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Abstract 

 
Anguillid herpesvirus 1 (AngHV-1), a member of the Alloherpesviridae family, is known to cause high 

mortality in both wild and farmed eels. Notably, no cases of AngHV-1 infection in Indonesia until June 2023, 

when a significant mortality rate exceeding 75% among cultured glass eels was documented in Bogor, 

Indonesia. This study investigated the outbreak by collecting 30 diseased fish from multiple cultured tanks to 

examine clinical symptoms, histopathological changes, and viral presence through PCR targeting the viral DNA 

polymerase gene. Hemorrhagic lesions in the abdomen and anal regions were the primary clinical symptoms. 

Histopathological examination revealed hyperplasia, fusion, and epithelial lifting of the gill secondary lamellae. 

PCR, using 394 bp primer specific for AngHV-1, confirmed 100% infection among the collected samples, 

indicating rapid viral transmission within the rearing environment. Phylogenetic analysis of partial DNA 

polymerase amino acid sequences showed that Indonesian AngHV-1 isolate is genetically diverse and shares 

similarities with strains from China, Taiwan, Canada, and several European countries, suggesting the 

emergence of a novel strain. This study highlights the urgent need for enhanced biosecurity measures to curb 

AngHV-1 spread in the Indonesian eel aquaculture sector. 
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INTRODUCTION 

 

The shortfin eel, Anguilla bicolor, holds 

significant economic importance in Indonesia 

(Mahardika et al., 2023). This species comprises 

two distinct subspecies: A. bicolor bicolor, found 

in the western waters of Sumatra and southern 

Java, and A. bicolor pacifica, located around 

Sulawesi (Arai and Taha, 2021; Fahmi et al., 

2015). Most of Indonesia’s eel exports come from 

wild-caught glass eels, resulting in relatively low 

production. Another critical challenge for eel 

farming is disease prevalence, leading to high 

mortality rates and, subsequently, cultivation 

failure. Eels diseases are caused by viral, 

bacterial, parasitic, and fungal pathogens 

(Andriyanto et al., 2021). Viruses, in particular, 

represent an emerging threat to aquatic species 

compared to bacteria (Meurens et al., 2021). Viral 

diseases in eels include Anguillid herpesvirus-1 

(AngHV-1), rhabdovirus eel virus European X 

(EVEX), and aquabirnavirus eel virus European 

(EVE) (Ruiz de Ybáñez et al., 2023). 

AngHV-1 belongs to the genus Cyprinivirus 

within the Alloherpesviridae family, a group of 

Herpesvirus affecting fish and amphibians 

(Donohoe et al., 2021; Streiff et al., 2023). The 

virus causes hemorrhagic disease and has 

significantly increased mortality rates in eels 

(Guo et al., 2022; Kempter et al., 2014). In China, 

AngHV-1 has led to mortality rates reaching 30% 

among cultured A. rostrata stocks (Guo et al., 

2022). Over the last two decades, primary 

infections of AngHV-1 have been reported in 

Korea, Poland, Ireland, and Vietnam (Kempter et 

al., 2014; Kim et al., 2012; McConville et al., 

2018; Panicz et al., 2021). Until 2023, AngHV-1 

had not been detected in Indonesia. This study 
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presents the first molecular detection of AngHV-

1 and histopathological examination related to a 

recent mass mortality event of A. bicolor in 

Indonesia. 

 

MATERIALS AND METHODS 

 

Ethical Approval 

The dissection and use of A. bicolor as 

experimental subjects in this study were 

conducted in accordance with the ethical 

guidelines established by the National Research 

and Innovation Agency Ethical Committee. 

Ethical approval was granted under protocol 

number 089/KE.02/SK/04/2024. 

 

Study Period and Location 

In June 2023, a significant mortality even 

among glass eels was observed at an eel-rearing 

facility in Bogor, Indonesia, with estimated losses 

exceeding 75% of the total population. The mass 

mortality occurred approximately three weeks 

after the eels were introduced into the culture 

tank, and affected individuals exhibited surface-

swimming behavior prior to death. 

 

Sample Collection 

Thirty diseased eels (0.1–0.3 g) were 

collected from the Bogor eel-rearing facility in 

June 2023. Following anesthesia in 4°C water, 

glass eels were sacrificed, enclosed in plastic 

bags, and frozen at -20°C for viral genome 

extraction and species identification. 

