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Case report

Fatal coccidioidomycosis involving the lungs, brain, tongue, and
adrenals in a cirrhotic patient. An autopsy case
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A B S T R A C T

In this paper, we describe a case of fatal disseminated coccidioidomycosis (CM). The patient was a 44-year
old male with a history of cirrhosis who presented with altered mental status, cough, and an enlarged,
ulcerated tongue. On evaluation, the patient was found to have coccidioidal infection of the tongue, lungs,
and brain. Despite over two months of antifungal treatment, the patient died from aspiration pneumonia
and at autopsy was found to have persistent infection of the tongue and lungs, extensive mycosis of the
brain, and involvement of both adrenal glands. The fulminant course of coccidioidomycosis in this patient
is ascribed to his baseline cirrhosis and lymphocytopenia. There are few autopsy cases of CM that have
been described in the post-antifungal era and few published cases of CM with either tongue or adrenal
involvement.
© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Coccidioidomycosis (CM) is caused by dimorphic fungi of the
genus Coccidioides (C. immitis (mostly California isolates) and C.
posadasii (other areas)). It typically presents as acute and chronic
pulmonary disease. However, the infection may disseminate
widely, especially to cutaneous, osseous, and central nervous
system sites. Coccidioidomycosis is a significant health problem in
the southwestern USA and Latin America, with 150,000 cases of
acute infections occurring annually in the United States alone [1,2].
About 1 % of CM cases result in dissemination, and one third of
these cases are fatal [2].

The aim of the current study is to report a fatal case of
disseminated CM. The patient had a history of cirrhosis and
presented with altered mental status, cough, and an enlarged,
ulcerated tongue. A computerized tomograph of the chest indicated

an active granulomatous process and the patient had positive
Coccidioides serologic tests of the serum and cerebrospinal fluid. A
subsequent biopsy revealed that the patient had coccidioidal
infection of the tongue, in addition to the lungs and the brain.

Despite over two months of antifungal treatment, the patient
died and, at autopsy, was found to have persistent infection of the
tongue and lungs, extensive involvement of the brain, and infection
of both adrenal glands. There are few autopsy cases of CM that have
been described in the post-antifungal era and few published
reports of CM with either tongue or adrenal infection. In addition,
previous cases of CM involving the tongue or the adrenal gland
were reviewed.

Methodology

To find cases of CM that involved either the tongue or the
adrenal gland, PubMed was searched for articles using the terms
"Coccidioides and tongue" and "Coccidioides and adrenal." Addi-
tional references were obtained by bibliographic branching and
Google Scholar searches with identical search terms. These
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ase

A 44-year old Hispanic man presented with an enlarged tongue
ith a dorsal ulcer and he was referred to the otolaryngology
ervice to obtain a biopsy. He reported a cough, dyspnea on
xertion, hemoptysis, epistaxis, a painful tongue, and odynophagia
or about one month, resulting in an 11-kg weight loss. The patient
eported confusion and speech dysfluency for the last two weeks.
e denied fevers, chills, night sweats, nausea, vomiting, or
iarrhea. The patient was noted to have jaundice and was
ospitalized for suspected hepatic encephalopathy. The patient's
ast medical history included intravenous drug abuse and
lcoholic and hepatitis C cirrhosis, with a transjugular intrahepatic
orto-systemic shunt in place. The patient was an inmate at a state
rison in south central Texas. Previously, he had been a truck driver
ith travel in Mexico and California. On admission, vital signs were

