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Abstract: Lymphocystis disease caused by the lymphocystis disease virus (LCDV) infects numerous fish species including 

wild and farmed fish from several families. The LCDV is a DNA virus belonging to the family Iridoviridae. The virus usually 

causes benign, chronic infection characterized by macroscopic nodules located on the body, fins, and gills of fish, although other 

tissues may be infected occasionally. The disease normally does not cause significant mortalities, but massive infections leading 

to substantial mortalities have been reported in some aquacultured species such as sea bream (Sparus aurata), Olive flounder 

(Paralichthys olivaceus), Japanese seabass (Lateolabrax japonicus), and rockfish (Sebastes schlegeli). In this study, nodules 

from the fins of a largemouth bass (Micropterus salmoides) were subjected to pathological examination. Microscopic analysis of 

the wet mount and the histological analysis revealed the pathological alterations caused by the lymphocystis disease virus. 

Histopathological analysis indicated that the nodules contained encapsulated hypertrophic cells typical of the viral infection. The 

inoculum from the fin nodules produced cytopathic effects (CPEs) on Bluegill Fry (BF-2) cells, while no CPEs were observed in 

the Epithelioma Papulosum Cyprini (EPC) and Fathead Minnow (FHM) cell lines. These findings suggest that the causative 

agent of the fin infection in the largemouth bass is lymphocystis disease virus. 
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1. Introduction 

Lymphocystis is an infectious viral disease reported from 

several (>140) freshwater, estuarine, and marine fish species 

worldwide [1-10]. The etiologic agent is lymphocystis disease 

virus (LCDV) belonging to the family Iridoviridae [11-14]. 

Lymphocystis is reported in both wild and farmed fish 

including food fish and ornamental fish [15-20]. The virion is 

icosahedral (120- 300 nm) with linear single- or 

double-stranded DNA [21-23]. Several LCDV strains have 

been reported [24-26]. 

Lymphocystis disease virus mainly affects advanced 

families of fishes including Cichlidae, Centrarchidae, 

Gobiidae, Pomacentridae, Sciaenidae, Serranidae, etc. [6, 27]. 

The virus causes benign and chronic infection characterized 

by macroscopic nodules located mostly on the body, fins, and 

gills [28], but other tissues may be affected [29]. The nodules 

can appear white, gray, pink or red depending on the degree of 

vascularity. In early stages of infection, the relatively small 

nodules may be confused with parasites or skin neoplasia. The 

infected lymphocysts possess a distinct hyaline-like capsule, 

an enlarged nucleus, and segmented, basophilic cytoplasmic 

inclusions that contain developing virions [30-32]. The 

infected cells are 50,000–100,000 times larger than normal 

cells which subsequently burst and shed virus into the 

environment [32]. 

Transmission of the virus is horizontal, most often from 

infected fish to fish that has damaged or abraded skin surface 

[1]. The onset and duration of infection is temperature 

dependent [1]. Disease progression is highly variable with fish 

in colder temperatures having lesions persisting longer, while 

fish in warmer temperatures may resolve the lesions within a 

few weeks. Stress from spawning, crowding, handling, 

parasites, etc. can trigger disease outbreaks and are 

exacerbated by stressors such as poor water quality, poor diet 

or suboptimal temperatures [33-35]. 

The disease normally does not cause significant mortalities. 

However, heavy infections may impair fish respiration and/or 
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feeding. LCDV has been associated with significant mortality 

in farmed fish [36-37]. Based on the reports from disease 

outbreaks, young fish appear to be more susceptible. In Korea 

and Japan, Olive flounder (Paralichthys olivaceus), Japanese 

seabass (Lateolabrax japonicus), and rockfish (Sebastes 

schlegeli) aquaculture industries are significantly affected by 

LCD [34, 38]. Massive infections causing significant 

mortalities were recorded in juvenile sea bream (Sparus 

aurata) in grow-out facilities [39]. Mortalities (~45%) in 

juvenile fish are reported, especially when secondary bacterial 

infections are involved. Since effective treatments are limited, 

disease prevention relies on good husbandry practices. 

Lymphocystis is diagnosed by identification of the 

characteristic cytomegalic fibroblasts by wet mount 

preparations or histology of skin or gill [6, 32], virus isolation 

using susceptible cell lines, and or by PCR. The Iridoviridae 

family has conserved regions within the major capsid protein 

(MCP) gene and DNA polymerase gene making those ideal 

molecular markers for the identification of the virus [40-43]. 

Lymphocystis disease seems to be ubiquitous in the aquatic 

environment and has been reported from different habitats. 

The global distribution and wide host range of LCDV point to 

the economic impacts of these pathogens [44-45]. The viral 

infection can cause significant economic losses especially in 

the ornamental trade as affected fish appear unsightly and may 

cause market rejection. In the current study, the presence of 

LCDV in an infected largemouth bass (Micropterus salmoides) 

was investigated. 

