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The soil-dwelling fungusCoccidioides is the causative

agents of coccidioidomycosis, also known as San

Joaquin Valley Fever or Valley Fever [1, 2]. Coccid-

ioides is transmitted to humans and other animals via

the inhalation of airborne spores released from the

natural foci of the pathogen [3]. More than half of the

individuals exhibit no disease symptoms after the

inhalation of the fungal spores [4]. The remaining

exposed individuals most commonly develop a flu-like

illness, which might progress to chronical lung

infection with further dissemination affecting many

organ systems [4].

Coccidioides immitis and C. posadasii are two

distinct species distinguished by multilocus sequenc-

ing typing (MLST) and other genetic analyses [2, 5, 6].

Coccidioides posadasii represents the entire non-

California population of the pathogen. Serological

assays commonly used for the diagnosis of coccid-

ioidomycosis do not distinguish between C. immitis

and C. posadasii infections [7, 8]. Real-time poly-

merase chain reaction (PCR) assays are available that

differentiate C. immitis from C. posadasii among

clinical isolates [9, 10]. It is not known whether

coccidioidomycosis caused by C. immitis or C.

posadasii differs in clinical severity or outcome.

Coccidioides species are endemic in the desert

regions of the southwestern USA, northern Mexico,

and sporadic areas in Central and South America. In

the soil, Coccidioides species are believed to produce

mitospores (arthroconidia) that separate from the

parent mycelium and are of sufficiently small size to

infect mammalian lung [11]. It is hypothesized that

small mammals in the desert likely play a crucial role

in the life cycle of the fungus [12–14]. The current

understanding of the geographic distribution of Coc-

cidioides spp. is inferred indirectly from the results of

skin testing conducted in the 1950s [15]. The knowl-

edge about the natural reservoirs of Coccidioides spp.

remains incomplete despite the fact that such knowl-

edge is crucial in order to prevent human exposure.

The disease burden has increased in the USA at an

alarming rate [16]. The reported increase in the annual

incidence in California in the last decade has reached

14 persons per 100,000 populations in 2011 [17].

Soil analysis for the recovery of Coccidioides is

crucial to identify its natural reservoirs. However, the

isolations from soil have been few and far between. C.

immitis was first isolated from soil samples collected

from a disturbed site in the San Joaquin River Valley

(California, USA) by Stewart & Meyer in 1932 [1]. In

1942, Emmons developed an animal passage technique
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for the fungal recovery from soil; this involved the

inoculation of small rodents with concentrated spores

and subsequent organ cultures [12]. The merits of this

procedure were high success rate and the detection of

the parasitic spherule form in the animal tissues, which

allowed for the definitive identification of the fungus.

However, the animal passage has fallen out of favor

due to cost, labor, and less permissive environment for

vertebrate animal testing. The direct isolation of C.

immitis from soil samples was improved using various

selectionmedia containing antibacterial and antifungal

antibiotics [18–20]. These approaches also benefited

from studies that showed thatC. immitis has a selective

advantage over other fungal competitors in increased

salinity and seasonal high-temperature conditions

[21, 22]. More recently, the double-pour procedure

developed by Omieczynsk and Swatek [20] was found

superior to other methods because many of the soil

saprobic fungi, which are fast growing, are trapped

deep in the medium, and therefore allow good growth

of Coccidioides spp. The double-pour procedure

remains a low-cost alternative with easy scale-up for

processing of large number of soil samples for the

isolation of C. immitis.

Coccidioidomycosis endemic areas continue to

expand in the USA and now include Missouri, Utah,

and Washington [23–26]. The recent investigations in

theWashington state were notable in that the genotype

of environmental isolate was correlated with the

clinical isolate from Washington using whole genome

sequencing (WGS) [24, 26]. This correlation estab-

lished that the infection was acquired locally. It was a

significant finding as Coccidioides present in soil

outside of its known range caused local outbreak. The

study also highlighted the benefits of environmental

sampling concomitant with epidemiological investi-

gations to find out about the point source of exposure.

A study by Colson et al. [27] in this issue of the

journal provides a correlation between environment

changes due to large-scale land development and the

increased incidence of coccidioidomycosis in Califor-

nia. The investigators collected 42 soil samples from

six sites destined for solar panel construction in the

Antelope Valley of California and used a culture-free,

PCR-based approach to test the presence of Coccid-

ioides spp. C. immitis was found in 17 soil samples

from four of the six sites. A multiple regression

analysis of the number of coccidioidomycosis inci-

dence and environmental parameters was performed.

The study found that large-scale soil disturbances due

to renewable energy construction projects, agricultural

management practices, and dust emission correlate

with the increased incidence of coccidioidomycosis.

The authors recommended soil analyses for Coccid-

ioides spp. and implementation of long-term dust

mitigation plans in future Environmental Impact

Reports (EIR). The study by Colson et al. has several

merits including the correlations between epidemio-

logical and laboratory data, the use of high-throughput

DNA analysis methods and a remedial plan that could

be correlated for efficacy with a laboratory test. The

limitations of the study include the use of PCR-based

assays for the environmental survey, which could be

sensitive to primer selection and hybridization bias,

cross-reaction with unidentified species from the

mixed community, short read lengths, and low reso-

lution of phylogenetic analysis.

The study by Colson et al. [27] expands recent

investigations on the molecular identification of Coc-

cidioides in environmental samples with an optimized

multiplex PCR method in Bakersfield, California [28],

a semi-nested PCR using specific primer in Brazil [29],

a nested PCR followed by a diagnostic PCR designed

to amplify the internal transcribed spacer (ITS) 2

region in Baja California [30], and an endpoint-nested

PCR followed by ITS1 and ITS2 amplification in

Dinosaur National Monument, Utah [31]. Thus, there

is a volume of rigorous laboratory data that confirm the

occurrence of Coccidioides DNA in various locations

in the endemic zones. However, we do not know

whether the DNA-positive samples harbor live Coc-

cidioides spores and could act as point source of future

exposures. Thus, additional studies might be needed to

correlate the molecular detection of Coccidioides

DNAwith the recovery of the fungal isolates in culture

from the same environmental samples. Notably, Litv-

intseva et al. were successful in using PCR screenswith

the isolation in culture in their comprehensive inves-

tigations of human cases [26]. The investigator

collected five soil samples in 2010 and fifteen soil

samples in 2014 from a dirt track at a public park used

for ATV riding in Washington. While all five soil

samples collected in 2010 were positive by both

‘‘CocciDx’’ PCR assay and fungal culture, eleven of

fifteen soil samples positive by the PCR assay yielded a

single positive culture [26]. These limited data sug-

gested that farmore samples are likely to be positive for

DNA without yielding Coccidioides in culture.
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Understanding the ecology and distribution of

Coccidioides is a key to devising preventive strategies

against the increased disease burden of coccid-

ioidomycosis. In a recent study, Teixeira and Barker

hypothesized the existence of two subpopulations of

C. immitis in central and southern California and three

subpopulations of C. Posadasii in Arizona, Mexico,

and Texas/South America by analyzing 495 clinical

and environmental isolates [32]. We believe that the

availability of more environmental isolates across

large spatial scales will be crucial for future WGS

studies. Such genome-wide characterizations of clin-

ical and environmental isolates of Coccidioides

species will likely reveal unique ecological niche,

pathogen populations, and virulence elements. The

knowledge gain will promote better diagnostic and

therapeutic approaches informed by the unique

genetic makeup of the target strains.
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