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Abstract: Cryptococcal pneumonia predominantly occurs in immunocompromised patients, but its incidence among immunocompe
tent individuals has been increasing in recent years. However, cases of co-infection with Cryptococcus neoformans and community- 
acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) in immunocompetent hosts remain exceedingly rare. This study 
reports on a previously healthy 30-year-old male who presented with 20-days cough and 1-day fever. Through nanopore targeted 
sequencing (NTS) of bronchoalveolar lavage fluid (BLAF) and traditional microbial culture, he was ultimately diagnosed with a co- 
infection of C. neoformans and CA-MRSA. The patient showed significant improvement after treatment with oral linezolid (0.6 g twice 
daily) for 2 weeks and oral fluconazole (400 mg once daily) for 6 months. This case highlights that even immunocompetent individuals 
can simultaneously contract multiple community-acquired pathogens, while also underscoring the clinical utility of NTS in the early 
diagnosis of co-infections and detection of resistance genes. 
Keywords: community-acquired methicillin-resistant Staphylococcus aureus, Cryptococcus neoformans, pulmonary infection, 
nanopore sequencing, case report

Introduction
Pulmonary infection is a leading global cause of morbidity and mortality.1 Among respiratory pathogens, Cryptococcus 
neoformans and community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) are clinically 
significant. C. neoformans predominantly infects immunocompromised hosts, causing pneumonia with characteristic imaging 
findings,2,3 while CA-MRSA can lead to severe pneumonia with high mortality.4,5

Although community-acquired pneumonia is typically monomicrobial,6 polymicrobial infections—common in immu
nocompromised patients and linked to poorer outcomes6,7—are increasingly recognized in immunocompetent hosts. Risk 
factors such as viral co-infection, advanced age, or diabetes may exacerbate this risk.8–10 The synergistic mechanisms in 
immunocompetent hosts remain unclear but may involve immune modulation,11 and co-infections often result in more 
complex clinical courses regardless of immune status.12
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Notably, in China, immunocompetent individuals account for up to 69.7% of pulmonary cryptococcosis cases— 
approximately double the global rate,13–15 highlighting the need to consider this pathogen even without overt immuno
deficiency. The disease shows male predominance and nonspecific manifestations.16,17

Given the rarity and diagnostic challenge of CA-MRSA and C. neoformans co-infection in immunocompetent hosts, 
this report presents a relevant case to discuss its clinical characteristics.

Case Presentation
A 30-year-old immunocompetent male presented with a 20-day history of persistent cough and 1-day of low-grade fever. His 
symptoms began with a minimally productive cough on November 24, 2024 (Day 1). Initial outpatient laboratory tests were 
obtained. Empirical treatment with azithromycin and symptomatic therapy was unsuccessful. On Day 18 (December 12), the 
onset of fever prompted a chest CT scan, the results of which are detailed in the Radiological Findings section (Figure 1), 
leading to hospitalization on Day 20 (December 14). Intravenous(IV) levofloxacin (0.5 g once daily) was initiated. Two days 
after admission (Day 22, December 16), bronchoscopy was performed. The obtained bronchoalveolar lavage fluid (BALF) 
sample was sent simultaneously for NTS, bacterial culture, and fungal culture. Analysis of the BALF was positive for 
cryptococcal antigen, and NTS (December 18) detected C. neoformans (26,235 copies/mL) and Staphylococcus aur
eus (19,630 copies/mL; mecA+), later confirmed by bacterial culture as MRSA (December 20, Figure 2A) and fungal culture 
isolating C. neoformans (December 21, Figure 2B), resulting in successful transition to oral linezolid (0.6 g twice daily) plus 
fluconazole (400 mg once daily) with 2-week antibacterial and 6-month antifungal therapy demonstrating radiographic 
resolution (Figure 3) at follow-up.

Figure 1 Chest CT demonstrates multiple bilateral pulmonary infiltrates, with evidence of cavitation as indicated by the red arrow.

Figure 2 (A) Twenty-four-hour culture on blood agar revealed medium-sized, round, convex colonies with smooth surfaces and a clear zone of hemolysis. (B) Following 
48 hours of incubation, cream-colored, yeast-like colonies appeared that were round, convex, with smooth and moist surfaces.
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Physical Examination Revealed
T 36.5°C, HR 116 bpm, RR 20 breaths/min, BP 140/92 mmHg; specialist examination showed clear consciousness, 
normal mental status, no jaundice in skin or sclera, clear lung sounds with moist rales bilaterally, regular heart rhythm 
without pathological murmurs, soft and non-tender abdomen with no rebound tenderness, normal limb mobility, and no 
significant edema in lower extremities.