Additionally, five eels were preserved in a 10% 

buffered neutral formalin (BNF) solution for 

histopathological examination. All procedures 

were conducted at the Laboratory for the 

Development of Industrial Technology for 

Agriculture and Biomedic (LAPTIAB)-BRIN in 

Tangerang Selatan. 

 

Viral DNA Extraction, PCR Amplification, 

and Sequencing 

Viral DNA was extracted directly from 20 

mg of head tissue using the phenol-chloroform 

method described by Sambrook et al. (1989). 

Thirty DNA samples were amplified using primer 

pairs HVAPOLVPSD (5’-GTG TCG GGC CTT 

TGT GGT GA-3’) and HVAPOLOOSN (5’-CAT 

GCC GGG AGT CTT TTT GAT-3’) targeting the 

DNA polymerase for AngHV-1 detection, 

producing a 394 bp fragment (Rijsewijk et al., 

2005). For AngHV-1 phylogenetic analysis, one 

sample was selected, and new primer pairs 

AngHV pol F (5’-TGA GGG AGA AAG TGT 

GCG TC-3’) and AngHV pol R (5’-CGA GCCA 

AGC TGA AGG AGA A-3’) were designed to 

amplify a 1500 bp fragment of the DNA 

polymerase gene. PCR was performed using 

MyTaq™ HS Mix (Bioline) with the following 

thermal cycling conditions: AngHV-1 Detection: 

Initial denaturation at 94°C for 10 min; 40 cycles 

of denaturation at 94°C for 30 s, annealing at 

60°C for 45 s, and extension at 72°C for 1 min; 

final extension at 72°C for 7 min. 1500 bp 

amplification: Initial denaturation at 94°C for 10 

min; 35 cycles of denaturation at 94°C for 30 s, 

annealing at 65°C for 30 s, extension at 72°C for 

1 min; final extension step at 72°C for 7 min. PCR 

products were electrophoresed in a 1% (w/v) 

agarose/TBE gel containing 0.002% (v/v) 

SYBR™ Safe DNA Gel Stain at 100 V for 30 min, 

and visualized using a UV transilluminator. 

Sanger sequencing was conducted by 1st BASE 

using an Applied Biosystems genetic analyzer. 

 

Host Species Identification 

DNA barcoding was used to identify the eel 

species. Extracted DNA was amplified with 

primer pairs FF2d (5'-TTC TCC ACC AAC CAC 

AAR GAY ATY GG-3') and FR1d (5'-CAC CTC 

AGG GTG TCC GAA RAA YCA RAA-3') 

targeting the CO1 gene (Ivanova et al., 2007). 

PCR amplification was performed under the 

following conditions: pre-denaturation at 94°C 2 

min; 35 cycles of denaturation at 94°C for 30 s, 

annealing at 52°C for 40 s, and extension at 72°C 

for 1 min; final extension at 72°C for 10 min. 

Sequencing was performed as previously 

described. 

 

AngHV-1 Bioinformatic Analysis 

The DNA sequences obtained were aligned 

between the forward and reverse strands and 

compared with sequences in the GeneBank using 

Basic Local Alignment Search Tools (BLAST) 
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(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to 

determine sequence homology with AngHV-1. 

Phylogenetic analysis was conducted using 

Molecular Evolutionary Genetic Analysis 

(MegaX) software, with a tree constructed based 

on translated amino acid sequences using the 

UPGMA method with 1000 bootstrap replicates 

(Hua et al., 2017; Kumar et al., 2018). Eleven 

sequences of AngHV-1, three Cyprinid 

herpesvirus, and one Atlantic cod herpesvirus 

sequence from the GeneBank were used for 

comparison. 

 

Histopathological Observation 

Histopathological preparations were carried 

out following a modified protocol from Nuryati et 

al. (2023), which included tissue dehydration, 

rehydration, clearing, and embedding. Sections (5 

µm) were prepared using a Leica semiautomatic 

microtome and stained with hematoxylin and 

eosin. Stained tissues were observed using an 

Olympus CX-23 binocular microscope. 

 

Data Analysis 

The results of this study are presented 

descriptively. 

 

RESULTS AND DISCUSSION 

 

DNA barcoding using the CO1 gene was 

performed to confirm the eel species as A. bicolor, 

as verified by BLAST results. This finding aligns 

with Taufiq-Spj et al. (2022), who also identified 

A. bicolor through DNA barcoding of eels in West 

and Central Java. The nucleotide sequence of the 

CO1 was deposited on GeneBank with accession 

number PP892205. 

