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Rapid diagnosis of Aspergillus flavus infection in acute very severe aplastic anemia with metagenomic next-generation sequencing: a case report and literature review
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Infection remains the leading cause of mortality in severe aplastic anemia (SAA) patients, with invasive fungal infections being the great threat. Aspergillus fumigatus accounts for most of the reported fungal infection cases. Here, we present a case of A. flavus infection in a patient with acute very severe aplastic anemia (VSAA) despite persistently negative clinical fungal tests. The patient was admitted to the hospital due to pancytopenia presisting for over a month and intermittent fever for 10 days. Elevated inflammatory indicators and abnormal lung imaging suggested infection, prompting consideration of fungal involvement. Despite negative results from multiple blood, sputum fungal cultures and the serum (1,3)-β-D-glucan/galactomannan tests. Metagenomic next-generation sequencing (mNGS) on multiple blood samples, alongside clinical symptoms, confirmed A. flavus infection. Targeted antifungal treatment with liposomal amphotericin B and voriconazole significantly ameliorated pulmonary symptoms. Additionally, this study reviewed and compared the symptoms, diagnostic approaches, and treatments from prior Aspergillus infections in AA patients. It emphasizes critical role of early mNGS utilization in diagnosing and managing infectious diseases, offering insights for diagnosing and treating fungal infections in VSAA.
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1 Introduction

Aplastic anemia (AA) is characterized by bone marrow failure, leading to abnormal proliferation of cells and peripheral blood pancytopenia. Neutrophil deficiency increases infection risk, the primary cause of death in severe AA (SAA), with invasive fungal infection posing the highest mortality (1, 2). Prompt restoration of neutrophil levels is crucial in SAA treatment, preceded by infection control (1, 3). Common fungal infections in AA include Aspergillus, Zygomycetes, Candida, and Fusarium, while gram-positive bacteria such as Staphylococci and Enterococci, and gram-negative bacteria Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and gram-negative bacilli are prevalent pathogens. Viral infections, primarily herpesviruses and hepatitis viruses, are less common (2, 4).

Invasive aspergillosis poses a significant mortality risk in immunocompromised patients (5), with neutropenia being a key risk factor (6). Diagnosis is challenging due to variable and non-specific clinical presentations. Metagenomic next-generation sequencing (mNGS) is an emerging technique for detecting all microorganism nucleic acids in clinical samples, improving invasive pulmonary aspergillosis (IPA) diagnosis (7–9), and enhancing detection of viruses, and uncommon pathogens (10, 11). Moreover, mNGS offers rapid, precise pathogen detection, complementing clinical diagnostics (12, 13).

The purpose of this study is to provide assistance in the diagnosis and treatment of patients with invasive fungal aplastic anemia by presenting a rare case of Aspergillus infection and a literature review of previous studies. This study reports a case with recurrent very severe AA [VSAA, with absolute neutrophil count (ANC) < 0.2 × 109/L, and bone marrow (BM) cellularity less than 25% (or less than 50% if BM is comprised of less than 30% hematopoietic cells)] (14), diagnosed with Aspergillus flavus infection through multiple mNGS tests despite negative cultures. Targeted treatment improved the patient’s condition, demonstrating the efficacy of mNGS in early diagnosis. We also reviewed previously cases of Aspergillus infection in adult AA patients to deepen understanding of this condition. To our knowledge, this represents a rare reported case.



