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Combination of metagenomic 
next-generation sequencing and 
morphology for identifying 
Coccidioides immitis: a case 
report
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Coccidioidomycosis is a systemic infection caused by the dimorphic fungus 
Coccidioides spp., endemic to the Southwestern United  States and Central 
and South America. In this article, we  report a case of Coccidioides immitis-
induced meningitis in a 27-year-old man who was experiencing recurrent fever 
and headache. His cerebrospinal fluid (CSF) biochemical markers indicated an 
infection in the central nervous system. However, repeated routine cultures of the 
CSF for bacterial detection were all negative. Only metagenomic next-generation 
sequencing (mNGS) detected low reads of C. immitis. To verify the mNGS results, 
the Clinical Microbiology Laboratory in Huashan Hospital optimized its culture 
conditions. Ultimately, 12 days after sampling, the fungal bottle containing the 
cerebrospinal fluid tested positive. Furthermore, the diagnosis of C. immitis was 
then confirmed by smear staining combined with morphological characteristics of 
the colony, which provided an important etiological basis for clinical diagnosis and 
treatment. As coccidioidomycosis is a rare disease in China, its pathogen-specific 
diagnostic methods are limited. In this case, we combined two universal methods, 
mNGS and traditional morphological observation, to confirm the diagnosis. This 
combined strategy is critical for quick and accurate diagnosis.
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Introduction

Coccidioides is a type of dimorphic fungus that includes C. immitis and C. posadasii. 
Epidemiological data have shown that Coccidioides is mainly prevalent in central and southern 
California, the low-lying desert regions of Arizona, southeastern New Mexico, western Texas, 
the southwestern United States, Mexico, Central America, and South America, with strong 
geographical distribution patterns (1). Inhalation of arthroconidia into the lungs is the primary 
exposure factor. Coccidioidomycosis commonly manifests as an asymptomatic infection or a 
mild respiratory infection in humans and other vertebrate hosts. Occasionally, approximately 
4.7% of coccidioidomycosis cases are reported to spread from the lungs to other organs, such 
as the skin, bone, spine, and meninges. This condition is known as disseminated 
coccidioidomycosis (2), which usually develops rapidly. Failure to diagnose and treat this 
condition in time can result in poor prognosis and even death (2, 3). Therefore, early and 
accurate diagnosis is crucial for the treatment of disseminated coccidioidomycosis.

Coccidioidomycosis is rarely reported in China. From 1958 to 2021, only 47 cases were 
reported, and the majority of these cases have a history of travel to endemic areas (4, 5). As it 
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is rare in China, the majority of clinical laboratories do not carry out 
Coccidioides-specific routine detections. In addition, its clinical signs 
and imaging presentations are non-specific, making it easy to 
misdiagnosis as a tumor or another disease (1, 6, 7). Therefore, 
diagnosing coccidioidomycosis is difficult in non-endemic areas (8).

This article reports on a patient with unexplained recurrent fever 
and headache who was transferred to our hospital after receiving 
ineffective treatment at a local hospital. The cerebrospinal fluid (CSF) 
metagenomic next-generation sequencing (mNGS) analysis revealed 
low reads of C. immitis-specific gene sequences, but the repeated CSF 
bacterial cultures showed no pathogens. To confirm the diagnosis, the 
Clinical Microbiology Laboratory in Huashan Hospital extended the 
CSF culture duration, based on the growth characteristics of 
Coccidioides reported in the literature (9, 10). Ultimately, 12 days after 
sampling, the fungal bottle containing the cerebrospinal fluid tested 
positive. Furthermore, the diagnosis of C. immitis was then confirmed 
by smear staining and the morphological characteristics of the colony, 
providing an important etiological basis for clinical diagnosis and 
treatment. This article will describe and discuss this case along with 
relevant insights.

Case presentation

A 27-year-old male patient was admitted to the emergency 
department of Huashan Hospital due to a headache and fever on 11 
August 2022. Around 2 months (25 June) earlier, he  had been 
diagnosed with community-acquired pneumonia with symptoms 
including cough and irregular fever (up to 39.0°C) at the local hospital 

(Yangzhou, Jiangsu). After antibacterial treatment, the symptoms 
improved significantly. However, half a month earlier (31 July), the 
patient developed a persistent headache and fever, and the symptoms 
progressively worsened. For further diagnosis, he visited our hospital.

