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1  | BACKGROUND

Coccidioidomycosis is an infection caused by dimorphic fungi of the 
genus Coccidioides (C immitis and C posadasii). C immitis is endemic 

to the south-western United States (US), primarily the state of 
California, with the highest incidence in California's Central Valley; 
C immitis is also found in Nevada, New Mexico, Utah, increasingly 
in previously non-endemic parts of the United States such as 
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Summary
Background: Coccidioides spp. are dimorphic fungi endemic to parts of the United 
States, Mexico, Central and South America. Infection can cause a range of disease 
from self-limited acute pneumonia to severe disseminated disease.
Methods: We performed a retrospective chart review of medical records of cases of 
culture-proven acute coccidioidomycosis at the University of California San Diego 
between 1 April 2015 and 31 December 2019 and described the demographics, risk 
factors and outcomes of these cases.
Results: Over the study period, fifteen evaluable cases of culture-proven acute coc-
cidioidomycosis were identified. Of these, 87% (13/15) had traditional risk factors 
for coccidioidomycosis infection while two lacked known risk factors, including one 
patient with cirrhosis and one with chronic hepatitis C infection. Seven of fifteen 
(47%) had primary coccidioidomycosis of the lungs without dissemination and 7/15 
(47%) disseminated disease. Of those with disseminated disease, 6/7 (86%) had either 
high-risk ethnicity or blood type as their only risk factor. At 90 days, 11/15 (73%) 
were alive, 3/15 (20%) deceased and 1/15 (7%) lost to follow-up. Of those not alive 
at 90 days, 1/3 (33%) had disseminated disease and 2/3 (67%) primary coccidioido-
mycosis, both on immunosuppressive therapy.
Discussion: Coccidioides spp. infection occurs in a variety of hosts with varying un-
derlying risk factors, with the majority in our cohort overall and 86% with dissemi-
nated disease lacking traditional risk factors for invasive fungal infection other than 
ethnicity and/or blood phenotype. Clinicians should be aware of these non-tradi-
tional risk factors in patients with coccidioidomycosis infection.
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Washington State,1,2 as well as parts of Baja California, Mexico.3 C 
posadasii is endemic in parts of the United States including south-
ern California,4 Nevada, Arizona, New Mexico and Texas,3 as well as 
parts of Mexico, Central and South America.1,5

The changing climate is likely to expand the region of endemic-
ity for Coccidioides spp. and increase the incidence of coccidioido-
mycosis in endemic areas. Incidence rates have been shown to be 
positively associated with warmer air temperature and drier soils.6 
It is hypothesised that increases in soil moisture are necessary for 
the fungal spores to germinate, but drier periods are necessary to 
loosen the soil and facilitate distribution of fungal spores in the wind. 

In addition, dry, hot temperatures are suspected to sterilise the top-
soil and reduce competition against the Coccidioides spp. spores. 
The spread of fungal spores may be further exacerbated by the in-
creasing incidence of droughts and wildfires in endemic areas such 
as California and the south-western United States.7

Infection can cause a range of disease from self-limited 
acute pneumonia to severe disseminated disease.8 Of 150  000 
cases of acute coccidioidomycosis infection that occur annually 
in the United States, about 1% results in disseminated disease 
and one third of these disseminated cases are fatal.9 Risk fac-
tors for severe and disseminated disease include pregnancy,10 

TA B L E  1   Demographics, treatment and outcomes of culture-proven acute Coccidioides spp. infection

  Risk Factor (Comorbidity) Blood Type Immunosuppression Sex Ethnicity Age Pregnant (Yes/No)

Specimen
Source
(Histology)

Primary Site of Disease
Disseminated
(Yes or No) Treatment Surgery

Survival at 
90 Days

1 Ethnicity
(None)

A POS No M Black 41 No Peritoneum
(Not done)

Lung
(Yes)

FLU (initial); VRC 200 mg BID + LAmB 
375 mg daily (s); FLU 800 mg daily (final)

No Yes

2 Lung cancer O POS Yes: Prednisone (>80 mg 
daily)

F White 74 No Lung
(Not done)

