
Cytokine Profiles from Antigen-Stimulated Whole-Blood Samples
among Patients with Pulmonary or Nonmeningeal Disseminated
Coccidioidomycosis

Neil M. Ampel,a Lance A. Nesbit,a,b Chinh T. Nguyen,a Suzette Chavez,a Kenneth S. Knox,b Suzanne M. Johnson,c

Demosthenes Pappagianisc

Medical and Research Services, Southern Arizona Veterans Affairs Health Care System, Tucson, Arizona, USAa; Pulmonary Division, Department of Medicine, University of
Arizona, Tucson, Arizona, USAb; Department of Microbiology/Immunology, University of California at Davis, Davis, California, USAc

The outcome of coccidioidomycosis depends on a robust specific cellular immune response. A T-helper type 1 (Th1) cellular im-
mune response has been previously associated with resolution of clinical illness. However, the precise elements of this response
and whether cytokines not involved with the Th1 response play a role in coccidioidomycosis are not known. Whole-blood sam-
ples were obtained from subjects with active coccidioidomycosis and controls and incubated for 18 h with T27K, a coccidioidal
antigen preparation. The supernatant was then assayed for gamma interferon (IFN-�), interleukin-2 (IL-2), tumor necrosis fac-
tor alpha (TNF-�), IL-4, IL-6, IL-10, and IL-17A. A total of 43 subjects, 16 with acute pneumonia, 9 with pulmonary sequelae of
nodules and cavities, and 18 with nonmeningeal disseminated coccidioidomycosis, were studied. Compared to concentrations in
healthy immune and nonimmune donors, the median concentration of IL-17A was significantly higher in those with active coc-
cidioidomycosis (for both, P < 0.01). In addition, IL-6 concentrations were higher while IL-2 and IFN-� concentrations were
significantly lower in those with nonmeningeal disseminated disease diagnosed within 12 months than in those with acute pneu-
monia (for all, P < 0.05). The cytokine profile among patients with active coccidioidomycosis is distinct in that IL-17A is persis-
tently present. In addition, those with nonmeningeal disseminated disease have an increased inflammatory cytokine response
and diminished Th1 responses that modulate over time.

Coccidioidomycosis is a fungal infection common in the San
Joaquin Valley of California, in Arizona, and in other regions

of the southwestern United States, as well as northern Mexico and
areas of Central and South America (1). Most cases are acquired
by inhalation of airborne fungal elements, called arthroconidia,
from the soil or air. In approximately 60% of cases, infection is
asymptomatic and results in a long-lived, protective cellular im-
mune response. In the other 40%, a symptomatic pneumonia that
usually resolves and also results in long-lived immunity occurs. In
fewer than 1% of cases, clinical infection disseminates outside the
thoracic cavity. The latter complication is associated with a poor
outcome and a lack of a protective cellular immune response (2).

Smith and colleagues demonstrated many years ago that de-
layed-type dermal hypersensitivity (DTH), a manifestation of a
cellular immune response, is predictive of a good outcome in coc-
cidioidomycosis (3). Drutz and Catanzaro formalized this con-
cept by relating the strength of the cellular immune response to
control of disease and noted the similarity to the response to lep-
rosy (4). Our laboratory has previously demonstrated that cyto-
kines induced by incubation of the coccidioidal antigen prepara-
tion T27K with peripheral blood mononuclear cells (PBMC) (5,
6) or whole blood (7) results in a T helper type 1 (Th1) pattern,
with high concentrations of interleukin-2 (IL-2) and gamma in-
terferon (IFN-�), in samples from subjects with limited or con-
trolled coccidioidal infection. Moreover, these results parallel the
response seen with coccidioidin skin testing (8).

Recently, murine studies have suggested that another response,
associated with the release of IL-17A by T helper type 17 (Th17)
lymphocytes, may be critical in inducing a protective immune
response in coccidioidomycosis (9). Moreover, we have recently
found that low concentrations of IL-17A were released by both

PBMC and mononuclear cells obtained by bronchoalveolar lavage
after incubation with T27K among subjects with acute pulmonary
coccidioidomycosis (10).

In the present study, we explored the pattern of cytokine ex-
pression from samples of whole blood incubated with T27K
among patients with pulmonary coccidioidomycosis and those
with nonmeningeal disseminated disease. Patients with coccidioi-
dal meningitis were not examined because of a limited number of
subjects and because previous data have suggested that these sub-
jects express DTH despite having disseminated disease (3). In ad-
dition to exploring the release of Th1 cytokines, we also examined
the release of IL-17A and the proinflammatory cytokines tumor
necrosis factor alpha (TNF-�) and IL-6. Through this work, we
believe we have preliminarily identified cytokine biosignatures of
immune responses during various types of active coccidioidomy-
cosis.

