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Previous studies from our laboratory established that C-ASWS, an alkali-soluble, water-soluble extract from
cell walls of Coccidioides immitis, protects mice against lethal challenge with this fungus. The C-ASWS extract
contains a glycosylated protein, designated antigen 2 (Ag2), and a polysaccharide antigen. We recently cloned
Ag2 cDNA and showed that the recombinant fusion protein elicited strong delayed-type hypersensitivity
responses in immunized mice. This investigation was undertaken to determine if the recombinant Ag2 protein,
expressed as an Ag2-glutathione S-transferase (GST) fusion protein, or Ag2 cDNA would protect mice against
lethal challenge with C. immitis. The recombinant Ag2-GST protein protected BALB/c mice against intraperi-
toneal challenge with 250 arthroconidia, as assessed by a decrease in fungal CFU in tissues. The Ag2-GST-
immunized mice did not show, however, an increased survival during a 30-day period postinfection. By
contrast, immunization of mice with Ag2 cDNA ligated into the pVR1012 plasmid engendered protection
against intraperitoneal challenge with 2,500 arthroconidia and against pulmonary challenge with 50 arthro-
conidia. Vaccine efficacy paralleled the development of delayed-type hypersensitivity responses to C. immitis
antigen. Whereas mice vaccinated with the recombinant Ag2-GST protein did not mount footpad hypersensi-
tivity to C-ASWS or the recombinant Ag2-GST protein, mice vaccinated with the pVR1012-Ag2 construct
mounted a strong footpad hypersensitivity and their spleen cells secreted gamma interferon upon in vitro
stimulation with the Ag2-containing C-ASWS extract. This is the first investigation to show that genetic
immunization can protect against lethal challenge with C. immitis.

Coccidioidomycosis (Valley Fever) is a fungal disease
caused by Coccidioides immitis. The disease is endemic in the
semiarid areas of Texas, Arizona, New Mexico, and Southern
California, where the fungus propagates in the soil in a myce-
lium phase (35). The mycelia produce arthroconidia, measur-
ing approximately 4 by 6 mm, which become aerosolized when
the soil is disturbed. When inhaled by a susceptible host, the
arthroconidia undergo a morphogenetic conversion into en-
dosporulating spherules. The spherules rupture at maturity,
releasing the endospores, each of which has the capacity to
develop into a mature, endosporulating spherule.

Approximately 100,000 cases of primary coccidioidal infec-
tions occur each year in the areas of the United States where
the disease is endemic (21, 40). Marked increases have oc-
curred during sporadic epidemics, such as the one that recently
occurred in California (36). The disease has protean manifes-
tations, which range from a primary, asymptomatic, or benign
pulmonary infection to a progressive pulmonary or extrapul-
monary disease involving the skin, bones and/or joints, central
nervous system, and other organ systems (21, 40). Cumulative
studies have documented that Asians and blacks are geneti-
cally predisposed to developing the disseminated form of the
disease (21, 35, 40). There is also an increased incidence in the
morbidity and mortality of the disease in immunocompromised
persons, for example in patients with acquired immunodefi-
ciency disease and those receiving cytotoxic therapy (10, 21,
40).

Recovery from primary asymptomatic or benign infection

with C. immitis confers lifelong immunity to exogenous rein-
fection. The acquired resistance strongly correlates with the
development of delayed-type hypersensitivity (DTH) skin test
response and the production of T-helper 1 (Th1)-associated
cytokines to coccidioidal antigens, such as gamma interferon
(IFN-g) and interleukin-2 (IL-2) (2, 8, 10). The immunizing
capacity of the fungus, together with the well-defined target
populations, document the feasibility of developing a vaccine
for use in regions endemic to C. immitis. Early investigations
established that formalin-killed spherules (FKS) were highly
effective in protecting mice against lethal challenge with C.
immitis arthroconidia (28, 31, 32). Clinical trials in humans,
however, established that the FKS vaccine was toxic, necessi-
tating that the dose be reduced to a level that was ineffective in
inducing immunity to the disease (38).