Lung
(No)

FLU 800 mg daily No No

3 Lung Transplant in 2006
(DM II)

Unknown Yes: Mycophenolate 250 mg 
thrice daily, tacrolimus 
1 mg twice daily, 
prednisone 5 mg daily

M White 64 No Lung
(Spherules noted on BALF)

Lung
(No)

LAmB 284 mg daily + VRC 310 mg IV daily No No

4 Chronic HCV c/b liver 
cirrhosis and HCC

O POS No M White 66 No Lung
(BALF negative for spherules)

Lung
(No)

FLU 400 mg BID No Yes

5 None A POS No M White 30 No Lung
CNS
(Spherules on brain biopsy and BALF)

Lung
(Yes - to CNS)

None (diagnoses made postmortem Craniectomy No

6 AIDS
(CD4+ T-cell count 293 

cells/uL)

O POS No M Black 27 No Lung
(Spherules on BALF)

Lung
(Yes – to lymph nodes)

LAmB 250 mg daily (initial); FLU 1200 mg 
daily (s); PSC 300 mg daily + LAmB 
230 mg daily (third); PSC 300 mg BID 
(current)

No Yes

7 Ethnicity
(Poorly controlled DM II)

Unknown No M Hispanic 41 No Lung
(BALF negative for spherules)

Lung
(No)

None (diagnosis made postdischarge from 
hospital, lost to follow-up

No Unknown

8 Ethnicity
(None)

Unknown No M Asia 
(Laotian)

34 No Peritoneum
(Yes – fungal forms on peritoneal biopsy)

Lung
(Yes)

FLU 800 mg daily Laparoscopy Yes

9 DM II O POS No F White 41 No Lung
(Not done)

Lung
(No)

FLU 800 mg daily No Yes

10 Cystic Fibrosis
(DM II)

Unknown No M White 21 No Lung
(Spherules on BALF)

Lung
(No)

FLU 400 mg daily No Yes

11 None
(Chronic HCV)

Unknown No M White 56 No Lung
(Spherules on BALF)

Lung
(No)

FLU 400 mg daily No Yes

12 Ethnicity
(None)

A No F Hispanic 36 No Skin (left ear)
(Spherules on skin biopsy)

Cutaneous
(No)

FLU 400 mg BID No Yes

13 Ethnicity
(None)

O POS No M Black 32 No Skin (back)
(Capsules and endospores on skin biopsy)

Lung
(Yes—skin and CNS)

FLU 400 mg twice daily (initial); LAmB 
320 mg daily (s); VRC 400 mg daily 
(third); PSC 900 mg BID (current)

Yes – VP 
shunt 
placement

Yes

14 Ethnicity
(None)

Unknown No F Hispanic 21 Yes Skin (right flank)
(Spherules on skin biopsy)

Lung
(Yes—skin and CNS)

FLU 800 mg daily No Yes

15 Ethnicity
(DM II)

Unknown No M Hispanic 62 No Lung and Lymph node
(Spherules on lymph node biopsy and 

BALF)

Lung
(Yes—lymph nodes)

FLU 800 mg daily No Yes

Abbreviations: AIDS, acquired immune deficiency syndrome; BALF, bronchoalveolar lavage fluid; BID, twice daily; CNS, central nervous system;  
DM II, type II diabetes mellitus; FLU, fluconazole; HCC, hepatocellular carcinoma; HCV, hepatitis C infection; LAmB, liposomal amphotericin B;  
PSC, posaconazole; VRC, voriconazole.
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immunocompromised status11 including HIV infection12 and 
transplant status,13-15 belonging to a high-risk ethnic group such 
as African American/Black, Filipino, American Indians/Alaskan 
Natives, and Hispanic groups,11,16-18 underlying genetic factors,17 
blood group A or B phenotype,17 diabetes mellitus19 and being el-
derly.20 Lipid-based formulations of Amphotericin B are currently 
the preferred treatment for severe diseases, with high-dose flu-
conazole and itraconazole alternatives, particularly for moderate 
disease.21-23

The objective of this study was to describe the demograph-
ics, treatment and outcome of patients with culture-proven acute 

Coccidioides spp. infections in San Diego, California, United States, 
an area endemic to C immitis.