Medical history indicated good baseline health with no chronic conditions, including no history of HIV, Hepatitis B or C, 
hypertension, diabetes mellitus, hepatic steatosis, chronic kidney disease, malignancy, or rheumatic/autoimmune diseases, and 
no use of medications such as systemic corticosteroids. The patient reported occasional exposure to pigeon droppings within 
the past year.

Laboratory Findings
(November 24, 2024): Initial blood tests indicated a mild leukocytosis (WBC 10.1 × 109/L) with a normal differential. 
The level of high-sensitivity C-reactive protein (hs-CRP) was marginally elevated at 0.8 mg/L. Other routine parameters, 
including platelet count, were within normal ranges.

(December 13, 2024): WBC 10.0 × 10^9/L (neutrophils 50.4%), hemoglobin 157 g/L, platelets 209 ×10^9/L, hs-CRP 
0.5 mg/L, SAA < 2.00 mg/L, ESR 4 mm/h, PCT 0.030 ng/mL; immunocompetent status with negative immunofixation 
electrophoresis and blood cultures; negative serum cryptococcal antigen, (1→3)-β-D-glucan, and galactomannan tests; 
normal hepatic/renal function and electrolytes; unremarkable Electrocardiogram (ECG); and negative T-cell Spot Test 
(T-SPOT) (see Table 1 for complete details).

Radiological Findings
(December 12, 2024): A chest CT revealed multiple pulmonary infiltrates with cavitation in both lungs (Figure 1).

(June 1, 2025): A follow-up chest CT demonstrated significant resolution of the lesions (Figure 3).

NTS Testing
BALF samples (>5 mL) were collected and promptly transported on dry ice to Hangzhou Dean Medical Laboratory 
for NTS.

Bacterial Culture
BALF was centrifuged at 3000 rpm for 15 minutes. After removing the supernatant, the sediment was inoculated onto blood 
agar and chocolate agar plates followed by overnight incubation at 35°C with 5% CO2. On blood agar, round, convex, smooth 
colonies with transparent β-hemolytic halos were observed after 24 hours (Figure 2A). Gram staining revealed Gram-positive 
cocci predominantly arranged in irregular grape-like clusters, with occasional single cells, pairs, tetrads, and short chains. 
Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS, Bruker) identified the isolate 
as Staphylococcus aureus (score: 2.4) (Figure 4A). Antimicrobial susceptibility testing for Staphylococcus aureus was 

Figure 3 Follow-up chest CT shows resolution of the lesion, as indicated by the red arrow.
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performed using the VITEK 2 system with the AST-GP67 card (bioMérieux, France), with results interpreted according to 
the Clinical and Laboratory Standards Institute (CLSI M100) breakpoints. The detailed profile is presented in Table 2.

Fungal Culture
BALF sediment was similarly processed and cultured on Sabouraud dextrose agar for 48 hours, yielding creamy, smooth, yeast- 
like colonies. India ink staining demonstrated round, encapsulated yeast cells with prominent refractile halos under dark-field 
microscopy, some showing budding but no hyphae (Figure 2B). Gram staining revealed large, Gram-positive (blue-purple) 
spherical cells with occasional “beaded” connections between them. MALDI-TOF MS (Bruker) confirmed C. neoformans 
(score: 1.9) (Figure 4B). Antifungal susceptibility testing for C. neoformans was conducted using the VITEK 2 system with the 
AST-YS03 yeast card (bioMérieux). Interpretive criteria were referenced as follows: CLSI breakpoints for fluconazole and 
EUCAST epidemiological cut-off values (ECOFFs) for other agents. The results are provided in Table 3.

Molecular Characterization
Multilocus sequence typing (MLST) was performed for molecular characterization of the isolates. For Staphylococcus 
aureus, revealing the isolate belonged to sequence type (ST) 4513 (clonal complex 59, CC59). For C. neoformans, 
identifying the isolate as molecular type C. neoformans (serotype A, VNI), with sequence type ST5.

Table 1 The Physical Examination Data and Laboratory Test Results

Tests Result Reference Range Interpretation

Patient’s vitals
BP (mmHg) 140/92 <120/80 High

HR (beats/min) 116 60-100 High

RR (breaths/min) 20 12-20 Normal
T (°C) 36.5 37 Normal

CBC test
WBC (10*9/L) 10.0 3.5–9.5 High
NEU (10*9/L) 5.04 1.8–6.3 Normal

LYM (10*9/L) 4.25 1.1–3.2 High
RBC (10*9/L) 4.98 4.3–5.8 Normal

HGB (g/L) 157 130-175 Normal

MCV (fl) 96 82-100 Normal
PLT (10*9/L) 209 125-350 Normal

CRP (mg/L) 0.5 <8 Normal

PCT (ng/mL) 0.03 <0.05 Normal
ESR (mm/h) 4 0-15 Normal

Laboratory chemistry
ALT (U/L) 13.6 9-50 Normal
AST (U/L) 12.8 15-40 Low

TBIL (µmol/L) 3.1 4.5-22 Low

DBIL (µmol/L) 1.8 0-6 Normal
IBIL (µmol/L) 1.3 1.5-14 Low

Immune indicators
1,3-beta-D-glucan (pg/mL) <37.5 <37.5 Negative
Galactomannan 0.03 <0.5 Negative
T- SPOT Negative Negative Negative

