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[Abstract] Objective = Mucormycosis is a life-threatening invasive fungal infection with high mortality, yet
traditional diagnostic methods are limited by low positivity rates. This study aims to evaluate the diagnostic performance
and clinical utility of metagenomic next-generation sequencing (mNGS) in mucormycosis. Methods A retrospective
analysis was conducted on 135 patients with mNGS results positive for Mucorales fungi at West China Hospital of
Sichuan University from November 1, 2022, to October 31, 2024. Based on comprehensive clinical diagnostic criteria
(including proven and probable cases), patients were classified into a confirmed mucormycosis group and a non-

mucormycosis group. Receiver operating characteristic (ROC) curve analysis was used to evaluate the diagnostic
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performance of normalized read counts (IgRPM) from different specimen types. Fungal species distribution and
laboratory parameters were compared between the two groups. Results ~ Among the 135 patients with positive mNGS
results for Mucorales, 100 (74.1%) were ultimately diagnosed with mucormycosis. ROC curve analysis revealed that the
diagnostic performance of mNGS varied by specimen type. For blood specimens, the area under the curve (AUC) was
0.772, with a specificity of 87.5% at the optimal cutoff value of 0.11 RPM. For bronchoalveolar lavage fluid specimens, the
AUC was 0.717, with a sensitivity of 76.5% at the optimal cutoff value of 0.02 RPM. Combined analysis of all specimens
showed that at the optimal cutoff value of 0.08 RPM (approximately 8 reads/100M), the sensitivity and specificity were
62.0% and 71.4%, respectively. Species distribution analysis showed that the proportions of Cunninghamella elegans
(11.0% vs. 2.9%) and Rhizomucor pusillus (9.0% vs. 2.9%) were significantly higher in the confirmed group than in the
non-mucormycosis group (P < 0.05). Levels of C-reactive protein and interleukin-6 were also significantly higher in the
confirmed group (P <0.05). Notably, all seven renal perfusion fluid samples yielded false-positive mNGS results.
Conclusion mNGS technology can effectively improve the diagnostic yield for mucormycosis. However, results should
be interpreted in conjunction with specimen type, read count, and clinical characteristics. BALF specimens offer high
sensitivity, making them suitable for screening, while blood specimens demonstrate high specificity, making them
valuable for confirmation. Positive results from low-biomass samples such as renal perfusion fluid warrant caution against

false positivity. Fungal species identification and inflammatory markers may serve as adjunctive evidence for clinical
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diagnosis.
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Fig 1 mNGS and microbiological testing results

mNGS: metagenomics next-generation sequencing; BALF: bronchoalveolar

lavage fluid; CSF: cerebrospinal fluid.
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Fig 4 ROC curve analysis of mNGS IgRPM for mucormycosis diagnosis
across BALF, blood, and total specimens

The abbreviations are explained in the note to Fig 1.
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Table1 Performance analysis of mNGS IgRPM for mucormycosis diagnosis across BALF, blood, and total specimens

Specimen type AUC Specificity Sensitivity Youden index Cut-off (RPM) Cut-off (reads/100M) P 95% CI

BALF 0.717 62.50 76.47 0.390 0.02 2 0.002° 0.594-0.820
Blood 0.772 87.50 69.57 0.571 0.11 11 0.002° 0.586-0.902
Total 0.691 71.40 62.00 0.334 0.08 8 0.001" 0.606-0.768

