[bookmark: _GoBack]ASSESSMENT OF THE INFECTION WITH INFECTIOUS HYPODERMAL
AND HEMATOPOIETIC NECROSIS VIRUS (IHHNV) FOR DELISTING
IN THE AQUATIC CODE
Overall Assessment
The Aquatic Animal Health Standards Commission (hereinafter referred to as the Aquatic Animals Commission) assessed infection with infectious hypodermal and haematopoietic necrosis virus (IHHNV) against the criteria for listing aquatic animal diseases in Article 1.2.2. of the Aquatic Code, and agreed that infection with IHHNV meets the listing criteria 1, 2, 3, and 4b (see Table 1 below), and should, therefore, remain listed in Article 1.3.3.
Table 1. Summary of assessment of infection with IHHNV 
	
	Listing criteria
	Conclusion

	
	1
	2
	3
	4a
	4b
	4c
	

	IHHN
	+
	+
	+
	NA
	+
	-
	The disease meets the criteria for listing


NA = not applicable.
The criteria for the inclusion of a disease in the OIE list are as follows:
1. 	International spread of the pathogenic agent (via aquatic animals, aquatic animal products, vectors or fomites) is likely.
AND
2. 	At least one country may demonstrate country or zone freedom from the disease in susceptible aquatic animals, based on provisions of Chapter 1.4.
AND
3. 	A precise case definition is available and a reliable means of detection and diagnosis exists.
AND
4a. 	Natural transmission to humans has been proven, and human infection is associated with severe consequences.
OR
4b. 	The disease has been shown to affect the health of cultured aquatic animals at the level of a country or a zone resulting in significant consequences e.g. production losses, morbidity or mortality at a zone or country level.
OR
4c. 	The disease has been shown to, or scientific evidence indicates that it would affect the health of wild resulting in significant consequences e.g. morbidity or mortality at a population level, reduced productivity or ecological impacts.
Note
In this assessment the term ‘shrimp’ is used for both marine and freshwater species, however, where the term prawn is used in common names of species, e.g. giant tiger prawn, it has been retained.
Background
The first case of hypodermal and haematopoietic necrosis was reported in Hawaii in 1981, where it had caused mass mortalities in blue shrimp (Penaeus stylirostris) farmed in super-intensive raceways (Lightner et al., 1983). Later it was discovered in P. stylirostris and white leg shrimp (Penaeus vannamei) in America and the Gulf of California (Morales-Covarrubias et al., 1999; Pantoja et al., 1999). Some reports suggested that it might have contributed to the collapse of the P. stylirostris fishery in the Gulf of California. IHHNV has also been identified as the cause of ‘runt deformity syndrome’ (RDS) in P. vannamei.
IHHNV is classified with the subfamily Densovirinae of the virus family Parvoviridae. It was listed by the OIE in 1995. IHHNV is the smallest of the known penaeid shrimp viruses (the virion is a 20–22 nm, non-enveloped icosahedron). At least two distinct genotypes of IHHNV have been identified: type 1 from the Americas and East Asia (principally the Philippines) and type 2 from South-East Asia. Two sequences homologous to part of the IHHNV genome are found embedded in the genome of penaeids. The virus is widespread in shrimp production in Asia and Latin America. 
[bookmark: _Hlk52186818]Susceptible species listed by the OIE are: yellowleg shrimp (Penaeus californiensis), giant tiger prawn (Penaeus monodon), northern white shrimp (Penaeus setiferus), blue shrimp (P. stylirostris), and white leg shrimp (P. vannamei). Northern brown shrimp (Penaeus aztecus) has incomplete evidence for susceptibility. Several other species have tested PCR positive, but an active infection has not been demonstrated. 
Criterion No. 1 International spread of the pathogenic agent (via aquatic animals, aquatic animal products, vectors or fomites) is likely.
Assessment
Marine and freshwater shrimp farming is currently carried out around the globe in at least 60 countries with production about 4,496,775 metric tons (MT) in 2018. The production is mostly concentrated in 15 nations in Asia and Latin America, including China (People’s Rep. of), Indonesia, Vietnam, India, Ecuador, Thailand, Mexico, Bangladesh, Philippines, Brazil, Saudi Arabia, Iran (Islamic Republic of), Malaysia, Honduras and Peru (FAO, 2020; GAA, www.aquaculturealliance.org). In 2018, shrimp exports accounted for approximately 15 percent of the total global trade in aquatic animal products by value. Shrimps have historically been one of the most heavily traded aquatic animal products, with major markets located in the United States of America, the European Union and Japan. The China (People’s Rep. of) is becoming a new rapid growing market (FAO, 2020).
Transmission of IHHNV can be horizontal or vertical. Horizontal transmission via ingestion of infected tissues or by contaminated water has been demonstrated, as has vertical transmission via contaminated eggs (OIE, 2019). 
International trade in species susceptible to IHHNV includes live animals such as shrimp larvae and broodstock, and frozen shrimp products. Trade in these products provides pathways for international spread of IHHNV. Some examples demonstrating international spread, or presence of IHHNV in traded commodities are summarised below.
In 2019, the UK found IHHNV positive cases in imported P. vannamei broodstock at two indoor shrimp farms. At one site, no clinical signs or mortality were observed, but at the other site variable growth rates and stunting were observed. The detections were reported to the OIE. The affected animals were imported as free from IHHNV and other pathogens, i.e. they were sold as specific pathogen-free (SPF) post larval shrimp. 
In 2019, Canada detected IHHNV in four premises in imported P. vannamei without clinical signs and mortality. The detections were reported to the OIE. 
In 2015, 329 samples of P. monodon imported to China were tested, and 36.8% samples tested positive for IHHNV (Yu et al., 2016). In 2019, samples of frozen P. vannamei imported to South Korea were tested and 40% of batches tested positive for IHHNV (Park et al., 2020). 
Conclusion
The criterion is met.
Criterion No. 2 At least one country may demonstrate country or zone freedom from the disease in susceptible aquatic animals, based on provisions of Chapter 1.4.
Assessment
[bookmark: _Hlk46913490]New Caledonia self-declared freedom from IHHNV in 2016. The UK has two shrimp farms both of which became infected with IHHNV in 2019 but which have re-established with IHHNV free stock, and the UK is in a position to demonstrate freedom. 
OIE WAHIS data demonstrates that IHHNV occurs in most shrimp producing countries, as shown in the following table. However, countries in the Middle East that are currently producing shrimp (e.g. Saudi Arabia and Iran), or commencing shrimp production (e.g. Oman) may be in a position to claim freedom from IHHNV. Other important shrimp producers, such as Madagascar and Bangladesh have not reported the occurrence of IHHNV.
Table 1. Reporting of IHHNV by country and year (taken from WAHIS)
	Region or Country
	2016
	2017
	2018
	2019
	2020