In an effort to identify the immunogenic component of C.
immitis, we extracted an alkali-soluble, water-soluble fraction,
designated C-ASWS, and showed that the extract protected
mice against lethal intraperitoneal and pulmonary challenge
with C. immitis (30) and elicited Th1 responses in experimen-
tally infected animals and patients with active coccidioidomy-
cosis (13, 16, 44). Antigenic analyses by crossed immunoelec-
trophoresis showed that C-ASWS is a large-molecular-weight
polysaccharide-protein complex containing a polymeric anti-
gen designated antigen 2 (Ag2) and the serodiagnostically im-
portant polysaccharide that reacts with the immunoglobulin M
(IgM) tube precipitin antibody to C. immitis (11, 12). Since we
were unable to purify Ag2 from the polysaccharide antigen, we
cloned the cDNA that encodes Ag2 from a spherule-derived
cDNA lambda expression library (48). The recombinant Ag2
protein was shown to elicit delayed-type footpad hypersensi-
tivity responses in mice immunized with killed spherules and to
detect IgG antibody in sera from coccidioidomycosis patients
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(46, 48). We undertook this investigation to evaluate and com-
pare the vaccine efficacy of the recombinant Ag2 protein and
Ag2 cDNA.

MATERIALS AND METHODS

Expression and purification of rAg2. Details of the procedure for the expres-
sion and purification of recombinant Ag2 (rAg2) have been published elsewhere
(48). Briefly, the 582-bp Ag2 cDNA fragment was isolated from C. immitis
Silveira (ATCC 28868) and inserted in frame into the EcoRI and XhoI sites of
the pGEX-4-T3 expression vector (Pharmacia Biotech, Piscataway, N.J.) down-
stream from the gene that encodes glutathione S-transferase (GST). The paren-
tal pGEX-4T-3 plasmid served as a control for the GST peptide alone. The Ag2
fusion protein and GST peptide control were expressed in Escherichia coli TG-1
cells and affinity purified by adsorption on glutathione-Sepharose 4B beads
(Pharmacia).

Construction and purification of pVR1012-Ag2 cDNA plasmid. The full-length
Ag2 cDNA was amplified from the pGEX4T-3 construct by PCR with oligonu-
cleotide primers that included the recognition sites for the restriction endonucle-
ases XbaI and BamHI. The Ag2 open reading frame was cloned into the eukary-
otic expression vector plasmid pVR1012, which was generously provided by
Vical, Inc. (San Diego, Calif.).

E. coli XL-Blue cells were transformed with the pVR1012-Ag2 construct or
the pVR1012 plasmid alone and then cultured at 37°C for 16 h in Luria broth
supplemented with kanamycin (50 mg/ml). Plasmid DNA was isolated by using an
EndoFree plasmid purification kit (Qiagen, Santa Clara, Calif.). DNA was re-
suspended in USP saline (Baxter Healthcare Corp., Deerfield, Ill.) and stored at
220°C until used.

Immunization. Five-week-old female BALB/c (H-22) mice were purchased
from Jackson Laboratory (Bar Harbor, Maine). The mice were maintained for at
least 1 week before use.

For the recombinant Ag2 vaccine, mice were immunized with 200 ml of Ag2-
GST (100 mg) or GST peptide alone (100 mg), each diluted in sterile, endotoxin-
free saline and admixed with an equal volume of Ribi adjuvant (RIBI Immuno-
Chem Research, Inc., Hamilton, Mont.). The first injection was given in RIBI
730 adjuvant containing MPL (monophosphoryl lipid A), synthetic trehalose
dicorynomycolate (TDM), and cell wall skeleton via an intramuscular route. The
second and third injections were given in RIBI 700 adjuvant (MPL plus TDM)
via the intramuscular (i.m.) and subcutaneous (s.c.) routes, respectively.

