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ABSTRACT 

The Cuban dengue vaccine program relies on the subunit vaccine based on two specific viral regions: the domain III of the envelope protein and the capsid 
protein. Previously, we reported the immunogenicity and protection capacity in mice and monkeys of the chimeric protein DIIIC-2, formed by the two de-
scribed viral regions, highly aggregated with the ODN 39M and adjuvanted in alum. In the present work, different quantities of the ODN 39M were tested 
for their immunogenicity in mice. As a result, the formulation containing the protein aggregated with 2 µg of the ODN was the optimal condition in terms of 
cell-mediated immunity thereby; it was selected to be further studied. The second mice experiment was directed to study the effect of the formulation dose 
on their immunogenicity and protective capacity. Results revealed the best immunogenicity profile for the lowest quantity tested whereas the protection assay 
revealed an inverse behavior. Upon virus challenge, the group inducing the lowest immune response generated the best protection profile and only 40% of 
protection was obtained in the group generating the highest immunogenicity. Taken together we strongly recommend performing a dose study in non-human 
primates to find the optimal dose for inducing the best protective response. 
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RESUMEN 

El programa de vacuna contra el dengue cubano confía en la vacuna de subunidades basado en dos regiones virales específicos: el dominio III de la proteína 
de la envoltura y la proteína de la cápside. Anteriormente, se informó de la capacidad de inmunogenicidad y protección en ratones y monos de la proteína 
quimérica DIIIC-2, formado por las dos regiones virales descritos, muy agregados con el ODN 39M y adyuvadas en alúmina. En el presente trabajo, diferentes 
cantidades de la ODN 39M se ensayaron para determinar su inmunogenicidad en ratones. Como resultado, la formulación que contiene la proteína agregada 
con 2 g de la ODN fue la condición óptima en términos de la inmunidad mediada por células de ese modo; fue seleccionado para estudiar más a fondo. El 
segundo experimento los ratones fue dirigida para estudiar el efecto de la dosis de la formulación en su inmunogenicidad y capacidad protectora. Los re-
sultados revelaron el mejor perfil de inmunogenicidad para la cantidad más baja ensayada, mientras que la protección de ensayo reveló un comportamiento 
inverso. Tras la exposición al virus, el grupo de inducción de la respuesta inmune más bajo genera el mejor perfil de protección y se obtuvo sólo el 40% de 
la protección en el grupo de la generación de la más alta inmunogenicidad. En conjunto le recomendamos realizar un estudio de dosis en los primates no 
humanos para encontrar la dosis óptima para inducir la mejor respuesta protectora. 
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Dengue virus (DENV) is a mosquito-borne flavivirus and the 
causative agent of dengue and severe dengue. This pathogen is en-
demic in 100 countries in tropical and subtropical regions where 
2.5–3.6 billion people are at risk for infection. An estimated 390 mi-
llion cases of DENV infection occur annually, 96 million of which 
are apparent, 500,000 severe, and 20,000 fatal. 1 

There are several dengue vaccine candidates at advanced pre-

clinical and clinical levels although no vaccine is still licensed. The 
most advanced strategies (Phase II-III) are based on live attenuated 
viruses and are led by the Sanofi Pasteur´s ChimeriVaxTM-dengue 
vaccine candidate. Despite the balanced reactogenicity and im-
munogenicity profile of the tetravalent ChimeriVaxTM-dengue 
vaccine candidate, three doses are required during one year to 
induce high neutralizing antibody seroconversion rates against 
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the four serotypes.2 Despite such levels of immunity, unfortu-
nately, the three efficacy trials revealed lack of solid protection 
against DENV-1 and DENV-2.3 In addition, neither data is avai-
lable about the induction of functional cell-mediated immunity 
(CMI) not about the duration of the protective induced immuni-
ty post-vaccination. 

