
Abstract

Tilapia lake virus disease caused by Tilapia lake virus (TiLV) or Tilapinevirus tilapiae is a 
highly infectious disease of farmed tilapia. In this study, two SYBR Green-based quantitative 
real-time PCR (qPCR) assays targeting the conserved sequences of genomic segment 
10 and 1 of TiLV were developed and the assays were applied to track the progression 
of virus replication in experimentally infected tilapia (Oreochromis niloticus). The qPCR 
assays showed a wide dynamic range of detection with the reliable limit of detection 
(LOD) of 10 and 100 copies for segment 10 and 1, respectively. Further, the PCR efficiency 
(mean±SD) estimated in 5 different experiments for segment 10 and 1 were 97.05%±3.35 
and 101.41%±3.63, respectively. qPCR targeting segment 10 showed high reproducibility 
within and between the assays. Inter and intra-assay variation ranged from 0.06 to 1.55% 
and 0.01 to 6.05%, respectively. The assays developed were applied to quantify TiLV load in 
different target tissues viz. liver, brain, spleen, and mucus of experimentally infected tilapia 
and Nile tilapia heart (OnH) cell line. Among the tissues, the liver showed the highest viral 
load (3.2x106 to 1.0x108 viral copies 100 ng-1 RNA), and mucus had the lowest viral load 
(3.0x103 to 1.0x105 viral copies 100 ng-1 RNA). Further, comparison of viral loads estimated 
using assays targeting genomic segments 10 and 1 in liver tissue  revealed that segment 
10-specific qPCR assay consistently detected higher TiLV copy numbers, at all post-infection 
time points. The specificity of both qPCR assays was also tested against Betanodavirus 
infecting sea bass. Based on these findings, the newly developed assay targeting genomic 
segment 10 can be recommended as a reliable diagnostic tool for TiLV detection. Liver 
tissue is proposed as the most suitable target tissue for TiLV detection, while mucus as  a 
non-invasive sample for detection.
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Introduction

Tilapia lake virus disease (TiLVD), an 
infectious disease caused by Tilapinevirus 
tilapiae, otherwise known as tilapia lake 
virus (TiLV), has resulted in serious mortality 
in tilapia culture systems of more than 17 
countries across Asia, Africa, North America 
and South America, since its first report 
in Israel in 2014 (Eyngor et al., 2014; 
Ferguson et al., 2014; Dong et al., 2017; 
Fathi et al., 2017; Tsofack et al., 2017; OIE, 
2017a,b;  2018;  Abdullah et al., 2018; Amal et al., 
2018; Behera et al., 2018; Mugimba et al., 

2018; Pulido et al., 2019; Ahasan et al., 2020; 
Chaput et al., 2020; Debnath et al., 2020; 
Tran et al., 2022). The virus is enveloped and 
possesses a single-stranded, negative-sense 
RNA genome which is typically segmented 
into 10 genomic segments, with the size of 
each segment ranging from 456 to 1641 bp, 
accounting for a total genome size of 
10.323 kb (Bacharach et al., 2016). The virus 
is classified under the order Articulavirales, 
family Amnoonviridae,  genus Tilapinevirus 
and species Tilapinevirus tilapiae  (ICTV, 
2022). Currently, the infection with TiLV has 
been listed by World Organisation for Animal 
Health (WOAH, 2022). For the sensitive and 
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specific detection of TiLVD, many variants of PCR including reverse 
transcription-PCR (RT-PCR) (Eyngor et al., 2014; Nicholson et al., 
2018; Mugimba et al., 2018), nested RT-PCR assay (Tsofack et al., 2017), 
semi-nested RT-PCR targeting TiLV segments 1 and 3 (Dong et al., 2017; 
Taengphu et al., 2020), SYBR green-based RT-qPCR (Nicholson et al., 
2018; Tattiyapong et al., 2018), TaqMan RT-qPCR assay (Waiyamitra et al., 
2018; Megarani et al., 2022), besides reverse transcription loop-mediated 
isothermal amplification (RT-LAMP) (Yin et al., 2019; Kampeera et al., 
2021), have been developed. 

The first report of the TiLVD outbreak employed single-step RT-PCR 
targeting segment 3 with a detection limit of 70,000 viral copies 
(Eyngor et al., 2014). Due to the low sensitivity of the detection assay, a 
nested RT-PCR protocol was developed targeting segment 3 with higher 
sensitivity of detection as low as 7 viral copies (Tsofack et al., 2017). 
However, due to non-specific amplification of the nested primers 
(Nested ext-1 and Nested ext-2), in particular, Nested ext-2, an 
alternative two-step semi-nested RT-PCR protocol was developed 
by replacing the Nested ext-2 primer with ME1 primer for the first-step 
PCR amplification (Dong et al., 2017). This version of semi-nested 
PCR was employed to detect infection in sub-clinically infected fish 
samples (Senapin et al., 2018). Besides the inherent limitations 
of RT-PCR, especially the requirement of post-PCR processing 
and end-point detection, the sensitivity of quantitative real-time 
PCR (qPCR) in TiLV detection was found to be 100 times greater 
than the conventional RT-PCR and 10,000 times greater than the 
virus propagation in permissive cell lines (Tattiyapong et al., 2018; 
Waiyamitra et al., 2018). Further, the quantitative ability of qPCR 
assays can be used to determine the replication pattern, tissue level 
distribution of the virus, and detection of latent infection, besides 
other advantages like specificity, robustness and rapidity (Bustin, 
2000; MacKay, 2004). 

