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cidioidomycosis. We, therefore, chose to use
guinea pigs as a model for reproducing the spec-
trum of immunological responses observed in
humans. To simulate the natural route of infec-
tion, guinea pigs were infected by an intratra-
cheal injection of viable arthrospores by a mod-
ification ofthe procedure described by Lawrence
et al. (16). The present report details the im-
munological responses obtained in 200 guinea
pigs at weekly intervals from 1 to 10 weeks after
intratracheal infection with 50 viable arthro-
spores of C. immitis.

MATERIALS AND METHODS
Animals. Hartley-inbred guinea pigs of both sexes

and weighing 250 to 350 g were purchased from Hilltop
Laboratories, Inc., Scottdale, Pa. Animals were main-
tained for a period of 2 weeks before study.

Infection. C. immitis strain Silveira (ATCC 28868)
was maintained at room temperature on 2% glucose-
1% yeast extract (GYE) agar. Arthrospores were har-
vested from 4- to 6 week-old cultures, using a magnetic
stirrer as described by Huppert et al. (12). The spore
suspension was filtered through a nylon column to
remove mycelial fragments and enumerated by he-
macytometer counts. The arthrospore suspension was
diluted to contain 50 viable spores in 0.1 ml of physi-
ological saline, based upon hemacytometer counts of
the suspension and upon the viability of replicate
cultures which had been harvested 1 week earlier.
Viability of inocula ranged from 41 to 79 spores with
a mean of 55.9 ± 2.6.

Guinea pigs were anesthetized by an intramuscular
injection of Innovar-Vet (0.0007 ml/g of body weight;
Pittman-Moore, Washington Crossing, N.J.) approxi-
mately 15 min before infection. Anesthetized animals
were restrained by using an animal operating board
(Fisher Scientific Co., Marietta, Ohio). The neck area
was shaved and cleansed with surgical soap. A 7- to
10-mm incision was made directly above and parallel
to the trachea, using a no. 11 Bard-Parker (Becton,
Dickinson & Co., Rutherford, N.J.) surgical blade. The
trachea was exposed with forceps while a second per-
son injected 0.1 ml of the spore suspension directly
into the trachea, using a tuberculin syringe. A small
amount of air was withdrawn just before injecting the
inoculum to insure that the needle was within the
trachea. The incision was closed with two surgical
stitches (size 4-0 stainless-steel sutures; Ethicon, Inc.,
Somerville, N.J.) and swabbed with an iodine-colloidin
mixture. The animals were tattooed on the ear and
transferred to class III isolators (Germ Free Inc.,
Miami, Fla.) for a period of 1 week postinfection.
Thereafter, they were maintained in open animal fa-
cilities. Guinea pigs tolerated the above procedure
well, with neither deaths nor secondary infections
being attributed to surgical trauma.
A total of 200 guinea pigs were infected intratra-

cheally with viable C. immitis spores. Twenty guinea
pigs, which served as a control group, were inoculated
intratracheally with 0.1 ml of physiological saline. The
200 Coccidioides-infected guinea pigs were divided
into 10 groups of20 animals. Each group was evaluated

for skin test reactivity, in vitro lymphocyte transfor-
mation (LT), macrophage migration inhibitory factor
(MIF), serum CF antibody titers, and extrapulmonary
dissemination at weekly intervals from 1 through 10
weeks. Noninfected controls were a$sayed at weeks 1
and 3 postinjection. To rule out any effect of skin
testing on in vitro lymphocyte responses, 10 guinea
pigs within each group were assayed for skin test
responses, and the remaining 10 guinea pigs were
assayed for MIF and LT responses. Forty-eight hours
after skin tests and just before the MIF and LT assays,
guinea pigs were bled by cardiac puncture to obtain
serum for CF antibody levels and autopsied to obtain
tissues for culture.
The time-consuming nature of these studies allowed

only 10 guinea pigs to be assayed within a 7-day period.
For this reason, 10 animals within each group of 20
were assayed at weeks 1 through 10, i.e., 50 for skin
tests and 50 for in vitro T-cell responses. After this
procedure, the second set of 10 animals within each
group was assayed. To minimize variations in experi-
mental techniques, guinea pig groups 1 through 10,
corresponding to weeks 1 through 10, were assayed
out of sequence with regard to weeks postinfection.