The Cuban dengue vaccine program relies on the subunit 
vaccine based on two specific viral regions: the domain III (DIII) 
of the envelope (E) protein and the capsid (C) protein. Domain 
III of the E protein has been proposed for involvement in receptor 
recognition,4 as supported by several studies. 5,6 

On the other hand, CMI has also recently been recogni-
zed as an important factor in protection against DENV in mice 
and humans 7-10 therefore, we also selected the C protein as a 
potential viral target for inducing CMI. We have then designed 
and obtained a novel chimeric protein: Domain III-capsid, se-
rotype-2, combining both viral fragments potentially inducer 
of neutralizing antibodies and CMI. When this protein was 
presented as particulate aggregate including ODNs, it induced 
antiviral and neutralizing antibodies, CMI, and conferred a sig-
nificant level of protection in mice.11 In addition, when this chi-
meric protein was administered in monkeys positive to DENV-
2, it significantly boosted the neutralizing antibodies, which 
were maintained until 6 months.12 

In following experiments, we used three types of defined 
ODNs for the aggregation of DIIIC-2 and observed that the natu-
re of the ODN determines the magnitude of the cellular immune 
response induced by the protein in mice.13 Based on this result, 
we selected the ODN 39M to conduct experiments in transgenic 
mice as well as in non human primates (NHP). The preparation 
containing protein DIIIC-2 and the ODN 39M, adjuvanted in 
alum, elicited neutralizing antibodies and protected transgenic 
mice and NHP against challenge with DENV-2 , constituting the 
proof on concept of this molecule. 13,14 

Based on the aforementioned results the present work is di-
rected to study the influence of the quantity of the ODN 39M, or 
the mixture protein-ODN, on the immunogenicity and protective 
capacity in mice of the final formulation. 

Methods 

Viruses 
A preparation from suckling mice brain infected with 

DENV-2 (NGC strain) was used as antigen for antibody detec-
tion (Clarke and Casals, 1958). A similar preparation obtained 
from brains of non inoculated mice was used as a negative con-
trol. For virus challenge a preparation of infective DENV-2 (A15 
strain) (4.5 x 105 pfu/mL) was used. It was obtained by homogeni-
zation of suckling mice brain infected with DENV-2 RPMI-1640 
medium. For animal immunization and neutralizing antibodies 
detection, clarified cell culture supernatant harvested from Vero 
cells infected with DENV-2 (SB8553 strain, kindly provided by 
Dr. M.J. Cardosa, University Sarawak, Malaysia) (105 pfu/mL) 
was used as viral stock. A concentrated preparation of DENV-2 
was used for the in vitro stimulation of mouse splenocytes. Su-
pernatant from Vero cells infected (100 mL) with 106 pfu/mL of 
SB8553 DENV-2 strain was concentrated by centrifugation at 
32,000 rpm for 4 h at 4°C. The pellet containing the virus was 
resuspended in 1 mL of phosphate buffered saline (PBS). A mock 
preparation was similarly prepared from the supernatant of un-
infected Vero cells. 

Mice 
Female BALB/c (Bc, H-2d) mice (aged 6–8 weeks) were pur-

chased from the CENPALAB (Havana City, Cuba), and housed in 

appropriate animal care facilities during the experimental period. 
Animals were handled according to the Cuban Institute of Health 
Guidelines for the humane use of laboratory animals. 

Purification of the recombinant protein DIIIC-2 
The purification of the recombinant protein was basically 

