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Recombinant subunit vaccine elicits protection against goose haemorrhagic nephritis and enteritis

Keywords: goose, HNEG, polyomavirus, subunit vaccine

Abstract

Outbreaks of haemorrhagic nephritis and enteritis of geese (HNEG) have been reported in goose flocks in Hungary, Germany and France since 1969. HNEG is characterized by high morbidity and mortality rates in geese 3 to 10 weeks of age. The causative agent of HNEG is the goose haemorrhagic polyomavirus (GHPV), which has a circular double-stranded DNA genome encoding the structural proteins VP1, VP2 and VP3. In vitro culture of GHPV has been problematic, so the baculovirus system was used to construct a recombinant virus expressing the VP1 gene of GHPV under control of the polyhedrin promoter in Sf9 insect cells. The expression and the identity of recombinant goose polyomavirus VP1 in the crude Sf9 cell extracts were confirmed by mass spectrometry. Experimental oil-emulsion vaccines containing two different doses of antigen were prepared using this crude extract. Goslings were vaccinated either once at day old or twice by boosting 18 days after the primary vaccination, and were challenged with a virulent polyomavirus isolate at 5 weeks of age. A single injection of either vaccine dose induced 95% protection against challenge. Using the booster vaccination regimen 100% protection was achieved with either vaccine dose.

Introduction

Outbreaks of a fulminating disease called haemorrhagic nephritis and enteritis of geese (HNEG) have been reported since 1969 in goose flocks in Hungary [START_REF] Bernáth | Investigations for clearing the etiology of the disease appeared among goslings in 1969[END_REF][START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF], Germany (Schettler, 1980;[START_REF] Miksch | Nachweis des Goose Hemorrhagic Polyomavirus (GHPV) in Beständen mit Hämorrhagischer Nephritis und Enteritis der Gänse in Süddeutschland[END_REF] and Southern France (Schettler, 1977;Vuillaume et al., 1982;Sans, 1992). This disease has spread epidemically throughout most goose breeding areas in these countries.

HNEG is characterized by high morbidity and mortality rates in geese between 3 and 10 weeks of age. Under field conditions, death is the most common outcome [START_REF] Bernáth | Investigations for clearing the etiology of the disease appeared among goslings in 1969[END_REF]. The postmortem findings are oedema of the subcutaneous tissues, and haemorrhage and inflammation of the kidneys, and often the intestine (Schettler, 1980;[START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF]. Geese that recover from HNEG are believed to be persistently infected (Schettler, 1980).

The virus causing HNEG was classified into the genus Polyomavirus, family

Polyomaviridae. Based on phylogenetic analysis, it was concluded that this virus is related to, but clearly distinct from, other polyomaviruses, and probably represented a distinct virus species, named goose haemorrhagic polyomavirus (GHPV). Molecular characterisation of the major capsid protein (VP1) of GHPV found only 59% amino acid identity with the VP1 sequence of budgerigar fledgling disease virus (BFDV), another avian polyomavirus [START_REF] Guerin | A novel polyomavirus (Goose Hemorrhagic Polyomavirus) is the agent of hemorrhagic nephritis enteritis of geese[END_REF].

GHPV has non-enveloped, icosahedral virions with a diameter of about 45 nm and a circular double-stranded DNA genome of about 5 kb. The genome is transcribed bidirectionally for expression of early and late genes. The early mRNAs encode the large and the small tumour antigens, which are multifunctional regulatory proteins. The late mRNAs encode the viral structural proteins VP1 (38 kDa), VP2 (35 kDa) and VP3 (25 kDa), which form the viral capsid [START_REF] Johne | The genome of goose hemorragic polyomavirus, a new member of the proposed subgenus Avipolyomavirus[END_REF]. It has been shown that bacterial or baculoviral expressed VP1 of GHPV and BFDV can assemble in vitro into virus-like particles [START_REF] Rodgers | Purification of recombinant budgerigar fledgling disease virus VP1 capsid protein and its ability for in vitro capsid assembly[END_REF][START_REF] An | Avian polyomavirus major capsid protein VP1 interacts with the minor capsid proteins and is transported into the cell nucleus but does not assemble into capsid-like particles when expressed in the baculovirus system[END_REF]Zielonka et al., 2006).

In this paper we report the preparation and efficacy testing of a recombinant subunit vaccine containing the VP1 of GHPV.

Materials and Methods

Cloning of the coding region of VP1. DNA isolation was performed from kidney homogenates of geese infected with GHPV strain 9202/2001 using standard phenolchloroform DNA purification methods [START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF]. The coding region of VP1 was amplified using the primer pair Pol3-Pol6 using conditions described previously [START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF]. Before cloning, the PCR product was purified using the Prep-A-Gene DNA purification matrix (Bio-Rad, Hercules, USA) according to the supplier's instructions. The purified PCR product was cloned into the pTZ57R/T T cloning vector (Fermentas,Vilnius, Lithuania). Thereafter the plasmids were amplified in E. coli strain 71-18 and were purified using a standard mini-preparation protocol [START_REF] Sambrook | Molecular Cloning[END_REF].

