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Abstract
Both the blood stage protein apical membrane antigen 1 (AMA1) and the 25 kDa sexual stage protein
(Pfs25) of Plasmodium falciparum are two leading candidates in malarial vaccine development. We
have previously demonstrated that conjugation of these malarial antigens to recombinant
Pseudomonas aeruginosa ExoProtein A (rEPA) significantly increased the mean specific functional
antibody responses in mice; however, some mice responded poorly and were unable to demonstrate
a functional response. We hypothesized that the immunogenicities of these two malarial antigens
could be further enhanced by inclusion of a CpG oligodeoxynucleotide in the formulation. Mice were
immunized with either rEPA conjugated or unconjugated AMA1 and Pfs25 formulated on
Alhydrogel with or without the addition of CPG 7909. Mice received the formulations on days 0 and
28, and mouse sera were collected on day 42. ELISA analyses on these sera showed that the addition
of CPG 7909 to AMA1-rEPA and Pfs25-rEPA formulated on Alhydrogel induced significantly
higher mean antibody titers than the formulations without CPG 7909, and led to a mixed Th1/Th2
response as demonstrated by the production of mouse IgG1 and IgG2a subclasses. The presence of
CPG 7909 in the formulations of both conjugated antigens greatly increased the proportion of
responders with antibody titers sufficient to inhibit blood-stage parasite growth in vitro or block
transmission of sexual stage parasites to mosquitoes. The results obtained in this study indicate the
potential use of a combination strategy to increase the number of responders to malarial antigens in
humans.
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Introduction
The blood stage antigen AMA1 and the sexual stage antigen Pfs25 are two leading malarial
vaccine candidates of Plasmodium falciparum [1,2]. Enhancing the immunogenicities of these
antigens to obtain a protective and sustained response in humans remains a formidable task
that confronts malarial vaccine researchers today[3,4]. One strategy that we have used to
increase immunogenicity was to chemically conjugate malarial antigens to a carrier protein
[5–9]. Conjugation of Pfs25 to outer-membrane protein complex of Neisseria meningitidis
(OMPC) greatly increased and sustained the specific antibody levels in animals [5]. Similar
results were observed with the conjugation of Pfs25 to itself or to Pseudomonas aeruginosa
ExoProtein A (rEPA) [6]. Our study showed that conjugation of AMA1 and Pfs25 to rEPA
significantly enhanced the immune response against both malarial antigens, with a 3-fold
increase for AMA1-rEPA/Alhydrogel and over a 1000-fold increase for Pfs25-rEPA/
Alhydrogel compared to unconjugated antigens [7]. Analyses by an in vitro parasite growth
inhibition assay (GIA) for AMA1 and its conjugates or by a transmission blocking assay (TBA)
for Pfs25 and its conjugates demonstrated that conjugation did not significantly affect the B
cell epitopes, which are critical to the induction of functional antibodies that recognize
parasites.

Although the conjugation of these antigens markedly increased the antibody titers in mice for
both the AMA1 and Pfs25 antigens, some responders had antibody titers that remained below
the levels required for high levels of functional activities against malaria parasites [7]. We
therefore sought to increase the immunogenicities of both rEPA conjugates of AMA1 and Pfs25
so that the antibody titers of most responders, if not all, would be above those required to
achieve high levels of functional activity against blood stage or sexual stage parasites.

In our previous study, the addition of the TLR9 agonist CPG 7909 to the AMA1-C1/Alhydrogel
formulation greatly increased the functional antibody responses in mice, rats and guinea pigs,
and a mixed Th1/Th2 response was observed [10]. A strong positive correlation between GIA
activity and anti-AMA1 specific antibody levels was displayed. In addition, an adult phase I
trial in the U.S. with AMA1-C1, a mixture of AMA1-FVO and AMA1-3D7 alleles formulated
on Alhydrogel with or without the addition of CPG 7909, established that this formulation was
safe and well-tolerated [1,4].

In this report, we demonstrate that the addition of CPG 7909 to the AMA1-rEPA and Pfs25-
rEPA conjugates formulated on Alhydrogel further increased the specific antibody responses
in mice, and led to the majority of responders attaining antibody levels required to achieve
sufficient functional activities against malarial parasites as measured by either GIA or TBA.