A wide range of tissues have been reported as target tissues of TiLV 
such as liver, spleen, brain, kidney, eyes, mucus, gut, gill, connective 
tissue, heart and gonad, indicating the pantropic nature of TiLV 
(Eyngor et al., 2014; Ferguson et al., 2014; Del-Pozo et al., 2017; 
Dong et al., 2017; Nicholson et al., 2017; Tsofack et al., 2017; Amal et al., 
2018; Behera et al., 2018; Liamnimitr et al., 2018; Mugimba et al., 2018; 
Phusantisampan et al., 2019; Yamkasem et al., 2019; Contreras et 
al., 2021). However, information regarding the tissue level temporal 
variation in the viral load of TiLV during infection is limited. 
Nevertheless, the identification of a suitable target tissue that shows 
relatively high or an  adequate viral load at all stages of infection 
will facilitate the rapid diagnosis of TiLVD. In this background, SYBR 
Green-based qPCR assays targeting the conserved sequences of 
genomic segment 10 and 1 of TiLV were developed, compared and 
validated. The study also employed these assays to elucidate the 
temporal tissue level TiLV load in experimentally infected Nile tilapia 
Oreochromis niloticus.

Materials and methods

Designing of  primers

Nucleotide sequences of genomic segments 10 and 1 of all the 
available TiLV genome sequences (20 sequences including Indian 
isolate) were retrieved, aligned, and the consensus sequences 
were identified using Molecular Evolutionary Genetics Analysis 

Version 11 (MEGA 11). The consensus sequences of both segments 
were then individually imported into Primer Express v2.0 to design 
the primers with the lowest penalty value. The designed primers were 
subjected to BLAST using the NCBI database to cross-check the 
sequence similarities with other genomes (www.ncbi.nlm.nih.gov/
tools/primer-blast).

Experimental infection and collection of tissue 
samples

Experimental challenge trials were conducted using healthy juvenile 
Nile tilapia, O. niloticus (18±3.2 g). The experiments were carried 
out at ICAR-National Bureau of Fish Genetic Resources (ICAR-
NBFGR), Lucknow, India, following the approval of the Institutional 
Animal Ethics Committee, ICAR-NBFGR (Grant no. NBFGR/
IAEC/2020/029 & NBFGR/IAEC/2022/047). Before conducting 
the experiment, the fish were acclimatised for two weeks, and the 
absence of TiLV infection was ascertained through qPCR reported 
by Tattiyapong et al. (2018). The challenge study was conducted 
for 10 days with a total of 2 groups containing 30 fish per group 
with sequential sampling from both the groups. For TiLV infection, 
the fish were injected intraperitoneally with 150 µl of supernatant 
of TiLV-infected OnH cell line (virus titre of TCID50 105.3 per ml) as 
described previously (Yadav et al., 2021). Similarly, fish of control 
group were injected with 150 µl sterile cell culture (Leibovitz-15) 
medium. The experimental fish were maintained in fibre reinforce 
plastic (FRP) circular tanks of 500 l capacity at water temperatures 
ranging from 27 to 29°C. The pH and dissolved oxygen levels were 
maintained at 7-8 and 5-6 ppm, respectively. A similar experimental 
infection trial was repeated following the same procedure and the 
first experimental trial is denoted as Experiment-I and the second 
one as Experiment-II.

The experimental fish (n=3) were randomly sampled at 4, 6, 8, 
and 10 days post-injection (dpi). The fish were euthanised by 
immersing in 1 l water mixed with 150 mg Ethyl 3-aminobenzoate 
methanesulfonate (Sigma-Aldrich, USA) before dissecting the 
fish. Liver, spleen and brain tissues from individual fish from 
both the groups were collected aseptically at each time point and 
immediately stored in RNAlater (Qiagen, Germany) and transported 
to the Aquatic Animal Health Laboratory of ICAR-Central Institute 
of Fisheries Education (ICAR-CIFE), Mumbai, for further processing. 
From the experiment II, liver, spleen, brain, kidney, gill, heart, 
intestine and mucus samples were collected aseptically from the 
TiLV-challenged fish for detecting the TiLV loads.

RNA isolation and cDNA synthesis	

RNA was extracted using TRIzol™ reagent (Invitrogen, USA). For 
this,  tissue samples (~100 mg) were briefly homogenised in 750 µl 
of TRIzol reagent using a sterile micro-pestle and total RNA was 
extracted according to the manufacturer’s protocol. The precipitated 
RNA pellet was resuspended in 25-30 µl of nuclease free water, and 
an aliquot was quantified using NanoDrop 2000 spectrophotometer 
(Thermo Scientific, USA). Complementary DNA (cDNA) was 
synthesised from the extracted RNA using RevertAid First Strand 
cDNA Synthesis Kit (Thermo Scientific, USA). Approximately, 1 µg of 
RNA was reverse transcribed in a 20 µl reaction mixture containing 
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1 µl random hexamer primer (100 mM), 4 µl of 5x reaction buffer, 
1 µl of RiboLock RNase Inhibitor (20 U µl-1), 2 µl of 10 mM dNTP mix, 
and 1 µl of RevertAid M-MuLV RT (200 U µl-1). The resulting cDNA 
was stored at -20°C for further use.

