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Abstract 

 

This study developed rapid detection of Megalocytivirus using visual and real-time loop-mediated isothermal 
amplification (LAMP) assays. The primer was designed with the major capsid protein gene of Megalocytivirus, including 
red sea bream iridovirus (RSIV), infectious spleen and kidney necrosis virus (ISKNV), and turbot reddish body 
iridovirus (TRBIV). The visual and real-time LAMP assays were evaluated using DNA extracted from symptomatic 
betta fish that tested negative for Megalocytivirus by the broad-range PCR assay, as well as a chemically synthesized 
Megalocytivirus DNA template. Visual LAMP was found sensitive enough to detect up to 10 pg per reaction of the target 
DNA within 30 min. Real-time LAMP efficiently detected 10 ng per reaction of the target DNA in around 10 min. 
Compared with the broad-range PCR assay, the novel assays demonstrated 100% positive percent agreement when 
tested with the chemically synthesized Megalocytivirus DNA template and 100% negative percent agreement when 
evaluated using DNA extracted from symptomatic betta fish that tested negative for Megalocytivirus. The developed 
LAMP assays when combined with a fast DNA extraction method, could facilitate on-site Megalocytivirus screening. 
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Introduction 

Betta fish (Betta splendens) is one of the most 
commercially exported ornamental fish species in 
Thailand and other Southeast Asian countries 
(Sermwatanakul, 2019; Malawa et al., 2023). However, 
the strict infectious disease requirements imposed by 
importing countries remain a major obstacle to the 
expansion of the betta export market. Megalocytivirus, 
a genus within the Iridoviridae family, has become 
increasingly widespread through the international 
movement of freshwater ornamental fish such as 
swordtail (Xiphophorus helleri), molly (Poecilia 
sphenops), and three-spot gourami (Trichopodus 
trichopterus) (Go et al., 2006; Joon et al., 2008; Zainathan 
et al., 2017). This virus poses a substantial biosecurity 
threat due to its broad host range and pathogenicity, 
highlighting the risks associated with global 
ornamental fish trade. 

The detection of Megalocytivirus in various 
ornamental fish species, including betta fish 
intercepted during border quarantine, has been 
documented (Nolan et al., 2015). Although most 
infected betta fish are asymptomatic, some may exhibit 
non-specific clinical signs such as hemorrhages, loss of 
body coloration, pale gills, skin darkening, lethargy, 
and inappetence, usually without significant mortality 
(Zainathan et al., 2017; Baoprasertkul and Kaenchan, 
2019). The lack of specific clinical signs makes 
Megalocytivirus difficult for farmers to detect, resulting 
in asymptomatic, infected fish being exported during 
the carrier stage. 

Current international efforts to prevent 
Megalocytivirus transmission rely heavily on early 
diagnostic screening during quarantine in importing 
countries. However, long-term sustainability for 
exporting countries depends on developing farming 
systems capable of producing Megalocytivirus-specific 
pathogen–free (SPF) fish. Establishing such SPF 
systems requires reliable diagnostic methods to screen 
and exclude infected fish at the farm level. 

Several nucleic acid amplification methods have 
been developed for the detection of one or two 
Megalocytivirus genotypes, including red sea bream 
iridovirus (RSIV), infectious spleen and kidney 
necrosis virus (ISKNV), and turbot reddish body 
iridovirus (TRBIV). These include conventional PCR 
(Nolan et al., 2015), SYBR Green real-time PCR (Gias et 
al., 2011; Go et al., 2016), and TaqMan real-time PCR 
(Mohr et al., 2015). 

