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Background: Pulmonary cryptococcosis (PC) is a serious opportunistic fungal infection

that usually occurs in immunocompromised patients. This disease is often difficult to

diagnose in time due to its clinical manifestations and radiological feature similar to other

pulmonary infections, as well as the low sensitivity of conventional diagnostic methods.

Cryptococcosis in immune-competent patients is rare.

Case Presentation: Here we report a case of PC in an immune-competent

patient. Tuberculosis was suspected according to radiological features due to the

positive T-lymphocyte spot test and pure protein derivative skin test. To further detect

the pathogen, bronchoalveolar lavage fluid (BALF) was collected for metagenomic

next-generation sequencing (mNGS). Cryptococcus neoformans (one specific read) was

identified by mNGS, indicating the PC of this patient. The following BALF culture and

cryptococcal antigen lateral flow assay (CrAg-LFA) test also showed Cryptococcus

infection, confirming the mNGS detection. Voriconazole (0.4 g daily) was given orally

according to the subsequent susceptibility results. After seven months of treatment, the

patient’s condition improved.

Conclusion: Metagenomic next-generation sequencing (mNGS) is a better diagnostic

tool to help clinicians distinguish pulmonary cryptococcosis from other atypical

pulmonary infections.

Keywords: cryptococcosis, Cryptococcus neoformans, immune competent patients, metagenomic next-

generation sequencing, diagnosis

BACKGROUND

Pulmonary cryptococcosis (PC) is a subacute or chronic pulmonary fungal infection mainly
caused by Cryptococcus neoformans (1, 2). This disease appears more likely to occur in
immunocompromised patients, such as patients with human immunodeficiency virus (HIV)
infection (3). There are one million new cases of cryptococcosis per year worldwide,
and the mortality rate reaches 20–70% (3, 4). The clinical manifestations and imaging
changes of PC usually lack specificity and are difficult to be distinguished from bacterial
pneumonia, pulmonary tuberculosis, and lung tumors, resulting in a delay in diagnosis or
misdiagnosis (2, 5–7). Early and accurate diagnosis is the key to improving the cure rate
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and prognosis. Conventional methods, such as culture, are
commonly used for the diagnosis of PC, but they often have poor
timeliness and low sensitivity.

Here, we report a 16-year-old immune-competent male
patient with PC. The mNGS was used and detected the
pathogen as C. neoformans, indicating PC. The result was then
verified by bronchoalveolar lavage fluid (BALF) culture and
cryptococcal antigen lateral flow assay (CrAg-LFA). Finally,
according to theminimum inhibitory concentration (MIC) index
of C. neoformans culture results, voriconazole was given for
antifungal treatment.

CASE PRESENTATION

A 16-year-old male student from Jieyang City, Guangdong
Province was admitted to Foshan Fourth People’s Hospital on
11 November 2020. The patient had an intermittent cough
without obvious inducement 6 months ago, mainly dry cough, no
fever, chest pain, or other adverse symptoms. He was previously
healthy, with no history of bird feces or soil contact. On 19

FIGURE 1 | Pre- and post-therapy CT scan. (a) Chest CT before treatment. (b) Chest CT after cefotaxime sodium sulbactam treatment. (c) Chest CT after

voriconazole treatment.

October 2020, the chest CT examination was conducted at
the local hospital, which revealed chest shadow and suspected
tuberculosis. Then, he came to our hospital for treatment. There
were no obvious abnormalities on physical examination after
admission. The blood assay showed a white cell count of 7.20
× 109/L, neutrophils of 51.9% (3.73 × 109/L), and C-reactive
protein of 9 mg/L. T-lymphocyte spot test (T-SPOT) and pure
protein derivative (PPD) skin test (13 × 14mm) were positive.
In terms of bacteriology, sputum acid-fast staining was negative
on 13, 14, and 15 November 2020. On 13 November 2020, a
chest plain scan and enhanced CT showed left lower lobe and
right pulmonary cavities lesions (Figure 1a), which suggested
possible pyogenic inflammation, fungal infection, or secondary
tuberculosis. The patient was given the diagnostic anti-infective
treatment of cefotaxime sodium sulbactam 2.25 g twice a day.
After 10 days of regular treatment, the chest CT scan showed little
change compared with pre-treatment (Figure 1b). There were
no significant abnormalities in the basic immunosuppressive
status assessment (immunoglobulin level, T lymphocyte subsets,
HIV detection, etc.). On 17 November 2020, a bronchoscopic
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FIGURE 2 | Bronchoscopic image on November 17th (left) and 20th (right), 2020.