PCR amplification and generation of plasmid 
standards

PCR amplified products targeting segments 1 and 10 with amplicon 
sizes of 620 bp and 276 bp, respectively, were generated using 
segment specific primers and TiLV-positive cDNA samples. PCR 
was carried out in Veriti® Thermal Cycler (Applied Biosystems, 
USA) as per the cycling conditions described in the preceeding 
section. The amplified PCR products were purified using QIAquick 
PCR Purification Kit (Qiagen, USA) and cloned into pTZ57 R/T vector 
(Thermo Scientific, USA) according to the manufacturer's protocol. 
Plasmid was purified using GeneJET plasmid miniprep kit (Thermo 
Scientific, USA) and quantified using NanoDrop (Thermo Scientific, USA). 
The plasmid DNA copy number was calculated using an online dsDNA 
copy number calculator based on the concentration and molecular 
mass (https://cels.uri.edu/gsc/cndna.html). Based on this, a ten fold 
dilution series (1x1010 to 1 copy µl-1) of the plasmid was prepared 
and used in the RT-PCR to determine the end-point of detection. 
Subsequently, these dilution series were employed in RT-qPCR to 
generate the standard curve. From the standard curve generated over 
5 different runs, PCR efficiencies for the primer sets targeting segment 
10 and 1 were obtained and depicted as mean (%)±SD.

Single step RT-PCR amplification using primers 
targeting segment 1, 3, 5, 9 and 10

cDNA prepared from different tissues of experimentally infected 
tilapia collected at different time points was subjected to single 
step PCR amplification by employing primers targeting TiLV 
genomic segments 1, 3, 5, 9 (Dong et al. 2017; Taengphu et al. 
2020) along with the newly designed primers specific to segment 
10. For this, 1 μl (equivalent to 50 ng RNA) of cDNA was amplified 
in a 25 μl reaction containing 10x PCR reaction buffer, 0.5 μl of 10 mM 
dNTP and 0.5 μl of 25 picomoles μl-1 of each of the primers and 
5U Taq DNA polymerase (Bioron, Germany). The PCR amplification 
was carried out in a Veriti® Thermal Cycler (Applied Biosystems, 
USA). For PCR amplification using primers targeting segment 10, 
the cycling conditions were as follows:  95°C for 2 min, followed 
by 35 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C for 30 s, 
and a final extension at 72°C for 5 min. Aliquots (8 μl) of the PCR 
amplified products were analysed in 1.5% agarose-TAE gels containing 
0.5 μg ml-1 ethidium bromide and visualised under a Syngene 
InGenius3 Gel Documentation System (Syngene, UK). The images 
were captured for further analysis.

Standardisation of quantitative real-time PCR (qPCR) 
assays

For qPCR assays, a 30 µl reaction mixture containing 15 µl of SYBR 
Green qPCR master mix (2X) (Applied Biosystems, USA), 1 µl of each 
primer (10 µm), 11 µl of nuclease-free water and 2 µl of the plasmid 
DNA template. The reaction mixtures were aliquoted (10 µl per 
well) in a 96-well PCR plate. To generate the standard curve and 

for the absolute quantification of viral copies, plasmid standards 
with 1x109 to 1 DNA copy µl-1 were employed. A no-template control 
(NTC) was also used in each run to rule out the possibility of cross 
contamination. The thermal profile of the qPCR assays was 2 min 
at 50°C, 10 min. at 95°C, followed by 40 cycles of 95°C for 15 s 
and 60°C for 1 min. Melt-curve analysis was performed at the end 
of the assays to ascertain the specificity of amplification. An ABI 
7500 real-time PCR system (Applied Biosystems, USA) was used 
for the qPCR assays. The Ct values measured from each assay were 
calculated to determine the standard deviation (SD) and coefficient 
of variation (CV (%), which were used to assess the reliability of the 
developed qPCR protocol. The details of the primers used in the qPCR 
assays, along with targeted amplicon sizes, are given in Table 1 .

Assay validation using intra and inter-assay variation

The plasmid standards were used to determine the repeatability 
and reproducibility of the qPCR assays. The assays were repeated 
three times in three different runs using the same plasmid dilution 
series to determine the inter-assay variation (reproducibility) and 
to validate the plasmid standards for their use in the absolute 
quantification of TiLV viral load. Intra-assay variation (repeatability) 
was determined using three different TiLV recombinant plasmid sets 
from the same recombinant clone to prepare three different dilution 
series. The three dilution series were run together in a single plate. 
The variation was determined in terms of SD and CV(%), which were 
used to assess the reliability of the qPCR protocol. 