Genetic immunization was performed by injecting mice i.m. with 50 mg of
pVR1012-Ag2 or the pVR1012 plasmid alone (17, 34). Before each injection, the
mice were lightly anesthetized via inhalation of Metofane (Mallinckrodt Veter-
inary, Inc., Mundelein, Ill.). Injections were given in the tibialis anterior muscle
in a site which had been treated with Nair (Carter-Wallace, Inc., New York,
N.Y.) 1 day before administering the first injection. A total of three immuniza-
tions were given at weekly intervals in alternating sites on the left and right legs.

The FKS vaccine, prepared as reported previously (9, 39), was administered
over a 3-week period by the protocol reported by Levine et al. (32). The first two
injections were given i.m. in the left and right legs, and the third injection was
given s.c. in the nape of the neck. Each injection consisted of 0.7 mg of FKS
suspended in sterile physiologic saline, for a total of 2.1 mg per mouse.

Infection and assessment of disease severity. Arthroconidia were harvested
from 4- to 8-week-old mycelial-phase cultures of C. immitis Silveira or CC, a
recent isolate from a patient with disseminated coccidioidomycosis. The arthro-
conidial suspensions were passed over a nylon column to remove hyphal ele-
ments, and the cells were enumerated by hemacytometer counts. Mice were
infected by an intraperitoneal (i.p.) injection with 2,500 arthroconidia suspended
in 0.5 ml of pyrogen-free saline or by intranasal (i.n.) instillation of 50 arthro-
conidia in 30 ml of saline. The viability of the inocula was confirmed by plate
counts on 1% glucose–2% yeast extract agar.

Vaccine efficacy was evaluated by determining the number of C. immitis CFU
in the lungs, livers, and spleens at 10 to 12 days postinfection and by monitoring
survival over a 30- to 35-day period as described previously (14, 33).

Footpad hypersensitivity tests. Delayed-type footpad hypersensitivity was
evaluated by testing mice in the footpad with C-ASWS (100 mg [dry weight])
prepared from spherule-phase cells of C. immitis Silveira. In brief, mice were
injected in the right or left hind footpads with either 50 ml of spherule-phase
C-ASWS diluted in nonpyrogenic saline or saline alone. Footpad thickness was
measured with a dual caliper (Mitutoyo, Tokyo, Japan), and the results were
calculated as the difference in footpad thickness of antigen- and saline-injected
pads at 18 to 24 h minus the difference in footpad thickness of antigen- and
saline-injected pads before challenge (14).

Cytokine induction and analyses. Spleens were harvested, gently teased to
obtain a single-cell suspension, suspended in cold Hank’s balanced salt solution,
and treated with isotonic ammonium chloride to lyse the erythrocytes. The
splenocytes were washed by centrifugation, resuspended in Dulbecco’s minimal
essential medium (GIBCO, Grand Island, N.Y.) containing 10% fetal bovine
serum, and dispensed to wells on a microtiter plate at a concentration of 2 3 106

mononuclear cells per well. The cultures were stimulated with gradient doses of
C-ASWS, 2 mg of concanavalin A (ConA; Sigma Chemical Co., St. Louis, Mo.),
or medium alone. After a 48-h incubation at 37°C under 5% CO2, supernatants

were collected for assays of IFN-g and IL-4 with reagents available from PharM-
ingen (San Diego, Calif.).

IFN-g protein was assayed by a two-site sandwich enzyme-linked immunosor-
bent assay (ELISA) with affinity-purified rat IgG1 anti-mouse IFN-g monoclonal
antibody from clones R4-6A2 and XMG1.2. In brief, supernatants from stimu-
lated spleen cells were added to wells precoated with anti-IFN-g antibody (clone
R4-6A2; 100 ng). After overnight incubation at 4°C, nonreactive sites were
blocked by washing the wells with PBS containing 3% bovine serum albumin.
Biotinylated rat anti-mouse IFN-g monoclonal antibody (clone XMG1.2; 1 mg/
ml) was added and, after a 1-h incubation at room temperature, the plates were
washed and further incubated with horseradish peroxidase-conjugated strepta-
vidin for 30 min. The reactions were visualized by the addition of the substrate,
2,29-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) with hydrogen peroxide for
30 min, and the A410 values were read. Recombinant mouse IFN-g (PharMin-
gen) was used to establish a standard curve.