Upon admission, the chest CT scan showed scattered 
inflammation in the lower lobe of the left lung, but no abnormalities 
were observed in the head during the enhancement CT scan 
(Figure  1B). Except for the routine blood test showing increased 
leukocytosis and eosinophilia, all other laboratory exams, including 
urinalysis, blood routine, liver and kidney function, blood glucose, 
blood ketones, coagulation function, procalcitonin, and myocardial 
markers, showed no abnormalities. As headache was the most critical 
sign, lumbar puncture was performed on 13 August. The CSF analysis 
revealed positive Pandy test (protein 2,071 mg/L), intracranial 
pressure greater than 300 mmH2O, a white blood cell count 
(695 × 106/L) higher than the normal range, and glucose (1.2 mmol/L) 
and chloride(115 mmol/L) levels lower than the normal range 
(Figure 2). All the above results indicated the possibility of an infection 
in the central nervous system. Empiric combinatory therapy 
(levofloxacin 0.5 g ivgtt qd and ceftriaxone 2.0 g ivgtt bid) for bacterial 
meningitis was administered. However, there was no relief from 
the symptoms.

As all etiological examinations showed negative results, CSF 
mNGS analysis was performed to further identify the pathogen. On 
17 and 19 August, two CSF mNGS analyses suggested low reads of 
C. immitis (only four unique sequence reads matched). mNGS is a 
novel gene sequencing approach used to rapidly identify pathogens in 
clinical samples, but it cannot be used as a diagnosis method when 
only low reads of suspicious pathogens are detected (11). Due to the 

FIGURE 1

(A) Chest CT scan shows increased pulmonary markings in both lungs, with scattered patchy shadows in the left lower lobe (Arrow indicated). The 
trachea and main bronchi were patent. No enlarged lymph nodes were seen in the mediastinum or hilum; (B) Enhanced CT of the head shows no 
apparent abnormalities.
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detection of C. immitis, which is generally considered to be limited to 
the Western Hemisphere, the patient’s travel history was further 
reviewed. The patient had lived in Los Angeles, USA, for approximately 
3 months (March 2018 ~ June 2018) to support his wife with child-
rearing. During this period, he grew scallions in his garden and had 
contact with the soil.

The subsequent second cerebrospinal fluid mNGS test also 
detected C. immitis. To verify the mNGS results, we improved the CSF 
culture condition according to references (7). A cerebrospinal fluid 
fungal culture was then conducted. Fortunately, 12 days after sampling 
(August 23), the fungus/mycobacteria culture flask showed positive 
results, and a cotton wool-like substance was produced in the flask 
(Figure  3A). Then, smear staining was performed, as shown in 
Figure 3, and thick-walled spheroids and segmented hyphae were 
observed using both Gram staining and Fluorescence staining. The 
culture material was stained with lactophenol cotton blue, revealing 
the characteristic microscopic features of Coccidioides, including 
barrel-shaped arthroconidia connected by thin-walled, empty-
connected cells. The Gram staining and fluorescence staining revealed 
the presence of branching, septate hyphae, rather than thick-walled 
spherules, indicating a differential diagnosis of Malbranchea spp. At 
the same time, the products were transferred to Sabouraud dextrose 
agar (SDA) plates. The hyphal stage was observable on the SDA plates 
at 28°C, whereas the yeast phase appeared at 35°C, consistent with the 
traits of biphasic fungi (Figures  4A,B). Articular spores, a critical 
characteristic of C. immitis, were clearly identified through colony 
Medan staining (Figure 4C). Based on the growth and morphological 
characteristics of this fungus, we  confirmed the mNGS results, 
identifying it as C. immitis. Subsequently, colony ITS sequencing and 

homology analysis were performed using BLASTp against the NCBI 
database to further confirm the species. Due to the lack of access to a 
laboratory capable of conducting serological testing, it was not 
performed in this study.