Loop-mediated isothermal amplification (LAMP) 
has become an attractive diagnostic tool in aquaculture 
(Sakuna et al., 2018; Fei et al., 2023) because it amplifies 
nucleic acids at a constant temperature using a strand-
displacing polymerase and four to six primers 
targeting multiple regions of the gene. Amplification is 
typically completed within 30 to 60 minutes. 
Advantages of LAMP include the lack of requirement 
for a thermocycler, rapid turnaround time, high 
amplification efficiency and sensitivity, and suitability 
for simple visual detection using colorimetric dyes. 
However, LAMP also has limitations: primer design is 
more complex, it is more prone to non-specific 
amplification if primers are suboptimal, and 
quantification is less precise than real-time PCR. In 

addition, the interpretation of visual assay results can 
vary depending on the detection format employed. 
LAMP has been successfully applied for the rapid 
detection of ISKNV and TRBIV (Zhang et al., 2009; 
Subramaniam et al., 2014). 

Although infection with RSIV has not been 
reported in betta fish, ISKNV has been documented in 
betta fish in Thailand (Baoprasertkul and Kaenchan, 
2019). The global ornamental fish trade may facilitate 
the spread of Megalocytivirus and enable disease 
emergence in new host species across distant regions. 
Do et al. (2004) reported that epizootic rock bream 
iridovirus (RBIV) is closely related to RSIV, grouper 
sleepy disease iridovirus (GSDIV), dwarf gourami 
iridovirus (DGIV), and ISKNV, underscoring the 
potential for cross-species transmission. Therefore, 
developing diagnostic methods capable of detecting all 
three Megalocytivirus genotypes is essential. 

To date, the conventional PCR assay described by 
Kurita and Nakajima (2012) is the only method 
reported to detect all three Megalocytivirus genotypes. 
Compared with conventional PCR, LAMP-based 
diagnostics offer better practicality for use at farms and 
during border quarantine. In this study, preliminary 
development of real-time and visual LAMP assays 
targeting the major capsid protein (MCP) gene were 
established to enable detection of all three 
Megalocytivirus genotypes. 

Materials and Methods 

Primer design for LAMP assays: The LAMP primers 
targeting the MCP genes of RSIV, ISKNV, and TRBIV 
were designed using the NEB LAMP Primer Design 
Tool (New England Biolabs; https://lamp.neb.com 
/#!/). The primer sequences are listed in Table 1. 
 
Preparation of virus and viral DNA templates: When 
pathogen-positive samples are unavailable, synthetic 
DNA or RNA standards have been shown to be 
effective substitutes (Martínez-Martínez et al., 2011; 
Lima et al., 2017; Morfin et al., 2023). For this study, a 
Megalocytivirus DNA template was chemically 
synthesized by GenScript Biotech Co., Ltd. (Nanjing, 
China) based on conserved regions of the MCP gene 
from RSIV, ISKNV, and TRBIV sequences retrieved 
from the GenBank database of the National Center for 
Biotechnology Information (NCBI), including RSIV 
(GenBank accession no. AB080362.1), ISKNV 
(GenBank accession no. AAL98730.1), and TRBIV 
(GenBank accession no. AY590687.2). Conserved 
regions were identified using Sequencher version 5.0 
(Gene Codes Corporation, Ann Arbor, MI, USA). The 
synthesized fragment contained the MCP target 
sequence used in the LAMP assays.  
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Table 1 Loop-mediated isothermal amplification (LAMP) primers designed from the MCP gene of Megalocytivirus. 
   

Primer Sequence (5′-3′) 

FIP TGCGGTGGGTGACGTTCTTTACCTTGGTGCATCTGGACCTC 
BIP ACGTGCAAAGCAATTACACCGCGCAAAGGCAGATTCACCTTG 
F3 GTCACACCCGCAGACAAT 
B3 ACCTCGGACAGGGGATTG 
LF TCACGGGGTGACTGAACCT 
LB GGCCAGTCCCGTGTATGTCA 