Received 11 May 2015 Returned for modification 15 May 2015
Accepted 28 May 2015

Accepted manuscript posted online 3 June 2015

Citation Ampel NM, Nesbit LA, Nguyen CT, Chavez S, Knox KS, Johnson SM,
Pappagianis D. 2015. Cytokine profiles from antigen-stimulated whole-blood
samples among patients with pulmonary or nonmeningeal disseminated
coccidioidomycosis. Clin Vaccine Immunol 22:917–922. doi:10.1128/CVI.00280-15.

Editor: H. F. Rosenberg

Address correspondence to Neil M. Ampel, nampel@email.arizona.edu.

Copyright © 2015, American Society for Microbiology. All Rights Reserved.

doi:10.1128/CVI.00280-15

August 2015 Volume 22 Number 8 cvi.asm.org 917Clinical and Vaccine Immunology

http://dx.doi.org/10.1128/CVI.00280-15
http://dx.doi.org/10.1128/CVI.00280-15
http://cvi.asm.org


MATERIALS AND METHODS
Subjects. Patients with a diagnosis of coccidioidomycosis seen at the
Southern Arizona Veterans Affairs Medical Center (SAVAHCS) were
asked to participate. Subjects with underlying immunodeficiency, includ-
ing HIV infection, those undergoing cancer chemotherapy or treatment
with corticosteroids or biological immune modulators, and those with
severe renal insufficiency and uncontrolled diabetes were excluded, as
were patients with coccidioidal meningitis. Clinical data were collected,
including the time from diagnosis to assay, the type of coccidioidomyco-
sis, and the results of the serologic coccidioidal complement fixation titer
by immunodiffusion (IDCF titer). IDCF titration was performed by the
clinical laboratory of SAVAHCS (11). In addition, healthy subjects with
known prior cellular immunity to coccidioidomycosis and healthy sub-
jects without demonstrable coccidioidal cellular immunity served as con-
trol donors. The study was approved by the Human Subjects Protection
Committee of SAVAHCS.

Whole-blood assay. Approximately 5 ml of blood was drawn by ve-
nipuncture and placed into a sterile tube containing sodium heparin. The
aliquots were dispensed and incubated at 37°C in 5% CO2, 95% air with 20
�g/ml of the coccidioidal antigen preparation T27K or with nothing to
serve as an unstimulated control. After 18 h, the supernatant plasma sam-
ple was aspirated and frozen at �80°C until assayed for cytokine concen-
trations.

Determination of cytokine concentrations. A flow cytometric cyto-
kine bead array assay was used to determine the concentration of the
following cytokines: IL-2, IFN-�, TNF-�, IL-6, IL-4, and IL-10 (BD Bio-
sciences, San Jose, CA). A highly sensitive enzyme-linked immunosorbent
assay (ELISA) was used to measure IL-17A levels to 0.5 pg/ml (eBiosci-
ence, San Diego, CA). In all cases, the assays were performed according to
the manufacturer’s directions.

Calculation of a cytokine reactivity score. A score was calculated for
those subjects with either pulmonary or nonmeningeal disseminated coc-
cidioidomycosis based on the concentrations of released cytokines to re-
flect whether a cellular or Th1 response or an inflammatory cytokine
response was predominant. One point each was given for a concentration
of IL-2 or IFN-� of �100 pg/ml. In addition, a point was awarded if the
released concentration of TNF-� was �100 pg/ml and an additional point
if the IL-6 concentration was �10,000 pg/ml.

Statistical analysis. Summarized data are expressed as medians with
interquartile ranges. Continuous variables were analyzed by the nonpara-
metric Mann-Whitney rank sum test and the Kruskal-Wallace test. Cate-
gorical variables were assessed using the �2 test. A P value of �0.05 was
considered to be statistically significant. All data were analyzed using Stata
version 14 (Stata Corp., College Station, TX).

RESULTS
Overview of subjects. A total of 43 subjects with active coccidioid-
omycosis were enrolled in the study. These included 18 with non-
meningeal extrathoracic dissemination and 25 with pulmonary

disease only. Among the latter subjects, 16 had acute primary coc-
cidioidal pneumonia, and 9 had a sequela of pulmonary coccid-
ioidomycosis, either a nodule or a cavity. In addition, whole-
blood samples were obtained from 6 healthy subjects with
previously known coccidioidal immunity and from 6 healthy coc-
cidioidal nonimmune subjects based on previous in vitro cytokine
testing using T27K.

