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Background: Legionella pneumophila poses significant diagnostic challenges in immunocompromised hosts due to its fastidious
growth requirements and nonspecific clinical presentation. Conventional culture methods have limited sensitivity (30-80%), while
molecular diagnostics require multi-platform validation to ensure reliability.

Case Description: A 57-year-old woman with rtheumatic heart disease, chronic renal failure, and immunosuppression presented with
acute respiratory failure. Initial investigations revealed leukocytosis (19.03x10°/L), hyponatremia (127 mmol/L), elevated procalcito-
nin (42.55 ng/mL), and bilateral pulmonary infiltrates. Bronchoalveolar lavage fluid (BALF) analysis employed three molecular
methods: isothermal amplification for screening (positive for L. pneumophila on ICU admission), digital PCR (dPCR, 4,455 copies/mL
after 10-fold dilution) reconfirmed L. pneumophila infection, and metagenomic next-generation sequencing (mNGS; 384,661
Legionella reads alongside 3,474 Candida glabrata reads). Subsequent fungal B-D-glucan testing (674.8 pg/mL) and culture validated
Candida glabrata coinfection. Antimicrobial therapy from targeted moxifloxacin/azithromycin to co-infection therapy with carbape-
nem escalated from Imipenem-cilastatin to sulbactam/cefoperazone for suspected gram-negative coinfection and fluconazole escalated
to amphotericin B for resistant candidiasis guided by CRP/PCT trends.

Conclusion: Integrated molecular diagnostics enable rapid pathogen identification in critically ill immunocompromised hosts. Multi-
platform verification (isothermal amplification/dPCR/mNGS) overcomes technical limitations of single methods, while serial biomar-
ker monitoring optimizes antimicrobial stewardship for mixed infections.
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Introduction
Mortality related to severe pneumonia exceeds 30% among immunocompromised patients admitted to ICUs,' largely
attributable to delayed pathogen identification and inappropriate antimicrobial therapy.® Legionella pneumophila (L.
pneumophila), an elusive respiratory pathogen, exemplifies this diagnostic dilemma, accounting for 1%—-10% of com-
munity-acquired pneumonia (CAP) with rapid progression to respiratory failure and multi-organ dysfunction.’
Approximately 44% of patients require intensive care, with mortality rates of 10%—15% that rise to 25%—-50% in
nosocomial settings.> Misdiagnosis frequently leads to delayed or inappropriate therapy and unnecessary broad-spectrum
antibiotic use, exacerbating both mortality risk and antimicrobial resistance.

This fastidious gram-negative bacterium evades routine culture* and presents nonspecifically.” Hyponatremia and extra-
pulmonary symptoms may provide clues, but definitive diagnosis traditionally relies on urinary antigen testing (limited to
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serogroup 1) or retrospective serology (delayed antibody response).® Although these methods retain useful in stable,
community-acquired pneumonia or epidemiological surveillance due to their rapidity and cost-effectiveness, they are
suboptimal for guiding initial therapy in critically ill immunocompromised hosts, in whom a broad range of pathogens
must be rapidly ruled out. This diagnostic delay is particularly consequential in high-risk populations, such as patients with
renal failure, diabetes, or immunosuppression, where mortality can reach 80% without targeted treatment.”

Molecular diagnostics have emerged as promising tools to address these gaps. Pathogen-targeted PCR assays deliver
results within hours but cover limited pathogen panels.” Metagenomic next-generation sequencing (mNGS) enables
hypothesis-free detection of all nucleic acids in clinical samples, yet its quantitative accuracy may be compromised by
host DNA dominance or low pathogen biomass.® Digital PCR (dPCR) provides absolute quantification of pathogen load
but suffers from low throughput.’ Isothermal amplification technology, as one of the best candidates for replacing with
PCR method, is also gradually being applied in the field of rapid pathogen detection.'® While individual technologies
demonstrate advantages, evidence supporting their synergistic application for diagnosing rare pathogens like Legionella
remains scarce.

The COVID-19 pandemic has further complicated pneumonia management. Immunosuppressive therapies used in
severe cases (eg corticosteroids) increase susceptibility to opportunistic infections, including Legionella and fungi.” This
creates a critical need for rapid, comprehensive diagnostic strategies that differentiate viral, bacterial, and fungal co-
infections to guide precision therapy.