Antigens. CDN-TS, coccidioidin prepared as a tol-
uene-induced lysate of C. immitis strain Silveira, was
obtained from D. Pappagianis, University of Califor-
nia, Davis. A single lot, TS-6772, was used throughout
these studies. The antigen was dialyzed to remove
preservatives and lyophilized. The lyophilized mate-
rial was reconstituted to 1 mg/ml in phosphate-
buffered saline for skin tests or 1 mg/ml in tissue
culture medium for in vitro lymphocyte assays. In
addition, skin test, LT, and MIF responses were as-
sayed by using spherulin (Berkeley Biologicals, Berke-
ley, Calif.); C-ASWS-M, the alkali-soluble, water-sol-
uble cell wall antigen from mycelia (28); and C-ASWS-
S, the alkali-soluble, water-soluble antigen from spher-
ules. Responses to the latter three antigens are pre-
sented in the accompanying report (6).

Cellular immune assays. Skin tests were per-
formed by intradermal inoculation of 0.1 ml of antigen
in buffered physiological saline. Indurations were read
24 h after testing. Responses of 5 mm or greater in
diameter were considered positive.
MIF assays were performed by the agarose-droplet

method of Harrington and Stastny (10). Seventy-two
hours before assay, guinea pigs were injected intraper-
itoneally with 15 ml of sterile, light-weight mineral oil.
After blood for antibody assays was collected, guinea
pigs were killed with diethyl ether. Peritoneal exudate
(PE) cells were collected by rinsing the peritoneal
cavity with 200 ml of Hanks balanced salt solution
(GIBCO Laboratories, Grand Island, N.Y.) containing
10 U of heparin per ml. The cells were harvested by
centrifugation at 250 x g for 10 min and then washed
twice by centrifugation in tissue culture medium 199
(TC199; GIBCO) containing penicillin (100 U/ml),
streptomycin (100 ,g/ml), and glutamine (2 mM). The
cell pellet was suspended in a twofold volume of an
agarose-TC199-guinea pig serum mixture. One-micro-
liter droplets of the cell-agarose suspension were dis-
pensed into a series of wells on a microtiter tissue
culture chamber (Falcon Plastics, Oxnard, Calif.). The
droplets were allowed to solidify at 40C for 10 min,
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after which 0.2 ml of TC199 medium, supplemented
with 5% guinea pig serum and 10% fetal calf serum
(GIBCO) with or without added antigen, was added to
each well. Four concentrations of each antigen-were
included, and each concentration was assayed by using
4 agarose droplets.
The chambers were incubated for 18 to 24 h at 370C

under a 5% C02 humidified atmosphere. The distance
of macrophage migration was measured with an in-
verted phase-contrast microscope fitted with an ocular
grid. Percentage of migration inhibition was calculated
as follows:

macrophage

migration in the
presence of antigen

migration in the
absence of antigen

LT assays were performed on axilary and inguinal
lymph nodes collected immediately after obtaining PE
cells. The nodes were gently teased through a stain-
less-steel wire mesh screen. Cells were collected in
TC199, washed twice by centrifugation at 250 x g for
10 min, and counted on a hemacytometer. Viability
was assesed by trypan blue dye exclusion. Lympho-
cytes were suspended to a concentration of 4 x 10'
viable cells per ml of TC199 medium containing peni-
cillin, streptomycin, glutamine, and 10% heat-inacti-
vated fetal calf serum. The cell suspension was sup-

plemented with 106 PE cells as a source of macro-
phages since the latter cell population is required for
LT responses (27). Portions (0.1 ml) of the cell suspen-
sion were dispensed into microtiter wells which con-
tained 0.1 ml of antigen in TC199 or, for controls, 0.1
ml of TC199 medium without antigen. Four concen-
trations of each antigen were included, and each con-
centration was assayed in quadruplicate wells. Phyto-
hemagglutinin (PHA; Difco Laboratories, Detroit,
Mich.) and concanavalin A (ConA; Sigma Chemical
Co., St. Louis, Mo.) were included to assess mitogen
responses at weeks 1 through 10 postinfection.

