
ORIGINAL PAPER

Evaluation of the immune response induced
by multiantigenic DNA vaccine encoding SAG1 and ROP2
of Toxoplasma gondii and the adjuvant properties of murine
interleukin-12 plasmid in BALB/c mice

Jie Zhang & Shenyi He & Hua Jiang & Tingting Yang &

Hua Cong & Huaiyu Zhou & Jiaqin Zhang & Qinmin Gu &

Ying Li & Qunli Zhao

Received: 3 December 2006 /Accepted: 9 January 2007 / Published online: 31 January 2007
# Springer-Verlag 2007

Abstract The heavy incidence and severe or lethal dam-
ages of toxoplasmosis clearly indicate the need for the
development of a more effective vaccine. In the present
study, we constructed a multiantigenic DNA vaccine,
eukaryotic plasmid pcDNA3.1-SAG1-ROP2, expressing
surface protein SAG1 and rhoptry protein ROP2 of
Toxoplasma gondii, and examined the expression ability
of the DNA vaccine in HeLa cells by Western blot.
Afterwards, we investigated the efficacy of pcDNA3.1-
SAG1-ROP2 with or without co-administration of a
plasmid encoding murine interleukin-12 (pIL-12) as a
genetic adjuvant to protect Bagg albino/c mice against
toxoplasmosis. After T. gondii RH strain challenge, mice
immunized with pcDNA3.1-SAG1-ROP2 displayed signif-
icant high survival rates. Moreover, the protection was
markedly enhanced by pIL-12 co-administration. The
results of lymphocyte proliferation assay, cytokine, and
antibody determinations show that mice immunized with
pcDNA3.1-SAG1-ROP2 elicited stronger humoral and
Th1-type cellular immune responses than those immunized
with single-gene plasmids, empty plasmid, or phosphate-
buffered saline. Furthermore, co-immunization with IL-12
genes resulted in a dramatic enhancement of these responses.
Our study indicates that the introduction of multiantigenic
DNA vaccine is more powerful and efficient than single-

gene vaccine, and the co-delivery of pIL-12 further
enhanced the potency of multiantigenic DNA vaccine.

Introduction

Toxoplasma gondii (T. gondii) is an obligate intracellular
parasite capable of infecting virtually any warm-blood
animal (Black and Boothroyd 2000). In humans, T. gondii
infection is widespread and can lead to severe opportunistic
disease (toxoplasmosis) in congenitally infected babies and
immuno-compromised individuals (Dubey 1998). In veter-
inary medicine, T. gondii infection has economic impor-
tance due to abortion and neonatal loss in livestock, mainly
sheep and goats (Buxton 1998; Dubey 1990), or as source
of transmission to humans (Dubey and Thulliez 1993).
Current primary control measures depend on chemotherapy.
However, the chemotherapeutic agents used presently are
inadequate, expensive, and often toxic. To date, there is no
commercial vaccine for use in humans. One developed for
veterinary use has low efficiency (Buxton 1998). Thus, the
development of an effective vaccine against T. gondii would
be of great value to both human and veterinary medicine.

In recent years, some T. gondii proteins were investigat-
ed as candidates for vaccine (Saavedra et al. 1996; Mevelec
et al. 2005; Vercammen et al. 2000). Among these vaccine
candidates, the main surface antigen 1 (SAG1) is the best
characterized. SAG1, highly conserved in T. gondii strains
(Windeck and Gross 1996), was shown to induce both
humoral and cellular immune responses (Lunden 1995;
Nielsen et al. 1999). The T. gondii life cycle has three
infectious stages: tachyzoite, bradyzoite, and sporozoite
(Dubey 1998). SAG1 is a tachyzoite-specific antigen.

Parasitol Res (2007) 101:331–338
DOI 10.1007/s00436-007-0465-3

Jie Zhang and Shenyi He contributed equally to this work.

