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Background.  The risk of coccidioidomycosis (CM) as a life-threatening respiratory illness or disseminated CM (DCM) in-
creases as much as 150-fold in immunosuppressed patients. The safety of biologic response modifiers (BRMs) as treatment for pa-
tients with autoimmune disease (AI) in CM-endemic regions is not well defined. We sought to determine that risk in the Tucson 
and Phoenix areas.

Methods.  We conducted a retrospective study reviewing demographics, Arizona residency length, clinical presentations, spe-
cific AI diagnoses, CM test results, and BRM treatments in electronic medical records of patients ≥18 years old with International 
Classification of Diseases (ICD-10) codes for CM and AI from 1 October 2017 to 31 December 2019.

Results.  We reviewed 944 charts with overlapping ICD-10 codes for CM and AI, of which 138 were confirmed to have both 
diagnoses. Male sex was associated with more CM (P = .003), and patients with African ancestry were 3 times more likely than those 
with European ancestry to develop DCM (P < .001). Comparing CM+/AI+ (n = 138) with CM+/AI– (n = 449) patients, there were 
no significant differences in CM clinical presentations. Patients receiving BRMs had 2.4 times more DCM compared to pulmonary 
CM (PCM).

Conclusions.  AI does not increase the risk of any specific CM clinical presentation, and BRM treatment of most AI patients does 
not lead to severe CM. However, BRMs significantly increase the risk of DCM, and prospective studies are needed to identify the 
immunogenetic subset that permits BRM-associated DCM.
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Coccidioidomycosis (CM) is a fungal infection endemic to the 
southwestern United States [1] and elsewhere in the Western 
Hemisphere [2]. Although a small percentage of infections in 
otherwise healthy persons result in life-threatening respiratory 
failure [3] or disseminated CM (DCM) [4], the risk increases 
as much as 150-fold in immunosuppressed patients [5].

Those receiving biological response modifiers (BRMs) are 
an emerging at-risk group for some infections [6–8]. BRMs 
are a diverse and expanding number of medications used 
for autoimmune diseases (AIs). Earliest and still dominant 
among BRMs are tumor necrosis factor–α inhibitors (TNFIs). 
Immunosuppression, including BRM treatment, might either 
worsen the consequences of newly acquired coccidioidal infec-
tion or allow a prior, latent coccidioidal infection to reactivate 
[9]. Since most coccidioidal infections occur within endemic 

regions, both are possible, and it is not known whether new 
or reactivated infections are the larger problem for immuno-
suppressed patients. Previous studies and clinical observations 
suggest that some, perhaps many, but not all patients with CM 
can be safely treated with BRMs [6]. Currently, there are no 
guidelines to manage this risk. As a result, the choices for clin-
icians are either to never use BRMs if CM is a risk, thereby for-
going very effective therapies for AI, or to routinely use BRMs 
and incur potentially life-threatening consequences for some 
patients.

Recommendations for managing BRM risk are incomplete. 
The most recent (2016) revised Infectious Diseases Society of 
America guidelines on CM are silent regarding how to avoid se-
rious complications while using TNFIs and other BRMs [10]. A 
more recent article offers helpful proposed guidelines for man-
aging CM in patients receiving TNFIs, while acknowledging 
that the risk for CM with the use of other BRMs besides TNFIs 
is not known [11]. The authors raise questions about CM inci-
dence, timing concerning TNFI use, subsequent risk, and utility 
of CM screening. To further explore CM risk in AI patients on 
BRMs, we conducted a retrospective cohort study in the Tucson 
and Phoenix areas to determine the risk posed by both AI itself 
and these medications in patients with AI.
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METHODS

Study Population

We conducted a retrospective chart review from 1 October 
2017 through 31 December 2019 for patient records in Banner 
University Medical Group, Banner Medical Group, and Banner 
Urgent Care System in the Tucson and Phoenix areas. During the 
study period, these portions of Banner Health used in common 
a Cerner electronic medical record (EMR) system [12]. During 
this period there were 839 362 encounters recorded in the EMR. 
Using International Classification of Diseases (ICD-10) codes for 
CM and AI (Supplementary Table 1), 944 records were found to 
have at least 1 CM and 1 AI ICD-10 code and formed the basis 
of our cohort. These were distributed approximately equally for 
review among our research team, comprised of 2 physicians and 
5 medical students.