Cultures were incubated for 72 h at 37°C under a

5% CO2 humidified atmosphere. Preliminary studies
established that 72 h was optimal for LT responses;
cultures maintained for longer periods of time showed
decreased viability and lower blastogenic responses.
Forty-eight hours after incubation, 0.5 ,uCi of [3H]-
thymidine (2 Ci/mmol; Amersham/Searle, Amer-
sham, England) was added. Cultures were harvested
24 h later on glass fiber disks, using a MASH H
harvester (Microbiological Associates, Bethesda, Md.).
The disks were transferred to scintillation vials con-

taining 3 ml of a toluene-based scintillation fluid and
counted for radioactivity. LT responses were calcu-
lated as the difference (Acpm) in isotope uptake of
antigen- or mitogen-stimulated cultures and that of
nonstimulated controls.
CF antibody levels. CF antibody levels were quan-

titated by immunodiffusion as described by Huppert
et al. (11). Reference IDCF CDN antigen and anti-
CDN antibody were generously donated by M. Hup-
pert, Veterans Administration Hospital, San Antonio,
Tex.
Organ cultures. Portions of lungs, livers, spleens,

and inguinal and axillary lymph nodes were plated on

GYE agar to assess the extent of extrapulmonary
dissemination. In addition, the trachea was excised at
the site of injection of arthrospores and cultured for
C. immitis. Growth of one or more colonies of C.
immitis from livers or spleens constituted dissemi-
nated disease in this study. The maturation stages of
spherules, i.e., immature spherules, matured endos-
porulating spherules, and endospores, precluded an
accurate quantitative asssment of the degree of ex-
trapulmonary involvement with C. immitis.

Statiscal analyses. The data were analyzed by
nonparametric statistics (9). Differences among groups
at weeks 1 through 10 postinfection were analyzed by
the Mann-Whitney rank-sums test. Correlation anal-
yses were performed by Spearman's rank correlation
coefficient.

RESULTS
Cellular immune responses. Skin test,

MIF, and LT responses at weeks 1 through 10
postinfection are depicted in Fig. 1. CDN-TS
was used at a concentration of 100 jig for skin
tests, 50 ,ug for MIF assays, and 1 ug for LT
responses. These doses were optimnl for distin-
guishing CMI responses in Coccidioides-in-
fected versus noninfected guinea pigs (6).

Skin test reactivity was demonstrable in only
1 of 18 guinea pigs before 3 weeks postinfection.
By week 3, 5 of 10 guinea pigs were skin test
positive to CDN-TS. Responses peaked at 6
weeks, with reactions of -5 mm obtained in all
10 animals. Reactivity persisted from weeks 7
through 10, but was of lower frequency and
magnitude from that obtained at week 6. MIF
responses were detected 2 weeks postinfection
and paralleled skin test reactivity from weeks 3
through 7. However, at weeks 8 through 10 MIF
responses increased, whereas skin test responses
did not. A somewhat different pattern was ob-
tained in LT assays. Reactions were not detected
until week 5. By week 6 postinfection LT re-
sponses increased, but this increase was followed
by a sharp decline at week 7 and again at weeks
9 and 10. The single feature common to all three
immunological parameters was the diminished
reactivity noted at week 7. This was most pro-
nounced in LT assays, followed by skin tests and
MIF. The decline was, however, not significant
(P > 0.05) when compared with the levels of
reactivity obtained at 6 weeks postinfection.
There was also a slight decrease in reactivity in
(P > 0.05) in skin test and MIF assays at weeks
4 postinfection.
Mitogen responses of the 10 groups of guinea

pigs are shown in Table 1. In general, ConA
responses paralleled LT responses to CDN-TS
in that depressed reactivity was noted at weeks
4, 7, 9, and 10. This decrease was significant (P
< 0.01) at weeks 4, 9, and 10. PHA responses
followed a similar pattem except at week 7 post-
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ination at weeks 1 through 10 is shown in Table
20 SKIN TEST 3. Despite the advantages of an intratracheal

route of infection, tracheal infections were pro-
15- \ _4 duced in 6 to 55% of anixnals. Efforts to alleviate

this problem, which included changing needles
between drawing up the inoculum and injecting

i- r/the spores, failed. Nevertheless, spores did get
5~,I-L into the lungs as established by the high per-
/- centage of positive lung cultures.