Here, we present a clinically instructive case of severe pneumonia in an immunocompromised host, where an
integrated molecular approach incorporating isothermal amplification, dPCR, and mNGS enabled rapid confirmation of
L. pneumophila with concurrent Candida glabrata coinfection. This case yields three pivotal insights: (1) Technical
synergy: Initial isothermal amplification delivered pathogen-specific positivity within 12 hours; subsequent dPCR over-
came false negativity via sample dilution, confirming nucleic acid inhibition; while mNGS independently validated
Legionella and uncovered fungal co-infection. (2) Therapeutic precision: Molecular diagnostics facilitated prompt
transition from empirical antibiotics to targeted anti-legionella (fluoroquinolone/macrolide) and antifungal therapy
(amphotericin B), with serial PCT/CRP trends objectively tracking therapeutic response. (3) Clinical impact: The 72-
hour diagnostic pathway outperformed conventional methods, potentially reducing mortality risk by 3-fold versus
traditional culture-dependent approaches.

This report underscores the viability of integrated molecular diagnostics as a new standard for critical pneumonia in
immunocompromised hosts, directly informing antimicrobial stewardship and improving outcomes in complex co-

infections.

Case Presentation

A 57-year-old female with a complex medical history presented to the emergency department on September 7, 2024, with
acute dyspnea exacerbation over 2 hours. Her comorbidities included: Rheumatic heart disease (mechanical valve
replacement, 2018), Chronic renal failure (CKD stage 4, eGFR 22 mL/min/1.73m?), Type 2 diabetes mellitus (HbAlc
8.6%), Chronic nephritic syndrome on immunosuppressive therapy (prednisone 10 mg/day). Vital signs upon admission
included temperature 37.8°C, heart rate 110 bpm (atrial fibrillation), respiratory rate 28 breaths/min, SpO, 88% on room
air. Physical examination revealed bilateral basal crackles and pedal edema.

Initial Diagnostic Investigations

Laboratory findings demonstrated leukocytosis (WBC 19.03 x 10/L, neutrophils 89%), hyponatremia (Na* 127 mmol/
L), elevated inflammatory markers (PCT 42.55 ng/mL, CRP 12.2 mg/L), and renal impairment (creatinine 265 pmol/L,
BUN 31.2 mmol/L). High-resolution CT showed bilateral multifocal consolidations with ground-glass opacities and
interlobular septal thickening on admission day (Figure 1A), which further progressed to diffuse patchy ground-glass
opacities by day 5 (Figure 1B), collectively suggestive of severe pneumonia with interstitial involvement.
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Figure | Radiological images of high-resolution chest CT. (A) Chest CT at admission showing bilateral multifocal consolidations with ground-glass opacities and interlobular septal
thickening; (B) Chest CT on day 5 demonstrating a diffuse progression of patchy ground-glass opacities; (C) Chest CT on day 20 showed >70% resolution of consolidations.

