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The genome of a Korean isolate of Hepatopancreatic parvovirus (HPV) was 

partially cloned, sequenced and characterized. Random PGR amplification of viral DNA 

was combined with conventional cloning methods to generate three clones named HPV8 

(2,136 bp insert), HPV3 (1,560 bp insert), and CPII39 (413 bp insert), DNA sequencing 

demonstrated overlapping regions between HPV8 and HPV3 and between HPV3 and 

CPn39. The combined sequence of these three clones encompass approximately 3,350 

bp of the total 5,000 bp estimated for the HPV genome. A large open reading frame 

(1,692 bp) was found within clones HPV3/CPII39 encoding a polypeptide of 549 

residues (~ 60 kDa) whose amino terminus shows 100% homology with the first 12 

residues sequenced from an apparently single 54 kDa (by SDS-PAGE) structural protein 

found in a Korean isolate of HPV. 

Two new gene probes EC.592 (592 bp) and EC.350 (350 bp) were developed by 

PGR amplification of previously constructed HPV (Korean) clones and labeled with 

DIGl 1-dUTP. These probes recognize different regions of the HPV genome. The 

specificity of both probes was confirmed by in situ hybridization using HPV-infected 

Penaeus chinemis (Korean) as a positive control and specific-pathogen free P. vannamei 

and IHHNV-infected P. stylirostris, as negative controls. Both probes were used in in 

situ hybridization to compare their reaction to HPV-type lesions detected by conventional 

H&E histology in 7 species of HPV-infected shrimp, and one of freshwater prawn, from 
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13 countries. The results of this comparison strongly suggest the existence of genomic 

differences among these geographic isolates. 

A post-embedding in situ hybridization assay at the electron microscope level was 

developed to detect HPV nucleic acids on HPV-infected hepatopancreata from P. 

chinensis and P. monodon. Hybridized probe (EC.592) was detected with an anti-DlG 

sheep antibody conjugated to 10 nm gold particles and subsequent silver enhancement. 

Hybridization signal was observed within HPV-infected hepatopancreatic cells, which 

was specifically located within intranuclear viral inclusions, cytoplasm, microvillous 

border, and associated to necrotic debris within the lumen of hepatopancreatic tubules. 

A non-destructive method, based on the PGR, was developed to detect HPV by 

examination of crude fecal samples from HPV-infected shrimp. 
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INTRODUCTION 

1.1 Problem Definition. 

One of the major constraints to the shrimp farming industry, both domestic and 

intemational, has been the ever-increasing number of viral diseases. The economic 

impact that viruses pathogenic to penaeid shrimp can have on this activity has been well 

documented (Boonyaraptalin et al. 1993; Brock 1991; Chamberlain 1994; Chen 1995: 

Lighmer 1988, 1992,1996; Lightner and Redman 1998; Wangetal. 1995; Winamo 

1995). 

Most of the industry depends heavily on wild populations of shrimp for "seed stock" 

(Pruder et al. 1995; Wyban 1992). However, previously unrecognized pathogens are 

commonly present at low prevalence rates in wild populations and, as experience has 

demonstrated, these pathogens have the potential to cause serious disease when the 

rearing of these shrimp is attempted under the highly stressful aquaculture environment 

(Lightner 1993; Lotz 1995). Thus, in order to overcome disease problems, the industry 

must attempt the avoidance of these pathogens by deveiopmg domesticated breeding 

lines of the most conunercially important penaeid shrimp species. 
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The domestication of the shrimp, coupled with the development of specific 

pathogen-free stocks (SPF; Lotz et al. 1995), seems one of the most desirable options that 

may provide some relief to the industry. For example, comparisons of the culture 

performance of known IHHNV (IHHNV; Infectious hypodermal and hematopoietic 

necrosis virus)-infected Penaeus vamamei and SPF stocks of the same species, have 

shown that the SPF stocks outperform and provide as much as twice the crop value as the 

infected stocks grown under identical culture conditions (Wyban et al. 1992). Moreover, 

uncontrolled traffic of live shrimp (broodstock, post-larvae, etc.) for aquaculture purposes 

has been one of the major causes for the introduction of exotic pathogens into regions 

where they did not exist before (Lighmer et al. 1992a). In this regard, the use of SPF 

stocks also offers social and political benefits since it reduces the chances of inadvertent 

introduction and dispersal of potentially serious pathogens. However, to be able to 

capitalize on the benefits of SPF stocks, the shrimp farming industry must first assure the 

availability of SPF founder or breeding populations, of sensitive and reliable diagnostic 

procedures, and to have a firm conunitment to maintain only SPF stocks at their facilities. 

A working list of excludable and certifiable pathogens has been proposed (Table 1) 

(Lotz et al. 1995; Lightner 1995) for which reliable and sensitive detection reagents have 

been developed. Among the pathogens included in this list, WSSV, YHV, TSV, IHHNV, 

BPV, and MBV are the ones that have caused the heaviest economic loss to die 
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Table 1. A working list of excludable and certifiable pathogens of American and Asian penaeid 
shrimp (modified from Lightner DV 1996) 

Viruses 

Infectious hypodermal and hematopoietic necrosis virus 
(IHHNV) 

Hepatopancreatic parvovirus (HPV) 

Lymphoidal parvo-like virus (LPV) 

Baculovirus penaei-type (BPV) 

Penaeus monodon-type (MBV) 

Baculovirai midgut gland necrosis types (BMN) 

Yellowhead virus of P. monodon (YHV) 

White spot syndrome viruses (WSSV) 

Taura syndrome virus (TSV) 

Protozoa 

Microsporidians 

Hapiosporidians 

Gregarines 

Mctazoan parasites 

Larval nematodes 

Larval trematodes 

Larval cestodes 

Systemic parvovirus 

Enteric parvovirus 

Systemic IHHNV-Iike parvovirus 

Occluded enteric baculovirus 

Occluded enteric baculovirus 

Non-occluded enteric baculoviruses 

Systemic non-occluded cytoplasmic 
rhabdo-like virus 

Non-occluded systemic baculoviruses 

Picomavirus 
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international industry. The hepatopancreatic parvovirus of penaeid shrimp (HPV), also 

included in this list, is considered a major pathogen of penaeid shrimp in the IndoPacific 

and east Asia, but only considered a potential treat to American penaeids because its 

relevance in this continent is still uncertain. Such uncertainty stems in part from an 

almost complete lack of mformation regarding the biology of this virus. 

Although characterized as a parvovirus, the taxonomic position of HPV within the 

Parvovirus family is still uncertain and it has been only tentatively placed within the sub

family Densovirinae (Murphy et al. 199S). 

HPV infection in cultured shrimp has been linked to chronic mortalities during the 

early larval or postlarval stages (Lightner et al. 1993, Spann et al. 1997) and it may result 

in stunted growth during the juvenile stages (Flegel et al. 1992, Flegel et al. 1998; 

Limsuwan 1999). The effect of HPV infection on adult shrimp is unknown however, it 

may compromise their survival if the infection is severe and the shrimp is in a highly 

demanding metabolic state (i.e., during gonad maturation) (Dr. Donald V. Lightner, The 

University of Arizona, Tucson, AZ, personal communication). Although suspected, no 

epizootics of HPV disease have been confirmed and documented. 

Diagnosis of the disease caused by HPV depends largely on the histological 

demonstration of characteristic intranuclear inclusion bodies within hepatopancreatic 

cells, the main organ affected (Lightner and Redman 1985). Additional method(s) are 



needed to allow for the screening of infected "seed stock" or feral candidate broodstock 

before their introduction into aquaculture facilities. A non-destructive method for the 

detection of this virus is especially desirable in the case of development of candidate SPF 

broodstock. 

Experimental transmission of HPV has not been successful and no shrimp cell lines 

exist on which to study the pathogenesis of the disease. As a result, it has not been 

possible to determine the actual effect of the infection on the shrimp. There is the 

possibility that genomic differences exist among geographic isolates of HPV (Lightner et 

al. 1994) and since some parvoviruses are highly species-specific, it is also possible that 

some of the attempts to experimentally induce the disease may have failed because the 

viral isolate may have not been infectious to the particular species of shrimp being used 

as a challenged species. 

Clinical signs (gross signs) of the disease are not HPV-specific and it may be one of 

the reasons why its presence may have been long overlooked. There are two components 

to this problem. First, HPV infection is frequently accompanied by other 

hepatopancreatic pathogens, mostly viral and bacterial, which may mask its presence. 

Second, diagnosis of the disease requires, at least, histological techniques not always 

available at shrimp farming facilities. 
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HPV may be more prevalent than suspected and although it may not be causing 

severe mortalities in grow-out ponds, it may be the reason for slow growth and marginal 

profit in some farms. The most dramatic effect of HPV infection may occur at the 

hatcheries, since the larval and early postlarval stages are the life stages believed to be 

most susceptible to infection. However, the presence of HPV in the hatcheries also may 

have been overlooked since larval rearing tanks with low performance or low survivals 

are discarded or mixed with better batches and the broodstock is continuously renewed. 

The main objectives of the research work included in this dissertation were then the 

following: 

1) To design a sensitive and reliable method to detect HPV which would allow for 

the screening of broodstock to be used in the development of SPF stocks. At the 

same time, this method should prove useful to increase the efficiency of non-SPF 

hatcheries with HPV problems by allowing early detection of the infection in 

wild broodstock before mating and/or spawning. 

2) To develop gene probes that may be used in epizootiological research aimed to 

determine the existence of genomic differences among diverse geographic 

isolates of HPV. 

3) To develop an in situ hybridization assay for the detection of HPV at the 

ultrastructural level in HPV-infected shrimp. This method should prove useful at 

elucidating aspects of the pathogenesis of the disease that have not been possible 

to learn due to the absence of a cell culture or animal model. 
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4) To clone and sequence the genome of a Korean isolate of HPV and obtain 

information that may help to determine the taxonomic position of HPV within 

the Parvoviridae. 



1.2 Literature Review 

1.2.1 Hepatopancreatic Parvovirus of Penaeid siirimp (HPV) 

1.2.1.1 History of Hepatopancreatic parvovirus (HPV) 

HPV is believed to be a virus of Asian, African, and Australian penaeids and of 

freshwater prawns. HPV was discovered for the first time at a shrimp culture facility in 

Singapore in 1982 in Penaeus merguiensis (Lighmer 1985), and it was subsequently 

found in P. chinensis, P. indicus, P. penicillatus, P. monodon, P. semisulcalus, P. 

esculentus, and Macrobrachium rosenbergii fi-om culture facilities and/or wild stocks 

throughout Asia, the IndoPaciHc, Australia, East Africa, and the Middle East (Chong and 

Loh 1984; Roubal et al. 1989, Anderson et al 1990, Brock and Lighmer 1990; Lighmer 

and Redman 198S; Lighmer and Redman 1992). 

In the Americas, HPV was found for the first time in Brazil, where HPV 

infections were diagnosed at two farms that were culturing imported P. monodon and P. 

penicillatus that had been imported from Taiwan (Lighmer and Redman 1991 and 1992). 

At the Brazilian farms, HPV was diagnosed in the unported stocks of P. monodon and P. 

penicillatus, as well as in P. vannamei imported from Ecuador that had presumably been 

exposed to HPV at the Brazilian site. However, HPV infections were not detected in 

native P. schmitti, which was also being cultured at the facilities. Likewise, HPV 

infections were documented in Ecuador in P. vannamei in 1988-1989, but only at farms 
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where imported P. monodon was cultured simultaneously (Lightner and Redman 1991, 

and 1992). HPV was also detected in 1989 in cultured P. vannamei in south Texas and in 

nearby Tamaulipas, Mexico. By 1990, HPV infected specimens of cultured P. vannamei 

were found from both coasts of Mexico, and in 1991 and early 1992, HPV began to 

appear in wild caught samples of P. vannamei and P. stylirostris from the major shrimp 

growing regions of Nayarit and Sinaloa, Mexico (Lightner DV, unpublished data). 

Hence, it is possible that HPV may have been accidentally introduced into the Americas 

with imported shrimp from Asia but with the limited amount of data available, the 

possibility also exists that a strain of HPV has always been in the Americas and that 

increased shrimp sampling has resulted in its recent discovery in wild penaeids from 

Westem Mexico (Lightner DV, personal communication). 

1.2.1.2 HPV characterizatioii 

Amongst the DNA viruses known to infect penaeid shrimp (Lighmer and Redman 

1998), four are considered to be parvoviruses or parvo-Iike viruses. These are the 

infectious hypodermal and hematopoietic necrosis virus (IHHNV; Lightner et al. 1983), 

the hepatopancreatic parvovirus (HPV; Lightner and Redman 1985), the lymphoidal 

parvo-like virus (LPV; Owens et al. 1991), and the spawner-isolated mortality virus 

(SMV; Owens et al. 1998). From these four, a detailed characterization of viral particles 

has been completed only for IHHNV and HPV (Bonami et al. 1990; Bonami et al. 1995). 



HPV is a small virus with a mean diameter of 22 nm (Fig. 1). The viral particles 

are six-sided in profile indicating a probable icosahedral shape. The buoyant densities 

deduced from CsCl gradients have been estimated to be within a range of 1.412-1.415 g 

ml"' with a value of 1.417 g ml ' for the summit of the peak (Bonami et al. 1995). 

Fig. 1 Suspension of purified HPV from a CsCI gradient. .Negative stain with 
29c PTA. Bar = 100 nm. 

Electrophoresis in 10% SDS-polyacrylamide gels, containing 0.1% SDS. have 

demonstrated the presence of a single polypeptide of 54 kDa (Bonami et al. 1995). This 

is a highly unusual flnding since most parvovirus characterized to date contain from two 

(i.e., Aleutian disease virus, ADV) to four polypeptides (Densovirinae)(Bems 1996; 

Murphy etal. 1995). 
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Electrophoresis analysis of HPV nucleic acid is incomplete. However, 1% 

agarose gel electrophoresis of extracted HPV DNA has shown two distinct bands; a 

minor band at 5 Kbp and a major band at 4-4.3 Kbp (Bonami et al. 1995). These two 

bands have been characterized by Southern hybridization using a probe (S2.0,2 Kbp) 

constructed from clone OF44 (Mari et al. 1995). Hybridization of untreated HPV DNA 

has shown a strong reaction to the probe with the 4-4.3 and 5 Kbp bands, which were not 

affected by RNase-A digestion (Bonami et al. 1995). Since the 4-4.3 band has been 

shown to be sensitive to MEN (mung bean nuclease) treatment but not to RNase, and it is 

not affected by heat, it has been proposed that such band is the ssDNA representing the 

viral, or "negative" strand (Bonami et al. 1995). By convention within the Parvoviridae, 

the "negative strand" (i.e., complementary to the viral RNA species) corresponds to the 

major nucleic acid encapsidated by the virus (Murphy et al. 1995) and from this follows 

that the 4-4.3 band observed in HPV must be the nucleic acid strand encapsidated with 

more frequency (Bonami et al. 1995). If strands of both polarity are encapsidated with 

the same frequency (as it would be expected within the Densovirinae), the 5 Kbp band 

should have been of stronger intensity but since the opposite has been observed, it has 

been proposed that the "negative" strand is the one predominantly encapsidated. Thus, 

due to the size of the genome of approximately 5 Kbp and the strandedness of the ssDNA 

encapsidated with more frequency, it appears that HPV may be more closely related to 

the Parvovirinae than to the Densovirinae (Bonami et al. 1995). 
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1.2.U Diagnosis of HPV disease 

Diagnosis of hepatopancreatic parvovirus (HPV) infection has been traditionally 

problematic. External signs of the disease are not specific for HPV and frequently, 

diseased shrimp tend to be infected by other pathogens that may mask the actual effect of 

HPV infection (Flegel et al. 1992; Lightner 1993; Lightner et al. 1993). As a result, the 

most common method to ascertain the presence of this agent has been the examination of 

hematoxylin/eosin (H&E) stained histological sections of the hepatopancreas, the main 

organ affected by this virus. Infection by HPV produces a characteristic cytopathic effect 

in the form of an intranuclear inclusion body that develops within E- and F- cells, mostly 

in the distal portion of the hepatopancreatic tubules (Lightner 1996; Lighmer and 

Redman 1985; Lightner et al. 1993). Analysis by transmission electron microscopy 

(TEM) is also useful in demonstrating the presence of HPV. However, the high cost and 

need for sophisticated equipment makes TEM impractical for routine diagnosis. 

Detection of HPV infection can be accomplished by means of in situ 

hybridization with HPV-specific gene probes (Mari et al. 199S). This method is highly 

sensitive and useful in detecting low level infections but it is also an intrusive technique 

that requires the preparation of histological sections of the hepatopancreas. 

An additional procedure for detection of HPV has been reported that uses 

Giemsa-stained impression smears of the hepatopancreas, which is more rapid and 

simpler than conventional H&E or in situ hybridization (Lightner et ai. 1993). Although 



this method does not demand the use of histology equipment, and can be used in field 

situations, it lacks sensitivity and also requires that the shrimp be sacrificed. 
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An alternative non-destructive approach to detect HPV is needed because it would 

allow for the examination of shrimp without requiring the destruction of valuable stock 

during the process. 

1.2.1.4 Host range and geographic distribution 

HPV is known to have a worldwide distribution that includes the IndoPacific 

region (China, Korea, Taiwan, Thailand, Singapore, Malaysia, Indonesia, the Philippines, 

and Australia), Afnca (Kenya), Madagascar, the Middle East (Israel and Kuwait), and the 

Americas (Mexico, Honduras, El Salvador, Colombia, Ecuador, Peru, and Brazil). HPV 

infection has been diagnosed in 11 species of wild and cultured penaeid shrimp from 

these countries (Table 2). 

In addition, infection by an agent similar to HPV has been reported in the 

Malaysian freshwater prawn Macrobrachium rosenbergii (Anderson et al. 1990, Lighmer 

et al. 1994) and brine shrimp (Lightner DV, unpublished data). 