0* The presence or absence of tracheal infections
did not appear to affect the immunological reac-

40- Mi F ;/- tivity of guinea pigs. Of the 68 guinea pigs that
had tracheal infections, 42% had CF antibody

30- titers (mean, 8.46 + 4.1) as compared with 60
(50%) of 120 guinea pigs that did not (mean, 12.3

20- ± 2.4). Skin test responses were demonstrable in
55% of the former guinea pigs (9.2 ± 1.6-mm

10- induration) as compared with 63% of guinea pigs
without tracheal infections (9.5 ± 1.1). Similarly,

0 MIF responses were -20% inhibition in 73 and
64% of guinea pigs with and without tracheal

0o- LT RESPONSE infections, respectively (mean responses of 28.5
REPOSE±2.6 and 30.1 ± 2.4).

8- J t Dissemination of C. immitis to the livers and

6- spleens occurred in 50% or more of guinea pigs
by week 3 postinfection and, with few excep-

4- tions, positive liver cultures were concomitant
2/ - \;g \_ with positive spleen cultures. At weeks 7 through

2- X I X o10, there was a significant decrease (P < 0.02 by
0- T I

, , chi-square analyses) in the frequency of dissem-
1 2 3 4 5 6 7 8 9 10 ination in that only 22 of 71 guinea pigs were

WEEKS POST- INFECTION positive by culture during this time as compared
IG. 1. Skin test, MIF, and LT responses to CDN- with 52 of 79 animals at weeks 1 through 6.
in Coccidioides-infected guinea pigs at weeks 1 Less than 10% of animals had lymph node
Pugh 10 postinfection. Doses of CDN-TS were 100 cultures positive for C. immitis throughout the

pg for skin tests, 50 pg for MIF, and 1 pg for LT
assays. Responses of20 noninfected guinea pigs were
negative (<5-mm induration) in skin tests, 2.7 ± 2.9%
migration inhibition in MIF assays, and -7 ± 115
Acpm in LT assays. Vertical lines depict standard
error of the mean.

infection, at which time PHA responses were
increased rather than decreased.
CF antibody responses. Serum CF antibody

responses at weeks 1 through 10 postinfection
are summarzed in Table 2. None of the guinea
pigs was CF positive until week 4, at which time
one serum showed a titer of 1:2. CF antibody
levels steadily increased thereafter, both in
terms of percentage of positive sera and in terms
of antibody titers. It is pertinent to point out
that CF titers were not affected by skin testing;
i.e., antibody levels obtained in guinea pigs
which had been skin tested 48 h before obtaining
sera were comparable (r = 0.96) to antibody
levels in guinea pigs which had not been skin
tested.
Organ cultures. The extent offungal dissem-

TABLE 1. LT responses to mitogens PHA and ConA
at weeks 1 through lOpostinfection

Weeks post- LT response (A cpm x 10-3)a
infection PHAb ConA

OC 70,553 ± 15,063 46,919 ± 8,475
1 64,886 ± 16,804 28,305 ± 7,773
2 31,626 ± 7,140 20,972 ± 6,145
3 65,289 ± 13,896 23,886 ± 4,785
4 23,188 ± 4,862 14,018 ± 2,818
5 48,855 ± 11,256 30,865 ± 9,959
6 64,264 ± 17,633 37,157 ± 9,527
7 85,035 ± 18,350 27,050 ± 6,781
8 54,201 ± 12,467 28,439 ± 5,662
9 28,405 ± 4,972 7,731 ± 1,862
10 18,980 ± 4,294 3,956 ± 820

a Counts per minute of nonstimulated control cul-
tures ranged from 702 ± 145 to 1,261 ± 295 at weeks
1 through 10 postinfection. Values are mean ± stan-
dard error.