Quantification of viral load in different target tissues

The qPCR assays targeting segments 10 and 1 were applied 
to quantify the viral load in the liver, spleen and brain tissues of 
experimentally infected fish collected at 4, 6, 8 and 10 dpi. For 
this, a uniform quantity of cDNA (2 µl equivalents to 100 ng RNA) 
synthesised from the total RNA of liver, brain, spleen and mucus 
collected from experimentally infected fish was used as the 
template.  For each run, plasmid dilution series (1x109 to 1 DNA 
copy µl-1) was also added to generate the standard curve. TiLV copy 
numbers were calculated and expressed as copies per 100 ng RNA. 

Determination of viral load in cell line

The feasibility of the diagnostic methods in determining the TiLV 
copies in an in vitro model was demonstrated in O. niloticus heart 
(OnH) cell line infected with TiLV and the viral load was determined 
from cDNA equivalent to 100 ng RNA as described by Yadav et al. 
(2021). Birefly, the OnH cells grown to confluence in 25 cm2 flasks at 
28°C were inoculated with 500 µl of TiLV positive supernatant (virus 
titre of TCID50 105.3 per ml). Following adsorption for 1 h, cells from 

Table 1. Details of the primers targeting TiLV genomic segments 1 and 10 
used in the SYBR Green-based RT-qPCR assays and targeted amplicon size

Primer name Sequence (5’-3’) Amplicon size
TiLV-Seg1-QPF TGCAAGGGACGACTGACAGA 110 bp
TiLV-Seg1-QPR ATGACAGCTTGCGAAAAGCA
TiLV-Seg10-QPF CTCGAGATGGACGACTGTGATTC 100 bp
TiLV-Seg10-QPR GGTCACTCTGCCCATCATCCT
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three flasks were collected. The collected samples were treated as 
0 day post-infection. For sequential sampling, 4.5 ml L15-medium 
supplemented with 2% foetus bovine serum (FBS) was added in the 
rest of the flasks and were incubated at 28°C. Cells from 3 flasks at 
each time point were collected at 1, 3 and 7 days post-inoculation. 
RNA was extracted from the cell pellets, and cDNA was prepared as 
described in section earlier.

Results

Segment specific RT-PCR amplification in different 
tissues of experimentally infected animals	

Single step RT-PCR amplifications targeting genomic segments 1, 
3, 5, 9 and 10 carried out using cDNA prepared from liver, spleen 

and brain tissues of Nile tilapia experimentally infected with 
TiLV at 4, 6, 8 and 10 days post-infection (dpi) revealed 620 bp 
(segment 1), 415 bp (segment 3), 1073 bp (segment 5), 522 bp 
(segment 9) and 276 bp (segment 10) amplicons (Fig. 1a, b and c). 
Compared to RT-PCR assays targeting segments 1 and 10, primers 
specific to genomic segments 3, 5 and 9 showed wide variability in 
amplification in different tissues of experimentally infected samples 
(Fig. 1a, b and c). Among the three tissues, brain showed the 
maximum number of samples tested negative for TiLV when tested 
with primers targeting segments 1, 3, 5 and 9. PCR amplification 
using segment 5-specific primers showed multiple non-specific 
bands, while other primers did not show any such amplification. 
Though PCR targeting segments 10 and 1 showed comparable 
amplification in liver and spleen. but consistent and reliable 
amplification in the brain tissue could only be observed for PCR 
specific to segment 10 (Fig. 1a, b and c).

Fig. 1. Agarose gel electrophoresis of the PCR products amplified from RNA derived from (a) Liver; (b) Brain and (c) Spleen tissue of experimentally infected 
(TiLV alone and TiLV + Aeromonas veronii co-infection) O. niloticus. The primers used were targeting segment 1, 3, 5, 9 and 10 in a single step PCR. 
M: Molecular weight marker; Lane 1, 3, 7, 11: Control; Lane 2, 4, 8, 12: 4, 6, 8 and 10 days post-TiLV-infected sample; Lane 5, 9, 13: 6, 8 and 10 days post-TiLV + A. veronii low 
dose infected sample; Lane 6, 10, 14:  6, 8 and 10 days post-TiLV + A. veronii high dose infected sample; P: positive control; N: negative control
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Development of quantitative real-time PCR (qPCR) 
for TiLV targeting segments 10 and 1	

qPCR primers targeting segments 10 and 1	

The conventional RT-PCR results showed that primers targeting 
TiLV segments 10 and 1 yielding the PCR amplicon of 276 and 
274 bp, respectively, in single-step PCR, resulted in more sensitive 
and consistent PCR amplification in comparison with the other PCR 
assays reported earlier. Based on this, TiLV segments 10 and 1 were 
selected for designing primers for developing quantitative real-time 
PCR (qPCR). Bioinformatic analysis of the real-time PCR primers 
targeting segment 10 (TiLV-Seg10-QPF) revealed that 19 out of 20 
TiLV isolates showed no mismatches, and a single mismatch was 
observed in the remaining one isolate. Similarly, for the primer TiLV-
Seg10-QPR, 17 isolates had no mismatches and the rest 3 showed 
single nucleotide differences. Primers specific to segment 1  showed 
22 isolates with  single mismatch, and two mismatches were found 
in the remaining 8 sequences.