	Africa
	
	
	
	
	

	Europe
	
	
	
	
	

	UK
	
	
	
	2
	

	America
	
	
	
	
	

	Brazil
	+..
	+..
	+..
	+..
	

	Canada
	
	
	
	1
	

	Costa Rica
	3
	5
	
	
	

	Ecuador
	38
	96
	111
	31
	

	Guatemala
	2
	2
	
	
	

	Honduras
	34
	72
	
	
	

	Mexico
	346
	176
	237
	516
	

	Nicaragua
	37
	21
	31
	37
	

	Peru
	5
	15
	
	
	

	El Salvador
	
	
	
	6
	

	USA
	
	
	
	4
	

	Asia
	
	
	
	
	

	China (People’s Rep. of)
	
	64
	69
	40
	

	Chinese Taipei
	26
	7
	1
	
	

	India
	
	12
	3
	3
	

	Indonesia
	14
	7
	4
	
	

	Thailand
	4
	8
	2
	6
	

	Philippines
	+..
	+..
	+..
	+..
	

	Oceania
	
	
	
	
	

	Australia
	
	2
	3
	6
	


Note: the top 15 shrimp producing countries are China (People’s Rep. of), Indonesia, Vietnam, India, Ecuador, Thailand, Mexico, Bangladesh, Philippines, Brazil, Saudi Arabia, Iran (Islamic Republic of), Malaysia, Honduras and Peru.
Conclusion
The criterion is met.
Criterion No. 3 A precise case definition is available and a reliable means of detection and diagnosis exists
Assessment
Case definitions for suspicion and confirmation of infection with IHHNV have been developed by the OIE. Reliable conventional PCR (Tang et al., 2007) and real-time PCR assays have been developed for the detection of IHHNV (Dhar et al., 2001). 
In recent years, some rapid tests have been developed, such as loop-mediated isothermal amplification (LAMP), modified PCR, recombinase polymerase ampliﬁcation (RPA) and real-time PCR with higher sensitivity (Cowley et al., 2018; Qian et al., 2018; Xia et al., 2015; Arunrut et al., 2011). These tests have demonstrated utility and could be recommended in the OIE Aquatic Manual pending further validation in accordance with the OIE standards.
Conclusion
Criterion is met. 
Criterion No. 4a Natural transmission to humans has been proven, and human infection is associated with severe consequences.
Assessment
There is no evidence of transmission to humans.
Conclusion
Criterion not applicable. 
Criterion No. 4b The disease has been shown to affect the health of cultured aquatic animals at the level of a country or a zone resulting in significant consequences e.g. production losses, morbidity or mortality at a zone or country level.
Assessment
Infection with IHHNV is known to have most severe impact in penaeids native to the Americas, P. stylirostris and P. vannamei. The disease has been reported to be most severe in P. stylirostris resulting in high mortality. In P. vannamei, infection with IHHNV is known to cause runting and deformities, resulting in significantly reduced crop value (Lightner et al., 1996; Lightner et al., 2011). Of the major commercial species, the disease has been considered to have least impact on P. monodon (Withyachumnarknkul et al., 2006).
IHHNV was first described by Lightner et al. (1983) who reported mortalities of up to 90% in P. stylirostris post-larvae and juveniles. Subsequently, other studies have shown that in populations of P. stylirostris, infection with IHHNV results in an acute disease with high mortalities approaching 100% (Lightner et al. 1996). IHHNV outbreaks in farmed P. stylirostris caused such severe levels of mortality that some farms in Mexico closed permanently while others shifted to cultivating P. vannamei (Pantoja et al., 1999). Although the impacts of IHHNV on P. stylirostris production are known to have been historically severe, domesticated populations of P. stylirostris have been developed which are considered to be tolerant to infection (Tang et al., 2000). 