bUsed at a dilution of 1:200; ConA was used at a
concentration of 5 ,ug.

c Denotes mitogen responses obtained in 10 nonin-
fected guinea pigs.
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TABLE 2. CF antibody responses to CDN at weeks 1 through lOpostinfection
Weeks No. of sera with reciprocal titer of: Total

postinec- positive MeanCF
tion 0' 2 4 8 16 32 64 128 256 (%)b titer

1 0 0
2 0 0
3 0 0
4 1 5 0.1
5 5 2 37 0.5
6 5 5 1 2 2 75 3.4
7 2 2 1 4 3 3 83 10.3
8 1 1 2 6 4 2 89 20.8
9 2 1 2 3 4 1 4 1 100 35.8
10 1 2 4 5 2 4 100 48.5

a Denotes positive response with undiluted serum.
b Twenty sera were tested at weeks 1, 3, and 6; 19 were tested at weeks 2, 4, and 5; 18 were tested at weeks 7

through 10.

TABLE 3. Percentage ofpositie cultures at weeks 1 through lOpostinfectiona
% Positive cultures

Weeks postin-
fection Trachea Lungs Liver Spleen Spleen Lympho

Spleen Axllary a
1 32 63 5 11 11 0 0
2 16 89 21 16 21 5 0
3 55 80 55 50 65 10 5
4 42 80 58 53 63 0 0
5 45 85 65 50 70 5 0
6 55 80 50 50 65 0 0
7 47 82 29 41 41 0 6
8 39 83 28 22 28 6 0
9 6 83 17 28 39 0 0
10 22 72 17 6 17 0 0

a Twenty animals were autopsied at weeks 3, 5, and 6; 19 were autopsied at weeks 1, 2, and 4; 18 were
autopsied at weeks 8 through 10; and 17 were autopsied at week 7.

10-week period. However, since these were used
as a source of lymphocytes for LT assays, only
a small portion of the nodes were cultured, and
the results may not adequately represent the
extent of lymph node involvement in these ani-
mals.
Correlation between CMI responses and

fungal dissemination. The relationship be-
tween CDN skin test responses and dissemina-
tion, as assessed by positive liver or spleen cul-
tures, is depicted in Fig. 2. The frequency of
dissemination and the degree of skin test reac-
tivity directly correlated during the first 5 weeks
of infection. From weeks 5 through 10 there was
an apparent clearing of extrapulmonary lesions,
during which time skin test reactivity persisted.
With regard to in vitro T-lymphocyte responses
(Fig. 1), MIF production increased concomitant
with decreased dissemination whereas LT re-
sponses paralleled dissemination.
Correlation between CMI responses and

CF titers. Figure 3 depicts the relationship be-

tween CF antibody titers and skin test responses
at weeks 1 through 10 postinfection. CF antibody
titers increased logarithmically from weeks 5
through 7. Titers continued to increase thereaf-
ter, but at a slower rate. Peak skin test reactivity
occurred at 6 weeks postinfection, at which time
the mean CF titer was less than 1:4. A logarith-
mic increase in CF titers was coincident with a
decrease in skin test reactivity at week 7. On the
other hand, the decreased rate of antibody ap-
pearance at weeks 8 through 10 was coincident
with an increase in skin test reactivity and in
MIF responses.
Correlation between CF titers and dis-

semination. CF antibody inversely correlated
with dissemination of C. inmitis to the liver or
spleen (Fig. 4), as opposed to the direct relation-
ship between CF antibody titers and disease
severity in human coccidioidomycosis. In anal-
yses of data at weeks 5 through 10 postinfection,
30 of 47 guinea pigs with disseminated disease
had CF titers of 1:8 or less, 7 had titers of 1:16,
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dioides-infected guinea pigs at weeks 1 through 10

postinfection.

and 10 had titers of 1:32. Of the 58 guinea pigs

with negative liver and spleen cultures, 33 had

titers of 1:8, 11 had titers of 1:16, and 14 had

titers of ::1:32. It is pertinent to point out that

CF antibody titers may persist in sera long after
the disease becomes inactive (23). It is possible
then that the decreased rate of antibody appear-
ance at weeks 8 through 10 represented de-
creased antibody synthesis concomitant with
clearing of extrapulmonary lesions.

