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A 33-kDa protein antigen purified from spherules of Coccidioides immitis was analyzed for ultrastructural
localization and for binding to serum antibodies from infected or immunized humans. By using colloidal gold
detection of affinity-purified anti-33-kDa protein antibodies, electron photomicrographs showed binding to the
inner cell wall of arthroconidia and spherules and to the septa and glycocalyx surrounding endospores. Enzyme
immunoassay measurements also demonstrated that the antigen was most abundant in mature spherules. Of37
patients with coccidioidomycosis but without concurrent human immunodeficiency virus infections, all but 2
demonstrated immunoglobulin M (IgM) (usually with early infection) or IgG antibodies for the 33-kDa antigen.
In contrast, only one of four HIV-infected patients with active coccidioidal infections demonstrated antibody.
On the other hand, 107 of 108 patients without evident coccidioidomycosis and 15 of 16 patients with
histoplasmosis did not have similar antibodies, indicating a high degree of specificity. Immunization of humans
with a spherule vaccine produced IgM responses to this antigen that were not evident in placebo recipients.

The immune responses resulting from infection with Coc-
cidioides immitis are diagnostically useful and critical to
resolution of illness. Tests for serum antibodies and delayed-
type dermal hypersensitivity with extracts of C. immitis
have been in clinical use for more than 40 years (35).
Moreover, a variety of observations have indicated the
importance of T-cell immunity in controlling both experi-
mental animal infections and naturally acquired human dis-
ease (2, 3, 19). These considerations have focused attention
on defining the nature of the specific antigens against which
the immune response is directed (7-9, 11-15, 24, 30, 31, 42,
43).
We have recently purified a 33-kDa protein from spherules

of C. immitis (17). By immunoblotting, this protein was
found to react with antibodies from several patients with
coccidioidal infections, yet other evidence indicated that it
was distinct from the specific antigens used in conventional
complement fixation, tube precipitin, and immunodiffusion
procedures. Additionally, this protein stimulated peripheral
blood lymphocytes from patients with delayed-type dermal
hypersensitivity to coccidioidal antigens. We have used an
immunoelectron microscopy and an enzyme-linked immuno-
sorbent assay (ELISA) to determine the ultrastructural
location and concentration of the 33-kDa antigen in various
phases of coccidioidal growth. ELISA was also used to
measure the concentration of anti-33-kDa antigen antibodies
in the serum of patients after naturally acquired infection and
in human subjects who had received a killed-spherule vac-

cine. As detailed in this report, the 33-kDa antigen appears
to be a cell wall constituent, against which specific serum
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antibodies are frequently detected after coccidioidal infec-
tion and with which human immunity may be stimulated.

MATERUILS AND METHODS
Fungal isolates. C. immitis strain Silveira (also known as

strain 659), originally isolated from a patient with extratho-
racic dissemination, was used for all studies.

Sources of sera. Human sera were obtained from several
sources. Patients with active coccidioidomycosis were cared
for at the Tucson Veterans Affairs Medical Center between
1980 and 1986. Information regarding the patients' clinical
status was taken from hospital and personal records by one
of the authors (J.N.G.). None of these patients are known to
be infected with human immunodeficiency virus (HIV).
Infection was classified as early if the serum sample was
obtained after no more than several weeks of respiratory
symptoms in conjunction with serologic or cultural evidence
of C. immitis infection. Infections were classified as progres-
sive if C. immitis was isolated from an extrathoracic site or
from a pulmonary source and illness had been present for
more than 6 months. Sera were obtained from additional
patients as part of a prospective study of coccidioidomycosis
in HIV-infected patients (la, lb). Control sera were avail-
able from patients who were hospitalized in 1991 at the
Veterans Affairs Medical Center in Tucson for reasons
unrelated to coccidioidal infection and who had no evidence
of recent or active coccidioidomycosis.
Serum samples from patients living in regions where