[bookmark: _Hlk46924666]Infection with IHHNV in populations of P. vannamei have resulted in a more subtle, chronic disease in which mortalities may not be significant, but where animals show cuticular deformities and reduced, highly disparate growth ‒ a condition known as runt deformity syndrome (RDS) (Kalagayan et al., 1991). Growth retardation has been reported to be greater than 30% (Wyban et al., 1992, cited by Hsieh et al., 2006) and runted animals have lower economic value resulting in significant economic loss (Kalagayan et al., 1991). Infection with IHHNV also interferes with normal egg, larval, and post-larval development (Motte et al., 2003). 
The impacts of IHHNV appear to have declined due to the use of specific (i.e. IHHNV) pathogen free shrimp, changing to cultivation of less susceptible species and the breeding of more IHHNV-tolerant shrimp. However, several recent examples demonstrate that IHHNV continues to affect the health of cultured aquatic animals and results in significant production losses. Some of these examples are highlighted below. 
In 2019, IHHNV positive cases were detected in imported P. vannamei broodstock at two indoor shrimp farms in the UK. At one of these sites, variable growth rates and stunting were observed. The farms were depopulated and decontaminated.
In surveillance of Indian P. vannamei farms from 2013 to 2018, 30 farms were found to be positive for IHHNV (Jagadeesan et al., 2019). Animals at these farms exhibited classical IHHNV cuticular deformities and a wide size variation in growth in the affected farms. 
Considerable differences in susceptibility to IHHNV infection were found in three batches of P. vannamei from different hatcheries in Northern Mexico. The results indicate varying levels of IHHNV resistance in farmed populations, although possible impacts on productivity were not explored (Escobedo-Bonilla et al., 2014). 
A recent study in Australia found an association between sustained presence of high level IHHNV infection with reduced growth performance and survival of P. monodon reared under simulated commercial conditions (Sellars et al., 2019). 
Conclusion
Criterion is met. 
Criterion No. 4c The disease has been shown to, or scientific evidence indicates that it would affect the health of wild resulting in significant consequences e.g. morbidity or mortality at a population level, reduced productivity or ecological impacts.
Assessment
IHHNV was detected in farmed P. stylirostris and P. vannamei in Mexico in the late 1980s and was later detected in wild P. stylirostris populations in the Gulf of California (Morales Covarrubias et al., 1999). The detection of IHHNV in wild P. stylirostris coincided with declines in fishery landings of up to 50% and it has been suggested that IHHNV contributed to the collapse of the fishery (Morales Covarrubias et al., 1999; Pantoja et al., 1999). Further sampling in 1996 demonstrated high IHHNV prevalence; however, wild populations were recovering (Morales Covarrubias et al., 1999). 
IHHNV has been detected in wild populations of other crustacean species. High prevalence of IHHNV was found in wild P. vannamei from the Pacific coast of Panama, Ecuador, Colombia and Panama (Nunan et al., 2001; Motte et al., 2003). In the Pacific coast of Mexico, IHHNV was detected in wild shrimp and crabs with 19.5% prevalence rate (Macías-rodríguez et al., 2014). In the East China Sea, IHHNV was detected in wild P. penicillatus and at a prevalence of 19.2% in wild P. vannamei (Hu, 2015). 
Although IHHNV is thought to have impacted wild populations of P. stylirostris, definitive evidence of a causative role is not available. However, it is well known that demonstrating the impact of diseases on wild populations of aquatic animals is difficult, except in the most extreme examples where observable mortality occurs (Miller et al., 2014). 
Conclusion
Criterion is not met. 
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