Except for an isolated report (Sun and Kusuda 1997), experimental transmission 

has not been successful. However, Brock (unpublished data, AFRC, Honolulu, HI) found 
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Table 2. Host and geographic distribution of hepatopancreatic parvovirus (HPV) as of 
September 1999. 
Country Species Reference 

Eastern Hemisphere 

AfKca 

Australia 

China 

Indonesia 

Israel 

Korea 

Kuwait 

Madagascar 

Philippines 

Singapore 

Taiwan 

Thailand 

Western Hemisphere 

Brazil 

Colombia 

Ecuador 

El Salvador 

Honduras 

Mexico 

Peru 

Penaeus monodon 

P. esculentus, P. merguiensis & 

P.japonicus 

P. chinensis 

P. monodon 

P. monodon 

P. chinensis & P.japonicus (?) 

P. semisuicatus 

P. monodon 

P. monodon 

P. merguiensis d P. indicus 

P. monodon 

P. monodon 

P. penicillatus(Taiwcm), P. 

schmitti & P. vannamei 

P. vannamei 

P. vannamei 

P. vannamei 

P. vannamei 

P. vannamei & P. styiirostris 

P. vannamei 

Colomietal. 1987 

Paynter et al. I98S, Roubal et al. 19891 

Spann etal. 1997 

Lightner & Redman 198S 

Lightneretal. 1992b 

Colomi et al. 1987 

Lightner et al. 1993, Park 1992 

Lighmer & Redman 1985 

UAZ Archival Collection 

Lightner & Redman 1985 

Chong & Loh 1984 

Lighmer & Redman 1991 

Flegel etal. 1992 

Bueno et al. unpub. 

UAZ Archival Collection 

Lighmer etal. 1992a 

Lightner 1996 

Brock J pers comm 

Lightner 1993 

UAZ Archival Collection 
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HPV in postlarvai shrimp produced from known HPV-infected adult P. chinensis in 

Hawaii. Likewise, Chong and Loh (1984) found, in a survey of four Singaporean shrimp 

farms, that HPV prevalence was highest (>50%) in two farms that reared hatchery-

derived post-larvae, and lower (<15%) in two farms which cultured only wild shrimp 

collected by tidal entrapment. According to Lightner et al. (1992b), these observations 

suggest that HPV is transmitted either vertically from parent broodstock, or horizontally 

from shrimp to shrimp, with efficiency only during the larval stages. 

1.2.2 The Densovirinae 

Since HPV has been tentatively placed within the Densovirinae, the present review 

will focus on this subfamily, making at the same time emphasis on some differences and 

similarities with other members of the Parvoviridae. 

The Parvoviridae is a family of small non-enveloped single-stranded DNA viruses 

that are classified into two subfamilies, Parvovirinae (autonomous and adeno-associated 

viruses) and Densovirinae (insect parvoviruses) (Murphy et al. 1995). The autonomous 

parvoviruses include most of the animal parvoviruses characterized to date, and whose 

genomes have been completely sequenced, whereas only a few members of the adeno-

associated viruses and of the Densovirinae have been fully characterized and sequenced 

(Bems 1995). 
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1.2.2.1 Taxonomy 

According to Tijssen and Arella (1991), the common name of densonucleosis virus 

was first assigned to describe the characteristic histopathology observed by histological 

examination of specimens infected by these group of viruses (i.e., hypertrophied and 

densely stained nuclei). However, this name was later shortened to densoviruses and all 

of the insect parvoviruses were grouped into the genus called Densovirus. Recent 

taxonomic revisions have resulted in a new subfamily, the Densovirinae, within which 

three new genera were created: the Densovirus, the Interavirus and the Confravirus 

(Murphy et al. 199S). The new classification takes into account the characteristics of the 

genome such as size, strandedness of the viral strand encapsidated, as well as the number 

and localization of the ORFs, and the size and form of the characteristic palindromic 

sequences at both termini of the genome. As mentioned before, HPV has been tentatively 

included as a member of this subfamily however, since it shares important characteristics 

with the autonomous parvoviruses (such as preferential encapsidation of the negative 

strand versus the positive strand of DNA) that are not observed in other members of this 

subfamily, it is also possible that it may constitute a novel group within the Parvoviridae. 

1.2.2.2 Physicochemical properties of the virion 

Most of the structural characteristics of the Densovirinae have been found to be very 

similar to those of other parvoviruses (Kurstak and Tijssen 1981; Kurstak et al. 1977; 



Tijssen et al. 1990). With a diameter in the range of 18 to 26 nm, the capsid of the 

Parvoviridae does not contain sufScient space to acconunodate a large genome and thus, 

the number of nucleotides in members of this family varies from 4675 for AAV-2 to 

approximately 6000 for Galleria DNV (Arella et al. 1990). Members of the Iteravirus 

and Contravirus contain genomes of about 5 Kb and 4 Kb, repectively (Murphy et al. 

1995). 

The synmietry of the viral particle is icosahedral and the capsid does not posses an 

additional envelope. Members of the family are characterized by its high DNA content 

(-60-80%) which results in a high DNA:protein ratio that confers them a high density 

(1.39 to 1.42 g cm'^ for infectious particles and 1.30 to 1.32 g cm'^ for empty capsids or 

capsids with an incomplete genome), as estimated from CsCl gradients (Arella et al. 

1990; Murphy et al. 1995). 

1.2.2 J Genome organization 

Although members of the Parvovirinae predominantly encapsidate DNA strands of 

one polarity (complementary to mRNA), members of the Densovirinae are characterized 

for encapsidating strands of both polarities with approximately the same frequency 

(Bems 1996). In general, the protein coding regions of all parvoviruses analyzed to date 

appear to be clustered on one of the DNA strands (Cotmore 1990) however, some 

densonucleosis viruses also have protein coding regions in complementary strands 

(Tijssen and Arella 1991). Tenninal palindromic sequences at both the 5' and 3' termini 
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are characteristic of the Parvoviridae and their length and secondary structure varies 

among the different members of the family. This segment of DNA can fold back on itself 

to form a hairpin structure stabilized by hydrogen bonding between the self-

complementary sequences (Bems 1990). 

The genome organization within the Densovirinae is not homogeneous and 

variations exist in the number and localization of the open reading frames (ORFs). In 

general, the Parvoviridae present two large segments of ORFs which together span 

almost the entire genome. Of this two ORFs, the left (5') codes for one or two non

structural proteins (NSl, NS2) involved in DNA replication and the one on the right (3') 

codes for two or three capsid proteins (VP 1-3) (Cotmore 1990). However, two 

modalities are reported within the Densovirinae, one m which the nonstructural (NS) and 

structural (S) ORFs are located on the S' halves of the complementary strands, and 

another, more similar to that of the vertebrate parvoviruses, where the left ORF encodes 

one or more NS proteins whereas the right ORF on the same strand specifies the four 

structural proteins (Tijssen and Arella 1991). 

1.2.2.4 Structural proteins 

All of the members of the Densovirinae contain four structural proteins (Tijssen et 

al. 1990) which is a remarkable di£ference when compared with the vertebrate 

parvoviruses that only have two to three (Bems 1996). The range in size of these 

proteins is from 45 to 100 kDa. According to Tijssen and Arella (1991), all of these 



structural proteins have common sequences and it may be possible that all of these 

proteins originate from the same gene and co-terminate at the C end. Hence it has been 

proposed that all of these proteins are specified by a nested set of mRNAs. 

1.2.2.5 Histopathology 

Characteristically, the first signs of infection caused by members of the 

Densovirinae in insects are anorexia and lethargy, followed by flaccidity and inhibition of 

molting and metamorphosis. Last instar larvae infected with this type of viruses become 

non-viable because only the non-infected tissues undergo metamorphosis (Kawase et al. 

1991). In the case of Galleria mellonella densovirus (one of the most extensively 

studied), hypertrophied nuclei (Feulgen-positive) are most prominent in the cells of the 

fat body, however the infection may spread to developing imaginal organs (Kawase et al. 

1991). Many of the known densovirus are polytropic. Vox G. mellonella, Aedes, 

Diatraea, Casphalia, and Pseudoplusia densoviruses, almost all tissues, including the fat 

body, hemolymph, nervous tissues, silk glands, Malpighian tubules, gonads and molting 

glands are susceptible to infection. In the case of Bombix mori, Sibine, Euxoa, and 

Periplaneta densoviruses, midgut cells are the ones predominantly infected (Kawase et 

al. 1991). 

The early stages of the replication of the Densovirinae, such as adsorption, 

penetration, and uncoating, have not yet been thoroughly documented. However it has 

been reported that ultiastructural changes can be observed at approximately 6 h after 
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infection when a regression of the rough endoplasmic reticulum and the appearance of a 

large number of ribosomes are observed (Tijssen and Arella 1991). This event has been 

interpreted as the accumulation and transport of viral proteins from the cytoplasm into the 

nucleus (Kawase et al. 1991). In this regard, formation of empty capsids has been 

demonstrated by electron microscopy in the cytoplasm of bovine parvovirus-infected 

cells and of erythroid precursors infected with parvovirus B-19, suggesting a similar 

transport (Kawase et al. 1991, Morey et al. 1993). In the nucleus, the heterochromatin 

undergoes condensation and accumulates at the nuclear membrane and the nucleolus 

hypertrophies experiencing at the same time a segregation of the fibrillar and granular 

components (Kawase et al. 1991). 

The virions are assembled within the virogenic stroma, which invades the whole 

nucleus resulting in nuclear hypertrophy. Mature virions progressively replace the 

virogenic stroma leading to paracrystalline condensation, whereas the nucleolus is 

displaced into the periphery until finally disintegrates (Kawase et al. 1991). In the last 

stage of the replication, the increasing mass or virus causes the rupture of the nuclear 

membrane freeing viral particles into the cytoplasm followed by cell lysis (Tijssen and 

Arella, 1991). 

1.2.2.6 Influence of concurrent infections 

Both, homologous and heterologous modes of interference have been documented 

within the Parvoviridae. For example, it has been found that the yield of AAV decreases 
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drastically if more than the optimal multiplicity is used for inoculation (Kurstak et al. 

1977). Selective inhibition of the production of G. mellonella densonucieosis virus (Gm 

DNV) in adipose cells has been observed if the inoculation was preceded by inoculation 

with a nuclear polyhedrosis virus (NPV) by at least 16 h. In this case, the silk glands, 

which are not susceptible to infection by NPV showed a typical cytopathic effect 

characteristic of densonucieosis viral infection (Kawase et al. 1991). Simultaneous 

inoculation of Gm DNV with NPV on the other hand, has resulted in only Gm DNV 

infection (Kawase et al. 1991). Although the presence of both NPV and DNV has been 

reported within the same ceil, it has been also reported that in later stages, the infection 

by DNV inhibits the development of NPV (Kurstak et al. 1977). Moreover, simultaneous 

infection of adipose cells of G. mellonella with tipula iridescent virus (TIV; a 

cytoplasmic DNA virus) and Gm DNV has resulted in simultaneous production of both 

viruses without any apparent antagonistic effect besides complete exhaustion of the cell 

by metabolic competition (Kawase et al. 1991). 
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13 Dissertation format 

The contents of this dissertation have been divided into two chapters. The Hrst 

chapter is an introductory section where the main objectives of the proposed research are 

described. Chapter I also includes a review of both published and unpublished 

information about hepatopancreatic parvovirus of penaeid shrimp (HPV). The literature 

review also focuses on the sub-family Densovirinae, where HPV has been tentatively 

included. 

The second chapter describes the methodology followed to accomplish the 

objectives previously established and also summarizes the results obtained and their 

interpretation. Chapter II has been organized into four appendixes, each one dealing with 

a different aspect of the proposed research as follows. 

Appendix 1 describes the construction of three HPV clones from a Korean isolate 

of HPV (whose inserts encompass approximately 67% of the HPV genome) and presents 

an analysis of the DNA sequences obtained. This appendix has been prepared in the form 

of an extended abstract however, it will be edited and submitted for publication in co-

authorship with the main advisor of this dissertation. Dr. Donald V. Lightner, who 

provided guidance during the research as well as the funding necessary for the project. 
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Appendix 2 describes the development of two new gene probes specific for the 

detection of HPV. These probes, developed from the clones described in appendix 1, 

were used in a comparative in situ hybridization study to determine possible genomic 

differences among diverse geographic isolates of HPV. Appendix 2 is presented in the 

form of a manuscript that follows the format of the journal of Diseases of Aquatic 

Organisms, where it will be submitted for publication after minor editing. The 

manuscript will be submitted in co-authorship with Dr. Donald V. Lightner, who 

provided guidance during the research as well as the funding necessary for the project. 

Appendix 3 describes the development of an in situ hybridization assay at the 

ultrastructural level for the detection of HPV in plastic-embedded specimens. This 

appendix is presented in the form of a manuscript formatted according to the 

requirements of the journal Diseases of Aquatic Organisms, where it has been submitted 

for consideration as a research article. This manuscript was prepared in co-authorship 

with Dr. Donald V. Lightner, who advised during the project and provided the necessary 

funding. 

Appendix 4 describes the development of a new, non-destructive, approach for the 

detection of HPV based on the polymerase chain reaction. The appendix is presented in 

the form of a manuscript that follows the format requirements of the journal Diseases of 

Aquatic Organisms, where it has been accepted for publication as a research article. The 
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manuscript was prepared in co-authorship with Dr. Lightner, who advised during the 

research and provided the necessary funding. 
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PRESENT STUDY 

A detailed description of the methodology, the results, and the conclusions 

reached during this study are presented in the four manuscripts appended to this 

dissertation. The following is a condensed version of the most relevant findings reported 

on each one of them. 

Appendix 1. Approximately 67% of the genome of a Korean isolate of 

hepatopancreatic parvovirus of penaeid shrimp (HPV) was cloned and sequenced. A 

combination of conventional cloning techniques and random amplification of HPV DNA 

by the polymerase chain reaction were applied to the construction of three clones named 

CPII39 (413 bp insert), HPV3 (1,560 bp insert) and HPV8 (2,136 bp insert). Ovedapping 

regions with a high degree of homology (99-100%) were identified between the 

sequences of the inserts contained in HPV8 and HPV3 and between HPV3 and CP1I39 

that confirm the continuity of the fragments cloned. Further, these clones were validated 

by in situ hybridization with sections of Penaeus chinensis tissues infected with the same 

strain of HPV used for their construction. A large open reading frame (ORF) with a 

coding capacity for a protein of approximately 60 kDa was discovered within the 

combined sequences of HPV3 and CPn39. A 100% homology was detected between the 

first 12 residues of the 60 kDa polypeptide and those of the amino terminus sequenced 

from a single 54 kDa protein previously found by SDS-PAGE analysis of a Korean 
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isolate of HPV. Eight of the 12 residues in this sequence are a continuous string of 

glycines, which is not an uncommon motif within the Parvoviridae. However, a BLAST 

search revealed a higher degree of similarity between the glycine-rich region of HPV and 

that of vertebrate parvoviruses than between HPV and members of the Densovirinae so 

far sequenced. These findings, in combination with a partial characterization of HPV 

previously reported, suggest that HPV may be more related to the autonomous 

parvoviruses than to the densoviruses. 

Appendix 2. Two new gene probes, specific for the detection of HPV were 

developed from HPV clones HPV3 and HPV8 and validated against P. chinensis infected 

with the same HPV isolate used for the construction of the clones and the probes. The 

new probes, named EC.350 and EC.592 were used in in situ hybridization to compare the 

reaction to diagnostic lesions detected by conventional histology in 7 species of shrimp 

and one of fresh water prawn originated from 11 countries. A positive reaction to both 

probes was observed only in the positive control shrimp (P. chinensis) and P. monodon 

from Africa. P. monodon from Madagascar showed a positive reaction to probe EC.592 

but not to EC.3S0. P. monodon from Indonesia showed only partial reaction (i.e., low 

hybridization signal) to both probes. P. vannamei from Mexico showed a partial reaction 

to probe EC.S92 but did not react with EC.350. No reaction to any of the probes was 

observed in the remaining shrimp tested. These findings strongly suggest the existence of 

genomic differences among diverse geographic isolates of HVP. 



Appendix 3. A post-embedding in situ hybridization assay was developed for the 

detection of HPV ssDNA at the ultrastructural level. Immunogold and silver enhancing 

techniques were applied for the detection of hybridized probe at the electron microscope 

level. The following events of the pathogenesis of HPV disease at the cellular level were 

documented: internalization, transport within the cytosol, accumulation within the 

nucleus, and release. This new method can be slightly modified to further investigate 

other aspects of the biology of HPV such as the localization of replicative intermediates 

and the distribution of structural proteins. 

Appendix 4. A non-destructive method was developed for the detection of HPV 

in live HPV-infected shrimp. The method was developed considering the enteric nature 

of the disease. Since HPV has a marked tropism for epithelial cells of the 

hepatopancreas, it was hypothesized that infected shrimp could continuously shed viral 

particles, almost directly into the feces, after the host cells die and lyse. The method is 

simple since it only requires of a crude fecal sample, which is homogenized in TN buffer, 

boiled, centrifiiged at low velocity and an aliquot of the supernatant is subjected to PGR 

amplification. The primers employed in this technique were designed fi-om clone HPV8 

and amplify a product of 592 bp. The method was tested for specificity against 

homologous and non-homologous viruses that infect penaeid shrimp and proved to be 

highly specific. The sensitivity of this method (calculated according to UV visualization 

of amplified products on 1% agarose gels stained with ethidium bromide) was estimated 

to be ^proximately 300 viral particles. Since experimental transmission of the disease 
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has not been successful, field testing of this method will be necessary in order to improve 

its functionality by identifying possible inhibitors of the amplification reaction as well as 

the minimum detectable level of infection. 
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Relatively large quantities of purified virus are a requirement in order to construct 

a genomic library by conventional cloning techniques. Since the supply of HPV 

available to perform this study was very limited, altemative methods had to be adopted. 