J. Zhang : S. He (*) :H. Jiang : T. Yang :H. Cong :H. Zhou :
J. Zhang :Q. Gu :Y. Li :Q. Zhao
Department of Parasitology, Medical School,
Shandong University,
No. 44 Wenhuaxi Road,
Jinan, Shandong 250012, People’s Republic of China
e-mail: shenyi.he@hotmail.com



Unfortunately, vaccination with stage-specific antigens
leads to stage-limited protection (Alexander et al. 1996),
and subunit vaccines are weakly immunogenic. To circum-
vent these limitations, we choose another vaccine candi-
date, rhoptry protein 2 (ROP2). ROP2 is expressed at all
invasive stages of T. gondii (Beckers et al. 1994) and is
critical for parasite invasion, replication, and parasite–host
cell interaction (Nakaar et al. 2003). If the epitopes of the
two molecules are simultaneously presented to the immune
system, the immunopotentiating properties of the two
antigens can be utilized, and successful protection against
T. gondii may be achieved.

However, the immunogenicity of DNA vaccines remain
to be enhanced because the immune responses induced by
DNA vaccines are often weak (Donnelly et al. 2005). By
the use of molecular adjuvants, the immune responses may
be enhanced and modulated. We chose a plasmid encoding
murine interleukin-12 (pIL-12) as a genetic adjuvant to
enhance the immunogenicity and protective efficacy of
anti-toxoplasmosis DNA vaccine, seeing that IL-12 is a
critical cytokine for the control of toxoplasmosis during
acute and chronic stages of infection (Hunter et al. 1995;
Yap et al. 2000). IL-12, which is secreted by the macro-
phages and the dendritic cells during antigen stimulation,
plays a key role in the activation of NK cells and the
development of Th1 effector cells and can effectually
stimulate the production of gamma interferon (IFN-γ),
which is essential for resistance to this parasite (Denkers
and Gazzinelli 1998; Denkers et al. 2003).

In this study, we constructed a multiantigenic DNA
vaccine expressing SAG1 and ROP2 antigens, and exam-
ined the immunogenicity and protective efficacy of the
DNA vaccine with or without pIL-12 as a genetic adjuvant
in Bagg albino/c (BALB/c) mice.

Materials and methods

Plasmid construction

To construct the SAG1-ROP2 fusion expression plasmid,
the coding sequence of the SAG1 gene (786 bp, without the
stop codon, encoding amino acid residues 74–335) and
ROP2 gene (1,023 bp, encoding amino acid residues 188–
528) were amplified by polymerase chain reaction (PCR)
from genomic DNA of T. gondii (RH strain), with two pairs
of oligonucleotide primers (SAG1, forward primer: 5′-
CGGAATTCATGACGGAGAACCACTTCACTC-3′ and
reverse primer: 5′-ATGTCGACGACACAAGCTGCGA
TAG-3′, introduced EcoRI and SalI recognition site,
respectively, underlined; ROP2, forward primer: 5′-
ATGTCGACAACCCTATGTATTTCCGCG-3′ and reverse
primer: 5′-GGAAGCTTTCACCGATCCTCTTTCGAG-3′,

introduced SalI and HindIII recognition site, respectively,
underlined). The two kinds of PCR products were respec-
tively digested with the above corresponding restriction
enzymes and purified from agarose gel. Two independent
SAG1 and ROP2 gene fragments were ligated into pMD18-
T simple vector (TaKaRa, China) and then introduced into
the eukaryotic expression plasmid pcDNA3.1(−) vector,
generating the pcDNA3.1-SAG1-ROP2 plasmid (pSAG1-
ROP2). The recombinant plasmid clones were screened by
diagnostic restriction digestion and PCR and confirmed by
sequencing (Bioasia, China). All plasmids were propagated
in Escherichia coli DH5α.

Plasmid extraction and purification

The single-gene expression plasmids pcDNA3.1-SAG1
(pSAG1) and pcDNA3.1-ROP2 (pROP2), respectively
encoding the SAG1 (amino acid residues 74–335) and
ROP2 (amino acid residues 188–528) antigens, were con-
structed by our laboratory (Yang et al. 2005). Murine IL-12
expression plasmid containing the p35 and p40 sequences and
designated as pUMVC3-mIL-12 (pIL-12) was kindly provid-
ed by Dr. Alexander Rakhmilevich (University of Wisconsin-
Madison, USA). Plasmids were maintained and propagated in
E. coli DH5α. Endotoxin free plasmid DNA was isolated
using plasmid purification kit (Qiagen, Germany). After
purification, plasmid concentration was determined by
spectrophotometry at 1λ= 260 and 280 nm. The
260:280 UV absorption ratio was between 1.8 to 2.0.