2  | METHODS

Adult patients age  >  18  years with Coccidioides spp. isolated in 
any sample/material from the Center for Advanced Laboratory 
Medicine (CALM) at the University of California San Diego be-
tween 1 April 2015 and 31 December 2019 were included in this 
study.

TA B L E  1   Demographics, treatment and outcomes of culture-proven acute Coccidioides spp. infection

  Risk Factor (Comorbidity) Blood Type Immunosuppression Sex Ethnicity Age Pregnant (Yes/No)

Specimen
Source
(Histology)

Primary Site of Disease
Disseminated
(Yes or No) Treatment Surgery

Survival at 
90 Days

1 Ethnicity
(None)

A POS No M Black 41 No Peritoneum
(Not done)

Lung
(Yes)

FLU (initial); VRC 200 mg BID + LAmB 
375 mg daily (s); FLU 800 mg daily (final)

No Yes

2 Lung cancer O POS Yes: Prednisone (>80 mg 
daily)

F White 74 No Lung
(Not done)

Lung
(No)

FLU 800 mg daily No No

3 Lung Transplant in 2006
(DM II)

Unknown Yes: Mycophenolate 250 mg 
thrice daily, tacrolimus 
1 mg twice daily, 
prednisone 5 mg daily

M White 64 No Lung
(Spherules noted on BALF)

Lung
(No)

LAmB 284 mg daily + VRC 310 mg IV daily No No

4 Chronic HCV c/b liver 
cirrhosis and HCC

O POS No M White 66 No Lung
(BALF negative for spherules)

Lung
(No)

FLU 400 mg BID No Yes

5 None A POS No M White 30 No Lung
CNS
(Spherules on brain biopsy and BALF)

Lung
(Yes - to CNS)

None (diagnoses made postmortem Craniectomy No

6 AIDS
(CD4+ T-cell count 293 

cells/uL)

O POS No M Black 27 No Lung
(Spherules on BALF)

Lung
(Yes – to lymph nodes)

LAmB 250 mg daily (initial); FLU 1200 mg 
daily (s); PSC 300 mg daily + LAmB 
230 mg daily (third); PSC 300 mg BID 
(current)

No Yes

7 Ethnicity
(Poorly controlled DM II)

Unknown No M Hispanic 41 No Lung
(BALF negative for spherules)

Lung
(No)

None (diagnosis made postdischarge from 
hospital, lost to follow-up

No Unknown

8 Ethnicity
(None)

Unknown No M Asia 
(Laotian)

34 No Peritoneum
(Yes – fungal forms on peritoneal biopsy)

Lung
(Yes)

FLU 800 mg daily Laparoscopy Yes

9 DM II O POS No F White 41 No Lung
(Not done)

Lung
(No)

FLU 800 mg daily No Yes

10 Cystic Fibrosis
(DM II)

Unknown No M White 21 No Lung
(Spherules on BALF)

Lung
(No)

FLU 400 mg daily No Yes

11 None
(Chronic HCV)

Unknown No M White 56 No Lung
(Spherules on BALF)

Lung
(No)

FLU 400 mg daily No Yes

12 Ethnicity
(None)

A No F Hispanic 36 No Skin (left ear)
(Spherules on skin biopsy)

Cutaneous
(No)

FLU 400 mg BID No Yes

13 Ethnicity
(None)

O POS No M Black 32 No Skin (back)
(Capsules and endospores on skin biopsy)

Lung
(Yes—skin and CNS)

FLU 400 mg twice daily (initial); LAmB 
320 mg daily (s); VRC 400 mg daily 
(third); PSC 900 mg BID (current)

Yes – VP 
shunt 
placement

Yes

14 Ethnicity
(None)

Unknown No F Hispanic 21 Yes Skin (right flank)
(Spherules on skin biopsy)

Lung
(Yes—skin and CNS)