Linearity of detection using qPCR	

Ten fold serially diluted recombinant plasmid DNA (1x109 copies µl-1 
to 1 copy µl-1) prepared using PCR amplicon of segments 10 and 1 
was used to find out the linearity of detection of conventional 
RT-PCR before they were used in the qPCR assay. The conventional 
PCR assay showed a linear pattern of detection in which the limit 
of detection (LOD) was found to be 100 and 1000 copies µl-1 for the 
primers targeting segments 10 and 1, respectively (Fig. 2).

qPCR parameters	

The efficiency of the SYBR Green qPCR assays targeting TiLV 
segments 10 and 1 was found to be high, and the amplification plots 

obtained for each qPCR run showed a linear relationship between 
the log10 copy number and the corresponding cycle threshold value 
(Ct value). The standard curves obtained in the runs were linear 
over 9 orders of magnitude (109-101 copies), with the reliable and 
consistent LOD of the assays targeting segments 10 and 1 found 
to be 10 and 100 copies, respectively (Fig. 3a, b). The mean PCR 
efficiencies±SD observed over 5 different qPCR runs for assays 
targeting segment 10 and 1 were 97.05%±3.35 and 101.41%±3.63, 
respectively. Further, qPCR targeting segment 10 showed high 
reproducibility within and between the assays. Amplification of single 
dilution series of plasmid DNA assayed multiple times on different 
days displayed reproducibility with inter-assay variance ranging from 
0.06 to 1.55% (Table 2). The intra-assay variation was found to be in 
the range of 0.01 to 6.05% (Table 3). The amplification specificity was 
verified by melt-curve analysis, which displayed a single melting peak 
of the targeted amplicon at approximately 80°C (Fig. 3a and b). Further, 
the no-template control showed no discernible signal indicating the 
absence of non-specific amplification.

Determination of viral load in experimentally infected 
fish using qPCR targeting segment 10	

Using the assay targeting TiLV segment 10, the mean viral load 
determined in the liver tissue at 4 dpi was 3.6x107 copies in cDNA, 
equivalent to 100 ng RNA. At 6 dpi, an increase in the viral load was 
noticed (2.1x108 copies). The viral load determined at 8 and 10 dpi was 
1.6x108 and 1.5x108 copies, respectively. In the spleen tissue, the viral 
copy number estimated was 2.1x106 at 4 dpi. At 6 dpi, an increase in 
the viral load was observed with 2.6x107 copies. However, the viral load 
declined at 8 dpi with 9.0 x 106 copies, followed by a marginal increase 
(1.0x107 copies). The mean viral load in the brain tissue estimated was 
5.3x104 copies at 4 dpi. The viral load was considerably increased at 
6 and 8 dpi (1.1x106 and 1.8x107 copies). However, the viral load was 
found to decrease at 10 dpi with 9.4x105 copies (Fig. 4).

Fig. 2. Agarose gel electrophoresis of PCR products of ten fold serially diluted plasmid DNA. (a) TiLV segment 10 targeting 276 bp amplicon and (b) Segment 1 
with 274 bp amplicon. Lane M - 100 bp DNA ladder; Lane 1-10 - Serially diluted plasmid DNA ranging from 1x109 to 1 copies µl-1

Table 2. Inter-assay variation of the SYBR Green-based RT-qPCR targeting TiLV segment 10 

Plasmid copy No. 1x 109 1x 108 1x 107 1x 106 1x 105 1x 104 1x 103 1x 102 1x 101

Assay 1 9.78 12.96 16.11 19.83 23.00 26.12 29.6 32.59 33.67
Assay 2 9.02 13.48 15.6 19.86 24.19 26.58 30.02 32.04 31.96
Assay 3 8.88 12.5 15.66 19.12 22.76 25.96 29.61 32.63 34.38
Mean 9.23 12.98 15.79 19.60 23.32 26.22 29.74 32.42 33.34
SD 0.34 0.35 0.20 0.30 0.54 0.23 0.17 0.23 0.88
SE 0.20 0.20 0.11 0.17 0.31 0.13 0.10 0.13 0.51
Variance (%) 0.23 0.24 0.08 0.18 0.59 0.10 0.06 0.11 1.55

    M           1          2           3           4           5           6            7          8           9          10         11           12   

A

B

276 bp

274 bp
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Estimation of viral load using qPCR targeting 
segment 1	

The initial viral load estimated in the liver at 4 dpi using the assay 
targeting TiLV segment 1 was found to be 3.2x106 copies. This was 
followed by a steady increase of viral load in the subsequent time 
points at 6 and 8 dpi with 1.6x107 and 2.4x107 copies, respectively 

and the viral load observed at 10 dpi was 9.6x106 copies. In the 
spleen, a comparatively lower viral load was estimated at 4 dpi with 
6.7x104 copies. At 6 dpi, an increase in the viral load was noticed 
(1.6x106). However, subsequent stages showed a decline in the viral 
load with 1.2x106 and 9.9x105 at 8 and 10 dpi, respectively. At 4 dpi 
viral load was found to be 2.3x103 copies, and this was followed by an 
increase in the viral load at 6 and 8 dpi (1.1x105 and 9.4x105 copies). 
However, the mean viral load estimated at 10 dpi was 1.0x105 copies. 