Expression of compound gene in vitro

The recombinant eukaryotic expression plasmid pcDNA
3.1-SAG1-ROP2 was transiently transfected into HeLa cells
to test its expression. Lipofectamine™ 2000 reagent
(Invitrogen, USA) was mixed with 1.0 μg plasmid DNA
at a concentration of 10 μg/ml in Dulbecco’s modified
Eagle’s medium (DMEM), without fetal calf serum (FCS)
and antibiotics, and was incubated at room temperature for
20 min. The lipofectin DNA mixture was then overlayed on
75% confluent HeLa cells. The cells were incubated with
the transfection mix for 6 h at 37°C, 5% CO2. At the end of
incubation, fresh medium was supplemented (DMEM 10%
FCS, 2 mmol/l glutamine and antibiotics), and plates were
returned for further incubation. After 48 h, cells were lysed
and the proteins were collected. Synthesis of SAG1-ROP2
protein in a eukaryotic system was tested by Western blot
(Fachado et al. 2003).

Mice

Female BALB/c mice were purchased from Shandong
University Laboratory Animal Center. All mice were main-
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tained under specific-pathogen-free conditions and were at 5
to 6 weeks of age when immunizations were initiated.

Parasite

T. gondii tachyzoites (RH strain) were kindly provided by
the Department of Parasitology in Yat-Sen University of
Medical Science (Guangzhou, China) and maintained by
serial intraperitoneal passage in BALB/c mice. The tachy-
zoites were collected from the peritoneal fluids, washed by
centrifugation, and then suspended in sterile phosphate-
buffered saline (PBS). For enzyme-linked immunoadsor-
bent assay (ELISA), soluble tachyzoite antigens (STAg)
was obtained by sonication and stored at −70°C.

DNA immunization and challenge

Six groups of mice (14 per group) were injected intramus-
cularly with 100 μg of plasmid DNA suspended in 100 μl
sterile PBS, 50 μl in each thigh skeletal muscle, whereas
control mice received PBS alone. Group I was injected with
PBS as control, group II with empty pcDNA3.1 vector also
as control, group III with pSAG1, group IV with pROP2,
group V with pSAG1-ROP2, and group VI with pSAG1-
ROP2 plus pIL-12 (100 μg each). Mice were immunized
using the same protocol on days 0, 14, and 28 and were
bled by orbital plexus puncture on days 13, 27, 41, and 55.
Four weeks after the final inoculation (on day 56), spleens
from seven immunized mice per group were collected
under aseptic conditions, and another seven immunized
mice per group were intraperitoneally challenged with 1×
104 tachyzoites of virulent RH T. gondii.

IgG and subclass determination

Antigen-specific antibodies were measured by ELISA. In
brief, 96-well Costar plates were coated with 1 μg of STAg
in 100 μl of carbonate buffer, pH 9.2 and incubated
overnight at 4°C. Mice sera diluted in PBS were applied to
the wells, then the bound antibodies were detected by
horseradish peroxidase-conjugated goat anti-mouse IgG,
IgG1, or IgG2a (Southern Biotechnology Associates,
USA), diluted in 1:4,000. Immune complexes were
revealed by incubating with orthophenylene diamine
(Sigma) and 0.15% H2O2 for 30 min. The reaction was
stopped by the addition of 1 M H2SO4, and the absorbance
was measured at 490 nm using ELISA reader (Bio-Tek
EL×800, USA). All samples were run in triplicate.

Lymphocyte proliferation assay

Briefly, splenocyte suspensions were prepared from each
group of mice by pushing the spleens through a wire mesh.

After the red blood cells were removed using RBC lysis
solution (Sigma), splenocytes were resuspended in DMEM
medium supplemented with 10% FCS. Cells were then
plated in 96-well Costar plates at a density of 5×105 cells
per well and cultured with STAg (10 μg/ml) or concanav-
alin A (Con A; 5 μg/ml; Sigma; positive control) or
medium alone (negative control) at 37°C with 5% CO2.
After 72 h, each well was pulsed with 1 μCi of [3H]
thymidine (China Institute of Atomic, Beijing) for 18 h and
then harvested onto fiberglass filters with an automated cell
harvester (Perkin Elmer Life and Analytical Sciences,
USA) Incorporated radioactivity was measured using a
liquid scintillation counter (Perkin Elmer). All assays were
performed in triplicate.

