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threatened by mass die-offs in farmed fish in Israel and Ecuador by a
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Tilapia Lake Virus (TiLV), Subsequently, the disease was reported in tilapia culture regions

Aquaculture, worldwide that pose a threat to the global tilapia industry, which not

Tilapia Lake Virus, only provides inexpensive dietary protein but also is a major employer in

Disease (TiLVD) the developing world. Epidemiological surveys indicated that 37% of
Egyptian fish farms were affected in 2015 with an average mortality rate
of 9.2% and a potential economic impact of around US$ 100 million.
Although two published papers claimed that TiLV is present in Egypt, it
is worth mentioning that such results have not been confirmed yet. The
issue is of interest because tilapia is a popular fish representing many
Egyptian exports.

INTRODUCTION

Tilapines, comprising more than 100 species, are the second most import group of
farmed fish worldwide after carp. Worldwide trade of tilapia has huge economic impact
as an industry that brings in approximately 4.5 million metric tons of product and $7.5
billion annually (FAO, 2014). This industry is a major employer in China, Egypt,
Thailand, Philippines, Indonesia, Laos, Costa Rica, Colombia, Ecuador and Honduras.
The United States as the lead importer (Bacharach et al., 2016). According to FAO
(2017) global production of tilapia is estimated at 6.4 million metric tons (MMT), with
the top three producers in 2015 being the People’s Republic of China (1.78 MMT),
Indonesia (1.12 MMT) and Egypt (0.88 MMT). Bangladesh, Vietnam and the Philippines
are other leading producers. Also, Tilapia are very important for ecological systems
(Eyngor et al., 2014) as they are beneficial in algae and mosquito control, habitat
maintenance for shrimp farming and an important wild capture species (Bacharach, et
al., 2016). Thus, the spread of TiLV has global impact in both economic losses to farmers
and fishers, cause significant mortality up to 90% (Dong et al., 2017) and ecological
settings. Tilapia lake virus (TiLV), an emerging disease of tilapia, was first reported in
Israel in 2011 (Eyngor et al., 2014). Subsequently, the disease was reported in tilapia
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culture regions worldwide, including Asia, Africa, South America (OIE, 2018) and most
recently in the USA in 2019 (Ahasan et al., 2020).

The disease associated with TiLV infection is currently known under two different
names, syncytical hepatitis of tilapia (SHT) as first referred to by Ferguson et al. (2014)
and tilapia lake virus disease (TiLVD) as in the OIE technical disease card (OIE, 2017).
Duration of survival outside the host has not been determined; however horizontal,
waterborne spread has been demonstrated under experimental conditions (Eyngor et al.,
2014).

This review summarizes the information currently available on TiLV. This included
the aetiological agent, host factors, disease patterns and risk factors, pathology and
diagnostic tests, and socio economic impact.

1. Classification of TiLV

Tilapia lake virus (TiLV) or Tilapia tilapinevirus, is a negative-sense, single-
stranded RNA virus (Eyngor et al., 2014). It belongs to Group V of the Baltimore
Classification System of viruses. It is the only species in the monotypic genus
Tilapinevirus, which in turn is the only genus in the family Amnoonviridae. Pulido et al.
(2019) proposed two genetic clades of TiLV (Israeli and Thai clades) based on multilocus
sequence phylogenetic analysis (MLSA) of 8305 nucleotides of 5 TiLV genomes.

2. Discovery and geographical distribution

A novel RNA virus was first discovered and identified in 2014 and termed tilapia
lake virus (TiLV) when Kinneret Lake experienced a major noticeable decline in tilapia
catch quantities (Eyngor et al., 2014).

Subsequently, scientific publications have reported identification of TiLV from
samples collected in Ecuador (Ferguson et al., 2014 and Bacharach et al., 2016), Egypt
(Fathi et al., 2017 and Nicholson et al., 2017), Colombia (Tsofack et al., 2017),
Thailand (Dong et al., 2017 and Surachetpong et al., 2017), India (Behera et al., 2018),
Indonesia (Koesharyani et al., 2018), and Malaysia (Amal et al., 2018). Currently TiLV
has been reported in 16 countries (Fig. 1). This number is continuing to rise due to
improved diagnostic assays and surveillance activities around the world (Surachetpong
et al., 2020). A partial genome from Thailand showed relatively high variation (around
97% nucleotide identities) to strains from Israel (Dong et al., 2017). Reports of mortality
in tilapia in Ghana and Zambia in 2016 have not been attributed to TiLV but the available
information did not indicate that the presence of the virus has been investigated. Thus, a
lack of thorough investigation of all mortality incidents means that the geographic
distribution of TiLV may be wider than currently.
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Fig. 1. Geographical distribution of TiLV-infected countries. Sixteen countries across four different
continents are affected by the virus. Red color shows TiLV-infected countries (After Surachetpong
et al., 2020)

In Egypt, tissue samples from 7 farms affected by ‘summer mortality’ were tested.
Sequence analysis yielded a TiLV sequence with 93% homology to the published TiLV
sequence described from Israel (Fathi et al., 2017 and Nicholson et al., 2017).