Gene isolation and subcloning into baculovirus transfer vector. The recombinant baculovirus transfer vector BP9-Polyoma was constructed using the following strategy. The plasmid pTZ57R-VP1, containing the goose polyomavirus strain 9202/2001 VP1 coding region (AY327111) [START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF], was digested with BamHI and EcoRI and the VP1 coding sequence subcloned into the multiple cloning site of the baculovirus transfer vector BacPak 9 (Pharmingen -BD Biosciences, Bedford, USA). Recombinant viruses were obtained by cotransfection using the JetPEI transfection reagent (Polyplus-Transfection, New York, USA) as described previously [START_REF] Casal | Parvovirus-like particles as vaccine vectors[END_REF]. Recombinant baculoviruses were plaque-purified, and the sequence of the VP1 gene at the insertion sites was verified by DNA sequencing.

Production of recombinant VP1 protein. Sf9 cells in suspension (~30 ml) were infected with the selected recombinant baculovirus. Five to six days after infection, when the majority of cells showed cytopathic effects, the virus was harvested and the viral titre was determined by plaque assay (1 x 10 8 plaque forming units (PFU)/ml).

Two cultures of 2 x 10 8 million Sf9 cells were infected with the recombinant baculovirus AcBP9-Polyoma at a multiplicity of infection of 1.5 PFU/cell. Infected cells were collected 72 hours after infection and lysed in 25 mM NaHCO 3 (2 x 10 7 cells/ml) for 15 min on ice. The soluble fraction (SF) was then separated from the cellular pellet (insoluble fraction, IF) by centrifugation at 12,000 g for 10 min. The IF was resuspended in 0.5 ml of phosphate buffered saline per 2 x 10 7 cells. Cell extracts were stored at -70C°.

The proteins were separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis in an 11% polyacrylamide gel and the band suspected to contain the recombinant goose polyomavirus VP1 protein analyzed by matrix assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS). The band was rinsed with 1:1 ammonium bicarbonate buffer/acetonitrile mixture to remove the Coomassie Brillant Blue and SDS. The protein was reduced with dithiothreitol and treated with iodoacetamide, then incubated with side-chain protected trypsin (Promega, Madison, USA) for 4 h. The resulting peptides were extracted using a C18 Zip-Tip (BioRad, Hercules, USA). Tri-fluoroacetic acid/50% acetonitrile eluted peptides were subjected to MALDI-TOF MS analysis using 2,5dihydroxybenzoic acid (DHB) as matrix. A peptide mass fingerprint database search was performed using the NCBI database. was thawed and sonicated on ice 15 times for 3 seconds each using a Sonoplus HD 2070 with the MS 72 probe (Bandelin Electronic, Berlin, Germany). The antigens were then formulated as water-in-oil emulsion vaccines using the antigen solutions and mineral oil in a 40:60 ratio.

The emulsions were generated using a high pressure homogenizer.

Vaccination and challenge Two-hundred and fifty Gourmaud-type day-old goslings obtained from a breeder flock that contained antibody against GHPV were used. The goslings were kept in an isolated animal house. One hundred goslings were vaccinated subcutaneously with 0.2 ml of vaccine A (Group A1) and 100 birds with vaccine B (Group B1) at one day of age.

Fifty birds remained as unvaccinated controls. At 18 days after the first vaccination, half of the birds in groups A and B were boosted with vaccine A or B (Groups A2 and B2, respectively).

Five and half weeks after the first and three weeks after the second vaccination (at 5.5 weeks of age) 20 birds from each group were challenged intramuscularly with 0.2 ml of a field virus isolate (D100/4/2001) obtained by preparing a 10% suspension from the kidney of an experimentally infected goose. The animals were observed for 4 weeks after challenge.

Dead birds were subjected to postmortem examination. The challenge virus had been tested previously in day old goslings and found to cause 100% mortality within 10 days of inoculation.