2 Case description

On July 15, a 50-year-old woman experienced chest tightness, fatigue, dizziness, headache, and reduced endurance. Ten days later, she developed skin petechiae, purpura, bleeding gums, and nosebleeds. Upon admission to Peking University People’s Hospital, her blood test showed WBC 2.0 × 109/L, absolute neutrophil count (ANC) 0.17 × 109/L, hemoglobin (HBG) 42 g/L, PLT 2 × 109/L, reticulocyte (RET) 0.071 × 109/μL (normal range 0.024–0.084), and RET% 0.61 (normal range 0.5–1.5). Considering hematologic dystem diseases, aplastic anemia (AA) is highly likely. Blood transfusion, hemostasis and symptomatic supportive treatment were given, and the anemia symptoms improved after treatment. On August 14, bone marrow examination revealed markedly hypoproliferative morphology (< 25%), reduced granulopoiesis, decreased cells in all stages, erythroid suppression, few late erythroblasts, increased lymphocytes, absent dysplastic hematopoiesis, oil droplets and non-hematopoietic cell islands (Figure 1A). Biopsy revealed less than 5VOL% hematopoietic tissue volume, sparse erythroid and granulocytic hyperplasia, absent megakaryocytes, lymphocyte clusters, focal adipose tissue hyperplasia, and Gomori staining consistent with myelofibrosis (MF): MF-0 (Figure 1B). Immunophenotyping indicated elevated lymphocytes (88.71%), predominantly CD3 + T cells accounted for 79.76%, of which CD3+ TCRr/d- cells accounted for 79.26%, with a normal CD4/CD8 ratio (1.32) and normal TRBC1 expression (33.20%). CD3 + TCRr/d + cells were increased (20.31%) and characterized as CD16 + CD56part + CD57+. TCRr/d2+ cells represented 91.95% (Increased). CD19+ B cells accounted for 6.12%, mainly CD20+ mature B cells, with a normal Kappa/Lambda ratio of 1.60. Granulocytes was notably reduced (1.36%), with decreased CD10+ mature granulocytes (39.34%) and increased CD56+ cells (9.18%). Monocytes accounted for 0.60%, and CD34 + CD117+ immature myeloid cells were absent (Figure 1C). High-resolution chromosome analysis revealed a normal female karyotype, 46XX[20] (Figure 1D). Genetic testing and myeloid tumor-related next-generation sequencing were negative. Based on the above results, the patient was diagnosed with VSAA.
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FIGURE 1
 Patient bone marrow aspiration and biopsy results. (A) Bone marrow morphological findings. The top picture is 100× and the bottom is 10×. (B) Results of bone marrow biopsy. The test was performed using HE Gomori staining. (C) Immunophenotyping results of bone marrow flow cytometry. (D) Results of bone marrow chromosome examination. The test was performed using Giemsa banding.


Subsequently, the patient received intermittent blood transfusion and hemostasis symptomatic supportive treatment at the outpatient clinic of Peking University People’s Hospital. During the outpatient period, the patient developed sore throat, cough, blood in sputum, and congestion of the posterior pharyngeal wall. Upper respiratory tract infection was considered, and cefaclor capsules (0.25 g, bid) were given for anti-infection treatment. Subsequently, the patient developed fever symptoms and elevated CRP. Ertapenem (1 g, once, ivdrip) was given intravenously for anti-infection and acetaminophen for antipyretic. However, CRP continued to rise, and enzyme-producing resistant bacteria infection was considered. On September 1, vancomycin (1 g, q12h) combined with imipenem (500 mg, q8h) for anti-infection treatment was added. During the treatment, CRP showed a gradual downward trend and the peak temperature decreased. On September 5, she was admitted to the Department of Hematology of Beijing Qinghe Hospital for inpatient treatment. She had no history of diabetes, hypertension, surgery, trauma, blood transfusion, liver disease, or tuberculosis exposure.