Cytokine assays

For the detection of cytokines, splenocytes from immunized
mice were cultured with different stimuli as described for
the lymphocyte proliferation assay. Cell-free supernatants
were harvested and assayed for IL-4 and IL-12 activities at
24 h and for IFN-γ activity at 96 h. The concentrations of
IFN-γ and IL-4 were determined by ELISA kit (R&D
Systems, Minneapolis, MN, USA), and IL-12 by ELISA kit
(Bender MdeSystems, Austria), according to manufac-
turer’s instructions. All assays were performed in triplicate.
The lower limits of detection of IFN-γ, IL-4, and IL-12
were 4, 7, and 3.96 pg/ml, respectively.

Statistical analysis

Survival times for vaccinated and control mice were
compared using the Kaplan–Meier method. The difference
in the level of proliferation assays, cytokine, and antibody
production was determined by one-way ANOVA. Statistical
analysis was performed using the Statistical Package for the
Social Sciences for Windows version 10.0. Differences
were considered significant when P<0.05.

Results

The sequencing results of recombinant pSAG1-ROP2 were
consistent with GenBank DNA sequences of SAG1 gene
and ROP2 gene (GenBank accession numbers S76248 and
Z36906 for SAG1 and ROP2, respectively; data not
shown). As is seen from Fig. 1a, the digested fragment
size was the same as with fragment size of PCR products
(in lane 2 and lane 1, respectively). The Western blot
analysis of SAG1-ROP2 protein after transfection is shown
in Fig. 1b. The extract of cells transfected with pSAG1-
ROP2 showed the presence of SAG1-ROP2 protein (about
67 kDa) when incubated with anti-T. gondii polyclonal
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antibody (lane 1) or anti-SAG1 Mab (lane 3), whereas the
control empty plasmid-transfected cells did not show any
band (lanes 2 and 4) upon incubation with the same
antibodies.

To test whether this vaccination protocol could induce
protection against T. gondii, immunized mice were chal-
lenged with tachyzoites of the virulent RH strain. Survival
percentage of the different groups of mice is shown in
Fig. 2. Substantially higher survival rates were obtained in

pSAG1-ROP2 vaccinated mice compared with PBS, empty
plasmid, or single-gene plasmids (pSAG1 or pROP2)
vaccinated mice. Moreover, the protection induced by
pSAG1-ROP2 was markedly enhanced by pIL-12 co-
administration. Finally, no significant difference was
observed with the groups of mice immunized with single-
gene plasmids in association with control groups. Mice
immunized with PBS or pcDNA3.1 died within 4 to 8 days.

To determine the levels of anti-T. gondii antibodies, all
sera were tested by ELISA. As shown in Fig. 3, significant
high levels of IgG antibodies were detected in the sera of
mice immunized with pSAG1-ROP2 alone or combined
with pIL-12 as a genetic adjuvant (P<0.05 versus other
groups), especially after the third immunization (the levels
of antibodies increased with successive immunizations).
The levels of IgG antibodies were greater in the sera of
mice co-immunized with pIL-12 than in the sera of mice
immunized with pSAG1-ROP2 alone (P<0.01). In contrast,
there were no significant differences in the levels of IgG
antibodies on days 13 and 27 among the single-gene
immunized mice and control mice (P>0.05) nor was there
any significant difference between mice immunized with
pSAG1 or pROP2 in each time (P>0.05).

The levels of anti-T. gondii IgG subclasses are shown in
Fig. 4. Predominances of the levels of IgG2a over IgG1
were observed in sera of the single- and multiple-gene
immunized mice. Furthermore, IgG2a values in the
pSAG1-ROP2 plus pIL-12 immunized group were signif-
icantly higher than the pSAG1-ROP2 immunized group
(P<0.001). In contrast, anti-T. gondii IgG1 antibodies were
similar between the two groups (P=0.722). These data
suggest that pIL-12 augmented the predominance of IgG2a
over IgG1 induced by pSAG1-ROP2 alone.

