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Abstract Hepatopancreatic parvovirus (HPV) is one of
the major shrimp parvovirus which is known to cause slow
growth in penaeid shrimps. HPV has been found in wild and
cultured penaeid shrimps throughout the world and there is
high genetic variation among the different geographic iso-
lates/host species. Given its high prevalence, wide distri-
bution and ability to cause considerable economic loss in
shrimp aquaculture industry, HPV deserves more attention
than it has received. Till date, a total of four complete gen-
ome sequences of HPV have been reported in addition to a
large number of partial sequences. HPV infection is seldom
observed alone in epizootics and has occurred in multiple
infections with other more pathogenic viruses and in most
cases, heavy infections result in no visible inflammatory
response. A great deal of information has accumulated in
recent years on the clinical signs, geographical distribution,
transmission and genetic diversity of HPV infection in
shrimp aquaculture. However, the mechanism by which
HPV enters the shrimp tissues and pathogenesis of virus is
still unknown. To date, no effective prophylactic measures
are available to reduce the infection in shrimps. To control
and prevent HPV infection, considerable research efforts are
on. This review provides information on current knowledge
on HPV infection in penaeid shrimp aquaculture.
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Introduction

Aquaculture is one of the fastest growing food producing
sectors in the world. World aquaculture has grown at an
average annual rate of 8.3 % from 1970 to 2008 [18]. The
reported global production of food fish from aquaculture,
including finfish, crustaceans, molluscs and other aquatic
animals reached 52.5 million tonnes in 2008. Shrimp
farming has rapidly expanded in Asia and generated sub-
stantial income for farmers in many developing countries.
In India, the shrimp aquaculture industry started only
during the mid-eighties, flourished well and proved lucra-
tive initially until the sector was affected by diseases. The
increased occurrence of devastating viral diseases in
shrimp culture systems threatens the sustainability of both
the aquaculture industry and the commercial shrimp fish-
ery. In 1993, the shrimp aquaculture industry was hit by
viral diseases and during that period, infections reached
epizootic proportions in culture ponds all along the coast
causing mass mortalities and extensive damage to the
system. The main virus associated with these cases was
the White spot syndrome virus (WSSV) [58]. However, the
presence of other viruses like monodon baculovirus
(MBYV), hepatopancreatic parvovirus (HPV) [50], Laem-
Singh virus (LSNV) [70] and more recently the infectious
hypodermal and hematopoietic necrosis virus (IHHNV)
[71, 72] together with WSSV caused the problems to be
more serious. To date, there are almost 20 viruses known to
infect penaeid shrimps in the world and many of them are
able to cause mass mortalities in culture [27]. Thus the
impact of viral diseases in terms of economic loss is very
high and is approximately US $3—4 billion per year, with
all major species of shrimp being affected [12, 16, 39, 42,
44, 91]. Of all viral diseases, parvoviral diseases are
emerging as a major threat to penaeid shrimp culture due to
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their ability to cause slow growth in shrimp. Among the
crustacean parvoviruses, only those of shrimp have been
studied in detail. The two major parvoviruses which are
known to cause slow growth in shrimp include HPV [67,
82] and IHHNV [4, 40, 77]. Even though the two denso-
viruses of shrimp, HPV and IHHNV are having similar
structure, nearly identical virion size and shape, HPV
infects hepatopancreatic epithelial cells of shrimps whereas
IHHNYV infects all organs of ectodermal and mesodermal
origin except the midgut [45]. Spawner-isolated mortality
virus from Penaeus monodon (SMVmon) is another major
shrimp parvovirus which causes mid-crop mortality syn-
drome [26, 60, 61]. The present review provides current
advances on HPV infection in penaeid shrimps.

Hepatopancreatic Parvovirus (HPV)

HPV or Penaeus monodon densovirus (PmoDNV) of
penaeid shrimp is an emerging shrimp virus reported to
cause considerable economic loss in shrimp aquaculture
[25] and infects several penaeid shrimp species. It was first
reported in Penaeus (Fenneropenaeus) chinensis from
Korea, Penaeus merguiensis from Singapore, Penaeus
semisulcatus from Kuwait and P. monodon from the Phil-
ippines [13, 41]. This virus is reported to cause mortalities
in early larval and postlarval stages of shrimp [45, 80] and
stunted growth in juveniles [24, 48].

