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Murine infections with most Coccidioides spp. strains are lethal by 3 weeks, limiting the study of immune responses. Coccidioides 
posadasii, strain 1038 (Cp1038), while slowly lethal, resulted in protracted survival of C57BL/6 (B6) mice. In resistant (B6D2)F1/J 
mice, lung fungal burdens stabilized by week 4 without progression through week 16, better modeling human coccidioidal infec-
tions after their immunologic control. Immunodeficient tumor necrosis factor (Tnf) α knockout (KO) and interferon (Ifn) γ receptor 
1 (Ifn-γr1) KO mice survived a median of 22.5 and 34 days, compared with 70 days in B6 mice (P =  .001 and P < .01, respec-
tively), though 14-day lung fungal burden studies showed little difference between Ifn-γr1 KO and B6 mice. B6 mice showed peak  
concentrations of key inflammatory lung cytokines, including interleukin 6, 23, and 17A, Tnf-α, and Ifn-γ, only after  4 weeks of in-
fection. The slower progression in B6 and the acquired fungal burden stability in B6D2 mice after Cp1038 infection greatly increases 
the array of possible immunologic studies.
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Experimental infection of mice is the most commonly used 
disease model to study coccidioidomycosis, a systemic 
fungal infection caused by the species Coccidioides posadasii 
and Coccidioides immitis. This model is used to study new 
antifungal drug therapies, vaccine candidates, and host re-
sponses to infection. The model can be manipulated by 
infecting mice via lungs (intranasally, intratracheally, or 
aerosol), intraperitoneally, intravenously, intrathecally/
intracranially, or subcutaneously [1]. For immunology re-
search, inbred strains, especially C57BL/6 (B6) mice, are 
used extensively, in part because the majority of genetically 
modified mice are on this background. B6 mice are very sus-
ceptible to infection, and 50 arthroconidia of C. posadasii, 
strain Silveira, and C.  immitis, strain RS, are lethal within 
2–3 weeks after intranasal infection [2].

Because the interval between spherule rupture at 5 days and 
death at 14–16 days is so short, there is little opportunity to 
study the adaptive immune response that is likely critical to 
control infections in humans and other species [3]. This makes 
extrapolating findings in mice to humans extremely diffi-
cult, since conditions in humans, even in those with immune 

deficiencies, seldom progress as rapidly as in mice. Previously, 
Shubitz et al [4] infected outbred Swiss-Webster mice, which 
constrained granulomas and fungal burden and survived 
≥56 days. By contrast, in the same study, 60% of the most re-
sistant inbred mice tested, DBA/2NHsd, also survived 56 days 
but had high lung fungal burdens (LFBs) and extensive lung 
lesions. A chronic disease model in inbred mice after respira-
tory coccidioidal infection would be a major advance to study 
the effects of immunosuppression and immunodeficiency on 
coccidioidal disease.

Host genetics play an important role in human susceptibility 
to coccidioidomycosis as several inborn immunodeficiencies, 
such as interleukin 12 receptor, signal transducer and activator 
of transcription (STAT) 4, STAT1, STAT3, and interferon (IFN) 
γ receptor 1 mutations, have been identified in humans with se-
vere to fatal coccidioidal infection [5–9]. Immunosuppression 
due to broad-spectrum and targeted immunotherapeutics 
to treat inflammatory and neoplastic diseases and prevent 
transplant rejection also can result in severe coccidioidomy-
cosis [8, 10]. A less fulminant infection model in mice would 
allow more careful study of the effects of both inherited and 
induced immunodeficiencies on the host response to disease, 
including the potential to protect these populations by vaccina-
tion. A slower, chronic model would also allow measurement 
of immune function from time points during the early innate 
stages through the adaptive phase of immunity to better de-
scribe the mechanisms of failure that lead to death or the host’s 
inability to control infection without the chronic application of 
antifungal medication [11].
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Cox and Magee [12] reported that an isolate of C. posadasii, re-
covered from a patient in Arizona and designated RMSCC1038 
(Cp1038), was of reduced virulence in BALB/c mice, as indi-
cated by extended survival of ≥45  days after intranasal in-
fection, but no further characterization was provided. In the 
current work, we extend that initial observation with studies 
of survival, quantitative LFBs, and cytokine profiles of normal 
and immunodeficient inbred strains of mice after infection with 
the reduced-virulence Cp1038. Our findings demonstrate that 
with this strain a greater range of immunologic studies are now 
possible.