Specificity determination of the visual and real-time 
LAMP assays: For the specificity evaluation, eighteen 
DNA samples were randomly selected from 150 
symptomatic betta fish that had previously tested 
negative for Megalocytivirus by the broad PCR assay 
(Kurita and Nakajima, 2012). In the absence of positive 
Megalocytivirus field samples, assay specificity was 
further assessed using a chemically synthetic 
Megalocytivirus DNA construct as a positive control. 
Three betta types were examined (Fig. 1C) wild betta 
(W), shortfin betta (SF), and longfin betta (LF). For each 
type, three males and three females were included in 
the analysis, resulting in a total of 18 fish (n=18). The 
sample size was intentionally limited to avoid an 
overrepresentation of true-negative samples, which 
could artificially influence preliminary assay 
performance (Riley et al., 2020). Each 25 μL LAMP 
reaction mixture contained 1.6 μM each of the forward 
inner primer (FIP) and backward inner primer (BIP), 
0.2 μM each of the forward outer primer (F3) and 
backward outer primer (B3), and 0.4 μM of the 
backward loop primer (LB), along with 10 ng of DNA 
from symptomatic betta fish or 10 pg of the synthetic 
Megalocytivirus DNA template. The visual LAMP assay 
was carried out at 59°C for 30 min using the WarmStart 
Colorimetric LAMP 2X Master Mix (New England 
Biolabs, Ipswich, MA, USA), with reactions incubated 
in a Mini Heating Dry Bath Incubator (Major Science, 
New Taipei City, Taiwan). The real-time LAMP assays 
were performed at 59°C for 60 min (according to the 
manufacturer’s instructions), with fluorescence 
acquisition every 60 s. Additional steps for melt-curve 
analysis were carried out under the following 
conditions: 95°C for 1 min, 40°C for 1 min, 70°C for 1 
min, and a temperature increase of 0.5°C per 1 s up to 
95°C (Caruso et al., 2024). All real-time LAMP reactions 
were performed using the WarmStart Fluorescent 
LAMP/RT-LAMP Kit (New England Biolabs, Ipswich, 
MA, USA) on a CFX96 Touch Real-Time PCR Detection 
System (Bio-Rad Laboratories, Hercules, CA, USA). 
The optimal cutoff value for the positive detection of 
Megalocytivirus using the real-time LAMP 
quantification cycle (Cq) was determined through 
receiver operating characteristic (ROC) curve analysis 
based on 100 fg of synthetic Megalocytivirus DNA 
template and a no-template control. The ROC model 
yielded an area under the curve (AUC) of 0.900. Based 
on Youden’s J statistic, the optimal cutoff value was 
30.94, corresponding to a sensitivity of 0.80 and a 
specificity of 1.00. 
 
Sensitivity determination of the visual and real-time 
LAMP assays: The analytical sensitivities of the newly 
developed real-time and visual LAMP assays were 
evaluated using a ten-fold serial dilution of DNA 
template, prepared from an initial concentration of 10 

ng down to 10 fg per reaction. Serial dilutions were 
generated by sequentially diluting the DNA template 
in nuclease-free water, with thorough mixing at each 
step, and aliquots of each dilution were used as 
templates for LAMP amplification. All assays were 
performed in triplicate at each concentration. For the 
visual LAMP assay, reaction mixtures were incubated 
at 59°C for 30 min using the WarmStart Colorimetric 
LAMP 2X Master Mix (New England Biolabs, Ipswich, 
MA, USA), with incubation carried out in a Mini 
Heating Dry Bath Incubator (Major Science, New 
Taipei City, Taiwan). For the real-time LAMP assay, 
reactions were incubated at 59°C for 60 min using the 
WarmStart Fluorescent LAMP/RT-LAMP Kit (New 
England Biolabs, Ipswich, MA, USA) on a CFX96 
Touch Real-Time PCR Detection System (Bio-Rad 
Laboratories, Hercules, CA, USA), followed by a melt 
curve analysis as described previously.  
 