histoplasmosis is endemic were kindly provided by James
Johnson (Veterans Affairs Serology Reference Laboratory,
Lexington, Ky.). Complement-fixing antibodies to Histo-
plasma capsulatum yeast phase antigens (measured in Dr.
Johnson's laboratory [23]) were detected at concentrations
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of 1:128 in four samples, 1:32 in three samples, 1:16 in one
sample, and 1:8 in three samples and were undetectable in
five samples. Samples were received coded, and the coccid-
ioidal serologic studies were performed without knowledge
of the samples' reactivity to histoplasmal antigens.
Serum samples were also obtained from healthy subjects

participating in the Valley Fever Vaccine Project (39).
Subjects between 18 and 60 years of age, in good health, and
with no known prior coccidioidal infection were recruited
between October 1980 and September 1984. They were
included in the project only if dermal delayed hypersensitiv-
ity to both coccidioidin and spherulin was absent when each
was applied at the usual and concentrated strengths. Sub-
jects meeting the enrollment criteria were randomized to
receive either placebo or 1.75 mg of a Formalin-killed
particulate spherule vaccine (prepared from strain Silveira of
C. immitis) on the day of the first serum sample collection
and then repeated 1 and 7 weeks later. Discomfort was
assessed after each injection by a subjective 10-point scale (0
indicating no discomfort and 9 indicating severe discomfort).
One to three weeks after the third injection, a second serum
sample was obtained from each subject, and skin tests were
repeated. For the studies reported here, serum pairs were
selected and assayed before the results were correlated with
injection type.

All serum samples were stored at -70°C until testing was
done.

Antigen purification. Purified 33-kDa antigen was prepared
as described previously (17). Briefly, a toluene-induced
spherule lysate was prepared from first-generation, 96-h
spherules grown in liquid Converse medium (20), and the
lyophilized extract was deglycosylated with anhydrous HF
in a closed system under an approved fume hood (33).
Chemical deglycosylation with anhydrous hydrogen fluoride
cleaves all the linkages of neutral and acidic sugars while
leaving peptide bonds intact (28, 37). However, N-linked
glycopeptide bonds are not broken, and therefore a small
number of sugar residues are likely to remain attached to the
polypeptide. The resulting supernatant was dialyzed in phos-
phate-buffered saline (PBS) (pH 7.2), concentrated, and
fractionated on a Sephacryl S-200 HR column (Pharmacia,
Piscataway, N.J.). Fractions that reacted with anti-33-kDa
antigen rabbit antibodies by dot blot were pooled and
demonstrated a single band in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and silver stains (17).

Purification of antiapoglycoprotein antibodies and immuno-
electron microscopy. An affinity column was prepared with
chromatographically purified apoglycoprotein by a slight
modification of a previously described method (18). Briefly,
75 ,ug of protein was mixed with an equal weight of N-hy-
droxysuccinimido-biotin (Sigma) in 0.1 M NaHCO3 for 3 to
4 h at room temperature. Unreacted N-hydroxysuccinimido-
biotin was removed by dialysis, and the biotinylated protein
was mixed with excess agarose avidin D (Vector Laborato-
ries, Burlingame, Calif.) with rocking for 3 h. The agarose
was placed in a 10-ml column and washed extensively with
PBS to remove unbound protein. Immune or nonimmune
human serum was circulated over the column for 30 to 60
min to obtain human affinity-purified antibody. Bound anti-
body was eluted from the column with 3 M MgCl2, desalted,
and concentrated by ultrafiltration. Affinity-purified antibod-
ies demonstrated specific binding to the 33-kDa antigen by
immunoblot techniques, performed as described previously
(17).
The following developmental stages of C. immitis were

studied: arthroconidia harvested after 6 to 8 weeks of growth

on GYE agar at 28°C; mycelia removed after 24, 48, or 72 h
of growth in GYE liquid medium at 28°C; first-generation
spherules recovered from Converse agar medium after 24,
48, 72, 96, and 144 h of growth at 40°C; and endospores
released from 144-h first-generation spherules after medium
replenishment. Methods for fixing, embedding, and section-
ing fungal preparations have been described elsewhere (40).
Staining and immunoelectron microscopy were done as
described by Coalson et al. (5), except that the primary
(human affinity-purified anti-33-kDa antigen) antibody was
diluted 1:50 in Tris buffer, pH 8.2, containing 1% ovalbumin,
and 10-nm colloidal gold particles conjugated to goat anti-
human immunoglobulin antibody (Amersham) were used.
The density of colloidal gold particles bound to various