MATERIALS AND METHODS

Fungal Strains

C. posadasii strains Silveira and RMSCC 1038 (Cp1038) were 
grown on 2× glucose yeast extract agar (GYE) (2% glucose, 1% 
yeast extract, and 1.5% agar) at 30°C for 4 and 12 weeks, re-
spectively, and arthroconidia were harvested and enumerated 
using a hemocytometer, as described elsewhere [13]. Cp1038 
was filtered through Pellon Thermolam Plus to remove hyphal 
elements. Viability was determined by growth of 10-fold serial 
dilutions on 2× GYE at 37°C for 3 and up to 7 days for strains 
Silveira and Cp1038, respectively. Viable suspensions for animal 
inoculation were diluted in isotonic saline. All manipulation of 
live fungus was performed at biosafety level 3 with University of 
Arizona Institutional Biosafety Committee approval.

Mice and Infections

Female C57BL/6J (B6), B6D2F1/J (B6D2), B6.129S7-
Ifngr1tm1Agt/J (IFN-γ receptor 1 [Ifn-γr1] knockout [KO]) (stock 
003288), and B6.129S-Tnftm16kl/J (tumor necrosis factor [Tnf] α 
KO) (stock 005540) mice, 6–8 weeks old, were purchased from 
Jackson Laboratories [14, 15]. Ifn-γr1 KO mice from Jackson 
were also bred in house, and both male and female mice were 
used. Mice were housed according to PHS standards; all pro-
cedures were approved by the Institutional Animal Care and 
Use Committee of the University of Arizona. Mice were housed 
and manipulated at animal biosafety level 3 for the duration of 
the infection studies.

Groups of 5–8 mice were infected intranasally under 
ketamine-xylazine anesthesia with approximately 50 
arthroconidia in 30  µL of isotonic sterile saline, as described 
elsewhere [16]. Mice for fungal burden studies were euthanized 
at prespecified time points, or earlier if moribund (defined as 
weight loss >20%, inactivity and ruffled condition, or dehydra-
tion 7%–10% based on skin turgor). For survival studies, mice 
were observed for up to 16 weeks, and moribund animals were 
euthanized as necessary.

For all studies, LFBs were quantitated by serial dilution of 
homogenized tissue, as described elsewhere [16]. Where spleen 
fungal burdens are reported, they were homogenized with se-
rial dilutions and enumerated as for the lungs. For most studies, 

spleens were qualitatively cultured whole on GYE plates at 
35°C–37°C for up to 7 days and reported positive or negative 
for fungal growth to assess dissemination. For immunologic 
studies, groups of mice were euthanized at prespecified time 
points, and lungs were collected for further analysis.

Cytokine Analysis

Lungs of B6 mice infected with 50 arthroconidia of Cp1038 
were collected at 2, 4, 5, and 6 weeks after infection; mice for 
controls were given saline intranasally when the other groups 
were infected, and they were euthanized at the week 6 time 
point. Left lungs were weighed, minced, and incubated for 24 
hours in 2.5  mL of RPMI 1640 medium with 10% fetal calf 
serum at 37°C and 5% carbon dioxide, in 6-well tissue culture 
plates. Supernatants were centrifuged, filtered through a 0.8-µm 
filter to sterilize, and stored at −80°C until analysis. Cytokines 
were assayed using the LEGENDplex Mouse Inflammation 
Panel 13-plex cytometric bead array (BioLegend), according 
to the manufacturer’s instructions. Concentrations were deter-
mined using standard curves and reported as concentration per 
gram of lung.

Lung Histopathology

B6 mice were infected intranasally with approximately 500 
arthroconidia of Cp1038 because it requires a high starting 
dose to detect developing spherules on slide sections at early 
time points without reviewing hundreds of sections of lung. 
Two mice were euthanized on each of days 3, 4, 5, 6, 7, and 14 
after infection. Lungs were fixed with 4% paraformaldehyde for 
24 hours and then transferred into 70% ethanol and processed 
and embedded routinely. Pairs of step sections (5  µm thick) 
were cut every 20 µm; one slide was stained with hematoxylin-
eosin (HE) and the other immunohistochemically stained 
with a Coccidioides-specific polyclonal goat antibody to Ag2/
PRA (PRA), as described elsewhere [4]. Historical slides of B6 
mice infected with Silveira were shown for comparison, be-
cause we have an extensive library of HE- and PRA-stained 
slides. In those studies, mice were infected intranasally with 50 
arthroconidia of Silveira [4].

