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Abstract

Introduction: For coronavirus disease 2019 (COVID-19) positive patients, co-infection with fungi has previously been reported.
Owing to non-specific clinical manifestations and radiographic evidence, it is difficult to distinguish fungal infection from
COVID-19 alone, resulting in delayed diagnosis and lack of appropriate treatment. Aspergillus latus infection, a newly rare species
with life-threatening characteristics, requires rapid detection with accurate diagnosis to reduce mortality. However, there is
little literature that provides a reference for a better understanding of this rare pathogen and guides medical practitioners in
choosing the right diagnostics and therapies.

Case Presentation: We reported a 67-year-old female complaining of fever, cough, and chest tightness, who had previously
been hospitalized for a week due to initial COVID-19 pneumonia. On admission, clinical manifestations and radiological
evidence were consistent with COVID-19 pneumonia, and there was no obvious improvement after anti-infective therapy. In
terms of etiology for the patient, galactomannan test was positive for Aspergillus genus, and Metagenomic next-generation
sequencing further determined co-infections of A. latus and Pneumocystis jirovecii. Subsequently, isolation of A. latus was
obtained through microbial culture. Despite targeted antifungal therapy, no clinical improvement was observed, possibly due
to delayed diagnosis and treatment. Finally, the patient died of respiratory failure.

Conclusions: This case report demonstrated that metagenomic next-generation sequencing is a fast, unbiased, culture-free
approach that can increase the pathogen detection rat helping clinicians improve the accuracy of clinical diagnosis and take
therapeutic action as quickly as possible. Clinicians should be aware of the risk of COVID-19-associated pulmonary aspergillosis
in COVID-19 patients, and we hope to optimize diagnosis and improve outcomes of COVID-19-associated pulmonary
aspergillosis.
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1. Introduction

Aspergillus genus is one of the most common causes
of pulmonary fungal infections with high morbidity
and mortality worldwide, followed by Cryptococcus
neoformans and Pneumocystis jirovecii (1). The incidence
of aspergillosis has increased significantly (2, 3), mainly
in immunodeficient patients with hematologic
malignancies, solid organ transplantation, and
corticosteroid therapy (4). Coronavirus disease 2019
(COVID-19) has been declared a pandemic since the end
of December 2019, leading to millions of respiratory

emergencies. The prevalence of COVID-19 may be highly
associated with an increased risk of pulmonary
aspergillosis, possibly due to disrupted immune
systems (5, 6). As reported, it was not considered as
common in COVID-19 patients, which may be reflected
by the incidence rate of COVID-19-associated pulmonary
aspergillosis (CAPA) (7) of less than 1%. Aspergillus latus, a
newly rare species that arose from allodiploid
hybridization between A. spinulosporus and a proximate
species of A. quadrilineatus, shows heterogeneity in
infection-related traits compared to its parent species.
For example, A. latus spores are more resistant to
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antifungals and oxidative stressors (1). Understanding of
A. latus remains limited (2). It has never been reported in
cases of pulmonary aspergillosis, let alone co-infections
in COVID-19 patients (8).

Owing to nonspecific clinical manifestations and
radiographic evidence, it is difficult to distinguish
aspergillosis from COVID-19 alone, resulting in delayed
diagnosis and lack of appropriate treatment (3, 4).
Therefore, timely diagnosis and antifungal treatment of
COVID-19-associated pulmonary aspergillosis is essential
for patient relief. Growing evidence has shown the
tremendous potential of metagenomic next-generation
sequencing (mNGS) in clinical applications due to
unbiased identification and rapid detection (5). Based
on bronchoalveolar lavage fluid (BALF) samples, mNGS
was employed to assist clinical infection-related
diagnosis. Briefly, the mNGS process includes sample
pretreatment, nucleic acid isolation (6), library
construction and sequencing (7), bioinformatic analysis,
and interpretation (8, 9). For each run, parallel human
nucleic acid as a negative control was prepared and
detected using the same protocol to calculate
background and monitor sample-to-sample
contamination (6). Here, based on mNGS, we identified
co-infections of A. latus and P. jirovecii as the causes of
fatal pneumonia in an immunocompromised COVID-19
patient.