Therefore, the clinic changed his treatment from antibacterial to 
antifungal therapy. As the first-line drug for Coccidioides, Itraconazole 
was administered according to our identification results (12, 13). The 
detailed treatments are shown in Figure 2. With anti-coccidioidal 
treatment, the patient showed gradual improvement, which further 
corroborated that the patient’s symptoms were indeed caused by 
disseminated Coccidioides infection. By 30 August, there was a notable 
improvement in the patient’s CSF compared to the previous 
measurements and the symptoms also significantly improved. 
Subsequently, the patient was followed up at the infectious disease 
department of our hospital. After the diagnosis, the patient was treated 
with itraconazole, starting with a loading dose of 200 mg IV q12h for 
2 days, followed by a maintenance dose of 200 mg IV qd. After 
6 months, the treatment plan was changed from IV to oral 
administration: itraconazole oral solution 200 mg po q12h and 
prednisone 5 mg BID for treatment. The patient’s condition remained 
stable, and he continued to be followed up in the infectious disease 
department. For patients with Coccidioides meningitis, lifelong 
treatment with triazole medications is recommended.

Discussion

As a result of population mobility, coccidioidomycosis cases are 
increasing in China (14). In addition, coccidioidal meningitis has a 

FIGURE 2

CSF investigation and antimicrobial drugs. After adjusting the treatment, the CSF factors, including glucose content, protein content, WBC, and 
intracranial pressure, gradually returned to normal.
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FIGURE 3

(A) Cerebrospinal fluid fungal culture flask annulation. After 12 days of continuous monitoring, the flask reported positivity (with an increasing growth 
curve). Cotton wool-like precipitation (indicated by red arrow) was visible in the bottle; (B,C) The cottony material was extracted and subjected to 
Gram staining and fluorescent staining separately. At high magnification (10×40), thick-walled spheroids and segmented hyphae were visible.

FIGURE 4

Colony on SDA plates after incubation at different temperatures. Coccidioides is a temperature-dependent dimorphic fungus that exhibits different 
colony morphologies at different temperatures. (A) The colony grown at 28°C had suede to villi, gray-white, and tan to brown; (B) The colony grown 
at 35°C was in the white yeast phase. (C) Through lactophenol cotton blue staining, arthroconidia and a large number of rectangular, barrel-shaped 
arthroconidia with septa were observed. These are thin-walled, connected cells. The arthroconidia and thin-walled connected cells alternate to form 
chains (10×100).
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high mortality rate (90% within 1 year and 100% within 2 years). 
Therefore, early identification of the pathogen and prompt antifungal 
treatment are critical for a favorable prognosis. However, the etiology 
examination of coccidioidal meningitis remains a clinical challenge in 
non-endemic areas.

The diagnosis of coccidioidomycosis is mainly based on clinical 
manifestations, exposure history, and laboratory tests (15). In terms 
of laboratory tests, mNGS has emerged as one of the routine methods 
for detecting unknown pathogens in clinical microbiology 
laboratories, with the advantages of high sensitivity and specificity 
(15). mNGS is particularly recommended for diagnosing infections 
caused by new, rare, difficult-to-culture, or mixed pathogens (11). 
However, the cost of mNGS sequencing is high, and it cannot directly 
correlate suspected pathogens with clinical symptoms. Therefore, it is 
important to isolate pathogens using traditional cultural methods.

In this case, both the symptoms and the regular CSF analysis 
suggested an infection in the CNS; however, the standard CSF cultures 
showed negative results (no pathogen). This may be related to the fact 
that the culture was only observed for 3 days at 35°C on common 
bacterial media, which are not suitable for the growth of Coccidioides 
(which requires 28°C, using SDA, and can take 2–9 days for growth) 
(8). After adjusting the cultural conditions, we successfully observed 
the Coccidioides colony and its critical morphology. This finding 
highlights the need for microbiology laboratories to maintain close 
communication with clinics. When patients report a history of travel 
to endemic areas and exhibit symptoms such as headache, fever, and 
vomiting, along with CSF analysis revealing elevated opening pressure, 
increased protein levels, hypoglycorrhachia, and pleocytosis (16), 
we should consider changing the standard culture conditions to those 
suitable for the growth of Coccidioides.

This case highlights the potential of combining mNGS with 
traditional cultural methods to diagnose unknown pathogens quickly 
and accurately.
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