From an HPV clone (CPII39,413 bp insert) previously constructed according to 

the methods described by Mari et al. (1995), a set of PGR primers were designed in both, 

sense and antisense directions (Table 1). These primers were then used in different 

combinations with two other primers previously designed from clone OF44 (Fig.I )(Mari 

et al.l99S). With purified Korean HPV as a template and several combinations of the 

primers designed from CPII39 and OF44, a series of products ranging in size from 

approximately 220 bp to 1,600 bp were obtained. Only the 1,600 bp product was purified 

and cloned into the multiple cloning site of a pGEM-T Easy vector. This new clone was 

named HPV3 and its insert (HPV3i, 1,560 bp) was sequenced by the Division of 

Biotechnology, LMSE, of The University of Arizona on an Applied Biosystem (ABI) 373 

using fluorescently labeled dideoxynucleotides, and Taq polymerase. The DNA 

sequence from HPV3i contained overlapping regions with the progenitor clones (with 

approximately 99 % homology) located in the 3' end of clone OF44 (576 bp overlap) and 

with the 5' end of the CPn39 insert (264 bp overlap), confirming thus its HPV origin (Fig 

1). An additional clone was generated by random amplification of HPV DNA (see 

Appendix 2) which was named HPV8 (2,136 bp insert) and whose DNA sequence 



showed an overlap (with approximately 99% homology) with the first 495 bp of clone 

HPV3 (5' end) (Fig. 1). In total, the sequences contained in clones CPII39, HPV3 and 

HPV8 encompass 3,350 bp of the HPV genome, which is estimated in approximately 

5000 bp. 

As a confirmatory assay, these clones were also tested by in situ hybridization 

using as a positive control penaeid shrimp infected with the same strain of HPV used to 

generate them. ParafRn sections of HPV-infected Penaens chinensis showed a strong 

positive reaction to probes prepared from these clones, which were labeled with DlG-11 

dUTP. No reaction to the probes was observed on specific-pathogen firee P. vannamei or 

in P. stylirostris infected by IHHNV (another parvovirus of penaeid shrimp) that were 

used as negative controls. 

The computer generated restriction map of the 3,350 bp sequence agrees with the 

overlapping portion of a restriction map of clone OF44 previously reported (Mari et al. 

1995). The sites cut by the restriction enzymes Sad, Xbal, EcoRV and AccI are 

overlapping or almost contiguous and as a result there are minor disagreements between 

the localization of the restriction sites for these enzymes in our sequence and those 

reported by Mari et al. (1995) (Fig. 2). However, I believe that the similarities between 

the restriction maps of CPII39/HPV3 and OF44 (i.e., the type of enzymes, the number of 

sites cut by them and the approximate localization of such sites) can be considered as a 

further validation of the HPV origin of the sequences contained in these clones. 
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A large open reading frame (ORF) of approximately 1,692 bp, was found 

spanning the right half of the 3,350 bp sequence obtained from clones HPV8, HPV3, and 

CPn39 (Fig. 3). This ORF has a coding capacity for a polypeptide of 549 residues 

(approximately 60 kDa) (Fig. 4), which is larger than that of 54 kDa observed by 10% 

SDS-PAGE (Bonami et al. 1995). However, a 100% homology was found between the 

amino terminus of the 60 kDa protein and the Hrst 12 residues sequenced from the amino 

terminus of the 54 kDa protein. 

Since no functional splice sites were found within the ORF that codes for the 60 

kDa polypeptide, it is possible that the 54 kDa protein reported by Bonami et al. (1995) 

may be the result of post-translational modifications of this putative 60 kDa 

poplypeptide. It also has to be considered that size estimation of proteins by means of 

10% SDS-PAGE gels carries and intrinsic error that may have accounted for the 

relatively small difference between the 54 kDa polypeptide reported by Bonami et al. 

(1995) and that found in our sequence. 

Of interest too was the fact that the region of homology between the amino 

terminus of the 54 kDa and 60 kDa proteins is rich in glycine (Fig. 5). A glycine-rich 

motif is not uncommon in the amino terminus of the coat proteins of members of the 

Parvoviridae (Rhode and Iversen 1991). However, a BLAST search (Altschul et al 1997) 

revealed an apparently high degree of homology between the glycine-rich region of the 

amino terminus of the putative 60 kDa polypeptide and that of several autonomous 
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parvoviruses, notably Aleutian disease mink parvovirus (Table 2). Although the glycine-

rich region found in HPV also showed some similarities with that of some members of 

the Densovirinae, it was not as high as that observed when compared with the 

parvoviruses of vertebrates (Table 2). 
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Table 1. Source, designation and sequences of the oligonucleotide primers employed to 
amplify DNA from Korean HPV. (*) F= Forward, R= Reverse. 

Source Designation Sequence 5'-^ 3' 

Clone CPn39 

Clone CPn39 

Clone CPU39 

Clone OF44 

Clone OF44 

Clone HPV8 

Clone HPV8 

66426F 

66427R 

66428R 

10599F 

10599R 

1I20F 

1120R 

ACT-GGA-ACT-CAT-GGA-AGC 

GAC-TCC-ATC-TCC-GAA-GTT 

CTT-CTT-CTT-CTG-CAA-CTG 

TGG-AGG-TGA-GAC-AGC-AGG 

CCA-ACT-GTC-CTT-CGC-TCT 

GGT-GAT-GTG-GAG-GAG-AGA 

GTA-ACT-ATC-GCC-GCC-ACC 
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2,136 bp 

261 bp 495 bp 

1,560 bp 

264 bp 

837 bp 
CPII39 

413 bp 

3,350 bp 

Fig. 1 Size of the inserts contained within clones HPV8, HPV3 and CPII39. The 
size and position of their overlapping regions are marked as well as the overlapping 
regions with clone OF44. Figure not to scale. 
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Xba I 

Sac I 

Kpn I 

Pit I 

Hinc II 

EcoRI 
EcoRV 

/ 
Acc 1 

2.3 kbp 

B 
Sad 

JL 
Xba I 
J 

7/ 

EcoRI 

Kpn I 

PstI 

Mine II 

EcoRV EcoRV 

Acc I 

7 'h 

3.350 kbp 

Fig. 2 Restriction map of the OF44 insert (modified from Mari et al. 199S) is shown 
at the top of the flgure (A). The restriction map of the combined sequences of inserts 
CPII39 and HPV3, which overiap with that of OF44, is shown below (B). Figure not to 
scale. 
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5'TCCGACTCGAGGGGGTGATGTGGAGGAGAGAATGTAACAATGCCTATGAAGTATAAAGAACACAAGACT 
CATATGTTCAGGAAGCCTGTATTTTTGACTAATCAGCATCACCCATTGGTAGACATATCACATTATGATGA 
CAGAAGAGCTATAGAGAATAGAAGTTTCATGTATAAAGTAGAGTTAGGAAAGGAACCAGTAAATGCACATA 
TAAAGTTTCCTAATAGGATGATTCCAATCAAGAAGAACCAGAACTAACGCAGTTTGTATTGGCCAGCATGC 
AGTATGTTCATACAAACTATATGAACAGACCAGACAAGAAGTTTAAAATTGGATTTTTCAACAAGCTTTAT 
GACGCGCTGTTTGAGAACAGCTAAAACTATGTACGCAGGGTTCAAGTTTTCCCGGCATAAATAAAGTGATA 
AGATAAGATTGAGAGTTTGAATATCCACGTCACACACAAAGGTAGTATACCATGAGTCTAGTATGGGAGCA 
GTCGTATCTGCAGTTGCTGCAGTAATAGCTGTAGTAGTCGAAGTCTCGAGTTCATAGTCGATGTCGTGGAA 
GTGGCTTTCGTGGTGGCAGAAACTGTACAGGTCGTTGCAGACACAGTCGATTACTTTGTTGGCGGCGATAG 
TTACTGCGCCAGAACGATCAGAGCAATCCGAAGACGGAGGGAGCTAACGAAATTAACGACAGAACGACATC 
GACAGAAGTAGGAGTGAGACAGGGCCATATGCTAGGACCTGATCAGCTGGACGAATACCTGGAGAGAGCCA 
CAGAAATAGACTAATGTCACCTACAAGAAAAGGAGGAAATTATTTCGCAAGTAAACATTTTCAAAGTAAGA 

GGAAGAATAAACTAGGAAAAGTAAAGGATCTACTAGCAAGCAAGAAAAGAGAAAGAAAGTTTAAAGGAAAG 
GGAAATACTTTGAGTGAAGAGCCAAGTACATCGGGGTGGAAGGATCCAGTAAGACAGAGATTTCCAGCATT 
AGAACAAGAAGAGAGAAATACATTTGCAGGATTATTGGCAATAGAAGCAGCACCGGATCAAAGACAACTAG 
GACGTGATAGTAACAACCAGTTAGCATTGGTTCAGAGAGATACAAGAGTAGCAGTAAGACAAAGTACAAAC 
AGAAGAGAAGCATTAGAAGTAGTAAGAGCAGCAAATCAAGCAATAAGATCGGGTGGAGAAAGACTAGCAGA 
ATTAGTACAGACATACGCATCAGGATTTTCGGACAGTACAGAAATAGTAGAGGTTAGACAAGGAAGATAGA 
ATACAAAGAGATATATTCCAAGAAGAAGGACAAAACTTATTAGCTATCGAGATCGCATTAGAAGGACCAAG 
CAGTGTAACACAGCAATATGATCAAGAGAAAACTCCAGCAGTCAAAAGAGCTCTAGAACTAACTCAAGAAG 
AAGAACAGTTAGAACGGATAGAAAACGCTAAGAAATATATTGAGGAAGTTATAGAGGAGACAAACAGAGAA 
TTTGAAAGTGAAGTAAGACAAGAGACAAGTGCGGAGGCGGAAGATACGATGGCCAGTGCCGCACCTACTCC 
GATGGAAACCTCTGAGCCAGGGGTTACCGCCGCACCGCACCAGAAAICTGCACCCgGCGGTGGTGGCGGTG 
GTGGTGGCAGTGGAGGTGAGACAGCAGGGIATGGTAAAAACACCAACGATGCATTCCAaCGCCACCGCAAT 
CAACCTATCGATCTCAAACACATTGGIU»CAAT6T6TATGTAGCTaU»GGGTTTACAAGGTAGAGGCTGA 
GTGTAAGCTAATACATGACAAGTTAACAIGGTCAGCAACAGCAGACAATCCATTTGTACGAAGACTGATGG 
GAITGAATGAAAGCAGTAACAGTGGAGATATTAAGTACAGTTTTAACGCTCTACTGCATGGAAGTAITGGA 
CTTGGMUITCTTGCGTTGAGTAACTACATAAACGCATGGGGTATTGKCAACATGGCAAAGAGCGAGGACAG 
TTGGGCTATTATAGCTACAAGAG6TAAGATGAACCACTTGCAACCAITTGAAATGATTCCACAAATGCAAG 
GAGAAACCATAGTGGGATACACAAGTGCTCCAGTACAGTTTGGTAAGTTACTGGGACACATATAITAICCA 
GATCCAAAGGGAGAGGAGAAAATAAAGGTAGCAAATCACAGTAACGGTCAAGAATACAGGATATTTGATGG 
AGCATXAGATGGTTACACACTAGATGACGATATGAACCAGAAGAAGGTCACAGCAGACCAACATCACGTAT 
TGAIGTTTACAGACTTGAOAGATGCACCAATGATAAGTGAAGTAACAGCATACCTAAACACGGACAATCCA 
GCACAAATAAATGGCAXA6GAAZAGAGCACCAAGGAITCGACATGTCAAACGATGCTAATACAGCXCTCAT 
TGGAGTCAIGCCAAGTAACTGTAXAAGAAAGAGGAAAGAAATACAGTCAGGTATGGATAATGTAGTACTCT 
GGTCAATGCAAAGCAATAGACTGATAGACAAGAGATTCTGGACACCAGAAG6TTGGA6TCTCAAAA6CGTG 
AACGGTATGGCZAATGACAGGAXAGATATGCCATCAGAGGGTGCTGCGATAITCGATGAAGCTCAIGTAAC 
CAGGACATCAAACTATGCAGAGTGGGCCAGGAATGAGAXAXACTACAGCGCTGACACTTCAGAIAAIGCTT 
TCGGACCAAGTAATACGGGAGCAITCGCACAGAAGTAXAASGTGAGTAACCAASATGCTACCAACATTTTC 
TTCATGCCTXATGCTCAXACACAGAQAGGTGCGATACAAGAXATCGTZAXAAACTTTGACCTAACACTACA 
AATZATGGTCAAGAGAATTCCACGGMSTGXATACAACGACTTCTATGATAXAAACGCTAGAGCCGTGGTAC 
CAACTGTGTAXGATGAATAXAAGGAXAGGACATTTGGAGCTACTGAGATAICTCACAGAGGTAAGAACAIA 
CACGTAAACASAACTGGAACTGAXGGAAGCAAATATTCAGATAGAGGACAAGTATCAAGAATTGGAGCAAC 
AAAGAAGAACTTCGCAACMOGGGAXATGGACAGAAACAACTACTCCTGAAIGAAGGIATAACAAGAAGGA 
AGACAAGAAGCAGSGCGGCGGCGGAAGATGATATACCAGAAGAITGTGAGGACTTCCTAGAAACTTCGGAG 
ATGGAGTCACCGCCGCAGCCGCACTTGCAGAAGAAGAAGAAGAAGTATAAAACTAATGTAXAATGTTATTG 
TATTACAAATGTATATAATGGGTTATAATAAAGGTTTATAAAAATCACGCGTGCGTGGTTTACCCTTAAAA 
GAAGCAACCCTCAGG 3' 

Figure 3. Combined sequence generated with clones CPn39, HPV3 and HPV8 showing 
the localization of an open reading fi^e (bold). The CAAT-like box, start codon and a 
polyadenylation-like signal are shown underlined. 
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METSEPGVTAAPHQKSAAGGGGGGGGSGGETAGYGKNTNDAFQRHRNQPIDLKHIGDNVYVAQRVYKVEAE 

CKLIHDKLTWSATADNPFVRRLMGLNESSNSGDIKYSFNALLHGSIGLGNLALSNYINAWGIDNMAKSEDS 

WAIIATRGKMNHLQAFEMIPQMQGETIVGYTSAPVQFGKLLGHIYYPDPKGEEKIKVANHSNGQEYRIFDG 

ALDGYTLDDDMNQKKVTADQHHVFMFTDLRDAPMISEVTAYLNTDNPAQINGIGIEHQGFDMSNDANTALI 

GVMPSNCIRKRKEIQSGMDNWLWSMQSNRLIDKRFWTPEGWSLKSVNGMANDRIDMPSEGAAIFDEAHVT 

RTSNYAEWARNEIYYSADTSDNAFGPSNTGAFAQKYNVSNQYATNIFFMPYAHTQRGAIQDIVINFDLTLQ 

IMVKRIPRSVYNDFYHINARAWPTVYDEYKDRTFGATEISHRGKNIHVNITGTHGSKYSDRGQVSRIGAT 

KKNFATRAYGQKQLLLNEGITRRKTRSSAAAEDDIPEDCEDFLETSEMESPPQPQLQKKKKKYKTNV 

Figure 4. Translation of the ORP found within the sequences of clones CPII39 and 
HPV3. 
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Fig. S Localization of the ORF found within the inserts of clones HPV3/CPII39, showing 
the glycine-rich region at the 5' end of the sequence. 
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Table 2. Comparison between the glycine-rich region of the 60 kDa polypeptide of HPV 

VIRUS HPV GLVCINE-RICH REGION COMPARISON lOENnncs 
POSITIVES 

CMlnvirM 

Aedes 
dcniovinis 

HPV: 

Sbjct: 

14 

18 

QfCSAAOGOOGOGOSOGEXA OVGKKrNDAFQIlH 45 
AO 08 0 0 0 T+ Siro N R+ 

RKRDAOAOOSOAOIOKGTSNYVKEQXQPMMSEMVPIIN 54 
37%/50» 

Aides 
alhopicna 
dcniovinis 

HPV: 

Sbjct: 

3 

6 

TSXPGVTAAPKQKSAAOOGGGGGOSGGE TAOYGKMTNDAFQRH 
T E  > 4 ^ A a o a G S G  mo n * n* 
TMXHDGRGTKRKREAOOOSOQGVGKGNSNAVKEOYGPNITEMVPIUI 

45 

51 

Dtnavirai 

DuHroea 
laccharalis 
(ktisovifus 

HPV: 

Sbjct: 

10 

165 

AAPHQKSAAGOGGGGGOSGGETAGYGKNTNDArQRHRNQP 49 
+ A P + + + O a O  * - 0  M  +  A T  M P  
SAPPKYASVSaANeYROMIADYYGAOSIINDIArGNAGNYP 204 

27»/42% 

Jmmia cwnia 
dcnsovinis 

HPV: 

Sbjct: 

16 

375 

SAASGOGGGGGSOOETAS 33 
S 0 0 0 GO T+G 
SLPGTOSOTSSGGGNTSG 392 

Galleria 
mtllonella 
dcnsovinis 

HPV: 

Sbjct: 

3 

366 

TSEPGVTAAPHQKSAAOGGGGGGGSGGETAO 33 
T t + V T A  S O O O  O O T G  
TTDLDVTMA MSLPOTGSGTSSGGONTQG 393 

38%/44» 

iMnvirai 

Bombix 
densovinu 

HPV: 

Sbjct: 

19 

440 

OOOG OGGGSGOETAOYGKNTW 40 
000 00 >00 0 0 + ND 
aOOAQVOPRTGOQAAOOSEMOAOGSAMD 467 

39%/46» 

Dcpcadmriras 

Adcno-
associMcd 
vims 4 

HPV: 

Sbjct: 

15 

198 

KSAAOOGGGGOOSGGETAO 33 
f̂ -AAOO 00 0 + 0 
RAAAaOAAVEOOOQADGVO 216 

Eiythrtvirai 

Eiylhrovinis 
BI9 

HPV: 

Sbjct: 

6 

47 

PGVTAAPHQKSAAOGGOaO 24 
P •T+ •++ G 0000 
PSHTSVNSAEASTOAOOOG 65 

36»/62t 

Parvavirai 

Aleutian mink 
disease 

piivovinis 

HPV: 

Sbjct: 

1 METSIP GVTAAPHQKSAASGaaGOGQSGCETAOYGKMTNDArQRHRHQP IOLXHIGDNVYV 
M+++BP K *Q * hoaaaao GSG a N + r N ^^KI+VY*-

1 HDSAEPEQMDTEQATNQTAEAOOOOOOSOGCOGGGOGVGMSTGGr NNTTE FKVINNEVYI 

61 

60 
35»/49* 

Aleutian mink 

pifvovints 

HPV: 

Sbjct: 

1 METSKPGV—tAAPHQKSAAGQSaOQOGSSGEtMYGKHT 36 
H***m T **K 0000006 0 T 0+ T 

1 MDSAKPEQMDTEQATNQTAEA0000000V8NSTG0FNNTT 40 
40%/55« 

Killiainfat 
vinis 

HPV: 

Sbjct: 

3 

7 

TSEP—SVTAAPHQKaAAaGOG-OOOOSGGETAGYGKNTNO 40 
1**9 0+ A **»K 0 00 OOOGSGO 0 TO 
TNQPDAaiANARVERMOOSOGSOOOOWWGGVOVSTGTYD 47 

46%/58» 

Feline 
parvovina 

HPV: 

Sbjct: 

7 

11 

aVTAAPHQKSAAGOGOGaaOSaOETASYOKNT 38 
G  A  ++ - * - + A  O O G G O G O  +  a O + T  
GQPAVRNERAAGSONGSOaOGOOGSGaVGIST 42 

40t/SSt 

Feline 
panovinit 

HPV: 

Sbjct: 

7 

10 

GVTAAPHQKSAAO OOOOOOOMOETAGYOKNTM 39 
0 A AM 0000000800 G M 
OGQPAVRNERAAOSGNGSOOaOOOGSGOVGISTGTFNH 47 

44%/4et 
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Abstract 

A comparative in situ hybridization was performed with two newly developed 

DNA probes specific for the detection of HPV (hepatopancreatic parvovirus of penaeid 

shrimp). Random amplification of the HPV genome with a set of universal primers was 

used to amplify DNA fix)m Korean HPV (isolated from Penaeus chinensis), which was 

then used for cloning and probe development. A set of PGR primers named 

1120F/1120R were designed from one of the clones (clone HPV8; 2.1 Kbp insert) which 

amplify a 592 bp segment from the HPV genome. This 592 bp segment does not overlap 

with that contained within a previously developed probe (S2.0; 2.0 Kbp). The 592 bp 

product was labeled with DIGl 1-dUTP and used as a probe, named EC.592, for in situ 

hybridization. A second set of primers named 10599F/10599R was designed from 

previously known sequence information from another HPV clone (OF44; 2.0 Kbp insert). 