Demographic information for the subjects is depicted in Table
1. The subjects with active coccidioidomycosis were significantly
older and more likely to be male than the healthy control subjects.
In addition, there was a predominance of African-American men
among the subjects with extrathoracic dissemination, and these
subjects had been diagnosed for a significantly longer time than
the subjects with acute pulmonary disease and those with pulmo-
nary sequelae.

Comparison of cytokine results among the different groups
of subjects. The median concentration of IL-2, IFN-�, and TNF-�
in unstimulated control samples was 0.0 pg/ml; it was 19.2 pg/ml
for IL-6 and �0.5 pg/ml for IL-17A. The results in Table 2 display
the median cytokine concentrations of the T27K-stimulated sam-
ple above those of the paired unstimulated control in subjects with
acute pulmonary coccidioidomycosis, pulmonary sequelae, and
nonmeningeal disseminated coccidioidomycosis as well as among
the healthy immune and nonimmune donors. For these samples,
significantly higher concentrations of IL-2 and IFN-� were ob-
served in those with acute pulmonary coccidioidomycosis, in
those with pulmonary sequelae and nonmeningeal disseminated
disease, and in healthy immune donors than in healthy, nonim-
mune adults (for all, P � 0.05). In addition, significantly elevated
concentrations of IL-17A compared to those in nonimmune do-
nors were seen in subjects with acute pulmonary coccidioidomy-
cosis, pulmonary sequelae, and nonmeningeal disseminated coc-
cidioidomycosis (for all, P � 0.05), but not in healthy, immune
donors. The concentrations of IL-6 were increased in samples
from subjects with disseminated coccidioidomycosis compared to
those in samples from healthy immune and nonimmune donors
(for both, P � 0.05). The median concentrations of IL-4 and IL-10
were zero for all groups studied, and the results are not displayed.

Effect of time from diagnosis on the cytokine pattern among
those with nonmeningeal disseminated disease. Based on previ-
ous observations (12, 13), it was surprising that Th1 cytokines in
subjects with nonmeningeal disseminated coccidioidomycosis
were similar to those in subjects with pulmonary disease and
healthy immune donors. To explore this further, we examined
cytokine concentrations based on the time from diagnosis to the

TABLE 1 Demographic information for the subjects

Group (no. of subjects) Age (yr)a No. M/no. Fb

Race/ethnicity
(no. of subjects)c

No. of mo since
diagnosisa

Acute pulmonary coccidioidomycosis (n 	 16) 66 (58–73) 14/2 WNH (11), WH (3), AA (2) 7.0 (1.7–12.3)
Pulmonary sequelae (n 	 9) 66 (61–71) 8/1 WNH (7), WH (1), AA (1) 8.5 (0–17.1)
Disseminated coccidioidomycosis (n 	 18) 65 (58–72) 18/0 WNH (7), WH (1), AA (10) 115.5 (36.5–194.5)
Healthy donors (n 	 12) 35 (28–42) 6/6 WNH (11), WH (1) NAd

P value �0.001 0.050 0.565 0.006
a Results are medians, with interquartile range.
b M, male; F, female.
c WNH, white non-Hispanic; WH, white Hispanic; AA, African-American.
d NA, not applicable.
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time of assay. The released concentrations of IL-2 increased sig-
nificantly with increasing time from diagnosis in those with non-
meningeal disseminated coccidioidomycosis (R2 	 0.197; P 	
0.037), suggesting that a cellular immune response develops over
time in these patients. Similar analyses for IFN-�, TNF-�, IL-6,
and IL-17A did not reveal a significant relationship (data not
shown).

These data were further examined by comparing the concen-
trations of released cytokines in samples from those with acute
pulmonary disease, pulmonary sequelae, and nonmeningeal dis-
seminated disease who were diagnosed �12 months and �12
months from the time of the assay. Twelve months was used as a
cutoff since observations in the era before treatment of coccidioi-
dal disease suggest that the clinical and cellular immune response
has stabilized by then (3). As shown in Fig. 1A, in those subjects
diagnosed �12 months from the time of assay, released concen-
trations of both IL-2 and IFN-� were significantly lower in sam-
ples from those with disseminated disease than in samples from
those with acute pulmonary disease (for both, P � 0.05). In addi-
tion, concentrations of IL-2 were also lower in those with dissem-
inated disease diagnosed �12 months from the time of the assay
than in those diagnosed �12 months from the time of the assay
(P 	 0.034). However, this was not the case for IFN-� (P 	 0.115).

