
 

Infection with infectious haematopoietic necrosis virus means infection with the pathogenic agent Salmonid 
novirhabdovirus (commonly known as infectious haematopoietic necrosis virus [IHNV]) of the Genus 
Novirhabdovirus and Family Rhabdoviridae. 

IHNV consists of a bullet-shaped particle of approximately 150–190 nm in length and 65–75 nm in 
diameter that encapsulates a non-segmented, negative-sense, single-stranded RNA genome of 
approximately 11,000 nucleotides. The viral genome codes six proteins in the following order: a 
nucleoprotein (N), a phosphoprotein (P), a matrix protein (M), a glycoprotein (G), a non-virion protein 
(NV), and a polymerase (L). Due to the primary position of the nucleoprotein gene on the IHNV genome, 
nucleoprotein transcripts and protein are the first and most abundant during viral infection and is typically 
the preferred target of diagnostic tests. The glycoprotein forms spike-like projections on the surface of 
the mature virion and is the primary antigenic component of the virus such that anti-glycoprotein serum 
is sufficient to neutralise IHNV. 

The type strain of IHNV is the Western Regional Aquaculture Center (WRAC) strain available from the 
American Type Culture Collection (ATCC VR-1392). The GenBank accession number of the genomic 
sequence of the WRAC strain is L40883 (Morzunov et al., 1995; Winton & Einer-Jensen, 2002).  

Phylogenetic analyses based on G-gene nucleotide sequences have classified IHNV isolates into five 
major genogroups denoted U, M, L, E, and J that correspond to geographical location rather than host 
species (Cieslak et al., 2017; Enzmann et al., 2005; 2010; Johansson et al., 2009; Kim et al., 1999; 
Kolodziejek et al., 2008; Kurath et al., 2003; Nishizawa et al., 2006). Nevertheless, IHNV displays a 
strong phylogeographic signature reflecting the host species from which the virus is most commonly 
isolated in various geographical areas (e.g. sockeye salmon [Oncorhynchus nerka] in the Northeast 
Pacific – U genogroup; Chinook salmon [O. tshawytscha] in California, USA – L genogroup; and rainbow 
trout [O. mykiss] in Europe, Asia, and Africa (Mulei et al., 2019) and USA – E, J and M genogroups, 
respectively). Additionally, experimental infections demonstrating that U and M genogroup viruses had 
higher virulence in sockeye salmon and rainbow trout, respectively, and L genogroup showed medium 
virulence to both sockeye salmon and rainbow trout (Garver et al., 2006), supports the finding that 
virulence depends on viral strain and species infected, and IHNV strains isolated from its historical 
phylogeographic host tends to be more virulent for the same species in comparison to other species.  

IHNV stability in host tissues during storage and processing is largely influenced by temperature. The 
virus is more stable at lower temperature and remained infectious for at least 3 days at 4°C in naturally 
infected or IHNV-seeded tissue (Burke & Mulcahy, 1983; Gosting & Gould, 1981; Hostnik et al., 2002; 
Pietsch et al., 1977). For long-term survival of infectious virus, tissues should be stored at temperatures 
below –20°C (Burke & Mulcahy, 1983; McClure et al., 2008). The preferred method for retaining 
infectious virus is to maintain the IHNV sample on ice with rapid processing and inoculation of cell 
cultures as soon as possible due to the progressive reduction in titre with increasing temperature (Barlic-
Maganja et al., 2002; Gosting & Gould, 1981). 

IHNV can survive outside the host tissue in fresh water and sea water, but is affected by temperature, 
ultraviolet (UV) exposure, microbial community and suspended sediments. For all genotypes, inactivation 
rates are reduced at lower water temperatures and virions remain infectious for longer in freshwater 
compared with seawater (Kell et al., 2014). However, when exposed to sunlight (UV-A and UV-B), IHNV 



at the water surface is rapidly inactivated with six orders of magnitude of virus rendered non-infectious 
within 3 hours (Garver et al., 2013). In addition, infectious virus is inactivated by the microbial community 
within the water source and with increased amounts of suspended sediments (Garver et al., 2013; Kamei 
et al., 1987). 

For inactivation methods, see Section 2.4.6. 

Species that fulfil the criteria for listing as susceptible to infection with IHNV according to Chapter 1.5 of 
the Aquatic Animal Health Code (Aquatic Code) are:  

Family Scientific name Common name 

Esocidae Esox lucius Northern pike 

Salmonidae 

Salmo marmoratus Marble trout 

Salmo salar Atlantic salmon 

Salmo trutta Brown trout 

Salvelinus alpinus Arctic char 

Salvelinus fontinalis Brook trout 

Salvelinus namaycush Lake trout 

Oncorhynchus clarkii Cutthroat trout 

Oncorhynchus tshawytscha Chinook salmon 

Oncorhynchus keta Chum salmon 

Oncorhynchus kisutch Coho salmon 

Oncorhynchus masou Masu salmon 

Oncorhynchus mykiss Rainbow trout  

Oncorhynchus nerka Sockeye salmon  

Species for which there is incomplete evidence to fulfil the criteria for listing as susceptible to infection 
with IHNV according to Chapter 1.5 of the Aquatic Code are: White sturgeon (Acipenser transmontanus), 
European eel (Anguilla anguilla), Tube-snout (Aulorhynchus flavidus), Pacific herring (Clupea pallasii), 
Shiner perch (Cymatogaster aggregate) and Turbot (Scophthalmus maximus). 

In addition, pathogen-specific positive polymerase chain reaction (PCR) results have been reported in 
the following species, but an active infection has not been demonstrated: Common carp (Cyprinus carpio) 
and American yellow perch (Perca flavescens). 

