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ABSTRACT
Four epizootics caused by rabbit hemorrhagic disease virus (RHDV) have been recorded in Cuba from 1993 to 2005.
Each time, thousands of animals have died or have been slaughtered to avoid the spread of the disease. Cell
culture systems allowing the in vitro replication of RHDV are not available to date. Moreover, the amount of the
recombinant capsid protein (VP60) obtained in heterologous expression systems does not commonly exceed a few
tens of milligrams per liter of culture. In this paper, we report the expression of VP60 in two strains of the Pichia
pastoris yeast with the highest expression levels obtained so far. VP60 was glycosylated, associated to the yeast cell
disruption pellet at a concentration of 1.5 g/L in the first case, or soluble in the intracellular fraction at approximately 300 mg/L, following a different cloning strategy. These recombinant variants showed similar antigenic
properties to those of the native protein, as determined by monoclonal antibodies. The soluble VP60 showed a
higher number of protective epitopes, due to the formation of multimers that were similar in size and structure to
the native RHDV capsids. Both antigens induced potent RHDV-specific immune responses in experimental animals.
The antibodies produced were able to inhibit the in vitro hemagglutination of a viral strain isolated during the last
outbreak in Cuba. A molecular and antigenic characterization of this strain was also carried out and led to its
classification as a member of the highly pathogenic RHDVa subtype. Both recombinant antigens induced a specific,
protective and long-lasting immune response against “classical” strains and also against the RHDVa subtype.

Introduction
Rabbit Hemorrhagic Disease is highly lethal and
contagious and was first detected in China in 1984
[1]. Mortality rates in adult rabbits range from approximately 40 to 90%. Infected rabbits commonly die
within the first 24-72 hours post-infection due to the
occurrence of intravascular disseminated coagulation
and hemorrhages in the liver, spleen, kidneys and lungs
[2, 3]. Cell death caused by apoptosis has been
observed in macrophages and in hepatic and vascular
endothelial tissues [4]. The etiological agent, Rabbit
Hemorrhagic Disease Virus (RHDV) [5], is a member
of the Lagovirus genus and belongs to the Caliciviridae
[6] family. The virus is highly resistant to the
environment, spreads rapidly and is transmissible by
nasal, conjunctival and oral routes [7].
At present, RHDV is considered endemic in Europe and East Asia [8], in which viral outbreaks affect
the productive sector and produce the instability of ecosystems that depend on wild rabbit populations
[9]. Outbreaks have also occurred in Africa and in the
Americas in countries such as Mexico, the United States,
Cuba and Uruguay [10-14]. Cuba is considered the
most strongly affected country in the American region, with four epizootics reported in the years 1993,
1997, 2000-2001 and 2004-2005. As consequence, thousands of rabbits have died or have been slaughtered
each time.
Culture systems for the in vitro replication of RHDV
are not available to date. Therefore, commercial vacci-

nes for its prevention consist exclusively of formulations prepared from the organs of rabbits infected
with the virus [15]. As the use of these preparations
for high-scale vaccination involves biosafety and epidemiological risks, there have been efforts to generate
subunit vaccines based on the heterologous expression of the viral capsid protein. This protein has been
obtained in a variety of systems such as Escherichia
coli [16], insect cell cultures [17-19], Saccharomyces
cerevisiae [20] and transgenic plants [21, 22]. However, the expression levels obtained in these systems
have not exceeded tens of milligrams per liter of culture. At the same time, vaccine production based on
replicative viral vectors has also been restricted due to
regulatory issues [23].
In this paper, we describe the molecular and antigenic characterization of a Cuban RHDV isolate and
the construction of two recombinant Pichia pastoris
strains, searching for a high expression level of VP60
from RHDV. The structural analysis and the corroboration of the antigenic determinants present in these
two protein variants were also accomplished. An immunization trial was conducted using different preparations based on VP60 and several administration
routes, to study the generation of the earliest IgG
specific response, the time course of antibody titers
and their persistence for two years. The protective
titers were measured by ELISA and hemagglutination
inhibition assays using a representative strain of the
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virus or the isolate characterized as RHDVa. The impact of these results in vaccine production issues and
in the design of rational immunization strategies is
discussed.

