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• Describe diagnostic methods for 

detecting infection with TiLV

• Clinical signs and gross pathology

• Molecular diagnostic methods
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Learning objectives



• Electron microscopy
• Light microscopy
• Immunofluorescence
• Molecular techniques

General overview of diagnostic 
methods in virology

Direct methods

• Cell culture
• Embryonated egg
• Laboratory animals

Indirect methods

Serology

Classical techniques
• Complement fixation test
• Haemagglutination inhibition test
• Neutralization test

Advanced techniques
• Immunoassay (ELISA etc.)
• Western blot
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How do we know if TiLV exists in a farm?

• High mortality 20-90% 

• Skin redness, erosion

• Swimming at water surface

• Red tilapia (pale body)

• Exophthalmos, 
scale protrusion

WIN SURACHETPONG8/26/2017
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• High mortality rates often found within one 

month of transferring tilapia into rearing sites

Tilapia One Month Mortality 
Syndrome (TOMMS)
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• Transportation?

• Acclimatization to new environments?

• Pathogens at rearing site?



• Nursery culture in the 
river 

• Survived from 
massive die offs

• Healthy in growout
period

Immunized tilapia fingerings
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Tilapia Lake Virus: TiLV

IP

Cohabitat
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Ascites
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Sample collection for diagnostic procedures
Organs be used for diagnosis
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Mucus

Liver
Spleen

Head 
kidneyBrain
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• Electron microscopy
• Light microscopy
• Immunofluorescence
• Molecular techniques

General overview of diagnostic 
methods in virology

Direct methods

• Cell culture
• Embryonated egg
• Laboratory animal

Indirect methods

Serology

Classical techniques
• Complement fixation test
• Haemagglutination inhibition test
• Neutralization test

Advanced techniques
• Immunoassay (ELISA etc.)
• Western blot
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Direct Examination

1. Electron microscopy

2. Light microscopy

3. Immunofluorescence

4. Molecular techniques

12FAO/China Intensive Course on TiLV 18-24 June 2018 Guangzhou China



• Examination of virus 
preparations in which their 
morphological identity is 
unknown

1. Transmission electron microscopy
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• A beam of electrons is 
transmitted through an ultra 
thin specimen → An image is 
formed, magnified, and 
focused in an imaging device



SHV morphology
Transmission electron microscopy
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Liver from moribund tilapia 
showing multinucleated 

hepatocyte

Electron micrograph of hepatocyte from 
moribund tilapia showing typical 

appearance of virus-like particle within
cytoplasm (arrow)

Ferguson et al., 2014 J Fish Dis.



TiLV morphology
Transmission electron microscopy
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TiLV morphology
Transmission electron microscopy
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A Ultrastructure of liver 
from diseased tilapia 
showing multinuclear 
hepatocytes 

B numerous swollen 
mitochondria within 
cytoplasm 

C  Infected cell
contained typical viral 
particles in cytoplasm 

D Intracytoplasmic virions
observed showing round-
shaped particles with 
diameter around 100 nm 

TiLV morphology
Transmission electron microscopy

Dong et al 2017



2. Light microscopy 

In situ hybridization

• Viral detection 
• Microscopic pathological 

examination
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Liver sections 
Cy3-conjugated (red) 
Stellaris probes to segment 
3 to detect mRNA
Nuclei are stained with 
DAPI (blue). 

TiLV-infected E-11 cells
Quasar 670-conjugated (red) 
Stellaris probe to segment 3 
to detect TiLV mRNA. 
Nuclei are stained with DAPI 
(blue). 

Images of confocal sections 
of cells in panel E were 
reconstituted into a 3D 
image.

In situ hybridization with 
fluorescence probes
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3. Immunofluorescence 
Immunohistochemistry staining 
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Concept: detection of antigen 
Material: frozen tissue, cells 

(smear) or cultured cells
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IHC staining of 
influenza A virus in 
mouse lung tissue

Brown staining 

indicates positive 
staining in cell's 

cytoplasm and/or 
nucleus.