according to Marcos et al, 2013. Briefly, the supernatant from 
disruption in TE buffer was exchanged to 10 mM Tris/HCl, 7 M 
Urea, Tween 0.5%, pH 8 using Sephadex G25 fine (Pharmacia, 
Sweden). The supernatant was gently shacked during 1 h at 4 °C 
before the application onto the SP Sepharose FF resin (Pharma-
cia, Sweden), with the same buffer. The column was washed with 
30 mM DEA, 7 M Urea, Tween 0.5%, 200 mM NaCl, pH 10.3 
(washed buffer), to eliminate contaminants. Then, the recombi-
nant protein was eluted using 30 mM DEA, 7 M Urea, Tween 
0.5%, 750 mM NaCl, 15 mM Imidazole, pH 10.3 (elution bu-
ffer). For the second chromatography step the elution from the 
SP Sepharose column (containing the protein DIIIC-2, 65% of 
purity) was applied onto the Chelating Sepharose FF resin (Phar-
macia, Sweden), previously equilibrated with the same buffer. The 
protein was eluted using 30 mM DEA, 7 M Urea, Tween 0.5%, 
750 mM NaCl, 250 mM Imidazole, pH 10.3. Finally the protein 
was refolded using Sephadex G25 fine to TE buffer and was stored 
at -20 °C until next experiments. 

Study of the effect of the 39M ODN quantity on the DIIIC-2 
precipitation 

The purified protein DIIIC-2 was subjected to an in vitro 
assembly procedure as previously described with few modifica-
tions.15 Briefly, 400 μg of the recombinant protein DIIIC-2 were 
incubated with the ODN 39M (ATCGACTCTCGAGCGTTCTC-
GGGGGACGATCGTCGGGGG) in TE buffer. The reaction mix-
ture was incubated for 30 min at 30°C and finally stored at 4°C. 
To study the relationship between the quantity of the ODN 39M 
and the protein DIIIC-2 precipitation, different in vitro assembly 
reactions were carried out varying the final concentration of the 
ODN. The reactions were assessed as described above and each 
condition was made by triplicate. The table 1 shows the condi-
tions evaluated in the experiment. 

After the incubation period, the reactions were centrifuged 
10 min at 12 000 g and the supernatant was collected. The quan-
tity of precipitated DIIIC-2 was calculated by the difference be-
tween the initial DIIIC-2 added to the reaction and the remaining 

Reaction Quantity of ODN 39M  (µg)

1 1.7
2 2.0
3 4.0
4 8.0
5 10.0
6 13.3
7 20.0
8 30.0
9 40.0

10 57.1
11 80.0
12 100.0
13 133.3

14 200.0

Table 1. Quantity of ODN 39M used for aggregation reactions
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DIIIC-2 present in the supernatant. The DIIIC-2 concentration 
was determined by the Bicinchoninic Acid Protein Assay kit (Sig-
ma, Missouri, USA) following the procedure recommended by 
the manufacturer. 

To quantify the concentration of the ODN 39M present in 
the supernatant of the in vitro assembly reactions, 5 µL of the 
sample were diluted in 2 mL of TE buffer and the absorbance at 
260 nm was determined. 

Mice experiments 

Mice experiment #1 
An immunization schedule was conducted to study the effect 

of the quantity of the ODN 39M on the immunogenicity of the fi-
nal preparation containing DIIIC-2, and adjuvanted in alum.  Se-
ven groups were included (table 2).

Mice received three doses at 0, 15 and 30 days, by intrape-
ritoneal route. In the case of the positive control group, animals 
received only one dose of the infective virus (105 pfu) by sc route, 
without adjuvant.  Animals from each group were partially bled 
30 days after the last dose and sera were collected for further im-
munological analysis. One month after the last dose they were 
splenectomized to study the cellular immune response. 

Mice experiment #2 
A second immunization schedule was conducted to study 

the effect of the quantity of the total preparation 39M-DIIIC-2, 
adjuvanted in alum, on their immunogenicity and protective ca-