2. Materials and Methods 

2.1. Infected Fish 

The infected largemouth bass (body weight ~50 g) was 

from a large aquarium tank maintained at the Thad Cochran 

National Warmwater Aquaculture Center, Stoneville, MS in 

the fall of 2021. Clusters of nodules located on the pectoral 

fins of the fish (Figure 1) were observed. Fish displaying 

external lesions was collected and the nodules were dissected 

out aseptically from the fins for pathological analyses. 

 

Figure 1. Lymphocystis Disease in a Young Largemouth Bass (Micropterus 

Salmoides). Clusters of Nodules (Blue Arrow) Characteristic of the 

Lymphocystis Disease Virus (LCDV) Infection are Visible on the Pectoral Fin 

of the Fish. 

2.2. Wet Mount of the Largemouth Bass Fin Nodules 

Fin nodules from the infected largemouth bass were 

aseptically dissected out and used for a wet mount preparation. 

The wet mounts were viewed under a light microscope. 

2.3. Histopathological Analysis 

For histopathological analysis, the collected nodules from 

the fin of the infected fish were fixed in 10% neutral-buffered 

formalin (NBF), processed, and embedded in paraffin [14]. 

The sections were stained with hematoxylin and eosin (H&E) 

and observed under a microscope. 

2.4. Use of Cell Lines for the Isolation of Virus from the 

Infected Fish Tissues 

The virus inoculum was prepared by homogenizing the 

samples in 1X Hank’s balanced salt solution (HBSS) using a 

tissuelyser (Qiagen, Germantown, MD), which was then 

centrifuged at 2000 xg at 4°C for 10 min. Cell lines used were 

BF-2 (Bluegill Fry), EPC (Epithelioma Papulosum Cyprini), 

and FHM (Fathead Minnow), all from ATCC (American Type 

Culture Collection). The cell culture media consisted of 

Leibovitz medium (L-15) supplemented with 10% fetal bovine 

serum (FBS), antibiotics, and fungicide. Cells were grown on 

24-well plates until confluence and inoculated with 100 uL of 

virus suspension. The virus suspension was prepared from 

tissuelysed fin nodules, which was filtered and inoculated onto 

healthy confluent BF-2, FHM, and EPC cell monolayers, and 

incubated at 25°C. Triplicates and control cells without virus 

inoculum were maintained. The cell monolayers were routinely 

examined for cytopathic effects (CPEs) using an inverted 

microscope (Zeiss Primovert, NY, USA). 

2.5. Molecular Analyses 

Genomic DNA used as template for PCR was extracted from 

the BF-2 cells showing CPEs. Infected cells along with the 

media were centrifuged at 5000 xg for 10 min and used for 

DNA extraction using the Blood and Tissue Kit (Qiagen) 

according to the manufacturer’s instructions. The extracted 

DNA quantity and purity were estimated using Nanodrop 

(ThermoScientific) and used for PCR amplification with 

primers targeting the major capsid protein gene and DNA 

polymerase gene of LCDV (Table 1) [46-47]. PCR was 

performed using GoTaq Green Master Mix (Promega Madison, 

USA) in a total reaction volume of 25 µL containing 25 pmol of 

each primer, 10 µL DNA and 5 µL buffer. Cycling parameters 

included one denaturation step at 95°C for 3 min, followed by 

30 amplification cycles at 95°C for 1 min, annealing at 54°C for 

1 min, and extension of 72°C for 1 min. DNA from 

non-infected BF-2 cells was included as negative control. The 

amplified products were analyzed in 1.5% agarose-TAE gels 

containing ethidium bromide and visualized under UV light. 

Table 1. PCR Primers Used in the Study [46-47]. 

Primer Sequence 

LF1a F 5′ TTTGAATGGGAGGATCAC ′3 

LR1a R 5′ TCCGTAAATGCTGTTAGC ′3 

LC1-Fb F 5′ AGGTTCAAGCGTCACAAG ′3 

LC1-Rb R 5′ GGAAAACCCATTGATCCGT ′3 

Two sets of PCR primers corresponding to DNA polymerase gene (a) and 

Major capsid protein gene (b) were used. The letters F and R depicts forward 

and reverse primers respectively. 
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3. Results and Discussion 

The pectoral fins of the infected largemouth bass had a large 

number of irregular pinkish red clustered nodules (Figure 1), 

which is typical of an LCDV infection [6]. This virus is 

regarded as an integumental virus, affecting the skin, fins, and 

gills of host [1]. A strong tentative diagnosis of lymphocystis 

can be made based on the characteristic clinical sign of 

macroscopic nodules on host [28], which was evident in this 

case. Further microscopic examination of the wet mount 

preparation of fin nodules revealed clusters of lymphocystic 

(enormously hypertrophied) cells. These enlarged fibroblasts 

were easily visualized with a light microscope (Figure 2). 

 

Figure 2. Microscopic View of the Wet-Mount Preparation of Nodules from 

the Fin of the Infected Largemouth Bass. The nodules from the fin of the 

infected fish presented clusters of lymphocystic cells (arrow) by light 

microscopy. For comparison, the inset shows LCDV infected cells on the fins 

of a clownfish. Inset photo credit: Roy Yanong, UF/IFAS. 