 temperature of 36.9 �C, pulse 95, blood pressure 109/65 mm Hg,
espiration rate 19 per minute, with an oxygen saturation of 96 %
n room air. The patient was jaundiced; he was alert, but oriented
nly to self and place. His speech was hoarse and dysfluent. The
ares were crusted with dried blood. His tongue was swollen, with
orsal and lateral ulcers with greenish exudate. He also had a
hallow ulcer of the right buccal mucosa (Fig. 1A and B).
plenomegaly and palpable purpura of the legs were apparent.
he remainder of the physical exam was normal. Routine
aboratory tests were remarkable for an elevated bilirubin level
9.3 mg/dL; reference range (RR) 0.2–1.2 mg/dL), hypoalbumine-
ia (2.0 g/dL; RR 3.2–5.0 g/dL), thrombocytopenia (platelets 65 K/
L, RR 140�377 K/mL), coagulopathy (International Normalized
atio 2.0 (RR 0.8–1.2), and lymphocytopenia (360/mL; RR
00�3100 K/mL). Thyroid function tests and an ammonia level
ere within normal limits. A human immunodeficiency virus
erologic test was negative. A computerized tomograph of the
hest revealed a tree-in-bud pattern and diffuse bronchial wall
hickening (Fig. 2). A lumbar puncture found clear cerebrospinal
uid (CSF) with 59 WBC/mL (RR 0–5 WBC/mL) with a differential of
3 % segmented cells, 52 % lymphocytes, and 35 % monocytes. The
SF glucose level was low at 24 mg/dL (RR 45�80 mg/dL) and the
rotein level was elevated at 295 mg/dL (RR < 45 mg/dL).
Coccidioides IgM and IgG titers were positive in the serum at 2.8

RR � 0.9) and 13.3 (RR � 0.9), respectively; immunodiffusion and
omplement fixation in the serum and CSF were positive but <1:2.
he Coccidioides IgG was positive in the CSF, but IgM was negative.
ungal cultures of the sputum grew a white cottony mold that was
NA probe positive for Coccidioides species.
The patient was started on high-dose fluconazole (initially 800

g/day, later increased to 1600 mg per day). On hospital day-7, a

tongue biopsy was performed that showed Coccidioides spherules.
The patient’s pulmonary symptoms improved over several weeks,
however, the enlargement of the tongue did not appreciably
regress and the lingual ulcer did not heal. Furthermore, his mental
status did not improve. An initial CT scan revealed an old lacunar
infarct in the anterior thalamus and enlarged bilateral temporal
horns consistent with hydrocephalus. A brain MRI revealed an
ischemic event within the corpus callosum. Due to concern about
coccidioidal central nervous system vasculitis, the patient was
given dexamethasone 6 mg IV twice a day for 7 days, followed by 3
mg IV each day for 7 days. On hospital day-22, his platelet count
dropped to 8 K/mL. Antifungal therapy was changed to liposomal
amphotericin (5 mg/kg) due to concern that high-dose fluconazole
was exacerbating thrombocytopenia and within six days the
platelet count improved to 30 K/mL.

On hospital day-29 he had an aspiration event with hypoxemia,
hypotension, and depressed mental status that required intubation
and pressor therapy. After 5-days, the patient was able to be
extubated. By hospital day-36, the tongue had regressed in size, but
the patient still had difficulty swallowing and failed a swallowing
study. On day-43, liposomal amphotericin was stopped and
fluconazole 400 mg orally each day was started, but was increased
to 800 mg IV each day due to increased tongue pain. On hospital
day-63, patient was noted to have tachypnea, tachycardia,
hypoxemia (oxygen saturation 88–90 % on room air), an elevated
troponin level, and electrocardiographic changes indicative of a
myocardial infarction. A new right upper lobe consolidation on
chest X-ray suggested that aspiration had occurred again. The

Fig. 2. Computerized tomograph of the chest showing tree-in-bud pattern
indicative of bronchiolar obstruction.
Fig. 1. Photographs of the case patient showing: A (left) enlargement of the tongue and blood-encrusted nares; B (right), ulcer of the right buccal mucosa.
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patient's family decided to transition him to comfort care and he
expired. An autopsy was performed.

Autopsy findings

Tongue

Multiple tongue ulcers were present. Representative sections of
the tongue revealed chronic inflammation and multinucleated
giant cells with observable round fungal organisms consistent with
coccidioidomycosis (Fig. 3).

