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Abstract

Objective: To investigate the clinical characteristics and prognostic factors of hospital-acquired mu-
cormycosis in patients with hematological malignancies. Methods: A retrospective analysis was con-
ducted on 26 patients diagnosed with hematological malignancies and concurrent mucormycosis at
The Affiliated Hospital of Qingdao University between June 2021 and March 2025. Based on treat-
ment outcome, patients were divided into an improvement group (n = 14) and a progression group
(n = 12). Their clinical features, treatment regimens, and prognosis were analyzed. Results: Among
the 26 patients, fever was present in 24 cases, hemoptysis in 4, and chest pain in 2. Co-infections
with other fungi or bacteria were identified in 20 patients. A poorer prognosis was significantly as-
sociated with the primary disease being in a non-remission or relapsed state, delayed initiation of
anti-mucorales therapy, and a prior history of fungal infection (P < 0.05). However, no significant
difference in outcome was observed between combination therapy and monotherapy with anti-mu-
corales agents (P > 0.05). Kaplan-Meier survival analysis with Log-rank test identified the timing of
anti-mucorales treatment initiation as a critical factor affecting patient survival (P < 0.05). Conclu-
sion: Early (<5 days) amphotericin B-based therapy may improve survival. However, this single-
center study had a small sample and a high co-infection rate (76.9%), which could confound the
results. Thus, conclusions need validation in larger, multicenter trials.
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Figure 1. Representative chest CT images showing the reversed halo sign in selected patients before and after treatment
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Figure 2. Diagnostic finding of mucormycosis on sputum fungal fluorescent staining: broad, non-septate hyphae with right-
angle (90°) branching
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Figure 3. Comparison of preoperative and postoperative findings in a 28-year-old male patient
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Table 1. Univariate analysis

F 1 BRRNR

Risk Factors The improvement group ~ The progression group P
Uncontrolled underlying hematologic malignancy 4/24 10/24 0.036
History of prior fungal infection 4/26 10/26 0.008
Peak CRP level >20 times the upper limit of normal 10/26 11/26 0.330
Use of combination antifungal therapy 6/26 5/26 1
Neutropenia duration >10 days 4/26 8/26 0.113
Delay in initiating targeted therapy >5 days 2/26 9/26 0.004
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Figure 4. Overall survival analysis and stratification by key prognostic factors in patients with hematological malignancies
and mucormycosis
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RBIE UMW . BRI BMICAR MAE (L3 ) AU L, R I S KA N TR M E A B, AN R R
LR ETH5[14] . FitEFasE 3~6 FlJG, 7 BURE o 30vb Rk sl v BRMEGERFIG YT, BE AT IR T RS0 T FRAIG
AmB RFEEM. BRI TP ECA T RARRER T HAEIT S, HA /R D) BB 7 RN
A 277 22T DL B R BUAS B G ) TS [15] [16] .

BRZGPD4L, AR TR I i SR 0 S — 30 . ARHIE T R L4 AR M A DD R AR S T LR
M5E gk, fenat T RRMER KL, RIS “25% + FAR” BREB M7k SR FfE s
S B A5 A T o (R HAL AN AT B AR Muth SE[17]%0 4Bk 1544 Bt B8R B FH ST RR, “iE
WY + FARYIBR” MBEIRITBNR E R T BE MR, AR H, TR A B EER
A KR 25 2 RS2, B REST @20k AL, RIgmia MR M OCH —3F . 7ENLHIETH, 2
FRGHE B 5 B BOR MR Py A, MU0 8 B T 1 S5 SR DR ki 3, I R B
BA[18]0 AHIEFLH Ik 20 M (1 3 5 RN B B G, £ M1 B B B AR 2 o B AE B JC R L o XA
TR N AR, AT ReAFCEAH B — 0B P R0 S50m LA o 4 205 50 e B R0 il 48 5 B A1 AT 2 i Ak A Ak
Pyoverdine, Enterobactin) )4 /=3 . SR IXLL R AR £ B R 5 T4, 50 K B %5 B nl LARI FH 40
IR IR - BRSE AR R B B IR TR SR, BEE R AN R AR 4 2 S R A If 2T 3R Bk [19] . HEW,
TEME O SE , TRf B 7 8 07 S A B 1 e A P R N BB IR T — DN E BRI AE SO, i 7 B E 2
A KPR G A B — BUE B R YT AR AT, R S B0R G B R TS 2 1 R A
FUBREE B AT AR 0 v I R L 4% < 4k B FEL B R T A M PR XU AR S DR SRR T AR AL T T 1)
[20]. HTAEK, FIF PD-1 #0i7) (anghy R JC BBt & T3 3R -y (IFN-p) VR 7 MEVR 1t 6 25 B O A
WAL, FLRARERAE S T 40 MR I PD-1 Rk “Feul” RAL. JWId S ko &5 i BT, Al Pk
2T YA NK R BE (2], AR T ARSI 7, Rl R A a7 O “tea” &
HEHEMARE . WA, AR ILE CRP KT RMREEAMAES WG, REHAEH. CPR KFk
BUG i ER, B BRI, CRP/AE A HE H Al # B 2 75 W febe22], 4
ik — B KA BRI

