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Abstract

Background A reformulated skin test for coccid-

ioidomycosis, Spherusol�, was recently approved for

use in the USA. We hypothesized that it could be

useful in predicting severity of illness and outcome in

various types of coccidioidomycosis.

Methods Subjects with non-meningeal coccid-

ioidomycosis attending a clinic in the coccidioidal

endemic region were skin tested with Spherusol� and

clinical data were collected at the time of testing and at

follow-up.

Results Twenty-seven subjects were studied, eight

of whom had extrathoracic dissemination. A total of

15 subjects had positive tests, including 11 of 19

subjects with non-disseminated pulmonary disease

and four with extrathoracic disseminated coccid-

ioidomycosis. Among those with non-disseminated

pulmonary disease, age C 65 years, female sex, and

antifungal therapy were significantly associated with a

negative test on univariate but not multivariate

analysis. For 23 subjects, there was a trend for those

not on antifungal therapy at the time of follow-up to

have a positive test but no association with coccid-

ioidal complement-fixation titer or overall outcome.

Conclusions Not all subjects with non-disseminated

pulmonary coccidioidomycosis were found to be skin

test positive and half of those with extrathoracic

disseminated disease manifested dermal hypersensi-

tivity. In this small study, the results of the skin test

were not clinically predictive of disease severity or

outcome.
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Introduction

Coccidioidomycosis is a fungal infection due to the

dimorphic fungi Coccidioides immitis and C. posada-

sii. It is endemic to large parts of the southwestern

United States and is particularly prevalent and

increasing in California and Arizona [1, 2]. The

cellular immune response is thought to play a critical

role in controlling coccidioidal infection and expres-

sion of that response is thought to confer lifelong

immunity and reduced risk for dissemination and

recurrence [3–5].

The classic procedure to assess cellular immunity is

the measurement of delayed-type hypersensitivity

after intradermal injection of an antigen preparation

[6]. Smith and colleagues pioneered its use in coccid-

ioidomycosis by using a preparation derived from the
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mycelial form of multiple strains of Coccidioides [7].

Subsequently, Levine and Stevens [8, 9] reported on a

spherule-based preparation, called spherulin that was

found to be more sensitive than mycelial-based

coccidioidin. However, nonspecific reactions were

later observed [10] and these were subsequently

ascribed to thimerosal, a mercury-containing com-

pound used as a preservative in the skin test. In 2000,

spherulin became unavailable in the USA. A new

preparation, named Spherusol�, was derived from

original lots of spherulin in which the thimerosal had

been diluted to a concentration of 1:1,000,000 and

phenol was substituted as the preservative. A study of

individuals with primary pulmonary coccidioidomy-

cosis demonstrated that 52 of 53 subjects aged

23–64 years demonstrated delayed-type hypersensi-

tivity to Spherusol� as manifested by C 5 mm of

induration 48 h after placement of the test. Alterna-

tively, one of the 59 healthy subjects without pneu-

monia, aged 18–56 years, living outside of the

coccidioidal endemic region had a positive test. This

led to a calculated sensitivity of 98.0% and a

specificity of 98.3% [11]. Based on this work,

Spherusol� was approved for use and marketed in

the USA specifically for individuals aged 18–64 years

with a history of pulmonary coccidioidomycosis.

The use of Spherusol� has been proposed to be

broader than the parameters of the initial study,

including using it as a prognostic indicator for

outcome [12, 13]. To examine the use of Spherusol�

under a variety of clinical circumstances as it might be

used in practice, we placed the skin tests on a group of

subjects attending a clinic specializing in coccid-

ioidomycosis at a Veterans Affairs medical center

located within the coccidioidal endemic region. Our

hypothesis was that those with pulmonary coccid-

ioidomycosis would react nearly universally while

those with extrathoracic disseminated infection would

not. Moreover, we thought that those who developed a

positive reaction would also be more likely to have an

uncomplicated course of coccidioidomycosis com-

pared to those who did not react to the test.

Materials and Methods

Adult patients with non-meningeal coccidioidomyco-

sis seen in the clinic at the Southern Arizona Veterans

Affairs Health Care Systemwere eligible for the study.

Because patients with coccidioidal meningitis are

known to express delayed-type hypersensitivity to

coccidioidal antigens and have a poor prognosis, they

were excluded from the study. Eligible subjects with

coccidioidomycosis were identified at each weekly

clinic and asked to participate as they arrived. The

precise weekly schedule was variable based on the

availability of technical support to place and subse-

quently read the skin test. No list of declinations to

participate among those potential subjects who were

asked was kept. Because of this, the total number of

subjects asked to participate is not known. After

informed consent, 0.1 mL of Spherusol� was injected

intradermally into the volar surface of either the right

or left arm. After 48 h, the subject returned and the

maximum diameter of induration was read and

recorded. Palpable induration C 5 mm was consid-

ered as positive.