Four weeks after the final immunization (on day 56),
after stimulation with STAg, splenocyte proliferation and

Fig. 1 a Identification of the recombinant expression plasmid.
pcDNA3.1-SAG1-ROP2 with restriction enzyme digestion and PCR
amplification. pcDNA3.1-SAG1-ROP2 plasmid without digestion
(lane 1), pcDNA3.1-SAG1-ROP2 digested with EcoRI (lane 2),
pcDNA3.1-SAG1-ROP2 digested with EcoRI and HindIII (lane 3),
PCR product of pcDNA3.1-SAG1-ROP2 (lane 4), DNA marker (lane
M). b Western blot analysis of extract of HeLa cells transfected with
pcDNA3.1-SAG1-ROP2 or with empty pcDNA3.1 as a control.
pSAG1-ROP2 transfected cells showed the presence of SAG1-ROP2
protein (about 67 kDa) when incubated with anti-T. gondii polyclonal
antibody (lane 1) or anti-SAG1 Mab (lane 3); pcDNA3.1 transfected
cells did not show any band upon incubation with anti-T. gondii
polyclonal antibody (lane 2) or anti-SAG1 Mab (lane 4)
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cytokine production were studied in vitro. As shown in
Fig. 5, splenocytes from mice injected with pSAG1-ROP2
resulted in a significant increase in proliferation when
compared with single-gene immunized mice and control

mice (P<0.05). Furthermore, co-administration of pSAG1-
ROP2 and pIL-12 augmented splenocyte proliferation by
3.5-fold when compared to proliferation by spleen cells from
groups immunized with pSAG1-ROP2 alone (P<0.001). In
addition, splenocytes from all experimental and control
groups proliferated to comparable levels in response to the
mitogen Con A (data not shown).

The levels of IFN-γ, IL-4, and IL-12 produced in
splenocytes from immunized mice stimulated with STAg
are shown in Table 1. Significant high levels of IFN-γ and
IL-12 were observed in spleen cell cultures from mice
immunized with pSAG1-ROP2 compared with mice
immunized with PBS, empty plasmid, or single-gene
plasmids, and the levels were markedly enhanced by pIL-12
co-administration. On the other hand, low levels of IL-4 was
evident in supernatants from spleen cells of pSAG1-ROP2
plus pIL-12 vaccinated mice compared with other five
groups, and no statistically significant differences could be
found between the five groups.

Discussion

DNA vaccination represents a promising strategy to protect
animals and humans against pathogenic microorganisms,
particularly intracellular parasites (Bunell and Morgan
1998), as DNA immunization enables the production of
the native form of a given antigen, priming both cellular
and humoral specific immune responses (Robinson 1997).
Besides, DNA vaccines are attractive because of ease of
production and low cost (Bunell and Morgan 1998) and the
potential for long-lasting immunity (Gurunathan et al.
2000). In this study, we constructed a multiple antigen-
encoding plasmid pSAG1-ROP2, and then investigated the
ability of pSAG1-ROP2 to induce protective immunity in a
DNA vaccine strategy with or without co-administration of
pIL-12 as a genetic adjuvant.

After transient transfection of pSAG1-ROP2 into the
HeLa cells, specific expression of the SAG1-ROP2 protein
was detected by Western blot. Further, we investigated the
potential of DNA vaccine in BALB/c mice. The results
show that pSAG1-ROP2 immunization was able to strongly
enhance specific IgG and subclass antibody production,
IFN-γ and IL-12 production, and splenocyte proliferation
compared to mice immunized with single-gene plasmids
(pSAG1 or pROP2). Enhanced immune responses driven
by pSAG1-ROP2 appear to give protection from RH strain
of T. gondii challenge. When challenged with lethal doses
(1×104) of T. gondii, mice immunized with single-gene
died within 11 days after challenge. However, pSAG1-
ROP2 vaccination resulted in longer survival of mice but
not complete protection. The challenging dose of T. gondii
is likely to be an important factor in the protection. Besides,
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no previous vaccine has been shown to completely protect
against intraperitoneal challenge with the RH strain of T.
gondii (Angus et al. 2000).