The ELISA for IL-4 was performed as described above except that rat anti-
mouse IL-4 (clone 11B11) was used to capture IL-4 and biotinylated rat anti-
mouse IL-4 (clone BVD6-24G2) was used to detect captured IL-4. The standard
curve was prepared with recombinant murine IL-4.

Statistical analyses. Differences in the mean responses of the groups were
analyzed by the Wilcoxin rank sums test. Differences in the survival of mice
postinfection were analyzed by using the Kaplan-Meier procedure. Probability
values of ,0.05 were considered significant.

RESULTS

Vaccine efficacy of recombinant Ag2 protein. Figure 1 de-
picts the fungus load in tissues from Ag2-GST-immunized and
GST-immunized BALB/c mice (15 animals/group) 12 days af-
ter i.p. challenge with 250 arthroconidia. Mice immunized with

FIG. 1. Vaccine efficacy of the recombinant Ag2 protein in BALB/c mice
challenged by an i.p. route with 250 arthroconidia. Results are expressed as the
number of CFU (mean 6 standard error) in tissues at day 12 postinfection (A)
and the mortality in mice at days 1 through 30 postinfection (B). The results in
panel A are representative of those obtained in three separate experiments with
groups of 13 or more mice immunized with the Ag2-GST protein or GST alone.
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Ag2-GST showed a significant reduction in the number of
CFU recovered from their livers and spleens compared to the
control group (P , 0.002 and P , 0.025, respectively) (Fig.
1A). The fungus burden was also reduced in the lungs of
Ag2-GST-immunized mice, but not to a significant level when
compared to GST-immunized mice (P . 0.05). To determine
if the Ag2-GST vaccine would reduce the mortality of the
disease, BALB/c mice (15 animals/group) were immunized
with Ag2-GST or GST alone and then monitored for a period
of 30 days after i.p. challenge with 250 arthroconidia. No dif-
ferences were observed in the survival rates of the two groups
of mice (Fig. 1B).

Induction of immune response in mice immunized with the
recombinant Ag2 protein. Resistance to C. immitis correlates
strongly with DTH to coccidioidal antigens (2, 10, 21, 40). To
determine if immunization with the Ag2-GST vaccine induces
a DTH response to native Ag2, mice were immunized with
Ag2-GST or GST alone and then footpad tested with C-ASWS
2 weeks after the third immunization. The Ag2-GST-immu-
nized group showed a mean footpad response of (7.60 6 1.9)
3 1022 mm, which was not statistically significant when com-
pared to the footpad response of mice immunized with GST
alone ([5.76 6 1.7] 3 1022 mm). Nor were differences detected
in the Ag2-GST mice and GST controls when footpad tests
were performed with the recombinant fusion protein (data not
shown).

Vaccine efficacy of Ag2 cDNA. On the basis of the low level
of protection obtained with the recombinant protein and the
lack of induction of delayed-type footpad hypersensitivity im-
mune response in Ag2-GST-vaccinated mice, we reasoned that
the E. coli-expressed recombinant protein may lack a post-
translational modification(s) required for the induction of pro-
tective immunity. Since genetic immunization would lead to
the production of the native antigen (29, 42), we redirected our
studies towards examining the protective effects of the cloned
Ag2 cDNA. Mice were given three weekly i.m. immunizations
of the pVR1012-Ag2 plasmid or the pVR1012 plasmid alone
and then challenged 2 weeks later with 2,500 arthroconidia via
an i.p. route. As shown in Fig. 2A, recipients of the gene
vaccine showed significant decreases in the numbers of C.
immitis CFU in the lungs (P , 0.0001), livers (P , 0.0001), and
spleens (P , 0.0001) compared to mice given the pVR1012
plasmid alone. Genetic immunization also effected an increase
in the survival rate (Fig. 2B). Whereas only 1 (9%) of 11 mice
given the plasmid alone survived a 40-day period postinfection,
all 11 of the pVR1012-Ag2 vaccinated group survived this time
period (P , 0.001). The foregoing experiment established that
the gene vaccine effected a reduction in the fungal load in
tissues and increased the survival of mice challenged with a
10-fold greater dose of arthroconidia than that used in mice
immunized with recombinant Ag2.