 

 
Figure 1. Clinical symptoms of naturally diseased Anguilla bicolor glass eel. Haemorrhage is observed  

   in the abdominal and anal areas (white arrows). 
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Figure 2. Histopathological changes in the gill of diseased glass eel. (A) The gills exhibit epithelial  

   lifting (red arrow), and hyperplasia in the secondary lamellae (black arrow). (B) Fusion of the  

   secondary lamellae (blue arrow). No histopathological changes were detected in (C) the liver 

   and (D) kidney. 

 

 
Figure 3. PCR amplification result of AngHV-1 DNA polymerase gene. Lanes 1–30 display a 394 bp  

   amplicon, confirming the presence of AngHV-1 in the samples. A 1 kb marker (M) provides  

   size reference, with lane K- serving as a negative control. 

 

Table 1. Percentage similarity of AngHV-1 isolate IDPL2 with BLAST top five hits. Based on DNA  

  polymerase sequences 

Sequence Accession Number Query Cover Percent Identity 

AngHV-1 strain FC 2021 OM649903 100% 99.87% 

AngHV-1 isolate 16023 OM936983 100% 99.87% 

AngHV-1 strain UK N080 MW580855 100% 99.87% 

AngHV-1 strain HVA 486123 MW580854 100% 99.87% 

AngHV-1 strain DK-206116-1 MW580853 100% 99.87% 
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Figure 4. Phylogenetic tree of AngHV-1 isolate IDPL2 constructed using partial DNA polymerase  

   amino acid sequences via the UPGMA method. AngHV: Anguillid herpesvirus; CyHV:  

   Cyprinid herpesvirus; AciHV: Acipenserid herpesvirus. GeneBank accession numbers are  

   listed in brackets. A black triangle denotes the AngHV-1 IPDL2, with the scale bar indicating  

   substitutions per amino acid site. 

 

 
Figure 5. Alignment of the translated amino acid sequence showing two unique amino acid  

   substitutions in the AngHV-1-IDPL2 isolate from Indonesia compared to other sequences in  

   GeneBank. GenBank accession numbers are included in brackets for reference. 
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The clinical symptoms in diseased glass eel 

included marked haemorrhage in abdominal and 

anal regions (Figure 1). Similar symptoms were 

observed by Guo et al. (2022), who reported red 

abdomen and congestion in adult A. rostrata 

infected by AngHV-1 in China. Park et al. (2012) 

documented comparable haemorrhages in the 

operculum and abdominal area of A. bicolor 

infected with AngHV-1 in Korea. In Vietnam, 

juvenile giant mottled eel (A. marmorata) 

infected with AngHV-1 exhibited haemorrhages 

on the skin near the operculum and internal 

organs like the liver and gut (Panicz et al., 2021). 

AngHV-1 has been associated with eel mortality 

rates between 1% to 10%, which can rise to 50% 

under stress condition (Kempter et al., 2014). In 

certain cases, the mortality rate has been reported 

to reach 12% in Vietnam and up to 30% in China 

(Guo et al., 2022; Panicz et al., 2021). In this 

study, eel mortality exceeded 75%, likely due to 

the increased susceptibility of glass eels 

compared to older life stages, exacerbated by 

mechanical stress, handling, and environmental 

adaptation (Josset et al., 2015). 

Histopathological observation revealed 

multiple alterations in the gills, including 

secondary lamellae hyperplasia, secondary 

lamellae fusion, and epithelial lifting (Figure 2). 

These findings align with other studies 

documenting secondary lamellae hyperplasia and 

fusion in AngHV-1-infected eel cultured in 

several countries, including Netherland and 

Korea (Hangalapura et al., 2007; Kim et al., 2012; 

Park et al., 2012). Epithelial lifting has also been 

reported in common carp gills following exposure 

to the carp edema virus (Adamek et al., 2021). 