Molecular Diagnostic Cascade

On Day 1 (ICU admission), empirical Imipenem-cilastatin (0.5g q12h, renal-adjusted) was initiated. Sputum samples were
immediately subjected to respiratory pathogen panel testing via isothermal amplification (Isothermal Amplification on Disk
Chip, CapitalBio Technology (Chengdu) Co., Ltd)., screening for 9 common (Streptococcus pneumoniae, Staphylococcus
aureus, Methicillin-Resistant Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, Acinetobacter
baumannii, Stenotrophomonas maltophilia, Haemophilus influenzae and Escherichia coli) and 5 atypical (Mycobacterium
tuberculosis complex, Mycoplasma pneumoniae, Chlamydophila pneumoniae and Legionella pneumophila) pathogens
associated with respiratory infections (Respiratory Pathogens Nucleic Acid Detection Kit). Positive result of L. pneumophila
was reported 4 hours after sample delivered to laboratory (Figure 2A). Bronchoalveolar lavage fluid (BALF) collected on Day
2 underwent comprehensive testing. dPCR (Digital PCR Assay Kit, Pilot Gene Technology, Hangzhou) of undiluted sample
yielded negative results (Figure 2B); 10-fold dilution demonstrated 4,455 copies/mL of L. pneumophila (Figure 2C),
indicating that high-concentration nucleic acids can inhibit amplification reactions. On Day 3, mNGS (IDseq' ™ Ultra,
Vision Medicals, Guangzhou) revealed L. pneumophila dominance (384,661 reads, 92.7% relative abundance, Figure 2D)
with concurrent Candida glabrata (C. glabrata) coinfection (3,473 reads, 80.6% relative abundance, Figure 2E). An evolution
to Mixed Infection and therapeutic challenges were on Day 6 due to recurrent fever (39.2°C) with CRP rebound (1153.4 mg/L
from 96.8 mg/L), with BALF biomarkers B-D-glucan 674.8 pg/mL (normal <80). Sputum culture also confirmed fungal
coinfection with Candida glabrata (>10° CFU/mL, Figure 2F).
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Figure 2 Multi-Platform Pathogen Diagnostic Results. (A) Isothermal amplification curves of BALF; Results of dPCR from undiluted (B) and 10-fold diluted (C) BALF; BALF
mNGS gene sequence coverage depth map for Legionella pneumophila (D) and Candida glabrata (E); (F) Candida glabrata colonies from sputum culture.
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Therapeutic Interventions

Antimicrobial therapy was dynamically adjusted (Table 1). (1) Legionella-targeted therapy [(Moxifloxacin (400mg IV q24h)
+ azithromycin (500mg IV q24h)] initiated on Day 1. (2) Inmunomodulation: Methylprednisolone (40mg IV q24h) started on
Day 2, ends on Day 7. (3) Antifungal therapy: Fluconazole (800mg loading, then 400mg q24h) on Day 6; switched to
amphotericin B lipid complex (5mg/kg/day) on Day 11 due to persistent fever and rising -D-glucan (1832 pg/mL). (4) Broad-
spectrum coverage: Imipenem-cilastatin (1000mg q12h) maintained until Day 10; sulbactam/cefoperazone added on Day 11
for suspected gram-negative coinfection. (5) Biomarker-guided response assessment: PCT declined from 42.55 — 9.23 ng/mL
by Day 7 (bacterial control). CRP spiked to 256.2 mg/mL on Day 7 (fungal breakthrough), declining to 58.8 mg/mL after
amphotericin B (Figure 3). (6) Supportive care: Hemodialysis (3x/week) for fluid/electrolyte management. Non-invasive
ventilation (FiO, 50%, PEEP 8 cmH,0).

Outcome and Follow-up

Day 20: CT showed >70% resolution of consolidations (Figure 1C).

Day 23: Discharged with oral levofloxacin (750mg q24h) and posaconazole (300mg q24h).

1-month follow-up: PCT 0.3 ng/mL, CRP 6 mg/L. Renal function stabilized (creatinine 201 pmol/L).

Diagnostic Validation and Quality Control

Pre-analytical: Respiratory tract samples processed within 1 hour (cold chain maintained).

Analytical: dPCR inhibition resolved by protocolized dilution (validated with spike-in controls). mNGS human DNA
depletion efficiency: 98.7%.

Post-analytical: Legionella results communicated to clinicians within 4 hours of validation. Multidisciplinary review of
discordant results (microbiologist, intensivist, pharmacist).

Discussion

Multi-Platform Molecular Diagnostics

The “stealth” nature of L. pneumophila — characterized by fastidious growth, nonspecific symptoms, and high mortality
in immunocompromised hosts (up to 80% if untreated) — demands rapid diagnostic innovation.'' This case demonstrates
a tripartite molecular strategy that overcomes traditional barriers: Isothermal amplification provided critical first-line
detection within 12h (vs 37 days for culture), triggering life-saving macrolide/fluoroquinolone therapy.'”> The initial

Table | Key Diagnostic and Therapeutic Timeline

Hospital Day Diagnostic Event Therapeutic Action

| CT: Bilateral infiltrates Empirical Imipenem-cilastatin
Isothermal PCR (+) for L. pneumophila Moxifloxacin + azithromycin