During the 6 months for data collection, the research team 
met monthly to maintain data extraction quality and stand-
ardization. Data extracted from the patients’ EMRs included 
(1) demographics (age, sex, race, ethnicity, and length of en-
demic residence); (2) types of AI and therapeutic measures 
to treat the AI such as BRMs, steroids, or disease-modifying 
antirheumatic drugs (DMARDs); and (3) CM presentations 
including various CM clinical signs, symptoms, imaging, and 
laboratory studies. The extracted data from Cerner was stored 
using Research Electronic Data Capture (REDCap) tools hosted 
at the University of Arizona [13, 14].

Records were excluded from analysis if (1) patients were 
<18 years old at the time of CM diagnosis, (2) the CM ICD-
10 codes were entered in error, (3) the CM diagnoses were 
not laboratory confirmed [10], or (4) the CM tests were neg-
ative. Serologic confirmation was a positive coccidioidal 
enzyme-linked immunoassay (EIA) immunoglobulin M 
(IgM) or immunoglobulin (IgG), a positive immunodiffusion 

IgM or IgG, or complement fixing (CF) antibody titer ≥1:2 
[15]. Indeterminant EIA results were interpreted as negative. 
Cultures of clinical specimens yielding Coccidioides species 
or tissue demonstrating spherules were also CM diagnostic. 
AI ICD-10 codes were also determined to be accurate if the 
confirmatory data (eg, AI serology results or pathology results 
were identified in the chart review), as discussed in the results. 
CM+ patients without a confirmed AI served as a comparison 
group to those CM+ patients with AI.

CM clinical presentations were categorized by type: (1) 
pulmonary CM (PCM); (2) chronic cavitary CM (CAV); (3) 
asymptomatic patients with positive CM serology (tested as a 
screen or evaluation of a pulmonary nodule) (ASYM); and (4) 
DCM. Incomplete or unknown results were further investigated 
and clarified by the lead investigator (F. M. D.) via additional 
EMR review.

The University of Arizona institutional review board ap-
proved this study.

Statistical Analysis

Categorical variables are summarized using counts and per-
centages. Groups were compared using Fisher exact test 
[16]. Continuous measures were assessed using the nonpara-
metric 2-sided Mann-Whitney U test for independent sam-
ples [17]. Statistical analyses were conducted using R version 
3.6.0 [18]. P values < .05 were considered statistically signif-
icant (hereafter “significant”) with no correction for multiple 
comparisons.

RESULTS

Demographic and Clinical Characteristics

In our retrospective study, a total of 9960 EMRs with ICD-
10 codes for AI and 1363 with codes for CM were identified 

Overlap CM & AI ICD-10 
(n = 944) 

Excluded 
(n = 357) 

Confirmed CM 
(n = 587) 

Age <18 5 
CM ICD-10 in error 57 
CM not lab confirmed 168 
CM serology negative 127 

CM & AI 
(n = 138) 

CM, No AI 
(n = 449) 

Figure 1.  Data extraction algorithm. Abbreviations: CM, coccidioidomycosis; AI, autoimmune disease; ICD-10, International Classification of Diseases, Tenth Revision.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
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(Supplementary Table 1). Of these, 944 had ICD-10 codes for 
both CM and AI (Figure 1). Three hundred fifty-seven EMRs 
were excluded because either the patients were <18 years of age 
at the time of CM diagnosis, CM ICD-10 codes were entered in 
error, the CM diagnoses had no confirmatory laboratory tests 
done, or CM tests that were done were negative. As a result, we 
identified 587 CM-positive (CM+) patients, of which 138 had AI 
(AI+) and 449 patients had no AI (AI–). Because of our methods 
for selecting EMRs, those patients with CM but without AI con-
stitute a comparable group to assess the influence AI has on the 
CM manifestations.