DISCUSSION

Cellular and humoral immune assays of 200
guinea pigs infected intratracheally with 50 via-
ble arthrospores of C. immitis strain Silveira
established that skin test and MIF responses to
CDN-TS converted within 3 weeks of infection.
LT responses were not demonstrable until week
5. Skin tests closely paralleled MIF production,
although the latter continued to increase at
weeks 8 through 10 postinfection whereas skin
test reactivity remained constant. Dissemination
of C. immitis to the liver or spleen appeared to
be an early event, with 21% of 19 guinea pigs
positive by week 2 and 70% of 97 animals positive
by week 5. CF antibody titers were demonstrable
at week 5, increased logarithmically through
week 7, and then increased at a slower rate
thereafter. Concomitant with the decreased rate
of antibody appearance, guinea pigs had begun
to clear C. immitis from extrapulmonary tissues.
Although this overall pattern of immune re-
sponses is consistent with coccidioidomycosis in
humans, there was not a direct correlation be-
tween CF antibody levels and dissemination, nor
was there an inverse relationship between CF
antibody levels and skin test (or MIF) reactivity
in analyses of individual guinea pigs. Rather, CF
antibody titers and CMI responses were equally
demonstrable in guinea pigs with disseminated
or nondisseminated disease. Unfortunately, this
study was limited to 10 weeks, beyond which
time the relationships between CF antibody lev-
els, CMI reactivity, and disease severity may
have more closely paralleled the disease in hu-
mans.

Previous studies directed toward evaluating
immune responses in experimental coccidioido-
mycosis have been limited to intraperitoneal (2),
intramuscular (14), or intranasal (15, 17) infec-
tions. Intranasal infection offers the advantage
of simulating the natural route of infection but
lacks reproducibility (16) and is not readily
adaptable to the guinea pig model. In the present
study, intratracheal inoculation of spores proved
an effective method of establishing pulmonary
infection and, unlike intranasal infection, there
was no risk of depositing spores on the exterior
of the animals. In a preliminary evaluation of
this method, five guinea pigs were inoculated
intratracheally with 50 viable arthrospores. Al-
though no attempt was made to quantitate the
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number of spores reaching the lungs, autopsy
and culture did establish that the spores were
distributed to all five lobes of the lung. A major
disadvantage in this method was the high fre-
quency of coccidioidal abscesses produced at the
site of injection. Nevertheless, spores did get
into the lungs as established by the high per-
centage of positive lung cultures, irrespective of
tracheal abscesses. Second, there did not appear
to be a difference in the course of the disease or
in the immunological reactivity of guinea pigs
with tracheal abscesses versus those without
abscesses.
A dose of 50 arthrospores was used in an

attempt to produce pulmonary disease with a
low incidence of extrapulmonary dissemination.
It is noteworthy that this dose, given intrana-
sally, represents one 50% lethal dose in mice
(17). If, by inference, 50 spores equates with a
low infectious dose for guinea pigs, then this
animal species is far more susceptible to dissem-
inated disease than are humans, in whom less
than 1% of infections involve extrapulmonary
tissues. This conclusion deserves two comments.
First, dissemination was assessed in the present
study by qualitative cultures of livers and
spleens, and the mere presence or absence of C.
immitis in these organs may not be an accurate
reflection of disseminated disease. Second, the
frequency of recovery of C. immitis from livers
or spleens of humans who are without clinically
diagnosed disseminated coccidioidomycosis is
not known, and extrapulmonary spread in the
absence of pathological significance may be
quite common in the early stages of infection in
humans.
An interesting finding in this study was the