HPV infection is associated with reduced growth rates of
juvenile shrimp without showing any gross signs of disease
[24]. Usually HPV infection appears as co-infections with
other hepatopancreatic pathogens. The HPV-associated
cumulative mortality was reported to be 50-100 % after
4-8 weeks in juvenile P. merguiensis [41]. Chantanachoo-
kin et al. [10] reported triple infection of P. monodon with
yellow head virus (YHV), HPV and MBV from ponds. Due
to nonspecific clinical signs, the importance of PmoDNV as
a disease causing agent is under estimated and there is no
quantitative information regarding the impact of this dis-
ease in Indian shrimp aquaculture. Till date, there is no
HPV susceptible shrimp cell lines developed to study the
pathology, modes of transmission and virulence mechanism
of the virus. Recently an insect model, Acheta domesticus
has been used to describe the viral etiology of Penaeus
merguiensis densovirus (PmergDNV) of shrimp and this
study points to the use of animal models as an alternative
bioassay to cell lines [37].

Geographical Distribution

HPV was first discovered in Asia and all initial reports of
HPV infected shrimp or prawns were from Asia or the
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Indo-Pacific region and hence thought to be of Indo-Pacific
origin but later spread to wild shrimp in the Americas via
importation of live Asian shrimp for aquaculture [47].
HPV is widely distributed in wild, cultured and hatchery
reared shrimps throughout the world including Australia,
Asia, Africa, China, Korea, Taiwan, the Philippines,
Indonesia, Malaysia, Singapore, Kenya, Israel, Kuwait,
North and South America and India [47, 50] (Fig. 1). HPV
was introduced to areas throughout North and South
America, the Pacific coast of western Mexico and along
the coast of coastal El Salvador with the movement of
infected Penaeus (Litopenaeus) vannamei [47]. Through
the importation of infected Penaeus penicilliatus from
Kenya and P. (Fenneropenaeus) chinensis from Korea, this
virus was introduced into Israel and Hawaii respectively.
HPV was first reported in Australia from samples of
Penaeus esculentus from Moreton Bay and the Gulf of
Carpentaria [66]. Later, it was reported in P. merguiensis,
P. monodon and Penaeus japonicus [47, 74, 80] from
Australia. In 1992, HPV infection in the black tiger shrimp
P. monodon was first reported from Thailand [20-22]. In
India, the presence of HPV in hatchery-reared, early
postlarvae (PL) and the mass mortalities in shrimp larvae
due to HPV infection along with MBV and WSSV has
been reported [50]. The prevalence of HPV infection in
samples of P. monodon PL have been reported from India
[87-89]. These findings suggest that HPV is distributed all
over the world.

Host Range and Strains of HPV

A phylogenetic analysis based on genomic DNA of shrimp
and insect parvoviruses suggests that IHHNV, SMVmon
and HPVmon/HPVchin are a group of distantly related
densoviruses having a host range outside the class Insecta
that diverged from the Crustacea [73]. Its natural host
range includes an ever increasing number of cultured and
captured shrimp species [47, 66, 80] such as P. mergui-
ensis, P. semisulcatus, Penaeus chinensis (orientalis),
P. esculentus, P. monodon, Penaeus (Fenneropenaeus)
indicus, P. penicillatus, P. japonicus, Penaeus (Litopena-
eus) stylirostris and Penaeus vannamei from all around the
world [41, 47, 74]. In India, HPV was detected in
P. monodon, Penaeus indicus and P. semisulcatus by non-
nested PCR and it was also detected from wild shrimps
Parapenaeopsis stylifera, P. japonicus, Metapenaeus
monoceros, M. affinis, M. elegans, M. dobsoni, M. ensis
and Solenocera choprai by nested PCR [51]. A HPV-like
agent has been reported in PL of Macrobrachium rosen-
bergii [2] and in Cray fish [36]. Recently PmeDNV was
reported in the haemolymph of the mud crab, Scylla serata
by PCR [62]. To date, ten strains of HPV have been
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Fig. 1 Global distribution of hepatopanreatic parvovirus (HPV). Asterisks indicates country and year of emergence

described. The first strain (HPVchin) was reported in 1995
from P. chinensis in Korea [5] followed by HPV from
P. monodon in Thailand (PmoDNV) in 1999 [82]. In 2005,
HPVsemi was reported in wild stocks of P. semisulcatus
from India [51] and the fourth penaeid shrimp strain was
described from Australian P. merguiensis [34]. Recently,
other strains of HPV have also been reported in P. monodon
from India [76], Madagascar, New Caledonia and Tanzania
[85] and two more strains have been reported in P. chinensis
from South Korea [29] and China (GU371276).