Materials and Methods
Malarial antigen-rEPA conjugates

AMA1-rEPA and Pfs25-rEPA conjugates were prepared as previously described [7]. Briefly,
malarial antigens (AMA1-FVO or Pfs25 NF54) [11,12] were thiolated by DL-N-
acetylhomocysteine thiolactone (Sigma Aldrich Inc., St Louis, MO) and carrier protein (rEPA)
was modified with maleimide groups using Sulfo-EMCS (Pierce Inc., Rockford, IL).
Conjugates were formed by incubation of the thiolated malarial antigens with the maleimide
derivatized rEPA. Unconjugated proteins were removed by size exclusion chromatography for
AMA1-rEPA conjugate or by Ni-NTA plus size exclusion chromatography for Pfs25-rEPA
conjugate. Three fractions from high to low molecular weight, AMA1-rEPA F1 (> ~ 190 kDa),
AMA1-rEPA F2 (~ 130– 240 kDa) and AMA1-rEPA F3 (~ 130– 190 kDa), were obtained for
AMA1-rEPA by pooling the appropriate fractions from the size exclusion chromatography,
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whereas two fractions of Pfs25-rEPA F1 (> ~ 100 kDa) and Pfs25-rEPA F2 (~ 90– 120 kDa)
were obtained for Pfs25-rEPA.

Formulation and animal immunization
Vaccine proteins were formulated on 1600 μg/mL aluminum hydroxide gel (Alhydrogel®,
Brenntag Biosector, Denmark) with or without the addition of 20 μg/dose CPG 7909 (Coley
Pharmaceutical Group, Wellesley, MA). For the formulations with CPG 7909, the vaccine
proteins were first formulated on Alhydrogel followed by the addition of CPG 7909 to the
formulation [10,13,14]. Animal studies were conducted in compliance with the National
Institutes of Health guidelines and with an Animal Care and Use Committee-approved
protocol. These studies were carried out in BALB/c mice (Charles River Laboratories,
Frederick, MD) with each group containing 10 mice. Vaccine formulations were administered
intramuscularly on Days 0 and 28. On day 42, two weeks after the second immunization, the
mice were bled and the sera were collected for serology. The AMA1 doses used for AMA1-
rEPA/Alhydrogel with or without CPG 7909 were 0.01, 0.03 and 0.1 μg, whereas for Pfs25-
rEPA/Alhydrogel with or without CPG 7909 the Pfs25 doses were 0.01, 0.05 and 0.25 μg. The
antigen concentrations of AMA1 and Pfs25 within the conjugates were calculated based on
the amino acid analysis of the conjugate. Comparison of antibody responses between the
formulations with or without CPG 7909 was only performed with the 0.03 μg dose for the
AMA1-rEPA conjugate, which is considered to be the middle of the dose response curve for
AMA1/Alhydrogel, AMA1/Alhydrogel + CPG and AMA1-rEPA/Alhydrogel [7,10]. For the
Pfs25-rEPA conjugate, this comparison was evaluated at two doses, 0.05 and 0.25 μg, as the
exact middle of the dose response curve was not known. Unconjugated antigens formulated
with CpG were included in the 0.03 μg dose group for the AMA1 formulations and in the 0.05
and 0.25 μg dose groups for the Pfs25 formulations.

Enzyme-linked immunosorbent assay and IgG subclass analysis
ELISA was performed following the standardized protocol used in the laboratory [10].
Experimental serum samples and anti-AMA1-FVO or anti-Pfs25 mouse reference standards
were used as primary antibodies; alkaline phosphatase-labeled goat anti-mouse IgG
(Kirkegaard & Perry Laboratories Inc., Gaithersburg, MD) was used as secondary antibody.
Bound antibodies were visualized by adding p-nitrophenyl phosphate substrate solution (Sigma
Aldrich Inc., St Louis, MO) and absorbance was read at 405 nm. Serial dilutions of anti-AMA1-
FVO or anti-Pfs25 mouse reference standard were included on each test plate to generate a
standard curve, which was used to convert the absorbance of test sera into antibody units. One
ELISA unit represents the reciprocal of the dilution required to attain an O.D.=1 in the
standardized assay.

Analysis of antigen-specific IgG subclasses was performed with ELISA using goat anti-mouse
IgG subclasses as secondary antibody. Mouse sera from each immunization group were pooled
to obtain equivalent ELISA units from each individual serum. Alkaline phosphatase conjugated
goat anti-mouse IgG1, IgG2a, IgG2b, IgG3 (Southern Biotech, Birmingham, AL) were
normalized for their activity on mouse hybridomas (Sigma Aldrich Inc., St Louis, MO) before
use in the analysis [10].