Pulmonary challenge is the natural route of infection with C.
immitis, and investigators have documented that pulmonary
infection is a more rigorous route of challenge with this fungal
pathogen (32). Experiments were conducted, therefore, to as-
sess the capacity of the gene vaccine to protect mice against
pulmonary challenge. Since FKS are considered to be the
“gold standard” for vaccinating mice against C. immitis (37),
the efficacy of the Ag2 gene vaccine was compared with that of
FKS. The results are shown in Fig. 3. The FKS vaccine effected
a significant reduction in the number of CFU units recovered
from the lungs (P , 0.001), livers (P , 0.0001), and spleens
(P , 0.0001) of immunized mice compared to the control mice.
Genetic immunization with pVR1012-Ag2 effected a reduction
in the dissemination of the fungus to the livers (P , 0.003) and
spleens (P , 0.015) of mice, but did not reduce the fungus load

in the lungs. To determine if mice vaccinated with the Ag2
gene vaccine were able to survive pulmonary challenge, mice
were vaccinated with pVR1012-Ag2 or pVR1012 alone and
monitored for survival over a 30-day period. Two (22%) of
nine mice vaccinated with the pVR1012-Ag2 vaccine survived,
compared to none of the nine mice vaccinated with the vector
alone (P . 0.05). These results are in agreement with the
finding that the gene vaccine did not effect a reduction in the
fungal load in the lungs; that is, we have consistently observed
a direct correlation between increased survival and ability to
control the fungal disease at the lung level.

Induction of immune response in Ag2 gene-vaccinated mice.
The preceding results established the Ag2 gene vaccine ef-
fected a significant decrease in the number of CFU in the livers
and spleens of mice challenged via the pulmonary route. To
determine if protection was accompanied by the induction of a
delayed-type footpad hypersensitivity response to native Ag2,
the mice were footpad tested with C-ASWS 2 weeks after the
third immunization. The results, shown in Fig. 4, established
that the footpad responses of mice vaccinated with the pVR1012-
Ag2 construct were significantly increased compared to mice
immunized with the vector alone (P , 0.001).

FIG. 2. Vaccine efficacy of the pVR1012-Ag2 construct in BALB/c mice
challenged by an i.p. route with 2,500 arthroconidia, as measured by CFU in
tissues from groups of 20 mice immunized with pVR1012-Ag2 or pVR1012 alone
(A) and mortality at days 1 through 40 postinfection in groups of 11 mice
immunized with the Ag2 gene or the pVR1012 plasmid alone (B). The results
shown in panel A are representative of those obtained in three separate exper-
iments.
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As another measure of the induction of a Th1 response,
spleen cells were collected 12 days after i.n. challenge of mice
immunized with the pVR1012-Ag2 construct, pVR1012 alone,
or FKS, and the cells were stimulated in vitro with C-ASWS or
the mitogen ConA. At 48 h after incubation, the supernatants
were assayed for IFN-g and IL-4 by ELISA. Spleen cells from
the pVR1012-Ag2-immunized mice secreted a mean level of
320 pg of IFN-g/ml in response to 100 mg of C-ASWS (Table
1). This level was markedly increased compared to the 15 pg of
IFN-g production by splenocytes from vector control mice.
Spleen cells from FKS-immunized mice secreted even higher
levels of IFN-g in response to C-ASWS, with a mean level of
1,000 pg/ml. It is also noted that splenocytes from the FKS-
immunized mice produced higher levels of IFN-g in response
to stimulation with ConA. In contrast to the induction of the
Th1-associated IFN-g response, mice vaccinated with pVR1012-
Ag2 or FKS did not secrete the Th2-cytokine IL-4 in response
to C-ASWS. When assayed for production of IL-4 in response
to ConA, spleen cells from mice vaccinated with the vector
alone secreted 260 pg/ml, whereas ConA-stimulated spleen
cells from pVR1012-Ag2 or FKS secreted 170 pg/ml or less.