Lungs

The lungs were edematous, with weights of 1240 and 995 g for
the right and left lungs, respectively, compared to the average
weight range of the male right and left lungs of 155�720 g and
112�675 g, respectively [3]. The bronchi contained yellow-brown
frothy fluid. The cut surfaces of the lungs revealed diffusely
edematous brown-red parenchyma. Representative sections of the
lungs showed dilated vasculature and multiple foci of giant cells
and lymphocytes with fungi consistent with Coccidioides (Fig. 4).
The alveoli were diffusely filled with edema fluid as well as acute
and chronic inflammatory cells. The pleural surfaces contain
adhesions to the pericardium on the right and dense circumferen-
tial adhesions to the left chest wall.

Brain

The remarkable gross features of the brain were bilateral
tonsillar herniation and dilatation of the ventricles consistent with
hydrocephalus. There were small cavities (1.0 � 1.5 cm and 0.5 �
0.5 cm) present within the left anterior and posterior putamens
(the outermost portions of the basal ganglia), respectively.
Microscopically, sections of the cerebral cortex, basal ganglia,
hippocampus, cerebellum, midbrain, midpons, and medulla
revealed multiple foci of coccidioidal spherules, interspersed with
chronic inflammatory cells (Fig. 5). Section of the left basal ganglia
showed an infarction in the phase of resorption. There was diffuse

neuronal loss within the CA1 area of Ammon’s horn of the
hippocampus (an area important for memory formation) [4].

Adrenals

Grossly, the adrenal glands displayed their usual shape and the
cut surfaces displayed a normal distribution of cortex and medulla
bilaterally. Microscopically, sections of both adrenal glands
revealed multinucleated giant cells, lymphocytic infiltration, and
observable fungi consistent with Coccidioides (Fig. 6).

Liver

The liver was diffusely nodular with multiple focal areas of
opaque, raised yellow-tan patches. The cut surface displayed a
“nutmeg” pattern congestion. Microscopically, representative

Fig. 4. Section of the lung showing necrosis (left-pointing arrow) with abundant
thick-walled spherules of Coccidioides (star), some containing endospores (down
arrow) surrounded by histiocytes (H&E, x200).
Fig. 3. Section of the tongue showing squamous mucosa with thick-walled
spherules (arrow) of Coccidioides in the lamina propria (Hematoxylin and Eosin
stain (H&E), x200).

Fig. 5. Photomicrograph of a section of the brain showing spherules of Coccidioides
(right-pointing arrow) surrounded by chronic inflammatory cells (left-pointing
arrow), including lymphocytes and plasma cells (H&E, �400).
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ections of the liver displayed centrilobular congestion, lobular
isarray, multiple regenerative nodules, and dense bridging
brosis indicative of cirrhosis.

ther organs

Microscopic examination of the heart, esophagus, intestines,
all bladder, pancreas, kidneys, urinary tract, spleen, pituitary and
aratracheal lymph nodes showed no evidence of fungal invasion.

iscussion

infection, arising from inoculation of a prior tongue lesion with
Coccidioides sp., likely by oral dust exposure (the patient was a farm
worker) [5]. In Cases 3 and 4, CM of the tongue was observed in
conjunction with pulmonary CM [6,7], and in Case 5, tongue
involvement occurred in the setting of advanced Acquired
Immunodeficiency Syndrome, with concurrent pulmonary and
CNS involvement [8]. The involvement of the tongue in the illness
of the patient described herein is more than just a curiosity; it is
likely contributed to the aspiration events, which ultimately led to
the patient’s death.

Although CM is a so-called “great imitator” disease that can
involve almost any organ of the body, reports of involvement of the

ig. 6. Photomicrographs of sections of the adrenal gland showing: A (left), spherules of Coccidioides (right-pointing arrow), multinucleated giant cells (down arrow) and
arked chronic inflammation (star) (H&E x100); B (right), spherules of C. immitis (down arrow), histiocytes (right-pointing arrow) and chronic inflammatory cells (left-
ointing arrow) (H&E, x400).

able 1
ases of coccidioidomycosis of the tongue.