Upon admission, she presented with a low-grade fever (maximum 38°C), occasional cough without sputum production, and laboratory findings included WBC 1.29 × 109/L, ANC 0.02 × 109/L, HBG 65 g/L, PLT 32 × 109/L, C-reactive protein (CRP) 45.25 mg/L, and aspartate aminotransferase (AST) 55 U/L. Tests for Mycoplasma, Chlamydia, cytomegalovirus (CMV), Epstein–Barr virus (EBV), and parvovirus were negative. Tests for 1,3-β-D-glucan (G) and galactomannan (GM) were also negative. The kit used for G and GM test were Fungal (1–3)-β-D-glucan detection kit (chromogenic method; Dynamiker Biotechnology, China) and Aspergillus galactomannan detection kit (enzyme-linked immunosorbent assay; Dynamiker Biotechnology, China), respectively. Chest computed tomography (CT) revealed a mass with patchy shadows in the apex of the right lung, irregular in shape with strip shadows around it. No abnormalities were noted in the lower right lung lobe, and there was no significant pleural effusion (Figure 2). Given the suspicion of fungal infection complicating pulmonary infection, the patient received meropenem (1 g, q8h, Sep.5–14) and caspofungin (70 mg for the first day, followed by 50 mg, ivdrip, qd, Sep. 5–28).
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FIGURE 2
 Chest CT scans at three time points (on admission, Oct.12, and Nov.15). (A–C) are the imaging findings of the apex of the right lung, the lower lobe of the right lung and the site of pleural effusion, respectively.


After 1 week of treatment, the patient continued to experience low-grade afternoon fever, which escalated to above 38.0°C on September 11. Concurrently, her CRP levels showed a steady increase. Peripheral blood samples were collected for mNGS testing, following established protocols (13, 15). DNA and RNA were extracted and prepared into sequencing libraries. Sequencing was conducted using the MGISEQ-200 platform (MGI Technology) with a 50 bp single-end sequencing kit. Raw FASTQ-format data underwent quality control using Fastq software. High-quality sequencing reads aligning with human reference genome GRCh37 (hg19) were removed with Bowtie2 v2.4.3, and the remaining sequences were annotated against the NCBI GenBank database using Kraken2 v2.1.0 to identify pathogens. Pathogens were identified based on the specific reads per 10 million value (RPTM value), with a threshold of ≥3 for viruses and ≥ 8 for bacteria and fungi. Results revealed 6 RPTM of Herpes simplex virus 1 (HSV-1) and 4 RPTM of A. flavus. Antiviral therapy with acyclovir (0.5 g, q12h, Sep.12–26) was initiated. By September 14, the patient’s fever peaked at 39.2°C with minimal sputum production. Empirical antibiotic adjustments were made. Antibiotics were changed to cefoperazone/sulbactam (3 g, q8h, Sep.14–22) in combination with tigecycline (100 mg, q12h during Sep.14–18, reduced to 50 mg, q12h during Sep.19–26), with concurrent human immunoglobulin infusion. The G and GM test were negative. On September 17, sputum culture showed carbapenem-resistant Chryseobacterium indologenes, sensitive to levofloxacin per drug susceptibility test (DST). After adding levofloxacin (100 mL, qd, Sep.18–26), the patient’s peak temperature decreased to 37.5°C, with decreased fever duration and CRP levels. However, fever recurred on the afternoon of September 20, reaching 38.9°C, with positive G (257.13 ng/L) and GM (0.66 μg/L) tests but negative blood culture. Subsequent sputum culture on September 22 identified Pseudomonas aeruginosa, sensitive to imipenem and meropenem as per DST. Blood mNGS detected P. aeruginosa (RPTM = 40) and A. flavus (RPTM = 69), with A. flavus reads showing a 17.25-fold increase from previous levels. Therapy was adjusted to include imipenem (0.5 g, q6h, Sep.22–28; based on DST result) and liposomal amphotericin B (from 25 mg to 100 mg, qd, Sep.22–27) for antifungal therapy, resulting in gradual normalization of the patient’s temperature.