CrAg (Serum) Negative Negative Negative

Abbreviations: BP, blood pressure; HR, heart rate; RR, respiration rate; T, temperature; CBC, 
complete blood count; WBC, white blood cells; NEU, neutrophil; EOS, eosinophil; LYM, 
lymphocyte; RBC, red blood cells; HGB, hemoglobin; MCV, mean corpuscular volume; PLT, 
platelet; CRP, C-reactive protein; PCT, Procalcitonin; ESR, erythrocyte sedimentation rate; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct 
bilirubin; IBIL, indirect bilirubin; T-SPOT, T-cell Spot Test; CrAg, Cryptococcal Antigen; BALF, 
bronchoalveolar lavage fluid.
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Treatment
The patient initially received intravenous levofloxacin (0.5 g once daily) for 3 days following admission, which improved 
fever but failed to alleviate cough. Upon definitive diagnosis of CA-MRSA and C. neoformans co-infection through 
BALF NTS and cultures, antimicrobial therapy was adjusted to oral linezolid (0.6 g twice daily) targeting CA-MRSA for 
2 weeks. This agent was chosen based on its confirmed susceptibility profile (Table 2), optimal pharmacokinetics for 

Figure 4 MALDI-TOF MS identification of the isolates. (A) Staphylococcus aureus (score: 2.4). (B) Cryptococcus neoformans (score: 1.9).
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pulmonary infection, and high oral bioavailability, which supported a complete course of outpatient therapy. Treatment 
was combined with oral fluconazole (400 mg once daily) for 6 months as anti-cryptococcal treatment. Follow-up imaging 
demonstrated significant radiographic improvement after completion of antifungal therapy.

Discussion
The present case of co-infection with Cryptococcus neoformans and CA-MRSA in an immunocompetent host highlights 
several important clinical and diagnostic considerations. This case involves a 30-year-old immunocompetent male with 
no significant medical history but documented pigeon exposure. Pigeon droppings provide a nitrogen-rich environment 
that promotes the growth and long-term persistence of C. neoformans. Human infection typically occurs via inhalation of 
aerosolized particles from disturbed contaminated sites, which aligns with the patient’s exposure history.18 The diagnostic 
challenge was evidenced by initially negative serum cryptococcal antigen testing, with definitive diagnosis ultimately 
requiring NTS, culture, and BALF cryptococcal antigen detection. This serological false-negative phenomenon may 
occur when cryptococcal infection remains localized to the lungs without hematogenous dissemination, resulting in 
serum circulating capsular antigen (CrAg) levels below detection thresholds.19

CA-MRSA refers to MRSA strains circulating in community settings. In recent years, CA-MRSA infections have emerged as 
a growing public health concern.20 Distinct from traditional healthcare-associated MRSA, CA-MRSA predominantly affects 
younger patients under 30 years old, most without typical healthcare exposures or other risk factors.21 Notably, MRSA 
accounts for up to 9% of community-acquired pneumonia (CAP) cases, with MRSA pneumonia demonstrating substantial 
mortality and serving as an independent prognostic factor.22,23 As a common human commensal, Staphylococcus aureus 
colonizes the skin, cutaneous glands, and mucous membranes (eg, nares and gut) of healthy individuals without causing 

Table 2 Drug Susceptibility Testing of MRSA 
Strains

Antibiotics MIC (㎍/mL) Results

Ciprofloxacin 2 I

Clindamycin ≥8 R

Erythromycin ≥8 R
Furantoin ≤16 S

Gentamicin ≤0.5 S

Levofloxacin 1 S
Oxacillin ≥4 R

Penicillin ≥0.5 R
Rifampicin ≤0.5 S

Tetracycline ≥16 R

Co-trimoxazole ≤10 S
Vancomycin 1 S

Tigecycline ≤0.12 S

Linezolid 2 S
Moxifloxacin ≤0.25 S

Abbreviations: I, Indeterminate; S, susceptible; R, resistant.