The primers 10599F/10599R were used to amplify a 350 bp fragment from purified 

Korean HPV, labeled with DIGl 1-dUTP, and used as a probe (named EC.350) for the in 

situ hybridization comparison. Probe EC.350 was designed to recognize a 350 bp region 

of the HPV genome which is also recognized by the probe S2.0. Positive conurol HPV-

infected P. chinensis showed a strong positive reaction to probes EC.592 and EC.350, 

which was specifically located within the hepatopancieas. No reaction to probes EC.592 

and EC.350 was observed within the hepatopancreas or any other tissues of negative 

control shrimp which included specific pathogen-free P. vannamei, nor in P. stylirostris 
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infected by the shrimp parvovirus IHHNV (infectious hypodermal and hematopoietic 

necrosis virus). From a total of 18 histologically HPV-positive specimens tested by in 

situ hybridization, 7 showed a positive reaction to probe EC.592 and 5 to probe EC.350. 

The 5 specimens with a positive reaction to probe EC.350, also showed a positive 

reaction to EC.592. Of these 18 specimens, 8 from the Eastern Hemisphere and 4 from 

the Western Hemisphere did not show a positive reaction to either of the probes EC.592 

or EC.350. A positive reaction to probe EC.350 was observed only in the specimens 

from the Eastern Hemisphere. In some shrimp the probe EC.592 recognized HPV-type 

lesions that were not recognized by EC.350 within the same specimen, which strongly 

suggests that the lack of hybridization with probe EC.350 was due to a lack of homology 

between the Korean HPV DNA used to prepare the probe and that of the HPV infecting 

the shrimp tested. 

Introduction 

First recognized in 1983 in Penaeus chinensis from Qingdao, China, the 

hepatopancreatic parvovirus of penaeid shrimp (HPV) is now known to have a worldwide 

distribution that includes the Indo-Pacific region (China, Korea, Taiwan, Thailand, 

Singapore, Malaysia, Indonesia, the Philippines, and Australia), Africa (Kenya), 

Madagascar, the Middle East (Israel and Kuwait), and the Americas (Mexico, Honduras. 

EI Salvador, Colombia, Ecuador, Peru, and Brazil). HPV infection has been diagnosed in 

11 species of wild and cultured penaeid shrimp from these countries (Table 1). In 
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addition, infection by an agent similar to HPV has been reported in the Malaysian 

freshwater prawn Macrobrachium rosenbergii (Anderson et al. 1990, Lightner et al. 

1994b). 

Some differences in cytopathology and tissue tropism among these isolates 

however, suggest the possibility that different geographic strains of HPV might exist. 

HPV has a marked tropism for epithelial cells lining the tubules of the hepatopancreas, 

specifically embryonic (E-type) and fibrillar (F-type) cells. Characteristically, an HPV-

infected cell develops a very conspicuous intranuclear inclusion body, the main 

diagnostic feature of the disease (Lightner 1996). During the early stages of 

development, the inclusion body is centrally located within the karyoplasm and is 

accompanied by a slight margination of the chromatin. Such early inclusions appear as 

small eosinophilic bodies (with H&E stains), closely associated with the nucleolus. As 

the inclusion body increases in size, it becomes more basophilic and causes lateral 

displacement and compression of the nucleolus, the nucleus hypertrophies and the 

margination of the chromatin becomes more evident. On occasion, and depending on the 

plane of sectioning, it is possible to observe circular to elliptical areas within the viral 

inclusion, known as intranuclear bodies (Kawase 1990), which stain less intensely than 

their surroundings. Independent of the stage of development the viral inclusion tends to 

have a rather smooth and homogeneous appearance. 

Cytopathological differences observed in HPV-infected penaeid shrimp include 

subtle morphological differences in the appearance of the viral inclusion as well as 
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variations in tissue tropism. For example, Honduran HPV-infected P. vannamei have 

been found that display unusually abundant HPV inclusions in the epithelium of the 

anterior midgut caecum whereas the hepatopancreas appears to be almost unaffectcd (Dr. 

J.A. Brock, Anuenue Fisheries Development Center, Honolulu, HI, personal 

communication) (Fig. 1). HPV intranuclear inclusions can be frequently observed in the 

midgut mucosal epithelium of HPV-infected P. monodon post-larvae from Madagascar 

(Fig. 2) (Pantoja and Lightner, unpublished data). 

Besides the morphological differences observed by conventional H&E histology 

and the variations on tissue tropism, the only other information that suggested the 

possibility that several strains of this virus might exist was the outcome of in situ 

hybridization assays that used the probe S2.0 developed from a Korean isolate of HPV 

(Mari et al. 199S). During an in situ hybridization study in which the reaction of HPV-

type infections from a number of penaeid shrimp species from diverse geographic regions 

to probe S2.0 was compared, a positive reaction to the S2.0 probe was observed in most 

of the shrimp tested. However, the S2.0 probe did not react with HPV-type intranuclear 

inclusions in three species of penaeid shrimp from the Indo-Pacific (Lighmer et al. 

1994a). Neither has the S2.0 probe recognized HPV-type inclusions in M. rosenbergii 

from Malaysia (Lightner et al. 1994b). These results suggest that while some geographic 

strains may be closely related, not all have a genome that is sufficiently homologous to 

react with the S2.0 probe. 
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We report here the development of two additional HPV-specific gene probes 

(derived from a Korean isolate of HPV from P. chinensis), one of which recognizes a 

region from the HPV genome different than that targeted by S2.0, and their application to 

a comparative in situ hybridization study with HPV-infected shrimp from diverse 

geographic locations. 

Materials and methods 

HPV cloning. Due to the availability of limited quantities of HPV DNA with 

which to attempt conventional cloning and probe production (Lightner et al. 1994a, Mari 

et al. 1995), a strategy incorporating PCR technology was followed. Portions of the HPV 

genome were randomly amplified with the use of a Degenerated Oligonucleotide Primer 

(DOP) Kit (Boehringer Mannheim, Indianapolis, IN)- Briefly, the DOP PCR method 

uses a universal primer that posses a 6 nucleotide degenerated region representing all 

statistically possible combinations of 6 nucleotides. The degenerated region is close to 

the 3' end of the primer and is followed by a GC rich 6 nucleotide portion to help in 

primer annealing at the beginning of the reaction. A brief round of amplification is 

performed first at low annealing temperature and the products of these unspecific cycles, 

which contain the universal primer incorporated at their respective termini, are then used 

for the second round of amplification at a higher annealing temperature. 

Purified HPV from HPV-infected Penaeus chinensis (Korea) was used as a 

template for the DOP PCR amplification. HPV purification procedures were according 
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to those previously reported (Bonami et al. 1995). Conditions for the DOP reaction were 

according to those recommended by the manufacturer. For this method, a 100 ^l reaction 

mixture was prepared by mixing 50 ^1 of DOP PGR master mix [1 X DOP PGR buffer, 

2.5 U Taq DNA polymerase in Brij© 35,0.005% (v/v), 0.02 mM each of dATP, dGTP, 

dGTP, and dTTP, 10 mM Tris-HGl, 50mM KGl, and 1.5 mM MgGl 2], 5 ^1 DOP PGR 

primer (2 ^M 22mer oligonucleotide primer in sterile water), 44.5 fit sterile redistilled 

water, and 0.5 ^l purified HPV. A negative control was prepared in Identical form but 

without template DNA. A positive control included 1 ^1 of positive control DNA 

template supplied with the DOP PGR kit (genomic DNA from the lymphoblastoid cell 

line BJA, 1 ng ^1''). The contents of the tubes were vortexed, briefly cenuifuged at low 

velocity, overlaid with 100 ^l of mineral oil, and subjected to amplification in an 

automatic thermocycler (Perkin Elmer Getus, Norwalk, GT). The thermocycling protocol 

was as follows: a) initial denaturation step at 9S°G for 5 min; b) 5 cycles of low 

temperature primer annealing: 0.5 min denaturation at 94''G, 0.5 min annealing at 30°C, 

and 1.5 min extension at 72**G; c) 35 cycles of primer annealing at high temperature: 0.5 

min denaturation at 94''G, 0.5 min annealing at 62°G, and 1.5 min extension at 72°G; d) 

final extension for 7 min at 72®G, and d) end of run at 4®G for 5-10 min. 

After amplification, the PGR solution was drawn off from beneath the oil layer of 

each sample and transferred to separate 1.5 ml microcentrifuge tubes. Ten ^1 of sample 

from each tube was then analyzed in a 1% agarose gel in 0.5 X THE buffer (Maniatis et 
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illumination. 
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After having confirmed the DOP PCR amplification of products from purified 

HPV, the products were electrophoresed in a 1% low melting point agarose gel in 1 X 

TAE buffer (Maniatis et al. 1982), the bands of interest were excised and the DNA was 

purified by means of an agarase treatment (Boehringer Mannheim, Indianapolis, IN). 

Each one of the purified DOP PCR HPV fragments was ligated by separate with T4 DNA 

ligase into the multiple cloning site of the pGEM®-T Easy vector (Promega Corporation, 

Madison, WI) according to the manufacturer's protocol. High Efficiency Competent 

Cells JM109 (1 X 10* cfii ^g'' DNA, Promega Corporation, Madison, WI) were used for 

the transformation. The clones obtained were initially screened by extraction of the 

plasmids with INSTA-MINI-PREP"* (5 prime-> 3 prime, Inc.) which were then analyzed 

by electrophoresis in a 1% agarose gel in 0.5 X TBE buffer. Clones of interest were 

grown overnight on LB medium (Maniatis et al. 1982) supplemented with 100 fig fil'' 

ampicillin. The plasmids from these clones were extracted and purified by means of a 

mini alkaline-lysis/PEG precipitation procedure adapted from the PRISM^" ready 

reaction DyeDeoxy^ terminator cycle sequencing kit protocol of Applied Biosystems, 

Inc. The insert from those plasmids of interest was excised with Eco R1 (Boehringer) 

according to the manufacturer's instructions and further analyzed by Southern 

hybridization (Sambrook et al. 1982) with the gene probe S2.0 (Mari et al. 1995). To 
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distinguish the probes developed by this method from the plasmids containing them, each 

probe name was assigned an EC prefix (for Eco RI) followed by their size (in Kbp). 

DNA sequencing of purified plasmids was performed by the Division of 

Biotechnology, LMSE, of The University of Arizona on an Applied Biosystem (ABI) 373 

using fluorescently labeled dideoxynucleotides, and Taq polymerase. The sequences 

were examined for possible overlapping regions. Based on the results of Southern 

hybridization with probe S2.0 and the sequence information obtained from these inserts, a 

clone was selected (clone HPV8; ~2.1 Kbp insert) to construct a new probe that would 

not overlap with S2.0. 

Probe preparation. 

Probe EC.592. A pair of PGR primers was designed from clone HPV8 using the 

Primer 2-Primer Designer Program Version 2.2 (Scientific and Educational Software, 

Stateline, PA). These primers, named 1120F and 1120R (Fig. 3), specifically amplify a 

592 bp fragment from a region of the HPV genome that, according to our sequence 

information, does not overlap with that recognized by probe S2.0. The optimization, 

specificity and sensitivity of these primers have been previously reported (Pantoja and 

Lightner "in press")-
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Primers 1120F/1120R (synthesized by Genosys Biotechnologies, Inc., The 

Woodlands, TX) were used to amplify a 592 bp fragment from purified Korean HPV as 

previously described (Pantoja and Lightner "in press")- The amplified product was 

electrophoresed in a 1% low melting point agarose gel in 1 X TAE buffer, the band was 

excised and the DNA purified by means of an agarase treatment (Boehringer). The 

purified 592 bp product was randomly labeled with digoxigenin (DIG)11-dUTP using the 

Genius I Kit (Boehringer) according to the manufacturer's protocol. The presence of 

labeled DNA (designated as the EC.592 probe) was confirmed by visualization with 

alkaline phosphatase conjugated anti-digoxigenin antibody and the reagents nitroblue 

tetrazolium (NBT) and 5-bromo-4-chloro-3-indoyl phosphate (BCIP), supplied with the 

Genius I Kit 

Probe EC.3S0. A second probe was prepared by PCR with a pair of primers 

designed from previously known sequence information from clone OF44 (Mari et al. 

1995, Poulos BT, The University of Arizona, unpublished data.). The primers, named 

10599F/10599R (Fig. 3), were designed using the Primer 2-Primer Designer Program 

Version 2.2 (Scientific and Educational Software, Stateline, PA) and synthesized by 

Genosys Biotechnologies, Inc., The Woodlands, TX. 

Primers 10599F/10S99R were designed to amplify a 350 bp fragment that 

completely overlaps with S2.0 but not with probe EC.592. Briefly, a master mix was 

prepared by mixing the following, primers (50 pmol each), dNTP's (200 )AM each). 
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Ampli Taq Gold polymerase (2.5 U/50 ^l) (PE Applied Biosystems, Norwalk, CT), 

MgCh (2.0 mM), in PGR buffer (Tris-HCl, 10 mM; KCl, 50 mM, pH 8.3). The mixture 

was dispensed into PGR tubes in portions of 50 where a volume of 0.5 )il of template 

(purified Korean HPV) was added. Finally, the contents of the tubes were vortexed, 

briefly centrifiiged, overlaid with 50 ^1 of mineral oil and subjected to 25 cycles of 

amplification in an automatic thermocycler (Perkin Elmer Getus, Norwalk, GT) according 

to the following protocol: denaturation at 94'*G for 2 min; annealing at 55°G for 2 min; 

and polymerization at 1T*C for 3 min. Following the last cycle, the samples were 

polymerized for additional 7 min at ll^C and then kept for 5-10 min at 4°G. A negative 

control, which used sterile distilled water instead of template, was included to monitor for 

possible contamination. 

After amplification, the PGR solution was drawn off from beneath the oil layer of 

each sample and transferred to separate 1.5 ml microcentrifuge tubes. Ten ^l of sample 

from each tube was then analyzed in a 1% agarose gel (in 0.5 X TBE buffer) stained with 

ethidium bromide (0.5 mg/ml), and visualized under UV illumination. 

The 350 bp product amplified from purified Korean HPV was electrophoresed in 

a 1% low melting point agarose gel (in 1 X TAE buffer), the band was excised and the 

DNA was purified and labeled with digoxigenin (DIG)11-dUTP as previously described 

for probe EC.S92. 
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Probe validation. The working status and specificity of both probes, EC.S92 and 

EC.3S0, was validated by means of an in situ hybridization assay in which parafRn 

sections of HPV-infected P. chinensis were used as a positive control. As negative 

controls, paraffin sections of specific pathogen-free (SPF; Lotz et al. 1995), P. vannamei 

and of P. styiirostris infected with the parvovirus IHUNV (IHHNV; infectious 

hypodermal and hematopoietic necrosis virus; Bonami et al. 1990) were also included. 

The in situ hybridization procedure was according to that previously described (Lighuier 

1996). Both probes were used at a concentration of 18 ng mP'. 

Siirimp species. A total of 7 species of penaeid shrimp and one of firesh water 

prawn (Macrobrachium rosenbergii) firom 12 countries were assayed with HPV probes 

EC.592 and EC.350 (Table 2). The specimens, fixed with Davidson's (AFA) fixative, 

were processed for conventional H&E histology according to routine procedures 

(Lightner 1996) and examined with a bright field microscope to confirm their HPV status 

and to determine the severity of the infection (Lightner 1996). Paraffm sections, 

consecutive to those stained with H&E, were cut at 4 jim thickness and placed onto 

Superfrost/Plus positively-charged microscope slides (Fisher Scientific, Pittsburgh, PA) 

to be assayed by in situ hybridization with probes EC.S92 and EC.350. 