Basic clinical data at the time of skin test placement

were collected and correlated with the skin test result.

A retrospective chart review was subsequently per-

formed, and data that included the clinical outcome as

related to coccidioidomycosis were collected. Statis-

tical analysis was performed using Stata� 14.0.

Discrete variables were tabulated and assessed using

the v2 test as well as logistic multivariable regression.

Results

A total of 27 subjects had Spherusol� skin tests placed

between February 2014 and June 2017. The clinical

information on these subjects is shown in Table 1. The

median age was 63 years, 24 were men, and six were

African-American. Twenty-two had some underlying

disease and seven were on immunosuppressive med-

ication, including five on prednisone and two on a

tumor necrosis factor-a antagonist. Thirteen were on

antifungal therapy, all triazoles, including fluconazole

in eight, itraconazole in four, and voriconazole in one.

Nineteen had pulmonary disease including ten with

primary pneumonia, five with a cavity or nodule, and

four who were serologically positive only. Among the

eight with extrathoracic dissemination, six had

involvement of a single site, and two had multiple

sites affected. None had coccidioidal meningitis. The

median time from original diagnosis to skin testing

was 463 days.
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A total of 15 subjects had positive skin test

reactions, manifested as C 5 mm of induration 48 h

after placement. This included 11 of 19 subjects with

non-disseminated pulmonary disease, and four of

eight patients with extrathoracic disseminated coccid-

ioidomycosis. The median diameter of the reaction in

the nine subjects with a positive reaction in whom it

was measured was 20 mm (range 13–30 mm) com-

pared to 0 mm for the 12 subjects without reaction.

Results were analyzed for those 19 subjects without

dissemination by comparing their skin test response to

age, sex, race, time from diagnosis, underlying

disease, immunosuppression, serological response,

and antifungal medication. These results are shown

in Table 2. A similar assessment was not performed

for those with disseminated disease because of the

relatively small numbers. Female sex, age C 65

years, and receiving antifungal medication were all

significantly associated with a negative skin test

response. However, none of these factors was found

to be significant on multivariate analysis. Because of

the association of a negative skin test with female sex,

the characteristics of these three women were exam-

ined more closely. All three were white and had

pulmonary disease. Two were tested within 1 year of

diagnosis. All had underlying illnesses including

Sjögren’s syndrome, chronic lung disease, and malig-

nancy, and two were on prednisone at the time of skin

testing.

A retrospective chart review was conducted in May

2018. Among the 27, one subject was lost to follow-up

and three others had a follow-up of fewer than

Table 1 Description of the 27 subjects enrolled in the study

Age (years) Median: 63 Range: (28–80)

Sex

Male 24

Female 3

Race

White 21

African-American 6

Underlying disease

Diabetes 8

Chronic lung 5

Cancer 5

Rheumatologic 4

Immunosuppressive therapy 7

Time from diagnosis to

skin test (days)

Median: 463 Range: (8–11,145)

Type of coccidioidomycosis

Non-disseminated

infection

19

Extrathoracic

dissemination

8

Complement-fixing serology titer

8 negative

19 positive

Median of

positive: 1:4

Range of positive:

(\ 1:2–1:64)

Antifungal therapy

Yes: 13

No: 14

Table 2 Results of Spherusol� skin testing among the 19

subjects with non-disseminated coccidioidomycosis. A positive

skin test was considered as C 5 mm of induration by 48 h after

placement. CF titer indicates coccidioidal complement-fixation

titer

Skin test result \ 5 mm C 5 mm P value

Age

\ 65 years 3 9 0.048

C 65 years 5 2

Sex

Male 5 11 0.027

Female 3 0

Race

White 8 9 0.202

African-American 0 2

Time from diagnosis

\ 1 year 5 5 0.463

C 1 year 3 1

Underlying disease

No 1 4 0.243

Yes 7 7

Immunosuppressive medication

Yes 4 2 0.141

No 4 9

Antifungal treatment

No 4 10 0.046

Yes 4 1

CF titer

\ 1:2 2 4 0.599

C 1:2 6 7
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90 days. The follow-up for the remaining 23 subjects

was 513 days (91–1304 days). Of these subjects, all

were found to be stable or improved on follow-up but

one. This was a 77-year-old white male with diabetes

and coccidioidomycosis disseminated to the knee on

fluconazole. He had a positive skin test on initial

testing. Results for subjects with regard to antifungal

therapy, their coccidioidal complement-fixation (CF)

titer and their outcome at the time of follow-up in

relation to their initial skin test result are shown in

Table 3. On follow-up, 11 subjects were still on

antifungal therapy, including ten who were receiving

this at the time of the skin test. Thirteen were off

antifungal therapy, including ten who were off at the

time of skin testing. There was a trend for those not on

antifungal therapy at follow-up to have had an initial

positive skin test result (P = 0.062). Coccidioidal CF

titer and overall outcome were not associated with skin

test result.