Growth inhibition assay
GIA was performed on total IgG purified from pooled immune sera [11,15]. The mouse sera
from each immunization group were pooled and the total IgG purified. The GIA was performed
using human RBCs parasitized with late trophozoite and schizont stages of P. falciparum FVO
strain parasites. Parasite growth was determined by a biochemical assay specific for parasite
lactate dehydrogenase (LDH). Absorbance at 650 nm of the enzymatic product was read.
Results were expressed as percent inhibition calculated as follows: 100 − [(A650 of infected
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RBCs with test IgG − A650 of normal RBCs only)/(A650 of infected RBCs without any IgG −
A650 of normal RBCs only) × 100].

Transmission blocking assay
TBA was performed on pooled mouse immune sera [5,16], which were mixed with in vitro
cultured mature P. falciparum NF54 gametocytes. The sera-gametocyte mixture was fed to
Anopheles stephensi (Nijmegen strain) mosquitoes through a membrane-feeding apparatus.
These mosquitoes were maintained for 8 days prior to dissection and staining of their midguts
to obtain oocyst counts. Inhibition of oocyst development by the test sera was calculated by
comparing the oocyst numbers obtained with the test sera to those obtained with the naïve
mouse sera at the same concentration. Results were expressed as percent oocyst reduction
calculated as follows: 100 − [(oocyst number with tested sera/oocyst number with naïve mouse
sera) × 100].

Statistical analysis
Effect of antigen dose on antibody response was tested by Spearman Rank Correlation for the
data obtained from day 42 sera. A ρ value > 0 and significance of P value < 0.05 were required
for a dose response. To test for a significant level of enhancement of average antibody titers
among the groups of conjugated or unconjugated antigens formulated on Alhydrogel with or
without the addition of CPG 7909, a Kruskal-Wallis One-Way ANOVA was performed; P
values of < 0.025 were considered significant. If the Kruskal Wallis test was significant, then
a post hoc analysis was performed with Student-Newman-Keuls comparison; P values of <
0.05 were considered significant.

Results
CPG 7909 enhances specific anti-AMA1 and anti-Pfs25 antibody responses

Immunization studies in mice were conducted to compare the immune responses induced by
conjugated or unconjugated antigens formulated on Alhydrogel, with or without the addition
of CPG 7909. AMA1-rEPA/Alhydrogel + CPG 7909 formulations were administered with
AMA1 doses of 0.01, 0.03 and 0.1 μg, whereas Pfs25-rEPA/Alhydrogel + CPG 7909
formulations were administered with Pfs25 doses of 0.01, 0.05 and 0.25 μg. The immune serum
obtained from each individual mouse was assayed by ELISA to determine the specific anti-
AMA1 or anti-Pfs25 antibody titers. Significant dose responses were observed for all three
conjugate fractions of the AMA1-rEPA formulated on Alhydrogel + CPG 7909 (AMA1-rEPA
F1: ρ = 0.7028 and P < 0.0001; AMA1-rEPA F2: ρ = 0.8871 and P < 0.0001; AMA1-rEPA
F3: ρ = 0.8018 and P < 0.0001), as well as for the two conjugate fractions of the Pfs25-rEPA/
Alhydrogel + CPG 7909 (Pfs25-rEPA F1: ρ = 0.6509 and P < 0.0001; Pfs25-rEPA F2: ρ =
0.7264 and P < 0.0001).

Comparisons of anti-AMA1 titers were performed for the 0.03 μg dose groups, comparing
AMA1-rEPA/Alhydrogel with or without CPG 7909 and AMA1/Alhydrogel with CPG 7909.
As shown in Fig 1A, higher antibody responses were elicited by each fraction of the AMA1-
rEPA/Alhydrogel when CPG 7909 was added. The average antibody titer induced by AMA1-
rEPA F1/Alhydrogel + CPG 7909 was 7-fold higher than that induced by AMA1-rEPA F1/
Alhydrogel (Student-Newman-Keuls, P = 0.0001). A similar result was observed in the AMA1-
rEPA F2/Alhydrogel + CPG 7909 group, inducing significantly 3-fold higher antibody titers
than AMA1-rEPA F2/Alhydrogel (Student-Newman-Keuls, P = 0.0195). There was no
significant difference between AMA1-rEPA F3/Alhydrogel with or without CPG 7909
(Student-Newman-Keuls, P = 0.0545). The addition of CPG 7909 to the unconjugated AMA1
at the 0.03 μg dose induced a relatively low mean antibody response (Fig 1A). Our previous
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mouse study showed that a higher dose of 0.1 μg was necessary for AMA1 to display a
significant increase in antibody titer upon the addition of CPG 7909 [10].

