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Abstract: Coccidioidomycosis is an endemic disease that is particularly prevalent in the United States. However, its geographic distribution is
becoming widespread. Here, we present a Japanese male who resided in the United States for 1 year, where he was diagnosed with pulmonary
coccidioidomycosis that was accompanied by cavity formation. He did not tolerate antifungal therapy and consequently underwent partial
resection of the upper lobe of his left lung upon his return to Japan. The patient’s symptoms improved after surgery. The trend toward global
networking and logistics means that a diagnosis of coccidioidomycosis should be considered in routine practice in nonendemic areas. Due to the
rarity of surgical treatment for this disease, prolonged follow-up is necessary. During the last follow-up, the patient was symptom-free.
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Introduction

Coccidioidomycosis is caused by fungi in the genus Coccidioides, which comprises two species: C. immitis and
C. posadasii.1 The disease is endemic to the United States, Central America, and South America. In particular, there
are areas of high endemicity in the United States, including the San Joaquin Valley in California and the south-central
region of Arizona.® Nonetheless, the geographic distribution and the number of new cases reported from East Asia,
India, Canada, and Europe have shown a recent increase.* The majority of coccidioidal infections are acquired through
inhalation of airborne arthroconidia. Reportedly, 60% infections are completely asymptomatic.® Furthermore, the onset of
pulmonary coccidioidomycosis typically resolves without any sequelae and with apparent long-lived immunity in spite of
no antifungal therapy;® however, radiographic abnormalities, including pulmonary nodules, are occasionally detected
after the acute phase, and they can be difficult to distinguish from malignancies following imaging examination.
Persistent or chronic pulmonary coccidioidomycosis is characterized by cavities and accompanied by prolonged
symptoms owing to immune-mediated responses, including fatigue, fever, erythema nodosum, and arthralgias, with the
latter three known as the triad of desert rheumatism.* In those cases, some therapeutic intervention including antifungal
therapy and surgical resection may be required. Generally, amphotericin B is used for severe or emergency cases and
azole antifungals for chronic diseases. Herein, we present a case of surgical resection to treat a Japanese patient with
pulmonary coccidioidomycosis involving cavity formation as a result of the rarity of surgical treatment for this disease.

Method

Resection samples were cultured on potato dextrose agar medium at 25°C. DNA was extracted from clinical isolates by hot-water
extraction method. Primers for nucleic acid amplification were designed as indicated in Supplemental Figure 1. PCRs were

performed to amplify some regions in the internal transcribed spacer (ITS) region and the D1/D2 region of the 28S ribosomal
RNA gene. All PCR assays were carried out in 50-uL volumes containing template DNA, 1 unit of DNA polymerase, and 50 pM
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of each primer. Cycling parameters were 10 sec at 98°C, 15 sec at 55°C, and 30 sec at 68°C for 35 cycles. The amplified products
were purified and sequenced. The identified sequences were subjected to homology searches in the GenBank and MycoBank
databases (Supplemental Figure 2). Institutional approval was required to publish the case details (approved number 22-224-B).

Case Report

A 58-year-old Japanese male who was an ex-smoker and living in Bakersfield, California, in the United States for 1 year
for business, presented with fatigue, myalgia, and arthralgia. He was serologically diagnosed with pulmonary coccidioi-
domycosis following a positive test for Coccidioides that showed a positive IgM and IgG of anti-Coccidioides antibodies.
The coccidioidal complement fixation test showed a titer of 1:2. Sputum cultures were not performed. He was started on
oral antifungal medication (fluconazole, 800 mg/day) soon after diagnosis. He returned to Japan 6 months thereafter and
immediately visited our hospital and discontinued any antifungal therapy because of the side effect of hair loss. He had
no past medical history including a compromised immune system. Serum gamma globulin level was within normal limit
and HIV antibody test was negative. No eosinophilia (4% of all leukocytes; 232 /pL), and serum (1-3)-B-D-glucan levels
were not elevated (1.5 pg/mL). A computed tomography scan revealed a well-circumscribed nodule, 20 mm in size, in
the upper lobe of the left lung (Figure 1A). The nodule had formed a cavity with a maximum diameter of 8 mm during
the course of the disease (Figure 1B). Although a bronchoscopic examination was performed, the resultant specimens
were culture-negative. The nodule was also suspected of pulmonary malignancy. Ultimately, we partially resected the left
upper lobe. The resected samples were sectioned and subsequently stained using hematoxylin and eosin as well as
Grocott methenamine silver staining. Histological examination revealed necrosis of lung tissue (Figure 2A), spherical
bodies characteristic of Coccidioides (Figure 2B), and some endospores (Figure 2C). The culture derived from the
mashed nodule eventually became positive for C. immitis in 11 days (Figure 3), which was confirmed by DNA
sequencing of the ITS region and the D1/D2 region of the 28S ribosomal RNA gene. The patient’s symptoms improved
after surgery. Follow-up examination was performed every 2 months without antifungal therapy, and the patient has been
asymptomatic for 2 years after surgery with no worsening outcomes on imaging examinations (Figure 4).