Table 1 demonstrates patient demographics in the various 
CM clinical presentations. CM was diagnosed more frequently 
in male patients (56.6%) than in females (P = .003). There is a 
significant difference between CM presentations in all races, but 
the primary difference is noted for African ancestry with DCM 
(32.4%) compared to the PCM group (9.8%) (P < .001). Median 
length of Arizona residence prior to being diagnosed with CM 
was 16 years (data not shown) and was similar in all CM clinical 
presentations (Table 1).

Table 2 compares demographics and clinical presentations 
of the 587 CM+ patients with or without AI. Patients with 
CM and AI were older (56.5 years, P  <  .001) and more fre-
quently female (56.5%, P < .001). Ethnicity or race was equally 

distributed among both groups. Overall, duration of Arizona 
residence was shorter (median, 7 years) in patients with both 
CM and AI compared to CM patients without AI (20 years) 
(P  <  .005). CM clinical presentations were similarly distrib-
uted among both groups. Of the 19 patients with DCM, 5 
had central nervous system disease, 4 had cutaneous lesions, 
4 had musculoskeletal disease, and 6 had soft tissue involve-
ment. Supplementary Table 2 shows details on DCM patients 
including age, sex, race, and CM dissemination site, as well as 
immunomodulator use.

Comparison of CM clinical presentations with any pre-
scribed immunomodulator in AI patients are shown in Table 3. 
The most common rheumatological diseases observed were 
rheumatoid arthritis, systemic lupus erythematosus, Sjogren 
syndrome, and psoriatic arthritis. Among the gastrointestinal 
disorders, Crohn disease and ulcerative colitis were the most 
common presentations. Psoriasis was the most commonly ob-
served condition identified in dermatological disease (data not 
shown). Among patients with PCM, 22.7% were on BRMs, 
whereas 47.4% of DCM patients had received BRMs (P = .06) 
at the time of CM diagnosis. Only 7 of 138 (5.1%) with CM 
were on TNFIs, and of these, all but 1 had PCM. Although not 
significant, a substantial number of DCM patients were on 
BRMs, steroids, or both (12 of 19 [63.2%]). The comparison of 

Table 1.  Patient Demographics by Coccidioidomycosis Clinical Presentation

Characteristic PCM (n = 305) CAV (n = 117) ASYM (n = 94) DCM (n = 71) Totala (N = 587) P Value∗ 

Age, y, median (range) 54 (18–87) 52 (18–88) 58 (18–85) 42 (18–88) 53 (18–88) .324

Sex .003∗∗
 � Male 165 (54.1) 66 (56.4) 47 (50) 54 (76.1) 332 (56.6)

 � Female 140 (45.9) 51 (43.6) 47 (50) 17 (23.9) 255 (43.4)

Race <.001∗∗
 � African American 30 (9.8) 10 (8.5) 10 (10.6) 23 (32.4) 73 (12.4)

 � AI/AN 21 (6.9) 13 (11.1) 6 (6.4) 4 (5.6) 44 (7.5)

 � Asian 11 (3.6) 5 (4.3) 4 (4.3) 4 (5.6) 24 (4.1)

 � White 216 (70.8) 86 (73.5) 66 (70.2) 36 (50.7) 404 (68.8)

 � Unspecifiedb 27 (8.9) 3 (2.6) 8 (8.5) 4 (5.6) 42 (7.2)

Ethnicity .411

 � Hispanic 65 (21.7) 25 (21.7) 26 (28.9) 13 (18.3) 129 (22.4)

 �  Non-Hispanic 234 (78.3) 90 (78.3) 64 (71.1) 58 (81.7) 446 (77.6)

Length of residencec .318

 � <1 y 28 (10.5) 5 (4.9) 7 (10.3) 6 (7.8) 46 (8.9)

 � 1–10 y 100 (37.5) 31 (30.1) 26 (38.2) 26 (33.8) 183 (35.5)

 � 11–20 y 29 (10.9) 14 (13.6) 5 (7.4) 14 (18.2) 62 (12)

 � >20 y 110 (41.2) 53 (51.5) 30 (44.1) 31 (40.3) 224 (43.5)

Data are presented as No. (%) unless otherwise indicated. 