Case #; age, sex, [ref], year Patient description; Location Brief Clinical Course

1; [9], 1999 Argentina No case details provided
2; 56, M, [5], 2005 Mexican farm worker in California;

diabetes
Pt reported biting his tongue, then tongue enlarged and ulcerated over 1-mo;
followed by progressive swelling and malodorous drainage, pain, dysphagia;
negative CT scan of the chest, neck, and sinuses; tongue biopsy showed reactive
squamous epithelium, granulation tissue, acute inflammation, and necrosis;
positive IgG; treated with itraconazole for 1 month; resolution.

3; 51, F, [6], 2013 German traveler to Arizona Presented with painless thickening of tongue; underwent tongue biopsy, which
revealed granulomatous changes and numerous spherules; Chest CT showed
hilar lymphadenopathy with streaky infiltrates and nodules. A gene probe of
transbronchial biopsy specimen found C. posadasii. Treated with itraconazole
200 mg/day for 6 mos; resolution.

4; 60, M, [7], 2017 healthy; rural Mexico Presented with ulcerated lesion of the tongue, growing for 5 mos. Biopsy of
tongue showed granulomata with spherules. CXR: pulmonary lesions. Received
itraconazole for six mos; due to liver function test elevation, itraconazole held
for 1 mo; then resumed to complete 1 yr of treatment.

5; 34, M, [8], 2019 AIDS (CD4 39 cells/mm3); HIV viral load
197,000 copies/mL); Arizona

Presented w/ a 1-wk history of headache, fever, confusion and large, ulcerative
lesion of tongue; CXR bilateral patchy infiltrates; positive Coccidioides IgG in
blood/CSF. Biopsy of tongue lesion revealed spherules. Coccidioides grew from
bronchoalveolar lavage. Received liposomal amphotericin B and fluconazole for
2 wks, followed by fluconazole monotherapy. HIV genotype revealed resistance
to one of the patient's medications; antiretrovirals adjusted. At 3 mos after
presentation, fever and headache resolved, tongue lesion decreased in size, and
HIV viral load undetectable. Lost to follow-up.

IDS, acquired immunodeficiency syndrome; CT, computerized tomography; CXR, chest x-ray.
The patient had Coccidioides infection in two unusual body sites,
he tongue and the adrenal gland. Furthermore, the patient had
xtensive coccidioidal involvement of the brain and the lungs,
espite prolonged antifungal treatment. Coccidioidomycosis of the
ongue is rare with only five other cases in the medical literature
Table 1). In these five cases, Case 2 may have been a primary
4

adrenal glands are rare in the post-antifungal era (after the
introduction of amphotericin B in 1957 [10]), with only five other
reported cases (Table 2, Cases 8-12). This is in contrast to several
other systemic mycoses, such as histoplasmosis [11], cryptococco-
sis [12], blastomycosis [13], and especially paracoccidioidomycosis
(in which adrenal involvement occurs in 90 % of cases) [14,15].
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However, even in paracoccidioidomycosis, symptomatic adrenal
insufficiency occurs in only about 7 % of cases [16]. There is no
satisfactory explanation for the specific tropism of fungal
pathogens like Paracoccidioideslutzii for the adrenal glands and
the uncommon adrenal involvement in Coccidioides infection, even
though the two fungi are related phylogenetically (both genera are
in the order Onygenales) [17].

However, in the pre-antifungal era, CM of the adrenal gland
was seen in autopsy series and in untreated cases of long-
duration (Table 2, cases 6 and 7). In a series of 50 autopsy cases
conducted in the pre-antifungal era, adrenal involvement was seen
in 16 patients; in none of the cases were the adrenals completely
destroyed, but in a number of patients both adrenals were

other tissues having only incidental involvement [18]. In an
autopsy series of 36 CM patients from 1945, one case of adrenal
involvement with Addison's disease was noted [19]. In an autopsy
series of 131 CM patients, conducted from 1947 through 1965,
found 22 cases of adrenal involvement (16.8 %); no cases of adrenal
insufficiency were observed [20]. However, in another autopsy
series of 18 patients from 1929, no adrenal involvement was
observed [21].