fungal preparations was determined by enumeration of par-
ticles and measurement of cell wall and whole-cell areas. For
each fungal growth preparation, six contiguous images were
analyzed.
Measurement of human anti-33-kDa antigen antibodies in

patients' sera. Microtiter wells were coated with 200 ,ul of
purified 33-kDa antigen (50 ng/ml). Serum samples from
infected or uninfected patients were serially diluted with
PBS containing 0.05% Tween from 1:80 in twofold steps and
added to precoated, washed wells, and the plates were
incubated at 37°C for 1 h. Horseradish peroxidase-linked
goat anti-human immunoglobulin G (IgG) or IgM (Sigma, St.
Louis, Mo.) was added to each well and further incubated
for 1 h. After the plates were washed, bound enzyme-linked
second antibody was allowed to react with substrate and
o-phenylenediamine dihydrochloride as an indicator for
measurement of the A490. Wells which received no serum
produced an optical density of less than 0.05, and results
were expressed as the highest serum dilution that produced
an optical density of greater than 0.1. To allow comparison
of results from several different days' studies, a reference
serum of known titer was included in all studies, and the
endpoint result for this serum was always within twofold.

Detection of 33-kDa antigen in fungal extracts. Various
soluble extracts of C. immitis were assayed for the presence
of the 33-kDa antigen. Toluene-induced lysates of 24-, 48-,
and 96-h growths of developing spherules were prepared as
described previously (20). Spherulin (25) was the generous
gift of Tom Greene (Berkeley Biologicals, Berkeley, Calif.).
Filtrates of spent medium from mycelial growth and toluene-
induced lysates of mycelia were prepared as described
previously (29, 35). Both were found to possess complement
fixing-type and tube precipitin-type antigens by standard
agar double-diffusion techniques (22, 38).
Antigen was measured by an inhibition ELISA modified

from previously described methods (21, 36). Microtiter
plates were prepared as described above. Coccidioidal ex-
tracts or various concentrations of the purified 33-kDa
antigen in phosphate buffer for constructing standard curves
were combined in equal parts with rabbit anti-33-kDa antigen
antiserum (1:500 dilution), and the mixture was added in
triplicate to microtiter plates for 1 h. After being washed, the
wells received enzyme-conjugated goat anti-rabbit immuno-
globulin antibodies, and binding was detected as described
above. Standard curves demonstrated antigen detection at
concentrations as low as 0.1 ng of protein per ml.

RESULTS

Differential expression of antigen in different phases of
fungal development. Colloidal gold particles conjugated to
anti-human IgG or IgM antibodies detected significant dif-
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FIG. 1. Colloidal immunogold particles bound to the 33-kDa antigen in mycelial preparations. (A) Arthroconidium, with binding evident
to the inner conidial wall; (B) 48-h growth of mycelia, in which binding of colloidal gold is relatively sparse. Bar, 1 ,um.

ferences in the binding of human affinity-purified anti-33-kDa
antigen antibodies within the fungal cells and at different
stages of coccidioidal growth. Colloidal gold was evident in
the inner conidial wall of arthroconidia (Fig. 1A), whereas
virtually no binding was observed to either the hyphal outer

wall layer (HOWL) that surrounds the inner conidial wall or
within the cytoplasm. In preparations in which arthroconidia
had germinated and mycelial growth had proceeded for 24,
48 (Fig. 1B), or 72 h, the amount of 33-kDa antigen appeared
to be considerably reduced. On the other hand, spherules
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that had developed from arthroconidia in Converse medium
demonstrated progressively more 33-kDa antigen within
their cell walls and internal septa (Fig. 2A and B). As the
spherules matured, binding became evident on the periphery
of the cell wall. In endospore preparations (Fig. 2C), antigen
appeared to be freely exposed on the wall surface and the
interconnecting glycocalyx, which dispersed into the sur-
rounding milieu.