Abbreviations: AI/AN, American Indian/Alaska Native; ASYM, asymptomatic; CAV, chronic cavitary coccidioidomycosis; DCM, disseminated coccidioidomycosis; PCM, pulmonary 
coccidioidomycosis.
aTotal of 944 patient electronic medical records (EMRs) reviewed; variables may not sum to total or presentations due to unavailable demographic data.
bRace was not identifiable or available in EMR review.
cLength of residence was evaluated as a continuous measure.
∗Fisher exact test was used to evaluate categorical groups; Wilcoxon rank-sum test was used to evaluate continuous measures.
∗∗Statistically significant difference between coccidioidomycosis clinical presentations.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
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steroid and DMARD use among different CM clinical presenta-
tions showed no significant differences. Of the 19 patients with 
DCM, 9 (47%) were on BRMs and 5 (26%) were on DMARDs 
(P = .53).

The number of immunomodulators prescribed before or 
after a CM diagnosis is illustrated in Supplementary Figure 1. 
Notably, 24 of 25 AI patients received BRMs prior to their CM 
diagnosis and only 1 patient had a BRM started post–CM di-
agnosis. In contrast, 14 patients were started on steroids and 7 
were started on DMARDs post–CM diagnosis (Supplementary 
Figure 1). Overall, these results may reflect practitioners’ 
comfort starting steroids or DMARDs after a CM diagnosis 
compared to starting BRMs. The steroid dosing and treatment 
duration were not included in this analysis.

Comparison of CM+/AI+ patients with or without any 
immunomodulators (n = 69 in each group) did not show any 
significant differences in all clinical presentations (data not 
shown). When CM+/AI+ patients on BRMs were compared to 
those without BRM treatment, our data indicated no significant 
differences in all clinical presentations (P = .063). Nonetheless, 
when we compared the clinically symptomatic subgroups 
of PCM and DCM, we found that 34.6% of patients with AI 

on BRM treatment developed DCM compared to only 14.7% 
without BRM treatment (P = .045; Table 4).

Supplementary Table 3 demonstrates that for all 
immunomodulators (BRMs, TNFIs, steroids, steroids plus 
BRMs, and DMARDs) a greater percentage of patients 
with a CF titer <1:2 either remained on or were started an 
immunomodulator compared to patients with a CF titer >1:2. 
It should be noted that the difference was only significant for 
the steroid and the steroid plus BRM categories (P = .01). We 
found that steroids and methotrexate were the most commonly 
prescribed immunomodulators for patients who eventually de-
veloped PCM. TNFIs (adalimumab, infliximab, and etanercept) 
were the most commonly prescribed BRMs. Their use led 
to more PCM than CAV, ASYM, or DCM. Besides steroids, 
infliximab, rituximab, and hydroxychloroquine were the most 
common immunomodulators prescribed for AI patients prior 
to their DCM diagnosis (Supplementary Table 4).

DISCUSSION

Our study has uncovered several important findings. First, it 
should be noted that, despite including a broader range of AI 

Table 2.  Patient Demographics and Coccidioidomycosis Presentation by Autoimmune Status

Characteristic CM+/ AI+ (n = 138) CM+/AI– (n = 449) Totala (N = 587) P Value∗ 

Age, y, median (range) 56.5 (19–88) 52 (18–88) 53 (18–88) <.001∗∗
Sex <.001∗∗
 � Male 60 (43.5) 272 (60.6) 332 (56.6)

 � Female 78 (56.5) 177 (39.4) 255 (43.4)

Race .9379

 � African American 15 (10.9) 58 (12.9) 73 (12.4)

 � AI/AN 10 (7.2) 34 (7.6) 44 (7.5)

 � Asian 4 (2.9) 20 (4.5) 24 (4.1)