Table 2 shows seven cases of CM with adrenal involvement [22–
27]. The adrenals have significant functional reserve; the typical
clinical picture of Addison's disease only arises if less than 5% of
intact residual adrenal tissue remains [22]. Nevertheless, Cases 6, 7,
9, and 10 did display adrenal insufficiency [22,24,25]. In Cases 8

Table 2
Cases of Adrenal Coccidioidomycosis.

Case #; age, sex, ref; year Patient description, Location Brief Clinical Course

6; 62, M; [22]; 1952 Railroad worker, Arizona Presented w/ arthritis of knee/wrist and hyperpigmentation; specimen from
wrist grew Coccidioides. Developed hypotension; given adrenal cortex extracts,
but died. Autopsy showed pulmonary CM and markedly enlarged adrenals
((total wt 165 g)(normal wt 4 g)). Normal adrenal tissue replaced by caseating
necrosis, granulation, and fibrosis. Many multinucleated giant cells at the
periphery of the necrotic areas, some containing spherules.

7; 44, M, [22]; 1952 farm worker, California Presented w/ weakness, nausea/vomiting. CXR: bilat infiltrates. PMH of CM for
12 yrs. Over months, skin became darker, and patient became weak, confused,
emaciated, and hypotensive. Received cortisone and adrenal cortex extract, but
died in a few days. Autopsy showed enlarged adrenal glands (total wt 20-g).
Numerous granulomata, nearly replaced both adrenals, and involved the lungs,
thoracic lymph nodes, spleen, and meninges; spherules present.

8; 37, M, [23]; 1978 Resident of Los Angeles, CA History of traumatic brain injury. Suffered cognitive decline and headaches over
4 yrs. Presented with fever, weakness, arthalgias, skin lesions, and photophobia.
Diagnosed with a viral syndrome. Returned in 6 weeks with fever, severe
headache, dysarthria, and hemiparesis. Lumbar puncture showed pleocytosis
and elevated protein. No improvement with penicillin, chloramphenicol, and
corticosteroids and the patient lapsed into a semi-comatose state. A biopsy of
the skin lesions revealed Coccidioides. Started on amphotericin B but expired in
5-days. At autopsy, coccidioidal granulomata were found in the eyes, lungs, skin,
brain, heart, pancreas, liver, adrenals, and prostate.

9; 48, M, [24]; 1996 healthy traveler, in Sweden Presented with RUQ abdominal pain. Ultrasound showed bilateral adrenal
tumors, 7 cm. Elevated plasma ACTH and renin activity. Adrenal biopsy showed
spherical fungi; serologic investigation consistent with CM. Treated with
cortisone and fluconazole. Poor serologic response to 3-mo Rx of fluconazole
and received course of amphotericin B, but stopped due to renal insufficiency.
Completed 10-mos of fluconazole with serologic response, but adrenal lesions
did not regress radiographically.

10; 45, F; [25]; 1999 farm worker from TX, in North
Dakota

Pt with menorrhagia; underwent hysterectomy and salpingo-oophorectomy. A
resected colon abscess showed caseating granulomas; culture positive for
Coccidioides. Infiltrates on CXR. Started fluconazole. Subsequently developed
hyperpigmentation/hyponatremia. Had elevated ACTH. Treated with
prednisone, fludrocortisone. Continued fluconazole; improved at 5 mos and
then lost to follow-up. Adrenal CM assumed.

11; 55, M, [26]; 2017 smoker; Arizona Presented w/ 2 mos of increasing fatigue. Chest CT showed RUL nodule; PET scan
revealed same nodule and L adrenal mass. Biopsy of lung lesion revealed
necrotizing granulomas with spherules. Adrenal biopsy inconclusive. Received
fluconazole and lung and adrenal lesions regressed.