Fig. 3. A representative amplification plot, standard curve and melt curve generated using ten fold serially diluted plasmid DNA (1x109 to 1 copy number).
(a) qPCR specific to TiLV segment 1 and (b) Assay targeting segment 10
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Table 3. Intra-assay variation of the SYBR Green-based RT-qPCR  targeting TiLV segment 10

Plasmid copy No. 1x109 1x108 1x107 1x106 1x105 1x104 1x103 1x102 1x101

Plasmid  1 7.43 11.80 13.45 17.85 22.45 25.00 29.48 28.30 32.64
Plasmid 2 7.63 11.48 14.36 17.99 21.30 24.36 27.77 30.67 32.88
Plasmid 3 7.23 12.26 16.64 19.94 23.42 26.74 30.99 33.22 32.76
Mean 7.43 11.85 14.82 18.60 22.39 25.37 29.41 30.73 32.76
SD 0.20 0.39 1.64 1.17 1.06 1.23 1.61 2.46 0.12
SE 0.11 0.22 0.94 0.67 0.61 0.71 0.93 1.40 0.07
Variance (%) 0.04 0.15 2.70 1.36 1.12 1.51 2.59 6.05 0.01
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Comparative evaluation of  the qPCR assays 
targeting segment 10 and 1	

The temporal variation in the viral load in liver, spleen and brain 
tissues estimated by the qPCR assays targeting segments 10 and 
1 at 4, 6, 8 and 10 dpi is depicted in Fig. 4. The viral copy numbers 
estimated in three different tissues (liver, spleen and brain) using 
the two qPCR assays revealed that PCR targeting segment 10 
showed a higher viral copy number compared to the PCR targeting 
segment 1 at all the time points post-TiLV infection. In the second 
experimental infection trial, besides liver, spleen and brain, tissues 
such as kidney, gill, heart, intestine and mucus were examined for 
estimation of viral load using qPCR targeting segment 10. Viral 
load determined in liver, spleen and brain tissues at 4, 6, 8 and 10 
dpi showed comparable viral copies as that observed in the first 
experiment, with the mean viral load ranging from 9.3x103 in brain 
tissue at 4 dpi to 1.0x108 copies in cDNA equivalent to 100 ng RNA 

in liver at 8 dpi. Further, other tissues such as the kidney, gill, heart, 
intestine and mucus showed variable levels of viral load that ranged 
from 3.0x103 at 4 dpi in mucus to 1.6x107 copies in the heart at 6 
dpi. Among the various tissues examined, mucus showed relatively 
low abundance of the virus ranging from 3.0x103 at 4 dpi to 1.0x105 
copies at 6 dpi. However, similar to the first experiment, liver tissue 
showed the highest viral load ranging from 3.2x106 at 4 dpi to 
1.0x108 copies in cDNA equivalent to 100 ng RNA at 8 dpi (Fig. 5).

A comparison made between the viral load estimated in liver tissue 
of TiLV-infected fish (Experiment-I and II) at different dpi employing 
both the qPCR assays (segment 10 and segment 1) revealed that 
segment 10-specific qPCR assay estimated higher TiLV copy 
numbers at all the time points post-infection (Fig. 6). Specificity 
of the RT-qPCR targeting segments 10 and 1 was also tested with 
the cDNA prepared from RNA extracted from SSN cell line infected 
with Betanodavirus infecting sea bass. The qPCR did not give any 
specific amplification in these samples.

Fig. 5. Mean viral load estimated in different tissues of experimentally infected O. niloticus with tilapia lake virus (TiLV) at different days post-infection (dpi) 
employing RT-qPCR targeting genomic segment 10. Note that liver tissue showed the highest vial load at all the time points compared to other tissues and 
detectable level of viral load was observed in mucus (3.0x103 to 1.0x105)

Fig. 4. Mean viral load estimated in different tissues of O. niloticus experimentally infected (Experiment-I) with tilapia lake virus (TiLV) at different days 
post-infection (dpi) employing RT-qPCR targeting genomic (a) Segment 10 and (b) Segment 1. Note that liver tissue showed the highest vial load at all time points 
compared to the other tissues 
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Detection and determination of viral load in OnH 
cell line	

Both the single-step RT-PCR and qPCR targeting segment 10 of 
TiLV could efficiently detect the TiLV infection in OnH cell line for 
a period of 7 days following infection. For a particular sample, the 
viral copy number detected in the qPCR was comparable with the 
band intensity obtained in the conventional single-step RT-PCR (Fig. 7). 
Following adsorption at 0 dpi, the mean viral copy number was 
found to be 8.3x104 in cDNA equivalent to 100 ng RNA. The highest 
viral load, as observed in the band intensity, was detected at 7 dpi, 
which was corroborated with the highest mean viral copies (3.3x109 

in cDNA equivalent to 100 ng RNA) in qPCR (Fig. 7).