Comparison of LAMP assays with broad 
Megalocytivirus PCR: A broad Megalocytivirus PCR 
assay for detecting RSIV, ISKNV, and TRBIV was 
conducted as previously described by Kurita and 
Nakajima (2012). To assess diagnostic sensitivity, a ten-
fold dilution series ranging from 10 ng to 10 fg per 
reaction was prepared, whereas to assess diagnostic 
specificity, 10 pg of the synthetic Megalocytivirus DNA 
template and 10 ng of DNA from symptomatic betta 
fish representing all three betta types that had tested 
negative for Megalocytivirus by the broad PCR assay 
were used. The assays were performed independently 
in triplicate. All PCR reactions were carried out using 
OneTaq® 2X Master Mix (New England Biolabs, 
Ipswich, MA, USA) on a CFX96 Touch Real-Time PCR 
Detection System (Bio-Rad Laboratories, Hercules, CA, 
USA) under the following conditions: 94°C for 30 s, 
followed by 30 cycles of denaturation at 94°C for 30 s 
and annealing/extension at 60°C for 1 min. The 
expected 777 bp PCR product was resolved on a 1.8% 
agarose gel stained with GelRed™ (Biotium, Fremont, 
CA, USA) and visualized using a Syngene InGenius 
LHR Gel Documentation System (Syngene 
International Ltd., Bangalore, India). Diagnostic 
performance was assessed by calculating true positives 
(TP), false positives (FP), false negatives (FN), and true 
negatives (TN). Sensitivity was calculated as [TP / (TP 
+ FN)] × 100, specificity as [TN / (TN + FP)] × 100, and 
accuracy as [(TP + TN) / (TP + TN + FN + FP)] × 100 
(Abramson and Abramson, 2009).  
 

Results 

Specificity of the visual and real-time LAMP assays: 
The specificities of the real-time and visual LAMP 
assays were shown in Fig. 1 and Supplementary Table 
S1. The reaction systems with the genomic DNA of 
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Megalocytivirus had exponential amplification, and the 
color of the reaction systems turned from pink to 
orange or yellow (the solution becomes acidic from 
released protons), while the other reaction systems had 
no exponential amplification or color change. 
Therefore, both the real-time and visual LAMP assays 
demonstrated specificity for Megalocytivirus, with 
amplification observed only for Megalocytivirus DNA. 
However, this specificity assessment was based on a 
limited number of samples and relied in part on 
synthetic DNA, which may have contributed to the 
high observed specificity.  
  
Sensitivity of the visual and real-time LAMP assays: 
The sensitivities of the real-time and visual LAMP 
assays using a series of ten-fold dilutions of 
Megalocytivirus DNA template at 59°C were shown in 
Fig. 2 and Supplementary Table S2. The detection limit 
of the real-time LAMP was found to be 1 pg of 
Megalocytivirus DNA template. While the limit of the 
visual LAMP was found to be 10 pg, which was tenfold 
lower than the real-time LAMP assay. In Fig. 2C, three 

horizontal threshold lines (green: baseline; pink: peak-
calling; blue: noise-filter) represent software-defined 
reference levels used to classify melt peaks as true 
amplification products. All melt peaks in this study 
exceeded these thresholds, confirming the high 
specificity of the LAMP assay. 
 
Comparison of the LAMP assays with a broad 
Megalocytivirus PCR: The detection limit of a broad 
Megalocytivirus PCR assay was found to be 1 pg, similar 
to the limitation of the real-time LAMP (Fig. S1), but 
with the visual LAMP assay being a little less sensitive. 
In a comparison of LAMP assays with a broad 
Megalocytivirus PCR, the specificities were the same. 
Both the real-time and visual LAMP assays gave 
negative results when the PCR assay gave negative 
results. The statistical diagnostic performance was 
shown in Table 2. The novel real-time LAMP assay had 
100% accuracy compared with the PCR assay when the 
visual LAMP assay had 92.9% accuracy. 
 