IHNV predominantly infects salmonid species with fry being the most highly susceptible stage (LaPatra, 
1998). Resistance to infection typically increases with fish age until the spawning stage. Returning adult 
spawning salmon, can be highly infected and shed large amounts of virus in ovarian fluid and milt despite 
the absence of clinical disease (Dixon et al., 2016).  

For the purposes of Table 4.1 rainbow trout alevin and fry (e.g. up to approximately 1 g in weight) may 
be considered early life stages, fingerlings and ongrowing fish up to 50 g be considered as juveniles and 
fish over 50 g adults. 

IHNV targets the haematopoietic tissue and is most commonly isolated from kidney and spleen tissues. 
The virus has also been isolated from gill, oral region, pharynx, oesophagus, intestine, stomach, pyloric 
caeca, liver, brain, heart, thymus, pancreas, adipose tissue, muscle, cartilage, skin, fin and mucous 



(Brudeseth et al.,2002; Dixon et al., 2016; Drolet et al., 1994; Harmache et al., 2006; LaPatra et al., 1989; 
Yamamoto et al., 1990a). IHNV has also been isolated from the ovarian fluid and milt of spawning fish 
(Mulcahy et al., 1982). 

Field surveillance programmes and experimental infection trials have documented subclinical IHNV 
infections in various salmon and trout species (Knusel et al., 2007; Mulcahy et al., 1984; Pascoli et al., 
2015; St-Hilaire et al., 2001; Traxler et al., 1997). Survivors of laboratory exposures have demonstrated 
IHNV persistence for months to over one-year post-exposure (Drolet et al., 1995; Foott et al., 2006; Kim 
et al., 1999; Muller et al., 2015). With the exception of high viral load occurring in subclinically infected 
spawning adult salmon, the IHNV levels associated with subclinical infections tend to be lower than in 
fish undergoing clinical disease.  

A single study has demonstrated that adult salmon lice, Lepeophtheirus salmonis are capable of 
acquiring and transmitting IHNV to naïve Atlantic salmon through parasitism (Jakob et al., 2011). 
Regardless of whether salmon lice acquired IHNV through water bath exposure or after parasitising 
IHNV-infected fish, the duration of virus association with salmon lice diminished rapidly with infectious 
virus levels falling below cell culture detection limits within hours. IHNV has also been isolated from 
freshwater invertebrates (e.g. leeches, copepods, and mayflies), however, their capacity to transmit virus 
is unknown (Dixon et al., 2016; Garver & Wade, 2017). 

Depending on the species of fish, rearing conditions, temperature, and virus strain, outbreaks of infection 
with IHNV may range from acute to chronic. An outbreak of infection with IHNV in farmed Atlantic salmon 
in British Columbia resulted in cumulative losses on affected farms of between 20 and 94% (Saksida, 
2006). In chronic cases, losses are protracted and fish in various stages of disease can be observed in 
the pond. The prevalence of infection in chronic cases remains unknown. The limited available data 
indicated that prevalence of infection with IHNV can be high (59%) in endemically infected rainbow trout 
farms in Europe (reviewed by Dixon et al., 2016). 

IHNV is endemic among populations of free-ranging salmonids throughout much of its historical range 
along the west coast of North America. Sockeye salmon have incurred losses of up to 36.9% at the fry 
stage (Meyers et al., 2003). With age, the prevalence of infection decreases in marine phase sockeye 
salmon smolts, and in adults is generally low (<15%) to undetectable. However, the prevalence of 
infection can again reach high levels in mature adult spawning sockeye salmon, with long-term studies 
revealing greater than 50% prevalence in wild populations (Meyers et al., 2003).  

Fish with acute infection with IHNV can exhibit lethargy interspersed with bouts of frenzied, abnormal 
activity. During outbreaks, fish can display spiral swimming, flashing, and have trailing faecal casts. Fish 
may also show darkening of the skin, exophthalmia, distended abdomen and external haemorrhaging. 
In instances where fish survive an outbreak, spinal deformities may become evident (Bootland & Leong, 
1999). 

Gross observations are non-pathognomonic and may include ascites, pale gills, liver, kidney and spleen, 
petechial haemorrhaging, yellow mucous in the intestine and a lack of food in the stomach (Bootland & 
Leong, 1999; Traxler, 1986).  

The transmission of IHNV between fish is primarily horizontal through direct contact with virus 
contaminated water or via cohabitation with IHNV infected fish (Bootland & Leong, 1999). There is 
insufficient evidence to demonstrate true vertical transmission. Outbreaks of IHNV as a result of egg 
movements likely occurred as a result of inadequate disinfection of eggs originating from moderately 
infected or untested broodstock (Dixon et al., 2016).  

 



The most important environmental factor affecting the disease progression is water temperature. 
Experimental trials have demonstrated that IHNV can produce mortality in water temperatures from 3°C 
to 18°C; however, clinical disease typically occurs below 15°C under natural conditions (LaPatra, 1998). 

Cases of infection with IHNV have been reported from Europe, Asia-Pacific, Africa and the Americas. 
For recent information on distribution at the country level consult the WAHIS interface 
(https://wahis.oie.int/#/home). 

Plasmid DNA vaccines containing the gene for the IHNV glycoprotein have proven highly efficacious 
against infection with IHNV resulting in the licensing of one for commercial use in Atlantic salmon net-
pen aquaculture on the west coast of North America (Alonso & Leong, 2013; Salonius et al., 2007). 
Administered via intramuscular injection, an IHNV DNA vaccine was rapidly disseminated systemically 
followed by plasmid persistence in muscle at the injection site (Garver et al., 2005); consequently, caution 
should be employed when testing fish vaccinated with the IHNV DNA vaccine as diagnostic methods 
targeting viral G-gene nucleotide sequence or protein have the potential to cross react with the vaccine.  