Discussion
Diagnosis of aquatic viral diseases employing cell culture, 
histopathology and serology is greatly challenged by the need for 
rapidity and sensitivity, which is crucial for disease surveillance and 
monitoring programmes. Owing to the rapid progression of TiLVD in 
farmed tilapia, with mass mortality events occurring within a short 
period, detection of the disease in the early stages is significant in 
TiLVD management. Accordingly, several variants of PCR targeting 

TiLV, including RT-PCR, nested RT-PCR, semi-nested RT-PCR, and 
RT-qPCR, have been reported (Eyngor et al., 2014; Dong et al., 2017; 
Tsofack et al., 2017; Nicholson et al., 2018; Tattiyapong et al., 
2018; Waiyamitra et al., 2018; Taengphu et al., 2020; Wang et al., 
2021; Chengula et al., 2022; Megarani et al., 2022). Among these, 
real-time PCR will help in quantifying the viral load and elucidating 
the virus progression pattern in different target tissues thereby 
facilitating the identification of the best target tissue for reliable 
diagnosis. Therefore, we have developed and standardised two 
SYBR Green-based qPCR assays targeting TiLV segments 10 and 1 
in the present study. These assays were validated using RNA from 
different tissues collected from O. niloticus experimentally infected 
with TiLV at different time points post-infection.

Based on the conventional RT-PCR results, real-time PCR assays 
targeting segments 10 and 1 of TiLV were designed in the present 
study. The newly designed qPCR targeting TiLV segment 10 
showed a consensus of sequence across 20 isolates of TiLV. It 
has been reported by Megarani et al. (2022) that a high number of 
mismatches occur in the probe and/or primer sequences employed 
in PCR assays previously reported by Eyngor et al. (2014), Tsofack et al. 
(2017), Tattiyapong et al. (2018) and Waiyamitra et al. (2018). 
Further, though consensus sequences of all the TiLV isolates have 
been used in the development of the qPCR assay targeting segment 

Fig. 6. Comparative mean viral load (TiLV) estimated in liver tissue of experimentally infected O. niloticus employing RT-qPCR targeting genomic segment 10 
and 1. Note the higher viral copy number estimated at all the time points by RT-qPCR targeting segment 10 compared to segment 1-specific assay

Fig. 7. Comparative detection of TiLV in OnH cell line at different time intervals using single step RT-PCR and RT-qPCR segment 10 of TiLV. Lane M: 100 bp-plus 
DNA ladder; Lane 1-3: 0 dpi; Lane 4-6: 1 dpi; Lane 7-9: 3 dpi; Lane: 10-12: 7 dpi; Lane N: Negative control and Lane P: Positive control
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at all the time points post-infection. The virus load quantified at 4, 
6, 8 and 10 dpi showed an increasing trend starting from 4 to 8 dpi 
followed by a decline at 10 dpi. A similar trend was also observed 
with the Thailand isolate of TiLV by Pierezan et al. (2019) in the liver, 
spleen, gills, and intestine of experimentally infected tilapia via the 
intragastric route. A previous study using intraperitoneal injection of 
TiLV into zebrafish demonstrated a peak viral load in the brain tissue 
at 6 dpi (Rakus et al., 2020). A similar result was also demonstrated 
in red and gray tilapia, with peak abundance in the brain followed 
by head kidney and liver (Mugimba et al., 2018). However, a later 
experimental study conducted in tilapia and angel fish using 
intraperitoneal injection of an Indian isolate of TiLV showed the 
highest viral load in the liver of tilapia at 4 and 8 dpi, though initial 
viral load (1 dpi) was found to be high in the spleen (Paria et al., 
2023). Similarly, in angelfish, the highest viral abundance was 
observed in the liver at 4 and 8 dpi.  Interestingly, the study showed 
significant viral load in the brain, more than the spleen at later stages 
of infection (Paria et al., 2023). Nevertheless, in the present study, 
which used an Indian isolate employing the same route of injection, 
the viral load in the liver was found to be higher at all the time points 
compared to spleen and brain. Unlike the previous reports, viral load 
in the brain was lower than spleen and liver at all time points. This 
variation might be attributed to using different segment specific 
diagnostic assays used in the previous reports. Towards the late 
stages of infection, a decreasing trend in viral load was observed 
in all the tissues; however, the viral load at 10 dpi was still found to 
be ~4 times higher than the initial viral load (at 4 dpi) in liver tissue. 
A similar trend was observed in the spleen and brain tissues, with the 
final viral load being ~24 and ~18 times higher than the initial viral 
load. This correlates with the increase in viral load with progressive 
stages of infection with TiLV. The liver tissue exhibited the peak viral 
load at all-time points post-infection in the present study, and this 
finding highlights the liver tissue as the primary target organ of TiLV. 
A recent study also has shown that the liver is the main target tissue 
of the virus (He et al., 2023). Further, the early abundance of viral 
load in the visceral organs (liver and spleen) followed by the brain 
inferred the systemic route of virus progression and favourably 
supports the potential trajectory of virus progression as proposed 
by previous studies (Liamnimitr et al., 2018; Pierezan et al., 2019). 
Further, the present study showed a detectable level of TiLV in the 
mucus with 1.0 x105 to 3.0 x 103 copies in cDNA equivalent to 100 
ng RNA, similar to the report which estimated the viral load in the 
mucus of TiLV-infected field samples, which ranged from 3.8 x 106 

to 1.5 x 101 copies per μg of total RNA (Liamnimitr et al., 2018). 
Although the viral copies determined in mucus in both studies are 
significantly lower than that estimated in the liver, mucus tissue can 
be used to detect TiLV without sacrificing the fish.