depressed T-cell responses at week 4 and again
at week 7. Although the decrease in cellular
immune responses was not statistically signifi-
cant when compared with the levels of reactivity
obtained in the preceding weeks, the suppression
was consistent and was not likely to be attrib-
uted to differences in experimental techniques
because of the staggered sequence in which the
guinea pig groups and the 20 guinea pigs within
each group were assayed. The nature of the
suppressor activity is not yet known. Suppres-
sion at week 4 occurred in the absence of de-
monstrable antibody and may be attributed to
excess circulating antigen (13), suppressor T
cells (1, 24, 25), or both. The nonspecificity of
suppression, evidenced by significantly de-
creased mitogen responses, is consistent with
suppressor T cells. On the other hand, decreased
skin test, MIF, and LT responses at week 7 were
coincident with a logarithmic increase in CF
antibody titers and suggest antibody or immune
complex-mediated suppression. That immune

complexes would be formed during the last 4
weeks of infection seems likely and may account
for the decreased rate of appearance of free
circulating antibody at weeks 8 to 10 postinfec-
tion. Studies are now underway to quantitate
Coccidioides antigen and antibody complexes in
sera obtained from this study and to assess the
imnmunosuppressive effect(s) of antibody and
immune complexes on in vivo (skin test) and in
vitro (MIF and LT) responses of infected guinea
pigs.

ACKNOWLEDGMEENTS
This work was supported by Public Health Service grants

AI-13573 and AI-16095 from the National Institute of Allergy
and Infectious Diseases.

LITERATURE CITED
1. Artz, R. P., and W. E. Bullock. 1979. Immunoregulatory

responses im expenmental disseminated bistoplasmosis:
depression ofT-cell-dependent and T-effector responses
by activation of splenic suppressor cells. Infect. Immun.
23:893-902.

2. Beaman, L., D. Pappagianis, and E. Benjamini. 1977.
Significance of T cells in resistance to experimental
murine coccidioidomycosis. Infect. Immun. 17:580-585.

3. Beaman, L., D. Pappagianis, and E. Benjamini. 1979.
Mechanisms ofresistance to infection with Coccidioides
immitis in mice. Infect. Immun. 23:681-685.

4. Catanzaro, A., L. Spitler, and K. M. Moser. 1975.
Cellular immune response in coccidioidomycosis. Cell.
Immunol. 15:360-371.

5. Cox, R. A., and D. R. Arnold. 1979. Immunoglobulin E
in coccidioidomycosis. J. Immunol. 123:194-200.

6. Cox, R. A., C. G. Mead, and E. F. Pavey. 1981. Com-
parisons of mycelia- and spherule-derived antigens in
cellular immune assays of Coccidioides-infected guinea
pigs. Infect. Immun. 31:687-692.

7. Cox, R. A., and J. R. Vivas. 1977. Spectrum of in vivo
and in vitro cell-mediated immune responses in coccid-
ioidomycosis. Cell. Immunol. 31:130-141.

8. Cox, R. A., J. R. Vivas, A. Gross, G. Lecara, E. Miller,
and E. Brummer. 1976. In vivo and in vitro cell-
mediated responses in coccidioidomycosis. I. Immuno-
logic responses of persons with primary, asymptomatic
infections. Am Rev. Respir. Dis. 114:937-943.

9. Freund, J. E. (ed.). 1967. Modern elementary statistics,
3rd ed., p. 320-364. Prentice Hall, Inc., Englewood Cliffs,
N.J.

10. Harrington, J. T., Jr., and P. Stastny. 1973. Macro-
phage migration from an agarose droplet: development
of a micromethod for assay of delayed hypersensitivity.
J. Immunol. 110:752-759.

11. Huppert, M., J. W. Bailey, and P. Chitiian. 1967.
Immunodiffusion as a substitute for complement fixa-
tion and tube precipitin tests in coccidioidomycosis, p.
221-225. In L. Ajello (ed.), Proceedings of the Second
Coccidioidomycosis Symposium. The University of Ar-
izona Press, Tucson.

12. Huppert, M., S. H. Sun, and A. J. Gross. 1972. Evalu-
ation of an experimental animal model for testing anti-
fungal substances. Antimicrob. Agents Chemother. 1:
367-372.

13. Ibrahim, A. B., and D. Pappagianis. 1973. Experimen-
tal induction of anergy to coccidioidin by antigens of
Coccidioides unmitis. Infect. Immun. 1:786-794.