FLU 800 mg daily No Yes

15 Ethnicity
(DM II)

Unknown No M Hispanic 62 No Lung and Lymph node
(Spherules on lymph node biopsy and 

BALF)

Lung
(Yes—lymph nodes)

FLU 800 mg daily No Yes

Abbreviations: AIDS, acquired immune deficiency syndrome; BALF, bronchoalveolar lavage fluid; BID, twice daily; CNS, central nervous system;  
DM II, type II diabetes mellitus; FLU, fluconazole; HCC, hepatocellular carcinoma; HCV, hepatitis C infection; LAmB, liposomal amphotericin B;  
PSC, posaconazole; VRC, voriconazole.
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A retrospective chart review of medical records of these cases 
was performed to confirm that these culture-positive isolates repre-
sented acute coccidioidomycosis infection. Acute coccidioidomycosis 
was defined as the presence of new signs or symptoms of coccidioi-
domycosis infection with compatible radiologic findings plus positive 
Coccidioides spp. culture from the site of infection. For cases of acute 
coccidioidomycosis, the health records of these patients were than 
analysed further and demographics, risk factors and infection out-
comes assessed. Disseminated disease was defined as culture-proven 
Coccidioides spp. from more than one non-contiguous anatomic site.

Descriptive statistical analyses were performed using SPSS 
26 (SPSS Inc). The Human Research Protections Program at the 
University of California San Diego approved the study protocol and 
all study-related procedures.

3  | RESULTS

There were 15 individuals with Coccidioides spp. isolated from cul-
ture at our institution that were identified and evaluable over the 
study period. Of these, 14/15 (93%) had confirmed infection from C 
immitis based on DNA testing of the isolate; for one patient, no DNA 
testing was done so speciation was unknown. In all, 87% (13/15) had 
traditional risk factors for coccidioidomycosis infection including be-
longing to a high-risk ethnic group (7/13), chronic immunosuppres-
sion (2/13), lung transplant recipient status (1/13), diabetes mellitus 
(DM) (5/13) and blood group A phenotype (3/13). Six patients had 
multiple risk factors including transplant status and DM (1/6), AIDS 
and black ethnicity (1/6), belonging to a high-risk ethnic group and 
DM (2/6) and belonging to a high-risk ethnic group and blood group 
A phenotype (2/6). Two patients lacked traditional risk factors for 
coccidioidomycosis infection, including one patient with cirrhosis 
and one patient with chronic hepatitis C infection (Table 1).

Seven of fifteen (47%) patients had primary coccidioidomycosis 
of the lungs without dissemination, one of fifteen (7%) cutaneous 
coccidioidomycosis without dissemination and seven of fifteen 
(47%) disseminated disease with lungs thought to be the primary site 
of infection. Three patients had dissemination with central nervous 
system (CNS) involvement; of those, all had elevated white blood 
cell (WBC) counts on cerebral spinal fluid (CSF) analysis with lym-
phocytic predominance ranging from 36% to 68% and eosinophilia 
ranging from 2% to 10%; and CSF studies were not available for one 
patient. Of those with disseminated disease, 6/7 (86%) had either 
high-risk ethnicity or blood type as their only risk factor, including 
black ethnicity (3/7), Asian (Laotian) ethnicity (1/7), Hispanic eth-
nicity (2/7), and one patient had no known risk factors except blood 
group A phenotype (1/7). One patient with black ethnicity and dis-
seminated disease also had AIDS. Of those who received antifun-
gal therapy, 4/13 (31%) received combination therapy including an 
azole plus liposomal amphotericin B and 9/13 (69%) received mono-
therapy with fluconazole. At 90 days, 11/15 (73%) were alive, 3/15 
(20%) deceased and 1/15 (7%) lost to follow-up. Of those who were 
not alive at 90 days, 1/3 (33%) had disseminated disease but no risk 

factor for infection and 2/3 (67%) primary coccidioidomycosis, both 
who were on immunosuppressive therapy.

4  | CONCLUSIONS

Coccidioidomycosis infection occurs in a variety of hosts, and infec-
tion can cause a range of disease from self-limited acute pneumonia 
to severe disseminated disease.