In conclusion, we have standardised two SYBR Green-based 
quantitative real-time PCR (qPCR) assays targeting TiLV segments 
10 and 1 and applied these assays to determine the tissue tropism 
in terms of temporal variation in the viral load of the Indian isolate 
of TiLV. Two experimental infection trials revealed a range of target 
tissues of TiLV replication. As reported earlier (He et al., 2023), 
tissues such as the liver, spleen, and brain displayed a similar trend 
of virus progression, though they showed certain variations in the 
viral load at different time points post-infection. However, a high 
abundance of the virus was evident in liver tissue at all the time 
points post-infection, and this highlights the liver as the main target 
tissue of the virus, which can be used in the reliable detection of 

10 by Megarani et al. (2022), the present assay has comparatively 
higher primer sequence consensus in which the majority of the 
isolates (19/20 for forward primers and 17/20 for reverse primers) 
showed no mismatches in the sequences.

The amplification efficiency of the standardised qPCR assays 
was high with 97.05 and 101.41% for the assays targeting TiLV 
segments 10 and 1, respectively. Intra-assay variation (0.01-6.05%) 
and inter-assay variation (0.06-1.55%) determined for assay specific 
to segment 10 were found to be negligible and comparatively better 
than the previous reports (Tattiyapong et al., 2018; Waiyamitra et 
al., 2018; Wang et al., 2021; Chengula et al., 2022). Although both 
the qPCR assays showed the potential to detect a single copy of 
the virus, assays targeting segments 10 and 1 showed reliable and 
consistent detection down to 10 and 100 copies µl-1, respectively. 
Interestingly, the previously reported qPCR (TaqMan assay) 
targeting segment 10 showed similar efficiency (96.71%) and limit 
of detection (10 RNA viral copies per reaction) as that of the present 
qPCR assay specific to segment 10. However, it is important to note 
that the present assay has the advantage that it is a SYBR Green 
assay. This also shows that, as reported earlier, the performance 
and quality of SYBR Green assay could be comparable to TaqMan 
method (Tajadini et al., 2014; Yadav et al., 2015). 

Available diagnostic techniques identified tissues such as the 
liver, spleen, brain, kidney, eyes, mucus, gut, gill, connective tissue, 
heart and gonad as the target sites of TiLV replication, with certain 
variations among different geographical isolates. However, most of 
the previous studies related to TiLV isolates from Israel, Ecuador, 
Thailand, Tanzania, India and China reported liver, brain and spleen 
as the major tissues for the detection of the virus (Eyngor et al., 
2014; Ferguson et al., 2014; Del-Pozo et al., 2017; Behera et al., 
2018; Liamnimitr et al., 2018; Mugimba et al., 2018; Yamkasem et al., 
2019). Based on this, in Experiment I, the  study focused on these 
three tissues to understand the temporal pattern of distribution 
using qPCR targeting segment 10 and segment 1. In the experiment II, 
besides the liver, spleen and brain, tissues such as the kidney, gill, 
heart, intestine and mucus were examined to estimate viral load. 
Besides comparing the difference in the temporal progression of 
viral load in different tissues between two experimental trials, the 
study helped to determine the viral load in other tissues so that the 
most suitable target tissue for the reliable detection of the virus 
could be identified. Further, the study also intended to identify a 
target tissue like mucus which can be used in the detection of TiLV 
without sacrificing the fish. 

Previous studies have reported a characteristic abundance of TiLV 
viral load in the visceral tissues irrespective of the injection route, 
which is substantiated by the present study (Mugimba et al., 2018; 
Pierezan et al., 2019; Yamkasem et al., 2019; Paria et al., 2023). 
With respect to the abundance of TiLV load in susceptible tissues at 
different time points post-infection, Pierezan et al. (2020) recorded 
the highest abundance in the spleen at 5 dpi, while the liver, gill, and 
intestine showed the peak abundance only at 7 dpi. On the other 
hand, with the progression of infection, Paria et al. (2023) noticed 
peak viral load in different tissues at different time points i.e., 4 dpi 
in liver (7.9×108), 8 dpi in the spleen (4.5×107) and 12 dpi in the brain 
(1.3×108). Although a similar trend of viral abundance in visceral 
organs has been observed, the present study observed the highest 
abundance in the liver tissue, followed by spleen and brain tissues 
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the virus using PCR. Further, though mucus tissue showed relatively 
low viral load, the tissue can be employed for non-lethal method of 
diagnosis of the disease.

Though the present study did not verify the specificity of the PCR 
assays using different geographical isolates, as has been verified 
for the TaqMan qPCR assay targeting segment 10 by Megarani et al. 
(2022), due to the lack of access to the samples, the study employed 
a wide range of samples generated through experimental infection 
using an Indian isolate of TiLV. Further, qPCR assay specific to 
segment 10 of TiLV has been validated by estimating the viral load 
in OnH cell line, which showed discernible cytopathic effect (CPE) 
after inoculating it with TiLV at different time points. Moreover, 
the assays were specific to TiLV when tested with another fish 
RNA virus i.e., Nervous necrosis virus (Betanodavirus). Therefore, 
based on the comparative evaluation of the qPCR assays using a 
range of samples, the assay targeting genomic segment 10 can be 
recommended as a  reliable tool for TiLV detection and surveillance, 
as well as  for research applications.
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