On September 25, the patient developed diarrhea, prompting a stool culture that tested positive for P. aeruginosa, with DST showing sensitivity to imipenem and meropenem by September 27. Blood culture was negative, while the G (88.11 ng/L) and GM (2.09 μg/L) tests remained positive. The third blood mNGS detected P. aeruginosa (RPTM = 35), Pegivirus C (RPTM = 6), and low levels of A. flavus (RPTM = 1), suggesting efficacy of the current antifungal therapy. Voriconazole (0.2 g, q12h, Sep.28-Oct.2) and caspofungin (50 mg, qd, Oct.3–7) were alternated with ongoing liposomal amphotericin B (150 mg, qd, Sep.28-Nov.17) for antifungal coverage. Imipenem was discontinued (due to diarrhea and a increased CRP) and replaced by ceftazidime avibactam sodium (2.5 g, q8h, Sep.28-Oct.10) in combination with linezolid (300 mg, q12h, Sep.26-Nov.6; the change of this was because the patient developed gastrointestinal intolerance such as nausea and poor appetite with using tigecycline). On October 3, sputum culture revealed Candida tropicalis, confirmed by fungal elements in stool smear. Four days later, the patient experienced right chest pain. By October 10, the fourth blood mNGS reported A. flavus (RPTM = 25), Rhizopus delemar (RPTM = 18), and EBV (RPTM = 1). Concurrently, positive G (114.1 ng/L) and GM (1.15 μg/L) tests results were noted. P. aeruginosa was identified in sputum culture, sensitive to amikacin, imipenem and meropenem. Chest CT imaging showed worsening infection in the right lung apex, increased consolidation in the lower right lung lobe, and bilateral pleural effusion, more prominent on the right side (Figure 2). Intravenous voriconazole (0.2 g, q12h, Oct.13-Nov.19) and continued liposomal amphotericin B were initiated. The fifth blood mNGS on November 10, identified carbapenem-resistant P. aeruginosa (OXA-50), consistent with the sputum culture findings, along with 6 RPTM of EBV and 18 RPTM of HSV-1; no A. flavus was identified. G/GM tests were negative. Subsequent chest CT scan showed cavity formation in the right lung apex due to resolving infection, decreased consolidation in the lower lung lobe, and complete resolution of pleural effusion (Figure 2). Based on etiological and imaging findings, significant improvement in pulmonary fungal and bloodstream infections were observed. Figure 3 displays the patient’s symptoms, etiologic test results, and disease progression over time. The results of procalcitonin (PCT), WBC, ANC, PLT, and HBG during hospitalization were showed in Supplementary Figure 1.
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FIGURE 3
 The clinical course of the patient (schematic). T, temperature; VSAA, Very severe aplastic anemia; ANC, Absolute Neutrophil Count; PLT, platelets; CMV, Cytomegalovirus; EBV, Epstein–barr virus; DST, Drug susceptibility testing; G/GM test, 1, 3-β-D-glucan/ galactomannan test; VCZ, voriconazole; L-AmB, liposomal amphotericin B; CAS, caspofungin; AVC, acyclovir; MEM, meropenem; IPM, imipenem; VAN, vancomycin; LNZ, linezolid; CLS, cefoperazone/sulbactam; AVY-CAZ, ceftazidime/avibactam; TGC, tigecycline; ERV, eravacycline; LVX, levofloxacin; PIP-SBT, piperacillin and sulbactam; CMS, colistimethate sodium; RPTM, reads per 10 million.


Throughout treatment, the patient underwent five blood mNGS tests, with the first four showing persistent A. flavus positive despite antifungal treatment, highlighting the challenges in clearing A. flavus infection in immunocompromised SAA patients. The fifth test showed A. flavus negativity, indicating the efficacy of continuous use of liposomal amphotericin B and voriconazole therapy against Aspergillus infection. Blood and sputum culture were negative, and the G/GM test results were consistent with the mNGS findings. The presence of neutropenia with GM > 1.0, in conjunction with cavity or consolidation observed on chest CT, could indicate the presence of an probable invasive fungal infection in the patient (16).