2 dPCR reconfirmed L. pneumophila Methylprednisolone added

3 mNGS: L. pneumophila + C. glabrata -

5 B-D-glucan (+) -

sputum culture: C. glabrata

CT: diffuse progression

6 CRP rebound, fever persistence Imipenem-cilastatin doubled + fluconazole added

I B-D-glucan (+) Imipenem-cilastatin switched to sulbactam/cefoperazone
Sputum culture: C. glabrata Fluconazole switched to Amphotericin B

20 CT: >70% resolution Discharge planning

Notes: Following the detection of Candida glabrata via mMNGS on Day 3 — with sequence counts |00-fold lower than Legionella pneumophila —
the organism was initially considered commensal respiratory flora, and antifungal therapy was not immediately initiated. Subsequent
confirmation by sputum culture and elevated B-D-glucan (>600 pg/mL) on Day 5, coupled with recurrent fever and CRP rebound by Day 6,
prompted therapeutic escalation: imipenem-cilastatin dosing was doubled and fluconazole was added.

Abbreviations: CT, computed tomography; dPCR, digital PCR; mNGS, Metagenomic next-generation sequencing; L. pneumophila,
Legionella pneumophila; C. glabrata, Candida glabrata, CRP, C-reactive protein.
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Figure 3 Timeline of the patient’s clinical manifestations and antimicrobial adjustments. /\ : isothermal amplification of BALF; *; dPCR of BALF; [_]: mNGS of BALF;
CS: sputum culture; { »: BALF biomarkers B-D-glucan positive.

positivity (Figure 2A) was pivotal given the patient’s rapid respiratory deterioration. dPCR’s dilution-reflex protocol
resolved false negatives caused by nucleic acid inhibition (undiluted: negative; 10x dilution: 4,455 copies/mL). This
phenomenon, attributed to polymerase competition at high DNA concentrations,'® underscores the necessity of standar-
dized validation workflows for quantitative molecular tools. mNGS independently confirmed Legionella dominance
(384,661 reads) while revealing clinically significant C. glabrata coinfection (3,473 reads + elevated B-D-glucan),
enabling comprehensive antimicrobial coverage.'* This represents the first validated “Screen-Quantify-Expand” algo-
rithm for respiratory pathogens, reducing diagnostic time by >72h versus culture-dependent pathways.

A multi-center epidemiological study of severe community-acquired pneumonia (SCAP) has demonstrated that molecular
diagnostics (including PCR and mNGS) demonstrate superior performance in rapidly detecting atypical pathogens. While culture
and antigen tests are more accessible, the combined pathogen testing upon hospital admission for SCAP patients is recom-
mended, as the clinical benefit and potential mortality reduction from appropriate targeted therapy outweigh the initial cost.'?
Although nucleic acid amplification techniques have been widely applied in pathogen detection with the advancement of
molecular methods, promoting the adoption of such integrated molecular diagnostic approaches requires practical considerations
at three levels at least, beyond cost: 1) Defined diagnostic stewardship: Establishing clear clinical criteria for test deployment (eg,
in severe pneumonia or immunocompromised hosts unresponsive to initial therapy) is essential to ensure appropriate use and
resource allocation. 2) Integrated interpretation frameworks: Implementing multidisciplinary team reviews (involving intensi-
vists, clinical microbiologists, and pharmacists) is critical for accurately interpreting complex, multi-platform results and
translating them into timely, targeted therapeutic actions. 3) Standardized operational pathways: Developing standardized
protocols encompassing pre-analytics (sample processing), analytics (eg, inhibition checks via dilution), and post-analytics
(structured reporting) is fundamental to ensuring reliability and reproducibility across different institutions.
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Biomarker-Driven Antimicrobial Stewardship

Immunocompromised hosts with pneumonia exhibit 34-68% polymicrobial infection rates,” yet differentiating colonization
from invasion remains challenging. Our case illustrates how serial biomarker profiling optimizes stewardship: PCT- guided
bacterial de-escalation: The rapid decline (42.55 — 8.2 ng/mL by Day 7) confirmed Legionella treatment efficacy (Figure 3),
allowing cessation of empiric carbapenems. This aligns with PCT’s high negative predictive value (94%) for bacterial
clearance.® CRP biphasic response as a therapeutic compass: Initial decline was seen on Day 5, CRP dropped from 228.2
to 96.8 mg/L after initiating moxifloxacin/azithromycin, suggesting partial inflammatory control. Secondary surge was seen
by Day 6, CRP rebounded to 256.2 mg/L despite antifungal escalation (fluconazole — amphotericin B) and imipenem
doubling on Day 6. This paradoxical rise reflects two intertwined factors: (1) Legionella’s intrinsic slow response: Even
appropriate therapy requires 48—72 hours for significant biomarker improvement due to intracellular persistence.'® (2)
Antifungal lag phase: Amphotericin B’s maximal effect against C. glabrata manifests after 48-96 hours."”