tar, Cambridge, MA) were coated for 2 h at 37°C with   100 µL per 
well of a mixture of anti DENV human immunoglobulins (IgG) 
(5 µg/mL) in coating buffer (0.16% Na 2CO3 and 0.29% NaHCO3; 
pH 9.5); then they were blocked in coating buffer containing 5% 
powder skim milk for 1 h at 37°C and washed three times in PBS 
containing 0.05% Tween 20 (PBS-T). The viral antigen (100 µL per 
well) and the negative control antigen were incubated overnight at 
4°C. After three washes with PBS-T, 100 µL per well of sera from 
each group were tested by serial dilutions in PBS-T, starting at 1:1 
000. Plates were incubated for 1 h at 37°C and washed as described 
above. Later, 100 µL per well of 1:35 000 diluted anti mouse IgG 
peroxidase conjugate (Amersham Pharmacia, Beckinghamshire, 
U.K.) were added and the plates were incubated for 1 h at 37°C. 
After washing, 100 µL per well of 0.04% substrate O-phenylene-
diamine in buffer (2% Na2HPO4 and 1% citric acid; pH 5.0) was 
added. The plates were kept for 30 min at room temperature and 
the reaction was stopped with 50 µL per well of 2.5 M H2SO4. Ab-
sorbance was read at 492 nm in a SensIdent Scan device (Merck, 
Helsinki, Finland). The positive cutoff value was set as twice the 
mean absorbance value of the negative control sera. 

Plaque reduction neutralization test 
Neutralizing antibody titers were measured by plaque re-

duction neutralization test (PRNT) in VERO cells as previously 
described.16 The strain DENV-2 SB8553 was used in this test. The 
neutralizing antibody titer was identified as the highest serum 
dilution that reduced the number of virus plaques by 50%. As a 
positive control, a murine hyperimmune ascitic fluid was used 
which recognizes the antigens on the surface of DENV-2. 

Cell culture and viral stimulation 
Spleen cells were obtained in aseptic conditions and eryth-

rocytes were lysed by adding NH4Cl 0.83% solution. Cells were 
washed twice with PBS 2% Fetal Bovine Serum (FBS) (PAA Lab-
oratories, Ontario, Canada) and resuspended at 2×106 cells/mL 
in RPMI 1640 medium (Sigma Aldrich) supplemented with 100 
U/mL penicillin, 100 μg/mL streptomycin (Gibco, UK), 2 mM 
glutamine (Gibco, UK), 5×10−5 M 2-mercaptoethanol (Sigma St. 
Louis,MO) and 5% FBS. Finally 2.5×105 cells/well were cultured 
in 96 well round bottom plates with the antigens (1.25×104 pfu 
and 2.5×105 pfu of DENV-2 antigen for mice experiment # 1 and 
# 2, respectively) or mock preparation. Concanavalin A (Sigma 
St. Louis, MO) was used as a positive control. In all experiments 
three wells were plated for each antigen. After 4 days of culture, 
culture supernatants were collected and stored at -20 °C. 

Cytokine detection 
The culture supernatants from splenocytes previously stim-

ulated with each antigen were analyzed in duplicate to determine 
the IFN-γ concentration by ELISA using monoclonal antibodies 
(MAb) pairs (INF-γ; Mabtech, Nacía, Sweden). ELISA protocol 
recommended by manufacturers was used with slight modifica-
tions. The lowest limit of detection of cytokine was 4 pg/mL. 

Group DIIIC-2 
quantity (µg)

ODN 39M 
quantity(µg)

Number  
of animals

1 20 - 10

2 20 0.09 10

3 20 0.4 10

4 20 2.0 10

5 20 3.0 10

6 (Placebo) - - 10

7 (DENV-2) DENV-2 
105 pfu - 10

Table 2. Immunization Schedule 1. Study of the ODN 39M quantity

pacity. The quantities assayed as well as the different groups of 
animals are described in table 3.

Mice received three doses at 0, 15 and 30 days, by intrape-
ritoneal route. In the case of the positive control group, animals 
received only one dose of the infective virus (105 pfu) by sc route, 
without adjuvant. Animals from each group were partially bled 
30 days after the last dose and sera were collected for further im-
munological analysis. One month after the last dose they were 
splenectomized to study the cellular immune response. 