Quantitation of gold particles at the various stages of
development corroborated the visual impressions (Fig. 3).
The density of colloidal immunogold particles was lowest in
young (48-h) mycelia and increased with maturation to
arthroconidia. Similarly, particle density increased with
spherule maturation. These differences are attributable in
part to the proportion of the cell constituted by cell wall,
which also increased with maturation in both phases. How-
ever, since the densities in cell wall areas were much higher
than in whole-cell areas, the concentration of the antigen in
the cell wall actually increased as well. Binding of immu-
nogold was specific for the 33-kDa antigen, since substituting
nonimmune serum produced 97.3% less binding for all
phases of growth combined.

Quantitation of the 33-kDa antigen in different soluble
preparations by ELISA also showed differences in the
amount of antigen related to the phase of growth (Table 1).
Antigen was detected in toluene-induced lysates of 24-, 48-,
and 96-h growths of first-generation spherules, and antigen
concentration increased with maturation. In contrast, two
mycelium-derived preparations and spherulin demonstrated
very low or absent concentrations of the 33-kDa antigen.
Humoral antibody concentrations in patients with and other

persons without coccidioidal infections. Anti-33-kDa antigen
antibodies were measured by ELISA in serum samples from
11 patients with early coccidioidal infections (Table 2). All
had tube precipitin-type serum antibodies, as determined by
the double immunodiffusion technique (22). In addition,
titers of complement fixing-type antibodies ranged from
undetectable to 1:16, and C. immitis was recovered in
cultures from three patients. All but one patient had either an
anti-33-kDa antigen IgM antibody titer greater than 1:160 or
an IgG titer greater than 1:80 by ELISA. The IgM titer was
as high as 1:20,480 in one patient who died of fulminant
coccidioidal pneumonia. The single patient without elevated
IgM or IgG anti-33-kDa antigen antibodies had pleuritic pain,
cough, and fever of several days' duration. Radiographs of
his chest, however, showed nothing remarkable, and illness
resolved without specific antifungal therapy.
Anti-33-kDa antigen antibody titers were also determined

for serum samples from 26 patients with progressive coccid-
ioidomycosis who had conventional complement-fixing-type
serum antibody titers ranging from undetectable to 1:2,048.
Anti-33-kDa antigen IgG antibody titers generally were
above 1:320, and some were greater than 1:81,920. A signif-
icant relationship was found between the concentration of
complement-fixing and anti-33-kDa antigen IgG antibodies
(P < 0.001, paired t test; Fig. 4). However, the relationship
is very loose (r = 0.541, Pearson correlation). The one
patient with a low IgG titer also had an IgM titer of 1:160.
The serum from this patient had been obtained after intra-
venous amphotericin B therapy for a chronic pulmonary
infection and during an interval in which the infection
appeared to be inactive.
Serum samples from four HIV-infected patients (all with

AIDS) with pulmonary coccidioidal infection detected dur-
ing prospective surveillance were available for testing (Table
2). Three patients had unilateral infiltrates, and one had

bilateral reticular infiltrates. ELISA-detectable anti-33-kDa
antigen antibodies were found in only one of these patients.
This patient had a nodule identified on chest radiographs 9
months previously, and complement-fixing-type antibodies
had been detected 6 months previously. Of the remaining
three patients without ELISA-detectable anti-33-kDa anti-
gen antibodies, two had detectable coccidioidal antibodies
by conventional tests.
To define nonspecific activity, serum antibodies to the

33-kDa antigen were measured in serum samples from 108
persons without evidence of coccidioidal infection. Over
95% of the samples from these subjects had anti-33-kDa
antigen IgM titers of <1:160 and IgG titers of .1:80 (Table
2). In this survey, one healthy subject had an IgG titer of
1:1,280. This 29-year-old male had been born in New York
and had lived in regions where coccidioidomycosis was
endemic for 6 years. At the time that the serum sample was
obtained, he was nonreactive to all coccidioidal skin tests.
Serum samples obtained four times over the next 2 years
demonstrated similar IgG anti-33-kDa antigen antibodies.
However, the tests were uniformly nonreactive for conven-
tional tube precipitin-type and complement fixing-type anti-
bodies in the same samples.
Of 16 serum samples from subjects residing in regions