This biphasic CRP pattern underscores that in immunocompromised hosts, biomarker trends must be interpreted
within pathogen-specific response timelines. Early immunomodulation with methylprednisolone may have mitigated
systemic inflammation in this critically ill patient with multiorgan dysfunction. Premature regimen abandonment based
on transient CRP rise could jeopardize outcomes. Dual-trending PCT (bacterial burden) and CRP (inflammatory activity)
thus creates a nuanced “infection barometer” — a strategy critical for mixed-infection management.'®

Antifungal Management in Renal-Impaired Hosts: Balancing Efficacy and Toxicity

The emergence of C. glabrata in this renal failure patient posed unique challenges: Fluconazole failure was anticipated
(inherent resistance in 15-20% of C. glabrata'®) yet initiated empirically due to renal safety concerns. Amphotericin B
optimization: Lipid formulation dosing (5 mg/kg/day) required therapeutic drug monitoring (target trough 1-2 pg/mL) to
mitigate nephrotoxicity, with parallel hemodialysis mitigating electrolyte disturbances.?’ Biomarker-driven duration: p-
D-glucan decline from 832 to normal guided 14-day amphotericin B course, avoiding prolonged exposure. Contrast with
typical legionellosis: While pure Legionella pneumonia rarely requires >10—14 days therapy,”' coinfection extended
treatment to 23 days, highlighting the impact of comorbidities on antimicrobial planning.

Diagnostic Stewardship: Laboratory-Clinician Synergy

This case exemplifies how proactive laboratory engagement optimizes clinical outcomes through integrated pre-analytical,
analytical, and post-analytical interventions: Pre-analytical, BALF processing within 1 hour under validated cold-chain
conditions (4°C) preserved nucleic acid integrity. During analysis, protocolized dilution resolved dPCR inhibition while
98.7% human mNGS human DNA depletion enhanced pathogen detection. Post-analytically, Legionella positivity was
communicated to the ICU within 4 hours, and fungal reads from mNGS triggered consequent B-D-glucan monitoring.

Limitations and Translational Perspectives

Despite its success, this approach faces hurdles: Cost-effectiveness remains a concern: mNGS and dPCR add approxi-
mately $800 per test compared to $50 for conventional culture.”> However, the potential reduction in ICU stay may
partially offset these expenses.”” Technical barriers also exist: dPCR availability is still limited, while isothermal
amplification assays cover only a narrow spectrum of respiratory pathogens. Future directions should focus on: (1)
Developing point-of-care platforms for rapid quantification. (2) Leveraging host-response transcriptomics to differentiate
colonization from invasion,”* and (3) Integrating AI with biomarker trends to enable automated clinical alerts.*

Conclusion

This case redefines diagnostic paradigms for severe pneumonia in immunocompromised hosts. The synergistic use of
isothermal amplification, dPCR, and mNGS enabled rapid, accurate identification of L. pneumophila and C. glabrata,
overcoming limitations of single platforms. Dynamic PCT/CRP monitoring optimized antimicrobial stewardship, while
laboratory-clinical communication ensured timely intervention. While this integrated model offers a promising template
for managing complex infections, its broader adoption faces barriers including cost, technical complexity, and the need
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for standardized protocols and interdisciplinary collaboration. Future efforts should focus on developing cost-effective
point-of-care platforms, establishing clear diagnostic pathways for high-risk patients, and validating their impact on
patient outcomes through multi-center studies. As molecular diagnostics evolve, this approach underscores that precision
medicine in critical care begins with precision diagnostics, though its implementation requires careful consideration of
practical and economic factors alongside clinical benefit.
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