Protection assay 
One month after the last dose, twelve animals from each 

group were intracranially injected with 20 μL of a suspension of 
DENV-2 infected suckling mouse brain containing 50 median 
lethal doses  (LD50) (1.6x103 pfu/ml). Mice were observed daily 
for 21 days and deaths were recorded. The maintenance and care 
of experimental animals used in this research complied with the 
Cuban Institute of Health Guidelines for the humane use of lab-
oratory animals. 

Detection of anti DENV-2 IgG antibodies 
An amplified sandwich ELISA system was used to detect the 

anti DENV-2 IgG antibodies. Polystyrene plates with 96 wells (Cos-

Group 39M- DIIIC-2 
quantity (µg)

Number  
of animals

1 2.5 22

2 5 22

3 20 22

4 (Placebo) - 22

5 (DENV-2) DENV-2 105 pfu 22

Table 3. Immunization Schedule 2. Studyof the 39M-DIIIC-2 
quantity
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Statistical analysis 
For the statistical analysis the GraphPad Prism version 5.00 

for Windows (GraphPad Software, San Diego, CA) was used. The 
normal distribution of data was analyzed with D’Agostino Pear-
son’s test and the variance homogeneity with the Bartlet’s test. 
When normal or transformed data showed a normal distribution 
a parametric test was performed, otherwise data were analyzed 
with a non-parametric test. The parametric analysis of more than 
two groups was performed by a one-way analysis of variance, 
using the Tukey post-test. The non-parametric analysis of more 
than two groups was performed using Kruskal Wallis and Dunn 
Multiple Comparison test. Survival data from the protection as-
say were analyzed with the log rank test. In all cases    *: p<0.05; 
**: p<0.01; ***: p<0.001. 

Results 

The relationship between the ODN quantity and the aggregation 
percentage exhibits a typical dose-response curve 

The ODN 39M was used to define the curve between the 
quantities of ODN added to the aggregation reactions and the 
aggregated protein DIIIC-2. Different quantities of ODN were in-
cubated with DIIIC-2. After the incubation period, the remaining 
protein was determined in the reaction supernatants and the pre-
cipitated DIIIC-2 was calculated. As shown in Figure 1, a typical 
dose-response curve was detected (R2=0.9896). It is very impor-
tant to mention that no ODN was detected in the supernatant of 
any of the samples tested. 

The quantity of ODN 39M used during the aggregation reaction 
of the protein DIIIC-2 influences its immunogenicity in mice 

Characterization of the humoral immune response 
All groups of animals immunized with the recombinant pro-

tein DIIIC-2 developed high titers of antiviral antibodies without 
statistical differences among them (p>0.05), regardless the quan-
tity of ODN 39M added in the formulation. In turn, all groups re-
ceiving the protein DIIIC-2, whatever the condition, elicited anti-
body titers statistically higher than those detected in the placebo 
group and the positive control group. Similarly to the previous 
results, the positive control group induced low titers of antiviral 
antibodies, without statistical differences with respect to the pla-
cebo group (p>0.05) (Figure 2A). 

The neutralizing capacity of the antibodies was assessed 
by PRNT. In agreement with the results from the ELISA afore-
mentioned, all groups immunized with the recombinant protein 

 Mice experiment #1 
A first mice experiment was conducted to study the influen-

ce of the ODN 39M quantities used during the aggregation reac-
tion, on the immunogenicity of DIIIC-2. Three additional control 
groups were included in the study receiving: the non-aggregated 
protein, the Placebo formulation (negative control) and the infec-
tive DENV-2 (positive control). 

Fig. 1. Percentage of protein DIIIC-2 precipitated after the incubation 
with different quantities of the ODN 39M. The recombinant protein DI-
IIC-2 (400 µg) was incubated with the ODN in TE buffer. The reactions 
were incubated for 30 minutes at 30°C and stored at 4°C for 4 hours. 
After the incubation period, the reactions were centrifuged 10 min at 
12 000 g and the supernatant was collected. The amount of precipita-
ted DIIIC-2 was calculated by the difference between the initial DIIIC-2 
added to the reaction and the remaining DIIIC-2 in the supernatant.  
Data represent the mean ± SD of three independent assays.