where histoplasmosis is endemic, IgM titers were <1:80 in
15 and 1:160 in 1, and IgG titers were .1:80 in 15 and 1:1,280
in 1. The subject with elevated anti-33-kDa antigen IgG had
an antibody titer against Histoplasma capsulatum yeast
phase antigens of only 1:8.
Humoral response to particulate spherule vaccine. Paired

serum samples from placebo recipients (16 subjects) and
spherule vaccine recipients (20 subjects) were tested for IgM
and IgG anti-33-kDa antigen antibodies (Table 3) by ELISA.
Placebo recipients showed no change in antibodies of either
isotype. However, 12 of the vaccine recipients showed a
change. The differences in the IgM responses of placebo and
vaccine recipients were highly significant (P < 0.003, Mann-
Whitney U test). Comparing vaccine and placebo recipients
for the proportion of subjects manifesting a fourfold or
greater rise in titer, a significant difference is again apparent
(P < 0.03, Fisher's exact test). IgM responses occurred in
five of seven male subjects and 6 of 13 female subjects (P <
0.37, Fisher's exact test).

Seroconversion appeared to be unrelated to either discom-
fort from vaccine injections or the appearance of delayed-
type dermal hypersensitivity after receipt of the spherule
vaccine. For example, four subjects reported subjective
discomfort of 7 or 8 on our 10-point scale; two of these
subjects had no change in their IgM anti-33-kDa antigen
antibody concentration. Of nine subjects with a discomfort
score of 3 or less, IgM concentrations changed 2-fold in four,
4-fold in one, and 32-fold in one. Similarly, of nine subjects
who developed dermal hypersensitivity after vaccination,
four had no change in their IgM concentration. The subject
who developed a 32-fold rise in IgM also developed dermal
hypersensitivity to high-strength coccidioidin. On the other
hand, the subject who developed a 32-fold rise in IgG
remained nonreactive to all four coccidioidal skin tests.

DISCUSSION

In this study, electron microscopy used immunogold to
locate affinity-purified antibody binding predominantly to the
cell wall. As in a previous report, which described studies
with a different strain of C. immitis (17), the affinity-purified
antibodies appeared to be specific for the 33-kDa antigen,
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FIG. 2. Colloidal immunogold particles bound to the 33-kDa antigen in spherule preparations. (A) Developing spherule after 72 h,
demonstrating moderate immunogold particle binding to the inner portions of the wall; (B) segmented spherule after 144 h of growth, with
considerable binding to the inner wall and septa and also some binding evident on the periphery of the wall as well; (C) endospores and
interconnecting glycocalyx (arrows), with immunogold particles bound to the wall and dispersing into the medium. Bar, 1 ,um.
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FIG. 3. Density of colloidal immunogold particles bound to
33-kDa protein in different phases of growth of C. immitis. Cross-
hatched bars indicate density within cell walls; solid bars indicate
density within the entire cell. Numbers in parentheses indicate the
proportion of surface area that was cell wall. Asterisks are placed
between cell wall density results that are significantly different (P <
0.05, Mann-Whitney U test). Arth, arthroconidia. Binding of immu-
nogold with nonimmune serum reduced binding by 97.3% for all
phases of growth combined.

and therefore binding of the immunogold most probably
indicates the location of this protein. Furthermore, findings
in the current report extend our earlier observations by
demonstrating phase specificity. The amount of immunogold
binding was scant in young mycelia, greater in arthroconidia,
and densest in spherules and endospores. Within arthro-
conidia, the antigen appears to be a constituent of the inner
conidial wall which is interior to the HOWL. Mechanically
removing the HOWL (also termed the outer conidial wall
[10]) has resulted in enhanced phagocytosis and antibody-
dependent killing by human neutrophils (16). Just as these
observations suggest that the HOWL is an impediment to
host defenses, it is also conceivable that the 33-kDa antigen
is inaccessible by host immunity until the HOWL is shed. On
the other hand, after endospores have been released from
ruptured spherules, the 33-kDa antigen appears to be readily
available to stimulate host responses. The tube precipitin
antigen, which frequently reacts with antibodies from pa-
tients with coccidioidomycosis, is also detectable on the
spherule surface. It has been suggested for that antigen as
well that its presentation to host cells may involve the
sloughing component of the spherule envelope (9, 41).