Results and discussion
Molecular and antigenic characterization of
a Cuban isolate of the Rabbit Hemorrhagic
Disease Virus
The RHDV Cuban strain CUB5-04 was isolated from
liver samples of a rabbit that died in Havana province
during the last epizootic, occurring in the years 20042005. The 1740 bp coding region of the CUB5-04 VP60
capsid protein and its deduced amino acid sequence
were included in the GenBank/EMBL database, under the access number DQ841708. The last 234 amino
acids, corresponding to the C-terminal portion (that
include the most variable region) of the protein, were
compared with the VP60 analogous region from different international isolates. The sequence alignment
showed the highest identity levels with viral strains
that belong to an antigenic variant called RHDVa [24].
This subtype is characterized by a high pathogenicity
and by antigenic variations compared to the RHDV
with the monoclonal antibody 3B12 that recognizes a
protective epitope that is only present in the RHDVa
subtype. The phylogenetic analysis performed with
the VP60 from CUB5-04 and other 32 RHDV strains,
showed that the Cuban strain shared genetic variations with the “classical” strains that were also present
in the RHDVa isolates (Figure 1). These results confirm that the viral strain isolated during the last Cuban
epizootic of the Rabbit Hemorrhagic Disease belongs
to the RHDVa subtype.
Expression and characterization in pichia
pastoris of the rabbit hemorrhagic disease
virus VP60 capsid protein
Two different expression plasmids were constructed
to obtain the secreted or intracellular expression of
RHDV VP60 from the AST/89 Spanish strain in the P.
pastoris yeast. The VP60 gene was cloned after the
sucrose invertase secretion signal (SUC2) of cerevisiae
in the pPS7 vector to obtain the pPSVP60 expression
plasmid. In a different approach, the VP60 gene was
cloned without a secretion signal in the pNAO vector
to generate the expression plasmid pNAOVP60. Both
plasmids contained the VP60 gene under the transcriptional regulation of the AOX1 promoter. The P.
pastoris MP36 strain was then transformed by
electroporation with pPSVP60 or pNAOVP60 and
the recombinant yeast strains PVP11 and PVP12 were
obtained, respectively. Cells from both strains were
grown in 5L bioreactors and VP60 expression was confirmed by SDS-PAGE and Western blot analyses.
The PVP11 strain phenotype was identified as
Mut+ by Southern blot. The analysis of the PVP11
cell disruption pellet showed the expected protein
band of approximately 60 kDa as well as a broader
band of about 90 kDa that corresponds to a VP60
glycosylated fraction. The study under nonreducing
conditions indicated the formation of VP60 multimeric
structures with a molecular weight of over 220 kDa.
No recombinant proteins were detected in the culture

Figure 1. Phylogenetic tree constructed using the aminoacidic sequences corresponding to VP60 Cterminal region (aminoacids 345 to 579) from 35 RHDV isolates. The phylogenetic tree was performed
using the program Molecular Evolutionary Genetics Analysis (MEGA) v3.0. The “bootstrap” values of the
analysis (1000 repetitions) are indicated in each node. The figure shows two principal groups that consist
of RHDV “classical” strains and the RHDVa viral subtype, including the most recent outbreaks from the
United States. The origin of each viral isolate and its access number in the GenBank/EMBL database are
described: 99-05 (AJ302016), 95-05 (AJ535092), 03-24 (AJ969628), SD (Z29514), 95-10 (AJ535094),
00-13 (AJ495856), 00-Reu (AJ303106): France; Meiningen (Y15426), Haute-Saone (U49726),
Eisenhuettenstadt (Y15440), Frankfurt (Y15424), Hagenow (Y15441), Wriezen (Y15427), Triptis (Y15442),
Hartmannsdorf (Y15425), FRG (M67473): Germany; Yaan/China/01/2005 (DQ069280), Yaan/China/02/
2005 (DQ069281), Yaan/China/03/2005 (DQ069282), TP (AF453761), CD (AY523410), WX/China/1984
(AF402614), NJ/China/1985 (AY269825): China; Iowa 2000 (AF258618), NY-01 (EU003581), IN-05
(EU003578), UT-01 (EU003582): United States; Rainham (AJ006019): England; Bs.89 (X87607), Rabbit
calicivirus (X96868): Italy; Mexico 89 (AF295785): Mexico; AST/89 (Z49271), MC-89 (L48547): Spain; V351 (U54983): Czech Republic; New Zealand (AF231353): New Zealand.