12; adult M, unspecified age, [27]; 2019 Diabetes mellitus, smoker;
Mexico

Presented with weight loss, confusion, dysfluency, headache, respiratory
distress. CXR with miliary pattern. Lumbar puncture suggested tuberculosis;
started on TB therapy and amphotericin B. Pt had pneumothorax and died of
cardiopulmonary arrest. An autopsy showed granulomas with spherules in the
lungs, thoracic lymph nodes, liver, spleen, thyroid, kidneys, meninges. L adrenal
gland contained a coccidioma, 4 � 3 � 3 cm, composed of granulomas, caseous
necrosis, and multiple spherules.

Abbreviations: ACTH, adrenocorticotrophic hormone; CXR, chest X-ray; RUL, right upper lobe.
infected. The adrenal lesions usually consisted of one or more
granulomatous nodules, with no apparent adrenal insufficiency.
Based on this autopsy series, the order of frequency of organ
involvement in disseminated CM was: lungs, lymph nodes, spleen,
skin and subcutaneous tissues, liver, kidney, bones, meninges,
adrenals, myocardium, brain, pericardium, and pancreas, with
5

and 12, the diagnosis and treatment of CM was likely delayed,
allowing for extensive dissemination [23,27]. Case 9 is unusual in
the that adrenals were the only evident site of coccidioidal
involvement [24]. In our case, the "adrenal hyperplasia" reported
as the initial CT report was not recognized as CM of the adrenal
gland during the patient's hospital course, because he displayed no
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linical manifestations of adrenal insufficiency, despite the
dvanced stage of the disease in the lungs and brain.
The most common central nervous system presentation of CM

s basilar meningitis, which is observed in nearly 50 % of cases of
isseminated CM [28]. Other central nervous system complica-
ions of CM include hydrocephalus, vasculitic infarction, mass
esions, abscesses, cranial neuropathy, and arachnoiditis. Approxi-
ately 40 % of coccidioidal meningitis patients will present with or
cquire hydrocephalus during the course of the infection. The
requency of vasculitic infarction based on radiographic studies
ndicate an incidence as high as 40 %. Clinical presentations of
asculitic infarction (e.g., aphasia, hemianopsia, hemiparesis)
ccur in about 10 % of meningitis cases [29]. In this patient, there
ere small cavities, 1.0 � 1.5 cm and 0.5 � 0.5 cm, present within
he left anterior and posterior putamens (the outermost portions
f the basal ganglia), respectively, indicative of prior infarction.
icroscopically, the patient had widespread mycosis of the brain,
ith sections of the cerebral cortex, basal ganglia, hippocampus,
erebellum, midbrain, midpons, and medulla all affected.
This patient suffered a fulminant case of disseminated CM,

espite prolonged antifungal therapy; his identified immunosup-
ressive condition was decompensated cirrhosis and lymphocy-
openia. Cirrhosis alters the function of circulating immune cells
nd impairs the synthesis of innate immunity proteins (such as
omplement) and secreted pattern-recognition receptors (e.g., C-
eactive protein, lipopolysaccharide-binding protein, and soluble
D14) [30,31]. Cirrhosis has been described as a risk factor for
ryptococcosis [32], aspergillosis [31,33], and CM [34–38]. Blair
nd coworkers found that end-stage liver disease (ESLD) increased
he risk of acquisition of CM by 100-fold, based on a group of ESLD
atients living in a high-risk area (Arizona) awaiting liver
ransplantation [36].

onclusions

Herein, we described a case of fatal disseminated coccidioido-
ycosis. The patient, a 44-year old male with cirrhosis, presented
ith altered mental status, cough, and an enlarged, ulcerated
ongue. On evaluation, the patient was found to have coccidioidal
nfection of the tongue, lungs, and brain. Despite over two months
f antifungal treatment, the patient died from aspiration pneumo-
ia and at autopsy was found to have persistent infection of the
ongue and lungs, extensive brain involvement, and bilateral
drenal infection. Tongue involvement is uncommon in coccidioi-
omycosis, and has been reported in only five other cases. Adrenal
occidioidomycosis was reported in autopsy series in the pre-
ntifungal era, but also has been uncommonly reported since the
ntroduction of antifungal therapy. The fulminant course of
occidioidomycosis in this patient was ascribed to his baseline
irrhosis and lymphocytopenia.
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