Chemotherapeutics, including natural compounds, have been identified to have anti-IHNV properties; 
however, these have not found commercial use in aquaculture against IHNV (Winton, 1991). Direct 
application of anti-IHNV compounds to cell cultures has caused growth inhibition and toxicity that could 
affect the sensitivity of detecting IHNV in affected cultures (Balmer et al., 2017; Hasobe & Saneyoshi, 
1985). 

Immunostimulants are not used commercially in aquaculture for IHNV (Ooi et al., 2008).  

Experimental trials of triploid or inter-species hybrids have been conducted (Barroso et al., 2008; Winton, 
1991) with resistance typically determined early in the infection process and associated with lower early 
viral replication (Purcell et al., 2010). However, no resistant strains are commercially available. 

IHNV is readily inactivated by common disinfectants with active ingredients such as sodium hypochlorite, 
iodophor, benzalkonium chloride, saponated cresol, formaldehyde and potassium permanganate 
solution (Yoshimizu et al., 2005). As these substances have virucidal properties any carry-over on 
sampling equipment or contact with samples may result in reduced viral titres.  

Iodophor disinfection of eggs is a common practice to effectively mitigate egg-associated transmission 
of IHNV (Bovo et al., 2005). Chapter 4.4. of the Aquatic Code provides recommendations for surface 
disinfection of salmonid eggs. Iodine has been shown to inhibit PCRs (Auinger et al., 2008) and could 
affect RT-PCR testing results of disinfected eggs.  

In addition to disinfection of eggs (according to Chapter 4.4 of the Aquatic Code), use of a virus-free 
water supply and decreasing rearing densities have significant positive effects in the management of 
IHNV. Transmission of IHNV increases with host density (Ogut & Reno, 2004). 

This section draws on information in Sections 2.2, 2.3 and 2.4 to identify populations, individuals and samples which 
are most likely to be infected.  

https://wahis.oie.int/#/home


Clinical inspections should be carried out during a period when the water temperature is below 14°C, or 
whenever the water temperature is likely to reach its lowest annual point. All production units (ponds, tanks, net-
cages, etc.) should be inspected for the presence of dead, weak or abnormally behaving fish. Particular attention 
should be paid to the water outlet area, where weak fish tend to accumulate due to the water current.  

For the purposes of disease surveillance, fish to be sampled are selected as follows:  

i) Species of the Oncorhynchus genus are the most susceptible and should be sampled in preference to 
species from other genera. Other susceptible species listed in Section 2.2.1 should be sampled 
proportionally. In addition, risk-based criteria should be employed to preferentially sample lots or 
populations with a history of abnormal mortality or potential exposure events (e.g. via untreated surface 
water, wild harvest or replacement with stocks of unknown disease status).  

ii) If more than one water source is used for fish production, fish from all water sources should be included in 
the sample. 

iii) If weak, abnormally behaving or freshly dead (not decomposed) fish are present, such fish should be 
selected. If such fish are not present, the fish selected should include normal appearing, healthy fish 
collected in such a way that all parts of the farm as well as all year classes are proportionally represented 
in the sample. 

For disease outbreak investigations, moribund fish or fish exhibiting clinical signs of infection with IHNV should 
be collected. Ideally fish should be collected while alive, however recently dead fish can also be selected for 
diagnostic testing. It should be noted however, that there will be a significant risk of contamination with 
environmental bacteria if the animals have been dead for some time. There may be no clinical signs or gross 
pathognomonic lesions in cases of sudden mortality. 

In populations with clinical disease, the optimal tissue is anterior kidney, spleen and heart or brain (Dixon et al., 
2016) However, IHNV can also be found in spleen, heart, liver, gastrointestinal track and brain (Drolet et al., 
1994). 

In apparently healthy populations, the optimal tissues are anterior kidney and brain as IHNV can persist in 
tissues of the nervous system during the chronic phase of infection (LaPatra et al., 1995; Muller et al., 2015; 
Yamamoto et al., 1990b). 

When sampling fish of insufficient size to permit dissection of individual tissues, viscera including kidney should 
be collected or whole fish homogenised after removal of the body behind the anal pore. When sampling 
broodstock, ovarian fluid and milt can be taken. 

IHNV is very sensitive to enzymic degradation, therefore sampling tissues with high enzymatic activities or large 
numbers of contaminating bacteria, such as the intestine or skin, should be avoided when possible. Given the 
haematopoietic nature of IHNV, muscle tissue should be avoided as a target tissue. The yolk sac of fry has also 
shown toxicity to cell lines and should be removed before inoculating cells for virus isolation. Preservatives and 
fixatives, such as RNAlater and formaldehyde can be toxic to tissue culture cells such as epithelioma papulosum 
cyprini (EPC) and fathead minnow (FHM), and can impact molecular detection methods (Auinger et al., 2008; 
Pham et al., 2018).  

Ovarian fluid and milt are suitable samples for detection of IHNV in spawning adult salmon and trout (Dixon et 
al., 2016; Meyers et al., 2003). There is evidence that IHNV may be isolated from gill, fin and mucous samples 
but detection may be impacted by the state of infection, time since exposure and sample size (Burbank et al., 
2017; LaPatra et al., 1989). 

For guidance on sample preservation methods for the intended test methods, see Chapter 2.3.0. 

 



For recommendations on transporting samples for virus isolation to the laboratory, see Section B.2.4 of 
Chapter 2.3.0 General information (diseases of fish). 