Comparative In situ hybridization. Each of the specimens was subjected to in 

situ hybridization in duplicate, with one of the sections probed with probe EC.592 and the 

other with EC.350, under identical conditions. The in situ hybridization procedure was 
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according to protocols previously described (Lightner 1996). The concentration of both 

probes was the same as that used for their validation. 

Results 

HPV cloning. DOP PCR amplification of Korean HPV yielded a series of 

products that, based on their migration on a 1% agarose gel, ranged in size approximately 

from 500 bp to 2,100 bp (Fig. 4). Two of these products (~500 bp and -2,100 bp), which 

appeared to be at a higher concentration, were selected for cloning and probe 

development. Transformation efficiency was relatively low but most of the clones 

screened (approximately SO for each DOP product) contained an insert of the expected 

size. Further analysis by means of Southern transfer of two selected clones showed a 

positive reaction of the 2,100 bp insert (HPV8i; clone HPV8) to the probe S2.0. The 500 

bp insert (HPVl li; clone HPVl 1) was not recognized by this probe (Fig. 5). DNA 

sequencing of these two clones indicated a complete overlap, with 100% homology, 

between HPVl li (471 bp) and HPV8i (2,100 bp). The overlap was located at the first 

471 bp (5' end) of HPV8i. DNA sequence analysis also demonstrated an overlap 

between approximately the first 700 bp of probe S2.0 (5' end) and approximately the last 

700bpofHPV8i(3'end). 

Probe preparation and specificity. Since the overlapping region between the 

probe S2.0 and HPV8i included only approximately the last third of HPV8i, the pair of 
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primers 1120F/1120R were designed to amplify a small fragment (592 bp) &om the 

opposite end of HPV8i ("up-stream"). In situ hybridization with the probe prepared with 

the amplified 592 bp product from HPV8 (probe EC.592) showed a strong recognition of 

HPV diagnostic lesions as well as some labeling in the brush border of tubule epithelial 

cells and necrotic debris within the lumen of hepatopancreatic tubules on positive control 

P. chinensis. No reaction to the probe was observed on any of the negative controls (i.e., 

SPF P. vamamei and IHHNV-infected P. stylirostris). Identical results were obtained 

with the probe EC.350. 

Comparative in situ hybridization. Since some of the specimens included in 

this assay had been previously tested by in situ hybridization with the probe S2.0, the 

results from that test have been listed for comparative purposes beside those obtained in 

the present study (Table 2). In general, from a total of 18 specimens diat had been 

previously diagnosed as HPV positive by conventional H&E, only 7 showed a positive 

reaction to probe EC.592 and 5 to probe EC.350. The 5 specimens with a positive 

reaction to probe EC.350 also showed a positive reaction to EC.592. Six of the 7 shrimp 

with a positive reaction to probe EC.592 had originated from the Eastem Hemisphere and 

one from the Western Hemisphere. A positive reaction to probe EC.350 was observed 

only in the specimens from the Eastem Hemisphere. Twelve of the 18 specimens tested, 

8 firom the Eastem hemisphere and 4 from the Westem hemisphere, did not show a 

positive reaction to either of the two probes. There were two cases, P. monodon from 

Indonesia and P. vannamei from Mexico, >^ere a partial reaction to the probes was 
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observed (a partial reaction being defined as a strong hybridization signal associated to 

some HPV inclusions but weak or absent in others within the same hepatopancreas). A 

positive reaction to probe EC.S92 was observed in P. monodon post-larvae from 

Madagascar, but the same lesions were not recognized by probe EC.350 (Fig. 6). 

Strong labeling by both probes occurred in the two P. chinensis used as a positive 

control, where deposition of a black-bluish precipitate was observed, not only associated 

to HPV inclusions, but also within the cytoplasm, the brush border of tubule epithelial 

cells and associated with necrotic debris within the tubules of the hepatopancreas. None 

of the two probes tested reacted with the SPF P. vannamei or IHHNV infected P. 

stylirostris, used as a negative control, nor with the HPV-like lesions observed in M. 

rosenbergii. 

Discussion 

Random amplification of genomic HPV DNA provided a viable option for the 

development of probes in a situation where the amounts of viral DNA available were 

very limited. The authenticity of the randomly amplified products obtained was 

confirmed by the recognition of the 2.1 Kb fragment by probe S2.0 on a Southern 

transfer, by the DNA sequence comparison between HPV8i and S2.0, and by the results 

of the in situ hybridization performed to validate these probes with Penaetis chinensis 

infected with the same HPV isolate used for their development. 
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Regarding the application of probes EC.592 and EC.3S0 to detection of HPV in 

penaeid shrimp from different geographic regions, no pattern was evident with the results 

obtained, except that EC.3S0 reacted with G)ut not with all) specimens from the Eastern 

Hemisphere. Otherwise, the recognition or lack of recognition of HPV-type intranuclear 

inclusions by these probes was independent of the shrimp species, life stage, geographic 

origin, or severity of infection. Two specimens, P. semisulcatus from Kuwait and P. 

schmitti from Brazil, that were found in a previous study to display a partial reaction to 

the full probe S2.0, did not react with probes EC.592 and EC.350. The lack of 

recognition by probe EC.592 in these specimens is interpreted as a complete lack of 

homology between the probe and the HPV infecting these shrimp. However, with probe 

EC.350 being a fragment of S2.0, the negative results observed on this occasion suggest 

that the partial recognition by probe S2.0 during the previous assay may have been due to 

a partial hybridization where only the homologous portion of S2.0 (not included within 

EC.350) reacted with that particular HPV strain. Another hypothesis is that two (or 

more) different strains of the same virus may be co-infecting these shrimp, and that 

neither of these strains have sufiRcient genome homology to hybridize with EC.592 or 

EC.350; but at least one of them has enough homology to hybridize with S2.0. Although 

there are no reports on the dynamics of co-infections of HPV with other viral pathogens 

belonging to the same family, there is at least one precedent that this type of co-infection 

can occur in penaeid shrimp. A dual infection with different strains of viruses belonging 

to the same family has been previously reported in the case of a baculovirus of penaeid 

shrimp (Duran et al. 1998). 



68 

The absence of reaction to probe EC.350 within HPV lesions detected in 

postlarval P. monodon from Madagascar and the positive reaction to probe EC.592 in that 

very same specimen, strongly suggests that there is only a partial homology between the 

genome of Korean HPV and that of the HPV present in these specimens from 

Madagascar. Unfortunately, the specimens of Honduran P. vannamei displaying the 

abnormally severe HPV lesions on the epithelium of the anterior midgut caecum and 

midgut mucosa could not be tested with probes EC.S92 and EC.350, but the negative 

results observed during a previous in situ hybridization with probe S2.0 (Pantoja, 

unpublished data) strongly suggest that this also may be a completely different strain of 

HPV. 

The previous contention that the HPV-like lesions reported in the fresh water 

prawn M. rosenbergii may be caused by a different virus within the parvovirus family 

(Lightner et al. 1994), is further supported by the negative results of the hybridization 

with probes EC.592 and EC.350. 

The possibility of a negative or interfering effect of the fixation procedures over 

the hybridization reaction also must be considered because some of the specimens 

analyzed originated from shrimp farms abroad and there is no certainty as to the quality 

of the fixation protocols that were followed. Recently, Hasson et al. (1997) demonstrated 

that prolonged fixation of TSV infected shrimp (TSV; Taura syndrome virus, a 
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picomaviius) in Davidson's fixative (AFA) could produce false-negative results when 

subjected to in situ hybridization analysis with the TSV-specific gene probes. According 

to Hasson et al. (1997), the acidity of the Davidson's fixative (pH 3.5-4) may directly 

destroy the TSV ssRNA by acid hydrolysis and/or by favoring the action of acidophilic 

endogenous ribonuclease activity. We do not known if over-fixation with Davidson's 

fixative could have a similar effect on the HPV ssDNA. However, during an experiment 

on which shrimp infected by the parvovirus IHHNV were fixed in Davidson's solution 

and in a fixative with a near neutral pH (Hasson et al. 1997) for up to one month, a slight 

reduction on the intensity of hybridization signal with an IHHNV specific gene probe 

was observed only after 12 days of fixation in Davidson's (not observed in the neutral 

fixative). In the same study, diagnostic IHHNV intranuclear inclusion bodies were 

observed in several tissues of shrimp that, after 31 days of fixation on Davidson's 

solution, did not show a positive reaction to the probe whereas others within the same 

shrimp did show a weak reaction. Such artifacts due to over fixation were not observed 

in specimens fixed in the neutral fixative, where a uniformly strong positive reaction to 

the probe was obtained (Pantoja, unpublished data). Hence, although over-fixation in 

Davidson's fixative may have a deleterious effect on the HPV in situ hybridization, there 

is the possibility that a relatively long period of exposure to the fixative may be needed to 

render the HPV DNA unrecognizable to the probes. Furthermore, over-fixation for more 

than 2 weeks is unlikely at aquaculture facilities where typically a rapid diagnosis is 

required. The fact that a positive reaction to probe EC.S92 was definitively observed in 

the HPV-infected P. monodon postlarvae firom Madagascar while probe EC.3S0 did not 



show any signs of hybridization in the same specimen, is clear indication that, at least in 

that case, the lack of hybridization was due to insufficient homology between the probe 

and its target and not to destruction of the viral ssDNA by over-fixation. 

Some of the implications of the possible strain differences between geographic 

isolates of HPV for the aquaculture industry are related to the detection of the pathogen. 

Although HPV does not seem to cause severe mortalities in grow out ponds as observed 

with the white spot syndrome virus (WSSV; Lightner 1996) for example, there are 

reports of significant mortalities during the early post-larval stages (Lightner et al. 1993) 

and of a more subtle effect in grow-out ponds by stunting the growth of the shrimp and 

leading to losses of up to 20% of the scheduled harvest (Limsuwan 1999). Moreover, 

significant mortalities in adult P. vannamei, being used as broodstock at a hatchery in 

South America, have been recently linked to severe HPV infection (Lightner unpublished 

data). Hence, the risk of poor production and increasing production costs make highly 

desirable to avoid the presence of HPV at aquaculture facilities. Since DNA based 

technology is becoming more important for the early detection and avoidance of viral 

diseases of shrimp (Lightner and Redman 1998, Lightner 1999), it will be necessary to 

consider the possible existence of different strains of HPV when designing diagnostic 

reagents for the detection of this virus. 
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Country Species Reference 

Eastern Hemisphere 

Africa Penaeus monodon Colomietal. 1987 

Australia P. esculentus, P. merguiensis & Paynter et al. 1985, Roubal et al. 1989 & 

P.japonicus Spannetal. 1997 

China P. chinensis Lightner& Redman I98S 

Indonesia P. monodon Lightner et al. 1992b 

Israel P. monodon Colomietal. 1987 

Korea P. chinensis & P.japonicus (?) Lightner eta! 1993, Park 1992 

Kuwait P. semisulcatm Lightner & Redman I98S 

Madagascar P. monodon UAZ Archival Collection 

Philippines P. monodon Lightner & Redman I98S 

Singapore P. merguiensis <4 P. indicxts Chong& Loh 1984 

Taiwan P. monodon Lightner & Redman 1991 

Thailand P. monodon Flegeletal. 1992 

Western Hemisphere 

Brazil P. penicillalus(Taiwan). P. Bueno et al. unpub. 

schmitti & P. vannamei 

Colombia P. vannamei UAZ Archival Collection 

Ecuador P. vannamei Lightner et al. 1992a 

El Salvador P. vannamei Lightner 1996 

Honduras P. vannamei Brock J pers comm 

Mexico P. vannamei &. P. styiirostris Lightner 1993 

Peru P. vannamei LFAZ Archival Collection 

Table 1. Host and geographic distribution of hepatopancreatic parvovirus (HPV) as of 
September 1999. 
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Table 2. Species, geographic origin and HPV status (by H&E) of the specimens subjected to comparative 

Country Species HPV status 

(H&E) EC.592 

Probes* 

EC.350 S2.0 

Eastern Hemisphere 

Africa P. monodon HPV+G3 + + t 

Australia P. esculenttu HPV+G3 - - -p 

China P. chinensis Positive control + + + 

China P. chinensis Positive control + + + 

Indonesia P. monodon HPV+G4 +/- +/- -

Indonesia P. monodon HPV+G4 +/- +/- NT 

Kuwait P. semisuicaius HPV+G3 • - +/-

Madagascar P. monodon HPV+G2 + - NT 

Singapore P. merguiensis HPV+G2-3 - -

Thailand P. monodon HPV+G2-3 - NT 

Thailand P. monodon HPV+G4 - NT 

Thailand P. monodon HPV+G4 - NT 

Thailand P. monodon HPV+G2-3 - NT 

Malaysia M. rosenbergii HPV-like - -

Western Hemisphere 

Brazil P. schmitti HPV+G3 +/-

Colombia P. vannamei HPV+G3 NT 

Colombia P. vannamei HPV+G3 NT 

Mexico P. vannamei HPV+G2 +/- + 

Peru P. vannamei HPV+G3-4 + 

P. vannamei Negative control -

*(+) = positive reaction; (•) = no reaction detected; (+/-) = partial reaction (very strong intensity of 
hybridization signal in some cells but very weak or absent in others within the same hepatopancreas); N/T 
= not tested. 
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Fig. 1 Photomicrograph showing abundant HPV intranuclear inclusion bodies in the 

epithelium of two lobules of the anterior midgut caecum (C) of Honduran Penaeus 

vannamei, while hepatopancreatic epithelial cells (Hep) show no signs of infection. 

Notice the presence of lateral displacement of the nucleolus by the inclusion body, which 

is a diagnostic characteristic of HPV infection (arrows). H&E stain. Scale bar = 20 ^m. 
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Fig.2 Histological section of the abdomen of a post-larval P. monodun from Madagascar, 

showing diagnostic HPV intranuclear inclusions in midgut mucosal epithelium cells. The 

characteristic displacement of the nucleolus is evident (arrows). Mus; skeletal muscle. 

Mme; Midgut mucosal epithelium. H&E stain. Scale bar = 10 |im. 
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Primer Sequence (5'-> 3*) G/C ratio Tin°C 

1120F GGT-GAT-GTG-GAG-GAG-AGA 55 58.5 

1120R GTA-ACT-ATC-GCC-GCC-AAC 55 60.7 

10599F TGG-AGG-TGA-GAC-AGC-AGG 61 62.9 

10599R CCA-ACT-GTC-CTT-CGC-TCT 55 60.6 

Fig. 3 Designation, sequence and characterization of the oligonucleotide primers used in 
the preparation of probes EC.592 (1120F/1120R) and EC.350 (10599F/10599R). 
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2.036 bp 
1.636 bp 

1.018 bp — 

506 bp — 

-2.100 bp 

-500 bp 

Fig 4. Products obtained by random PCR amplification of HPV DNA are shown in a 1% 

agarose gel stained with ethidium bromide. L; I Kb ladder (Gibco BRL). Lane 1; 

Negative control without template DNA. Lane 2: Positive control (genomic DNA from 

the lymphoblastoid cell line BJA, 1 ng ^il"') shows an expected DNA smear on a range of 

-3(X)-3000bp. Lane 3: HPV DNA amplified with random primers. One band of 

moderate intensity can be observed at approximately 2.100 bp and another, of stronger 

intensity, at approximately 500 bp. Other bands of less intensity can be observed within 

a range of approximately 1.636-1.018 bp. 
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3.054 bp 
2.036 bp 

1.636 bp 

1,018 bp 

506 bp 

HPV8I 

Fig. 5 Southern transfer analysis of clones HPV8 and HPVl I after excision of their 

inserts with Eco RI. 5A: 1% agarose gel stained with ethidium bromide. L: I Kb ladder 

(Gibco BRL). Lane I: Clone HPVl 1 showing a band at approximately 3,054 bp 

(linearized vector pGEM-T-Easy) and another band at approximately 500 bp (insert 

HPVl li. generated by random amplification of HPV DNA). Lane 2: Clone HPV8 

showing the linearized vector at approximately 3.054 bp and another band at 

approximately 2, ICQ bp (insert HPV8i, generated by random amplification of HPV 

DNA). 5B: Southern transfer of the same gel shown in Fig. 5 A hybridized with the HPV 

probe S2.0. Lane 1; Shows the absence of hybridization between HPVl li and probe 

S2.0. Lane 2: Shows a strong positive reaction indicating hybridization between HPV8i 

and probe S2.0. 
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Fig. 6a An example of the in situ hybridization reaction of probes EC.592 and EC.350 to 

HPV-infected shrimp from diverse geographic regions. Histological section through the 

hepatopancreas of postlarval Penaeus monodon from Madagascar, showing a positive 

reaction to probe EC.592 evidenced by the deposition of a black-bluish precipitate within 

the HPV intranuclear inclusions (arrows) and to virus in cell debris within the lumen of 

hepatopancreatic tubules (arrowheads). Probe hybridization and bismark brown 

counterstain. Scale bar = 10 ^m. 
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Fig. 6b An example of the in situ hybridization reaction of probes EC.592 and EC.350 to 

HPV-infected shrimp from diverse geographic regions. No reaction to probe EC.350 was 

observed within HPV intranuclear inclusions (arrows) in a consecutive section from the 

same specimen shown in Fig. 6a. Probe hybridization and bismark brown counterstain. 