EBHEE ZAET LT, BNCENA SRS [23]. ABFFiH, 2023 45 12 J1 % 2024 £ 1 F
DI 9 A p Bk, RIS 22 B R o 10 A A T IR Ao 2 B Hp e s AT AR SR PR A 15 7 BB A O
PR, BRT RS H SN REORES, RS GI(HEPA g, sk 42 58 #8) T 1B b 9 58 i
R T G,

DOI: 10.12677/acm.2026.163835 680 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.163835

FLER %

AT G AN 0 2P0 S TR I PRI S A = 76.99% 11 S35 A7 AE & R e o 31X — fmn LU A I G AE FSRE 1MLV
iy ELEATAGRE,  (HXS B — VA B W A PR TSR AR R ) “IRA RN o FATAELEAF M
SRERIGYT AURIERM R, AH RN, XA 2 — 3 SR T ST R & IR RO i 75 30 SR A R
S, HEEHER SREAEIAN, InR LA X 0 5 R Hw I ERRFE AT, 2R
PERCERAE S & T ANFTE I8 B 4005 . mE Bl i JF AL T REHE s U B B AW I ST A IR EH LT
IR TENUIAE , BUESIBHEAY O REzh 7 HEEE, iR a8 “siR sy
R o RFPTPARRIAT, HLlfiEE “ A IR KA B 5 & UG T REA7 A i, I RTT
At R 5N 2 25 R BA(MDT) 3847 50k 40 1) U1 DR 540 5]

ER PR, WXL MBORE B8 H a2 BB ARG, IR @Y. “mfa i - Z4H2H - Bodia
ST MGG AR, — BMEEES, NAZRIEZ) mNGS RGO Rnl: iy RGRIE “Hkinr”
HILLEMEER B IR, IR ENE R AT PART B DSBS X — S 5O G B .

AR RYE R ZAE T, FraN NI TR I BN B, AR AEREA I (37 B, IX T BOeik A i v A
Tl EIPIRAS . BHEAT 7 5800 B S5 A BN B W AR A R R 52 s T30 E R A R R
BRSSP R I 8T RN R A A SO IR A R S 2R G s A VP ikt fg, i LUE X 0
7 1 -5 HA IR RO AR R o BEAh,  WIF T RE P R RE SR AR 2 AR AR U 5 A B e Ae

Z IR R R
il &S

FIE 1 2 74 W G R 2 R
& & TRk A

FEERH: REHEE. e, WREEE. BEEICE. G R X SCE R RIRTE A R

Bl 489 WRE: WXEMMIRMENES R, 85 PR SCREETTR; 5K SCRETOR, AR
B gt 89 BEE. KRR, B9 SCRMETTER BH . SEFMETTER, . 48
T oAk RS GBEUR: XOSCEFIRENAES . ES.
B oW

SR A ORI B 8 ST RS R v 2 e o 2 R < R 4 3 AR IS8
SE

[1] (2020) The Chinese Guidelines for the Diagnosis and Treatment of Invasive Fungal Disease in Patients with Hemato-
logical Disorders and Cancers (the 6th Revision). Chinese Journal of Internal Medicine, 59, 754-763.