Transmission

The first report on successful horizontal transmission of
HPV by oral challenge in PL of P. monodon has been
reported in 2003 [8]. HPV is believed to be transmitted
both vertically and horizontally [44]. Recent report on the
horizontal transmission of HPV from the infected Artemia
to healthy post-larvae of P. monodon by feeding experi-
ment suggest that this vector could also horizontally

transmit HPV into rearing systems [79]. The horizontal
transmission of HPV by cannibalism may also be a serious
problem in transmission of this virus in shrimp farms. The
report on HPV infection from parental broodstock to F1
progeny of P. chinensis suggested that this virus can also
be transmitted vertically [47]. HPV infections in hatchery
reared PL in India [50, 89] also suggested the vertical
transmission of this viral infection. La Fauce and Owens
[36] reported the susceptibility of crayfish, Cherax quad-
ricarinatus to the Australian isolate of hepatopancreatic
parvovirus (PmeDNV) infection. The juvenile crayfishes
challenged with PmeDNV showed signs of disease within
1 week and mortalities were recorded 1 day after com-
mencement of the clinical signs.

HPYV infection starts by attaching to the microvilli fol-
lowed by its entry into the host cell by pinocytosis [53].
The HPV maturation occurs in the nucleoplasm and later
accumulated in the main inclusion bodies [65]. The accu-
mulation of mature parvovirus particles during the last
stage of the replication cycle, cause disruption of the
nuclear membrane and release of virions into the cytoplasm
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[30]. On the liberation of whole intranuclear inclusion into
the hepatopancreatic tubule lumens, HPV spreads to new
host cells [65].

Clinical Signs of Disease

High levels of HPV infections have been reported during
the early larval and postlarval stages [23, 45, 80]. This
virus has been attributed to 100 % mortalities during out-
breaks and result in stunted growth during the juvenile
stages [20, 24, 48]. Some of the nonspecific clinical signs
of HPV infected animals are poor growth rate, atrophy of
the hepatopancreas, anorexia, decreased preening activity,
increased surface and gill fouling by epicommensal
organisms and sporadic opacity of tail musculature [11, 41,
43, 82]. Other than smaller size, HPV infected shrimps are
often normal in coloration or length of antennae and has
even been reported in apparently healthy hatchery reared
larvae and in wild shrimp from India [51, 89]. HPV has
been reported to cause serious crop losses in farms as the
HPV infected small shrimp don’t fetch any market value.
Increased mortality has been associated with stress and
overcrowding conditions. However mortalities due to HPV
infections are difficult to document as it is seldom observed
alone in epizootics and usually occurs in association with
other pathogens.

Taxonomic Affiliation and Morphology

HPYV is considered as a member of the family Parvoviridae
based on virion characteristics [5]. However, because of
their distinctively different genome structure, unusual
capsid proteins and size, HPV is considered as a new
member of Densovirinae, subfamily which are able to
infect vertebrates and invertebrates. HPV is a non-envel-
oped icosahedral virus with an average diameter of
22-24 nm and contains a single stranded linear DNA
having an approximate size of 6 kb. HPV genome has
hairpin structures on both the end of the linear DNA like
any other parvoviruses. The buoyant density value of HPV
by isopycnic centrifugation in the CsCl density gradient
was estimated to be 1.412-1.425 g/ml [5, 84].

Genome Organization

Till date, four complete genome sequences of HPV are
available, and these have been reported from Thailand
(Penaeus monodon densovirus (PmoDNV) [84], Australia
(Penaeus merguiensis densovirus (PmeDNV) [34], India
(Penaeus monodon densovirus (PmoDNV) [76] and South
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Korea (F. chinensis hepatopancreatic densovirus-FcDNV)
[29]. The South Korean isolate had the largest genome
(6,336 bp; JN082231) followed by Thai (6,321 bp), Indian
(6,310 bp) and Australian (6,299 bp) strains. Though a
nucleotide sequence of a HPV strain from F. chinensis in
China (6,085 bp) is available in GenBank (GU371276), it
lacks the 3’- and 5'-terminal sequences compared to the
other complete genome sequences of HPV [29]. Partial
sequences are available from India (HPVsemi) [51], Korea
(GenBank accession no. AY008257), Tanzania (GenBank
accession no. EU588991), New Caledonia (GenBank
accession no. EU346369) and Madagascar [85]. The viral
genome of the HPV genome has high A+T content
(58.2 %) [76] which is similar to the shrimp parvovirus
IHHNV (56.96 %) [77] and the mosquito brevidensovi-
ruses Aedes aegypti densovirus (AaeDNV), 62.5 % [1] and
Aedes albopictus densovirus (AalDNV), 61.8 % [6]. Based
on the phylogenetic tree constructed from the amino acid
sequence of the right ORF, HPV isolates has been tenta-
tively divided into 3 genotypes: Type I (Korea, Madagas-
car, Tanzania), Type II (Thailand, Indonesia, India) and
Type III (Australia, New Caledonia) and the genetic vari-
ation was primarily associated with the geographic distri-
bution of the host [29, 85].

