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Coccidioidomycosis is a common fungal infection acquired in the southwestern United States. This is the
first study in over 2 decades to determine the seroincidence of Coccidioides immitis infections among U.S.
military members performing training exercises in an area of endemicity. Only 8% of participants were aware
of coccidioidomycosis, despite the majority having visited or lived previously in an area of endemicity. One
(0.6%) of the 178 participants developed “definite” serologic evidence of infection over a 5-week training period;
four (2.3%) additional patients developed “possible” coccidioidomycosis infections. None had complicated
disease. The calculated annual incidence ranged from 6 to 32%. This study suggests that the risk of serious
coccidioidomycosis is low among military personnel during desert training exercises; however, disease inci-
dence may vary depending on specific activities and geographic factors. Due to the potential morbidity and
mortality of this infection, preventative strategies, including vaccine development, are advocated.

An estimated 100,000 cases of coccidioidomycosis occur an-
nually in areas of the southwestern United States; however,
since Coccidioides immitis infection is not a nationally report-
able disease (reportable only in Arizona and California), the
exact incidence is unknown. Persons at highest risk for infec-
tion include those who perform activities leading to dust for-
mation resulting in aerosolization of fungal arthroconidia.
Professions at highest risk include archeology, farming, con-
struction work, and the military. Disease is more likely in men,
a fact related to occupational exposures. Disseminated disease
is more common in African-Americans, Filipinos, and those
with cellular immunodeficiencies; however, there is no evi-
dence that asymptomatic infections are more common in these
groups (4, 11, 15, 18; D. Pappagianis, S. Lindsay, and S. Beall,
Letter, Am. Rev. Respir. Dis. 120:959–961, 1979). The seroin-
cidence of coccidioidomycosis in high-risk groups, such as mil-
itary personnel performing desert training exercises, has not
recently been studied. Smith et al. found an annual incidence
of up to 25% among military personnel training in the south-
western United States during World War II (14), and skin test
conversion rates for coccidioidomycosis were as high as 34%
during a 7-month period in the 1970s (5). However, a study
during the 1960s at Lemoore Naval Air Station showed an
annual incidence rate of less than 2% (3). Since the incidence
of coccidioidomycosis has varied among studies and is report-
edly increasing (1, 9), we designed a prospective cohort study
to determine the seroincidence of coccidioidomycosis in mili-
tary personnel performing desert training exercises.

MATERIALS AND METHODS

Military members, as part of routine tactical exercises, participated in a 5-week
training exercise at Fort Irwin U.S. Army Training Center, located in the Central

Valley of California. This exercise included 3 weeks of intense military maneu-
vers, including camping on the desert soil, hiking and running, riding in open
vehicles, artillery use, and tank driving. These activities produced intense dust
exposures. Personnel did not wear face masks during training.

After obtaining approval from the Navy and Army Institutional Review
Boards, we offered enrollment to 400 consecutive persons among the 4,000
persons training during the month of August 2002. Enrollment was conducted
over a 5-day period before the desert training began. All military members
training at the military desert facility were eligible; the only exclusion factor was
the current use of an oral antifungal medication. After each participant signed
the informed consent, demographic information, medical history, travel history,
and any symptoms were recorded. Each participant donated 10 ml of serum for
C. immitis testing, which included an enzyme immunoassay (EIA; Meridian
Diagnostics) performed at the Naval Medical Center San Diego and a comple-
ment fixation (CF) test performed at the Veteran’s Administration Hospital, La
Jolla, Calif. One week after completion of the 5-week training exercise, a second
sample of blood was obtained for EIA and CF testing. Participants provided
information through responses to questionnaires regarding specific activities
performed during their training, amount of dust exposure, and symptoms during
training. All personnel then returned to duty stations, which were not located in
areas where coccidioidomycosis was endemic. A third specimen was collected
from a subset of participants, 6 to 8 weeks after departure from the training site,
for repeat EIA and CF testing. Positive specimens by EIA or CF testing on the
second or third blood draws were tested using immunodiffusion at the University
of California, Davis (10). A “definite” case of acute coccidioidomycosis was
defined by an EIA immunoglobulin G (IgG) seroconversion or positive immu-
nodiffusion test. A “possible” case was defined by an isolated EIA IgM serocon-
version with negative EIA IgG, CF, and immunodiffusion tests. Medical care was
provided on-site during the training exercise and at each participant’s home
military base.

The seroincidence of coccidioidomycosis was calculated using the number of
new infections divided by the number of participants available for follow-up
testing. Descriptive analysis was performed, and relative risk and P values were
calculated using chi-square testing with Yates’ corrected P values (SPSS).

RESULTS

Three hundred seventy-eight military personnel (9.5% of the
total number of personnel training at the site) were enrolled.
The median age of the participants was 24 years (range, 18 to
51 years). Ninety-five percent were male. There were 253
(66.9%) white/non-Hispanics, 57 (15.1%) African-Americans,
53 white/Hispanics (14.0%), 6 Asians (1.6%), and 3 Pacific
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Islanders (0.8%), while 6 participants (1.6%) gave no response.
Of those who provided a travel history, 56.6% had lived or
traveled to an area of endemicity before this training exercise,
39% had previously trained at the desert site where the study
was conducted, and 15.3% were born in an area of endemic-
ity. No participant had significant underlying medical condi-
tions, and all were seronegative for human immunodeficiency
virus.