It is of interest to compare the differences in 33-kDa

TABLE 1. ELISA-detectable 33-kDa antigen in various
extracts of C. immitis

Growth 33-kDa antigen
phase Method of extraction (3-g/mg of total

protein)

Spherules
96 h Toluene lysis (source of 50-100

33-kDa antigen)
48 h Toluene lysis 4.2-50
24 h Toluene lysis 0.22-0.57
Spherulin Autolysate <0.05

Mycelia
Filtrate Spent medium 0.02-0.06
Lysate Toluene lysis 0.001-0.003

TABLE 2. ELISA-detectable IgM and IgG anti-33-kDa antigen
antibodies and conventional coccidioidal antibodies in serum

samples from different groups of subjects

No. of samples'
Highest HIV
reactive Early Progressive infected Uninfected
serum (n = 11) (n = 26) (n - 4) (n = 108)
dilution

IgM IgG IgM IgG IgM IgG IgM IgG

c 1:80 4b 4c 11 1 3 3 95 105
1:160 2 7 1 9
1:320 1 2 1 1 1 2
1:640 2 1 1 3 1
1:1,280 1 4 3 8 1
1:2,560 1 2 3
1:5,120 1 2
1:10,240 2
1:20,480 1 1
1:40,960 3

> 1:81,920 2

a Early, patients from whom serum samples were obtained after no more
than several weeks of respiratory symptoms in conjunction with serologic or
cultural evidence of C. immitis infection; progressive, patients from whom C.
immitis was isolated from an extrathoracic site or from a pulmonary source
and who had been ill for more than 6 months. Uninfected, patients hospital-
ized for reasons unrelated to coccidioidal infection or otherwise healthy
participants in the Valley Vaccine Project from whom serum was obtained
prior to vaccination. Numbers in parentheses indicate the number of serum
samples tested.

b Three had IgG antibodies detectable at dilutions of >1:80.
c Three had IgM antibodies detectable at dilutions of >1:160.

antigen content of different phases of coccidioidal growth
with the relative immunogenicity of vaccines, which differed
when prepared by Levine and coworkers from spherules,
arthroconidia, or mycelia. For example, in studies that
employed an intranasal infection with C. immitis sufficient to
result in 75% mortality after 90 days in unvaccinated mice,
mortality was reduced to 69% after mycelial vaccination, to
48% after arthroconidial vaccination, and to 7% after spher-
ule-endospore vaccination (27). In other studies, mature
spherules were found to be more protective than immature

1:128
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Anti-33 kDa IgG antibodies

(ELISA titration)
FIG. 4. Relationship between complement-fixing and anti-33-

kDa antigen IgG antibody concentrations in patients with coccidio-
idal infections. Bars represent geometric mean + standard error of
the mean. P < 0.001, paired t test of all results combined.
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TABLE 3. Change in ELISA-detectable IgM and IgG anti-33 kDa
antibodies after injection of killed particulate spherule

vaccine or placeboa

No. of samples

Increase in Placebo recipients Vaccine recipients
antibodies (fold) (n = 16) (n = 20)

IgM IgG IgM IgG

None 16 16 9 18
2 5 1
4 4
8 1
16
32 1 1

a Subjects received injections of either placebo or 1.75 mg of killed spherule
vaccine on the day of the first serum sample collection and again 1 and 7
weeks later. The second serum sample was drawn 1 to 3 weeks after the last
injection. Data are expressed as the change in titer between the two results.
Differences between IgM responses for placebo and vaccine recipients are
significant (P < 0.003, Mann-Whitney U test). Differences of fourfold or
greater in IgM response for placebo and vaccine recipients are significant
(P < 0.03, Fisher's exact test).