DISCUSSION

This investigation established that genetic immunization
with the Ag2 gene protects the highly susceptible BALB/c
mouse strain against i.p. or pulmonary challenge with C. im-
mitis. The protective effects of the gene vaccine correlated with
the acquisition of a delayed-type footpad hypersensitivity re-
sponse and the production of IFN-g. In contrast to the efficacy
of the Ag2 gene vaccine, vaccination of mice with recombinant
Ag2 protein induced a low level of protection and failed to
induce DTH.

The direct correlation between the level of protection and
the induction of Th1 responses to the Ag2 gene vaccine is
concordant with the protective effects of cell-mediated im-
mune responses in coccidioidomycosis (3–5, 14, 15, 33). Using
the murine model, Beaman et al. (5) showed that resistance to
C. immitis could be adoptively transferred to syngeneic mice by
using splenic T cells but not B cells or serum from FKS-
immunized mice. These investigators further showed that FKS-
immune spleen cells secreted IFN-g which activated macro-
phages in vitro to an anticoccidioidal state (3, 4). An in vivo
role for IFN-g in host defense against C. immitis was recently

established by Magee and Cox (33). A comparison of IFN-g
production in the highly susceptible BALB/c mice and DBA/2
mice, which are relatively resistant to C. immitis (15), showed
that IFN-g production was decreased in the susceptible mouse
strain (33). Treatment of the susceptible mouse strain with
recombinant murine IFN-g ameliorated the course of the dis-
ease (33) and led to an increased state of macrophage anticoc-
cidioidal activity (15). Conversely, treatment of the resistant
DBA/2 mouse strain with a neutralizing anti-mouse IFN-g
potentiated the severity of the disease (33). These collective
results and those obtained in this investigation suggest that
measurement of IFN-g production might serve as a surrogate
marker of vaccine efficacy.

The recombinant Ag2 vaccine showed a reduced efficacy in
protecting mice, compared with the Ag2 gene vaccine, and was
ineffective in inducing a detectable footpad hypersensitivity
response. These differences could be attributable to differences
in the processing and presentation of the recombinant and
gene vaccines. The recombinant protein was expressed in E.
coli cells and thus would not have posttranslational modifica-
tions that may be present on native Ag2. We have previously
reported that the deduced amino acid sequence of the Ag2
gene suggested that the native antigen has conformational
structure, possibly attributable to glycosylation, disulfide bond-
ing, and other putative posttranslational modifications (49).

FIG. 3. Vaccine efficacy of the pVR1012-Ag2 construct in BALB/c mice
challenged with 50 arthroconidia via the pulmonary route, as assessed by mea-
suring the fungal CFU in tissues. Results depict mean 6 the standard error
obtained in one of two experiment with groups of 9 to 10 mice.

FIG. 4. Footpad hypersensitivity response of mice immunized with the
pVR1012-Ag2 construct or the pVR1012 plasmid alone. Results depict mean 6
the standard error obtained in groups of 19 mice footpad tested with C-ASWS
(10 mg) 12 days after the third immunization. The results are representative of
those obtained in two separate experiments.

TABLE 1. Production of IFN-g and IL-4 by in vitro-stimulated
spleens cells from immunized micea

Stimulant

IFN-g and IL-4 production (pg/ml) in vaccine group:

pVR1012 pVR1012-Ag2 FKS

IFN-g IL-4 IFN-g IL-4 IFN-g IL-4

Medium ,15b ,15 ,15 ,15 ,15 ,15
ConA (2 mg) 1,500 260 1,700 140 4,500 170
C-ASWS (100 mg) 15 ,15 320 ,15 1,000 ,15

a Depicts quantity of IFN-g and IL-4 in supernatants from splenocytes ob-
tained from groups of 10 BALB/c mice 12 days after vaccination with pVR1012,
pVR1012-Ag2, or FKS.

b Denotes lower limits of assay sensitivity.
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Consistent with these predictions, earlier reports have shown
that C-ASWS and other Ag2-enriched extracts contain 3-O-
methylmannose residues (6, 9). While glycosyl residues have
not been shown to bind major histocompatibility complex
(MHC) molecules, they can impart conformational structure
that is requisite to the binding of the peptide epitope to MHC
molecules (22, 23, 24). Future studies are needed to define the
structural composition of the native Ag2 and the in vivo-ex-
pressed Ag2 gene product.

