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ABSTRACT

In this study, whiteleg shrimp (Penaeus vannamei) imported from Vietnam were collected 
from South Korean markets, and examined for 2 viruses: infectious hypodermal and 
hematopoietic necrosis virus (IHHNV, recently classified as decapod penstyldensovirus-1), 
and white spot syndrome virus (WSSV). Among 58 samples, we detected IHHNV in 23 
samples and WSSV in 2 samples, using polymerase chain reaction and sequencing analyses. 
This is the first report of IHHNV and WSSV detection in imported shrimp, suggesting 
that greater awareness and stricter quarantine policies regarding viruses infecting shrimp 
imported to South Korea are required.

Keywords: Infectious hypodermal and hematopoietic necrosis virus; white spot syndrome virus; 
South Korea; quarantine; Vietnam

INTRODUCTION

For several decades, shrimp have ranked as one of the most traded seafood in the world. 
Shrimp are being cultured in approximately 70 countries around the world, although 
approximately 80% of farmed shrimp are produced in China, Thailand, Indonesia, Vietnam, 
Ecuador, and India [1]. These countries now have a significant export trade in shrimp and 
shrimp products, generating thousands of new jobs and incalculable foreign currency 
earnings for their national economies [2]. Four species are commonly used in shrimp 
farming, namely tiger shrimp (Penaeus monodon), whiteleg shrimp (Penaeus vannamei), Atlantic-
white shrimp (Penaeus setiferus), and Indian white shrimp (P. indicus). The production of 
whiteleg shrimp, in particular, has gradually increased, because this species offers numerous 
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advantages, such as the fact that it is domesticated and can be subjected to genetic selection 
for growth rate and rapid maturation [3].

However, the shrimp trade has been a source of significant environmental disturbances. In 
addition, it has provided opportunities for the increased pathogenicity of existing infections, 
the rapid transmission of disease, and the exposure of different countries to new pathogens 
[4]. In the present study, we monitored 2 viruses; infectious hypodermal and hematopoietic 
necrosis virus (IHHNV) which was recently classified as decapod penstyldensovirus-1 [5], and 
white spot syndrome virus (WSSV), in shrimp imported from Vietnam into South Korea.

MATERIALS AND METHODS

For this study, 58 batches of frozen whiteleg shrimp imported from Vietnam (~6–19 g, 40–50 
shrimp per batch) were collected from fishery markets in South Korea (3 markets in Inchon, 
3 markets in Gwangju, and 3 markets in Busan areas), in 2019 and shipped on ice to the 
Laboratory of Aquatic Biomedicine, College of Veterinary Medicine, Kyungpook National 
University (Table 1).
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Table 1. Shrimp samples and PCR results from this study
Samples Viral nucleic acids detected  

by PCR assay
Samples Viral nucleic acids detected  

by PCR assay
19-005-a5 -* 19-006-1 IHHNV
19-005-b5 IHHNV 19-006-2 -
19-005-c5 - 19-006-3 -
19-005-d5 - 19-006-4 IHHNV
19-005-e5 IHHNV 19-006-5 IHHNV
19-005-f5 - 19-006-6 -
19-005-g5 IHHNV 19-006-7 IHHNV
19-005-h5 IHHNV + WSSV† 19-006-8 IHHNV
19-005-B5 IHHNV 19-006-9 IHHNV
19-005-C5 - 19-006-10 -
19-005-D4 - 19-006-11 -
19-005-E5 IHHNV 19-006-12 -
19-005-G5 IHHNV 19-006-13 -
19-005-H5 IHHNV 19-006-14 -
19-004-A1 - 19-006-15 -
19-004-B1 - 19-006-16 -
19-004-C1 - 19-006-17 -
19-004-D1 IHHNV 19-006-18 -
19-004-E1 - 19-006-19 -
19-004-F1 - 19-006-20 IHHNV
19-004-G1 - 19-006-21 -
19-004-H1 - 19-006-22 IHHNV + WSSV
19-004-I1 - 19-006-23 IHHNV
19-004-J1 IHHNV 19-006-24 -
19-004-A2 - 19-006-25 -
19-004-D2 - 19-006-26 -
19-004-F2 IHHNV 19-006-27 IHHNV
19-004-D3 - 19-006-28 IHHNV
19-004-F3 - 19-006-29 IHHNV
PCR, polymerase chain reaction; IHHNV, infectious hypodermal and hematopoietic necrosis virus; WSSV, white 
spot syndrome virus.
*Neither IHHNV and WSSV were detected; †The representative amplicons of IHHNV and WSSV were deposited in 
the GenBank database under accession No. MN481525 and MN481520, respectively.
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For DNA extraction, 5 shrimp were randomly selected from each batch and the pleopods 
(30 mg) were pooled into a single tube. DNA was extracted using DNeasy Blood and Tissue 
kits (Qiagen, Germany). For IHHNV detection, a polymerase chain reaction (PCR) assay 
was carried out with primers IHHNV-389F (5′- CGG AAC ACA ACC CGA CTT TA -3′), and 
IHHNV-389R (5′- GGC CAA GAC CAA AAT ACG AA -3′) designed by Tang and Lightner [6]. 
For WSSV detection, a PCR assay was carried out with primers WSSV-WSI3 (5′-GTA ACT CCT 
TCC ATC TCC A -3′) and WSSV-WSI4 (5′-TAC GGC AGC TGC TGC ACC TTG T -3′) designed 
by Nunan and Lightner [7]. The obtained representative positive amplicons of IHHNV and 
WSSV were sequenced, and the phylogenetic analyses were respectively conducted using 
the datasets from different geographical origins with the maximum-likelihood method with 
1,000 bootstrap replications using MEGAX software (ver. 10.0).