Kash et al., 2013 
Free Radic Biol Med.
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4. Molecular techniques

• Reverse transcription polymerase chain 

reaction (RT-PCR)

• Quantitative reverse transcription 

polymerase chain reaction (RT-qPCR)

• Insulated isothermal PCR (iiPCR)
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Reverse transcription 
polymerase chain reaction (RT-PCR)

TiLV = negative sense RNA genome

Gel electrophoresis

Thermo
cycler
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• Several PCR methods have been described for the 

detection of TiLV including 

• RT-PCR, RT-qPCR, in situ hybridization

• Recently, a SYBR green-based RT-qPCR method 

targeting the same segment was developed with a 

reported sensitivity of 2 copies

Reverse transcription 
polymerase chain reaction (RT-PCR)
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RT-PCR method based on the design of 
segment 3 of TiLV

RT-PCR method based on the design of 
segment 3 of TiLV



RT-PCR method based on the design of 
segment 3 of TiLV

Sensitivity of PCR, nested PCR (491 bp
plasmid)



Semi-nested RT-PCR for  TiLV detection of clinical sick fish 
samples

Three nested RT-PCR 
reactions run at an 
annealing 
temperature 56 °C 
non-specifically 
amplified fish mRNA

The detection sensitivity assay from 3 replicates using  newly 
modified semi-nested RTPCR. 

#Marks band probably derived from cross hybridizations of 
the amplified products. M, DNA marker

Serial dilutions of positive control plasmid (pGEM-415_bp) 
are indicated. Expected band sizes of 415 bp and 250 bp
represent amplicons from the first and seminested. 

Expected band sizes of 415 bp and 250 bp represent 
amplicons from the first and seminested
PCR

Dong et al 2017



Quantitative reverse transcription 
polymerase chain reaction (RT-qPCR)
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Amplification curve of serial 
ten-fold diltuion

Melt curve and gel electrophoresis



Validation of qPCR assay with field 
collected samples
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FIGURE 1 Standard curve of SYBR green-based RT-qPCR amplification of plasmid pTiLV
containing segment three of TiLV and infected tissue. (a) Standard curve was plotted between 
mean Ct values obtained from each dilution of standard plasmid pTiLV against calculated log 
copy number (slope = -3.4312, R2 = 0.9994). (b) Standard curve of cDNA prepared from TiLV-

infected fish tissue showed slopes = -3.1482, R2 = 0.994
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Tattiyaponget al., 2018 J. Fish Dis.

Standard curve of SYBR green-based RT-qPCR



Sample No.

Viral loads (copies µg-1 of total RNA)

Gills Liver Brain Heart Anterior kidney Spleen

1 2.2×105 1.7×105 3.4×105 6.3×105 1.6×105 2.3×104

2 3.1×105 6.3×103 1.3×106 3.9×105 3.1×105 2.8×104

Table 3 Analysis of viral loads in different tissues 
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Detection method
Template dilution

10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8

RT-qPCR + + + + + + + -

Conventional RT-PCR + + + + + - - -

Virus isolation in cell culture + + + - - - - -

Table 4 Comparison of RT-qPCR, conventional RT-PCR and virus isolation in cell culture
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Detection of TiLV in clinical samples 
using RT-qPCR method

Tattiyaponget al., 2018 J. Fish Dis.
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• A commercial pond-site TiLV RT-PCR detection 

assay based on insulated isothermal PCR (iiPCR) is 

available

• POCKIT™ Micro (GeneBeach Biotechnology Corp.)

• Assay can be completed in 45 min.

• Rapid, inexpensive, sensitive, easy to maintain

On farm diagnostic PCR for TiLV detection
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POCKIT™ Micro (GeneBeach Biotechnology Corp.)