14. Kashkin, K. P., S. M. Kikholetov, and A. V. Lipuit-
sky. 1977. Studies on mediators of cellular immunity in
experimental coccidioidomycosis. Sabouraudia 15:59-
68.

VOL. 31, 1981

 on A
pril 20, 2021 by guest

http://iai.asm
.org/

D
ow

nloaded from
 

http://iai.asm.org/


686 COX, PAVEY, AND MEAD

15. Kong, Y. M*, D. C. Savage, and H. B. Levine. 1966.
Enhancement ofimmune responses in mice by a booster
injection of Coccidioides spherules. J. Immunol. 95:
1048-1056.

16. Lawrence, R. M., A. C. Huston, and P. D. Hoeprich.
1977. Reproducible method for induction of pulmonary
coccidioidomycosis in mice. J. Infect. Di. 135:117-119.

17. Pappagianis, D., H. B. Levine, C. E. Smith, R. J.
Bermsn, and G. S. Kobayashi. 1961. Immunization
of mice with viable Coccidioides immi. J. Immunol.
86:28-34.

18. Pappagianis, D., N. J. Lindsay, C. E. Smith, and AL
T. Saito. 1965. Antibodies in human coccidioidomyco-
sis: immunoelectrophoretic properties. Proc. Soc. Exp.
Biol. Med. 118:118-122.

19. Pappagianis, D., M. Saito, and K H. V. Hoosear.
1972. Antibody in non-meningitic coccidioidomycosis.
Sabouraudia 10:173-179.

20. Rea, T. H., H. Einstein, and N. E. Levan. 1976. Dini-
trochlorobenzene reactivity in disseminated coccidioi-
domycosis: an inverse correlation with complement-fix-
ing antibody titers. J. Invest. Dermatol. ":34-37.

21. Sawaki, Y., ML Huppert, J. W. Bailey, and Y. Yagi.
1966. Patterns of human antibody reactions in coccidi-
oidomycosis. J. Bacteriol. 91:422-427.

22. Smith, C. E., R. R. Beard, H. G. Rosenberg, and E. C.
Whitig. 1946. Varieties of coccidioidal infection in

INFECT. IMMUN.

relation to epidemiology and control of the diseases.
Am. J. Public Health 36:1394-1402.

23. Smith, C. E., M. T. Saito, and S. A. Simons. 1956.
Pattern of 39,500 serologic tests in coccidioidomycosis.
J. Am. Med. Assoc. 160:546-552.

24. Smith, C. E., E. G. Whiting, E. E. Baker, H. G. Rosen-
berg, R. R. Beard, and ML T. Saito. 1948. The use of
coccidioidin. Am. Rev. Tuberc. 57:330-360.

25. Stobo, J. D., P. Sigrun, R. E. VanScoy, and P. E.
Hermans. 1976. Suppressor thymus-derived lympho-
cytes in fungal infection. J. Clin. Invest. 57:319-328.

26. Waldmann, T. A., and S. Broder. 1977. Suppressor cells
in the regulation of the immune response. Prog. Clin.
Immunol. 3:155-199.

27. Waldron, J. A., R. G. Horn, and A. S. Rosenthal. 1973.
Antigen-induced proliferation of guinea pig lympho-
cytes in vitro: obligatory role of macrophages in the
recognition of antigen by immune T lymphocytes. J.
Immunol. 111:58-64.

28. Ward, E. R., Jr., R. A. Cox, J. A. Schmitt, Jr., M.
Huppert, and S. H. Sun. 1975. Delayed-type hyper-
sensitivity responses to a cell wall fraction of the my-
celial phase of Coccidioides immitis. Infect. Immun. 12:
1093-1097.

29. Yoshinoya, S., R. A. Cox, and R. M. Pope. 1980.
Immune complexes in coccidioidomycosis. I. Detection
and characterization. J. Clin. Invest. 66:655-663.

 on A
pril 20, 2021 by guest

http://iai.asm
.org/

D
ow

nloaded from
 

http://iai.asm.org/