Serological testing. Blood samples were collected at one day of age (prior to vaccination) from 10 goslings in each group, and at the time of second vaccination and before challenge from 20 birds in each group. Further blood samples were collected 2½ weeks after challenge. Serum samples collected from goslings were tested for antibodies against GHPV in an indirect ELISA using purified whole polyomavirus as antigen. Polyomavirus was purified from liver homogenates of geese experimentally infected with GHPV strain 20224/2001 [START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF]. Briefly, the liver homogenate was clarified by low speed centrifugation (2880 g), then fractionated on a sucrose gradient by centrifugation at 40 000 g for 33 hours at 4°C. The fraction containing the virus, as identified by GHPV-specific PCR, was treated with Arcton-113 (Serva, Germany) and the virus precipitated using polyethylene glycol 6000. The resuspended pellet was purified by centrifugation through a 30% (w/w) sucrose cushion. The antibodies in the serum samples (S/P value) were calculated by comparison with a positive standard serum ((OD of serum sample -OD of negative control)/(OD of positive standard serum -OD of negative control) x 100)). Sera with S/P values above zero were considered positive. Serological data were compared by one-way analysis of variance (ANOVA) using Minitab with P≤0.05 regarded significant. The specificity of the ELISA was tested using sera from birds infected with goose or duck parvoviruses, goose reovirus, Egg Drop Syndrome virus, duck enteritis virus, duck hepatitis virus, avian influenza virus, avian paramyxovirus type I and avian adenovirus type I.

Detection of the challenge virus by PCR

The presence of the GHPV-specific DNA in the kidneys of dead goslings was verified by VP1-specific PCR [START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF]. The primer pair used was Pol3, 5'-CTGAGGTGGCTCTGCTGGAA-3', and Pol4, 5'-TCCACGGGATAAGCACCAT-3', which amplifies a 611 bp segment of the VP1 gene. The virus-specific DNA was purified from the kidneys of dead birds using the QIAamp DNA mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions and 5 µl was used as template in a reaction containing 70 µM of each dNTP, 0.2 µM of each primer (Pol3-Pol4), 2 U Taq polymerase and 2.5 mM MgCl 2 . The reactions were incubated at 94°C for 1 min, then through 25 cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 1 min, with a final extension at 72°C for 5 min.

Results

Production of GHPV VP1 protein. The VP1 of GHPV was detected in the IF of the Sf9 cell lysate. On SDS-PAGE the recombinant protein had the predicted molecular mass (38 kDa) (Figure 1). MALDI-TOF MS analysis detected 59 peaks. Twenty seven peaks (46%) aligned significantly with GHPV putative protein 1 (NCBI LOCUS: NP_849169). The protein mass spectra covered 58% of the amino acid sequence of GHPV VP1.

The identity of the proteins was verified by post source decay (PSD) analysis. PSD spectra from 2 peaks (M/Z=871.6 (R)YFSVSLR(K) [275][276][277][278][279][280][281] and M/Z=835.6 (R)NGPVPVPR(L) [10][11][12][13][14][15][16][17]) confirmed the identity of goose polyomavirus VP1 (Figure 2).

Clinical protection, pathology and histopathology of challenged goslings

In each of the groups vaccinated once at one day of age (Groups A1 and B1) one bird died on day 18 after challenge. None of the birds receiving the booster vaccinations (Groups A2 and B2) showed clinical signs of GHPV infection over the four week post-challenge observation period.

However, one gosling in Group B2 died of other causes 7 days after challenge. In the unvaccinated control group, 13/20 goslings died between day 15 and 26 post-challenge, with gross and histological lesions indicative of GHPV infection. One bird in this group died at day 7 after challenge with signs unrelated to GHPV infection (Figure 3). Each dead bird, except those that died from unrelated causes, had gross pathological changes typical of chronic GHPV infection (visceral gout) and had histologically detectable tubulonephrosis typical of GHPV infection [START_REF] Palya | Epizootic occurrence of haemorrhagic nephritis enteritis virus infection of geese[END_REF].

Serology. Levels of maternally derived anti-GHPV antibody (MDA) were high and all day old goslings were positive. The MDA was rapidly eliminated, but the S/P values of the birds in the group receiving the higher dose vaccine remained significantly higher than those of the birds in the control group and in the other vaccinated group at the time of the booster vaccination. By the time of challenge, the S/P values had decreased further in each group, but these decreases were most pronounced in the control birds and those receiving a single vaccination. By 8 weeks of age the GHPV-specific antibody concentrations had increased, except in the control group, but even in the vaccinated groups the antibody concentrations were low, although there was considerable variation between individual birds (Table 1).

PCR.

In order to differentiate between deaths caused by GHPV and those due to other causes after challenge and to complement gross and histological examinations, PCR assays were performed on the kidney. In three birds GHPV DNA was not detected, and in two of these no gross or histological lesions characteristic of HNEG were detected. These cases were regarded as being due to other causes. There was only one bird in which histological lesions typical of HNEG were seen but in which GHPV DNA was not detected.