spherules (26). Although our studies did not examine cellular
responses to the 33-kDa antigen, the concordance of the
quantitative particle densities in analogous preparations in
our studies is consistent with the possibility that the 33-kDa
antigen is involved in protective immunity as well as with
humoral responses.
ELISA measurement of the 33-kDa antigen in soluble

extracts of different coccidioidal growths generally corrob-
orated the differences in concentration in various morpho-
logic phases of growth. Toluene-induced lysis of mature
spherules produced preparations in which 5 to 10% of the
protein could be accounted for as the 33-kDa antigen.
Toluene-induced lysates of younger spherules and mycelia
as well as autolysis of spherules (spherulin) and filtrates
collected after mycelial growth all contained smaller propor-
tions of reactive antigen. Both spherulin and mycelial prep-
arations possess the conventionally used complement-fixing
antigen and the tube precipitin antigen (4, 29, 32, 35), and the
lack of 33-kDa antigen in these preparations further indicates
that the 33-kDa antigen is distinct from both of these
well-established and clinically useful antigens. Mycelial an-
tigens and spherulin are also used commonly to test for
delayed-type dermal hypersensitivity in persons with prior
coccidioidal infection (16, 25). Therefore, the dermal hyper-
sensitivity evoked by these preparations does not appear to
be due to the 33-kDa antigen either. Although neither the
lysate nor the purified antigen has been used as a skin-testing
reagent, studies reported elsewhere have demonstrated that
the 33-kDa antigen can stimulate peripheral blood lympho-
cytes from persons who react in skin tests with spherulin (17)
and that the toluene-induced lysate from which the 33-kDa
antigen has been purified can stimulate gamma interferon
release in vitro (1). Delayed-type dermal hypersensitivity to
coccidioidal extracts has generally correlated with a compe-
tent host response to coccidioidal infections (35), but
whether the mechanisms that evoke the dermal response are
the same as those that afford protection is not clear. A full
understanding of the relationship of these observations will
require further study.
Of the serum samples from patients with coccidioidal

illness, 95% showed a humoral response to the 33-kDa
antigen, whereas 98% of those from persons without evi-

dence of active coccidioidal infection did not. IgM anti-33-
kDa antigen antibodies were found more frequently in pa-
tients with relatively recent infections, and IgG anti-33-kDa
antigen antibody levels were highest in patients with pro-
tracted and extensive infections. 1gM anti-33-kDa antigen
antibodies were also noted in a few patients with progressive
disease. However, by our methods, we cannot exclude the
possibility that some of the apparently specific IgM was due
to rheumatoid factor binding to specific IgG (34). In addition,
only one of four HIV-infected patients demonstrated anti-
33-kDa antigen antibodies, underscoring earlier observations
that HIV-infected and other immunosuppressed patients
may not be as likely to develop a detectable humoral
response as normal individuals (6, 30). These findings sug-
gest the possibility that this protein may prove useful as a
new diagnostic reagent, but further study will be needed to
determine whether detection of anti-33-kDa antigen antibod-
ies will supplement conventional methods. Although an
association was found between the concentration of comple-
ment-fixing-type and anti-33-kDa antigen IgG antibodies, the
correlation was rough. At present, no ELISA with any
antigen has been sufficiently correlated with patient status to
be used as a substitute for the complement fixation test.
Serum samples from subjects enrolled in a field trial of a

killed-spherule particulate vaccine demonstrated an increase
in anti-33-kDa antigen antibodies not seen in those from
placebo recipients. Although the vaccine itself was not
assayed for 33-kDa antigen, the vaccine was made from the
same strain of C. immitis that was used in the other studies
reported here and was made from mature spherules, a phase
of growth that our studies indicate should have had high
concentrations of the 33-kDa antigen. It has not been estab-
lished that the 33-kDa antigen is an important stimulus for
protection against coccidioidomycosis. However, should
that be the case, it is of interest that the degree of antibody
response did not appear to correlate with cutaneous reac-
tions at the site of injection, suggesting that it may be
possible to dissociate the untoward reactions evident with
the particulate vaccine from its immunogenicity.
Thus far, it has not been technically feasible to study the

ability of the 33-kDa antigen to protect against experimental
infection, as has been done for the particulate vaccine. If the
primary sequence of the 33-kDa antigen were known or if its
gene were isolated, synthetic oligopeptides could be synthe-
sized or the protein could be expressed in sufficient quanti-
ties by recombinant genetic approaches. We believe that the
findings in this report provide additional encouragement to
proceed in these directions to make such direct studies
possible.
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