 

Figure 3. Histological Sectioning (H&E staining) of a Nodule from the Fin of 

the Lymphocystis Virus Infected Largemouth Bass Depicting Cellular 

Hypertrophy. The infected cells exhibited cytomegaly (arrows) with 

irregularly-shaped intracytoplasmic inclusions. The basophilic inclusion 

bodies are surrounded by a thick hyaline capsule. Several adjacent 

hypertrophied cells are also visible. 

Histopathological analysis of the H&E stained nodular 

sections from the fin of the infected largemouth bass presented 

cellular hypertrophy characteristic of this viral infection (Figure 

3). The infected cells showed irregularly shaped (ribbon-like), 

basophilic intracytoplasmic inclusions surrounded by a thick 

hyaline capsule. Similar features were observed previously in 

LCDV infected white spotted puffer [14]. The intracytoplasmic 

inclusions and hypertrophied cells are pathognomonic of LCDV 

infection [13-14] and were consistent with the present case. 

Several enlarged fibroblastic cells (~20,000 X) were visible 

compared to normal cells. Histopathological analysis of the 

lesions from the fins of the infected fish revealed several 

characteristics associated with LCDV such as severely 

hypertrophied cells, thick hyaline capsules surrounding the 

infected cells, and prominent basophilic intracytoplasmic 

inclusions [48]. 

 

Figure 4. Isolation of the LCDV Using BF-2 (Bluegill Fry) Cell line. The 

nodules from the fin of the infected fish were processed, filtered, and 

inoculated onto confluent monolayers of BF-2 cell line and incubated at 25°C. 

These were observed using a phase-contrast microscope. (a) Uninfected BF-2 

cell line, (b) BF-2 cells 72 hrs, (c) 11 days, (d) 15 days, and e) 20 days 

post-inoculation. Cytopathic effects such as rounding of cells and destruction 

of cell monolayer (indicated by arrows) were observed in cells 15- and 

20-days post-infection (d and e respectively). 

 

Figure 5. Virus Isolation Using Fish Cell Lines. (a) BF-2, (b) EPC, and (c) 

FHM are uninfected controls. (a1) BF-2, (b1) EPC, and (c1) FHM cell 

monolayers were inoculated with processed samples from the fin nodules of 

the fish. The treated flasks were incubated at 25°C and observed for CPEs. 

The infected BF-2 cell line showed CPEs such as rounding of cells (arrow) 

and detachment of cells from the culture surface. No CPEs were observed in 

the EPC and FHM cell lines 15 days post-inoculation. 

Inoculation of the tissue filtrate from the fin nodules of the 

infected fish produced visible CPEs in BF-2 cells 15-days 

post-incubation confirming the presence of LCDV. The CPEs 

included rounding of cells, destruction of cell monolayer, and 

detachment of cells from the culture surface (Figures 4 and 5). 

The BF-2 cell line has been previously reported as susceptible 

to LCDV and used in the virus isolation [48]. Lymphocystis 
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virus from bluegill sunfish (Lepomis macrochirus) has been 

assayed using BF-2 cell line [48-49]. Both bluegill and 

largemouth bass belong to the family Centrarchidae allowing 

the virus proliferating in the BF-2 cell line as observed in the 

study (Figure 4). The virus is reported to replicate in 

fibroblastic cell lines and is best propagated in cells derived 

from the host or closely related species. The LCDV strains 

from rockfish (Sebastes sp.) and Japanese flounder (P. 

olivaceus) only infected host species from which they were 

isolated [23]. In addition, a strain of LCDV from a centrarchid 

required 40 days to generate lesions in a percid compared to 

10 days in a centrarchid [1]. It is supported by the fact that no 

CPEs were observed in the EPC and FHM cell lines 15 days 

post-inoculation (Figure 5). 

Ever since Nigrelli [50] first reported lymphocystis in 

striped bass at the New York Aquarium, it has been reported 

in wild and cultured striped bass. The aquarium from which 

the infected largemouth bass was collected had other species 

of fish that were uninfected. Several studies confirm that 

natural infection of LCDV can occur in one or two fish species 

from a family, even when other members are present [2, 27, 

51]. This has been previously reported in centrarchids, 

particularly in Micropterus and Lepomis, which supports our 

observation. 

DNA extracted from the cell cultures with evident CPEs or 

from affected tissues can be used for PCR-based assays 

[44-45]. The PCR amplification of the extracted DNA using 

primers targeting DNA polymerase and MCP gene did not 

yield anticipated products (data not shown) indicating either 

the primers used were not specific or the run settings need to 

be revised. However, the clustered nodules on the fins of the 

diseased fish, hypertrophied cells, inclusion bodies in the cell 

cytoplasm were pathognomonic of lymphocystis infection. 

Moreover, results from the cell line experiments supported 

that LCDV is the causative agent in the infected fish. 

4. Conclusion 

Lymphocystis disease virus infection was confirmed in the 

largemouth bass by means of histopathological analysis and 

the cell line studies. Histology of the infected fin nodules 

revealed encapsulated hypertrophic cells typical of the viral 

infection. The virus inoculated Bluegill Fry (BF-2) cells 

produced cytopathic effects 15-20 days post-inoculation. 
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