FIGURE 3 | The Cryptococcus neoformans mNGS and culture result. (a) The mNGS result of C. neoformans. 0.01% of bacterial reads corresponded to C.

neoformans with a coverage of 0.0004%. (b) The results of the fungi smear showed C. neoformans.

examination showed that the bronchial mucosa of each lobe
and subsegment on both sides was congestive and edematous
(Figure 2). Microscopic examination of bronchial lavage fluid

(BALF) showed a medium amount of squamous epithelium,
bronchial columnar epithelial cells, and a small number of
neutrophils, but no cancer cells. Microscopic examination of
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tracheoscopic brush film revealed amedium amount of columnar
epithelial cells and no cancer cells. These results excluded
etiologies other than infection.

The etiological examination using BALF revealed that
GeneXpert (-): MTB-DNA: negative, rpoB: negative. G
test revealed <37.50 pg/ml. No acid-fast bacilli, bacteria,
spores, or hyphae were found. Examination and diagnosis:
bronchitis changes.

The second tracheoscopy on 20 November 2020, indicated
bilateral bronchitis. BALF GeneXpert was negative. The BALF
was then sent for PACEseq mNGS (Hugobiotech, Beijing, China)
on a Nextseq 550 platform (Illumina). On 21 November 2020,
the mNGS result came back and showed one specific read of C.
neoformans (Figure 3a). On 23 November 2020, CrAg-LFA (titer
1:80) and fungal culture (creamy mucoid colonies with relatively
smooth edges on Sabouraud Dextrose Agar medium, initially
colorless and which appeared lavender with time after staining
using CHRMagaar color plate) revealed as positive, confirming
the mNGS detection (Figure 3b). The patient was diagnosed
with PC. The drug susceptibility results on 26 November 2020,

suggested that this strain was sensitive to voriconazole (MIC ≤

0.13), itraconazole (MIC < 0.25), fluconazole (MIC ≤ 4), and
amphotericin B (MIC < 0.5), among which voriconazole had
the lowest MIC (Table 1). Therefore, the patient was given oral
voriconazole of 400mg QD on 28 November 2020 for seven
months. On 29 June 2021, a chest CT was performed and showed
a progressive decrease in lesions of the patient (Figure 1c). The
whole treatment process was shown in Figure 4.

TABLE 1 | Drug susceptibility results of Cryptococcus neoformans.

Antibacterial agents MIC Result

Itraconazole <0.25 Sensitive

Voriconazole ≤0.13 Sensitive

Amphotericin B <0.5 Sensitive

5-Fluorocytosine <4 Sensitive

Fluconazole ≤4 Sensitive

FIGURE 4 | Timeline of the reported case.
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DISCUSSION AND CONCLUSIONS

C. neoformans is widely distributed in soil and bird feces
and can cause lung infection by inhalation of spores (8).
Although progressively detected in immunocompetent
patients, the majority of C. neoformans infections occur in
immunocompromised patients. PC is still under-diagnosed due
to limitations in diagnostic tools and similar characteristics to
lung neoplasms and TB radiologically (2). PC with pulmonary
cavities is common in patients with hypoimmunity, but rare in
non-immunosuppressive patients (9). In this case, the patient
was not immunosuppressive and had no history of exposure to
soil or bird feces. So, PC was not first considered. Conventional
diagnostic methods for infectious or non-infectious causes failed
to identify the etiology. mNGS was then used and indicated
C. neoformans infection, which was confirmed by CrAg-LFA
(+) and fungal culture (+). After a drug susceptibility test,
the treatment was adjusted to voriconazole, and the symptoms
were relieved.