Structural damage such as secondary lamella 

hyperplasia, may impair gas exchange, resulting 

in hypoxia (Adam et al., 2019; Rani et al., 2022; 

Novindasari et al., 2024). Under certain 

conditions, hypoxia can lead to significant 

mortality in cultured fish populations (Wang et 

al., 2023). In this study, hypoxia was evident, as 

affected fish were observed swimming near the 

surface prior to death. Unlike studies on eels 

cultured in China and Korea, no histopathological 

alterations were found in the liver or kidneys 

(Guo et al., 2022; Park et al., 2012; Safira et al., 

2022), suggesting that the virus had a milder 

impact on these organs compared to the gills. 

Previous studies indicate that AngHV-1 infection 

initially affects the skin and stomach, followed by 

the gills, and then internal organs like the 

intestines and liver, with gill hyperplasia often 

preceding kidney necrosis (Hangalapura et al., 

2007). 

PCR analysis confirmed the amplification of 

a 394 bp segment of AngHV-1 DNA polymerase 

in all the samples (Figure 3), indicating rapid viral 

spread within the tank-reared fish population. 

Recent studies have demonstrated that viruses can 

disseminate swiftly in high-density environments, 

such as aquaculture ponds. Dharan et al. (2022) 

highlighted that viral exposure in such settings 

can lead to substantial fish mortality, 

underscoring the significance of horizontal 

transmission in viral proliferation. Additionally, a 

longer segment of DNA polymerase (∼1500 bp) 

was successfully amplified for phylogenetic 

analysis, yielding 1486 nucleotide bases that 

encode 494 amino acids. This sequence has been 

deposited at GeneBank under the name AngHV-

1 isolate IDPL2 with accession number PP798209 

and protein ID XAV45685. 

A nucleotide homology analysis using 

BLAST revealed a 99.87% sequence similarity 

with multiple AngHV-1 DNA polymerase 

sequences deposited in GeneBank (Table 1). In 

Alloherpesviridae, sequence identity ≥ 90% is 

indicative of conspecificity with the reference 

virus (Zhang et al., 2023). Phylogenetic analysis 

of partial DNA polymerase amino acid 

sequences, performed using the UPGMA method, 

showed that AngHV-1 IDPL2 diverges from 

strains originating from Europe, Canada, Taiwan, 

and China (Figure 4). Additionally, two distinct 

amino acid substitutions were identified in the 

partial DNA polymerase sequence, with threonine 

replaced by lysine (Figure 5). 

The family Alloherpesviridae includes 

herpesviruses infecting fish (genera 

Salmonivirus, Ictalurivirus, and Cyprinivirus) 

and amphibians (genus Batrachovirus). Unlike 

other cypriniviruses, AngHV-1 exhibits a slower 

evolutionary rate and lower positive selection, 

likely due to the solitary and single-spawning 
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nature of eels, which restricts continuous viral 

transmission chains. Conserved genes, including 

the DNA polymerase, in Alloherpesviridae, adapt 

to host immune responses and habitats (Donohoe 

et al., 2021; Garver et al., 2018; Fikri et al., 2024). 

The identification of a novel amino acid mutation 

in the DNA polymerase of AngHV-1 enhances 

the understanding of the virus's molecular 

evolution. Nevertheless, current knowledge about 

the effects of such mutations on viral replication 

and pathogenicity within the Alloherpesviridae 

remains limited. In a related virus, herpes simplex 

virus (HSV), belonging to the same order 

(Herpesvirales), similar mutations in the DNA 

polymerase and thymidine kinase genes have 

been linked to resistance against antiviral drugs, 

offering a potential parallel for understanding 

AngHV-1 mutations (Andrei et al., 2007). Further 

research on DNA polymerase mutations in 

AngHV-1 is needed to understand their roles in 

pathogenicity and drug resistance fully. 

 

CONCLUSION 

 

This study successfully identified the 

AngHV-1 infection as the cause of mass mortality 

in glass eel reared in Bogor, marking the first 

documented case of this virus in Indonesia. The 

phylogenetic analysis and observed amino acid 

mutations within the DNA polymerase gene 

suggest that the detected AngHV-1 may represent 

a novel strain. To confirm the existence of a new 

strain and facilitate a comprehensive analysis of 

AngHV-1 in Indonesia, future studies will require 

whole-genome sequencing. The clinical 

symptoms and histopathological changes 

documented in eels infected with this virus 

provide valuable insight into disease 

manifestation and progression. These findings 

serve as an early warning for eel farms in 

Indonesia, emphasizing the critical importance of 

biosecurity measures to prevent the spread of this 

virus and mitigate the potential economic impact 

on the eel farming industry. 
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