2. Case Presentation

A 67-year-old female with a history of diffuse large B
cell lymphoma was receiving a combination of
obinutuzumab and gemcitabine plus oxaliplatin
(GemOx). The patient was admitted to our hospital
complaining of a 10-day discomfort of fever and cough.
She was initially diagnosed with severe COVID-19
pneumonia and non-Hodgkin's lymphoma (NHL). After
one week of treatment with oxygen inhalation,
nematavir/ritonavir tablets (Paxlovid™),
methylprednisolone, moxifloxacin, and
anticoagulation, her body temperature remained
normal, and partial absorption of lesions in the lung
was also observed through chest CT scans (Figure 1A and
B). Methylprednisolone (12 mg/day) was continued after
her discharge. However, the patient was readmitted
with a temperature of 37.9°C, complaining of a four-day
history of fever, paroxysmal cough with little phlegm,
and chest tightness. She had clear consciousness, a
normal heart rhythm, and moist rales in her chest. The
chest CT showed multiple inflammatory features
throughout both lungs, indicating exacerbation of
lesions in the lungs (Figure 1C).

For a definitive diagnosis, fibrobronchoscopy
showed an unobstructed lumen with slight mucosal
congestion (Figure 1D). Then BALF was collected from
the right upper lobe for pathology, microbiological
culture, and mNGS. The cytopathology of BALF yielded
negative results. Aspergillus-like infection was indicated
by the positive result of the galactomannan (GM) test
(3.627), and fungal fluorescence staining showed coarse,
divided, and bifurcated hyphae (Figure 2A). mNGS
further confirmed co-incidence of A. latus (415 reads), P.
jirovecii (4 reads), and human herpes virus type 1 (1 read)
in the patient with SARS-CoV-2 infection (Table 1). After
that, the villous isolate of A. latus from BALF was
obtained at 27°C on selective medium, including
Sabouraud dextrose agar (SDA), Czapek Dox agar (CZA),
and potato dextrose agar (PDA) plates (Figure 2B-D).
Under lactophenol cotton blue (LPCB) staining, yellow-
green conidia were radially arranged at the top of the
vesicle (Figure 2E).

The patient with co-infections was treated with a
combination of voriconazole (0.2 g, qizh) and
Sulfadiazine (2 tablets, q6h). Although a continuous
decrease in c-reactive protein was observed, the patient
continued to show signs of extensive infection in both
lungs (Figure 1E). After one week of treatment with
plasma from recovered COVID-19 patients, the test for
SARS-CoV-2 turned negative, but poor lung imaging
persisted under digital radiography examination
(Figure 1F). Subcutaneous injection of thymosin-alpha 1
(Zadaxin™, 1.6 mg/day) and oral nintedanib (150 mg/ 2
days) were used to treat pulmonary infection.
Unfortunately, the patient suffered from extensive oral
ulcers, increased dyspnea, and agranulocytosis. Chest
radiographs at the bedside showed extensive exudation
in both lungs (Figure 1G). Eventually, the patient died of
respiratory failure 29 days after admission.

3. Discussion

Since the outbreak of COVID-19 pneumonia in
December 2019, CAPA, a secondary pulmonary
Aspergillus infection, has been detected in patients with
severe COVID-19, which is a life-threatening condition
for the immunocompromised (10). Those with
hematologic malignancies, solid organ transplantation,
and corticosteroid hormone therapy are more likely to
develop CAPA (11-13). For the patient we described, the
history of radiotherapy and chemotherapy due to the
diagnosis of diffuse large B cell lymphoma, the
subsequent destructive lung structure, and the
treatment of severe COVID-19 pneumonia with steroids
and broad-spectrum antibiotics suggest that she was at
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Figure 1. Radiographic images of the patient alongside therapy. A, the chest CT at external hospital showed scattered exudative lesions in both lungs; B, the chest CT showed that
the partial absorption of lesions in both lungs; C, the chest CT showed multiple inflammation in both lungs, which was advanced; D, fiberoptic examination exhibited no
obvious abnormality; E, digital radiography examination showed the infection of extensive exudation in both lungs; F, digital radiography examination showed the infection of
extensive exudation in both lungs; G, digital radiography examination showed the infection of extensive exudation in both lungs.

high risk for developing CAPA due to her
immunocompromised status.