3 Discussion

A. flavus is the second most common pathogenic species causing invasive Aspergillus infections, account for approximately 15–20% of cases (6, 17). Invasive Aspergillus infection usually occurs in conditions involving significant defects in cellular phagocytosis, such as severe and prolonged neutropenia (e.g., after hematopoietic stem-cell transplantation or aplastic anemia), and in patients undergoing high-dose glucocorticoid therapy or those with hematologic malignancies or chronic granulomatous disease (6). While the lung is the most affected organ by invasive aspergillosis, hematogenous spread can involve internal organs, particularly the central nervous system and the skin. Classic clinical symptoms include fever, chest pain, and hemoptysis, with lung imaging often showing patchy infiltrates or nodules that may cavitate, along with macronodules or patchy consolidation (18). In a Tunisian study, A. flavus was isolated from invasive lung disease in 73.7% of neutropenic patients, among whom cough, chest pain, and hemoptysis were predominant symptoms. CT scans consistently showed cavitated lesions and nodules (19). In our study, fever appeared early and persisted, while chest pain developed in the intermediated to advanced stages. CT findings revealed nodules and patchy shadows, which are crucial for diagnosing Aspergillus infection.

Culture remains the gold standard for pathogen identification, yet it is time-consuming and has limited sensitivity (20). The G and GM tests serve as diagnostic tools for suspected IPA (21). However, the sensitivity and specificity of these tests vary among studies, with higher specificity observed in high-risk patients (22, 23), but lower sensitivity noted in patients lacking pre-existing neutropenia (24, 25). GM results ≥1.0, positive Aspergillus PCR, and positive respiratory sample culture are considered mycological evidence of Aspergillus infection (16). In our study, fungal infection diagnosis was supported by positive G/GM tests and multiple mNGS results. Compared to the CMT methods for fungi detection, the advantages of mNGS including higher sensitivity, detected fungal positivity earlier than the G/GM tests (7–9), and were less affected by antibiotics (26, 27). Nevertheless, in order to prevent false-positive mNGS results, multiple or multiple sites need to be sent for testing or other fungal-related tests to verify the mNGS results. Early pathogen detection not only reduces antibiotics misuse, but also effectively hinders disease progression. Moreover, multiple mNGS tests in the same individual can capture longitudinal dynamic changes in viral load among transplant patients (28, 29), aiding in determining optimal sampling times for patients with bloodstream infections (30–32). Our findings underscore the role of multiple mNGS tests in promptly identifying infection etiology when clinical etiology tests are negative. These results also highlight the importance of performing multiple mNGS tests not only to verify each other and identify the cause as quickly as possible, but also to monitor the patient’s infection progression status.

Currently, Aspergillus infections in patients with AA are rare. We conducted a comprehensive literature search in the Web of Science and PubMed databases using the keywords “Aspergillus,” “Aplastic anemia,” and “Pulmonary infection” up to April 2024. Only studies that included detailed case information on adult patients with aplastic anemia and pulmonary Aspergillus infection were included. A total of 7 cases were obtained involving patients aged 18 years or older (Table 1), summarized chronologically by publication date. Among the seven patients, four were male and three were female, with ages ranging from 18 to 75 years (median: 23 years). Five patients presented with fever, and three experienced coughing. Pulmonary imaging commonly revealed infiltration (71.43%). Culture was predominantly used for pathogen identification, with four patients infected by A. fumigatus, one by A. viridinutans, one with unidentified Aspergillus species, and one with negative etiological findings but positive response to antifungal therapy. To the best of our knowledge, this case represents the first reported case of A. flavus infection in VSAA, contributing significantly to the understanding of Aspergillus infection associated with AA. Fever was also the main symptoms for this patient, consolidation and pleural effusion were the main features of the chest CT results.