A complete genome sequence analysis of HPV strains
indicated that three ORFs have their own potential pro-
moters with TATA boxes, transcription start signals (Inr-
box), and downstream promoter elements. Upstream from
the ORF1, ORF2 and ORF3, there were three functional
promoters namely p2, p22 and p48. The putative promoter
(p22) found upstream to the ORF2 controls the transcription
of the ORF2 and the third set of putative transcription reg-
ulatory sequences (p48) controls transcription of the right
ORF3 [84]. The complete genome of HPV virus was orga-
nized as monosense and the organization of genes from 5’
end of the complementary strand was in the order of ORF1
(NS2 gene), ORF2 (NS1 gene) and then ORF3 (VP gene)
(Fig. 2). This organization was different from other parv-
oviruses in which the genes are organized as left ORF (NS1),
mid ORF (NS2) and right ORF (VP) [1, 6, 77]. It was
reported that in the Indian HPV isolate, there was a slight
overlap (16 bp) between the non structural protein 2 (first
OREF) and the non structural protein 1 (second ORF) but in
different reading frames (reading frame 1 and 2) (Fig. 2). By
analogy to this, in PstDNV a shrimp densovirus, the mid
ORF (NS2) is located entirely within the left ORF (NS1) in a
different reading frame [77]. HPV genome is the biggest
among other parvoviruses (>6 kb) so far reported since the
coding regions of HPV are non-overlapping. Both the 5’ and
3’ terminal sequences of the genome contained palindromic
sequences capable of forming hairpin-like structures by base
pairing which is necessary for replication and encapsidation
of viral genome. Even though the nucleotide sequence at 5’
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Fig. 2 Organization of open readings frames (ORFs) in the genome of Indian hepatopancreatic parvovirus (HPV) strain. The genome is shown
in plus strand. The three open reading frames (ORFs; ORF1, ORF2 and ORF3) are indicated by boxes

Table 1 Pairwise distance (%) among eight hepatopancreatic parvovirus (HPV) isolates

HPYV isolates India Thailand Australia Tanzania Madagascar Korea South Korea China
(FJ410797) (DQ002873) (DQ458781) (EU247528) (EU588991) (AY008257) (JN082231) (GU371276)

India 100

(F1410797)

Thailand 86.37 100

(DQ002873)

Australia 77.98 74.74 100

(DQ458781)

Tanzania 80.63 80.05 81.33 100

(EU247528)

Madagascar 80.30 80.42 82.41 87.68 100

(EU588991)

Korea 81.69 80.08 83.15 85.24 84.58 100

(AY008257)

South Korea 80.82 76.22 82.15 85.18 84.56 98.76 100

(JN082231)

China 78.01 77.40 77.27 81.74 82.89 89.54 86.39 100

(GU371276)

The similarity was estimated based on the complete genome sequences of Indian, Thai, Australian, South Korean HPV isolates and partial
sequence from Korean, Tanzanian, Chinese and Madagascan HPV isolates

end could be folded into a hairpin-like structure it could not
generate a typical Y-, T-, or J-form similar to other parv-
oviruses [84]. Due to the presence of asymmetrical genera-
tion of flip and flop at the 5" and 3’ ends of HPV genome this
viral DNA may replicate by using the modified rolling
hairpin model as in case of autonomous parvovirus MVM
[3].

Analysis of the complete genome sequences of differ-
ent strains of HPV isolate suggests that HPV isolated
from different shrimp species and/or different geographi-
cal region is genetically different. The nucleotide
sequence similarity between different strains of HPV
reported so far was determined by using BLAST searches
for the sequence at the GenBank NCBI database
(Table 1). The 10 % sequence variation between the
Chinese and Korean strains explains that the diversity of
HPYV strains is affected by geographical distribution of the
host species. Generally the genetic variation among dif-
ferent strains of parvovirus is only up to 4 % [17].
However, the HPV sequences isolated from different host
and geographical region have unexpectedly high variation
(Table 1). The sequence variation among HPV isolates
from populations of P. chinensis from South Korea and
Korea showed a very low nucleic acid variation (1 %)

and these findings again shows that the genetic diversity
of HPV strains is affected by geographical distribution of
the host. It could be due to the genetic adaptation of the
virus to the different environmental factors in different
geographical areas.