[2] Boutin, C., Durocher, F., Beauchemin, S., Ziegler, D., Abou Chakra, C.N. and Dufresne, S.F. (2024) Breakthrough Invasive
Fungal Infections in Patients with High-Risk Hematological Disorders Receiving Voriconazole and Posaconazole Prophy-
laxis: A Systematic Review. Clinical Infectious Diseases, 79, 151-160. https://doi.org/10.1093/cid/ciae203

[3] Lamaris, G.A., Ben-Ami, R., Lewis, R.E., Chamilos, G., Samonis, G. and Kontoyiannis, D.P. (2009) Increased Virulence
of Zygomycetes Organisms Following Exposure to Voriconazole: A Study Involving Fly and Murine Models of Zygo-
mycosis. The Journal of Infectious Diseases, 199, 1399-1406. https://doi.org/10.1086/597615

[4] Hoenigl, M., Seidel, D., Carvalho, A., Rudramurthy, S.M., Arastehfar, A., Gangneux, J., et al. (2022) The Emergence of
COVID-19 Associated Mucormycosis: A Review of Cases from 18 Countries. The Lancet Microbe, 3, e543-e552.
https://d0i.org/10.1016/s2666-5247(21)00237-8

[5] Salazar, F., Bignell, E., Brown, G.D., Cook, P.C. and Warris, A. (2022) Pathogenesis of Respiratory Viral and Fungal
Coinfections. Clinical Microbiology Reviews, 35, e0009421. https://doi.org/10.1128/cmr.00094-21

[6] Zhang, M., Lu, W., Xie, D., Wang, J., Xiao, X., Pu, Y., et al. (2022) Metagenomic Next-Generation Sequencing for

DOI: 10.12677/acm.2026.163835 681 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.163835
https://doi.org/10.1093/cid/ciae203
https://doi.org/10.1086/597615
https://doi.org/10.1016/s2666-5247(21)00237-8
https://doi.org/10.1128/cmr.00094-21

FLER %

(7]

(8]

(9]
[10]

[11]

[12]

[13]
[14]

[15]

[16]
[17]

(18]

[19]

[20]

[21]

[22]

[23]

Diagnostically Challenging Mucormycosis in Patients with Hematological Malignancies. Infection and Drug Resistance,
15, 7509-7517. https://doi.org/10.2147/idr.s393201

Legouge, C., Caillot, D., Chrétien, M., Lafon, I., Ferrant, E., Audia, S., et al. (2013) The Reversed Halo Sign: Pathogno-
monic Pattern of Pulmonary Mucormycosis in Leukemic Patients with Neutropenia? Clinical Infectious Diseases, 58, 672-
678. https://doi.org/10.1093/cid/cit929

Medhi, B., Bhattacharyya, A., Sarma, P., Sharma, D., Das, K., Kaur, H., et al. (2021) Rhino-Orbital-Cerebral-Mucormycosis
in COVID-19: A Systematic Review. Indian Journal of Pharmacology, 53, 317-327.
https://doi.org/10.4103/ijp.ijp_419 21

EHE, AR, BRBHEE. 5 i S IR AR A SR R e R R [0). AR A A, 2023, 43(10):
1621-1626.

Gebremariam, T., Liu, M., Luo, G., Bruno, V., Phan, Q.T., Waring, A.J., et al. (2013) Coth3 Mediates Fungal Invasion
of Host Cells during Mucormycosis. Journal of Clinical Investigation, 124, 237-250. https://doi.org/10.1172/jci71349

Cornely, O.A., Alastruey-lzquierdo, A., Arenz, D., et al. (2019) Global Guideline for the Diagnosis and Management of
Mucormycosis: An Initiative of the European Confederation of Medical Mycology in Cooperation with the Mycoses
Study Group Education and Research Consortium. The Lancet Infectious Diseases, 19, e405-e421.

Chamilos, G., Lewis, R.E. and Kontoyiannis, D.P. (2008) Delaying Amphotericin B-Based Frontline Therapy Signifi-
cantly Increases Mortality among Patients with Hematologic Malignancy Who Have Zygomycosis. Clinical Infectious
Diseases, 47, 503-509. https://doi.org/10.1086/590004

(2023) Expert Consensus on Diagnosis and Management of Mucormycosis in China. Chinese Journal of Internal Medi-
cine, 62, 597-605.

PEEGHE DS EER T ZE R WHEER B ARFIRIERE BN A 2 2R K IL1R(2024 [R) [J]. THEA
R4 &, 2024, 63(3): 230-257.
Reed, C., Bryant, R., Ibrahim, A.S., Edwards, Jr., J., Filler, S.G., Goldberg, R., et al. (2008) Combination Polyene-Caspo-

fungin Treatment of Rhino-Orbital-Cerebral Mucormycosis. Clinical Infectious Diseases, 47, 364-371.
https://doi.org/10.1086/589857

BUESR, Va2 E. BliEE 58 Billm RAFIE A UG 22 4T [3]. FEMIK 224 (R 22 HR), 2022, 57(5): 733-737.