 � White 94 (68.1) 310 (69) 404 (68.8)

 � Unspecifiedb 15 (10.9) 27 (6) 42 (7.2)

Ethnicity .6906

 � Hispanic 27 (20.8) 102 (22.9) 129 (22.4)

 � Non-Hispanic 103 (79.2) 343 (77.1) 446 (77.6)

Length of residencec .0047

 � <1 y 9 (6.4) 37 (9.9) 46 (8.9)

 � <1–10 y 67 (47.5) 116 (31) 183 (35.5)

 � 11–20 y 17 (12.1) 45 (12) 62 (12)

 � >20 y 48 (34) 176 (47.1) 224 (43.5)

Clinical presentation .5607

 � PCM 75 (54.3) 230 (51.2) 305 (52)

 � CAV 22 (15.9) 95 (21.2) 117 (19.9)

 � ASYM 22 (15.9) 72 (16) 94 (16)

 � DCM 19 (13.8) 52 (11.6) 71 (12.1)

Data are presented as No. (%) unless otherwise indicated. 

Abbreviations: AI–, without autoimmune disease; AI+, with autoimmune disease; AI/AN, American Indian/Alaska Native; ASYM, asymptomatic; CAV, chronic cavitary coccidioidomycosis; 
CM+, coccidioidomycosis-positive; DCM, disseminated coccidioidomycosis; PCM, pulmonary coccidioidomycosis.
aTotal of 944 patient electronic medical records (EMRs) reviewed; variables may not sum to total or presentations due to unavailable demographic data.
bRace was not identifiable or available in EMR review.
cLength of residence was evaluated as a continuous measure.
∗Fisher exact test was used to evaluate categorical groups; Wilcoxon rank-sum test was used to evaluate continuous measures.
∗∗Statistically significant difference between CM+/AI+ and CM+/AI– groups.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac032#supplementary-data
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Table 3.  Coccidioidomycosis Presentations With Any Prescribed Immunomodulator in Autoimmune Patients

Immunomodulator 

PCM (n = 75) CAV (n = 22) ASYM (n = 22) DCM (n = 19) Total (n = 138)

P Value∗ No. (%) No. (%) No. (%) No. (%) No. (%) 

BRM .06

 � Yes 17 (22.7) 3 (13.6) 3 (13.6) 9 (47.4) 32 (23.2)

 � No 58 (77.3) 19 (81.8) 19 (81.8) 10 (52.6) 106 (75.4)

TNFI .48

 � Yes 6 (8.0) 0 (0.0) 1 (4.5) 0 (0.0) 7 (5.1)

 � No 69 (92.0) 22 (100.0) 21 (95.5) 19 (100.0) 131 (94.9)

Steroid .27

 � Yes 24 (32.0) 4 (18.2) 9 (40.9) 8 (42.1) 45 (32.6)

 � No 51 (68.0) 18 (81.8) 13 (54.5) 11 (57.9) 93 (66.7)

Steroid + BRMa .15

 � Yes 34 (45.3) 6 (27.3) 11 (50.0) 12 (63.2) 63 (45.7)

 � No 41 (54.7) 16 (72.7) 11 (50.0) 7 (36.8) 75 (54.3)

DMARD .96

 � Yes 16 (21.3) 5 (22.7) 4 (18.2) 5 (26.3) 30 (21.7)

 � No 59 (77.3) 17 (77.3) 18 (72.7) 14 (73.7) 108 (76.1)

Abbreviations: ASYM, asymptomatic; BRM, biologic response modifier; CAV, chronic cavitary coccidioidomycosis; DCM, disseminated coccidioidomycosis; DMARD, disease-modifying 
antirheumatic drug; PCM, pulmonary coccidioidomycosis; TNFI, tumor necrosis factor–α inhibitor.
aEither steroid or biologic response modifier identified in the electronic medical record, while those not counted had neither therapy.
∗Fisher exact test was used to evaluate categorical groups.