TABLE 1 Clinical information of aplastic anemia patients infected with Aspergillus.
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Voriconazole is the preferred treatment for invasive fungal disease (IFD) (25, 33, 34), while isavuconazole and posaconazole are less effective (35, 36). Guidelines strongly recommend liposomal amphotericin B (L-AmB) as an initial alternative treatment for IFD, typically at 3 mg/kg/day (25, 33, 34). Initial high-dose L-AmB (10 mg/kg/day) does not offer superior efficacy over standard dose (37). Treatment duration typically ranges from 6 to 12 weeks, depending on disease severity, symptom resolution, and immune recovery (38). Posaconazole, fluconazole, micafungin, caspofungin or voriconazole are mainly used for primary prevention in China, with European guidelines recommending nebulized inhalation of 10 mg of L-AmB twice weekly in combination with fluconazole for patients undergoing initial induction chemotherapy. Furthermore, the multidisciplinary expert consensus on the clinical rational application of different formulations of amphotericin B (2024 edition) (39) points out: For patients with high risk of monotherapy failure, multi-site infection or drug-resistant IFD, combination therapy with two drugs can be considered to improve efficacy and survival rate, such as L-AmB + echinocandin drugs, L-AmB + voriconazole and other triazole anti-aspergillus drugs (including voriconazole and other triazole anti-aspergillus drugs + echinocandin combination therapy). A review of the literature revealed that approximately eight studies evaluated the therapeutic efficacy of AmB combined with voriconazole in IFD. Two of these studies were in vitro observations (40, 41), three were in animal studies (42–44), while the final three were patient observations (45–47). The in vitro observations demonstrated that combinations of antifungal therapy exhibited promising results. One animal observation indicated that the efficacy of monotherapy and two-drug combination therapy was comparable, with no discernible enhancement or reduction in activity associated with the latter (42). Two additional animal studies demonstrated that the combination of AmB and voriconazole was more effective than either agent alone in reducing tissue burden, sterilizing tissues, and reducing mortality (43, 44). One observational study in humans indicated that a triple combination of AmB, caspofungin, and voriconazole may be a promising avenue for further investigation in patients with refractory fungal infections who have not responded to more conventional therapies (47). Another two patient observations demonstrated that AmB combined with voriconazole may rapidly improve clinical manifestations and substantially shorten hospitalization times (45, 46). Among the seven cases reviewed in our study, AmB/L-AmB was the most frequently administered drug (57.14%; Table 1). In this study, the patient weighted 46 kg. Initially, caspofungin (70 mg for the first day, then 50 mg, ivdrip, qd) was used for antifungal therapy when fungal infection was suspected, but lung symptoms did not improve. After the second mNGS confirmed A. flavus positivity, L-AmB (from 25 mg to 100 mg, qd) antifungal treatment was added, leading to gradual normalization of body temperature. Continuous detection of A. flavus by the third mNGS and positive G/GM tests prompted continued use L-AmB (150 mg, qd), alongside alternate use of voriconazole (0.2 g, q12h) and caspofungin (50 mg, qd). Subsequent mNGS showed persistent A. flavus presence alongside positive G/GM tests, prompting intravenous voriconazole (0.2 g, q12h) combined with L-AmB (increased to 200 mg qd for 5 days, then reduced to the original 150 mg qd due to increased creatinine levels, indicating renal function changes). The fifth mNGS test was negative for A. flavus, with negative G/GM test results, and improved pulmonary symptoms, indicating effective antifungal therapy. The above results show that L-AmB combined with voriconazole is effective in treating severe invasive fungal infections, but the dosage of L-AmB should be controlled to prevent renal damage in patients.

In addition to A. flavus, attention must be paid to carbapenem-resistant Pseudomonas aeruginosa (CRPA) as a late-stage pathogen in this case. P. aeruginosa has multiple mechanisms of drug resistance, often exacerbated by frequent antibiotic use (48). Patients with hematological disorders, including VSAA (49), who acquire infections caused by drug-resistant P. aeruginosa faced elevated mortality rates (50, 51). In our study, P. aeruginosa was initially detected with low read numbers (RPTM = 40 and 35) in the 2nd and 3rd mNGS tests but was absent in the 4th test. However, 1 month later, the 5th mNGS detected drug-resistant P. aeruginosa (OXA-50) with RPTM was 7,253. In addition, herpesviruses are also potential pathogens in AA patients (4, 52), significantly impacting mortality rates, particularly in severely ill or immunocompromised individuals (53–55). In our study, HSV-1 was identified in the 1st mNGS, and acyclovir was administered for 15 days to control the infection, after which HSV-1 did not recur. However, after a 13-day interval, another herpesvirus, EBV, appeared in the 4th mNGS test and increased in abundance in the 5th mNGS results, alongside recurrent HSV-1 detection. The intermittent presence of herpesviruses and the emergence of CRPA suggest a challenging prognosis for this patient. These results underscore the importance of monitoring and preventing drug resistance in immunocompromised patients with bloodstream infection, while also emphasizing the significance herpesviruses surveillance.