Aspergillus is widely distributed in environmental
samples, such as soil, sanitation, and medical facilities.
As reported, A. latus is a newly rare species that evolved
from A. spinulosporus and a proximate species of A.
quadrilineatus through gene fusion (14). Hybridization
may lead to new species acquiring new metabolic
pathways, producing new metabolites or virulence
factors, and altering invasive ability. It is suggested that
the characteristics of A. latus, with unique genetic
characteristics, may be different from any of its parent
strains (15). These may pose significant challenges to the

study of pathogenicity, disease diagnosis, and
treatment.
It is challenging to distinguish pulmonary

aspergillosis from COVID-19 pneumonia alone due to the
similarity in clinical manifestations and radiographic
evidence (3, 4). The most common method of
diagnosing Aspergillus is to isolate the fungi from BALF
or tracheal aspirate in culture, though the accuracy of
microbiological diagnosis depends largely on
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laboratory experience and conditions. Timely and
precise identification of pathogens based solely on
traditional culture is not practical (16). Other diagnostic
tests, such as GM, could only identify Aspergillus
infections at the genus level (17). Compared to those
techniques, mNGS has proved to be a promising clinical
diagnostic tool, providing unbiased, culture-free, time-
saving means for detecting all potential pathogens,
especially for intractable diseases (5, 18). In this case, the
pathogens from BALF were not recovered on culture;
subsequent GM tests revealed Aspergillus infection, and
mNGS further demonstrated co-infections of A. latus and
P. jirovecii in COVID-19 patients, indicating the promising
complementary role of mNGS in diagnosing Aspergillus
infections.

Unfortunately, the patient died due to delayed
antifungal treatment for CAPA. On admission, the
patient received methylprednisolone for the treatment
of SARS-CoV-2 infection. Corticosteroids and cytokine
blockers (Tocilizumab™) are reported to inhibit residual
immune function and increase viral cell lysis capacity,
further accelerating fungal invasion and infection (12,
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Figure 2. Identification of Aspergillus latus from bronchoalveolar lavage fluid (BALF). A, Fungal fluorescence staining showed coarse, divided and bifurcated hypha; B, BALF were
cultured at 27°C for 3 days on Sabouraud dextrose agar (SDA) plate to form medium sized, villous opalescent colonies; C, BALF was cultured at 27°C for 3 days on a Czapek Dox
agar (CZA) plate, and medium sized, villous faint yellow colonies were formed; D, BALF was cultured at 27°C for 3 days on potato dextrose agar (PDA) plate medium to form
medium sized, marginal villous pale green colonies; E, lactophenol cotton blue (LPCB) showed that the conidial head was short columnar, and the conidial peduncle was
smooth and curved. Microconidia are spherical and green.

Table 1. Identification of Aspergillus Genus and Pneumocystis from Bronchoalveolar Lavage Fluid Using Metagenomic Next-Generation Sequencing *

Genus Name Relative Abundance, (%) Sequences Species Name Confidence Level, (%) Sequences
Aspergillus 15.5 853 Aspergillus latus 99 415
Pneumocystis 0.5 4 Pneumocystis jirovecii 99 4

2 pathogens are classified into diverse species based on bacteria, fungi, viruses, and parasites, and its relative abundance is the relative proportion of genomes in the
corresponding classification of the pathogen. Sequences means high-throughput sequencing sequences that are uniquely aligned to genus or species-specific sequences.
Confidence level is defined as the reliability of the pathogen identified in the sample based on sequence alignment.

19, 20). An earlier diagnosis of aspergillosis may have A fatal co-infection of A. latus and P. jirovecii in a
had an important impact on treatment and prognosis COVID-19 positive patient was determined by mNGS for
(21). Here, a high level of awareness should be exercised the first time. Clinicians should be aware of the risk of
for CAPA, and corticosteroids should be used with CAPA, especially in patients with severe COVID-19. In
caution in the clinical setting, especially for severe situations where CAPA is known to occur, samples such

COVID-19 patients. as BALF should be collected for continuous monitoring
to ensure timely treatment of aspergillosis. Additionally,
5.1. Conclusions attention should be given to the emergence of rare and

pathogenic fungi. Quick and accurate detection of the
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pathogen through mNGS could expedite the diagnostic
process and potentially reduce patient mortality.