patients than many previous studies, our demographic data are 
concordant with earlier research. The median age at the time of 
CM diagnosis, 53 years (Table 1), matches Arizona Department 
of Health statistics [19]. As noted in Table 2, CM was diagnosed 
at a younger age in patients without AI than those with AI. This 
could be secondary to patients without AI being more engaged 
in outdoor activities and occupations, leading to increased CM 
risk at a younger age. Also, it may be due to AI patients being 
older and more CM susceptible. Another explanation is the 
overlap of CM and AI presentations resulting in CM symptoms 
being attributed to AI aggravation and thus a delayed CM diag-
nosis. Our results support previous studies that male patients 
are more frequently diagnosed with CM, both in general and 
in some immunocompromised hosts [5, 20, 21]. Male sex pre-
ponderance in CM+ patients has been reported and thought to 
be partially explained by the greater participation of men in 

high-exposure activities, or certain sex hormones that could 
stimulate the growth of Coccidioides in vitro [20, 22]. Although 
males are more frequently diagnosed with CM overall, women 
comprise the majority of CM patients with AI (Table 2). This 
difference may reflect that 80% of AI patients are female [23]. 
The preponderance of women with AI is proposed to be re-
lated to variation within the sex chromosomes and hormonal 
changes [22].

We found a higher proportion of African Americans (12.4%) 
with CM+ status (Table 1) than that in the 2020 Arizona census 
(5.3%) (P < .001) [24]. Similarly, comparing CM clinical pres-
entations in African American patients indicates higher risk of 
DCM (32.4%) than PCM (9.8%) in this population (P < .001) 
(Table 1). These results support previous studies and indicate a 
continued increased CM/DCM risk among people of African 
descent [25–27]. Our findings reinforce ongoing research to 
uncover genetic variants among these patients to explain the in-
creased CM risk [4].

Since contracting CM is clearly a risk of residing within a 
Coccidioides-endemic region, we included duration of Arizona 
residency as a parameter in our evaluation. A prior Arizona-
wide report found the median length of residence to be 12 years 
[19]; this is comparable to our finding that showed median 
length of residence of 16 years. In our study, CM+ patients with 
AI showed a shorter duration of endemic residence as com-
pared to CM+ patients without AI (P < .005; Table 2). Multiple 
explanations could account for this difference including testing 
frequency, comorbidities, and AI treatments in this population. 
If much of the diagnosed CM in AI+ patients was due to re-
activation, one might expect these patients would have longer, 

Table 4.  Comparison of Biologic Response Modifier Used in Pulmonary 
and Disseminated Coccidioidomycosis Among Patients With Autoimmune 
Disease

Clinical Presentation 

BRM No BRM

P Value∗ No. (%) No. (%) 

PCM 17 (65.4) 58 (85.3) .045∗∗
DCM 9 (34.6) 10 (14.7)

Totala 26 (100) 68 (100)

Abbreviations: BRM, biologic response modifier; DCM, disseminated coccidioidomycosis; 
PCM, pulmonary coccidioidomycosis..
aTotal of 94 patients identified with both PCM/DCM presentation and autoimmune 
syndrome.
∗Fisher exact test was used to evaluate categorical groups.
∗∗Statistically significant difference between coccidioidomycosis-positive groups.
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not shorter, endemic exposure. If, in future studies, CM in AI+ 
patients is confirmed to be shorter, this may be evidence that 
much of active CM is the result of newly acquired rather than 
reactivated infection. This question could be addressed by fur-
ther investigations utilizing available skin testing and/or cyto-
kine profiles [28, 29]. Spherusol, the only currently available 
and approved skin test for CM immunity, is limited by avail-
ability (many clinicians do not offer this test to their patients), 
subject inconvenience/discomfort, injection technique, time of 
reading, difficulty in measuring induration size, and Food and 
Drug Administration approval only for patients known to have 
had CM by other means [30, 31].