and cell disruption supernatants in this strain (Figure
2A). The characterization of the solubilized recombinant protein by size exclusion high efficacy liquid chromatography (sec-HPLC) showed a first maximum that
eluted with a retention time of approximately 16 minutes. This time was close to that of the recombinant
particulate surface antigen of the Hepatitis B virus
studied under the same conditions (TSK G-5000 PW
column, equilibrated with PBS) at a flow rate of 0.4
mL/min [26]. A second fraction eluted later with a retention time of about 29 minutes. VP60 was detected
in both fractions by immunodot using a hyperimmune
serum to RHDV (Figure 2B).
The recombinant VP60 expressed by the PVP12
strain was obtained intracellularly and was soluble
with a molecular weight of 60 kDa after 12 hours of
induction with methanol. No recombinant protein was
found to be associated to the cell disruption pellet of
this strain. The analysis of the cell disruption supernatant under non-reducing conditions suggests the formation of high molecular weight structures that were
unable to enter the gel (Figure 3A) . The protein eluted
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Figure 2. Western blot analysis of VP60 expression pattern obtained in P. pastoris PVP11 strain under the SUC2 secretion signal A).
Lanes: 1. Culture supernatant of PVP11 strain, 2. Disruption pellet analyzed under reducing conditions, 3. Disruption supernatant of the
same strain, 4. Disruption pellet analyzed under non-reducing conditions, C+. VP60 expressed in insect cells, C-. Cell lysates from the
wild-type MP36 strain. B) Chromatographic profile corresponding to HPLC analysis of the recombinant VP60 expressed in PVP11 strain
(TSK G-5000 PW column, flow rate of 0.4 mL/min). Eluted fractions: 1. high molecular weight structures formed by VP60, 2. VP60
monomeric fraction. The retention time of approximately 16 min for fraction 1 coincided with that of the particulated HBsAg utilized as
control of multimeric structures. The identity of VP60 was verified by immunodot with a specific anti-RHDV polyclonal serum as shown
in the lower right panel: 1, 2: Recombinant VP60, dot 3: cell lysates of P. pastoris wild type MP36 strain.

higher than those obtained for this protein in expression systems as bacteria [16], insect cells [17-19], S.
cerevisiae [20] and transgenic plants [21, 22].
Analysis of conformational epitopes
in the recombinant VP60 variants
The study of the antigenic profile was performed in the
soluble and insoluble VP60 variants using a sandwich
ELISA, immunodot, and monoclonal antibodies 1H8,
6H6, and 6G2 that recognize the conformational epitopes present in the RHDV native capsid [30]. As capture antibodies we used hyperimmune sera raised against the “classical” AST/89 strain or against the Cuban
RHDVa subtype. In these assays, the epitope recognized by mAb 1H8 (only present in assembled capsids)
was detected in the RHDV Bs.89 “classical” strain and
in the soluble VP60 purified by size exclusion chromatography from the PVP12 strain, with absorbance vaA
kDa
220-

9766-

MW

1

2

3

4

5

14. McIntosh MT, Behan SC, Mohamed
FM, Lu Z, Moran KE, Burrage TG et al. A
pandemic strain of calicivirus threatens
rabbit industries in the Americas. J Virol
2007;4:96.
15. Argüello-Villares JL. Viral haemorrhagic disease of rabbits: vaccination and immune response. Rev Sci Tech 1991;10:
459-80.
16. Boga JA, Casais R, Marin MS, MartinAlonso JM, Carmenes RS, Prieto M et al.
Molecular cloning, sequencing and expression in Escherichia coli of the capsid
protein gene from rabbit haemorrhagic
disease virus (Spanish isolate AST/89). J
Gen Virol 1994;75:2409-13.
17. Laurent S, Vautherot JF, Madelaine MA,
Le Gall G, Rasschaert D. Recombinant rabbit hemorrhagic disease virus capsid protein expressed in baculovirus self-assembles into virus like particles and induces
protection. J Virol 1994;68:6794-8.