Fig. 2. Humoral immune response induced by the protein DIIIC-2 aggre-
gated with different quantities of the ODN 39M. As controls one group  
was immunized with the non-aggregated protein (DIIIC-2), a second group 
received a placebo formulation (negative control) and the third one was 
inoculated with the infective DENV-2 (positive control).  (A) IgG antibodies 
against DENV-2. Mice sera were collected 15 days after the third immuniza-
tion and the antibody titers were measured by a capture ELISA. The dashed 
line indicates the cuttof (twice the mean titer of the placebo group). The 
statistical analysis was performed using Kruskal Wallis and Dunn Multiple 
Comparison test (*: p<0.05; **: p<0.01; ***: p<0.001). Data represent 
mean ± SD. N=8. (B) Neutralizing antibodies against DENV-2. Thirty days 
after the third immunization mice sera were collected and the neutralizing 
antibody titers were measured by a PRNT.  Discontinuous line indicates the 
cutoff (twice the mean titer of the placebo group). The statistical analysis 
was performed by a one-way analysis of variance, using the Tukey post-test 
(*: p<0.05; **: p<0.01; ***:  p<0.001). Data represent mean ± SD. N=8.  Re-
sults are representative of two independent experiments.
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DIIIC-2 induced detectable titers of neutralizing antibodies wi-
thout statistically differences among them (p>0.05) (Figure 2B). 
Low titers were detected in sera from the DENV-2- immune 
animals. On the other hand, the percentage of responders was 
equal or more than 75% for the groups receiving the aggregated 
protein in the different conditions tested. In contrast, only the 
37.5% of animals elicited neutralizing antibodies in the group 
immunized either with the non-aggregated protein or with the 
infective virus. 

CMI measured by IFN-γ secretion 
The splenocytes from animals immunized with the aggre-

gated protein using 2 µg and 3 µg of the ODN 39M as well as 
those from the positive control group were able to secrete IFN-γ 
upon in vitro stimulation with DENV-2, with statistical differenc-
es (p<0.05) with respect to the cytokine secretion in the placebo 
group. The levels of this cytokine for the groups immunized with 
the aggregated protein with 2 µg and 3 µg of the ODN and the 
group immunized with DENV-2 were 2323.8 pg/mL;   2260 pg/
mL and 1952.6pg/mL, respectively, without statistical differences 
among them  (p>0.05). No significant secretion was detected for 
the non-aggregated protein was well as for the groups receiving 
0.09 µg and 0.4 µg of ODN 39M. (p>0.05) (Figure 3). 

The quantity of the 39M-DIIIC2 influences its  
immunogenicity and protective capacity in mice 

were included in the study receiving the Placebo formulation 
(negative control) or the infective DENV-2 (positive control). 
The humoral and cellular immune responses were determined 
after the last dose. 

Characterization of the humoral immune response 
All groups of animals immunized with the formulation 

39M-DIIIC-2 induced titers of antiviral antibodies. The highest 
values were measured in sera from mice inoculated with the 
lowest quantity of the formulation: 2.5 µg (p<0.05). In turn, the 
animals receiving 5 µg and 20 µg also exhibited titers statistically 
higher than those from the placebo group and positive control 
group (p<0.05) (Figure 4A) 

The neutralizing capacity of the antibodies was assessed by 
PRNT. In contrast to the results from the ELISA, all groups im-
munized with the formulation 39M-DIIIC-2 induced detectable 

Fig. 3. Cellular immune response induced by the protein DIIIC-2 aggre-
gated with different quantities of the ODN 39M. As controls one group 
was immunized with the non-aggregated protein (DIIIC-2), a second 
group received a placebo formulation (negative control) and the third 
one was inoculated with the infective DENV-2 (positive control). Culture 
supernatants from mock-treated or DENV-2-infected splenocytes from 
individual animals of all groups were tested 30 days after the third im-
munization. The concentration of IFN- was measured by ELISA. Dashed 
line indicates the cutoff (twice the mean concentration of the placebo). 
The statistical analysis was performed using Kruskal Wallis and Dunn 
Multiple Comparison test (*: p<0.05; **: p<0.01; ***: p<0.001). Data 
represent mean ± SEM. N=5.  Results are representative of two inde-
pendent experiments.