Muthu, V., Agarwal, R., Dhooria, S., Sehgal, I.S., Prasad, K.T., Aggarwal, A.N., et al. (2021) Has the Mortality from Pul-
monary Mucormycosis Changed over Time? A Systematic Review and Meta-Analysis. Clinical Microbiology and In-
fection, 27, 538-549. https://doi.org/10.1016/j.cmi.2020.12.035

Busca, A., Falda, M., Manzini, P., D’Antico, S., Valfre, A., Locatelli, F., etal. (2010) Iron Overload in Patients Receiving
Allogeneic Hematopoietic Stem Cell Transplantation: Quantification of Iron Burden by a Superconducting Quantum
Interference Device (SQUID) and Therapeutic Effectiveness of Phlebotomy. Biology of Blood and Marrow Transplan-
tation, 16, 115-122. https://doi.org/10.1016/j.bbmt.2009.09.011

Liu, M., Lin, L., Gebremariam, T., Luo, G., Skory, C.D., French, S.W., et al. (2015) Fobl and Fob2 Proteins Are Viru-
lence Determinants of Rhizopus Oryzae via Facilitating Iron Uptake from Ferrioxamine. PLOS Pathogens, 11, e1004842.
https://doi.org/10.1371/journal.ppat.1004842

Fernandes, K.E. and Carter, D.A. (2017) The Antifungal Activity of Lactoferrin and Its Derived Peptides: Mechanisms
of Action and Synergy with Drugs against Fungal Pathogens. Frontiers in Microbiology, 8, Article No. 2.
https://doi.org/10.3389/fmich.2017.00002

Waurster, S., Albert, N.D., Bharadwaj, U., Kasembeli, M.M., Tarrand, J.J., Daver, N., et al. (2022) Blockade of the PD-
1/PD-L1 Immune Checkpoint Pathway Improves Infection Outcomes and Enhances Fungicidal Host Defense in a Murine
Model of Invasive Pulmonary Mucormycosis. Frontiers in Immunology, 13, Article ID: 838344,
https://doi.org/10.3389/fimmu.2022.838344

Dimitrijevié, J., Calama¢, M., Purmez, O. and Stojanovié, M. (2025) PCT-to-Albumin Ratio and CRP-to-Albumin Ratio
as Predictors of Febrile Neutropenia Complications: A Prospective Observational Trial. Supportive Care in Cancer, 33,
Article No. 262. https://doi.org/10.1007/s00520-025-09329-5

Ribes, J.A., Vanover-Sams, C.L. and Baker, D.J. (2000) Zygomycetes in Human Disease. Clinical Microbiology Reviews,
13, 236-301. https://doi.org/10.1128/cmr.13.2.236

DOI: 10.12677/acm.2026.163835 682 Il R 125 23k i


https://doi.org/10.12677/acm.2026.163835
https://doi.org/10.2147/idr.s393201
https://doi.org/10.1093/cid/cit929
https://doi.org/10.4103/ijp.ijp_419_21
https://doi.org/10.1172/jci71349
https://doi.org/10.1086/590004
https://doi.org/10.1086/589857
https://doi.org/10.1016/j.cmi.2020.12.035
https://doi.org/10.1016/j.bbmt.2009.09.011
https://doi.org/10.1371/journal.ppat.1004842
https://doi.org/10.3389/fmicb.2017.00002
https://doi.org/10.3389/fimmu.2022.838344
https://doi.org/10.1007/s00520-025-09329-5
https://doi.org/10.1128/cmr.13.2.236

	恶性血液病合并毛霉菌感染的临床特征及预后分析
	摘  要
	关键词
	Analysis of Clinical Characteristics and Prognosis in Hematological Malignancies Complicated by Mucormycosis
	Abstract
	Keywords
	1. 引言
	2. 材料和方法
	2.1. 研究对象
	2.2. 诊断标准
	2.3. 抗真菌治疗及疗效判断标准
	2.4. 统计学分析

	3. 结果
	3.1. 一般资料
	3.2. 患者临床特征
	3.3. 原发病状态
	3.4. 相关辅助检查结果
	3.5. 病原学检测或病理检查
	3.6. 治疗及预后
	3.7. 生存分析

	4. 讨论
	利益冲突
	作者贡献声明
	致  谢
	参考文献