Scale bar = 10 ^m. 
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An in situ hybridization assay was developed for detection of hepatopancreatic 

parvovirus of penaeid shrimp (HPV) at the ultrastructural level. The procedure was 

optimized by monitoring the hybridization of an HPV-specific DIG-11 dUTP labeled 

gene probe (592 bp) to HPV nucleic acid within HPV diagnostic intranuclear inclusion 

bodies in sections of resin-embedded hepatopancreas. HPV-infected hepatopancreas 

from juvenile Penaeus monodon and postlarval P. chinensis were fixed in either 

phosphate-buffered 4% paraformaldehyde/0.2S% glutaraldehyde, 2% glutaraldehyde, or 

6% glutaraldehyde. After fixation, the specimens were dehydrated in ascending 

concentrations of ethanol, infiltrated with the hydrophilic resin Unicryl and polymerized 

by exposure to UV light at low temperature. Hybridized probe was detected by means of 

an anti-DIG antibody conjugated to 10 nm gold particles and subsequent silver 

enhancement. The hybridization procedure was first tested on semi-thin sections at the 

light microscope level and finally on consecutive ultra-thin sections at the electron 

microscope level. No difference of the intensity of hybridization signal was observed 

either at the light or at the electron microscope levels with HPV-infected tissues fixed 

with any of these fixatives however, cellular ultrastructure was better preserved with 2% 

and 6% glutaraldehyde. Post-fixation with 1% osmium tetroxide improved cellular 

ultrastructure but markedly decreased the intensity of the signal and had a tendency to 

induce non-specific deposition of gold and silver. Under optimized conditions, true 

probe signal was consistently observed among necrotic cell debris within the lumen of 



89 

hepatopancreatic tubules, on the microvillous border of tubule epithelial cells, within the 

cytoplasm in apparent transit to the nucleus, and within diagnostic HPV intranuclear 

inclusion bodies. The nucleolus and karyoplasm of patently infected cells (i.e., showing 

HPV intranuclear inclusion bodies) were almost devoid of signal. Electron-lucent 

structures, known as intranuclear bodies, commonly found within the virogenic stroma, 

also showed low labeling intensity. No hybridization signal was observed In the negative 

control tissues, which consisted of consecutive sections of HPV-infected hepatopancreas 

where no probe was added into the hybridization solution. 

Introduction 

It has been now ahnost IS years since HPV was first reported (Lighmer and 

Redman 1985) and its relevance as a pathogen to cultured penaeid shrimp still remains 

poorly understood. The lack of reliable animal models and cell lines with which to 

consistently induce experimental infections has hampered the study of the disease. Most 

information concerning the histopathology, possible mode(s) of transmission, virulence, 

susceptible shrimp species and host's age susceptibility, has been inferred from field 

observations or from studies on captive populations of shrimp naturally infected by this 

virus (Lightner and Redman 1991, Lightner et al. 1992, Lighmer et al 1993). 

The importance of HPV as a disease causing agent may have been also long 

overlooked in aquaculture facilities because of the characteristic absence of HPV-specific 



clinical signs, because of the frequency with which HPV appears in co-infections with 

other hepatopancreatic pathogens, and because of the need for specialized methods (i.e., 

histology, in situ hybridization or PGR) to detect its presence (Lightner et al. 1993, Mari 

et al. 1995, Pantoja and Lightner, "in press"). 

To date, HPV has been characterized as a member of the Parvoviridae (Bonami et 

al. 1995) apparently sharing more similarities with the autonomous parvoviruses rather 

than with the densoviruses. Improved detection methods for HPV include the 

development of non-radioactive HPV-specific gene probes (Mari et al. 1995). However, 

studies on the pathogenesis of HPV disease are non-existent. 

Ultrastructural studies on the replication cycle of HPV are also non-existent. 

Small and with a relatively simple morphology, HPV is very difficult to localize within 

cell compartments unless it aggregates in the form of recognizable inclusion bodies. 

Furthermore, due to its very small size, icosahedral shape, and that paracrystalline arrays 

of the virus are apparently not formed, HPV is prone to be mistaken with normal cellular 

components such as ribosomes. Such eiusiveness has also deterred investigation about its 

biology. 

The method of in situ hybridization at the electron microscopic (EM) level 

however, may help to elucidate more about the pathogenesis and replication of HPV. 

The many changes undergone by these techniques -after the pioneering work of Jacob et 
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al. (1971) who reported for the first time the successful hybridization of tritiated rRNA to 

DNA inXenopus oocytes at the EM level- have increased its availability to many 

laboratories. For example, the use of hazardous isotopic probes during the early days of 

ultrastructural in situ hybridization imposed serious limitations such as long exposure 

times, limited resolution, low sensitivity, and low efficiency (Binder 1987). Presently, 

isotopic probes have been ahnost completely replaced by less dangerous and highly 

sensitive versions that are labeled non-radioactively. The combination of non-radioactive 

detection systems with improved embedding media (resins) has increased the efficiency, 

accessibility, and popularity of ultrastructural in situ hybridization (Beals 1992, Binder 

1987, Le Guellec 1998, Morey 1995). To date, at least seven different types of viruses 

have been studied using this approach (Escaig-Haye 1992, Geuskens and May 1974, 

Multhaupt et al. 1992, Morey et al. 1993, Puvion-Dutilleul and Puvion 1989, 1990, and 

1991). 

We report here the adaptation of conventional HPV in situ hybridization 

techniques, originally developed for detection of HPV in parafSn sections, and their 

application to ultrastructural studies of HPV cytopathology. 

Materials and Methods 

Shrimp species. HPV-infected juvenile Penaeus monodon (average weight 0.15 

g) originating from Madagascar, were transported live to The University of Arizona, in 
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Tucson Arizona, and stocked into and reared in a 2,0001 fiberglass tank with artificial sea 

water (Marinemix, Marine Enterprises International, Inc., Baltimore, MD), at 30 ppt and 

28±2°C. Live HPV-infected postlarval P. chinensis (PLlO-15) came from the Yellow 

Sea Fishery Research Institute in China. Upon arrival to Tucson, P. chinensis post-larvae 

were also stocked into and reared in a 2,0001 fiberglass tank with artificial seawater at 25 

ppt and 2S±2''C. Ammonia and nitrite were maintained at levels below 0.5 mg 1*' by 

using a preactivated biological filter in both tanks (Lightner et al. 1998). 

Fixation, embedding, and sectioning. Three different fixatives were tested to 

determine which one might provide better ultrastructure preservation with minimal 

interference to in situ hybridization with a DIG-labeled HPV-specific probe (592 bp). 

These fixatives were 1) a mixture of 4% paraformaldehyde and 0.25% glutaraldehyde, 2) 

2% glutaraldehyde and, 3) 6% glutaraldehyde. All of the fixatives were prepared with 

0.15 M Millonig's phosphate buffer (pH 7.0) supplemented with 1% sodium chloride and 

0.5% sucrose (Lightner 1996). A volume of ice-cold fixative, approximately 1/10 the 

total volume of the shrimp, was first injected into the hepatopancreas proper. 

Immediately after injection, the hepatopancreas was dissected, transferred into a plastic 

Petri dish containing ice cold phosphate buffer and cut into small pieces of approximately 

1 mm^. Finally, the pieces of hepatopancreas from each shrimp were transferred into 

individual uitracentrifuge tubes containing 1 ml of the same fixative previously injected, 

and fixed for additional 6 h under refrigeration. A total of five hepatopancreata, from 

each species of shrimp, were fixed with each fixative. 
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Immediately after fixation, the specimens were rinsed twice with ice cold 

phosphate buffer and divided into two portions. One of the portions was post-fixed with 

1% osmium tetroxide (in phosphate buffer) for 1 h at room temperature (RT; 25°C). The 

other portion was not osmicated. Alter this point, all of the samples were processed in 

identical fashion. Osmicated and non-osmicated specimens were dehydrated at RT in a 

graded series of ethanol (15 min each in 30%, 50%, 70%, 80%, 95%, and twice in 

absolute ethanol). After dehydration, the specimens were infiltrated at 4°C with 

increasing concentrations of the hydrophilic resin Unicryl (British BioCell International 

Ltd, Golden Gate, Cardiff, United Kingdom) as follows: 24 h in a mixture of Unicryl: 

absolute ethanol at a 1:2 ratio, 24 h in Unicryl; absolute ethanol at a 2:1 ratio, and 24 h in 

pure Unicryl. Unicryl infiltrated specimens were transferred into Seem capsules (Ted 

Pella Inc., Redding, CA) containing pure firesh Unicryl, and polymerized at -10°C, for 

approximately 72 h, by exposure to UV light (provided by 2x15 watts Phillips UV lamps, 

360 nm wavelength, set at approximately 15 cm under the Beem capsules). 

Semi-thin sections (1 ^m thickness) were cut from the polymerized blocks, placed 

on a drop of double distilled water on a regular microscope glass slide, and heat dried at 

60''C for 1-2 min. Dried sections were stained with 1% toluidine blue (in 1% sodium 

borate) at dO^C for 1 min and screened with a light microscope for the presence of 

diagnostic HPV intranuclear inclusions (Lightner 1996). Two additional semi-thin 

sections were cut fi:om selected blocks showing diagnostic HPV lesions, placed on a drop 



94 

of HPLC (high performance liquid chromatography; Sigma Chemical, St. Louis, MO) 

quality water on a Superfrost/Plus positively charged microscope slide (Fisher Scientific, 

Pittsburgh, PA), heat dried at dCC for 1-2 min, and stored at room temperature until 

needed (2-3 days). A total of four positively charged slides were prepared from each 

block. Two to 3 consecutive ultra-thin sections (gold interference color) from each one 

of the selected blocks were placed onto carbon/Formvar-coated lOO-mesh nickel grids. A 

total of five grids were prepared from each block. The grids were stored at RT, 

unstained, until needed (no more than one week). 

Preparation of probe EC.592. A 592 bp fragment from the HPV genome was 

amplified by PCR using purified Korean HPV as a template and the HPV-specific 

primers 1120F/1120R, as previously described (Pantoja and Lightner, "in press"). The 

amplified product was electrophoresed in a 1% low melting point agarose gel, the band 

was excised and the DNA purified by means of an agarase treatment (Roche Molecular 

Biochemicals, Indianapolis, IN). The purified 592 bp product was randomly labeled with 

digoxigenin (DIG)l 1-dUTP using the Genius I Kit (Roche Molecular Biochemicals, 

Indianapolis, IN) according to the manufacturer's protocol. The presence of labeled 

DNA (designated as the EC.592 probe) was confirmed by visualization with alkaline 

phosphatase conjugated anti-digoxigenin antibody and the reagents nitroblue tetrazolium 

(NET) and 5-bTomo-4-chloro-3-indoyl phosphate (BCIP), supplied with the Genius I Kit. 
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In situ hybridization at the light microscope level. The effectiveness of the 

probe EC.592 to hybridize with HPV nucleic acids on sections of Unicryl-embedded 

hepatopancreas was first confirmed at the light microscope level. Positive and negative 

controls for this phase of the study included paraffin sections of HPV-infected P. 

chinensis and specific pathogen-free (SPF; Lotz et al. 1995) P. vannamei, respectively. 

ParafBn sections were subjected to in situ hybridization with the probe EC.592 according 

to standard procedures reported elsewhere (Lightner 1996), except for a modification in 

the probe detection step, which was the same as that used in plastic sections (explained 

below). 

In situ hybridization on semi-thin plastic sections was performed in duplicate, 

with one group of slides used as a negative control (i.e., no probe added to the 

hybridization solution), and the other group of consecutive sections as a test group (i.e., 

with probe included in the hybridization solution). First, all sections were re-hydrated at 

RT by immersion for 5 min on HPLC water followed by 5 min on 1 X Tris NaCl EDTA 

(TNE; 10 X TNE = 500 mM Tris-HCI, lOOmM NaCI, lOmM EDTA, pH 7.4). The effect 

of proteolytic digestion was evaluated by subjecting the re-hydrated sections to the 

following treatments: a) no digestion, b) 5 min digestion with 100 (ig ml'' proteinase K 

(Sigma Chemical) in 1 X TNE and, c) 15 min digestion with the same concentration of 

proteinase K. Proteolytic digestion was performed at 37**C in a humid chamber. 
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After digestion, proteinase K was deactivated by a 5 min rinse with ice cold 0.4% 

formaldehyde. The formaldehyde was decanted off after proteinase deactivation and the 

sections were soaked for 5 min in 2 X standard saline citrate (SSC; 1 X = 0.15 M NaCl, 

0.015 M sodium citrate, pH 7.0). A volume of 0.5 ml of hybridization solution [50% 

formamide, 0.02% Ficoll 400,0.02% pclyvinylpyrolydone 360,0.02% bovine serum 

albumin (BSA), 5% dextran sulfate, 0.5 mg ml*' denatured salmon sperm DNA, 4 X 

SSC] was poured on top of the sections and the slides incubated in a humid chamber at 

37®C for 30 min. The probe EC.592 was denatured at 100®C for 10 min, quenched on ice, 

and added to a fmal concentration of 17.5 ng ml*' to ice cold hybridization solution. A 

volume of 250 ^l of diluted probe was placed onto each of the slides, except those to be 

used as a negative control (treated with only plain hybridization solution), and incubated 

overnight (approximately 16 h) at 37''C in a humid chamber. 

Post'hybridization washings were performed using decreasing concenU:ations of 

SSC buffer at 37«C (2 x 5 min, each in 2 X SSC, 1 X SSC, 0.5 X SSC and, 0.1 X SSC). 

After these washings the slides were soaked for 5 min at RT in 1 X Buffer I (0.1 M Tris-

HCl, 0.15 M NaCl, pH 7.5) and then blocked for 15 min, at 37°C, with 0.5 ml of a 

blocking buffer made with 10 mg ml*' Blocking Reagent (Roche Molecular 

Biochemicals, Indianapolis, IN) in 1 X Buffer I. Hybridized probe was detected with a 

sheep anti-digoxigenin antibody conjugated to gold particles 10 nm average diameter 

(British BioCell International Ltd, Golden Gate, Cardiff, UK; ODs2o = 3.0) diluted to 3.49 

^g ml*' in blocking buffer. A volume of 10 ^1 of diluted conjugate was placed on top of 
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the sections, covered with a glass cover slip, and incubated in a humid chamber at 37°C 

for 30 min. The unreacted gold conjugate was washed off by rinsing the slides 4x5 min 

in 1 X Buffer I at RT, followed by 4 x 5 min rinses in HPLC water, also at RT. Silver 

enhancement was performed with a silver enhancing kit (British BioCell International 

Ltd, Golden Gate, Cardiff, UK). A volume of 20 |al of silver enhancing solution was 

poured on top of the sections, the sections were covered with a cover slip, and then 

incubated at for l.S h in the dark. The silver enhancing reaction was stopped by 

inmiersion on HPLC water for 15 min at RT. Finally, the slides were heat dried at 60°C 

for 1-2 min, stained with 1% toluidine blue (in 1% sodium borate) at 60®C for 0.5 min, 

mounted with Permount (Fisher Scientific) and examined with a bright field light 

microscope for black silver precipitate, the indication of probe hybridization. 

In situ hybridization at the electron microscope level. After having confirmed 

the ability of the probe EC.592 to detect HPV in semi-thin plastic sections, ultra-thin 

sections were subjected to in situ hybridization with the same probe. Except for a few 

modifications, the hybridization protocol for ultra-thin sections was basically the same as 

that used on semi-thin sections. All of the reactions were performed by floating the grids, 

section side down, on 20 ^1 drops of reagents placed on fresh sheets of Parafilm covering 

the bottom of plastic Petri dishes. All of the buffers and solutions and their incubation 

temperatures, were the same as those used with semi-thin sections (unless stated 

otherwise). In between steps, excess solution on the grids was always blotted away with 
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a piece of filter paper. All of the incubations were performed by placing the Petri dishes 

inside a humid chamber set at the required temperature. 

As in the case of semi-thin plastic sections, the hybridization procedure was 

performed in duplicate, with one group of grids used as a negative conurol (i.e., no probe 

added into the hybridization solution), and the other group as a test group (i.e., with probe 

included in the hybridization solution). 

To begin the procedure, grids were re-hydrated for 5 min in HPLC water followed 

by 5 min in 1 X TNE. Proteolytic digestion with 100 ng ml"' proteinase K was limited to 

5 min. Proteinase K was deactivated for 5 min with ice cold 0.4% formaldehyde, 

followed by a S min incubation in 2 X SSC and 30 min pre-hybridization in hybridization 

solution. The probe EC.592 was denatured at 100*'C for 10 min, quenched on ice, and 

added to a fmal concentration of 17.5 ng ml*' to ice cold hybridization solution. The 

grids were incubated overnight (approximately 16 h) on drops of diluted probe (test 

group) or in plain hybridization solution (negative controls). Post-hybridization washings 

were performed in decreasing concentrations of SSC buffer (2x5 min, each in 2 X SSC, 

1 X SSC, 0.5 X SSC, and 0.1 X SSC) after which the grids were soaked for 5 min in I X 

Buffer I and blocked for 15 min with blocking buffer. 

Hybridized probe was detected by floating the grids on 10 ^l drops of diluted gold 

conjugate for 30 min. Before silver enhancement, grids were rinsed 4x5 min in 1 X 
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Buffer I followed by 4 x 5 min rinses in HPLC water. Silver enhancement was 

performed in the dark, floating the grids on 20 ^1 drops of silver enhancing solution for 5 

min at 18**C, after which the reaction was terminated by floating the grids on HPLC 

water for 15 min and then the grids were air dried. Finally, the sections were stained with 

lead citrate and uranyl acetate and viewed using a Phillips CM 12 operated at 80 kV. 

Results 

In situ hybridization at the light microscope level. Positive reaction to the 

probe EC.592 was observed in HPV positive control paraffin sections and Unicryl-

embedded hepatopancreas of both Penaeus monodon and P. chinensis. A black 

precipitate, indicating the site of hybridization, was observed on the brush border of 

tubule epithelial cells, within the cytoplasm, and within diagnostic intranuclear inclusions 

at various stages of development (Figs. 1 & 2). The positive reaction observed on plastic 

semi-thin sections was not as strong as that seen in paraffm sections. 

The intensity of hybridization signal in semi-thin plastic sections was apparently 

the same independent of the fixative employed. The incorporation of a proteolytic 

digestion step however, did result in increased signal intensity and although no difference 

could be distinguished between a 5 or 15 min digestion, the negative controls indicated 

that non-specific deposition of silver occurred with higher frequency in specimens 



digested for IS min. Osmication, on the other hand, always resulted on a markedly 

decreased response to the probe (results not shown). 

100 

Strong to moderate non-specific deposition of silver was detected within the 

cytoplasm of tubule epithelial cells of the hepatopancreas in the paraffin sections that 

were used as a negative control (not shown). Additional testing indicated that such 

artifact was caused by non-specific deposition of silver during the enhancing step. Plastic 

sections used as a negative control also showed non-specific deposition of silver within 

the cytoplasm however, the fi-equency and intensity of this phenomenon was much less 

intense than that observed with paraffin sections. 