Immunization of BALB/c mice with a multiantigenic
DNA vaccine pSAG1-ROP2 resulted in an improvement of
the protective immunity against the T. gondii RH strain
challenge as measured by the survival rate and the humoral
and cellular immune response, in comparison with mice
immunized with single-gene plasmid expressing SAG1
alone or ROP2 alone. These results suggested that multiple
gene plasmid is more effective in the face of T. gondii
challenge than single-gene plasmid. Our findings are
consistent with earlier observations, which show that co-
injection of low dose of two genes encoding SAG1 and
ROP2 afforded protection, whereas single plasmids have no
protective effect (Fachado et al. 2003). More recent study
demonstrated that immunization with a mixture of plasmids
expressing SAG1 and GRA4 resulted in an improvement of
protection in comparison with plasmid expressing GRA4
alone or SAG1 alone (Mevelec et al. 2005). All these
results imply that complete immunity against toxoplasmosis
cannot be elicited by a single T. gondii protein. In contrast,
one difference between our study and the above two is that
we constructed SAG1-ROP2 fusion DNA so that the
functional heterodimer could be expressed as a single open
reading frame by a single messenger RNA. The SAG1-
ROP2-fused heterodimeric DNA has the advantage of being
delivered as a single vector that expresses a single hetero-
dimeric protein encoded by a single mRNA transcript.

The magnitude and nature of these immune responses to
DNA vaccines can be further manipulated by co-delivery of
cytokine genes. Several studies show that immune response
can be enhanced and modulated by co-injection of vectors
containing IL-12 genes (Kim et al. 1997; Chow et al. 1998;
Sin et al. 1999; Schadeck et al. 2006).

IL-12 administered in the form of DNA as an adjuvant
can retain its high immunomodulatory properties and

provide a significant advantage over protein IL-12 and the
significant toxic effects associated with it (Marshall 1995;
Schadeck et al. 2006). Interestingly, the administration of
IL-12 encoding DNA has also been shown to be effective
as a therapeutic vaccine (Lowrie et al. 1999). Therefore, we
evaluated the ability of a plasmid expressing the murine IL-
12 gene to enhance the level of protection in mice when co-
injected with pSAG1-ROP2.

When compared with pSAG1-ROP2 alone group,
introduction of pIL-12 with pSAG1-ROP2 further aug-
mented Th1 type of immune response, with significant
production of IgG2a antibodies, IFN-γ, and IL-12 but low
levels of IL-4. The fact that IL-12 promotes the develop-
ment of a type 1 cell-mediated immune response in part by
suppressing IL-4 production by activated T cells (Manetti et
al. 1993) may explain the low levels of IL-4. Moreover,
mice immunized simultaneously with pSAG1-ROP2 and
pIL-12 elicited higher survival rates against lethal T. gondii
challenge than those immunized with pSAG1-ROP2 alone.
The results clearly demonstrate that pIL-12 can act as a
potent DNA vaccine adjuvant and significantly augment
Th1-type cellular immune responses in BALB/c mice.

Immunity induced by T. gondii is complex, having both
antibody and cellular components. However, a modulated
Th1-type response plays a major role in controlling both
acute and chronic T. gondii infections (Petersen et al. 1998).
Fortunately, plasmid DNA itself has an adjuvant effect by
polarizing the immune response toward a Type 1 pheno-
type (Klinman et al. 1997; Krieg et al. 1998), and in this
study, the efficacy is further enhanced when combined
with pIL-12.

In conclusion, these results show that the introduction
of two functional genes encoding SAG1 and ROP2 via
bicistronic vector is more powerful and efficient than
single gene vaccines, and the use of murine IL-12-
encoding plasmid as adjuvant in immunization protocol
successfully enhances the level of protection induced by

Table 1 Cytokines detected by ELISA in splenocytea cultures from immunized mice after stimulation with T. gondii antigens (values are
expressed as mean±SD)

Immunization regimen Production of cytokine (pg/ml)b

IFN-γ IL-4 IL-12

PBS 46±6 40±9 46±4
pcDNA3.1 63±8 39±9 64±7
pSAG1 687±140 35±8 456±48
pROP2 651±120 35±9 430±36
pSAG1-ROP2 1,140±168* 32±6 557±47*
pSAG1-ROP2+pIL-12 3,993±537** 18±4* 1,339±114**

a Splenocytes from mice were harvested 4 weeks after the last immunization.
b Values for IFN-γ are for 96 h; values for IL-4 and IL-12 are for 24 h.
*P<0.05, as compared to other groups
**P<0.001, as compared to other groups
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the multiple antigen-encoding plasmid alone. Therefore,
this immunization regime may represent an effective
vaccine strategy against T. gondii infection and provide a
basis for further studies toward the use of multiantigenic
DNA vaccines combined with cytokine plasmid in protec-
tion studies against T. gondii and other intracellular parasite
infections.
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