Acknowledgements

We would like to express our gratitude to T. E, Y. W.
and W. Z,, who were employed by the company Dian
Diagnostics Group Co., Ltd.

Footnotes

Authors' Contribution: Study concept and design:
Jiayou Luo, Bin Wang, and Lingling Lu; collection and
acquisition of data: Guoping Li, Hui Shen, Lijuan Zhang,
Xuefei Shi, and Feng Hua; methodology: Lingling Lu;
drafting of the manuscript: Dan Li and Xiaoyong Li; all
author approved the final version of the manuscript for
publication.

Conflict of Interests Statement: The authors
declared no potential conflicts of interest with respect
to the study, authorship, and publication of the article.

Data Availability: The data that support the findings
of this study are available from the corresponding
author upon reasonable request.

Ethical Approval: The study was approved by the
Medical Ethics Committee of Huzhou Central Hospital
and performed in accordance with the provisions of
Declaration of Helsinki. All methods were carried out in
accordance with relevant guidelines and regulations.

Funding/Support: The authors declared that they
have no funding/support.

Informed Consent: The patient and his legally
authorized representative provided written informed
consent for this case report to be published in a medical
journal.

References

1. Steenwyk JL, Knowles S, Bastos RW, Balamurugan C, Rinker D, Mead
ME, et al. Evolutionary origin, population diversity, and diagnostics
for a cryptic hybrid pathogen. bioRxiv. 2023;Preprint.
https://doi.org/10.1101/2023.07.03.547508.

2. Steenwyk JL, Lind AL, Ries LNA, Dos Reis TF, Silva LP, Almeida F, et al.
Pathogenic allodiploid hybrids of Aspergillus fungi. Curr Biol.
2020;30(13):2495-2507 e7. [PubMed ID: 32502407]. [PubMed Central
ID: PMC7343619]. https://doi.org/10.1016/j.cub.2020.04.071.

3. White PL, Dhillon R, Cordey A, Hughes H, Faggian F, Soni S, et al. A
national strategy to diagnose coronavirus disease 2019-associated
invasive fungal disease in the intensive care unit. Clin Infect Dis.

Jundishapur ] Microbiol. 2024;17(9): e149806

10.

1.

15.

16.

17.

2021;73(7):e1634-44. [PubMed ID: 32860682]. [PubMed Central ID:
PMC7499527]. https://doi.org/10.1093/cid/ciaa1298.

Skora M, Gajda M, Namysl M, Wordliczek |, Zorska J, Piekielko P, et al.
COVID-19-associated pulmonary Aspergillosis in intensive care unit
patients from Poland. | Fungi (Basel). 2023;9(6). [PubMed ID:
37367602]. [PubMed Central ID: PMC10303628].
https:|/doi.org/10.3390/jof9060666.

Liu C, Yang ], Huang H, Zhan S, Xia X. Case report: Nocardia
gipuzkoensis infection in an immunocompetent patient diagnosed
by metagenomic next-generation sequencing and whole genome
sequencing. Front Immunol. 2022;13:1053914. [PubMed ID: 36569853].
[PubMed Central ID: PMC9780257].
https://doi.org[10.3389/fimmu.2022.1053914.

Li Y, Li GY, Han DX, Feng YW, Liang XM, Ren D, et al. Study on the
clinical indications for plasma as an alternative to the
bronchoalveolar lavage fluid metagenomic next-generation
sequencing test to detect consistent pathogens for septic patients in
intensive care units. | Infect. 2022;85(4):436-80. [PubMed ID:
35907567]. https:|/doi.org/10.1016/j.jinf.2022.07.016.

Miller S, Naccache SN, Samayoa E, Messacar K, Arevalo S, Federman S,
et al. Laboratory validation of a clinical metagenomic sequencing
assay for pathogen detection in cerebrospinal fluid. Genome Res.
2019;29(5):831-42. [PubMed ID: 30992304]. [PubMed Central ID:
PMC6499319]. https://doi.org/10.1101/gr.238170.118.

Li H, Durbin R. Fast and accurate short read alignment with Burrows-
Wheeler transform. Bioinformatics. 2009;25(14):1754-60. [PubMed ID:
19451168]. [PubMed Central ID: PM(C2705234].
https://doi.org[10.1093/bioinformatics/btp324.