AUC: area under the curve. The other abbreviations are explained in the note to Fig 1 and Fig 3.~ P < 0.05.
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Table 2 Demographic characteristics and laboratory findings of patients positive for mucorales by mNGS
Variable Total (n = 135) Mucormycosis group (n = 100) Non-mucormycosis group (n = 35) P
Agelyr. 52.02 £ 17.04 52.46 £ 15.52 50.77 £ 15.76 0.626
Female/case (%) 95 (68.9) 72 (72.0) 21 (60.0) 0.187
Underlying medical conditions/case (%) 132 (97.8) 97 (97.0) 35 (100.0) 0.300
Specimen types/case (%) 0.001"
BALF 73 (54.1) 57 (57.0) 16 (45.7)
Blood 31(23.0) 25 (25.0) 6(17.1)
CSF 13 (9.6) 10 (10.0) 3(8.6)
Renal perfusion fluid 7(5.2) 0(0.0) 7 (20.0)
Tissue 6 (4.4) 4(4.0) 2(5.7)
Pleural effusion 2(1.5) 1(1.0) 1(2.9)
Pus 3(2.2) 3(3.0) 0(0.0)
Clinical departments/case (%) 0.004"
Respiratory medicine 47 (34.8) 34 (34.0) 13 (37.1)
Hematology 15 (11.1) 13 (13.0) 2(5.7)
Infectious diseases 13 (9.6) 12 (12.0) 1(2.9)
ICU 10 (7.4) 7 (7.0) 3(8.6)
Emergency department 9(6.7) 6 (6.0) 3(8.6)
Urology 8(5.9) 1(1.0) 7 (20.0)
Nephrology 8(5.9) 6 (6.0) 2(5.7)
Other departments 25 (18.5) 21 (21.0) 4(11.4)
Laboratory tests
WBC/(x 10°L™")* 8.31 (5.96, 12.00) 8.57 (5.74, 12.20) 7.62 (5.96, 10.50) 0.929
Neutrophil/(x 10’ L™")* 6.60 (4.01, 10.00) 6.57 (3.56, 10.20) 6.60 (4.14, 9.42) 0.874
Lymphocyte/(x 10"L™")* 0.75 (037, 1.55) 0.84 (0.37, 1.54) 0.69 (0.36, 1.50) 0.988
HGB/(g/L) 92.4+27.3 91.7 £ 26.6 98.2£29.3 0.255
PLT/(x 10’ L") 166.0 (84.2, 280.0) 165.0 (79.0, 286.0) 166.0 (118.0, 223.0) 0.814
PCT/(ng/mL)" 0.28 (0.09, 1.37) 0.22 (0.09, 1.31) 0.52 (0.13, 3.69) 0.274
CRP/(mg/L)* 72.90 (19.40, 151.00) 83.60 (33.00, 170.00) 15.20 (5.31, 70.20) 0.001"
IL-6/(pg/mL)" 53.90 (12.30, 191.00) 71.20 (17.70, 221.00) 28.30 (7.58, 99.40) 0.036"
ALB/(g/L)* 32.5(28.5,37.1) 32.2(28.2,36.4) 34.6 (30.0, 38.2) 0.113
CD3" T-lymphocyte/(cell/uL)" 474.0 (153.0, 832.0) 476.0 (144.0, 825.0) 417.0 (246.0, 856.0) 0.711
CD4' T-lymphocyte/(cell/uL)* 270.0 (80.8, 429.0) 234.0 (84.5, 410.0) 286.0 (61.2, 580.0) 0.469
CD8" T-lymphocyte/(cell/uL)* 192.0 (74.8, 387.0) 217.0 (63.6, 402.0) 164.0 (78.0, 306.0) 0.774
CD4/CD$§" 1.16 (0.66, 1.99) 1.16 (0.76, 1.37) 1.92 (0.43, 2.07) 0.729
Reads® 12.0 (2.5, 90.5) 18.0 (3.0, 214.0) 5.0 (2.0, 14.0) 0.002"
1gRPM* 0.98 (0.32, 1.96) 1.23(0.37, 2.48) 0.49 (0.12, 1.02) 0.001°

ICU: intensive care unit; WBC: white blood vell; HGB: hemoglobin; PLT: platelet; PCT: plateletcrit; CRP: C-reactive protein; IL-6: interleukin-6; ALB:

albumin. The other abbreviations are explained in the note to Fig 1 and Fig 3. * Median (P, P,;). "P<0.05.
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