Risk factors for severe or disseminated coccidioidomycosis in-
fection are similar to risk factors for other invasive mould infections, 
such as immunocompromised status, although otherwise healthy in-
dividuals from certain ethnic groups such as African American/Black, 
Filipino, Native Americans/Alaskan Natives, and Hispanic groups are 
at particular risk for severe and disseminated disease. This is thought 
to be related to certain genetic factors, as A and B blood phenotype 
increases the risk for severe disseminated disease in Hispanics and 
HLA class II DRB1*1301 allele is associated with severe dissemi-
nated disease in African Americans, Hispanics and Caucasian indi-
viduals. Conversely, milder disease is associated with HLA class II 
DRB1*0301-DQB1*0201 allele in Caucasian and Hispanic individuals 
and DRB1*1501-DQB1*0602 allele in African Americans.17

In our patient cohort, in 3/15 patients the only known risk factor 
for coccidioidomycosis infection was belonging to a high-risk ethnic 
group, and in 2/15 patients, the only known risk factors were be-
longing to a high-risk ethnic group and a group A blood phenotype, 
with one patient identifying as black and the other Hispanic. In one 
patient, his only risk factor was group A blood phenotype although 
he self-identified as White and not Hispanic, and to our knowledge, 
there is no known association between group A blood phenotype 
and Caucasian ethnicity. One patient lacked any traditional risk fac-
tors for infection but had chronic hepatitis C infection without cir-
rhosis. Another patient had cirrhotic liver disease, a risk factor not 
typically associated with coccidioidomycosis infection, although 
there are some data suggesting that end-stage liver disease may be 
a risk factor for coccidioidomycosis,24 including coccidioidomycosis 
infection of the gastrointestinal tract.25 Further research is needed 
to determine whether underlying liver disease may be a risk factor 
for coccidioidomycosis.

Disseminated coccidioidomycosis infection occurred in 47% of 
patients in our cohort. Of these, all belonged to high-risk ethnic 
group (5/7), had a high-risk blood phenotype (1/7) or both (1/7), and 
one belonged to a high-risk ethnic group and also had AIDS. Unlike 
other invasive mould infections, severe or disseminated infection 
may occur in otherwise healthy individuals belonging to a high-risk 
ethnic group or with a high-risk blood phenotype, so evaluation for 
disseminated disease should be considered in all individuals belong-
ing to one of these a high-risk ethnic groups.

In total, 73% of patients were alive at 90 days. In those who re-
ceived antifungal therapy (diagnosis was made in one patient postmor-
tem, and one patient was lost to follow-up), four received combination 
antifungal therapy (including three with disseminated disease) and 
nine received monotherapy with fluconazole (including three with 
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disseminated disease). Our cohort was too small to evaluate treatment 
outcomes by antifungal strategy, and there is no consensus regarding 
combination antifungal treatment for severe disseminated disease. 
There is evidence supporting combination therapy for disseminated 
disease from case reports,26,27 and in one case, expert opinion rec-
ommends combination antifungal therapy with amphotericin B plus a 
triazole in certain situations, including disseminated disease or in se-
verely immunocompromised individuals.28 Consensus guidelines are 
needed to determine clinical situations where combination therapy is 
warranted and what regimens are recommended.

Limitations of our study include its single-centre design, small sam-
ple size, and lack of genetic or HLA data available on these patients. 
Still, this case series describes clinical characteristics of fifteen cases 
of acute coccidioidomycosis infection and emphasises that traditional 
risk factors for invasive fungal infections such as immunosuppression 
may be insufficient to predict disease or outcome as belonging to a 
high-risk ethnic group or having a high-risk blood phenotype is as-
sociated with disseminated or severe coccidioidomycosis infection. 
Improved education for clinicians regarding signs and symptoms of 
coccidioidomycosis, diagnosis, reporting and surveillance will be in-
creasingly important in tracking the spread of coccidioidomycosis,7 
particularly in areas that are not yet endemic to coccidioidomycosis.
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