Statistical Analysis

Fungal burden and survival data were assessed using the 
Shapiro-Wilk test for normality and all were determined to 
be not normal. Groups were log-transformed and analyzed by 
means of nonparametric Kruskal-Wallis or Mann-Whitney 
tests to compare groups in each study. Survival curves were 
compared using log-rank tests. Results were considered signif-
icant at P ≤ .05. Cytokine significance was determined using a 
2-step process. Each cytokine was subjected to a Kruskal-Wallis 
test for variance and adjusted for multiple comparisons using a 
Bonferroni adjustment. Cytokines that were significant in this 
first analysis were then log-transformed and compared with the 
control at each time point, using a Mann-Whitney rank order 
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test corrected for multiple comparisons. Results were con-
sidered significant at P ≤ .05.

RESULTS

In Vitro and In Vivo Growth of Cp1038

For production of arthroconidia to inoculate mice, Cp1038 
grew more slowly than Silveira on medium routinely used to 
grow Coccidioides spp. in our laboratory and it also produced 
fewer mature arthroconidia. The yield from Silveira cultures 
after 4 weeks was approximately 1  ×  108 arthroconidia per 
10-cm petri dish, while the yield from Cp1038 after 12 weeks 
was a log lower. When postmortem organ cultures were per-
formed to quantitate fungal burden, Cp1038 colonies appeared 
later on the culture plates and cultures needed to be incubated 
up to 7 days to finalize counts, compared with only 3 days for 
Silveira. Under all in vitro growth conditions, Cp1038 grew 
slower than Silveira.

To understand the growth of Cp1038 in vivo, lung sections 
of B6 mice infected with 500 arthroconidia were examined at 
early time points to describe the spherules and host inflamma-
tion. Examinations were perform only at 14 days or earlier, be-
cause B6 mice are frequently moribund by day 14 with florid 
infiltration of spherules and endospores into all lung fields after 
infection with 50 arthroconidia of Silveira [4]. On days 3 and 
4, abnormalities consisted of sparse (1–4 per slide), tiny clus-
ters of primarily neutrophilic inflammation in a peribronchial 
or perivascular location but no spherules seen with HE or PRA 
stain. Inflammatory sites remained microscopic and sparse on 
days 5 and 7 but were ≥1  mm and grossly visible on day 14 
(Figure 1). Inflammatory cells in the lesions consisted of neu-
trophils, macrophages, and a few lymphocytes. 

On days 5 and 7, the PRA stain detected low numbers of 
small (approximately 10–15-µm) spherules and endospores 
within the inflammatory lesions (Figure 2A and B) On day 14, 
the spherules of Cp1038 remained primarily in the 15–20-µm 
size range and relatively sparse, with typical pyogranulomatous 
inflammation (Figure  2C), in stark contrast to the innumer-
able, large spherules of Silveira observed on day 14 after in-
fection with 50 arthroconidia (Figure  2D). Our group has 
previously reported that spherules of Silveira can be seen in 
mice with PRA stain by day 3 after infection, that they enlarge 
to ≥50  µm in diameter by day 4–5 after infection, and that 
they rupture multitudinous endospores [4, 17]. Slow growth of 
Cp1038 occurred both in vitro and in the mice.

Fungal Burden and Survival in Mice Infected with Cp1038

Previously, differences in disease progression using immuno-
deficient mice were difficult to detect with Silveira infection 
due to the short disease course. IFN-γ has been implicated in 
the resistance to CM, and TNF-α inhibitors as immunosup-
pressant therapy are associated with severe coccidioidomycosis 
[10]. Because it is produced by both innate and adaptive im-
mune cells, we tested the growth of Cp1038 in Ifn-γr1 KO mice 
as well as B6. The slower growth of Cp1038 in mouse lungs pre-
dicted lower LFBs at day 14, which were indeed 3 logs lower in 
both B6 and Ifn-γr1 KO mice (n = 8 per group) infected with 
Cp1038 compared with Silveira (P  <  .001 for both strains of 
mice) (Figure 3). The mean LFBs for B6 (2 × 107) and Ifn-γr1 
KO (3.6  ×  107) mice infected with Silveira were also signifi-
cantly different (P = .02).

