii in 
Malaysia (Nurliyana et al., 2023). This study showed 
that mortality was observed in all four fish species, 
with the highest mortality of 42% in hybrid catfish, 
followed by 14% in giant gourami and 36% in hybrid 
tilapia, and the lowest mortality in Siamese fighting 
fish at 5.7% of the total population during the 60-day 
observation period. This result is in agreement with 
the behavioral and internal changes in giant goura-
mi and the lack of internal changes in hybrid tilapia 
and hybrid catfish having a high total mortality rate. 
Siamese fighting fish do not experience anorexia in 
proportion to the lowest total mortality. Mortality 
without clinical symptoms has been observed in fish 
infected with susceptible viruses, but species-specific 
variations causing clinical symptoms are not clearly 
described (Jansen et al., 2019).

A study on gilthead seabream showed high viral 
loads in the fins, kidney, and brain (Valverde et al., 
2017). The current research showed a high viral load 
in all organs of each fish species. The highest viral 
load was observed in the fins (7.5 x 103) at 21 dpi for 
hybrid tilapia (Figure 3B), in the fins (8.4 x 103) at 14 
dpi for Siamese fighting fish (Figure 3C), and in the 
fins and gills at 1.2 x 103 for hybrid catfish (Figure 
3D). These findings showed that fins with a high viral 
load are one of the target organs for LCDV infection 
in hybrid tilapia, hybrid catfish, and Siamese fighting 
fish. Nevertheless, the viral load fluctuations may in-
dicate problems related to uneven sampling.

Giant gourami (Osphronemus goramy) has the 
most apparent infection pattern among the fish spe-
cies. The increase in viral load in giant gourami oc-
curred from 7 dpi to 21 dpi (Figure 3A). In contrast to 
the other species, its highest viral load was observed 
in the liver (1.7 x 104) at 7 dpi (Figure 3A). Paper-

na et al. (1987) first reported lymphocystis disease in 
ornamental gourami fish. Giant gourami is the most 
susceptible among the species in this study as indi-
cated by the changes in its anorexic behavior, sepa-
ration from the schools, presence of white nodules on 
its liver at 7 dpi (Figure 1A), and a high mortality rate 
reaching 14% (Figure 2). According to its develop-
ment pattern, LCDV infection occurs from 7 dpi to 
21 dpi in accordance with the increasing viral load in 
giant gourami (Figure 3A).

LCDV infection occurs in most commercially 
farmed fish, encompassing at least nine orders of te-
leost fish including the families Centratchidae, Cich-
lidae, Chetodontidae, Osphronemidae, Gobiidae, 
Pleuronectidae, Pomacentridae, Sciaenidae, and Ser-
ranidae (Huang et al., 2015; Cherif et al., 2020). The 
Channidae and Cyprinidae families were included in 
the LCDV host list in 2019 and 2020 (Sihananto et 
al., 2019; Shahi et al., 2020; Nikmah et al., 2024). 
This research showed that on the basis of the behav-
ioral, external, and internal changes and the viral loads 
in several organs, the families Osphronemidae (giant 
gourami and Siamese fighting fish), Cichlidae (hybrid 
tilapia), and Claridae (hybrid catfish) must be included 
in the list of fish susceptible to LCDV infection.

The widespread of infectious diseases is due to 
intensive cultivation systems, introduction of fish to 
new areas, and international trade in live fish (Mugim-
ba et al., 2021). International fish trade is associated 
with the spread of pathogens, especially viruses, in the 
same host species or new species that are highly sus-
ceptible in that geographic area (Go et al., 2006). The 
spread of pathogens in distant geographical regions 
has been reported for encephalopathy and retinopathy 
virus infections (Jithendran et al., 2011), ranavirus 
(George et al., 2015), cyprinid herpesvirus-2 (Sahoo et 
al., 2016), and ISKNV (Girisha et al., 2021). Similar 
to other viral infections, the global spread of LCDV 
is speculated to be due to international trade (Hadd-
ad-Boubaker et al., 2013). This research evaluated the 
susceptibility to lymphocystis disease of four fish spe-
cies with economic value and extensive trade routes in 
Indonesia. Attention must be paid to fish transporta-
tion and quarantine to reduce the spread of infection.

4. Conclusion
The behavior, external and internal changes, 

mortality, and presence of virus confirmed that giant 
gourami, hybrid tilapia, Siamese fighting fish, and hy-
brid catfish are susceptible to LCDV infection. The 
high viral loads in one or several organs suggested that 
LCDV may have different organ predilections in each 
of the studied fish species. On the basis of the research 
findings, fish trade traffic must be tightened to reduce 
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the possibility of spreading the lymphocystis disease 
virus.
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