Discussion

HNEG was described more than 35 years ago [START_REF] Bernáth | Investigations for clearing the etiology of the disease appeared among goslings in 1969[END_REF] as a viral disease of young geese, and since then cases have been reported in all major goose-producing countries in Europe. However, the aetiological virus has only been identified recently [START_REF] Guerin | A novel polyomavirus (Goose Hemorrhagic Polyomavirus) is the agent of hemorrhagic nephritis enteritis of geese[END_REF]. No vaccine has been available to prevent the disease Budgerigar fledgling disease, caused by another avian polyomavirus, was described in companion birds in the early 1980s (Bernier et al., 1981) and has been successfully controlled using an inactivated whole virus vaccine since 1995. Development of this inactivated vaccine was achieved because the virus was cultivable in chicken embryo fibroblast cells [START_REF] Bozeman | Characterization of a papovavirus isolated from fledgling budgerigars[END_REF]. Although GHPV has been cultured in primary goose kidney cells (GKC) by some workers [START_REF] Guerin | A novel polyomavirus (Goose Hemorrhagic Polyomavirus) is the agent of hemorrhagic nephritis enteritis of geese[END_REF], [START_REF] Johne | The genome of goose hemorragic polyomavirus, a new member of the proposed subgenus Avipolyomavirus[END_REF] were unable to propagate GHPV in goose fibroblast, liver or kidney cells. Goose embryos can be infected with GHPV by inoculation of the chorioallantoic membrane [START_REF] Bernáth | Pathology of goose haemorrhagic polyomavirus infection in goose embryos[END_REF], but replication is not efficient enough for vaccine production. As the VP1 capsid protein of GHPV carries the most important antigenic epitopes of the virus, this protein is the major vaccine candidate. VP1 of GHPV was recently expressed in both insect and yeast cells. In both expression systems, VP1 alone, or in combination with VP2, formed virus-like particles (VLP), and this antigen was suitable for use in the development of vaccines and serological tests (Zielonka et al., 2006).

In our study VP1 of GHPV was expressed in Sf9 insect cells using the baculovirus system. The identity of the expressed protein was verified by MALDI-TOF MS analysis. The crude Sf9 cell lysate was formulated as water-in oil emulsion vaccines with varying antigen content, and the efficacy of the vaccines was evaluated.

Both experimental vaccines provided excellent protection against challenge with a field virus, irrespective whether a low or high dose of antigen was used in the vaccine. We tested only two different antigen doses, which were selected empirically, and we did not carry out a systematic dose-response study, so we could are unable to determine why there was no observable difference between the efficacy of the two different antigen doses.

Since GHPV cannot be easily grown in tissue culture or eggs, no readily applicable serological methods, such as virus neutralization assays, are available. Therefore, an indirect ELISA was developed using purified viral particles as the antigen. Serological responses following vaccination, as measured by this ELISA, were moderate in most birds and did not correlate closely with protection. Even at 8 weeks after vaccination the concentration of antibodies against GHPV was low. The reason for this is unclear. One possible explanation is that the antigen used in the ELISA was derived from whole virus that was well suited to the detection of MDA induced by natural infections, but not to antibody induced by recombinant VP1, even though the immunity induced could protect vaccinated birds. In order to further study this phenomenon, an ELISA based on recombinant VP1 antigen needs to be evaluated. 

  Preparation of the experimental vaccine Experimental vaccines were prepared containing two different antigen doses. Vaccine A contained 0.5 µl IF/dose, corresponding to a cell extract prepared from approximately 10 4 cells. Vaccine "B" contained 5 µl IF/dose. The IF

  

Table 1 .

 1 These results indicate that the VP1 capsid protein of GHPV, when expressed in recombinant baculovirus-infected Sf9 cells, can stimulate excellent protection against HNEG.Sans, P.F. (1992) Contribution a l'etude de la maladie des jeunes oies. DVM Thesis. Ecole Nationale Vétérinaire de Toulouse, Toulouse, France. Schettler, C.H.. (1977)Détection en France de la néphrite hémorragique et entérite de l'oie (NHEO). Recueil de Medicine Vétérinaire, 153, 353-355. Schettler, C.H. (1980) Clinical picture and pathology of hemorrhagic enteritis in geese. Gedvilaite, A., Ulrich, R., Luschow, D., Sasnauskas, K., Müller, H. & Johne R. (2006). Generation of virus-like particles consisting of the major capsid protein VP1 of goose hemorrhagic polyomavirus and their application in serological tests. Virus Research, 120, 128-137. Antibody against GHPV in different experimental groups Soluble (SF) and insoluble fractions (IF) of recombinant baculovirus-infected Sf9 cell extracts (Coomassie blue-stained SDS-PAGE gel). The expressed recombinant protein is indicated with an arrow. Lane 1, low molecular weight marker (Pharmacia); 2,sf9 cell SF; 3, SF from infected cells; 4, sf9cells IF; 5, IF from infected cells Figure 2. Deduced amino acid sequence of GHPV VP1 showing amino acid sequences identified by MALDI-TOF MS analysis (in bold) and sequences determined by PSD analysis (boxed). Protection against challenge. Percentages of surviving geese are shown. Only birds gross pathological and histological changes typical of GHPV are included in the calculation of mortalities.
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