The antibody titers against Pfs25 were compared at the dose levels of 0.25 and 0.05 μg. At the
0.25 μg dose level, as shown in Fig 1B, Pfs25-rEPA F1/Alhydrogel + CPG 7909 significantly
increased the specific anti-Pfs25 antibody titer, resulting in a 3-fold difference compared to
Pfs25-rEPA F1/Alhydrogel (Student-Newman-Keuls, P = 0.0166). However the difference in
antibody titer between Pfs25-rEPA F2/Alhydrogel with and without CPG 7909 was not
significant (Student-Newman-Keuls, P = 0.1517). Only 2 mice out of 10 in the 0.25 μg dose
group of unconjugated Pfs25 developed detectable antibody responses, even when the antigen
was formulated in the presence of CPG 7909 (Fig 1B). For Pfs25-rEPA F1/Alhydrogel with
and without CPG 7909 at the 0.05 μg dose level, the immune enhancement of the CPG 7909
was significant with an average antibody titer of 7,399 and 1,422 respectively (Student-
Newman-Keuls, P = 0.0478); while for Pfs25-rEPA F2/Alhydrogel with and without CPG
7909 the average antibody titer was 11,330 and 1,146 respectively (Student-Newman-Keuls,
P = 0.0196). At the 0.05 μg dose level, no mice in the Pfs25/Alhydrogel + CPG 7909 group
developed detectable antibody responses.

Alhydrogel + CPG 7909 formulation elicits antibody responses with multiple IgG subclasses
Individual mouse sera from the 0.03 μg dose groups of AMA1-rEPA/Alhydrogel with or
without CPG 7909 or the 0.25 μg dose groups of Pfs25-rEPA/Alhydrogel with or without CPG
7909 were pooled, respectively. IgG subclass analysis was performed on each sample of the
pooled sera to characterize the type of antibody responses elicited with and without CPG 7909.
Consistent with the previous results observed [7], Alhydrogel formulations lacking the CpG
7909 immunostimulant predominately elicited an antibody response with a single IgG subclass
in all relevant immunization groups (Fig 2). Almost all of the anti-AMA1 and anti-Pfs25
antibodies were of the IgG1 subclass with little or no IgG2a and IgG2b subclasses. When CPG
7909 was added to the Alhydrogel formulations, an antibody response with multiple IgG
subclasses was induced, as determined by the increase in IgG2a as well as in IgG2b subclasses
while the IgG1 subclass was maintained (Fig 2).

Alhydrogel + CPG 7909 formulation elicits functional antibodies against malaria parasites
In order to evaluate functional activities of the anti-AMA1 and anti-Pfs25 antibodies elicited
by the addition of CPG 7909, GIA and TBA were performed. The mouse sera from groups
receiving AMA1-rEPA F1/Alhydrogel with and without CPG 7909 at the 0.03 μg dose were
each pooled. The total IgGs were purified from the pooled sera and tested in the GIA to evaluate
their ability to inhibit malarial parasite invasion of human red blood cells. The GIA results
demonstrated that IgGs elicited by AMA1-rEPA F1/Alhydrogel + CPG 7909 were functionally
active, as 53% inhibition of in vitro parasite growth was displayed at an antibody titer of 6397
units (Table 1––1:10 dilution). This approximates a plateau value of inhibition by rodent anti-
AMA1 IgGs against FVO parasites. For example, in previous studies it was observed that
approximately 55% in vitro inhibition was attained when the antibody titers of the mouse
derived IgGs to AMA1-FVO increased to 6000 units, which is close to the maximum level
currently observed against the FVO strain of P. falciparum with rodent immunoglobulins (66%
GIA activity at 7283 units given by AMA1-rEPA F2/Alhydrogel elicited antibodies) [7, 10].
To analyze the effect of CPG 7909 on minimizing the number of functional non- or low-
responders, the antibody titer of 6000 units was chosen as an arbitrary demarcation line for
comparing animal groups receiving antigen formulations with or without CPG 7909. Twenty-
seven out of 30 mice (90%) in the three AMA1-rEPA/Alhydrogel + CPG 7909 groups (F1, F2
and F3 group) had antibody levels above this mark, whereas only 5 out of 30 mice (16.7%) in
the three AMA1-rEPA/Alhydrogel groups had antibody levels above this mark.