In situ hybridization at tiie electron microscope (EM) level. The results of the 

in situ hybridization at the EM level were in agreement with those obtained using semi-

thin sections. No difference in signal intensity could be distinguished between samples 

preserved with any of the three fixatives tested. However, from a morphological point of 

view, fixation in 4% paraformaldehyde/0.25% glutaraldehyde was the less effective of 

the three fixatives since it failed to provide suitable preservation of cell ultrastructure. 

Osmication, on the other hand, preserved cellular morphology very well but caused a 

marked reduction in probe signal. Regardmg the presence of background signal (i.e., 

non-specific deposition of silver), was lower than expected and it could be differentiated 

from real hybridization signal due to the much smaller size of the silver granules. 
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The single most prominent cellular structure displaying the strongest reaction to 

the probe was the intranuclear HPV inclusion. Nuclei exhibiting early or advanced viral 

inclusions, showed gold granules to be limited almost exclusively to the viral stroma, 

with only a few gold particles scattered in the karyoplasm and nucleolus and completely 

absent in the marginated chromatin (Figs. 3,4 & 5). Electron-lucent areas within the 

viral inclusion, known as intranuclear bodies (Kawase et al. 1990), also showed low 

labeling frequency (Fig. 4). 

A group of viral mclusions displaying a strong probe signal was found free within 

the lumen of one of the hepatopancreatic tubules, in close proximity to the brush border 

of a tubule epithelial cell. None of the inclusions in this group appeared to be limited by 

a nuclear membrane, they were seemingly starting to dissociate, and they were 

surrounded by what appeared to be degenerated cell organelles (Fig. 6). There was 

scattered probe signal in the vicinity of these inclusions as well as in the microvilli of the 

tubule epithelial cell closest to them (Fig. 6). 

Probe signal was also detected in the brush border of other tubule epithelial cells, 

where no viral inclusions appeared to be free in the lumen (Fig. 7). In this case, most of 

the signal was limited to the microvilli, with few gold particles actually present within the 

nucleus or cytoplasm of such cells. Electron dense particles in the range of 20-24 nm, 

with angular profiles, could be observed in close association to the microvilli where a 

positive reaction to the probe was evident (Fig. 8). 
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Cytoplasmic probe signal was rather scarce but consistently associated with 

unidentified amorphous electron-dense structures that did not seem to be limited by a 

membrane. In some instances, such amorphous structures were seen not inside 

pinocytotic vesicles but in between them (Fig. 9). 

Unidentified electron-dense cytoplasmic amorphous structures showing a positive 

reaction to the probe could be observed not only in the most apical region of the cells but 

also in close proximity to apparently normal nuclei (Figs. 10,11, 12, and 13). Similar 

structures, but devoid of probe signal, were also found surrounding the nuclei of these 

cells (Figs. 10 and 11). 

Discrete gold clusters were observed in association with electron-dense areas 

within some of the nuclei where no viral inclusions were present (Figs. 13 & 14). In this 

case, no probe signal was evident in any other nuclear structures. 

Discussion 

Although Unicryl is considered a hydrophilic resin, penetration of reagents into 

tissue embedded in this resin is rather limited. As with other hydrophilic resins, 

interaction between the specimen and the many buffers and solutions occurs mostly at the 
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surface of the section, and probe hybridization is expected only within very limited areas 

exposed at the surface of the section. 

Limited penetration of reagents and limited exposure of target viral DNA in 

Unicryl-embedded tissues were probably among the reasons why probe signal was less 

intense on semi-thin plastic sections than in the paraffin control slides. But such 

limitations may have had a positive effect in our assay because it is very likely that they 

were also the reason why non-specific deposition of silver (background) was less 

pronounced on semi-thin plastic sections than in parafHn sections. 

The background inherent to the silver enhancing step appeared to be even less 

relevant at the EM level than at the light microscope level. The short duration of the 

silver enhancing step on ultra-thin sections (5 min), and the lower temperature (IS^'C) at 

which it was performed, probably resulted in the deposition of silver grains smaller than 

the enhanced gold particles, making it easier to differentiate between both of them (Fig. 

14). 

Fixation with high concentrations of glutaraldehyde (i.e., higher than 1%) has 

been contra-indicated for specimens to be subjected to in situ hybridization at the EM 

level (Le Guellec 1998). However, it has been demonstrated that glutaraldehyde fixation 

interferes mostly with the localization of double-stranded DNA and that it allows 

enzymatic digestion (proteolytic) and subsequent hybridization of single-stranded DNA 



to denatured probe in Lowicryl embedded samples (Puvion and Puvion 1991). Thus, the 

reason why we did not observe differences on the intensity of hybridization signal with 

any of the three fixatives tested was probably because HPV is a single-stranded DNA 

virus, and as such, it was readily available for hybridization with the denatured probe 

EC.592. Moreover, the proteolytic step did increase the intensity of the reaction, as 

would be expected if excessive linkage of DNA-associated protein, caused by 

glutaraldehyde fixation, would have been one of the factors interfering with the 

hybridization. 

The absence of a DNA denaturation step in our hybridization protocol and the 

probable interference caused by glutaraldehyde fixation suggest that the hybridization 

signal observed in our specimens corresponds to that of single-stranded DNA or, in other 

words, to mature virion DNA. Conceptually, detection of replicative forms would 

require the use of formaldehyde fixation, digestion of single-stranded viral DNA and a 

DNA denaturation step before hybridization. 

As it would be expected, the stronger hybridization signal in our experiments was 

observed within HPV intranuclear inclusions, the site of accumulation of mature virions, 

which is also referred as to the virogenic stroma. The nucleolus appeared almost devoid 

of signal independent of the stage of development of the viral inclusion. This is an 

interesting finding since it has been reported that in the case of two other parvoviruses, 

AAV2 and H-1, the mature virion is redistributed from the nucleolus into the 
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nucleoplasm (Kasamatsu and Nakanishi 1998). Our results showed that typically no 

mature virions were present within the nucleolus of HPV-infected cells, which suggests 

that maturation might occur at a different compartment within the nucleus. In this regard, 

no probe signal was observed in association with the marginated chromatin, but discrete 

gold clusters were found apparently free within the nucleoplasm surrounding the 

virogenic stroma. These fmdings suggest that maturation might occur in the 

nucleoplasm, within discrete "islands" that may be later incorporated into the main 

inclusion or that perhaps maturation occurs within the main Inclusion itself or both. In 

the case of the densoviruses, viral assembly and maturation is known to occur within the 

virogenic stroma (Kawase et al. 1990), so it may be possible that HPV assembly and 

maturation proceed according to a very similar mechanism. The presence of 

hybridization signal within some nuclei displaying chromatin margination, but where no 

intranuclear viral inclusion was recognizable as such, is suggestive of precursors of 

virogenic stroma (Figs. 13 and 14). Confirmation of these hypotheses must await the 

development of a capsid protein antibody that may be used in conjunction with gene 

probes (such as EC.S92) to determine the nuclear compartments involved in the 

maturation process. 

Another interesting finding was the presence of HPV viral inclusions free within 

the lumen of hepatopancreatic tubules. During the last stage of the replication cycle, the 

accumulation of mature parvovirus particles is reported to cause the disruption of the 

nuclear membrane releasing the virions into the cytoplasm (Kawase et al. 1990). Since 



no cells with disrupted nuclei were found in our samples but fi^ed viral inclusions were 

consistently observed within the lumen of hepatopancreatic tubules, it is possible that this 

could be another mechanism for the release of viral particles, at least in the case of HPV. 

Our results suggest that spread of the infection throughout the hepatopancreas 

may occur through the liberation of whole intranuclear inclusions into the lumen of the 

tubules. We speculate that once firee within the lumen, the inclusions may desegregate as 

a result of normal digestive processes within the hepatopancreas such as the action of 

digestive enzymes and the physical constriction of the tubules, similar to peristaltic 

movements. Adsorption and penetration of HPV virions into new host cells would then 

occur as virions are released from the inclusion body. In this regard, the outlines of viral 

particles were observed in close association with the microvilli where a positive reaction 

to our probe was also evident (Fig. 8). 

Regarding the penetration of viral particles into the host cell, probe labeling was 

also observed in association with electron-dense structures, possibly pinocytotic-like 

vesicles, in the vicinity of the brush border of apparently healthy cells (i.e., in cells with 

no evidence of an HPV intranuclear inclusion body), which was also in agreement with 

the results reported by Mart et al. (1995). Likewise, discrete clusters of gold granules 

were also observed among numerous pinocytotic vesicles in the apical cytoplasm (apical 

complex) of apparently healthy B-cells. However, since only the E-cell type is capable of 

mitotic division (Icely and Nott 1992), and the autonomous parvoviruses require the host 
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cell to go through S phase in order to replicate (Bems 1996) our findings indicate that 

viral penetration seems to occur in B-cells even though it may not result in productive 

infection. 

Additionally, characteristic HPV intranuclear inclusions displaying a positive 

reaction to the probe HPV8 were observed within F-cells (not shown), which are also 

incapable of mitotic division. However, since F-cells develop by the differentiation of E-

cells (Icely & Nott 1992), our findings suggest that even after having being infected, an 

E-cell may still differentiate into an F-cell. Since such differentiation must depend on a 

normal-functioning nucleus, the question arises as to what happens after the E-cell is 

infected. Further research is indicated to determine if the differentiation from an E-cell 

into an F-cell can occur while the virus replicates simultaneously or if viral replication 

may be slowed or suspended until cellular differentiation has been completed. 

In conclusion, the present study has demonstrated the feasibility of HPV detection 

in situ with electron microscopy using a DIG-Iabeled HPV-specific gene probe and 

immunogold-silver enhancing techniques. In our attempt to document at least part of the 

replication cycle of HPV, the following was identified: adsorption, penetration, transport 

within the cytosol, penetration into the nucleus, replication, and release. Issues related to 

spatial localization of replicative intermediates can be addressed by slight modifications 

to the original protocol. Other questions such as the distribution of structural proteins 

must await the development of appropriate probes. 
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Fig. I Semi-thin section of Unicryl embedded hepatopancreas shows positive 

hybridization signal to probe EC.592 within HPV intranuclear inclusion bodies 

(arrowheads). An HPV intranuclear inclusion body (arrow) released from a cytolytic cell 

and showing a strong hybridization signal can be observed within the lumen of the 

hepatopancreatic tubule. Probe hybridization plus toluidine blue stain. Scale bar = 10 

^m. 
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Fig. 2 Semi-thin section of Unicryl embedded hepatopancreas displaying positive 

hybridization signal (arrows) to probe EC.592 on the microvillous border of otherwise 

normal tubule epithelial cells. Probe hybridization plus toluidine blue stain. 

Scale bar = 10 |im. 
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Fig. 3 Electron micrograph of an early developing intranuclear HPV inclusion body (1). 

Strong labeling by the probe EC.592 can be observed within the virogenic stroma while 

the nucleolus (No) and marginated chromatin (Ch) appear completely devoid of signal. 

Fixation with 2% glutaraldehyde without osmication. Lead citrate and uranyl acetate 

staining. 



Fig. 4 Intranuclear HPV inclusion body (1), in a more advanced stage of development 

than that observed in Fig. 3. displays intense hybridization signal mostly within the 

virogenic stroma. Electron-lucent areas within the virogenic stroma, known as 

intranuclear bodies (lb), show very low labeling intensity. A discrete cluster of gold 

granules can be observed free within the karyoplasm (arrow). The nucleolus (No) 

appears almost devoid of signal. Rxation with 6% glutaraldehyde with no osmication. 

Lead citrate and uranyl acetate staining. 
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Fig. S Advanced HPV intranuclear inclusion showing a positive reaction to probe 

EC.S92. Hybridization signal is limited to the virogenic stroma (I). The nucleolus (No) 

and marginated chromatin (Ch) are completely devoid of signal. Fixation with 2% 

glutaraldehyde with no osmication. Lead citrate and uranyl acetate staining. 



Fig. 6 HPV intranuclear inclusions (1) dislodged by cytolysis and free within the lumen 

of a hepatopancreatic tubule. Note the absence of a nuclear membrane surrounding the 

inclusions. Intense hybridization signal is evident within both inclusions as well as in the 

small fragment on the left of the figure which seems to be in a more advanced stage of 

desegregation (solid arrow). One of the inclusions is in direct contact with the 

microvillous border (Mv) of a tubule epithelial cell, where scattered gold granules can 

also be observed (arrowheads). This group of inclusions are surrounded by what seems 

degenerated cell organelles (hollow arrows). Fixation with 2% glutaraldehyde with no 

osmication. Lead citrate and uranyl acetate staining. 



Rg. 7 Moderate to intense hybridization signal among the microvilli (Mv) of 

hepatopancreatic tubule epithelial cells. Fixation with 2% glutaraldehyde with 

osmication. Lead citrate and uranyl acetate staining. 
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Fig. 8 High magnification of the hybridization signal observed among the microvilli of 

tubule epithelial cells. Note the presence of electron dense particles with angular borders 

interspersed among the microvilli (some examples marked by arrowheads). Fixation with 

2% glutaraldehyde with no osmication. Lead citrate and uranyl acetate staining. 
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Fig. 9 Discrete clusters of gold (positive hybridization signal) among the pinocytotic 

vesicles of the apical complex on a B-cell (arrows). Note the association of the signal to 

electron-dense amorphous aggregates, some of which are not labeled (arrowheads). 

Rxation with 2% glutaraldehyde with no osmication. Lead citrate and uranyl acetate 

staining. 
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Fig. 10 Discrete aggregate of gold particles (arrow) in the vicinity of the outer nuclear 

membrane (Onm). Note the association of the gold granules to this electron-dense body. 

Similar electron dense structures can be seen in close proximity (arrowheads). The 

nucleus appears normal and devoid of signal. Fixation with 2% glutaraldehyde with no 

osmication. Lead citrate and uranyi acetate staining. 



Rg. 11 Another example of cytoplasmic hybridization signal (arrow) in close association 

to electron-dense bodies, some of which are not labeled (arrowhead). Fixation with 2% 

glutaraldehyde with no osmication. Lead citrate and uranyl acetate staining. 



200nm 

Rg. 12 High magnification of a positive cytoplasmic hybridization signal in close 

proximity to the outer nuclear membrane (Onm). Fixation with 2% glutaraldehyde with 

no osmication. Lead citrate and uranyl acetate staining. 
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Rgs. 13 and 14 Examples of intranuclear hybridization signal where no intranuclear 

inclusion body is evident. Note the association of the signal to electron-dense structures 

(arrowheads), possibly precursors of the virogenic stroma. A discrete cluster of gold 

granules can be observed in the vicinity of the outer nuclear membrane in Fig 13 (solid 

arrow), fixation with 2% glutaraldehyde with no osmication. Lead citrate and uranyl 

acetate staining. 
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Current methods to detect hepatopancreatic parvovirus (HPV) infection of 

penaeid shrimp depend on invasive techniques that require dissecting the organs infected 

by this virus. However, sacrificing valuable stocks in order to determine their HPV status 

can be a drawback in the case of breeding programs. A method was developed for HPV 

detection by applying a polymerase chain reaction (PCR) assay to fecal samples collected 

from live HPV-infected shrimp Penaeus chinensis. A pair of PCR primers, 

1120F/1120R, which amplify a 592 base pair (bp) region from the virus genome, was 

designed from previously known HPV sequence information (HPV clone HPV8). PCR 

amplification with these primers generated a product of the expected size directly from 

the crude feces of HPV-infected shrimp but not from the feces of specific pathogen-free 

(SPF) shrimp. The HPV origin of the amplified product was validated by means of an in 

situ hybridization assay where the product of the amplification, labeled with digoxigenin 

(DIG)-11 dUTP, showed an intense reaction within hepatopancreatic cells displaying 

characteristic HPV lesions on HPV-infected shrimp. No reaction to this probe was 

observed when reacted in situ with sections of the hepatopancreas of SPF specimens or to 

sections of shrimp infected by the infectious hypodermal and hematopoietic necrosis 

virus (IHHNV), another parvovirus of penaeid shrimp. These primers were tested for 

specificity against homologous and non-homologous viruses and no product was 

amplified. A fragment of the expected size was obtained only when purified HPV or 

purified HPV8 plasmid was used as template DNA. Under optimized conditions, these 
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primers detected as little as 1 fg of purified HPV8 plasmid DNA, equivalem to 

approximately 300 HPV particles. Analysis of fecal samples by PGR may prove useful 

for non-lethal screening of valuable shrimp of unknown HPV status. This same strategy 

also might be used for detection of other enteric viruses that infect penaeid shrimp. 

Introduction 

Diagnosis of hepatopancreatic parvovirus (HPV) infection has been traditionally 

problematic. External signs of the disease are not specific for HPV and frequently, 

diseased shrimp tend to be infected by other pathogens that may mask the actual effect of 

HPV infection (Flegel et al. 1992; Lightoer 1993; Lightner et al. 1993). As a result, the 

most common method to ascertain the presence of this agent has been the examination of 

hematoxylin/eosin (H&E) stained histological sections of the hepatopancreas, the main 

organ affected by this virus. Infection by HPV produces a characteristic cytopathic effect 

in the form of an intranuclear inclusion body that develops within E- and F- cells, mostly 

in the distal portion of the hepatopancreatic tubules (Lightner 1996; Lightner and 

Redman 1985; Lightner et al. 1993). Analysis by transmission electron microscopy 

(TEM) is also useful in demonstrating the presence of HPV. However, the high cost and 

need for sophisticated equipment makes TEM impractical for routine diagnosis. 

Detection of HPV infection can be accomplished by means of in situ 

hybridization with HPV-specific gene probes (Mari et al. 1995). This method is highly 
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sensitive and useful in detecting low level infections but it is also an intrusive technique 

that requires the preparation of histological sections of the hepatopancreas. 

An additional procedure for detection of HPV has been reported that uses 

Giemsa-stained smears of the hepatopancreas, which is more rapid and simpler than 

conventional H&E or in situ hybridization (Lightner et al. 1993). Although this method 

does not demand the use of histopathoiogy equipment, and can be used in field situations, 

it lacks sensitivity and also requires that the shrimp be sacrificed. 