Some Silveira-infected mice of both strains were removed 
early because of moribundity, and LFBs were typical of fatal 

A B

Figure 1. Low-magnification images of the entire lungs of B6 mice infected with 500 arthroconidia of Cp1038 (hematoxylin-eosin stain; MoticEasyScan digital slide 
scanner; bars represent 1 mm). A, On day 7 after infection, there are very few small lesions, which stain dark purple owing to the high number of neutrophils. B, By day 14, 
lung lesions are significantly increased in number and size, and they are grossly visible at postmortem examination, approximately 1 mm in diameter.
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A B

C D

Figure 2. A, B, In lungs of B6 mice, Cp1038 spherules, stained dark red or brown, are sparse in lesions on days 5 (A) and 7 (B) after infection and are approximately 
10–15 µm in diameter. C, On day 14 after infection, the abundance of spherules is modestly increased, and some spherules reach a diameter of approximately 20 µm (A–C, 
PRA stain, original magnification ×200; scale bars = 20 µm). D, For comparison, a B6 mouse from a study infected with 50 arthroconidia of Silveira had large, floridly abundant 
spherules on day 14 after infection (PRA stain, original magnification ×100; scale bar = 50 µm).
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Figure 3. Lung fungal burden (LFB) on day 14 after infection of C57BL/6 and interferon γ 
receptor 1 (Ifn-γr1) knockout (KO) mice after intranasal infection with 32 or 34 arthroconidia 
of Cp1038 or Silveira, respectively (n = 8 per group). LFBs are approximately 1000-fold lower 
with Cp1038 in both wild-type and the immunodeficient mice (P < .001 for both compari-
sons). Differences in LFB were significant between the 2 mouse strains for Silveira (P = .02) 
but not for Cp1038 (P > .99) infection (Kruskal-Wallis).

infections. In addition, splenic dissemination (not quanti-
tated) occurred in all mice infected with Silveira. Mean LFBs 
for B6 (3.6 × 103) and Ifn-γr1 (1.7 × 104) KO mice infected with 
Cp1038 were not significantly different (P > .99) at 2 weeks, all 
the mice were clinically normal with no weight loss, and less 
than half had splenic dissemination (4 Ifn-γr1 KO and 2 B6; not 
quantitated). These findings clearly demonstrate the time limi-
tations for studies with virulent fungal strains and the potential 
for longer studies to reveal differences in disease progression 
and immunologic responses.

Two immunodeficient strains of mice predicted to have al-
tered outcomes to coccidioidal infection, Ifn-γr1 KO and Tnf-α 
KO [20-24], were tested for extended times. Groups of 8 TNF-α 
KO or IFN-γr1 KO mice and normal B6 controls were moni-
tored for 10-week survival in separate studies. In the Tnf-α KO 
study, instead of fungal burden, 3 Tnf-α KO mice had lungs 
fixed for histopathology at the time of moribundity and the B6 
mice with matching numbers were euthanized on the same day 
for comparison. B6 mice euthanized for histopathologic com-
parisons were not included in survival analysis.

Mice in the Tnf-α KO and Ifn-γr1 KO studies received 43 or 
52 arthroconidia of Cp1038 intranasally, respectively. Both im-
munodeficient strains of mice died significantly sooner than B6 
mice (Figure  4). The median survival times were 34  days for 

Ifn-γr1 KO mice and 22.5 days for Tnf-α KO mice, compared 
with 70 days for B6 mice in both studies (P = .01 and P < .001, 
respectively). This confirms the postulated role of both IFN-γ 
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and Tnf-α in coccidioidomycosis infections in mice. Some 
deaths before 70 days in B6 mice, as well as the extent of disease 
detected after death (mean LFBs in B6 mice, log 5.7 and log 6.5 
in the Inf-γr1 KO and Tnf-α KO studies, respectively), showed 
that Cp1038 is progressive even in immunologically normal 
B6 mice, but the slower rate of this infection provides oppor-
tunities for an array of studies in normal and immunodeficient 
mice that were never possible with the most common labora-
tory Coccidioides infections.

In comparing histopathologic findings in Tnf-α KO mice and 
nonmoribund B6 mice euthanized on the same day, Figure 5A 
shows that Tnf-α KO mice do not form classic granulomas in 
response to the coccidioidal infection. The lesions were char-
acterized by extensive, dense pyogranulomatous inflammation 
and little or no fibrosis. In contrast, B6 mice had discrete granu-
lomas with borders, characterized by pyogranulomatous inflam-
mation of lower inflammatory cell density, more macrophages 
than neutrophils, and multinucleate giant cells, a hallmark of 
granuloma formation, with spherule ingestion (Figure  5B). 
There were also more spherules in the Tnf-α KO than in B6 mice 
(Figure 5, insets).