This study describes a rare case of A. flavus aplastic anemia in which invasive fungal infection was confirmed by multiple mNGS tests despite negative clinical etiology test results. This case highlights the important diagnostic value and medication guidance value of mNGS testing for severe invasive Aspergillus infection, and also demonstrates the therapeutic effect of L-AmB combined with voriconazole. However, this study also has shortcomings. A single case has little significance for medication guidance. Subsequent cohort studies are needed to further prove the diagnostic effect of L-AmB combined with voriconazole on severe invasive Aspergillus infection.



4 Conclusion

In summary, we used mNGS to diagnose a case of VSAA caused by A. flavus infection, effectively managed with a combination of voriconazole and liposomal amphotericin B. This demonstrate that amphotericin B combined with voriconazole is an effective treatment strategy for patients with severe invasive fungal infections. This case demonstrates that in patients with long-term immunocompromised states due to a granulocytopenia, timely and iterative mNGS testing can promptly identify infection status when clinical routine microbiological tests fail to ascertain the disease etiology. Such insights are crucial for early detection, accurate diagnosis, and treatment planning.
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Admitted to hospital: SAA, ANC 0.02 x 10°IL,
PLT 32 x 10%L, MP, CP, CMV, EBV, parvovirus:
negative.

Fever (38.3°C); 1 mNGS: HSV-1 6 reads, A
flavus 4 reads.

GIGM: negative; Blood culture: negative;
‘Sputum culture: carbapenem-resistant
Chryseobacterium indologenes; DST: sensitive
to LVFX.

Fever (> 38.9°C); G/GM: positive; Blood culture:
negative; Sputum culture: P. aeruginosa; DST:
sensitive to IPM and MEM; 274 mNGS: P.
aeruginosa 40 reads, A. flavus 69 reads.

Diarrhea; GIGM: posiive; Blood culture:
negative: Stool culture: P aeruginosa; DST:
sensitive to IPM and MEM; 39 mNGS: P.
aeruginosa 35 reads, Pegiirus C 6 reads, A
favus 1 reads.

‘Sputum culture: Candida ropicalis; stool
smear. fungi.

[OcE7 ] Right.sided chest pain.

4% mNGS: A, flavus 25 reads, Rhizopus
delemar 18 reads, EBV 1 reads. GIGM: positive.

‘Sputum culture: P. aeruginosa; DST:
sensitive to AK, IPM and MEM.

Diagnosed with hemophagocytic
syndrome.

‘Sputum and stool culture: carbapenem-
resistant . aeruginosa; DST: sensitive to AK.

5% mNGS: : carbapenem-resistant .
aeruginosa 7253 reads, HSV-1 18 reads, EBV
6 reads. G/GM: Negative.

Fever (40.3°C); blood pressure decreased.
‘Sputum and blood culture: carbapene-
[Nov 7] &ictant P aoruginoss: DST- senitve 16 AK.

Her symptoms worsen, and was discharged
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1(56) 2021 Germany/2018 | 59/Male A sudden rise in serum CT:adiffuseinfilrate A fumigatus; C. | pulmonary  BALF culture NA Yes Death
inflammatory markersand  of alveolar and glabrata
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2(57) 2017 Austria/2016 | 23/Male  Petechial bleeding with | CT: three subpleural | negative pulmonary  GM, culture,and | posaconazole, Yes Survival
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cubita, chills and fever in diameter isavuconazole
3(58) 2014 Japan/2014 | 75/Female  Fever, cough CT:amassshadow A viridinutans  pulmonary ~ BALF culture,  Caspofungin and No Survival
with a central low PASandGMS | Voriconazole
attenuation area in the stain

lower lobe of the left
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