Qian et al. Page 5

Vaccine. Author manuscript; available in PMC 2009 May 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The mouse sera from the groups immunized with Pfs25-rEPA F1/Alhydrogel with and without
CPG 7909 at the 0.25 μg dose were each pooled, and adjusted to equivalent ELISA titers. The
TBA was performed on the pooled sera to evaluate transmission blocking activities. Both
pooled sera exhibited almost the same functional activities, giving 98% and 99% oocyst
reduction, respectively, when the antibody titers of both pooled sera were at 2600 units (Table
2). Further dilutions of the sera also showed that the two sets of antisera displayed comparable
TBA. Based on the TBA results obtained from this and a previous study [7], a demarcation
titer for Pfs25, corresponding to a greater than at least 90% reduction of oocysts, was
determined to be 2600 units. At the 2600 units value chosen for comparison, every individual
mouse (100%) in the two Pfs25-rEPA/Alhydrogel + CPG 7909 groups (F1 and F2 group) at
the 0.25 μg dose level had antibody levels above this mark. In contrast, without the addition
of CPG 7909, only 9 out of 20 mice (45%) in the two Pfs25-rEPA/Alhydrogel groups had
antibody levels above this mark. At the 0.05 μg dose level, the values were 75% and 25%,
respectively, for the groups receiving the formulations with and without CPG 7909.

Discussion
Both AMA1 and Pfs25 antigens of P. falciparum are considered leading malaria vaccine
candidates directed to parasite blood stages or mosquito stages, respectively. Many studies
have shown that the ability of these antigens to inhibit or block the development of malarial
parasite is antibody dependent [15,17–20]. Thus, the induction of immune responses with high
antibody titers is thought to be critical for both candidates to be effective vaccines in humans.
Unfortunately, Pfs25 is known to be a poor immunogen and AMA1, when formulated on
Alhydrogel, failed to induce high levels of antibody responses in naïve volunteers for efficient
GIA [3]. In order to enhance their immunogenicities, these two antigens were chemically
conjugated to rEPA and a dramatic increase in the mean antibody titers was observed [7].
However, despite the titer enhancement observed in most animals, there were still animals that
developed no or low responses to the vaccinations [7]. In this paper we have presented a strategy
to further enhance the immunogenicity of the conjugates by addition of CPG 7909 to the
formulation.

As a widely used adjuvant for various antigens, alum has been demonstrated to be safe in
humans. However, it is a strongly Th2 biased adjuvant, mainly stimulating antibodies
containing IgG1 as the predominant subclass in mice with little or no additional IgG subclasses.
Unlike alum, CpG ODN has been shown to be a strongly Th1 biased immunostimulant,
showing synergy with alum to promote a mixed Th1 and Th2 pathway. This balancing of
antibody responses leads to an increase in total antibody titers [10,21–24]. In this study, the
comparison of antibody responses between Alhydrogel formulations with and without CPG
7909 was performed with the malarial antigen conjugated to rEPA. The ELISA results showed
that the rEPA conjugated AMA1 and Pfs25 formulated on Alhydrogel + CPG 7909 elicited a
significant increase in antibody levels as compared to the same formulation without the addition
of CPG 7909. The analysis of IgG subclasses showed that both conjugates formulated on
Alhydrogel + CPG 7909 elicited a mixed Th1 and Th2 type antibody response in mice, as both
the IgG1 and IgG2a were the dominant IgG subclasses.