Chronic, Stable Fungal Burden in Resistant B6D2 Mice

DBA/2 mice are known to be more resistant to coccidioidal 
infection, and resistance is the dominant trait in DBA/2 mice 
crossed with more susceptible strains [4, 18, 19]. We therefore 
postulated that offspring of B6 mice crossed with DBA/2 mice 
(B6D2) and infected with Cp1038 would exhibit a chronic or 
arrested infection, more closely approximating that of most hu-
mans. To investigate this, groups of B6D2 mice were infected 
with approximately 50 arthroconidia of Cp1038 intranasally 
and groups euthanized at either 4 or 10 weeks to compare LFBs, 
splenic dissemination, and survival. Mice in both groups sur-
vived to planned termination, and analysis of LFBs at 4 and 10 
weeks showed static disease (median [range], log 4.61 [4.11–
4.64] and log 4.44 [4.11–4.75], respectively). Dissemination 
based on fungal growth from spleens (not quantitated for this 
study) was present in all 5 mice euthanized at 4 weeks and 3 
of 5 euthanized at 10 weeks, although all mice were outwardly 
healthy. 

To extend observations, groups of 5 B6D2 mice were infected 
as before and euthanized 4, 8, or 16 weeks later to determine lung 
and spleen fungal burdens. All mice survived to their scheduled 
termination, and lung and spleen fungal burdens did not differ 
significantly between the groups of mice (lung, P = .11; spleen, 
P = .22; Kruskal-Wallis test) (Figure 6A and 6B). Furthermore, 
mice at all time points remained clinically healthy, and mean 
group weights increased throughout the study (Figure 6C). The 
static LFB of approximately 104 colony-forming units in B6D2 
mice was consistent across both studies between 4 and 16 weeks 
after infection, and the frequent finding of dissemination in the 
spleen did not result in progression to death in the time frame 

studied. The ultimate fate of these mice if they were observed 
longer is unknown, but at least until 16 weeks, Cp1038 seemed 
to produce a chronic, static infection that may approximately 
model arrested pulmonary disease in humans.

Peak Lung Cytokines

Cytokine patterns usually offer clues regarding host immunity, 
and once again we postulated that the slower progression of 
Cp1038 infection would reveal important interactions of innate 
and adaptive immune response in coccidioidomycosis that are 
impossible to measure in a 14-day infection model. In unpub-
lished data, we have shown very little cytokine response in lungs 
or peripheral blood mononuclear cells of mice infected with 
Silveira in the first 2 weeks. In Cp1038-infected mice studied 
for 6 weeks, 11 cytokines showed changes in patterns from un-
infected control mice, with maximal differences observed at 4 
weeks or later for the majority of them (Table 1). The statisti-
cally significant changes are notes in Table 1, though most cyto-
kines showed changes at later time points (4–6 weeks). 

Levels of the innate cytokine granulocyte-macrophage colo-
ny-stimulating factor rose quickly and were elevated at 2 weeks 
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Figure 4. Survival of interferon γ receptor 1 (Ifn-γr1) knockout (KO) (A) and 
tumor necrosis factor (Tnf) α KO mice (B) compared with wild-type B6 mice after 
intranasal infection with 43 or 52 arthroconidia of Cp1038, respectively (n = 5–8 
mice per group). Immunodeficient mice died significantly earlier than wild-type B6 
mice (Ifn-γr1 KO, P = .01; Tnf-α KO, P < .001), with biologically relevant separation 
of survival between strains (log-rank test).
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A B

Figure 5. Lungs of tumor necrosis factor (Tnf) α knockout (KO) and B6 mice 25 days after infection with 43 arthroconidia of Cp1038 intranasally. A, Dense pyogranulomatous 
inflammation of predominantly neutrophils and macrophages, as well as numerous spherules, infiltrate the lungs in the Tnf-α KO mice; there is little structure or evidence of 
fibrosis. Asterisks indicate 2 of the dozen or so visible spherules in the field shown. B, Inflammation in B6 mice is characteristic of granuloma formation, with reduced den-
sity of neutrophilic inflammation, epithelioid macrophages, and multinucleate giant cells (arrowhead). At least 1 spherule (asterisk) is engulfed by the giant cell in this field 
of view. Insets in A and B show significantly fewer spherules in B6 mice (hematoxylin-eosin stain, original magnification ×400 [scale bar = 20 µm]; inset: PRA stain, original 
magnification ×200 [scale bar = 20 µm]).