Mice experiment #2 
Based on the results from the first mice experiment the 

quantity of 2 µg of ODN 39M was selected for the aggregation 
process of the protein DIIIC-2. This formulation was named 
39M-DIIIC-2. A second mice experiment was conducted to 
study the influence of the quantity of the formulation 39M-DI-
IIC-2, on the immunogenicity and protective capacity of the 
preparation adjuvanted in alum. Two additional control groups 

Fig. 4. Humoral immune response induced by different doses of the for-
mulation 39M-DIIIC-2. As controls one group group received a placebo 
formulation (negative control) and the other was inoculated with the 
infective DENV-2 (positive control). (A) IgG antibodies against DENV-2. 
Mice sera were collected 15 days after the third immunization and the 
antibody titers were measured by a capture ELISA. Dashed line indicates 
the cutoff (twice the mean titer of the placebo). (B) Neutralizing antibo-
dies against DENV-2. Thirty days after the third immunization sera were 
collected and the neutralizing antibody titers were measured by a PRNT.  
Dashed line indicates the cutoff (twice the mean titer of the placebo). In 
both cases, the statistical analysis was performed by a one-way analysis 
of variance, using the Tukey post-test (**: p<0.01; ***: p<0.001). N=8.  
Results are representative of two independent experiments.

A

B
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titers of neutralizing antibodies without statistically differences 
among them (p>0.05) and similar to those detected in sera from 
the DENV-2- immune animals (p>0.05) (Figure 4B). 

CMI measured by IFN-γ secretion 
The splenocytes from animals immunized with 2.5 µg and 

20 µg of the formulation 39M-DIIIC-2 were able to secrete IFN-γ 
upon in vitro stimulation with DENV-2 (19654 pg/mL and 18912 
pg/mL, respectively) with statistical differences (p<0.05) with re-
spect to the cytokine secretion on the placebo group. Moreover, 
the IFN-γ secretion levels for animals immunized with 5µg or the 
positive control did not exhibited statistical differences compared 
to the placebo group (p>0.05) (Figure 5). 

Protection assay 
One month after the last dose, the protective capacity was 

assessed using the mouse encephalitis model. After the observa-

influence of the quantity of the ODN 39M or the mixture pro-
tein-ODN on the immunogenicity of the final formulation has 
not been carried out. 

The first mice experiment of the present study was directed 
to select the best quantity of ODN required for the proper im-
munogenicity of the DIIIC-2 protein. The different doses studied 
corresponded to different mass protein: ODN ratios during the 
in vitro aggregation reaction. Upon analysis of the curve quantity 
of ODN vs. percentage of DIIIC-2 precipitation, a typical dose 
response behavior was detected. It was also interesting to note the 
lack of free ODN in the soluble fraction upon incubation with the 
protein, regardless the quantity added. Probably, the total quan-
tity of the ODN assayed is required to aggregate the protein as 
insoluble forms, indicating that these quantities are limiting in 
all the reactions. 