Samples can be taken from the fish in accordance with the procedure described in Section 3.5.1, using 
a sterile instrument, and transferred to a sterile plastic tube containing transport medium. 

Alternatively, samples may be placed in at least five volumes of RNA stabilisation reagents, according 
to the recommendation from the manufacturers. Samples in RNA stabilising reagents can be shipped on 
ice or at room temperature if transport time does not exceed 24 hours. 

Whole fish may also be sent to the laboratory (see Section 3.5.1). 

Tissue samples for histopathology should be immediately fixed at a fixative to tissue ratio of 10:1. A 
suitable fixative is 10% buffered formalin. To avoid excessive cross-linking, tissue should be transferred 
to ethanol after 24 hours if methods other than histopathology are used e.g. in-situ hybridisation. 

Not relevant. 

Pooling of samples from more than one individual animal for a given purpose should only be recommended 
where supporting data on diagnostic sensitivity and diagnostic specificity are available. However, smaller life 
stages (e.g. fry) can be pooled to provide a minimum amount of material for testing.  

The methods currently available for identifying infection that can be used in i) surveillance of apparently healthy 
populations), ii) presumptive and iii) confirmatory diagnostic purposes are listed in Table 4.1. by life stage. The 
designations used in the Table indicate:  

Key:  
+++ = Recommended method(s) validated for the purpose shown and usually to stage 3 of the OIE 

Validation Pathway; 
++ =  Suitable method(s) but may need further validation;  
+ =  May be used in some situations, but cost, reliability, lack of validation or other factors severely 

limits its application;  
Shaded boxes =  Not appropriate for this purpose. 

The selection of a test for a given purpose depends on the analytical and diagnostic sensitivities and specificities 
repeatability and reproducibility. OIE Reference Laboratories welcome feedback on diagnostic performance for 
assays, in particular PCR methods, for factors affecting assay analytical sensitivity or analytical specificity, such as 
tissue components inhibiting amplification, presence of nonspecific or uncertain bands, etc., and any assays that 
are in the +++ category. 

 



Method 

A. Surveillance of apparently healthy 
animals 

B. Presumptive diagnosis of clinically 
affected animals 

C. Confirmatory diagnosis1 of a suspect 
result from surveillance or 
presumptive diagnosis 

Early life 
stages2 

Juveniles2 Adults LV 
Early life 
stages2 

Juveniles2 Adults LV 
Early life 
stages2 

Juveniles2 Adults LV 

Wet mounts             

Histopathology3      ++ ++ 1     

Cytopathology3             

Cell culture +++ +++ +++ 3 +++ +++ +++ 3 +++ +++ +++ 3 

Real-time PCR +++ +++ +++ 3 +++ +++ +++ 3 +++ +++ +++ 3 

Conventional PCR      ++ ++ 2 ++ ++ ++ 2 

Amplicon sequencing4         +++ +++ +++ 3 

In-situ hybridisation             

Bioassay             

LAMP             

IFAT         ++ ++ ++ 2 

Ag-ELISA         ++ ++ ++ 2 

Neutralisation test  
(antibody or antiserum) 

        ++ ++ ++ 2 

LV = level of validation, refers to the stage of validation in the OIE Pathway (Chapter 1.1.2); PCR = polymerase chain reaction; LAMP = loop-mediated isothermal amplification. 
IFAT = indirect fluorescent antibody test; Ag-ELISA = antigen enzyme-linked immunosorbent assay.  

1For confirmatory diagnoses, methods need to be carried out in combination (see Section 6).  
2Early and juvenile life stages have been defined in Section 2.2.3.  

3Cytopathology and histopathology can be validated if the results from different operators has been statistically compared. 
4Sequencing of the PCR product. 

Shading indicates the test is inappropriate or should not be used for this purpose. 



Not relevant 

Histopathological findings reveal degenerative necrosis in haematopoietic tissues, kidney, spleen, liver, 
pancreas, and digestive tract. Necrosis of eosinophilic granular cells in the intestinal wall is pathognomonic of 
IHNV infection (Bootland & Leong, 1999). 

The blood of affected fry shows reduced haematocrit, leukopenia, degeneration of leucocytes and thrombocytes, 
and large amounts of cellular debris. As with other haemorrhagic viraemias of fish, blood chemistry is altered in 
severe cases (Bootland & Leong, 1999).  

Electron microscopy of virus-infected cells reveals bullet-shaped virions of approximately 150–190 nm in length 
and 65–75 nm in width (Wolf, 1988). Virions are visible at the cell surface or within vacuoles or intracellular 
spaces after budding through cellular membranes. The virion possesses an outer envelope containing host 
lipids and the viral glycoprotein spikes that react with immunogold staining to decorate the virion surface 

Smears are not appropriate for detection or identification of IHNV. 

The recommended cell lines for IHNV detection are EPC or FHM. Cell lines should be monitored to 
ensure that susceptibility to targeted pathogens has not changed. 

EPC or FHM cells are grown at 20–30°C in suitable medium, e.g. Eagle’s minimal essential medium 
(MEM; or modifications thereof) with a supplement of 10% fetal bovine serum (FBS) and antibiotics in 
standard concentrations. When the cells are cultivated in closed vials, it is recommended to buffer the 
medium with bicarbonate. The medium used for cultivation of cells in open units may be buffered with 
Tris-HCl (23 mM) and Na-bicarbonate (6 mM). The pH must be 7.6 ± 0.2. Cell culture plates should be 
seeded 4–48 hours and not 100% confluent prior to inoculation. 15–30 minutes prior to sample 
inoculation, cells should be pre-treated with 7% (w/v) PEG-20,000 solution (10–15 µl/cm2) (Batts & 
Winton, 1989; Wang et al., 2016). 