3. Shape, size and structure

Electron microscopy has revealed tilapia lake virus to be an enveloped icosahedral
particle (Eyngor et al., 2014) that is 55-100 nm in diameter (Jansen et al.,2019) (Figs.
2&3).TiLV is described to be an orthomyxo-like virus it may share similar structural
features, like surface glycoproteins and a helical nucleocapsid (Bacharach et al., 2016).

Fig. 2.Transmission electron micrograph of a TiLV particle shows envelope virion at the size of 80 nm

(After Surachetpong et al., 2020)
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Fig.3.Transmission electron micrographs of TiLV-infected fish liver tissue showing cytoplasmic viral
particles (white arrows) at low (a) and high (b) magnification. The electron micrograph in (b) is a
magnification of the box outlined in black in (a), and the same 3 example virions (80-90 nm
diameter) are indicated with white arrows in both electron micrographs (Images by H.T. Dong).

The RNA strand includes ten viral genomic segments with open reading frames
(ORF) which encode for ten proteins (Surachetpong et al., 2017). The genome's total
size is 10.323kb and each of the ten segments range in size from 465 to 1,641 nucleotides
(Bacharach et al., 2016). The first segment is the largest and has minimal homology with
the influenza C virus PB1 subunit. The remaining nine segments show no homology with
other known viruses, though their genome organization is consistent with that of other
orthomyxoviruses (Eyngor et al., 2014). Comparative genome analysis of TiLV from
various global populations of tilapia has indicated that the genome segments have
geographically influenced genetic variation (Dong et al., 2017). Thirteen nucleotides that
are present in all segments are also included in the TiLV 5" and 3' noncoding termini,
which give TiLV resemblance to two other orthomyxoviruses: Isavirus and Thogoto
(Bacharach et al., 2016).

4. Transmission

4.1. Reservoir

Both wild and farmed infected fish populations are the only established reservoirs
of infection. The original source of TiLV is not known.

4.2. Modes of transmission

The virus has been found in fresh and preserved tilapia and found to be transmitted
through direct horizontal transmission by cohabitation or transfer of live aquatic animals
(Tsofack et al., 2017) (Fig.4). It was suggested that the eye, brain and liver are likely to
contain highest concentrations of TiLV and thus solid and liquid waste are likely to be
contaminated (OIE, 2018).
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TiLV enters fish through oral or direct gills exposure and distributes systemically to
other internal organs (spleen, liver, kidney and gonads). The virus spreads horizontally
and vertically via infected mucus or faeces, and fertilized eggs to other naive fish
(Surachetpong et al., 2020). Faeces of Tilapia were suggested as a possible source of
horizontal transmission and non-lethal mode of sampling for TiLV detection (Pierezan et
al., 2019).
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Fig. 4. Mechanism of TiLV pathogenesis spread and virus
5. Risk factors

Disease has been associated with transfer between farms and thus may be
associated with stress (Ferguson et al., 2014 and Dong et al., 2017). Other risk factors
(temperature, salinity, etc.) have not been identified as potential risk factors.

6. Control

Till now there is no evidence that there are practices to limit viral spread in an infected
farm (OIE, 2018). However, restriction of the movement of live tilapines between farms
or fisheries is thought to limit the spread of the viral disease to new species, as well as
generic biosecurity measures to minimise spread via clean practices and sanitizing
equipment in these areas should also be implemented. Due to their lipid membrane, viral
particles have been found to be sensitive to organic solvents (ether and chloroform)
(Eyngor et al., 2014).

7. Host range
7.1. Susceptible and resistant species

Mortalities attributed to TiLV have been observed in wild tilapia Sarotherodon
(Tilapia) galilaeus, farmed Tilapia Oreochromis niloticus and commercial hybrid Tilapia
(O. niloticus X O. aureus) (Ferguson et al., 2014; Eyngor et al., 2014 and Bacharach et
al., 2016). To date only tilapines have been shown to be susceptible. It is possible that
other species will be found to be susceptible.
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A study of Jaemvimol et al. (2019) revealed the possibility of disease induction in
giant gourami (Osphronemus goramy, while failed to induce disease in snakeskin
gourami (Trichogaster pectoralis), iridescent shark (Pangasianodon hypophtthalmus),
walking catfish (Clarias macrocephalus), striped snake head fish (Channa striata),
climbing perch (Anabas testudineus), and common carp (Cyprinus carpio) by injection of
TiLV.