By analyzing the open reading frames of all four com-
plete genome of HPV the ORF1 of Thai, Indian, Australian
and South Korean isolate is 1287, 1281, 1026 and 1278 bp
respectively. The function of NS2 protein in the viral
genome is still unknown. It has been previously reported
that NS2 proteins from minute virus of mice (MVM), a
parvovirus, play a critical role in viral capsid assembly and
in the generation of viral single-stranded DNA [14, 54, 55].
NS2 proteins have also been involved in the production of
other viral replicative forms [9, 54, 55]. Furthermore, NS2
proteins seems to enhance NS1 associated parvovirus-
induced cell killing in some, but not all cell lines tested
[7, 19, 38]. The nucleotide sequence of ORF2 (NS1) of all
three complete genome of HPV from Thai, Indian, Aus-
tralian and South Korean isolate is 1740, 1734, 1737 and
1737 bp respectively. NS1 is the major replicative protein
of the autonomous parvovirus [15] which is highly con-
served across the present known genomes of HPV. Two
regions within the NS1 protein sequence contain highly
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conserved motifs namely replication initiator motifs and
NTP-binding and helicase domains. In parvoviruses, the
replication initiator motifs are involved in initiation and
termination of rolling circle replication [77]. In all HPV
strains, these two motifs in the NS1 polypeptide are highly
conserved when compared to rest of the parvoviral
sequences. The structural protein (VP) of HPV is encoded
by the third open reading frame. The nucleotide sequence
of ORF3 (VP) of all four complete genome of HPV from
Thailand, India, Australia and South Korea is 2457, 2460,
2454 and 2463 bp respectively. Like other parvoviruses, a
highly conserved glycine-rich sequence was found in
structural protein of HPV where as phospholipase A2
(PLA?2) signature sequence was found to be absent in this
shrimp densovirus.

Diagnosis of HPV Infection
Histology

Since there are no distinctive gross signs of HPV, initially
only conventional diagnostic methods like histopathology
of affected cells was being used for the diagnosis of HPV
[47]. HPV infection is characterized by the presence of
single, large basophilic intranuclear inclusion bodies in
hypertrophied nuclei of hepatopancreas tubules and adja-
cent midgut cells [47]. HPV inclusion bodies when fully
formed cause nuclear hypertrophy and compression and
displacement of the host cell nucleolus. The inclusions
of HPV infection is confined to actively dividing cells
(E-cells) at the distal ends of hepatopancreatic tubules. It
can also be diagnosed by preparing smears of hepatopan-
creatic tissue on a microscope slide in a drop of 10 %
formalin solution containing 2.8 % NaCl. HPV inclusions
bodies can be easily visualized after drying and normal
H&E staining (Fig. 3). Transmission electron micrograph
of a thin section of hepatopancreatic tissue of P. monodon
infected with HPV showed that the developing inclusion
bodies appeared as ovoid to spherical in shape with a
diameter from 5 toll um. These inclusion bodies were
composed of electron-dense granular material and virions
which caused the lateral displacement of the nucleoli and
margination of the chromatin.

Nucleic Acid Based Diagnostic Techniques

Due to the importance of this viral disease in shrimp aqua-
culture, many molecular diagnostic techniques were devel-
oped for easy and rapid detection of the virus that allow early
diagnosis of the infection in shrimp larvae, parental brood-
stock and possible carriers of HPV in the shrimp aquacul-
ture system. In comparison with conventional techniques,
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Fig. 3 Histopathology of HPV infected P. monodon showing intra-
nuclear inclusion bodies in hepathopancreatic tubular epithelial cells

molecular diagnostic techniques are more rapid and non-
destructive. Many DNA-based detection methods for HPV
have been reported and some of these are commercially
available.

Polymerase Chain Reaction (PCR)