 

 
 

Figure 1 Specificity determination (A) Visual detection by colorimetric LAMP at 30 min. Positive reaction is indicated by turning 
to orange or yellow from pink. (B) Melt peak of amplified the genomic DNA of Megalocytivirus (10 pg). The horizontal 
green lines represent the baseline. (C) Representative images of symptomatic individuals from three betta fish types 
included in the study: wild betta (W), shortfin betta (SF), and longfin betta (LF), illustrating the nonspecific clinical signs 
such as loss of body coloration, skin darkening, and inappetence.  

 NTC: no-template control; Mega: 10 pg of Megalocytivirus DNA template. 
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Figure 2 Sensitivity determination (A) Visual LAMP at 30 min. Positive reaction is indicated by turning to orange or yellow from 
pink. (B) Amplification results of the genomic DNA of Megalocytivirus, red color: 10 ng; pink color: 1 ng; yellow color: 100 
pg; green color: 10 pg; blue color: 1 pg; brown color: 100 fg; black color: 10 fg; olive green color: no-template control. (C) 
Melt peak of amplified the genomic DNA of Megalocytivirus. Three horizontal threshold lines are included: green 
representing the baseline, pink representing the peak-calling threshold, and blue representing the noise-filter threshold. 

 

Table 2 Diagnostic performance of visual and real-time LAMP assays using synthetic Megalocytivirus DNA and Megalocytivirus-
negative betta fish samples. 

   

  PCR assay 

Positive Negative 

Visual LAMP assay Positive  16(TP) 0 (FP) 
 Negative 3 (FN) 23 (TN) 
 Sensitivity 84.2%  
 Specificity 100%  
 Accuracy 92.9%  
Real-time LAMP assay Positive  19 (TP) 0 (FP) 
 Negative 0 (FN) 23 (TN) 
 Sensitivity 100%  
 Specificity 100%  
 Accuracy 100%  

*The assays were performed independently three times; TP, true positive; FP, false positive; FN, false negative; TN, true negative; 
sensitivity = [TP/(TP + FN)]*100; specificity = [TP/(TN + FP)]*100; and accuracy = [(TP + TN)/(TP + TN + FN + FP)]*100. 
 
 
 
 
 
 
 



8                                                                                                        Sakuna K. et al. / Thai J Vet Med. 2026. 56(1): 16. 

 

Discussion 

Megalocytivirus, members of the family 
Iridoviridae, are important pathogens responsible for 
high mortality in both ornamental and aquaculture fish 
species. Because early-stage infections often present 
with mild or no clinical signs, rapid and reliable 
diagnostic tools are essential to prevent farm-level 
outbreaks. Compared with conventional PCR, LAMP 
assays are highly practical for aquaculture settings due 
to their isothermal amplification, short turnaround 
time, and minimal equipment requirements. Visual 
LAMP further enables straightforward result 
interpretation without specialized instruments, 
making it particularly suitable for on-site screening 
and early disease control in fish farms. 

In this study, visual and real-time LAMP assays 
targeting the MCP gene were developed and evaluated 
for the detection of all three recognized Megalocytivirus 
genotypes: RSIV, ISKNV, and TRBIV. Conserved 
regions of the MCP gene were identified using NCBI 
database sequences and subsequently synthesized for 
template preparation. 

The diagnostic specificity of both assays when 
applied to clinical samples was comparable to that of 
the broad Megalocytivirus PCR assay described by 
Kurita and Nakajima (2012). Both the visual and real-
time LAMP assays demonstrated high analytical 
specificity, distinguishing Megalocytivirus from other 
non-target pathogens and host genomic DNA, even 
when tested on clinically diseased fish exhibiting 
nonspecific signs. Nonspecific amplifications or 
contamination-derived false positives were not 
observed, even when the reaction was performed at a 
relatively low temperature (59°C). This contrasts with 
previous studies reporting non-specific amplification 
at 63°C, which required increasing the temperature to 
65°C to eliminate non-specific or contamination-
derived false positives (Liu et al., 2017). Validation 
using clinical samples is essential. We therefore 
attempted to obtain positive samples from other 
ornamental fish and tested 60 individuals, including 30 
guppies (Poecilia reticulata) and 30 sailfin mollies 
(Poecilia latipinna). All samples were negative by 
broad-range Megalocytivirus PCR. Consequently, assay 
evaluation was performed using a synthetic 
Megalocytivirus DNA construct as a surrogate positive 
control, which we acknowledge as a limitation of this 
study. 