Luo W, He Y, Xu |, Zhang S, Li C, Lv ], et al. Comparison of third-
generation sequencing technology and traditional microbiological
detection in pathogen diagnosis of lower respiratory tract infection.
Discov  Med. 2023;35(176):332-42. [PubMed ID: 37272100].
https://doi.org/10.24976/Discov.Med.202335176.34.

Madney Y, Shalaby L, Hammad M, Elanany M, Hassan R, Youssef A, et
al. COVID-19-associated pulmonary fungal infection among pediatric
cancer patients, a single center experience. | Fungi (Basel). 2022;8(8).
[PubMed ID: 36012838]. [PubMed Central ID: PMC9409978].
https://doi.org/10.3390/jof8080850.

Lucas D, Scheiermann C, Chow A, Kunisaki Y, Bruns I, Barrick C, et al.
Chemotherapy-induced bone marrow nerve injury impairs
hematopoietic regeneration. Nat Med. 2013;19(6):695-703. [PubMed
ID: 23644514]. [PubMed Central ID: PM(C3964478].
https://doi.org/10.1038/nm.3155.

Nesher L, Rolston KV. The current spectrum of infection in cancer
patients with chemotherapy related neutropenia. Infection.
2014;42(1):5-13. [PubMed ID: 23975584]. https://doi.org/10.1007/s15010-
013-0525-9.

Kosmidis C, Denning DW. The clinical spectrum of pulmonary
Aspergillosis. Thorax. 2015;70(3):270-7. [PubMed ID: 25354514].
https:|/doi.org/10.1136/thoraxjnl-2014-206291.

Schwarz P, Djenontin E, Dannaoui E. Colistin and isavuconazole
interact synergistically in vitro against Aspergillus nidulans and
Aspergillus niger. Microorganisms. 2020;8(9). [PubMed ID: 32967270].
[PubMed Central ID: PMC7564879).
https://doi.org/10.3390/microorganisms8091447.

York A. When two fungi become one. Nat Rev Microbiol. 2020;18(8):413.
https://doi.org[10.1038/541579-020-0404-1.

Field AS, Paik JY, Stark D, Qiu MR, Morey A, Plit ML, et al. Myositis due
to the microsporidian Anncaliia (Brachiola) algerae in a lung
transplant recipient. Transpl Infect Dis. 2012;14(2):169-76. [PubMed ID:
22385431]. https://doi.org[10.1111/j.1399-3062.2012.00724.X.

Arastehfar A, Carvalho A, van de Veerdonk FL, Jenks ]D, Koehler P,
Krause R, et al. COVID-19 associated pulmonary Aspergillosis (CAPA)-


https://brieflands.com/articles/jjm-149806
https://doi.org/10.1101/2023.07.03.547508
http://www.ncbi.nlm.nih.gov/pubmed/32502407
https://www.ncbi.nlm.nih.gov/pmc/PMC7343619
https://doi.org/10.1016/j.cub.2020.04.071
http://www.ncbi.nlm.nih.gov/pubmed/32860682
https://www.ncbi.nlm.nih.gov/pmc/PMC7499527
https://doi.org/10.1093/cid/ciaa1298
http://www.ncbi.nlm.nih.gov/pubmed/32860682
https://www.ncbi.nlm.nih.gov/pmc/PMC7499527
https://doi.org/10.1093/cid/ciaa1298
http://www.ncbi.nlm.nih.gov/pubmed/37367602
https://www.ncbi.nlm.nih.gov/pmc/PMC10303628
https://doi.org/10.3390/jof9060666
http://www.ncbi.nlm.nih.gov/pubmed/36569853
https://www.ncbi.nlm.nih.gov/pmc/PMC9780257
https://doi.org/10.3389/fimmu.2022.1053914
http://www.ncbi.nlm.nih.gov/pubmed/35907567
https://doi.org/10.1016/j.jinf.2022.07.016
http://www.ncbi.nlm.nih.gov/pubmed/30992304
https://www.ncbi.nlm.nih.gov/pmc/PMC6499319
https://doi.org/10.1101/gr.238170.118
http://www.ncbi.nlm.nih.gov/pubmed/19451168
https://www.ncbi.nlm.nih.gov/pmc/PMC2705234
https://doi.org/10.1093/bioinformatics/btp324
http://www.ncbi.nlm.nih.gov/pubmed/37272100
https://doi.org/10.24976/Discov.Med.202335176.34
http://www.ncbi.nlm.nih.gov/pubmed/36012838
https://www.ncbi.nlm.nih.gov/pmc/PMC9409978
https://doi.org/10.3390/jof8080850
http://www.ncbi.nlm.nih.gov/pubmed/23644514
https://www.ncbi.nlm.nih.gov/pmc/PMC3964478
https://doi.org/10.1038/nm.3155
http://www.ncbi.nlm.nih.gov/pubmed/23975584
https://doi.org/10.1007/s15010-013-0525-9
https://doi.org/10.1007/s15010-013-0525-9
http://www.ncbi.nlm.nih.gov/pubmed/25354514
https://doi.org/10.1136/thoraxjnl-2014-206291
http://www.ncbi.nlm.nih.gov/pubmed/32967270
https://www.ncbi.nlm.nih.gov/pmc/PMC7564879
https://doi.org/10.3390/microorganisms8091447
https://doi.org/10.1038/s41579-020-0404-1
http://www.ncbi.nlm.nih.gov/pubmed/22385431
https://doi.org/10.1111/j.1399-3062.2012.00724.x