PCR method has been widely used to detect HPV.
Sequence insertions or duplications can generate size
variations in the PCR product and the result may appear
falsely negative. Hence, designing of the primer according
to various strains of the virus is important to obtain
greatest possible sensitivity and specificity. A PCR based
detection method for HPVmon developed by Sukhumsiri-
chart et al. [82] using the primer sets 121F and 276R
yielded a product of 156 bp and this PCR assay could
detect at least 1 fg purified HPV DNA. Pantoja and
Lightner [64] designed another primer pairs (1120F/
1120R) based on sequences of HPVchin that yielded a
product of 592 bp. The commercial primer pair designed
for HPVchin (7490F/7852R) from DiagXotics Inc. (Wil-
ton, CT) yielded a 732 bp amplicon with HPVmon rather
than the 350 bp amplicon with HPVchin [67]. It was due to
the 30 % difference in DNA sequence of HPVchin and
HPVmon. Thus, to improve the sensitivity for HPVmon
detection, another primer pairs (H441F and H441R) were
designed from the sequence of the 732 bp HPVmon. These
primers yielded an amplicon of 441 bp and the sensitivity
was as little as 1 fg of purified HPVmon DNA [68]. The
primer pair HPV441F and HPV441R, specifically designed
for HPVmon has been shown to be effective with HPV in
P. monodon from India. By contrast, the primer pair
designed for HPVchin (1120F and 1120R) was not able to
detect HPV from India [89]. This could be due to the
highest nucleotide similarity (88 %) of complete genome
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Table 2 Primers used for

. . Primer code
detection of hepatopancreatic

Primer sequence (5'-3')

Product size (bp) Reference

parvovirus (HPV) infection

H441F GCATTACAAGAGCCAAGCAG 441 [68]
H441R ACACTCAGCCTCTACCTTGT

HPnF ATAGAACGCATAGAAAACGCT 265 [90]
HPnR GGTGGCGCTGGAATGAATCGCTA

121F GCA CTT ATC ACT GTC TCT AC 156 [82]
276R GTG AAC TTT GTA AAT ACC TTG

1120F GGT GAT GTG GAG GAG AGA 592 [64]
1120R GTA ACT ATC GCC GCC AAC

7490F TGGAGGTGAGACAGCAGG 732 [67]
7852R CCA ACT GTC CTC GCT CTT

HPV140F CTACTCCAATGGAAACTTCTGAGC 140 [35]
HPV140R GTG GCG TTG GAA GGC ACT TC

of HPV strain from India and Thailand when compared to
HPVchin from Korea (i.e. 84 %) [76]. Later, two primers
inner to 441 bp product (HPnF and HPnR) were designed
to detect HPV infection in wild shrimp from India by
nested PCR [90]. The 441 bp PCR fragment obtained from
P. semisulcatus shows 86 % sequence similarity with the
HPV from Thai P. monodon (HPVmon) [51]. In addition
to this, a multiplex reverse transcription-polymerase chain
reaction was developed for simultaneous detection of six
major shrimp viruses including HPV, YHV, WSSV, TSV,
IHHNV and MBV [31]. Though several PCR primers
(Table 2) have been described for detection of HPV, a
small nucleotide changes may give negative results with
diagnostic methods like PCR. Hence, specific primer set
should be used to detect different strains of virus from
different geographical area. Strain variation may cause
difficulties in performing specific diagnostic techniques
like PCR [46, 67].

Real-Time PCR

Real-time PCR is an alternative method to conventional
PCR which quantitates the number of viral copies in a
tissue sample [33]. Real-time PCR monitors the fluores-
cence emitted during the reaction at the end of each PCR
cycle as an indicator of amplicon production in real time as
opposed to the endpoint detection. For the detection of
Australian isolate HPV, a TagMan based real-time PCR
assay was developed to amplify a segment of the capsid
protein gene [35]. The assay was very specific to Australian
HPV and could not detect Thai and Korean strains which
were having very low homology of the target sequence.
Hence a generic TagMan assay was developed for the
detection of all strains of HPV by targeting relatively
conserved regions within the genome [92]. This real-time
PCR could detect HPV from nine geographic locations
with a sensitivity of one copy of HPV DNA. Among the

nine geographical locations, the real-time PCR primers
designed for Korean HPV was most sensitive to the Korea,
China-Yellow Sea and Taiwan HPV isolates. The high
sensitivity was because of their geographic proximity. This
real-time PCR could not detect the Indonesian and
Mozambique HPV isolates, because of high nucleic acid
sequence variation from the Korean HPV isolate.

Recently a duplex real-time PCR assay using TagMan
probes for the simultaneous detection of HPV and MBV
was developed [86]. For the duplex PCR assay the primers/
probe for HPV detection was designed based on a Thai
isolate, because the Thai isolate showed highest number of
nucleotide mismatches in the primers/probe targeted
sequences of earlier real-time PCR primers reported from
Australia and Korea [35, 92]. This real-time duplex assay
had a detection limit of single copies for both HPV and
MBYV and used for the quantification of these viruses [86].
A highly specific and sensitive multiplex real-time PCR
and high-resolution melting analysis was developed for
simultaneous detection of PmoDNV, WSSV and YHV in
penaeid shrimp [63]. To quantify HPV Type III infections
in wild broodstocks and hatchery reared PL of P. chinensis
from Korea, a highly sensitive type specific TagMan real-
time PCR was developed and the result showed that HPV
Type III is widely distributed in Korea in addition to HPV
Type I [28].