Note: Tissue and fluid samples should be kept cool throughout sample preparation procedures. 

i) Homogenise tissue samples using mortar and pestle or a tissue homogeniser. A small volume of 
media (MEM-4 or Hank’s balanced salt solution with antibiotics) may be needed to achieve 
complete homogenisation.  

ii) Adjust the volume of media to a final ratio of 10:1 (media:tissue) and mix thoroughly. For fluid 
samples adjust the volume of media to a final ratio of 1:1. 

iii) Centrifuge the homogenate or fluid samples at 2000–4000 g for 15 minutes at 2–5°C. 

iv) Remove the supernatant and pass through a 0.45 µM membrane filter (if available). 

v) If the sample cannot be inoculated within 48 hours after collection, the supernatant may be stored 
at –80°C provided virological examination is carried out within 14 days. 

vi) If samples originate from an area where infectious pancreatic necrosis virus (IPNV) is present, 
supernatants may be treated with IPNV antiserum. Mix the supernatant with equal parts of a suitably 
diluted pool of antisera to the indigenous serotypes of IPNV and incubate for a minimum of 1 hour 
at 15°C or up to 18 hours at 4°C. The titre of the antiserum must be at least 1/2000 in a 50% plaque 
neutralisation test. 

vii) Samples are inoculated into cell cultures in at least two dilutions, i.e. the primary dilution and a 1:10 
dilution thereof, resulting in final dilutions of tissue material in cell culture medium of 1:100 and 
1:1000, respectively. The ratio between inoculum size and volume of cell culture medium should 
be about 1:10. For each dilution and each cell line, a minimum of about 2 cm2 cell area, 
corresponding to one well in a 24-well cell culture tray, has to be used. Use of cell culture trays is 
recommended, but other units of similar or with larger growth area are acceptable as well. 



viii) Inoculated cell cultures are incubated at 15°C for 7–10 days. Using a microscope with 40–150× 
magnification, cultures should be inspected for toxicity the day after inoculation, particularly if 
supernatant was not filtered in step iv. The use of a phase-contrast microscope is recommended.  

ix) The cells are monitored regularly (2–3 times a week) for the presence of cytopathic effect (CPE). 

If CPE is observed, virus identification is required using tests recommended in Section 6. If no CPE is 
observed after the primary incubation period, subcultivation is performed. 

Subcultivation 

i) Remove cell culture supernatant from the primary culture and inoculate a newly (<48 hours) seeded 
cell culture plate. 

ii) Incubate inoculated plates at 15°C and monitor for 7–10 days as described above. 

If CPE is observed, virus identification is required using tests recommended in Section 6. If no CPE is 
observed after the primary incubation period and subcultivation, the sample is negative 

There are several real-time reverse-transcription (RT) PCR assays available for the detection of IHNV. 
Two assays are described, a two-step real-time PCR and a one-step real-time PCR. 

The first assay described is a stage 3 validated two-step real-time TaqMan PCR assay that amplifies a 
region of the nucleoprotein gene of all known IHNV genogroups with some E-genogroup isolates (D332-
92, FV23, and FV91-40) having reduced amplification efficiency due to single nucleotide polymorphism 
within the probe sequence (Hoferer et al., 2019; Purcell et al., 2013). 

Positive and negative controls should be run with each stage of the assay: extraction, reverse 
transcription and real-time PCR. Due to the sensitive nature of PCR-based assays, it is important to be 
able to distinguish a true positive from the positive control material. This may be achieved using an 
artificial positive control as employed by Purcell et al. (2013). It is also highly recommended that master 
mix, template addition and PCR amplification occur in designated hoods or spatially separated areas. 

RNA extraction and reverse-transcription (RT) 

i) Total RNA from infected cells and/or tissues is extracted using a phase-separation method (e.g. 
phenol-chloroform or Trizol) or by use of a commercially available RNA isolation kit used according 
to the manufacturer’s instructions. 

ii) Extracted RNA is reverse transcribed non-discriminately into cDNA using random primers. The 
cDNA synthesis reactions and cycling conditions are best performed using the manufacturer’s 
instructions for commercially available kits which have been extensively tested with a variety of 
RNA templates, including GC- and AU-rich targets and RNAse expressed at low levels. 

Real-time PCR  

The TaqMan real-time PCR assay uses forward primer IHNv N 796F (5’-AGA-GCC-AAG-GCA-CTG-
TGC-G-3’), reverse primer IHNv N 875R (5’-TTC-TTT-GCG-GCT-TG-GTT-GA-3’) and FAM-labelled 
probe, IHNv N 818T (5’-6FAM-TGA-GAC-TGA-GCG-GGA-CA-MGBNFQ-3’). Primers are used at a final 
concentration of 900 nM each and the final probe concentration is 250 nM. 2.5 µl cDNA product is added 
to each 25 µl rPCR reaction. Thermal cycling conditions are 50°C 2 minutes, 95°C 10 minutes followed 
by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute.  

The sample is negative if no Ct (threshold cycle) is recorded, while samples with a Ct are considered 
positive for IHNV.  

One step real-time RT-PCR 

The one step real-time RT-PCR is performed using the SuperScript III Platinum One‐Step qRT‐PCR Kit 

(Thermo Fisher Scientific, Schwerte, Germany) or the AgPath‐ID One‐Step RT‐PCR Kit (Thermo Fisher 
Scientific) according to the manufacturer’s instructions. For all quantitative assays, the following unique 
parameters were used: (a) total volume of 25 μl consisting of 20 μl mastermix and 5 μl of RNA; (b) 900 nM 
of each primer; (c) 200 nM of IHNV probe and 250 nM of VHSV probe, respectively; (d) hard‐shell  

96‐well skirted plates with white shell (Bio‐Rad, Munich, Germany, cat. No HSP9601); (e) Microseal B 



adhesive optical clear seals (Bio‐Rad, cat. no MSB 1001); (f) run on a C1000TM Thermal Cycler 

controlled by the CFX96TM Real‐Time PCR Detection System (Bio‐Rad); and (g) use of the CFX 

Manager software (Bio‐Rad) for data analysis. The threshold was set automatically (Hoferer et al., 2019). 