LiXetal

Brieflands

19.

from immunology to treatment. | Fungi (Basel). 2020;6(2). [PubMed
ID: 32599813 [PubMed  Central ID: PMC7346000].
https://doi.org/10.3390/jof6020091.

LiuY, Zheng G, Li ], Yang N, Li ], Liu Z, et al. A case report of cutaneous
anthrax diagnosed by using a metagenomic next-generation
sequencing (mNGS) Approach. Infect Drug Resist. 2023;16:3601-6.
[PubMed ID: 37309378]. [PubMed Central ID: PMC10257910].
https://doi.org/10.2147/IDR.S411717.

Zhang W, Egashira N, Masuda S. Recent topics on the mechanisms of
immunosuppressive therapy-related neurotoxicities. Int ] Mol Sci.

20.

21

2019;20(13). [PubMed ID: 31261959]. [PubMed Central ID:
PMC6651704]. https://doi.org/10.3390/ijms20133210.

Toor SM, Saleh R, Sasidharan Nair V, Taha RZ, Elkord E. T-cell responses
and therapies against SARS-CoV-2 infection. Immunology.
2021;162(1):30-43. [PubMed ID: 32935333]. [PubMed Central ID:
PMC7730020]. https:/[/doi.org/10.1111/imm.13262.

Armstrong-James D, Youngs ], Bicanic T, Abdolrasouli A, Denning DW,
Johnson E, et al. Confronting and mitigating the risk of COVID-19
associated pulmonary Aspergillosis. Eur Respir J. 2020;56(4). [PubMed
ID: 32703771]. [PubMed Central ID: PMC7377212].
https://doi.org/10.1183/13993003.02554-2020.

Jundishapur ] Microbiol. 2024;17(9): 149806


https://brieflands.com/articles/jjm-149806
http://www.ncbi.nlm.nih.gov/pubmed/32599813
https://www.ncbi.nlm.nih.gov/pmc/PMC7346000
https://doi.org/10.3390/jof6020091
http://www.ncbi.nlm.nih.gov/pubmed/37309378
https://www.ncbi.nlm.nih.gov/pmc/PMC10257910
https://doi.org/10.2147/IDR.S411717
http://www.ncbi.nlm.nih.gov/pubmed/31261959
https://www.ncbi.nlm.nih.gov/pmc/PMC6651704
https://doi.org/10.3390/ijms20133210
http://www.ncbi.nlm.nih.gov/pubmed/31261959
https://www.ncbi.nlm.nih.gov/pmc/PMC6651704
https://doi.org/10.3390/ijms20133210
http://www.ncbi.nlm.nih.gov/pubmed/32935333
https://www.ncbi.nlm.nih.gov/pmc/PMC7730020
https://doi.org/10.1111/imm.13262
http://www.ncbi.nlm.nih.gov/pubmed/32703771
https://www.ncbi.nlm.nih.gov/pmc/PMC7377212
https://doi.org/10.1183/13993003.02554-2020