Loop-Mediated Isothermal Amplification (LAMP)

LAMP is a nucleic acid amplification technique by using a
single temperature incubation of nucleic acid with 4 dif-
ferent primers to identify 6 distinct regions on the target
gene. Hence, it avoids the need for expensive thermal
cyclers used in conventional PCR and is highly specific.
The LAMP is a quantitative technique in which the
amplification can be followed in real-time either by mea-
suring the turbidity or by the signals produced by
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fluorescent dyes that intercalate the DNA [57]. In addition
to being inexpensive, isothermal amplification this tech-
nique is further simplified by the use of chromatographic,
lateral flow dipstick (LFD) [32, 56]. For the specific
detection of HPV, a LAMP based diagnostic technique was
developed in combination with LFD [56] and this method
was 10 times more sensitive than the one-step PCR [83]
and the sensitivity was equivalent to nested PCR [51].

PCR-Enzyme Linked Immunosorbent Assay (PCR-ELISA)

The PCR-ELISA is an alternative method for the detection
of nucleic acids which mimic enzyme linked immunosor-
bant assays. The technique mainly involves amplification
of viral DNA by PCR and then hybridization of the PCR
product with a specific probe and finally the detection of
the hybridized product by ELISA technique [49, 93]. In
this assay, the PCR products will be hybridized to an
immobilized capture probe with sequences internal to the
PCR product. Thus, it is an alternative and less expensive
technique than real-time PCR. PCR-ELISA, a promising
diagnostic tool has been developed for detection of HPV in
P. monodon. A 156 bp HPV DNA fragment amplified and
labeled with Digoxygenin-dUTP was detected using a
biotin labeled specific internal sequence probe. This tech-
nique could detect up to three viral particles. Hence PCR—
ELISA is more sensitive than conventional PCR and his-
tological examination and can be used for field level
applications where large numbers of samples can be ana-
lyzed simultaneously [83].

Probe Techniques

The development of non-radioactive labeling of nucleic
acids methods has made gene probe technology readily
available in shrimp diagnosis. This technology was first
developed for the diagnosis of another parvovirus, IHHNV
and now it is being used for other shrimp viruses [43, 52].
The two DIG-11-dUTP labeled probes developed for the
detection of low grade infections of HPV infection which
were specific to this virus [53]. Although these gene probes
were very specific to HPV, it failed to explain the patho-
genesis of the disease as individual HPV particles are very
difficult to visualize. Hence, to overcome such problems,
Pantoja and Lightner [65] used in situ hybridization com-
bined with electron microscopy and could explain the
aspects of the infection and development cycle of HPV. For
this technique, a 592 bp HPV specific DNA probe labeled
with DIG-11-dUTP was used to hybridize semi-thin and
ultra thin sections of HPV infected tissues and examined by
light and electron microscopy, respectively. A probe has
also been developed from the 732 bp PCR amplicon of
commercial PCR primers developed from HPVchin [68].
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In Situ Hybridization

The DIG-11-dUTP labeled probes were used for in situ
hybridization of HPV infected and uninfected shrimp to
test the specificity. The probes produced a strong labeling
of infected nuclei of HPV infected hepatopancreas [53]. At
ultra structural level, a post-embedding in situ hybridiza-
tion technique was developed to detect HPV infection of
penaeid shrimp by using a probe labeled with DIG-11-
dUTP and for the detection of hybridized probe in HPV
infected juvenile P. monodon and P. chinensis PL using
gold conjugated anti-DIG antibody was used [65]. The
use of electron microscopic technique to detect in situ
hybridized HPV nucleic acids could explain the replication
cycle of HPV and the pathogenesis including the process of
adsorption, penetration, and transport within the cytosol,
penetration into the nucleus, replication and release [65].
The sensitivity of HPVmon detection with the commercial
PCR primers (DiagXotics) and hybridization probes
designed for HPVchin were significantly lower than that of
HPVchin hence Phromjai et al. [68] designed PCR primers
and hybridization probe using the sequence of the 732 bp
HPVmon PCR amplicon obtained by the primer designed
by Pantoja and Lightner [64]. Even though HPVchin
(AY008257,5,740 bp) and HPVmon (DQ002873, 6,321 bp)
differ in DNA sequences by 20 %, both of them showed
positive in situ hybridization reaction [67]. In addition, the
Australian HPV strain from P. merquiensis and P. esculentis
also reacted with gene probes from Asia [59] and showed
positive in situ hybridization with a commercial DNA probe
designed from HPVchin [47]. These results suggest that in
situ hybridization technique cannot be used for strain iden-
tification of HPV and it may not be used as a highly sensitive
technique to detect genomic sequence identity. Localization
of virus in tissues is essential to detect them by in situ
hybridization and it requires more technical skill and
expensive equipments.