The one-step real-time RT-PCR test does not differ significantly in performance to the two-step test 
(Cuenca et al., 2020). 

Several conventional RT-PCR assays are available with limited validation data. 

The RT-PCR assay described recognises a broad range of genotypes by targeting a central region of 
the IHNV G gene (Emmenegger et al., 2000), and produces a PCR amplicon that is used for identification 
of genetic strains and for epidemiological tracing of virus movements (Kurath et al., 2003). 

Positive and negative controls should be run with each stage of the assay: extraction, RT-PCR and 
second round PCR. Due to the sensitive nature of PCR-based assays it is highly recommended that 
master mix, template addition and PCR amplification occur in designated hoods or spatially separated 
areas. 

RNA extraction 

Total RNA may be prepared as described in Section 4.4.1. 

Conventional RT-PCR (Round 1) 

The first round RT-PCR combines cDNA synthesis and PCR amplification into one step by using an 
IHNV-specific primer set that generates the first-strand synthesis of IHNV RNA and subsequent PCR 
amplification through 30 cycles. The first round PCR produces a 693 bp PCR amplicon using forward 
primer (5’-AGA-GAT-CCC-TAC-ACC-AGA-GAC-3’) and reverse primer (5’-GGT-GGT-GTT-GTT-TCC-
GTG-CAA-3’) at a final concentration of 200 nM each. The thermal cycling conditions are one cycle of 
50°C for 30 minutes; one cycle of 95°C for 2 minutes; 30 cycles of 95°C for 30 seconds, 50°C for 
30 seconds, 72°C for 60 seconds; one cycle of 72°C for 7 minutes and 4°C hold. 

A sample is IHNV positive if a 693 bp PCR amplicon is observed and no bands were observed in the 
negative controls. If no band is observed for a sample and the positive controls passed proceed to the 
second round nested PCR. 

Second round (nested PCR) 

Due to the sensitivity of the test along with the need for repetitive handling of tubes, nested PCR is prone 
to contamination and good sterile technique must be practiced. 

The first round positive and negative controls are carried over and included with the nested PCR assay. 
In addition, a separate negative and positive control specific to the nested assay are required.  

The second round PCR produces a 483 bp PCR amplicon using forward primer (5’-TCA-CCC-TGC-
CAG-ACT-CAT-TGG-3’) and reverse primer (5’-ATA-GAT-GGA-GCC-TTT-GTG-CAT-3’) at a final 
concentration of 200 nM each. The thermal cycling conditions are: 95°C for 2 minutes followed by 
30 cycles of 95°C for 30 seconds, 50°C for 30 seconds, 72°C for 60 seconds; one cycle of 72°C for 
7 minutes and 4°C hold. 

A sample is IHNV positive if a 483 bp PCR amplicon is observed and no band(s) are observed in the 
negative controls. A sample is negative if no bands are observed and positive controls passed. 

To date, no other nucleic acid amplification method capable of universal IHNV detection has been 
sufficiently validated. 

Nucleotide sequencing of the conventional PCR product (Section 4.4.2) is recommended as one of the final 
steps for confirmatory diagnosis. This central region of IHNV glycoprotein gene is used for identification of 
genetic strains and for epidemiological study (Kurath et al., 2003). It is recommended to forward any sequence 



data obtained to the OIE Reference Laboratory, particularly in the event where isolate sequences differ from 
any of the target sequences of the recommended molecular assays. 

Not relevant. 

Not relevant. 

Not relevant. 

Antibody- and antigen-based detection methods may be used to confirm the presence of IHNV in cell culture. 
Kits and antibodies are commercially available and should be used according to manufacturer’s instructions. 
Sensitivity, specificity and sample preparation can influence the results; a negative result should be viewed with 
caution. These techniques should not be used as a screening method. 

i) Collect the culture medium of the cell monolayers exhibiting CPE and centrifuge an aliquot at 
2000 g for 15 minutes at 4°C, or filter through a 0.45 µm (or 450 nm) pore membrane to remove 
cell debris. 

ii) Dilute virus-containing medium from 102–104. 

iii) Mix aliquots (for example 200 µl) of each dilution with equal volumes of an IHNV antibody solution. 
The neutralising antibody solution must have a 50% plaque reduction titre of at least 2000. Likewise, 
treat a set of aliquots of each virus dilution with cell culture medium to provide a non-neutralised 
control. 

iv) In parallel, a neutralisation test must be performed against a homologous IHNV strain (positive 
neutralisation test) to confirm the reactivity of the antiserum. 

v) Incubate all the mixtures at 15°C for 1 hour. 

vi) Transfer aliquots of each of the above mixtures on to 24-hour-old monolayers overlaid with cell 
culture medium containing 10% FBS (inoculate two wells per dilution) and incubate at 15°C; 24- or 
12-well cell culture plates are suitable for this purpose, using a 50 µl inoculum. 

vii) Check the cell cultures for the onset of CPE and read the results for each suspect IHNV sample 
and compare to the occurrence of CPE of non-neutralised controls. Results are recorded either 
after a simple microscopic examination (phase contrast preferable) or after discarding the cell 
culture medium and staining cell monolayers with a solution of 1% crystal violet in 20% ethanol. 

viii) The tested virus is identified as IHNV when CPE is prevented or noticeably delayed in the cell 
cultures that received the virus suspension treated with the IHNV-specific antibody, whereas CPE 
is evident in all other cell cultures. 