B

Intensity (mV)

in a single, homogeneous, and well-defined peak with
a retention time of 33 minutes, as shown by the chromatographic profile in a TSK G-5000 PW column,
equilibrated with PBS. This retention time was also similar to that obtained for HBsAg (> 1500 kDa) in this
column, with a flow of 0.2 mL/min. This protein, purified by size-exclusion chromatography, was characterized by ratezonal and equilibrium sucrose gradient
ultracentrifugation (10-30% for rate-zonal and 2070% for equilibrium gradient centrifugation). VP60
was detected in a predominant peak with an estimated
sedimentation coefficient of 120S that was slightly
lower than that obtained for native RHDV (153S for
the Bs.89 Italian isolate). This sedimentation coefficient was similar to that described for the formation
of virus-like particles (VLPs) in insect cell cultures
(118S) [27]. The buoyant density of recombinant VP60
was estimated to be in the range of 1.30-1.32 g/mL,
which agrees with the values previously described for
VLPs obtained in insect cell cultures. These results
suggest the formation of multimeric structures that
are similar in mass and shape to native RHDV.
The formation of multimeric structures by the recombinant VP60 protein from P. pastoris was confirmed by transmission electron microscopy. The analysis of VP60 solubilized from the disruption pellet of
the PVP11 strain showed the presence of multimeric
structures that resemble protein aggregates rather than
ordered capsids (Figure 4A). This has been previously described for particulate antigens obtained at high
levels associated with the cell debris fraction in this
P. pastoris strain [28, 29]. In contrast, the analysis of
purified VP60 from the PVP12 strain evidenced the
formation of particles with an average diameter of 3035 nm, similar to empty RHDV capsids (Figure 4B).
The expression levels of VP60 in PVP11 and PVP12
strains were estimated by a sandwich ELISA in 1.5 g
per liter of culture and 480 μg per liter of the disruption supernatant, respectively. These levels were quite

45-

Figure 3. Western blot analysis of the VP60 expression pattern obtained in theP. pastoris PVP12 strain (A).
Lines: 1. Cell lysate of the P. pastoris PVP12 strain; 2. Cell disruption pellet of the PVP12 strain; 3. Cell
disruption supernatant analyzed under reducing conditions; 4. Cell disruption supernatant analyzed under
non-reducing conditions. (B) Chromatographic profile corresponding to HPLC analysis of the recombinant
VP60 expressed in the PVP12 P. pastoris strain (TSK G5000 PW column, flow rate of 0.2 mL/min). The
retention time of the VP60 recombinant protein (33 min) was similar to that obtained for the particulated
hepatitis B surface antigen (HBsAg; 32 min) in the same column.
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Figure 4. Analysis by electron microscopy of multimeric structures formed by recombinant VP60 expressed in P. pastoris. (A) Protein
aggregates solubilized from the disruption pellet of PVP11 strain, (B) VLPs with a diameter of approximately 30 nm observed in samples
of VP60 purified by size exclusion chromatography.
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lues of over 1.5 units. This epitope was also present in
the VP60 obtained in insect cultured cells and was only
slightly detected in multimers from the PVP11 P. pastoris strain. The epitope recognized by mAb 6H6 was
detected in both recombinant proteins from P. pastoris.
MAb 6G2 did not show reactivity in sandwich ELISA
against these proteins due to the fact that it recognizes
a buried epitope located at the N-terminus of VP60 in
assembled capsids or protein aggregates. This epitope
was only found in immunodot experiments. Similar results were obtained when using hyperimmune serum
raised against CUB5-04 (Figure 5).
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Figure 5. Detection by sandwich ELISA of RHDV conformational
epitopes in the recombinant VP60 variants produced in P. pastoris.
Equivalent quantities of the proteins were analyzed using the
monoclonal antibodies 1H8, 6H6 or 6G2, directed against the
reference RHDV Bs.89 strain. The sample numbers in each panel
indicate respectively: 1) RHDV (Bs.89 strain), 2) RHDVa (CUB504 strain), 3) Cell disruption pellet from P. pastoris PVP11 strain,
4) Cell disruption supernatant from P. pastoris PVP12 strain, 5)
VP60 expressed by the baculovirus/Sf9 system, and 6) Cell lysates
from the wild type MP36 P. pastoris strain.