Discussion

We presented the case of a Japanese patient initially diagnosed with pulmonary coccidioidomycosis in the United States
by serologic testing. The diagnosis was eventually confirmed upon his return to Japan by fungal culture derived from
resected samples following surgery at our hospital. The patient had been living in the city of Bakersfield, which is
situated near the San Joaquin Valley, an area that is highly endemic for coccidioidomycosis. Even if infection is

Figure | Computed tomography scan results of our patient at the initial visit. (A) A 20 mm-sized nodule is present in the upper lobe of the left lung. (B) An 8 mm-sized
cavity can be noted within the nodule during the course of the disease.
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Figure 2 Morphology of a nodule in the upper lobe of the left lung. (A) The inner dotted line shows necrosis of lung tissue (hematoxylin and eosin staining, 400%
magnification). (B) Arrows indicate rupturing spherical bodies (Grocott methenamine silver staining, 400% magnification). (C) Arrows indicate scattered endospores
(Grocott methenamine silver staining, 500% magnification).
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Figure 3 Coccidioides immitis culture obtained from the resected specimen. (A) Day 4 of culture. Growth of filamentous fungi is observed. (B) Day 6 of culture. Aerial
mycelium is identified. (C) Day |1 of culture. Aerial mycelium increased and became cottony. (D) Barrel-shaped arthroconidia (Lactophenol cotton blue staining, 1000x
magnification).

established, 60% of patients remain asymptomatic, whereas coccidioidomycosis appears to confer lifelong immunity.*
However, the progression of pulmonary coccidioidomycosis should be constantly monitored in cases of non-indigenous
individuals because, unlike the indigenous population, non-indigenous individuals may not harbor any immunity to
coccidioidomycosis. Symptomatic coccidioidomycosis can occur even in individuals with normal immunity because type
2 immune responses exacerbate the disease by reducing interferon-y. Indeed, the efficacy of type 2 immune response
blockade in coccidioidomycosis has been reported.” In addition, elevated eosinophil count is supposed as a predictive
feature of coccidioidomycosis.®

Most cases of focal pulmonary coccidioidomycosis do not require treatment, even if cavities form.* However, our
patient had suffered from the disease for over 6 months despite continuous administration of an antifungal agent. Azoles,
including fluconazole, are key drugs for coccidioidomycosis treatment in terms of oral and prolonged administration.’'’
However, our patient could not tolerate the side effects of the antifungal therapy. Furthermore, imaging findings did not
completely eliminate the possibility of pulmonary malignancy. Additionally, increased age is a supposed risk factor for
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Figure 4 Computed tomography scan results of our patient 2 years after resection. No new lesions and no lung deterioration.

disease progression,''

and our patient was middle-aged. He underwent a partial lobectomy expecting a complete
recovery. According to the clinical practice guidelines on the management of coccidioidomycosis published by the
Infectious Diseases Society of America, patients with a healthy immune who have symptomatic chronic pulmonary
coccidioidomycosis with cavity lesions should be treated with an oral antifungal agent. However, they also state that
surgery should be considered when the cavities are intractable to antifungal treatment.'> Meanwhile, the long-term
outcomes after surgery remain poorly defined because such treatment for this condition is rare. A previous postoperative
study reported that antifungal therapy was administered to >40% of patients.'* Although our patient has not required
postoperative therapeutic intervention to date, prolonged follow-up monitoring of radiographic changes and sputum
culture results is warranted.

This study had several limitations. First, serological tests were not performed after resection and the transfer of
antibodies was unknown. Second, the follow-up period lasted for only 2 years after surgery and further follow-up is
needed.
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