In Fig. 1B, released concentrations of TNF-� and IL-6 based on
the time of diagnosis are shown. The concentrations of IL-6 were
significantly higher in those with disseminated disease than in
those with acute pulmonary disease when diagnosed �12 months
from the time of the assay (P 	 0.034). There was also a trend
toward higher TNF-� concentrations (P 	 0.061). In addition, for
samples from subjects with disseminated disease, the concentra-
tions of IL-6 trended toward a higher value for samples from pa-
tients who were diagnosed at �12 months from the time of the
assay than for samples from patients who were diagnosed at �12
months from the time of the assay (P 	 0.068). No changes in
IL-17A concentrations were observed over time for any of the
subject groups (data not shown).

Visual inspection of these data indicated that in those with
disseminated disease, the concentrations of IL-2 and IFN-� ap-
peared to be higher after 12 months, while the concentrations of
TNF-� and IL-6 appeared to decline and approximate those in
subjects with acute pulmonary disease and healthy immune do-
nors. In order to examine this further, we calculated a cytokine
reactivity score, where a low number indicates a diminished Th1
response and increased inflammatory response and a higher value
suggests a heightened Th1 response with a lessened inflammatory
response. When the diagnosis was �12 months from the time of

the assay, the median cytokine reactivity score was 1 for those 5
subjects with disseminated disease, which was significantly lower
than the median score of 3 for the 13 subjects with acute pulmo-
nary coccidioidomycosis (P 	 0.008) and the 6 healthy immune
subjects (P 	 0.012). At a time from diagnosis of �12 months, the
median reactivity score for the 13 subjects with disseminated dis-
ease was 3 and was not significantly different from that for the 5
subjects with pulmonary disease (P 	 0.377) or the 6 healthy
immune subjects (P 	 0.187).

Effects of antifungal therapy and coccidioidal serologic titer
on the released cytokine concentration pattern. We compared
the released cytokine concentrations of the 21 subjects receiving
antifungal therapy (in all cases a triazole antifungal) to those of the
22 who were not. No significant differences in any of the released
cytokine concentrations were observed (data not shown). How-
ever, because none of the 9 subjects with pulmonary sequelae were
receiving antifungal therapy and 17 of the 18 subjects in the non-
meningeal disseminated group were receiving antifungal therapy,
we elected to analyze only the 16 subjects with acute pulmonary
coccidioidomycosis, 12 of whom were receiving antifungal ther-
apy. Again, no significant differences in any of the released cyto-
kine concentrations were seen (data not shown).

The coccidioidal serologic titer is a measure of disease activity
(14) but may not reflect the cellular immune response to infec-
tion. We compared the released cytokine concentrations in the 36
subjects whose complement-fixing titer was �1:4 to those in the 7
subjects in whom it was higher. This differentiation was used be-
cause IDCF titers of �1:4 are considered by many clinicians to be
suggestive of active disease and because of the paucity of subjects
available with higher titers. Both the IL-2 and IFN-� concentra-
tions were lower in those with elevated serologic titers, while all of
the other released cytokine concentrations were not different
from those in subjects with lower titers (data not shown). Because
the number of subjects with pulmonary disease and IDCF titers of
�1:4 was low, the subjects with acute pneumonia and pulmonary
sequelae were combined and their results were then compared to
the results for subjects with nonmeningeal disseminated disease.
These results are shown in Table 3 and demonstrate that the de-
pressed IL-2 and IFN-� concentrations are only seen in subjects
with disseminated disease with IDCF titers of �1:4.

DISCUSSION

Cytokine analysis of antigen-stimulated whole blood not only de-
fines those who have developed a cellular immune response to
coccidioidal infection but also allows dissection of the specific
elements of that response. In this report, we found that individuals

TABLE 2 Concentrations of IL-2, IFN-�, TNF-�, IL-6, and IL-17A among donors with acute pulmonary coccidioidomycosis, the pulmonary
sequelae of nodules and cavities, and nonmeningeal disseminated coccidioidomycosis and healthy coccidioidal immune and nonimmune donors

Group (no. of subjects)

Concn, pg/ml (IQRa)

IL-2 IFN-� TNF-� IL-6 IL-17A

Acute pulmonary coccidioidomycosis (n 	16) 1,559 (468–2,650)b 518 (0–1,037)b 33 (0–111)b 1,485 (0–4,689)b 14.7 (9.1–20.6)b,c