Assessment of purification and recovery
strategies of recombinant VP60 VLPs
from the Pichia pastoris PVP12 strain
We took into account that in our lab a significant amount
of soluble, purified VP60 is commonly lost after concentration, sterile filtration and/or freezing-thawing
procedures. In previous works with the recombinant
Norwalk virus capsid [31], several attempts have led
to the conclusion that variations in the pH used for
disruption or purification processes, as well as the
inclusion of preservatives such as sucrose, sorbitol
and trehalose in the final aqueous suspension may enhance VLPs stabilization, decrease aggregation and
achieve overall superior protein yields. We then tested
a wide range of pH (from 3.0 to 8.0) and the excipients
mentioned above to test their ability to inhibit the
aggregation of VP60-VLPs under conditions known
to induce aggregation and protein loss. In our experiment, the results showed changes in the chromatographic pattern (in sec-HPLC, using a TSK G-3000
column) in relation to the standard purification procedure previously established at pH 7.0. These changes
were recorded at pH 5.0 and partially at 6.0. At pH 5.0
the recovery of VP60 was also somehow affected. At
pH 8.0, following a 10-fold concentration and freezing/thawing procedures, the total amount of protein
was noticeably reduced. Interestingly, although recombinant multimers were recovered at pH 3.0, the experiment was discarded because of disturbances detected
in the purification column, possibly due to aggregation. In contrast, an entire process conducted at pH
6.0 or 7.0 produced only moderate levels of protein
loss, probably due to a reduction in aggregation events
and to the stabilization of VLPs, which is suspected to
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be pH-dependent (Figure 6A). In all cases, the semiquantification of the VLPs was conducted by immunodot using VP60 from Sf9 cells as the standard.
Furthermore, although differences found with the use
of excipients were not specially marked, preliminary
findings suggest that the inclusion of trehalose as a
stabilizing agent is a useful tool in reducing protein
loss (data not shown). VLPs integrity was evaluated
with the use of monoclonal antibodies after the purification and stressing steps. In all cases, with a range of
recognition degrees, the protein was detected by mAbs

1H8 and 6H6. Protein recognition was slightly affected
in the final samples corresponding to pH 5.0, during
the disruption and purification processes (Figure 6B).
Evaluation of the protective capacity
of antibodies generated by recombinant
VP60 from PVP11/PVP12 strains against
the “classical” RHDV and against the Cuban
RHDVa subtype
We further investigated the immunogenicity in rabbits
of the recombinant VP60 variants obtained from P.

Figure 6. Evaluation of different PH conditions aiming to improve purification and recovery levels of VP60 VLPs from PVP12 strain.
Measurements for VP60 quantities were conducted after the following steps: recovery of VP60 VLPs after disruption and purification,
10-fold concentration, and freezing/thawing and filtration processes, which were known to induce aggregation and protein lost. The
recombinant VLPs were detected, semi-quantified and chromatographied using a TSK G-3000 column (A). VP60 VLPs integrity was
verified after purification and stressing steps (B). The conformational monoclonal antibodies 1H8 and 6H6 were used for analyses in
sandwich ELISA. In all cases, with a variety of recognition degrees, the protein was detected by both mAbs.
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were able to inhibit the in vitro hemagglutination of
RHDV. Also, antibodies generated in vaccinated rabbits were able to compete in binding to the Cuban viral
isolate CUB5-04 (RHDVa subtype). The inhibition
values detected in these animals were above 85%, with
the exception of the rabbits orally immunized with the
cell disruption pellet from the PVP11 strain and with
the Cunipravac-RHDTM inactivated vaccine (Table 2).
The ability of these antibodies to inhibit the in vitro hemagglutinating activity of the Cuban RHDVa
isolate was also demonstrated [32]. This is a key element that correlates with the in vivo protection against
RHDV [21]. All animals vaccinated with the recombinant variants of VP60 developed these high antibody
levels. The highest hemagglutination inhibition titers
(ranging from 1/2560 to 1/40960) were elicited in animals immunized with the purified VP60 from the
PVP12 strain. In contrast, the sera of rabbits immunized with the viral inactivated Cunipravac-RHDTM
vaccine, showed no hemmaglutination inhibition titers. This result agreed with previous reports showing variable degrees of efficacy against the RHDVa
subtype [24, 33, 34] and evidenced that antibodies
generated against the “classical” RHDV strains may
not be necessarily able to fully protect rabbits against
the RHDVa subtype. This issue was overcome by
using the recombinant variants expressed in the two
strains of P. pastoris.
In general, this report presents the characterization
of two different variants of the recombinant VP60
capsid protein from RHDV expressed at useful levels
in the P. pastoris yeast. Our experiments support the
conclusion that the VP60 obtained from the PVP12
strain as a soluble multimer is the most attractive candidate so far for a simple and inexpensive scaled up
production and implementation of a recombinant subunit vaccine against RHDV.