An alternative non*destructive approach to detect HPV is desirable because this 

would allow for the examination of shrimp without requiring the destruction of valuable 

stock during the process. In this regard, non-destructive detection of HPV through the 

examination of fecal samples is a feasible option. In the shrimp, nutrient digestion and 

absorption take place within the tubules of the hepatopancreas from where undigested 

material passes into the midgut to be later expelled in the form of a fecal pellet (Dall et al. 

1990). Therefore, it is likely that, in a diseased shrimp, necrotic debris from HPV-

infected hepatopancreatic cells can get mixed with undigested matter, reach the midgut, 

and become incorporated into the feces. Furthermore, HPV-infected cells, displaying 

characteristic intranuclear inclusion bodies, have been observed in the mucosal 

epithelium of the midgut and of the anterior midgut caecum of the shrimp (Lighmer 

1993). Hence, if viral particles are present in the cell debris originating from the 
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hepatopancreas or the midgut epithelial cells, they may also be present in the feces, where 

they could be detected. 

We present here a method, using PCR, by which HPV may be detected directly in 

fecal samples collected from HPV-infected shrimp. 

Material and methods 

Shrimp species. A total of 10 juvenile Penaeus chinensis (0.9 g average weight) 

from an HPV-positive population that came from the Yellow Sea Fisheries Research 

Institute in China was used as a source of HPV contaminated feces. The shrimp were 

maintained in a 401 glass aquarium, with artificial seawater (Marinemix, Marine 

Enterprises International, Inc., Baltimore, MD) at 2S ppt and 28±1''C. Ammonia and 

nitrite were maintained at levels below 0.5 mg/1 by using a preactivated biological filter. 

A total of 10 juvenile specific pathogen-free (SPF; Lotz et al. 199S), Penaeus 

vamamei (1.0 g average weight) originating from the Oceanic Institute in Hawaii, was 

used as a source of HPV-free feces. These shrimp were also maintained in a 401 glass 

aquarium, under identical conditions as described for the HPV-infected shrimp. 
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The shrimp were fed daily with a commercial 35% protein diet (Rangen), at a rate 

of 6% of the biomass. Half of the ration was offered in the morning and the other half in 

the evening. 

Fecal sampling. The feces to be analyzed were collected from the bottom of the 

aquaria by using a plastic siphon and were drawn into a clean 1 1 plastic beaker. Feces 

produced overnight were collected in the morning before feeding of the shrimp. All of 

the fecal material produced during the day was removed and discarded before the evening 

feeding. AAer collection by siphon, the feces were separated from food pellets not 

consumed during the night, small pieces of exuvia and other detritus. Only feces were 

transferred from the collection containers into sterile, 1.5 ml microcentrifuge tubes. 

Tubes containing the feces were briefly centrifuged at low velocity (2,000 x g) and the 

supematant fluids discarded. Finally, the fecal pellets were stored at -SO^C until tested. 

To prevent cross-contamination, the aquaria with SPF shrimp and HPV-infected shrimp 

were kept in different rooms, and each day, the SPF tank was serviced and sampled 

before the HPV tank. 

At the end of a 7 d sampling period, all of the shrimp were fixed for 48 h in 

Davidson's (AFA), transferred into 70% ethanol, and processed for H&E histology and 

HPV in situ hybridization according to procedures previously described (Lighmer 1996). 



PCR primers and PCR conditions. A pair of PCR primers, 1120F and 1120R 

(Fig. I), was designated from sequence information previously generated from a HPV 

clone (clone HPV8; 1.558 Kbp insert) constructed with purified DNA from a Korean 

isolate of HPV (Pantoja and Lightner, unpubl.). The primers were selected using the 

Primer 2-Primer Designer Program Version 2.2 (Scientific and Educational Software, 

Stateline, PA) and synthesized by Genosys Biotechnologies, Inc., The Woodlands, TX. 

The size of the HPV fragment amplified by 1120F/1120R is 592 bp. 

Optimized conditions for the use of these primers were: primers (50 pmol each), 

dNTP's (200 nM each), Ampli Taq Gold polymerase (2.5 U/50 jil) (PE Applied 

Biosystems, Norwalk, CT), MgCh (4.0 mM), in PCR buffer (Tris-HCl, 10 mM; KCl, 50 

mM, pH 8.3). 

A master mix was prepared by including all of the reagents, except the template to 

be amplified, and was dispensed into PCR tubes in portions of 50 |il. After adding 0.5 fal 

of template, the contents of the tubes were vortexed, and briefly centrifliged at low 

velocity. Finally, the samples were overlaid with 50 ^1 of mineral oil and subjected to 40 

cycles in an automatic thermocycler (Pericin Ehner Cetus, Norwalk, CT) according to the 

following protocol: denaturation at 94*'C for 1 min; annealing at dO^C for 1 min; and 

polymerization at 72*'C for 2 min. Following the last cycle, the samples were 

polymerized for additional 7 min at 72*'C and then kept for 5-10 minutes at 4*'C. A 
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negative control, which used sterile distilled water instead of template, was included to 

monitor for possible contamination. 

After amplification, the PGR solution was drawn off from beneath the oil layer of 

each sample and transferred to separate 1.5 ml microcentrifuge tubes. Ten ^1 of sample 

from each tube was then analyzed in a 1% agarose gel stained with ethidium bromide (0.5 

mg/ml), and visualized under UV illumination. 

PGR specificity and sensitivity tests. To test the specificity of the 1120F/1120R 

primers, a series of reactions were carried out using as template either HPV purified from 

a cesium chloride gradient, purified infectious hypodermal and hematopoietic necrosis 

virus DNA (=1HHNV; Bonami et al. 1990), purified white spot syndrome virus DNA 

(=WSSV, a baculo-like virus of penaeid shrimp; Durand et al. 1997) or purified plasmid 

vector DNA (pGEM-T Easy, Promega Corporation, Madison, WI). The sensitivity of the 

assay was determined with ten-fold dilutions of HPV8 plasmid DNA ranging from 10 ng 

to 1 fg. 

PGR assay to detect HPV in fecal samples. Feces (0.02 g) were taken from 

each daily sample and homogenized, separately, with 100 |al of autoclaved 2% saline. 

The homogenized samples were boiled for 10 min, quenched on ice for 1 min, and 

centrifiiged at 5,000 x g for 30 sec at room temperature. Dilutions of each of the 

supernatant fluids were prepared (10*', 10'^ 10'^, and 10*^) with sterile distilled water. 
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Purified HPV8 plasmid DNA was used as a positive control and sterile distilled water as 

a negative control. 

Probe preparation. The 592 bp product amplified from the feces of HPV-

infected P. chinensis was electrophoresed in a 1% low melting point agarose gel, the 

band was excised and the DNA was purified by means of an agarase treatment 

(Boehringer Mannheim, Indianapolis, IN). Once extracted, the 592 bp product was 

randomly labeled with digoxigenin (DIG)l 1-dUTP using the Genius I Kit (Boehringer 

Mannheim, Indianapolis, IN) according to the manufacturer's protocol. Labeled DNA 

was visualized using alkaline phosphatase conjugated anti-digoxigenin antibody and the 

reagents nitroblue tetrazolium (NBT) and 5-bromo-4-chloro-3-indoyl phosphate (BCIP), 

supplied with the Genius I Kit. 

Validation of the origin of the products amplified from the feces of HPV-

infected shrimp. After collecting the fecal samples, all of the shrimp (SPF and HPV-

infected) were fixed in Davidson's solution and processed for histological analysis 

according to protocols described previously (Lightner 1996). A series of 4 ^m thick 

consecutive sections were placed onto Superftost/Plus positively-charged microscope 

slides (Fisher Scientific, Pittsburgh, PA). From each shrimp, one of the sections was 

stained with conventional H&E (Lightner 1996) and the corresponding (consecutive) 

section was tested by in situ hybridization using the probe prepared with the products 

amplified fiom the feces of the HPV-infected shrimp. Consecutive sections were also 
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prepared firom specimens of IHHNV-infected shrimp: one section was stained with 

conventional H&E and another subjected to in situ hybridization using the same HPV 

probe. An additional slide from the IHHNV positive shrimp was also subjected to in situ 

hybridization with the IHHNV-specific gene probe BA401 (Mari et al. 1993). In situ 

hybridization procedures were according to those previously described by Lightner 

(1996). 

Results 

PCR specificity and sensitivity tests. The primers 1120F and 1120R amplified a 

region of the expected size (592 bp) only when purified HPV, or purified plasmid DNA 

from clone HPV8, were used as a template in the PCR assay (Fig. 2). These primers did 

not generate products from purified IHHNV DNA, WSSV DNA, or pGEM-T Easy 

Vector DNA (Fig. 2). In the sensitivity test, the 1120F/1120R primers were able to 

generate a product of the expected size even at dilutions of template DNA (purified 

HPV8 plasmid DNA) down to 1 fg (Fig. 3). 

PCR assay to detect HPV on fecal samples. Amplification of the expected 592 

bp fragment occurred in all of the samples where undiluted and diluted feces from HPV-

infected shrimp served as a source of template DNA (Fig. 4). No amplification was 

obtained with the undiluted or diluted feces from SPF shrimp (Fig. 4). The results of the 

PCR assay agreed with those from the histopathological analysis of these shrimp. 
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Conventional H&E analysis showed characteristic HPV lesions within the 

hepatopancreas of 7 out of 10 Penaeus chinensis (70% prevalence). Severity grade of 

HPV infection, as determined by conventional H&E analysis (Lighmer et al. 1993), 

ranged from low to moderate (Table 1). No HPV infection was detected by conventional 

H&E in any of the SPF P. vannamei. 

Validation of the origin of tiie products amplified from the feces of HPV-

infected shrimp. The probe prepared by digoxigenin labeling of amplified products 

from the feces of HPV-infected shrimp showed a strong positive reaction, as indicated by 

the deposition of a blue-black precipitate, within hepatopancreatic cells displaying 

characteristic HPV inclusions (Compare Fig. Sa to Fig. Sb). In total, 8 out of 10 P. 

chinensis showed a positive reaction to this probe by in situ hybridization (Table 1). No 

reaction to this probe was observed for the IHHNV-infected shrimp (Fig. Sc) or the SPF 

specimens (not shown). The presence of IHHNV DNA in the IHHNV-infected shrimp 

was confirmed by the positive reaction to the IHHNV-specific gene probe BA401, which 

also indicates that the absence of reaction to the HPV probe was due to insufficient 

homology between probe and target and not to degradation of the IHHNV DNA. 

Discussion 

Earlier attempts to detect HPV in shrimp feces included a dot blot hybridization 

strategy using a HPV-specific gene probe named SF2.0 (2.0 Kbp; Mari et al. 199S). 
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However, unidentified components in the fecal material had a tendency to react 

non-specifically with the probe leading to false positive results and making it necessary 

to carry out time consuming DNA extractions in order to eliminate the interference 

(Pantoja and Lightner unpubl.)- In contrast, the PGR procedure described above allows 

for the examination of fecal samples without having to extract DNA and provides 

specific and sensitive results faster than a dot blot hybridization assay. 

The specificity of the primers 1120F/1120R, designed from the HPV clone HPV8, 

was illustrated by the absence of amplification from related (IHHNV) or non-related 

(WSSV) viruses. The specificity of these primers was fiirther validated by the results of 

the in situ hybridization assay performed with the probe prepared with the products 

amplified from HPV-contaminated feces. 

Even at dilutions of 10"^ of the original sample, the concentration of viral particles 

in the feces of low to moderately infected shrimp was sufficient for detection by PGR. 

The results show that under the conditions established for this assay, the 1120F/1120R 

primers were capable of detecting as little as 1 fg of HPV8 plasmid DNA, which is 

equivalent to approximately 300 HPV viral particles. This estimation is based on the 

similarity between the total length of plasmid HPV8 (5.1 Kbp), and the total length 

estimated for the HPV genome of approximately 5 Kbp (Bonami et al. 1995). 



At this time it is not known with certainty the degree to which different 

geographic isolates of HPV may differ in their genomic sequences. Because of such a 

paucity of information, it is unknown if the HPV primers 1120F/1120R (developed from 

a Korean isolate of HPV) can recognize other geographic isolates of HPV. The results 

from a comparative in situ hybridization study that employed the HPV-specific gene 

probe SF2.0 (also developed from a Korean isolate of HPV), suggested that genomic 

differences exist among some geographic isolates of this virus, and that some may not 

react with this probe (Lightner et al. 1994a). Furthermore, hepatopancreatic lesions, 

similar to those caused by HPV infection, have also been reported in the Malaysian 

prawn Machrobrachium rosenbergii. However, no reaction with the probe SF2.0 was 

observed during in situ hybridization assays, suggesting a lack of homology between the 

HPV-like virus from M. rosenbergii and that from P. chinensis (Lightner et al. 1994b). 

Further testing of the 1120F/1120R primers will be necessary to demonstrate if they are 

capable of detecting other geographic isolates of this virus. 

Another important point relates to the presence of substances in the feces and/or 

seawater that may have an inhibitory effect on the PCR assay. In order to simplify this 

study, and to determine the actual capacity of the PCR for detection of HPV In feces, an 

effort was made to exclude as many potential PCR inhibitors as possible. Such exclusion 

was based on the avoidance of organic build-up in the water, of chemical treatments to 

the water, or chemotherapeutic substances in the feed. However, in aquaculture 

situations, for example, the seawater in tanks or ponds may contain high levels of 
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dissolved organic matter or detritus, or the shrimp may require treatment with medicated 

feed. 

There is evidence that PGR inhibitors, such as humic acids and metals, must be 

removed from the sample water before attempting the detection of enteroviruses by PGR 

(Marlowe at al. 1997; Reynolds 1995). Therefore, the presence of possible PGR 

inhibitory substances in the feces, or the seawater from which fecal samples are collected, 

must be carefully evaluated before proceeding with the PGR assay. 
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Primer Sequence (5'-> 3') G/C ratio Tm"C 

1120F GGT-GAT-GTG-GAG-GAG-AGA 55 58.5 

1120R GTA-ACT-ATC-GCC-GCC-AAC 55 60.7 

Fig. 1 Designation, sequence and characterization of the two oligonucleotide primers 
used in PGR amplification of HPV from the feces of HPV-infected Penaeus chinensis. 
Length of the product amplified is 592 bp. 



Fig. 2 Results of the specificity test with HPV primers 1120F/II20R. Amplification 

occurred only with HPV clone HPV8 (Lane 5) and purified HPV (Lane 6) templates. No 

amplification product was obtained with piasmid vector pGEM-T Easy (Lane 2). IHHNV 

DNA (Lane 3). and WSSV DNA (Lane 4). Lane I: Negative control without template. 

L: 1 Kb DNA ladder (Gibco BRL). 
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592 bp 

Fig. 3 Results of the sensitivity test with HPV primers 1120F/1120R. Amplification 

product could be observed even at a dilution containing 1 fg of purified HPV8 plasmid 

DNA (Lane 8). Additional dilutions of HPV8 plasmid template tested were: 10 ng (Lane 

I). 1 ng (Lane 2). 100 pg (Lane 3). 10 pg (Lane 4), 1 pg (Lane 5), 100 fg (Lane 6). and 10 

fg(Lane 7). L; 1 Kb ladder (Gibco BRL). 
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L 1 2 3 4 5 6 7 8 9 10 11 L 

Fig. 4 Agarose gel showing amplification of the expected 592 bp product from undiluted 

template prepared with HPV feces (Lane 7) and from fecal template dilutions at 10"' 

(Lane 8), 10'" (Lane 9). 10 " (Lane 10). and 10"* (Lane 11). No amplification was 

observed from the template prepared with undiluted SPF fcccs (Lane 2) and from SPF 

fecal template dilutions at 10"' (Lane 3). 10 " (Lane 4). lU (Lane 5) and lO"* (Lane 6). 

Lane I: Negative control without template. L: I Kb ladder (Gihco BRL). 
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Fig. 5 Characteristic HPV intranuclear inclusion body (arrow) showing peripheral 

displacement of the nucleolus. The infected cell is located within the tubular epithelium 

of the hepatopancreas of a HPV-infected juvenile Pencieiis chinensi.s: Hematoxylin and 

Eosin stain. Bar = 10 {im. 
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Fig. 6 Histological section, consecutive to the one shown in Fig. 3. subjected to in situ 

hybridization with the digoxigenin (DIG)-labeled HPV probe prepared with the products 

amplified from the feces of HPV-infected P. chinensis. A strong positive reaction to the 

probe (black precipitate) can be observed within a HPV infected tubule epithelial cell 

displaying a distinctive HPV intranuclear inclusion body (arrow). Bismarck Brown 

counterstain. Bar= 10 ^m. 
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Rg.7 Histological section, through the gill filaments of an IHHNV- infected Penaeus 

srylimsths. subjected to in situ hybridization with the DIG-labeled HPV probe prepared 

with the products amplified from the feces of HPV-infected P. chinensis. No reaction to 

the HPV probe (deposition of a black precipitate) was observed within characteristic 

IHHNV intranuclear inclusion bodies (arrow), or in any other tissues/organs of the 

shrimp (not shown). Bismarck-Brown counterstain. Bar=10}im. 
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Specimen ID# 

HPV status 

Conventional H&E HPV in situ hybridization 

A1 ND' ND 

A2 HPV-KOl)^ HPV-KG2) 

A3 ND HPV+(01) 

A4 HPV+(02-3) HPV+(02-3) 

A5 HPV+(02) HPV+(02) 

A6 HPV+(01-2) HPV+(01-2) 

A7 HPV-K02) HPV+(02) 

A8 ND ND 

A9 HPV-KOl) HPV-KG2) 

AlO HPV+(02) HPV+(02-3) 

Table 1. Prevalence and severity of HPV infection in Penaeus chinemis, as determined 
by conventional H&E and in situ hybridization with the digoxigenin (DIG)-labeled HPV 
probe. The HPV probe was prepared with the products amplified by primers 
1120F/1120R from the feces of HPV-infected P. chinensis. ND = Not detected; G1-G4 = 
Severity grade of infection (01 = Low; 02 = Low to moderate; 03 = Moderate; 04 = 
Severe). 
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