Eight percent of the participants had heard of coccidioido-
mycosis or valley fever before entering the study, and one
person (0.3%) reported a history of coccidioidomycosis. Of the
378 participants, 8 (2.1%) had evidence of a prior infection
based on a positive EIA IgG or CF antibody titer for the initial
blood sample, including the individual with a history of prior
coccidioidomycosis.

One week after the conclusion of training, 334 persons
(88.4%) reported for their follow-up visit. Dust exposures dur-
ing the training were reported as extensive by 209 participants
(62.6%), moderate by 96 (28.7%), and mild by 29 (8.7%). The
duration of dust exposure was greater than 10 days for 282
participants (84.4%). Ninety-nine percent of the military per-
sonnel reported dust exposure due to vehicle traffic, 30.6% was
from marching, 39.2% was from digging, 11.7% was from ar-
tillery fire, 8.6% was from ground detonations, and 19.3% was
from dust storms. Most of the personnel had dust exposures
from multiple sources. Forty-five percent noticed burrowing
animals in the sand near training sites. The symptoms before
and after training are shown in Table 1. The signs and symp-
toms, including fever, chills, cough, dyspnea, nausea, myalgias,
arthralgias, rash, headache, and weight loss, were statistically
significantly more common after training after the data for
those who had preexisting symptoms had been excluded. The
mean weight loss reported during training was 8.2 lb (range, 3
to 20 lb).

A third evaluation was performed with a subset of partici-
pants 6 to 8 weeks after training to ensure adequate time to
develop an immune response to an infection and to attempt
to capture those not available for the second evaluation: 178
(47.1%) provided serum samples. Overall, 349 of 378 partici-

pants (92.1%) had an evaluation for symptoms and C. immitis
testing at 1 week and/or 6 to 8 weeks posttraining.

One (0.6%) of the 178 participants evaluated 6 to 8 weeks
after training developed definite acute coccidioidomycosis dur-
ing the 5-week training exercise. The participant with an acute
C. immitis infection tested positive (for both IgM and IgG by
EIA) at both 1 and 6 weeks after training with a CF antibody
titer of 1:2; his immunodiffusion test was positive. This case
occurred in a 24-year-old Caucasian male who reported exten-
sive dust exposures of greater than 10 days’ duration due to ve-
hicle movement, marching, detonations, and artillery fire. He
reported no symptoms before training but developed myalgias,
arthralgias, and headaches shortly after training, symptoms
which resolved over a 2-week period; he missed no workdays.
The results of a physical examination and chest radiograph
were negative, and no therapy was instituted. Four (2.3%) ad-
ditional patients developed possible coccidioidomycosis, with
an isolated EIA IgM seroconversion; two (50%) were African-
American, one (25%) developed symptoms (including chills,
myalgias, weight loss, and headache), and all were observed
without being given therapy. All other participants tested neg-
ative for coccidioidomycosis. During the 2 months after the
training, medical personnel at the various duty stations of the
study participants were astutely aware of the possibility of coc-
cidioidomycosis among those reporting to sick call; with the
exception of the cases noted above, none were found to have
an illness consistent with coccidioidomycosis, and the results of
chest radiographs performed for respiratory symptoms were all
negative.

DISCUSSION

This is the first study in more than 2 decades to examine the
incidence of coccidioidomycosis in U.S. military personnel.
Our study surveyed 10% of the participants at a large military
training exercise in central California and found a lower-than-
expected incidence (one definite case) of coccidioidomycosis
within this high-risk group; four additional participants had
possible infections. All cases were uncomplicated, and none

TABLE 1. Symptoms reported before and after training exercises

Symptom

No. of participants with symptoms/total no.
of participants (%)

No. of participants with
incident symptoms/total no. of
participants (%) after training

RR
(P value)a

Before training After training

Fevers 7/378 (1.9) 18/337 (5.3) 16/337 (4.7) 2.6 (0.03)
Night sweats 20/378 (5.3) 28/337 (8.3) 24/337 (7.1) 1.4 (0.31)
Chills 8/378 (2.1) 27/337 (8.0) 19/337 (5.6) 2.7 (0.02)
Cough 46/378 (12.2) 87/337 (25.8) 60/337 (17.8) 1.5 (0.04)
Dyspnea 2/378 (0.5) 39/337 (11.6) 38/337 (11.3) 21.3 (�0.01)
Chest pain 14/378 (3.7) 25/337 (7.4) 22/337 (6.5) 1.8 (0.12)
Anorexia 0/378 (0) 3/337 (0.9) 3/337 (0.9) (0.10)
Nausea or vomiting 1/378 (0.3) 26/337 (7.7) 25/337 (7.4) 28.0 (�0.01)
Myalgias 0/378 (0) 75/337 (22.3) 75/337 (22.3) (�0.01)
Arthralgias 1/378 (0.3) 69/337 (20.5) 69/337 (20.5) 77.4 (�0.01)
Rash 10/378 (2.6) 29/337 (8.6) 23/337 (6.8) 2.6 (0.01)
Swollen joints 16/378 (4.2) 15/337 (4.5) 7/337 (2.1) 0.5 (0.16)
Headache 43/378 (11.4) 114/337 (33.8) 88/337 (26.1) 2.6 (�0.01)
Weight loss 3/378 (0.8) 72/337 (21.4) 69/337 (20.5) 25.8 (�0.01)
Bone pain 16/378 (4.2) 8/337 (2.4) 6/378 (1.6) 0.4 (0.05)