Co-cultivated grey mullet (Mugil cephalus) and carp (Cyprinus carpio) have not
shown mortality during disease outbreaks in Israel (Eyngor et al., 2014). Similarly,
cocultivated grey mullet and thin-lipped mullet (Liza ramada) were found to be
unaffected during Egyptian outbreaks (Fathi et al., 2017) and cocultivated Indian Major
Carps; rohu (Labeo rohita), catla (Catla Catla), mrigal (Cirrhinus mrigala)), milk fish
(Chanos chanos) and pearl spot (Etroplus suratensis) were unaffected in India (Behera et
al., 2018). However, TiLV has also been detected in other fish species without clinical
signs, such as wild river carp (Barbonymus schwanenfeldii) (Abdullah et al., 2018) and
giant gourami (Osphronemus goramy) (Chiamkunakorn et al., 2019).

There is some evidence that certain genetic strains of tilapia are resistant. One strain
of tilapia (genetically male tilapia) incurred a significantly lower level of mortality (10-
20%) compared with other strains (Ferguson et al., 2014).

Waiyamitra et al. (2021) investigated the susceptibility of Mozambique tilapia (O.
mossambicus) to TiLV infection by comparing TiLV infection in red hybrid and
Mozambique tilapia, as well as comparing the infectivity and biology of the infection in
Mozambique tilapia after exposure to both low and high concentrations of TiLV.
Regardless of the challenge dose, TiLV can cause clinical signs and mortality in
Mozambique tilapia, though to different degrees of virus replication and severity.

7.2. Affected life stage

Fingerlings were mainly affected during the outbreak reported by Ferguson et al.
(2014) and Dong et al. (2017). The latter reported approximately 90% mortality in red
tilapia fingerlings within one months of stocking into cages. Mortality just over 9% in
medium to large sized Nile perch was notes by Fathi et al. (2017). Other reports have not
commented on different levels of mortality by life stage (Eyngor et al., 2014).

8. Clinical sings

8.1. Host tissues and infected organs

The eyes, brain and liver are the main organs where pathology is observed (Eyngor
etal., 2014).

8.2. Gross observations and macroscopic lesions

Gross lesions included ocular alterations, including opacity of the lens and in
advanced cases ruptured lens. Other lesions included skin erosions, haemorrhages in the
leptomeninges and congestion of the spleen (Eyngor et al., 2014).

8.2. Microscopic lesions and tissue abnormality

Histologic lesions have been observed in the brain, eye and liver (Eyngor et al.,
2014). Lesions in the brain included oedema, focal haemorrhages in the leptomeninges,
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and capillary congestion in both the white and grey matter and neural degeneration. Foci
of gliosis and occasional perivascular cuffs of lymphocytes have been detected. Ocular
lesions included ruptured lenticular capsule and cataractous changes. Foci of
hepatocellular swelling were observed. The spleen was hyperplastic, with proliferating
lymphocytes. Melano-macrophage centers (MMCs) were increased in size and number in
both the liver and the spleen. The presence of an orthomyxo-like virus within diseased
hepatocytes was confirmed by Transmission electron microscopy and thus confirmed
earlier reports of syncytial hepatitis (Del-Pozo et al., 2016).

9. Diagnostic methods

9.1. Definition of suspicion

High levels of mortality in tilapine species, along with ocular alterations (opacity of
the lens or more severe pathology), should be considered suspicious of TiLV. On post-
mortem skin erosions, haemorrhages in the leptomeninges and moderate congestion of
the spleen and kidney may be observed.

9.2. Presumptive test methods

According to Eyngor et al. (2014) TiLV can be cultured in primary tilapia brain
cells or in an E-11 cell line, inducing a cytopathic effect at 5-10 days. The optimal
conditions for culturing TiLV were described by Tsofack et al. (2017).

9.3. Confirmatory test methods

A not fully validated test was carried out by (Eyngor et al., 2014) where a PCR
primer set has been designed and a reverse transcriptase (RT) PCR has been developed.
Tsofack et al. (2017) has published a more highly sensitive, nested RT-PCR and is
suitable for the detection of TiLV in clinical cases. Recently a semi-nest RT-PCR with
improved detection sensitivity (7.5 viral copies per reaction) over the nested RT-PCR,
has been published (Dong et al., 2017).

The presently available one step reverse transcription (RT)-PCR assay (Eyngor et
al., 2014), although highly specific, is of limited sensitivity when applied to clinical
samples. Accordingly, Tsofack et al. (2017) described a highly sensitive, nested RT-PCR
and semi-nested RT-PCR (Dong et al., 2017) assay for TiLV detection from clinical
specimens. However, validation of these three methods is suggested (OIE, 2018).