Pulmonary sequelae (n 	 9) 845 (510–1,198)b 248 (99–398)b 17 (0–150)b 1,485 (486–2,485)b 3.8 (0–11.4)b,c

Disseminated coccidioidomycosis (n 	 18) 541 (0–1,470)b 173 (0–609)b 341 (0–875)b 4,584 (0–9,775)b,c 6.9 (3.8–10.0)b,c

Immune (n 	 6) 315 (52–579)b 194 (55–334)b 41 (0–124)b 691 (313–1,069)b 0.8 (0.3–1.3)
Nonimmune (n 	 6) 0.0 (0–3.1) 4.4 (0–9.5) 0.0 (0) 54 (17–92) 0.0 (0–0.3)
a IQR, interquartile range.
b P � 0.05 compared to healthy, nonimmune donors.
c P � 0.01 compared to healthy, immune donors.
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FIG 1 Concentrations (picograms per milliliter) of IL-2 and IFN-� (A) and TNF-� and IL-6 (B) for subjects diagnosed �12 months and �12 months from the time
of the assay. Each value is depicted as a circle with the horizontal line representing the median. Note that the y axes differ for each cytokine. *, P � 0.05 comparing samples
from subjects with acute pulmonary disease to samples from subjects with disseminated coccidioidomycosis diagnosed �12 months from the time of the assay. †, P �
0.05 comparing samples from those with disseminated coccidioidomycosis with a diagnosis �12 months compared to �12 months from the time of the assay.

920 cvi.asm.org August 2015 Volume 22 Number 8Clinical and Vaccine Immunology

http://cvi.asm.org


with active coccidioidomycosis, including those with pulmonary
and nonmeningeal disseminated disease, expressed a Th1 re-
sponse and also a persistent Th17 response that distinguishes
them from both nonimmune healthy donors and asymptomatic
healthy immune donors. While this is a novel observation in coc-
cidioidomycosis, there have been similar observations in studies
of patients with active tuberculosis (15–17), and elevated expres-
sion levels of IFN-� and IL-17A have been observed in memory
CD4
 T lymphocytes from patients with sarcoidosis (18). The
results suggest that antigen-induced release of IL-17A may be a
marker for active disease during granulomatous infections. The
role of the persistently elevated IL-17A concentration among sub-
jects with active illness is not clear, and the fact that it is not seen in
healthy immune donors without active illness suggests that it
might reflect a lack of ability to control infection. Moreover, the
levels of IL-17A in response to antigen stimulation did not appear
to change over time among subjects with active coccidioidomyco-
sis. The reason for this fixed response is unclear and deserves fur-
ther study.

We also observed changes in the Th1 response with other
changes in coccidioidal disease, including increased release of IL-2
associated with prolonged follow-up among patients with non-
meningeal disseminated disease and decreased IL-2 and IFN-�
associated with increased serologic responses in those with non-
meningeal disseminated disease. These data suggest that there is a
relationship between the clinical outcome and cytokine response.
While a direct correlation between IL-2 release and time was seen,
this was not observed for IFN-�, likely because of the relatively
small number of subjects and the variability of response.

Increased circulating levels of TNF-� and IL-6 without specific
antigen stimulation have been hypothesized to be markers for
chronic inflammation in aging (19). We noted that those with

nonmeningeal disseminated disease had a pattern of increased
release of TNF-� and IL-6 compared to that in those with pulmo-
nary coccidioidomycosis, and this declined over time. We devised
a score to reflect this cytokine relationship and found that it con-
firmed that there was a diminished Th1 response and increased
inflammatory cytokine response pattern among those with dis-
seminated disease during the first year of diagnosis compared to
the responses in those with pulmonary disease. These results
might suggest an early inflammatory pattern in those with non-
meningeal disseminated coccidioidomycosis.

The weaknesses of this study include its descriptive nature, the
relatively small number of subjects, including healthy controls,
and the fact that the subjects were studied at various times after
their initial diagnosis. In some of the disseminated-disease cases,
the studies were undertaken many years after diagnosis and likely
do not reflect their initial immune response. In addition, the sub-
ject groups differed markedly in their time of diagnosis, age, and
racial makeup, and these factors may have affected the cytokine
response. Finally, the number of cytokines surveyed was relatively
limited.

A strength of the study is the use of a whole-blood assay with a
coccidioidal antigen preparation that is relatively simple to per-
form and capable of detecting cytokine profiles (20). With this
assay, cytokine patterns emerged among the different subject
groups, and the results serve as preliminary data to further explore
whether a cytokine biosignature predicts protective and nonpro-
tective immune responses in human coccidioidomycosis.
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