a RR, relative risk. P value indicates significance of number of participants with symptoms at initial visit versus those with incident symptoms 1 week after completion
of training.
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required therapy. The annual incidence rate was calculated as
6 to 32% among those performing military maneuvers within
the desert. This figure is similar to that found in other military
studies, but it exceeds the rates of 43 to 86 cases per 100,000 in
studies of exposed civilian populations (1, 11).

C. immitis infections have increased over the past decade
and are currently labeled as an emerging infectious disease (6).
Military members are at particular risk for this infection due to
their training activities in desert locations (16); we have re-
cently reported an outbreak among U.S. Navy SEALS training
in a similar desert terrain (2). In addition, Standaert et al.
reported an outbreak of coccidioidomycosis in a Marine Corps
reserve unit training in southern California (17). With over
350,000 personnel stationed in areas of endemicity and thou-
sands more training in these areas, we sought to determine the
disease incidence to assess whether preventative measures,
including the potential use of prophylactic antifungals, were
warranted during military maneuvers in regions of coccidioid-
omycosis endemicity (7). Previous incidence studies among
military members in the southwestern United States showed
annual rates of 1.5 to 34% (3, 5, 7, 14). C. immitis infections
may cause decreased military readiness due to acute illness. In
addition, this infection has the potential to cause disseminated
disease, leading to substantial disability, including forced mil-
itary retirements (7, 8, 12, 13).

Clinical manifestations occur in 40 to 60% of the cases of
coccidioidomycosis and typically present as a flu-like illness.
Several of the military members developed illnesses during
training, although only one was found to have coccidioidomy-
cosis. The high rate of reported symptoms may have been due
to bacterial or viral pathogens or the dusty and arid training
conditions. Our only definite case did develop symptoms of
myalgias and headaches after his C. immitis infection, but given
the high incidence of symptoms among other participants, it is
uncertain if his symptoms were due to the infection. Like our
patients, most persons with coccidioidomycosis have no se-
quelae and miss few workdays (11).

This study had several strengths in its design. It was a pro-
spective cohort study conducted among a well-defined popu-
lation at high risk for coccidioidomycosis. The study relied on
three distinct laboratory methods (EIA, including both IgM
and IgG; CF antibody titers; and immunodiffusion) to diagnose
coccidioidomycosis cases and sampled participants before
training and twice after training (10). Skin testing would have
been useful to aid in the diagnosis of asymptomatic cases but is
not currently available. Those with a clinical illness were care-
fully examined to exclude disease. It is unlikely that partici-
pants who developed a clinical illness were evaluated by an
outside medical facility, given the no-cost, convenient care
provided by the military.

The limitations of the study include its small sample size and
the low number of acute infections, making it difficult to assess
risk factors such as demographics and activities for disease
development. For instance, some studies have suggested that
tobacco use increases the risk of serious pulmonary coccidioid-
omycosis (11). Our patient with definite coccidioidomycosis
did use tobacco; however, since he was only one patient in the
study who developed the infection, and 61% of participants
were tobacco users, this study could not evaluate tobacco use
as a potential risk factor. Although a broad range of ages (18

to 51 years) was studied, most participants were in their early
20s; studies have shown that coccidioidomycosis incidence, as
well as the occurrence of significant pulmonary disease, is more
common at later ages (1, 11). All enrollees trained during the
month of August, and, therefore, seasonality could not be
assessed. The late summer and fall months have been shown to
have the highest infection rates due to the dry desert soil
conditions (1, 16); hence, the peak time of infectivity may have
occurred after our study (exposure in August). Furthermore,
coccidioidomycosis rates may vary from year to year. Thus, a
single incidence study may not capture the true risk of this
infection. Since we studied a specific training experience in-
volving tank driving and artillery use, our findings may not
reflect the risk of coccidioidomycosis during other military or
civilian desert activities.

Based on our study findings, military training exercises seem
to place personnel at risk for coccidioidomycosis, albeit a low
risk. Preventative measures, such as wearing face masks during
dusty conditions, using closed-cab vehicles, camping on vege-
tated soil, and educating personnel regarding the infection, are
advocated; more elaborate schemes of disease prevention
(such as the prophylactic use of antifungal medications) are
not supported by the low incidence found in this study. The
development of a coccidioidomycosis vaccine should be pur-
sued, since C. immitis causes over 100,000 infections annually
within the United States and occasionally leads to disabling
and life-threatening disease.
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