pastoris. The protective capacity of antibodies elicited
with these antigens was also evaluated in vitro by
hemagglutination inhibition assays, against both the
“classical” RHDV Bs.89 isolate and the subtype
isolated in Cuba. New Zealand rabbits were randomly
distributed into seven experimental groups of 3-5
animals each and then immunized with the recombinant VP60 insoluble/soluble variants obtained from
the PVP11 and PVP12 strains, with VP60 from insect
culture cells, with a RHDV-inactivated vaccine and
with a placebo. The recombinant antigens were emulsified in Montanide 888 and subcutaneously administered in two doses of 50 μg each on days 0 and 21 of
the experiment, except for an additional group orally
immunized with VP60 contained in the disruption
pellet of PVP11, with three doses of 0.5 μg on days 0,
21 and 40. The RHDV-inactivated vaccine was subcutaneously applied as a single dose on day 0 of the
experiment according to the manufacturer’s instructions. Anti-RHDV humoral immune responses were
evaluated by a competition ELISA that assesses the
ability of the problem serum to compete in binding to
the RHDV with a polyclonal hyperimmune specific
serum absorbed onto the solid phase.
All vaccinated rabbits elicited antibody levels that
were able to compete in binding to the “classical”
RHDV. Groups immunized with purified VP60 from
the PVP12 strain or with the VP60 protein from insect cultured cells rapidly developed inhibition percentages of over 85% on day 14 of the experiment.
Similar inhibition values were detected after day 40
post-immunization in rabbits subcutaneously injected
with the PVP12 raw disruption supernatant or with
the VP60 contained in the PVP11 cell debris fraction.
These levels were detected after day 60 in animals
vaccinated with the inactivated Cunipravac-RHDTM
vaccine. The inhibition percentages were maintained
until day 365 after immunization in animals inoculated with the PVP12 raw disruption supernatant and until day 638 (up to 21 months) in the rest of the groups.
In contrast, rabbits immunized with the PVP11 disruption pellet by the oral route developed lower levels of
specific antibodies, which were maintained for a shorter period of time (Table 1) although the antibodies
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Table 1. Antibody l evels against RHDV m easured as percentage (%) of inhibition i n a com petition ELISA. The r esults
are expressed as the mean ± standar d deviati on of inhibi tion values fr om deter minations in individual animals. T he
reference RHDV Bs.89 strain was used for the experim ent. Di fferent l etters w it hin a row indicate stati stically
si gnifi cant di ff erences of p < 0.05, according to the K ruskal-Wall is and D unn tests. S.c.-subcutaneous route
EL ISA inhib it ion p ercenta ge ( anti-RH DV )
D ays
(Mo nth s)

Gro up 1
( VP6 0-PVP12/
purified )
a

Group 2
(VP60-PVP1 2/
d isru ption
sup ern atan t)
0

a

Group 3
(VP60-PVP11
d isru ption
pellet, oral)
0

a

0

0

0

14

93 .1 ± 0.1

a

93 .9 ± 0.3

a

93.5 ± 1. 3

a

72 .9 ± 18.3

b

60

91 .6 ± 1.4

a

92.5 ± 0. 5

a

82 .2 ± 15.7

a

90

92 .2 ± 0.4

a

92.1 ± 0. 9 a

53 .1 ± 31.5

b

180

92 .5 ± 0.3

a

92.9 ± 0. 2 a

58.9 ± 9. 5 b

92 .8 ± 0.4

a

91.8 ± 3. 1

a

60 .8 ± 14.3

b

36 5 (12)

91 .6 ± 1.7

a

91.4 ± 0. 6

a

55 .8 ± 12.5

b

63 8 (21)

91 .8 ± 0.7

a

77.2 ± 6. 3 b

45.7 ± 1 1.6

c

40

270

71 .0 ± 25.4

a

0 .1 ± 0.3

Gro up 4
(VP60-PV P11
d is rup tion
pellet, s.c. )

b

a

83.4 ± 12.4 a

265

Group 5
(VP60
bac ulovirus /
Sf9, s. c.)