A second important finding is the result of our focus on pre-
scribing trends in this study. By including multiple types of AI 
and a variety of BRM medications we found some interesting 
results. As noted in Supplementary Figure 1, just 1 of 25 AI 
patients was started on a BRM post–CM diagnosis. These re-
sults, coupled with acknowledgment that an elevated CF titer 
is generally considered a marker of increased CM severity [32], 
suggest that clinicians are more comfortable maintaining or 
starting immunomodulator treatments if the coccidioidal CF 
titers are low. This is especially true for patients treated with 
steroids or steroids plus BRMs (Supplementary Table 3). The 
patterns likely reflect their reluctance to start or continue BRMs 
on CM+ patients without clear, evidence-based clinical guide-
lines on how to do so safely.

A third and the key aspect of our study involves the evalua-
tion of CM risk in AI patients. It might be anticipated having 
an AI would predispose an individual to symptomatic CM. To 
the contrary, our results indicate that AI presence does not 
increase the risk of any specific CM presentation (Table 2). 
As demonstrated in Table 3, for 23 of 32 (72%) of AI patients 
receiving a BRM who developed CM, their infection did not 
progress to DCM. Most importantly, 9 of the 32 developed 
DCM, which represents a 2.4-fold greater risk of DCM than 
for AI patients not on a BRM (Table 4). These results are con-
sistent with the findings of Blair et al [9]. In addition, a 2021 
retrospective study reviewed the CM clinical course for 49 pa-
tients on TNFIs from 2010 through 2017. The authors con-
cluded that CM was a rare consequence of TNFI treatment 
but noted that 14% of patients developed extrapulmonary 
infections (DCM) [33]. Our results indicate that BRM ther-
apies pose a significant risk for some but not all AI patients. It 
raises the important question about why there are differences 
in susceptibilities among patients. This question has been in-
itially addressed by Odio et al, who have reported several ge-
netic variants in a young and diverse group of patients with 
DCM. Our study supports their suggestion that “younger 
patients with severe DC [DCM] or patients whose illness 
relapses should be considered for genetic screening for dis-
crete primary immune defects” [4]. Hsu et al in a recent study 
demonstrated the involvement of gene variants in impaired 

CM fungal recognition and host cellular responses to be 
predisposing factors for disease susceptibility [34]. Our results 
reinforce the need for prospective studies to clarify the DCM 
risk for AI patients starting BRMs. These results reinforce the 
need for methods to improve CM awareness and education for 
AI patients and their providers who consider BRM treatment 
in endemic regions. Careful CM screening and close clinical 
monitoring of this population would be an important aspect 
in caring for AI patients at risk to develop CM.

Our study has strengths and limitations. The overall number of 
charts reviewed represent a broad geographic and demographic 
range of a CM-endemic region. Data collection involved a large 
number of parameters. The AIs were not limited to 1 discipline 
and included a wide range of diseases. The final results demon-
strate the ability to obtain an adequate number of subjects to 
power a prospective study of DCM risk with BRM use. A study 
limitation includes its retrospective nature. Nonetheless, it has 
provided important findings that should prompt a prospective 
study to identify DCM risk in AI patients on BRMs. Another 
limitation is the use of EMR for clinical research data extrac-
tion. We speculate that many of the initial 9960 patients with 
AI-type presentations should have been tested for CM in our 
endemic region [35]. This would be particularly true when a cli-
nician utilized an AI diagnostic code for a clinical presentation 
that mimicked CM without ordering CM serologies.

In conclusion, while expanding both the number of AIs 
examined and considering an ever-increasing number of BRMs, 
our findings generally support more recent studies’ conclusions 
that BRM use increases DCM risk [9, 36]. It does not, however, 
completely answer the clinical question of the extent to which 
BRM use increases DCM risk in endemic areas. Conceding that 
the subset of AI patients on BRMs who develop DCM would be 
small, for these individuals the consequences of infection can be 
serious or even life- threatening. Our findings support the need 
for a prospective study and demonstrate the potential to obtain 
the likely-needed subject sample size in a CM-endemic region 
such as the Tucson and Phoenix areas.
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Supplementary Figure 1. Number of immunomodulators prescribed be-
fore or after CM diagnosis. Abbreviation: CM, coccidioidomycosis.
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