5

4

L
og

10
 L

un
g 

fu
ng

al
 b

ur
de

n

3

2

1

0

W
ei

gh
t, 

g

20
0 5 10

Time, wk

15 20

25

30

35

4 wk

8 wk

16 wk

4

L
og

10
 S

pl
ee

n 
fu

ng
al

 b
ur

de
n

3

2

1

0

4 wk
8 wk

16 wk
4 wk

8 wk
16 wk

A

C

B

Figure 6. A, B, Lung (A) and spleen (B) fungal burdens in B6D2 mice (n = 5 per 
group) infected with 58 arthroconidia intranasally of Cp1038 and euthanized 4, 8, or 
16 weeks after infection. There were no significant difference between the fungal 
burdens over time (lung, P  =  .11; spleen, P  =  .22; Kruskal-Wallis test). C, Mean 
group weights charted over time showed weight gains throughout, and mice re-
mained healthy.

after infection, while other innate cytokines showed significant 
decreases at 5 weeks after infection (interleukin 6, 10, and 23 
and monocyte chemoattractant protein 1; P  ≤  .05). Whether 

this is related to pathogen suppression or host down-regulation 
remains to be explored. Although differences did not reach sig-
nificance, peak concentrations for interleukin 6, 10, 23 and 
monocyte chemoattractant protein 1 occurred 4 weeks after 
infection. Elevations in cytokines typically associated with suc-
cessful adaptive host responses to coccidioidal infection oc-
curred at 4 (Ifn-γ) or 6 (interleukin 17A and Tnf-α) weeks after 
infection. Most of the peak cytokine responses, and nearly all 
of the significant changes detected in this study, occurred after 
mice in an acute model would have died. These results provide 
additional evidence that the slower Cp1038 infection model is 
likely to enhance studies to model human immune responses 
in mice.

DISCUSSION

A better understanding of coccidioidomycosis has been ham-
pered by the lack of an animal model that recapitulates the 
usual chronic course of the human disease. Here we described 
the slower growth and pathogenicity of a relatively unstudied 
patient isolate, Cp1038, and its extended disease course in both 
inbred B6 and B6D2 hybrid mice. This provides a useful alter-
native to the rapidly fatal murine model of coccidioidomycosis, 
such as that caused by Silveira. B6 mice survived approximately 
4 times as long as after infection with Silveira, and death was not 
seen in the resistant B6D2 mice even at 4 months.

The slower disease progression of Cp1038 in B6 mice allowed 
the use of KO mice to detect important immunologic pheno-
types. We were able to demonstrate that the absence of Ifn-γr1 or 
Tnf-α in B6 mice resulted in a worse outcome (Figure 4), some-
thing that was not readily apparent when comparing fungal 
burdens at 14  days with either Cp1038 or Silveira (Figure  3). 
Elsewhere, we have shown that both a homozygous and heter-
ozygous mutation in Stat4 resulted in greater susceptibility to 
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Cp1038 infection [9]. That the immune responses in B6 mice 
required several weeks to develop (Table  1) may explain why 
the consequence of the Ifn-γr1 deficiency, the Tnf-α deficiency, 
or the dominant negative effect of the Stat4 mutation could be 
detected only with a more protracted course of infection such 
as Cp1038 produces. To the extent that other aspects of murine 
immune responses require weeks to become evident, experi-
mental coccidioidal infection with strain Cp1038 may provide 
an avenue to study and better understand immune responses in 
ways not previously available.

Our studies also discovered that a Cp1038 respiratory infec-
tion in B6D2 mice resulted in a nonlethal, relatively low, and 
stable fungal burden for ≥16 weeks (Figure 6). This is remark-
ably similar to the course of coccidioidal infections in most hu-
mans [25]. It is surprising that mice survived despite frequent 
dissemination to the spleen. Although clinically apparent dis-
seminated coccidioidal infection is typically progressive [11], 
asymptomatic human disseminated infection has been identi-
fied occasionally in the prostate [26] and in the eye in 9% of pa-
tients with otherwise uncomplicated and untreated pulmonary 
coccidioidomycosis [27].

It is possible that hybrids between genetically modified B6 
and DBA/2 mice in this model will allow studies of heterozy-
gous gene mutations, such as the previously described human 
STAT1 gain-of-function or the STAT4 immunodominant mu-
tations [8, 9]. Moreover, the static infection model in B6D2 
mice may provide insights into the effects of various immu-
nosuppressive therapies, such as corticosteroids, anti-TNF, 
or other biological response modifiers on the likelihood of 
progressive infection if the immunosuppression is present at 
the time of infection or of reactivation if it begins after in-
fection is already stabilized [28–30]. These and perhaps other 

experimental questions are now possible to address using 
Cp1038 in those studies.
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