Gro up 6
( RHD Vinact ivat ed
vac cine, s.c.)

0a

0

0

a

93.7 ± 0.1a

57 .3 ± 19.4

c

0

d

80 .7 ± 17. 2

a

0

c

85 .3 ± 10. 0

a

0

b

93 .2 ± 0.6

a

9 5.0 ± 0.8

a

92 .3 ± 1.4

a

9 1.9 ± 1.2

a

a

Grou p 7
( Pla cebo )

91 .7 ± 1.3

a

9 1.2 ± 1.2 a

88 .1 ± 5.2

a

0

c

90 .5 ± 0.6

a

9 3.5 ± 1.7 a

90 .8 ± 1.4

a

0

c

93 .8 ± 1.2

a

9 3.6 ± 0.3

a

92 .7 ± 3.5

a

0

c

90 .8 ± 3.1

a

9 2.1 ± 0.3

a

89 .8 ± 3.9

a

0

c

79 .5 ± 5.9

a

9 1.5 ± 1.3 a

0

d

84 .3 ± 13. 5 a
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Table 2. Antibody levels against the distinct RH DVa subtype measured as percentage (%) of i nhibition i n a
competiti on ELISA. The results are expressed as the m ean ± standard devi ation of inhibition val ues from
determ inations i n indivi dual anim als. T he Cuban RHD Va str ai n CU B5 -04 was used for the experiment. Different
letters wi thin a row indicate stati stically signi ficant differences for p < 0.05, according to the Kr uskal -Wallis and
Dunn tests. S.c. -subcutaneous route
ELISA inhibition percent (anti- RHDVa)
Day s
( Mont hs)

0

Group 1
(V P60PVP1 2/
p urified, s .c.)
0

a

0

71 .8 ± 5. 8

a

40

75 .7 ± 2. 7

a

60

85 .4 ± 5. 2 a

14

Gro up 2
( VP60 -PVP12/
disrup tion
sup ern atan t, s .c.)
a

Gro up 3
(V P60-PVP11
disrup tion
pellet, o ra l)
0

Group 5
( VP60
bacu lovirus/
Sf9, s.c .)

0a

0a

a

29.6 ± 7 .0

7 8.1 ± 9.7

a

73 .1 ± 6.3

a

17. 7 ± 11. 2

b

69.8 ± 6 .3

a

7 3.4 ± 1.9

a

84 .8 ± 2.0

a

55. 0 ± 14. 1 b

79.8 ± 4 .4

a

8 9.2 ± 1.4 a

80.4 ± 5 .7

a

83.8 ± 1 .0

a

84.9 ± 2 .9

a

8 3.5 ± 4.7

a

84.6 ± 7 .7

a

8 8.8 ± 0.3

a

17.6 ± 4 .6

b

4 4.1 ± 2.8 a

10 .7 ± 9.8

b

90

84 .4 ± 1. 6 a

83 .8 ± 1.5

a

52 .2 ± 6.3

180

86 .7 ± 0. 9 a

84 .2 ± 1.5

a

38 .8 ± 16. 8 b

270

89 .2 ± 0. 8

a

85 .5 ± 4.6

a

3 65 (12 )

88 .5 ± 1. 8

a

81 .5 ± 3.7

a

39. 0 ± 11. 4

6 38 (21 )

52 .8 ± 1. 2 a

14 .3 ± 3.8

b

2. 7 ± 1.5

40 .7 ± 7.9

b

b

b

b

266

Group 6
(RHD Vinactiva ted
va ccin e, s.c .)
0

b

52. 4 ± 2 4. 8

a

Group 4
(V P60PVP11
disruptio n
p ellet , s. c.)

a

Group 7
(Plac ebo)
0a
0

c

30.7 ± 1 6.5

c

0

d

57.4 ± 1 4.1

c

0d

8 5.5 ± 2.7 a

61.5 ± 1 9.7

c

0d

8 2.2 ± 1.2 a

60.4 ± 2 7.6

c

0d

60.9 ± 2 4.4

c

0d

59.4 ± 2 6.3

c

0d

29.1 ± 15 .5

b

0b

1 2.0 ± 8. 3

b
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