Discussion

Although this is a small study, it represents a real-

world clinical experience and there are several find-

ings of importance. First, only nine of the 15 subjects

with non-disseminated coccidioidomycosis were skin

test positive. These results are at variance with the

original Spherusol� study [11], where nearly all

subjects with primary pulmonary disease expressed

coccidioidal delayed-type hypersensitivity. The rea-

sons for this are unclear. Placement or reading of the

test, which can present challenges [6], are not likely

causes since the team that conducted this study was the

same one that performed a portion of the original

study. A more probable explanation is that the current

study included a different group of subjects, who were

older, with underlying illnesses and immunosuppres-

sion, and who possibly had more severe and persistent

disease.

In addition, half of the subjects with extrathoracic

disseminated coccidioidomycosis displayed dermal

hypersensitivity. Although unexpected, this has been

observed by others, including in an early study by

Smith and colleagues using coccidioidin [7]. In a study

of 53 subjects with various types of coccidioidomy-

cosis, Stevens and colleagues noted no correlation

between skin test result and serological results, race, or

severity of illness. They also found that patients with

disseminated coccidioidomycosis could express

delayed-type hypersensitivity to spherulin if they had

achieved clinical stability [14]. Oldfield and col-

leagues conducted a retrospective review between

1973 and 1993 on the risk of relapse among 34 patients

with various types of coccidioidomycosis excluding

those with meningitis. Overall, seven of 14 patients

with persistently negative coccidioidin skin test reac-

tions subsequently relapsed compared to two of 19

with serially positive skin tests. Among ten patients

with disseminated coccidioidomycosis who relapsed,

two expressed delayed-type hypersensitivity to coc-

cidioidin [4].

Factors found related to a failure to express

delayed-type hypersensitivity to Spherusol� in those

without disseminated disease were female sex, age

C 65 years and those receiving antifungal medication.

These were not predictive on multivariate analysis. It

is likely that these factors are indicators of patients

with less intact immunity or more severe coccid-

ioidomycosis. For example, all three women in the

study failed to express delayed-type hypersensitivity

to skin testing with Spherusol�. However, all had

underlying disease and two were on prednisone. Based

on this, the reasons for their lack of response probably

relate to their underlying diseases and immunosup-

pression, not to their sex.

Since the approval of Spherusol�, there has only

been one published study on its use. In that work, the

test was used to identify inmates with and without

prior coccidioidal infection who were incarcerated at

California Department of Corrections facilities as part

Table 3 Antifungal therapy, coccidioidal CF titer result and

outcome at the time of follow-up for 23 subjects who had

follow-up C 90 days from the time of the skin test

Initial skin test result \ 5 mm C 5 mm P value

Antifungal therapy

Yes 7 4 0.062

No 3 9

CF titer

\ 1:2 5 8 0.580

C 1:2 5 5

Outcome

Stable or improved 10 12 0.370

Worse 0 1
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of a plan for risk stratification. Among the 36,789

tested, 3169 (8.6%) were positive. Skin test reactivity

was more likely in non-Hispanic whites than African-

Americans, with older age, and among those incar-

cerated at two facilities within the endemic coccid-

ioidal compared to elsewhere. The data suggested that

Spherusol� were a reliable indicator of past coccid-

ioidal infection [15]. Since the skin test was used in

this study to screen for prior infection, there were no

data presented on its use during acute or persistent

disease.

This study had several limitations. First, it com-

prised a very small cohort of subjects and results may

not be valid for a larger subject group. Moreover, the

small sample size made it difficult to examine the

relationship between underlying factors and expres-

sion of coccidioidal delayed-type hypersensitivity,

particularly in the group with extrathoracic disease.

Subjects had also been diagnosed with coccidioidomy-

cosis for a variable amount of time prior to skin testing

and this may have affected the results. Further, no list

was kept of the number who declined to participate.

Knowing this might have revealed potential biases of

the study as well as illuminate subject perceptions with

regard to barriers to skin testing, such as the need for

an injection, the risk of discomfort at the injection site,

and the requirement for a return visit. Finally, no

control skin tests were placed to assess for general

cellular immune response reactivity. Despite these

limitations, the results were disparate with expecta-

tions and suggest that the meaning of a positive or

negative test is not necessarily an indicator of a

protective or non-protective immune response to

coccidioidomycosis in patients with ongoing coccid-

ioidal infection. It is hoped that the observations made

here will lead to larger studies to examine these issues

in more detail.
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