Dot Blot Hybridization

Dot blot is a type of hybridization technique to measure
abundance of target sequences in a large number of sam-
ples. Phromjai et al. [68] used this hybridization technique
to check the specificity of DIG-labeled probe for the spe-
cific detection of HPVmon. The sensitivity of dot blot
hybridization using these probes were approximately 1 pg
with field samples of shrimp feces and 0.1 pg with shrimp
PL. A dot blot hybridization technique was also developed
using 196 bp DNA probe labeled with DIG-11-dUTP to
confirm the 441 bp PCR amplicon obtained from wild
shrimp from India [51]. One drawback of dot blot detection
was weak background signals probably due to non-specific
probe binding. This would not lead to false positive results
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for heavy infections because of the inclusion of negative
controls such as fecal or PL samples free of HPV together
with sharply contrasting positive control samples. On the
other hand, light infections would clearly go undetected
and so the method would not be suitable for screening of
carriers with low viral loads [68].

Monoclonal Antibody (MAb) Based Techniques

MAD based diagnosis, has proven to be an effective diag-
nostic method for the diagnosis of various viral diseases in
shrimp like yellow head disease [78] and infectious
hypodermal and hematopoietic necrosis [69]. Monoclonal
antibodies specific to hepatopancreatic parvovirus was
developed for HPV isolated from P. monodon [75]. These
monoclonal antibodies were raised against a major 54 kDa
protein of purified HPV and these antibodies could detect
HPV infection in shrimp tissues by means of immunohis-
tochemistry and by western blotting. Since the method for
propagation of HPV in the laboratory has not been estab-
lished, the availability of the antigen for monoclonal anti-
body production relied on the viral preparation from
specimens collected from natural infection. To increase the
sensitivity of the MADb based detection of HPV, various
epitopes (PmoDNV-N and PmoDNV-C) of capsid protein
were cloned and expressed and used for the production
of monoclonal antibodies [81]. The detection limit of
PmoDNV-N specific MAbs obtained was approximately
50 fmol pl~' of antigen as determined by Dot blot and it
was similar to the PmoDNV-MADb characterized by Ruk-
pratanporn et al. [75] but the sensitivity of PmoDNV-C-
specific MAbs was twofold less than the MAbs specific to
PmoDNV-N. By using a combination of all three MAbs,
the sensitivity of detection was improved by four fold for
the PmoDNV-N protein and twofold for the partially
purified PmoDNV [81]. Though the sensitivity of the
immunological techniques is lower than PCR, they are
more convenient, specific and less time-consuming and can
be used for the detection of various shrimp pathogens with
a large number of samples at much lower cost.

Concluding Remarks

HPV is a major causative agent of slow growth in shrimp
that leads to considerable economic loss in shrimp aqua-
culture. HPV infection is associated with reduced growth
rates of juvenile shrimp without showing any gross signs of
disease. However, the absence of specific clinical signs of
HPV infection and masking of HPV by other pathogens
make the disease diagnosis of the disease is difficult by
simple observation. Therefore, several robust detection
methods have been developed for the specific and sensitive

detection of HPV infection. However, because of its wide
geographical distribution, wide host range and the presence
of different genotypes, the continuous monitoring of this
viral infection becomes difficult. Based on the information
available to date, HPV is distributed worldwide and
sequence analysis of their genome has shown variations
among HPV isolates from different species and/or geo-
graphical areas. Due to the need to track and monitor
genetic diversity, the complete genome sequence analysis
of HPV strains from different areas throughout the world
and from different host species is required. Variations in
nucleotide sequence can cause closely related strains to
have significantly different biological properties such as
pathogenicity, tissue tropism or host range. Worldwide
genetic monitoring of this virus in shrimp farms should be
performed in order to verify the current prevalence, and a
quarantine strategy to limit the impact of its spread. To
date, no specific antiviral treatments or vaccinations
against HPV are available and hence preventive measures
are still the best way to reduce disease outbreaks. Thus,
studies on prevention and control of HPV infection should
be a priority. Further research on the proteins and their role
in viral replication should form the basis for future studies
in this area.
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