Piamsomboon & Wongtavatchai (2021) compared the TiLV detection using these
three RT-PCR methods in fish species from the water source where TiLV has been
detected. They revealed that Semi-nested RT-PCR detected 9 positives, while the nested
and one-step RT-PCR produced 7 and 4 positives, respectively.

Recently, Taengphu et al. (2020) recommend the use of their newly established
segment 1 PCR method as an alternative tool for TiLV diagnosis and in active
surveillance programs in the laboratories where quantitative PCR is not accessible.
Compared the TiLV detection using these three RT-PCR methods in fish species from the
water source where TiLV has been detected.

As recommended by the World Organization for Animal Health (OIE), the
confirmatory test methods for TiLV detection are RT-PCR (Eyngor et al., 2014), nested
RT-PCR (Tsofack et al., 2017). In addition, the TiLV detection was extended to farmed
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barramundi locating in close proximity to the TiLV-PCR positive wild fish. Several
studies have described specific and sensitive PCR based diagnostic of TiLV disease
(Table 1).

Table 1. Diagnosis methods of TiLV

Diagnosis method References

PCR Mugimba et al., 2018

Dong et al., 2017; Fathi et al., 2017,

RT- PCR Nicholson et al., 2017; Surachetpong
et al., 2017; Tsofack et al., 2017;
Amal et al., 2018

Nested RT- PCR Tsofack et al., 2017

Semi-nested PCR Koesharyani et al. (2018)

SYBR green-based RT-gPCR Tattiyapong, et al.,2017

TagMan probe-based RT-gPCR | Waiyamitra et al. 2018

LAMP - RT Phusantisampan, 2019

. Eyngor et al., 2014;Tsofack et al.,
Cell line (E-11) 2017; Soni et al., 2018
Cell culture Mugimba et al., 2018

Jansen et al., 2019;Hu et al., 2020;

ELISA Tattiyapong et al., 2020
. Hu et al., 2020; Tattiyapong et al.,
IELISA 2020
ISH Dong et al. 2017
UHTS Bacharach et al. 2016
Nanopore sequencing Delamare-Deboutteville et al., 2021

ELISA enzyme-linked immune sorbent assay, iELISA Indirect enzyme-linked immunosorbent
assay, RT-PCR- Reverse Transcriptase polymerase chain reaction, TEM- Transmission electron
microscopy, UHTS - Unbiased high-throughput sequencing, MS- Mass spectrometry, ISH- in situ
hybridization, RT-gPCR- Reverse Transcriptase quantitative polymerase chain reaction RT-LAMP-
Reverse transcription loop-mediated isothermal amplification.
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10. Control methods

Currently, no published methods have been shown to be effective in limiting the
impact of an outbreak on an infected farm. It has been suggested that breeding for
resistance or the development of a vaccine may offer the long term prospects for
managing the disease (Ferguson et al., 2014). A breeding program would need to select
and test a range of different strains of tilapia with a view to finding those least
susceptible.

10.1. Treatment

- Using approved chemicals to prevent fish infected with TiLV from secondary
bacterial and parasitic infections.

- Using common disinfectants against Tilapia Lake Virus (TiLV) (Table, 2).

- Using of immune-modulators and immune-stimulators to enhance the immune system
of the fish.

10.2. Vaccination

As TiLV is affecting fingerlings (fish in the 10, 20, 30 gram range ) some of these
fish are too small for injection or are labour intensive for injection, so the commercial
solution will need to be an immersion vaccine, or an oral vaccine.

Table 2. Common disinfectants against Tilapia Lake Virus (TiLV), After Aich et al. (2021)

Effective Duration of
.. Dose .
Disinfectant (bpm) temperature exposure Effect on Virus Reference
PP (°C) (min)

Virkon® 5000 28 1 Virus inactivation

H,0, 300 28 10 Veridical effect

lodine 2.5 28 10 Veridical effect | Jaemwimol et al., 2019
Formaline 80 28 60 Veridical effect

NaOCI 10 28 10 Veridical effect

PVD 50a - 30 Veridical effect | Soto et al., 2019
Chlorine 20 - 30 Veridical effect | Sotoetal., 2019

2 Free iodine concentration
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CONCLUSION

- TiLVD can be considered as a transboundary fish disease (TFD).
- Development of effective vaccine against this virus is a must.

- Extensive work may be directed in the line of developing SPF tilapia's or selectively
bred resistant tilapia.

- TiLV segment 1 is a promising gene candidate for studying the genetic diversity of this
virus

-The currently available information on TiLV highlight the importance of international
collaboration for knowledge generation regarding the virus itself and its implications.
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