Although the Ag2 gene vaccine was significantly more pro-
tective than the recombinant Ag2 protein, it was not as effec-
tive as the FKS vaccine. There are several possible explana-
tions that could account for these results. One is that the FKS
vaccine contains other immunogen(s), in addition to Ag2,
which induce protective immunity. This interpretation is con-
sistent with the multiplicity of T-cell-reactive antigens that
have been isolated from C. immitis (7, 20, 26, 41, 44, 45).
Another explanation would be that the FKS have an adjuvant-
like effect, inducing nonspecific responses which may enhance
the development of the antigen-specific response. This possi-
bility is supported by studies showing that FKS activate normal
macrophages (from nonimmune mice and healthy, skin test-
negative persons) to secrete the proinflammatory cytokines
tumor necrosis factor alpha, IL-1, and IL-6 (1, 8, 19, 39). These
cytokines could, in turn, accelerate the influx of antigen pro-
cessing cells, T cells, and other immune effector cells. Alter-
natively, the reduced protective effect of the Ag2 gene vaccine
could be attributable to a problem of gene delivery. While the
pVR1012 vector has been used for gene delivery in other
diseases, we do not know if it is an effective vector system for
vaccination against pulmonary challenge. Studies are needed,
therefore, to evaluate the efficacy of other plasmid DNA ex-
pression vectors which would target the Ag2 gene to the lungs.

Although several T-cell-reactive antigens have been isolated
from C. immitis, only four have been evaluated as potential
vaccines. Pappagianas et al. (37) reported that extraction of
spherule cell walls with PBS (containing 2% chloroform as
preservative) yielded a wall fraction that protected mice
against pulmonary challenge when administered in alum adju-
vant. Zimmermann et al. (50) recently isolated a 27-kDa sub-
cellular fraction from mechanically disrupted spherules which
induced protection against pulmonary challenge when given in
alum adjuvant. The subcellular fraction was heterogeneous, as
evidenced by the multiple bands on immunoblots and sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. Kirkland et
al. (26) cloned a gene that encodes a 48-kDa T-cell-reactive
cytoplasmic protein which afforded a modest but significant
level of protection against i.p. challenge. More recently, Kirk-
land and coworkers (25) reported that a recombinant proline-
rich antigen (PRA), expressed as a pET fusion protein in E.
coli, protected BALB/c mice against i.p. challenge with 50
arthroconidia when administered with complete Freund adju-
vant. The investigators did not evaluate the protective effect, if
any, of the vaccine against pulmonary challenge. However,
given that the gene that encodes the PRA (20) is identical to
that which we reported for Ag2 (48, 49), it seems improbable
that the E. coli-expressed recombinant PRA protein engenders
protection against pulmonary challenge.

DNA vaccination represents a novel strategy for efficient
generation of CD41 Th1 cells, CD81 cytotoxic T cells, and
humoral immune responses (17, 42). Cumulative studies have
shown that gene vaccination has been applied successfully in
experimental models of viral, bacterial, and protozoan infec-
tions (17, 18, 29, 34, 43, 47). To our knowledge, this is the first
study to show that genetic vaccination with a C. immitis gene
will induce protective immunity against challenge with this

fungus. The results are extremely encouraging and offer real
promise that Ag2 cDNA, alone or in combination with DNA
fragments encoding Th1-associated cytokines or other C. im-
mitis antigens, could be an effective vaccine against coccidioid-
omycosis.
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