The detection limits of the visual and real-time 
LAMP assays were 10 pg (10⁷ copies of viral DNA) and 
1 pg (10⁶ copies), respectively, when evaluated against 
the broad-range Megalocytivirus PCR assay. Copy 
numbers were calculated based on the molecular 
weight of the chemically synthesized 791 bp double-
stranded DNA fragment, assuming an average mass of 
660 Da per base pair. Using this approach, 1 ng of the 
fragment corresponds to approximately 1.15 × 10⁹ 
copies, with proportional values of approximately 1.15 
× 10⁷ copies for 10 pg and 1.15 × 10⁶ copies for 1 pg, 
thereby confirming the accuracy of the reported 
detection limits. This demonstrates that the real-time 
LAMP assay exhibits a ten-fold higher analytical 
sensitivity than the visual LAMP assay, likely due to its 
fluorescence-based detection system, which allows 

earlier and more reliable discrimination of low-level 
amplification signals. In contrast, the visual LAMP 
assay relies on colorimetric change, which typically 
requires higher template concentrations to produce a 
detectable signal. Despite this difference in sensitivity, 
both assays maintained comparable analytical 
specificity. The real-time LAMP assay is therefore more 
suitable for applications requiring detection of lower 
viral loads, whereas the visual LAMP assay provides a 
simpler, equipment-free alternative that remains 
highly reliable for field-level screening. 

Although the detection limits obtained in this study 
were higher than those previously reported for MCP-
based real-time LAMP for ISKNV by Subramaniam et 
al. (2014) (10⁴ copies), the assays developed here offer 
broader diagnostic capability because they can detect 
both ISKNV and TRBIV. Furthermore, the detection 
threshold of 10⁷ copies aligns with the viral load 
commonly observed in fish following intraperitoneal 
challenge with cell culture–derived ISKNV (Becker et 
al., 2025). However, the limitation of sample size of the 
present study does not permit robust estimation of 
diagnostic sensitivity or specificity, and further large-
scale field studies will be required for full clinical 
validation. 

A realistic on-farm or import-country quarantine 
program would involve non-lethal sampling followed 
by testing with either the visual or real-time LAMP 
assay. Only betta fish that consistently test negative 
would proceed for broodstock selection or be cleared 
through quarantine. When paired with rapid on-site 
extraction methods, such as magnetic bead–based 
extraction (Farani et al., 2025), these LAMP assays have 
the potential to significantly improve Megalocytivirus 
screening efficiency across the ornamental fish 
industry. 

In summary, visual and real-time LAMP assays 
targeting the MCP gene were successfully developed 
for the detection of all three recognized Megalocytivirus 
genotypes. Both assays demonstrated high analytical 
specificity and reliable discrimination of 
Megalocytivirus from non-target pathogens and host 
DNA, while the real-time LAMP assay showed greater 
analytical sensitivity than the visual format. Although 
validation using naturally infected clinical samples 
was limited by sample availability and required the use 
of synthetic DNA, the assays remain applicable to 
routine field screening. Future studies incorporating a 
larger number of naturally infected clinical samples are 
warranted to evaluate diagnostic sensitivity, 
specificity, and field performance under practical field 
conditions. These LAMP-based methods provide 
practical diagnostic tools for early detection and 
surveillance of Megalocytivirus in betta fish, supporting 
improved disease management in aquaculture and 
quarantine settings. 
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