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ABSTRACT Infectious hypodermal and hematopoietic necrosis virus (IHHNV), recognized
as Penaeus stylirostris penstyldensovirus 1 (PstDV1), has been associated with the runt-defor-
mity syndrome (RDS) in cultured Penaeus (Litopenaeus) vannamei and Penaeus monodon
shrimp. Here, we report the second published genome sequence of IHHNV, which was
isolated from P. vannamei shrimp cultured in Ecuador.

Whiteleg Penaeus (Litopenaeus) vannamei shrimp is one of the top 10 species in global
aquaculture (1), but it is affected by diseases, which impact the economy of the pro-

ducer countries (2). Infectious hypodermal and hematopoietic necrosis virus (IHHNV) is the
smallest of the penaeid shrimp viruses and belongs to the genus Penstyldensovirus, subfamily
Densovirinae, and family Parvoviridae (3, 4). The viral genome consists of three open reading
frames (ORFs) (5). IHHNV causes high mortality rates in Penaeus stylirostris, but it produces
runt-deformity syndrome (RDS) in P. vannamei and Penaeus monodon, which impacts the
commercial value at harvest (6–8). On the other hand, insertion of noninfectious IHHNV
sequences has been found in the P. monodon genome, which could generate false-positive
results for the diagnosis of shrimp infection with IHHNV (9).

Currently, there is only one published genome of IHHNV isolated from cultured
shrimp from Ecuador (GenBank accession no. AY362548). This study reports the complete cod-
ing genome sequence of a second IHHNV strain (IH19), which was isolated from pleopods of a
cultured P. vannamei broodstock sampled in September 2019 in Santa Elena, Ecuador.
The genetic material was extracted from macerated pleopods using the phenol-chloro-
form-isoamyl technique (10). Viral diagnosis was performed by PCR using the IHHNV309F
and IHHNV309R primers (11), which are recommended by the World Organization for
Animal Health (4) to specifically detect infectious IHHNV forms and exclude the noninfectious
related sequences.

The ORFs of IHHNV (NS1, NS2, and VP) were amplified by PCR with three primer pairs
(Fig. 1), i.e., IHHN3065F/IHHN3065R (12), IHHNV721F/IHHNV2860R, and IHHNVF/IHHNVR1 (13),
using Dr. MAX DNA polymerase (Doctor Protein Inc., South Korea). PCR products were purified
using MSNU030 plates (Millipore SAS, Molsheim, France). Sanger sequencing (forward and
reverse) was performed using the PCR primers with the BigDye terminator v3.1 sequencing kit
and a 3730XL capillary sequencer (Applied Biosystems, Foster City, CA, USA) at Macrogen
(Seoul, South Korea). Sequences were edited and aligned (only nucleotides with Phred
scores of .20 were used) with Clustal Omega v1.2.2 (14) in Geneious Prime v2020.2.2
(Biomatters, Inc.) using the pairwise alignment tool with default parameters. The consensus
sequence of 3,203 bp contained the three ORFs of IHHNV, with 99.4% alignment identity, a
GC content of 42.7%, and 84.8% alignment coverage at the nucleotide level, compared with
the first IHHNV genome isolated from Ecuador (GenBank accession no. AY362548). Based on
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comparisons with the available IHHNV reference sequences, this genome was deemed to be
coding complete.

This study reports the second genome of an IHHNV strain from Ecuador, compared
to the first genome (reported in 2003), which will be relevant for further investigations
related to diagnosis improvement and epidemiological studies of evolution and virus
pathogenicity, as observations of runts and deformities associated with IHHNV have
diminished in cultured shrimp in Ecuador, according to anecdotal information from shrimp
farmers.

Data availability. The assembled genomic sequences were deposited in GenBank
under accession no. OL598344.2.

ACKNOWLEDGMENTS
This work was funded by the Secretaría de Educación Superior, Ciencia, Tecnología e

Innovación (SENESCYT), in the framework PIC-14-CENAIM-003 (Project Desarrollo e
implementación de métodos de control y prevención de enfermedades en especies
acuáticas de uso comercial y uso potencial en maricultura y repoblación). This research was
carried out in the framework of a joint graduate program conducted by the VLIR Network
Ecuador.

We thank Stanislaus Sonnenholzner and Xavier Chavarria for their kind review of the
manuscript and suggestions.