The first mice experiment reveals, in terms of humoral im-
mune response, that quantity of ODN 39M did not influence the 
immunogenicity of the protein. In contrast, the CMI results indi-
cated the superiority of the 2 µg and 3 µg of ODN for inducing 
the best IFN-γ secretion with the final formulation. Consistently 
with our previous reports, the non-aggregated protein was not 
able to induce IFN-γ secretion [11], indicating that ODN 39M is 
probably acting as adjuvant. The sequence of this ODN contains 
CpG motifs for stimulating cells of the immune systems in mice. 
One part of this ODN is a typical class A ODN, which are related 
on the stimulation of type I and II interferons.17-19 

The second mice experiment was designed to study the effect 
of the quantity of the formulation 39M-DIIIC-2, in their immu-
nogenicity in mice. The mass ration protein: ODN 10:1 was kept 
since it was the best condition for inducing a proper immune re-
sponse from the first mice experiment (2µg of the ODN 39M). In-
terestingly, the best immunogenicity profile, measured by ELISA 
against DENV-2 and IFN-γ secretion, was induced with the low-
est quantity of the vaccine preparation. These results demonstrate 
the critical role of the vaccine dose for inducing a potent immune 
response. Probably, 2.5 µg is the best quantity to be properly 
presented to the mice immune system by intraperitoneal route. 
These results are in accordance to those reported by Clements et 
al., 2010.20 They demonstrated in NHP that the lowest dose of a 
subunit vaccine (80% of the E protein of DENV-2 expressed in 
Drosophila S2 cells) using ISCOMATRIX as adjuvant, induced 
the best antiviral immune response. 

Unexpectedly, in our work, the protection rates did not 
match with the immunogenicity profiles. The lowest percent-
age of protection was obtained in the group receiving 2.5 µg, 
which developed the best immunogenicity. On the contrary, 
the best protection rates were obtained in the groups receiving 
the highest doses of the vaccine preparation. This contradiction 
should be carefully investigated, mainly based on the mouse an-
imal used as well as the readout assayed: the survival. We have 
determined that the peak of viral load in the brain of infected 
mouse did not match with the maximal time of death thereby 
probably; the immune system is playing a role on the pathogen-
esis of the disease in the mouse encephalitis model. Additional 
experiments should be conducted to prove such a hypothesis 
and validate the survival or other readout as a proper marker 
for protection in the mouse encephalitis model for DENV. In 
addition, based on the present study we strongly recommend 
performing a non-human primate study with different vaccine 
doses, so as to define the best one to induce a proper protective 
immune response in an animal model closer to humans, using 
viremia as readout to measure protection. 

Fig. 5. Cellular immune response induced by different doses of the for-
mulation 39M-DIIIC-2. As controls one group group received a place-
bo formulation (negative control) and the other was inoculated with 
the infective DENV-2 (positive control). Culture supernatants from 
mock-treated or DENV-2-infected splenocytes from individual animals 
of all groups were tested 30 days after the third immunization. The con-
centration of IFN- was measured by ELISA. Dashed line indicates the 
cutoff (twice the mean concentration of the placebo). The statistical 
analysis was performed using Kruskal Wallis and Dunn Multiple Compa-
rison test (*: p<0.05; **: p<0.01). N=4-5.  Results are representative of 
two independent experiments.

tion period upon challenge with DENV-2, the survival rate of the 
groups receiving 5 µg and 20 µg were 87.5% and 70% respectively, 
significantly higher than the percentage obtained in the negative 
control group (p<0.05) and without statistical differences compa-
red to the positive control group (100 %) (p>0.05). On the con-
trary, only the 44.4% of mice receiving the low dose formulation 
(2.5 µg) survived upon challenge, without statistical differences 
compared to the negative control group (p>0.05).

Discussion 
It is well known the influence of the dose used for vaccination 

on the immunogenicity of such a vaccine. Our group previously 
demonstrated that a vaccine candidate composed by the protein 
DIIIC-2, aggregated with the ODN 39M and adjuvanted in alum, 
was able to induce protection in mice and monkeys against de 
homologous virus.13 Nevertheless, a dose study to determine the 



13     A dose-response study in mice of the vaccine preparation containing the diiic-2 protein aggregated with the oligodeoxinucleotide 39m 
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