RESULTS AND DISCUSSION

For live and frozen shrimp sourced from foreign countries and imported into South Korea, 
the National Fishery Products Quality Management Service conducts quarantine, and checks 
for 6 viruses (IHHNV, WSSV, infectious myonecrosis virus, Taura syndrome virus, yellow head 
virus, and Macrobrachium rosenbergii nodavirus), and 1 fungus (Aphanomyces astaci) in accordance 
with the Aquatic Organism Disease Control Act [8].

IHHNV causes runt-deformity syndrome in penaeid shrimp, which results in irregularly 
impaired growth and cuticular deformities [9]. This virus has been detected worldwide 
in cultured penaeid shrimp, and has been reported in whiteleg shrimp cultured in South 
Korea since 2010 [9]. However, there are no reports of IHHNV detection in shrimp that are 
sold in South Korea but originally imported from foreign countries. Interestingly, 39.6% of 
the tested samples collected in this study were confirmed to be positive for IHHNV (n = 23) 
when subjected to PCR assay and sequencing analysis (Table 1). The obtained sequences 
corresponding to the non-structural protein 1 of IHHNV were very similar (> 96% identity) 
to the reference strain of IHHNV (Penaeus stylirostris penstyldensovirus 1, NC_039043.1) and 
other IHHNVs detected from different geographical origins, including South Korea and 
Vietnam. Phylogenetic analysis of the obtained representative IHHNV sequence (IHHNV-KK-
VIET1) indicated that the newly detected viral sequence was similar to those reported from 
Southeast Asian countries including Vietnam (KC513422.1), and clearly differentiated from 
the previously reported South Korean IHHNV isolate [9], thus suggesting that the IHHNV-
positive shrimp samples collected in this study contained different types of IHHNV reported 
in South Korea (Fig. 1A). The representative sequence was deposited in the GenBank database 
under accession No. MN481525.

In shrimp, WSSV infection can cause up to 100% mortality within a few days under culture 
conditions, and this virus is responsible for severe economic loss in shrimp farming [10]. In 
South Korea, WSSV is regarded as the most dangerous shrimp virus, and has been causing 
mass mortalities with serious economic losses in Korean shrimp farms since 1998 [11]. 
However, there has been no report on WSSV detection in shrimp that are sold in South Korea, 
but imported from foreign countries, up to recent. In this study, 3.4% of the tested samples 
were confirmed to be positive for WSSV (n = 2) when subjected to PCR assay and sequencing 
analysis (Table 1). The obtained sequences corresponding to the VP664 (ORF 167) of WSSV 
were almost identical (> 99% identity) to the reference WSSV strain (CN1, NC_003225) and 
other WSSVs including South Korean (JX515788.1) and Vietnamese (JX564899.1) isolates 
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reported to date, and thus, resultant phylogeny failed to discriminate the origin of the 
virus (Fig. 1B). The representative sequence was deposited in the GenBank database under 
accession No. MN481520.

In shrimp farming, co-infections are common. In this study, we found that the 2 samples 
infected with WSSV (19-006-22 and 19-005-h5) were also co-infected with IHHNV (Table 
1). Multiple infections with WSSV and other viruses and, in particular, dual infection with 
WSSV and IHHNV in whiteleg shrimp, have been reported frequently in shrimp farms [12]. 
It was also confirmed that co-infection with several pathogens could cause faster and higher 
mortality in pond cultured shrimp than in those infected with WSSV alone [13]. In ponds, 
shrimp infected with WSSV at a low level did not always show clinical symptoms, but these 
shrimps were more susceptible to other pathogens [13].

To the best of our knowledge, this is the first report of IHHNV and WSSV detection in frozen 
shrimp imported from Vietnam into South Korea. Importantly, in South Korea, frozen 
shrimp imports have increased gradually to satisfy a growing shrimp demand [14]. However, 
virus infected-frozen shrimp still have the potential to spread disease, and can cause serious 
problems in shrimp aquaculture. There are possible virus transmission routes, such as the 
disposal of untreated liquid or solid wastes from imported shrimp, and the use of imported 
shrimp as bait by fishermen [15]. Therefore, accurate and strict monitoring of shrimp viruses 
is required for shrimp imported from foreign countries into South Korea.
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