Table 3 Drug Susceptibility Testing of 
Cryptococcus Strains

Antibiotics MIC (㎍/mL) Results

Fluconazole <1 S

Amphotericin B <0.5 S
5-Fluorocytosine ≤4 S

Abbreviations: S, susceptible; R, resistant.
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symptoms.24 Epidemiological studies indicate approximately 20% of individuals are persistent nasal carriers, 30% inter
mittent carriers, while the remaining 50% generally remain non-carriers.25 Infection occurs when nasopharyngeal colonizers 
are aspirated into the lower respiratory tract - the most frequent pathogenic mechanism for Staphylococcus aureus 
pneumonia.26 In this case, BALF NTS detected Staphylococcus aureus carrying the mecA resistance gene, and combined 
with cavitary lesions on chest CT, we confirmed concurrent CA-MRSA infection. Fortunately, timely antibiotic adjustment to 
linezolid following pathogen identification led to successful treatment.

The mechanisms underlying co-infection with Cryptococcus and MRSA in immunocompetent hosts remain incom
pletely understood, as demonstrated in this case. Current evidence suggests Cryptococcus may modulate host immune 
responses through multiple pathways to facilitate infection in immunocompetent individuals.27 Potential mechanisms 
include: (1) suppression of neutrophil recruitment and pro-inflammatory cytokine production in lung tissue;28 (2) 
interference with dendritic cell-mediated Th1/Th17 immune responses and downregulation of pulmonary chemokine 
expression.29 These immunomodulatory effects may lead to compromised protective immune responses. Notably, 
neutrophil dysfunction or inadequate recruitment can create a favorable microenvironment for MRSA to evade host 
clearance mechanisms and proliferate in lung tissue, ultimately causing pneumonia or even sepsis.30 Furthermore, 
impaired Th1/Th17 responses significantly weaken host defenses against MRSA, facilitating bacterial transition from 
colonization to invasive infection by breaching mucosal barriers.31 Integrating these mechanisms, we hypothesize this 
patient likely experienced the following pathological sequence: persistent cryptococcal infection altered local immune 
microenvironments (particularly through neutrophil and Th1/Th17 response suppression), thereby creating favorable 
conditions for secondary MRSA infection that promoted progression from colonization to invasive disease. This explains 
the universal risk of poor outcomes: while immunocompromised patients suffer from invasion due to barrier loss, 
immunocompetent hosts (as in this case) face diagnostic delays due to localized immune dysregulation. Consequently, 
suspicion for co-infection must be upheld across all patients.

Current studies have confirmed that mixed infectious pneumonia is often associated with more complex clinical 
courses and worse prognoses.32 Therefore, rapid and accurate pathogen identification is crucial for clinical decision- 
making. However, conventional etiological detection methods (including microbial culture, Polymerase Chain Reaction 
(PCR) techniques, and antigen/antibody immunoassays) exhibit significant limitations: prolonged detection time, low 
positivity rates, and limited pathogen spectrum coverage, making them inadequate for meeting the diagnostic needs of 
critical infections.33 As an emerging third-generation sequencing technology, NTS demonstrates the following notable 
advantages: ultra-long read lengths (tens to hundreds of kilobases) with rapid sequencing capability;34 real-time data 
reading and analysis functions enabling simultaneous detection of antimicrobial resistance (AMR) phenotypes; these 
characteristics render it particularly valuable in infectious disease surveillance and genomic research.35 In this case, NTS 
successfully identified both Cryptococcus and MRSA within 24 hours, while traditional culture methods required over 
72 hours to yield final results - a striking contrast highlighting NTS’s superior timeliness. Based on these findings, we 
recommend that for immunocompetent patients with complex chest imaging manifestations, clinicians should maintain 
high suspicion for community-acquired co-infections. In such scenarios, early application of NTS for rapid pathogen 
identification and resistance analysis represents an optimal diagnostic strategy.

Conclusion
This study reports a rare case of concomitant pulmonary cryptococcosis and CA-MRSA infection in an immunocompetent 
host, where NTS enabled rapid pathogen detection within 24 hours followed by culture confirmation, with successful 
treatment using linezolid-fluconazole combination therapy. This case highlights that clinicians should consider poly
microbial infections even in immunocompetent individuals presenting with radiologically complex community-acquired 
pneumonia. NTS technology, with its rapid and precise detection capabilities, serves as a valuable complement to 
conventional microbiological testing, offering a novel approach for early diagnosis of challenging infections, though the 
synergistic pathogenic mechanisms warrant further investigation.
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Abbreviations
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HGB, hemoglobin; MCV, mean corpuscular volume; PLT, platelet; CRP, C-reactive protein; PCT, Procalcitonin; ESR, 
erythrocyte sedimentation rate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; 
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