Insulated isothermal PCR (iiPCR)

Commercial pond-site 
TiLV RT-PCR detection

FAO/China Intensive Course on TiLV 18-24 June 2018 Guangzhou China
www.genereach.com

The TiLV RT-PCR has a limit of detection 

LoD95% of 12 genome



Indirect Examination

1. Cell Culture methods

2. Embryonated eggs

3. Laboratory animals
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1. Cell culture methods

• Since the discovery by Enders 
(1949) that polioviruses could be 
cultured in cells, cell culture has 
become a very useful and 
convenient method for isolating 
viruses in vitro

• Gold standard for virus isolation 
and identification
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• Mainly propagate viruses in monolayer cell cultures 

– Main advantage is the ease of monitoring of infected 
cultures microscopically

Cell culture methods

Monolayer or adherent cell culture Suspension cell culture 
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Clinical specimens
- Organ and tissue
- Mucus

Virion isolation and 
cultivation in cell 
culture

Observe CPE 
in viral replicated 
cells

TiLV viral isolation
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42

Morphological changes 
occurring in viral infection

1. Rounding
2. Detachment
3. Syncytia or fusion
4. Shrinkage
5. Increased refractivity
6. Aggregation
7. Loss of adherence
8. Cell lysis or death 

Cytopathic effects 
(CPE)
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• The process of cultivation depends on the type of egg 
being used

• Eggs provide a suitable means for
- Primary isolation and of viruses
- Maintenance of stock cultures
- Production of vaccines

2. Embryonated eggs

• First used by Goodpasture and Burnet in 1931 for the 
cultivation of virus
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3. Laboratory animals

• Play an essential role in the studies of viral pathogenesis
• Routes of viral inoculation

• Intracerebral
• Subcutaneous
• Intraperitoneal
• Intranasal

• After inoculation, the animal is:
• Observed for signs of disease or visible lesions
• Euthanized so that infected tissues can be examined
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Serology

Classical techniques
• Complement fixation test
• Haemagglutination

inhibition test
• Neutralization test

Advanced techniques
• Immunoassay (ELISA etc.)
• Western blot
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• Neutralization test

• Detects the presence of viral 

neutralizing antibodies

• Complete blockage of viral activity →

No cell infection (no CPE)

Classical techniques
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• Neutralizing antibodies were steadily detected in 

infected carp subjected to restrictive or permissive 

temperature variations over more than 25 months 

post‐infection. The results suggest that this non‐lethal 

diagnostic test could be used in the future to improve 

the epidemiological surveillance and control of CyHV‐3 

disease.
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Classical techniques
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• The test was not very sensitive

• Fish has predominant IgM subtype in 

serum (low specificity)

• Absence of affinity maturation in B-

lymphocytes

Neutralization test (limitation)
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• Immunoassay (ELISA)

• Uses antibodies and color change to 

identify a substance (antigen)

• Adsorb certain components onto an 

immobilized solid phase

• Color development by the product of 

an enzymatic reaction

ELISA
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Plate is 
coated 
with a 

capture 
antibody

Sample is 
added, 
and any 
antigen 
present 
binds to 
capture 

antibody

Enzyme-
linked 

detecting 
antibody is 

added, 
and binds 
to antigen

Substrate is 
added, and 

is converted 
by enzyme 

to 
detectable 

form

Sandwich ELISA
*A detecting antibody and an enzyme-linked secondary antibody may also be used

ELISA
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• Western blot

• Identification of particular protein 

from a sample

• Uses antibodies to detect target 

protein/antigen (Immunoblotting)

Advanced techniques
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Advanced techniques
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Rabbit or Duck?

You see what you want to see!



TiLV + Bacteria + Parasites



Data between June and December 2015 in a hatchery farm

(600,000 fingerlings)

Bacterial culture results of TOMMS
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Screening for external parasites 
and other bacterial infection
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Aeromonas
were isolated from 

TiLV-infected fish

8/26/2017



• Electron microscopy
• Light microscopy
• Immunofluorescence
• Molecular techniques

Summary: diagnostic methods 
for TiLV

Direct methods

• Cell culture
• Embryonated egg
• Laboratory animal

Indirect methods

Serology

Classical techniques
• Complement fixation test
• Haemagglutination inhibition test
• Neutralization test

Advanced techniques
• Immunoassay (ELISA etc.)
• Western blot
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Thank you 
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