REFERENCES
1. Cai J, Zhou X, Yan X, Lucente D, Lagana C. 2019. Top 10 species groups in

global aquaculture 2017. Fisheries and Aquaculture Department, Food
and Agriculture Organization of the United Nations, Rome, Italy. https://
www.fao.org/3/ca5224en/CA5224EN.pdf.

2. Asche F, Anderson JL, Botta R, Kumar G, Abrahamsen EB, Nguyen LT,
Valderrama D. 2021. The economics of shrimp disease. J Invertebr Pathol 186:
107397. https://doi.org/10.1016/j.jip.2020.107397.

3. Cotmore SF, Agbandje-McKenna M, Chiorini JA, Mukha DV, Pintel DJ, Qiu
J, Soderlund-Venermo M, Tattersall P, Tijssen P, Gatherer D, Davison AJ.
2014. The family Parvoviridae. Arch Virol 159:1239–1247. https://doi.org/10
.1007/s00705-013-1914-1.

4. World Organisation for Animal Health. 2018. Infection with infectious hypoder-
mal and haematopoietic necrosis virus. InManual of diagnostic tests for aquatic
animals. World Organisation for Animal Health, Moscow, Russia. https://www
.oie.int/fileadmin/Home/eng/Health_standards/aahm/current/2.2.04_IHHN.pdf.

5. Shike H, Dhar AK, Burns JC, Shimizu C, Jousset FX, Klimpel KR, Bergoin M.
2000. Infectious hypodermal and hematopoietic necrosis virus of shrimp
is related to mosquito brevidensoviruses. Virology 277:167–177. https://
doi.org/10.1006/viro.2000.0589.

6. Lightner DV, Redman RM, Bell TA. 1983. Infectious hypodermal and hematopoi-
etic necrosis, a newly recognized virus disease of penaeid shrimp. J Invertebr
Pathol 42:62–70. https://doi.org/10.1016/0022-2011(83)90202-1.

7. Kalagayan H, Godin D, Kanna R, Hagino G, Sweeney J, Wyban J, Brock J. 1991.
IHHN virus as an etiological factor in runt-deformity syndrome (RDS) of juvenile
Penaeus vannamei cultured in Hawaii. J World Aquacult Soc 22:235–243. https://
doi.org/10.1111/j.1749-7345.1991.tb00740.x.

8. Primavera JH, Quinitio ET. 2000. Runt-deformity syndrome in cultured
giant tiger prawn Penaeus monodon. J Crustac Biol 20:796–802. https://doi.org/
10.1163/20021975-99990101.

9. Tang KF, Lightner DV. 2006. Infectious hypodermal and hematopoietic
necrosis virus (IHHNV)-related sequences in the genome of the black tiger
prawn Penaeus monodon from Africa and Australia. Virus Res 118:185–191.
https://doi.org/10.1016/j.virusres.2006.01.003.

10. Sambrook J, Russell DW. 2006. Purification of nucleic acids by extraction
with phenol:chloroform. Cold Spring Harb Protoc 2006:pdb.prot4045. https://
doi.org/10.1101/pdb.prot4045.

11. Tang KF, Navarro SA, Lightner DV. 2007. PCR assay for discriminating between
infectious hypodermal and hematopoietic necrosis virus (IHHNV) and virus-
related sequences in the genome of Penaeus monodon. Dis Aquat Organ 74:
165–170. https://doi.org/10.3354/dao074165.

12. Tang KF, Poulos BT, Wang J, Redman RM, Shih HH, Lightner DV. 2003. Geo-
graphic variations among infectious hypodermal and hematopoietic necrosis
virus (IHHNV) isolates and characteristics of their infection. Dis Aquat Organ
53:91–99. https://doi.org/10.3354/dao053091.

13. Tang KF, Lightner DV. 2002. Low sequence variation among isolates of in-
fectious hypodermal and hematopoietic necrosis virus (IHHNV) originat-
ing from Hawaii and the Americas. Dis Aquat Organ 49:93–97. https://doi
.org/10.3354/dao049093.

14. Sievers F, Wilm A, Dineen D, Gibson TJ, Karplus K, Li W, Lopez R, McWilliam H,
Remmert M, Söding J, Thompson JD, Higgins DG. 2011. Fast, scalable genera-
tion of high-quality proteinmultiple sequence alignments using Clustal Omega.
Mol Syst Biol 7:539. https://doi.org/10.1038/msb.2011.75.

FIG 1 Locations of the different primers in the Ecuadorian IHHNV genome (accession no. AY362548).
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