Other neutralisation tests of demonstrated performance may be used instead. 

i) Prepare monolayers of cells in 2 cm2 wells of cell culture plastic plates or on cover slips in order to 
reach around 80% confluency, which is usually achieved within 24 hours of incubation at the optimal 
temperature of the cell line in question (e.g. 26°C for EPC and 20°C for RTG) (seed six cell 
monolayers per virus isolate to be identified, plus two for positive and two for negative controls). 
The FBS content of the cell culture medium can be reduced to 2–4%. If numerous virus isolates 
have to be identified, the use of black 96-well plates for immunofluorescence is recommended. 

ii) When the cell monolayers are ready for infection (i.e. on the same day or on the day after seeding) 
inoculate the virus suspensions to be identified by making tenfold dilution steps directly in the cell 
culture wells or flasks. 



iii) Dilute the control virus suspension of IHNV in a similar way, in order to obtain a virus titre of about 
5,000–10,000 plaque-forming units (PFU)/ml in the cell culture medium. 

iv) Incubate at 15°C for 24 hours. 

v) Remove the cell culture medium, rinse once with 0.01 M phosphate buffered saline (PBS), pH 7.2, 
then three times briefly with a cold mixture of acetone 30%/ethanol 70% (v/v) (stored at –20°C). 

vi) Let the fixative act for 15 minutes. A volume of 0.5 ml is adequate for 2 cm2 of cell monolayer. 

vii) Allow the cell monolayers to air-dry for at least 30 minutes and process immediately or freeze at  
–20°C. 

viii) Prepare a solution of purified IHNV antibody or serum in 0.01 M PBS, pH 7.2, containing 0.05% 
Tween-80 (PBST), at the appropriate dilution (which has been established previously or is given by 
the reagent supplier). 

ix) Rehydrate the dried cell monolayers by four rinsing steps with the PBST solution and remove this 
buffer completely after the last rinsing. 

x) Treat the cell monolayers with the antibody solution for 1 hour at 37°C in a humid chamber and do 
not allow evaporation to occur (e.g. by adding a piece of wet cotton to the humid chamber). The 
volume of solution to be used is 0.25 ml/2 cm2 well. 

xi) Rinse four times with PBST as above. 

xii) Treat the cell monolayers for 1 hour at 37°C with a solution of fluorescein isothiocyanate- or 
tetramethylrhodamine-5-(and-6-) isothiocyanate-conjugated antibody to the immunoglobulin used 
in the first layer and prepared according to the instructions of the supplier. These conjugated 
antibodies are most often rabbit or goat antibodies. 

xiii) Rinse four times with PBST. 

xiv) Examine the treated cell monolayers on plastic plates immediately, or mount the cover slips using, 
for example, glycerol saline, pH 8.5 prior to microscopic observation. 

xv) Examine under incident UV light using a microscope with × 10 eye pieces and × 20–40 objective 
lens having numerical aperture >0.65 and >1.3, respectively. Positive and negative controls must 
be found to give the expected results prior to any other observation. 

Other IFAT or immunocytochemical (alkaline phosphatase or peroxidase) techniques of demonstrated 
performance may be used instead. 

i) Coat the wells of microplates designed for ELISAs with appropriate dilutions of purified 
immunoglobulins (Ig) or serum specific for IHNV, in 0.01 M PBS, pH 7.2 (200 µl/well). 

ii) Incubate overnight at 4°C. 

iii) Rinse four times with 0.01 M PBS containing 0.05% Tween-20 (PBST). 

iv) Block with skim milk (5% in PBST) or other blocking solution for 1 hour at 37°C (200 µl/well). 

v) Rinse four times with PBST. 

vi) Add 2% Triton X-100 to the virus suspension to be identified. 

vii) Dispense 100 µl/well of two- or four-step dilutions of the virus to be identified and of IHNV control 
virus, and a heterologous virus control (e.g. viral haemorrhagic septicaemia virus). Allow the 
samples to react with the coated antibody to IHNV for 1 hour at 20°C. 

viii) Rinse four times with PBST. 

ix) Add to the wells either biotinylated polyclonal IHNV antiserum or MAb to N protein specific for a 
domain different from the one of the coating MAb and previously conjugated with biotin. 

x) Incubate for 1 hour at 37°C. 

xi) Rinse four times with PBST. 

xii) Add streptavidin-conjugated horseradish peroxidase to those wells that have received the biotin-
conjugated antibody, and incubate for 1 hour at 20°C. 

xiii) Rinse four times with PBST. Add the substrate and chromogen. Stop the course of the test when 
positive controls react and read the results. 



xiv) Interpretation of the results is according to the optical absorbencies achieved by negative and 
positive controls and must follow the guidelines for each test, e.g. absorbency at 450 nm of positive 
control must be minimum 5–10 × A450 of negative control.  

The above biotin–avidin-based ELISA version is given as an example. Other ELISA versions of 
demonstrated performance may be used instead. 

Not applicable. 

Virus isolation in cell culture or real-time RT-PCR are the recommended tests for surveillance to demonstrate 
freedom from infection with IHNV. 

This section only addresses the diagnostic test results for detection of infection in the absence (Section 6.1) or in 
the presence of clinical signs (Section 6.2) but does not evaluate whether the infectious agent is the cause of the 
clinical event. 