While the antibody titers were greatly increased for the groups receiving the conjugated
antigens with the addition of CPG 7909, the antibody responses to the unconjugated antigens
in the same formulation were still low, especially for the Pfs25. At the 0.25 μg dose, only two
mice receiving Pfs25/Alhydrogel + CPG 7907 responded, with low antibody titers, whereas at
the 0.05 μg dose no mice responded. This observation indicates that the effect of CPG 7909
on poor immunogens may be limited unless they are conjugated to a carrier.
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To test whether the increased antibodies induced by the AMA1-rEPA and Pfs25-rEPA
conjugates formulated on Alhydrogel + CPG 7909 were functional, the GIA and TBA were
performed, respectively, on the purified IgGs or on the pooled sera. The GIA results showed
that the antibodies elicited by the AMA1-rEPA F1/Alhydrogel + CPG 7909 and the AMA1-
rEPA F1/Alhydrogel were both effective against parasites. The comparison of the GIA data
obtained in this study with those obtained in our previous study [7] indicates that the difference
observed with and without CPG is within the experimental error of the assay (~ ± 10%). The
GIA activity of the antibodies elicited by the formulation with CPG 7909 fell within the same
range as those of unconjugated AMA1 and AMA-rEPA conjugates formulated on Alhydrogel
without CPG 7909 observed in a previous study [7]. However in this study, a trend towards
higher GIA activities were displayed in the antibodies elicited by the formulation without CPG
7909 than in the antibodies elicited by the formulation with CPG 7909 or by the same
formulation in a previous study [7] at the same ELISA units. The antibodies elicited by Pfs25-
rEPA F1/Alhydrogel + CPG 7909 displayed almost the same activity in TBA as the antibodies
elicited by Pfs25-rEPA F1/Alhydrogel. The TBA activities at 2600 units of antibody were also
comparable to those previously published [6,7]. These results demonstrated that the immune
sera induced by the formulation with CPG 7909 were as functional as the immune sera induced
by the formulation without CPG 7909 at the same ELISA units.

The addition of CPG 7909 into the conjugates not only significantly increased the overall
antibody responses in animals, but also effectively minimized the number of non- or low-
responders. It is desirable that the target antibody responses should be at a level sufficient to
effectively inhibit the growth of either blood-stage or sexual stage parasites. Addition of CPG
7909 to the formulation significantly increased the proportion of animals (from 16.7% to 90%
for the AMA1-rEPA conjugates, and from 45% to 100% for the Pfs25-rEPA conjugates) that
developed antibody levels beyond what was required for high levels of GIA or TBA,
demonstrating overall improvement in vaccine efficacy by the addition of CPG 7909.

In this study, the data obtained have demonstrated the value of the addition of CpG ODN to
Alhydrogel formulations of conjugated malarial antigens, and have presented an encouraging
prospect for this strategy to be used in humans to increase the number of responders to malarial
antigens.
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Figure 1.
Comparison of antigen specific antibody responses in mice immunized with Alhydrogel
formulations with or without the addition of CPG 7909. A. Mice were immunized with the
AMA1-rEPA F1 (F1), AMA1-rEPA F2 (F2), AMA1-rEPA F3 (F3) or unconjugated AMA1
(AMA1) formulated on Alhydrogel with (black bars) or without (white bars) the addition of
CPG 7909 at a dose of 0.03 μg of AMA1. B. Mice immunized with the Pfs25-rEPA F1 (F1),
Pfs25-rEPA F2 (F2) and unconjugated Pfs25 (Pfs25) formulated on Alhydrogel with (black
bars) or without (white bars) CPG 7909 at the dose of 0.25 μg of Pfs25. All ELISA results are
presented as units compared to the anti-AMA1-FVO or Pfs25 mouse reference standards.
Results are expressed as arithmetic mean of ELISA units of the group with each animal
represented by an open circle. The asterisks indicate that the antigen specific antibodies are
significantly higher for AMA1- or Pfs25-rEPA formulated on Alhydrogel with CPG 7909 than
without CPG 7909.
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Figure 2.
IgG subclass analysis of AMA1 and Pfs25-specific mouse antibodies. Mouse sera in each group
were combined by pooling equivalent ELISA units of each individual serum sample and tested
at 1: 5000 dilutions. Results are presented as arithmetic mean of OD value of the IgG subclasses
plus standard deviation in four tested wells. A. IgG subclasses in mice immunized with AMA1-
rEPA/Alhydrogel with and without CPG 7909 at a dose of 0.03 μg. B. IgG subclasses in mice
immunized with Pfs25-rEPA/Alhydrogel with and without CPG 7909 at a dose of 0.25 μg. F1:
conjugate fraction 1; F2: conjugation fraction 2; F3: conjugate fraction 3.
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