The case definitions for a suspect and confirmed case have been developed to support decision making related to 
trade and confirmation of disease status at the country, zone or compartment level. Case definitions for disease 
confirmation in endemically affected areas may be less stringent. It is recommended that all samples that yield 
suspect positive test results in an otherwise pathogen-free country or zone or compartment should be referred 
immediately to the OIE Reference Laboratory for confirmation, whether or not clinical signs are associated with the 
case. If a laboratory does not have the capacity to undertake the necessary diagnostic tests it should seek advice 
from the appropriate OIE Reference Laboratory. 

Apparently healthy populations may fall under suspicion, and therefore be sampled, if there is an epidemiological 
link to an infected population. Geographic proximity to, or movement of animals or animal products or equipment, 
etc., from a known infected population equate to an epidemiological link. Alternatively, healthy populations are 
sampled in surveys to demonstrate disease freedom. 

The presence of infection with IHNV shall be suspected if at least one of the following criteria is met: 

i) Positive result by real-time RT-PCR; 

ii) IHNV-typical CPE in cell culture. 

The presence of infection with IHNV is considered to be confirmed if one or more of the following criteria 
is met: 

i) Positive result by real-time RT-PCR and detection of IHNV in a tissue sample by conventional RT-
PCR targeting a non-overlapping region of the genome and amplicon sequencing;  

ii) CPE in cell culture identified as IHNV by real-time RT-PCR, conventional RT-PCR, IFAT, Ag-ELISA, 
or by a neutralisation test and detection of IHNV in a tissue sample by real-time RT-PCR; 

iii) CPE in cell culture identified as IHNV by real-time RT-PCR, conventional RT-PCR, IFAT, Ag-ELISA, 
or by a neutralisation test and detection of IHNV in a tissue sample by conventional RT-PCR and 
amplicon sequencing. 

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot undertake 
any of the recommended test methods and testing is being undertaken that will result in notification to the OIE. 

 
1 For example transboundary commodities. 



Clinical signs are not pathognomonic for a single disease; however, they may narrow the range of possible 
diagnoses. 

The presence of infection with IHNV shall be suspected if at least one of the following criteria is met: 

i) Gross pathology or clinical signs associated with the disease as described in this chapter, with or 
without elevated mortality; 

ii) Histopathological changes characteristic of infection with IHNV; 

iii) IHNV-typical CPE Cytopathic effect in cell culture; 

iv) Positive result by real-time RT-PCR; 

v) Positive result by conventional RT-PCR. 

The presence of infection with IHNV is considered to be confirmed if one or more of the following criteria 
is met: 

i) Positive result by real-time RT-PCR and detection of IHNV in a tissue sample conventional RT-
PCR targeting a non-overlapping region of the genome and amplicon sequencing;  

ii) CPE in cell culture identified as IHNV by real-time RT-PCR, conventional RT-PCR, IFAT, Ag-ELISA, 
or by a neutralisation test and detection of IHNV in a tissue sample by real-time RT-PCR; 

iii) CPE in cell culture identified as IHNV by real-time RT-PCR, conventional RT-PCR, IFAT, Ag-ELISA, 
or by a neutralisation test and detection of IHNV in a tissue sample by conventional RT-PCR and 
amplicon sequencing. 

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot undertake 
any of the recommended test methods and testing is being undertaken that will result in notification to the OIE. 

The diagnostic performance of tests recommended for surveillance or diagnosis of infection with IHNV is 
provided in Table 6.3.1. This information can be used for the design of surveys for infection with IHNV, however, 
it should be noted that diagnostic performance is specific to the circumstances of each diagnostic accuracy 
study (including the test purpose, source population, tissue sample types and host species) and diagnostic 
performance may vary under different conditions. Data is only presented where tests are validated to at least 
level two of the validation pathway described in Chapter 1.1.2 and the information is available within published 
diagnostic accuracy studies. 

Test type 
Test 

purpose 
Source 

populations 
Tissue or 

sample types 
Species 

DSe 
(n) 

DSp 
(n) 

Reference 
test 

Citation 

Real-time 
RT-PCR 

Diagnosis 
Experimentally 

infected 
salmon 

Kidney 
Rainbow trout 

(Oncorhynchus 
mykiss) 

100 
(50) 

100 
(50) 

Animals of 
known 

infection status 

Purcell et 
al., 2013 

RT-PCR 
(single 
step) 

Diagnosis 
Experimentally 

infected 
salmon 

Kidney 
Rainbow trout 

(Oncorhynchus 
mykiss) 

58 
(50) 

100 
(50) 

Animals of 
known 

infection status 

Purcell et 
al., 2013 

Virus 
Isolation 

Diagnosis 

Experimentally 
infected 
salmon 

Kidney 
Rainbow trout 

(Oncorhynchus 
mykiss) 

84 
(50) 

100 
(50) 

Animals of 
known 

infection status 

Purcell et 
al., 2013 

Field samples 
Kidney and 

spleen 
Atlantic salmon 
(Salmo salar) 

80-86 
(50) 

100 
(50) 

Clinical signs – 
history 

McClure  
et al., 2008 

DSe = diagnostic sensitivity; DSp = diagnostic specificity; n = number of samples used in the study 
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* 
*   * 

NB: There are OIE Reference Laboratories for infection with infectious haematopoietic necrosis virus 

(see Table at the end of this Aquatic Manual or consult the OIE web site:  

https://www.oie.int/en/what-we-offer/expertise-network/reference-laboratories/#ui-id-3). 

Please contact the OIE Reference Laboratories for any further information on infection with  

haematopoietic necrosis virus 

NB: FIRST ADOPTED IN 1995 AS INFECTIOUS HAEMATOPOIETIC NECROSIS. 
MOST RECENT UPDATES ADOPTED IN 2021. 
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