The efficiency of conventional diagnostic methods is not
satisfactory, and the high misdiagnosis rate of PC in China
has been described (10). Lung biopsy is the gold standard for
the diagnosis of pulmonary cryptococcosis, but the patients will
suffer from a lot of pain and have the risk of complications
from puncture. Currently, CrAg-LFA has been widely applied
for the diagnosis of cryptococcosis with relatively high sensitivity
and specificity (11). However, it needs a prior hypothesis of
the pathogen, which is difficult in this case. The mNGS was
first applied in the clinical diagnosis of infections in 2014 (12).
This approach is culture-independent and can rapidly detect
almost all known microbes (including bacteria, viruses, fungi,
and parasites) in one run (13). The mNGS displays significant
advantages in detecting various infections, including PC (14–16).
In this study, BALF-mNGS successfully detected the pathogen
as C. neoformans, which was confirmed by fungal culture and
CrAg-LFA test. Lung biopsy has been avoided.

There were some limitations to this case report. The etiology
of PC in this patient is unclear. The patient is a high school
student with normal immune function and lives in a simple
and clean environment. He declared no history of exposure
to soil and bird feces. The source of C. neoformans infection
remains unknown. CT revealed right pulmonary cavities lesions
in this case, which are common in patients with tuberculosis,
lung cancer, lung abscess, and mycosis (17). PC with pulmonary
cavities in patients with normal immune function is rare. More
samples are needed to explore the etiology of PC in patients
with normal immune function. Besides, mNGS was not first
considered in this case. The main reason is that the cost of

mNGS is significantly higher than that of conventional diagnostic
methods. However, it shortened the time of diagnosis in this
patient, so that a guided accurate medication reduced the risk
of disease progression. The length of hospital stay has also been
shortened, reducing the economic burden on the patient. Thus,
mNGS should be applied as quickly as possible, especially for
patients with severe infections for an unknown reason.

Voriconazole, itraconazole, and amphotericin B are
commonly recommended for the treatment of cryptococcal
diseases (18). In this case, the antibiotic susceptibility test also
suggested that the strain was most sensitive to voriconazole.
After 7 months of treatment using voriconazole, the conditions
of the patient improved. Regular follow-up continued due to his
extensive lesions.

In conclusion, this case has led to a new contemplation of
immune-competent PC patients with vague clinical symptoms.
mNGS may be a potential diagnostic method for patients
with PC.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found at: https://ngdc.cncb.ac.
cn/, PRJCA009558.

ETHICS STATEMENT

This study was approved by the Ethical Review Committee of
Foshan Fourth People’s Hospital. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

YingyZ and XZ designed and drafted the paper. YingyZ,
WW, YingxZ, SZ, and XZ are involved in the clinical
care and management of the patient. HX analyzed the
mNGS data. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects of
the work.

ACKNOWLEDGMENTS

Thanks to Hugobiotech Co. Ltd. for its assistance, and thanks
to Prof. Zhang Xilin for his guidance in case diagnosis
and treatment.

REFERENCES

1. Gu W, Miller S, Chiu CY. Clinical metagenomic next-generation

sequencing for pathogen detection. Annu Rev Pathol. (2019)

14:319–38. doi: 10.1146/annurev-pathmechdis-012418-012751

2. Setianingrum F, Rautemaa-Richardson R, Denning DW.

Pulmonary cryptococcosis: a review of pathobiology and clinical

aspects. Med Mycol. (2019) 57:133–50. doi: 10.1093/mmy/

myy086

3. Park BJ, Wannemuehler KA, Marston BJ, Govender N,

Pappas PG, Chiller TM. Estimation of the current global

burden of cryptococcal meningitis among persons living with

HIV/AIDS. AIDS. (2009) 23:525–30. doi: 10.1097/QAD.0b013e3283

22ffac

Frontiers in Public Health | www.frontiersin.org 5 July 2022 | Volume 10 | Article 942282

https://ngdc.cncb.ac.cn/
https://ngdc.cncb.ac.cn/
https://doi.org/10.1146/annurev-pathmechdis-012418-012751
https://doi.org/10.1093/mmy/myy086
https://doi.org/10.1097/QAD.0b013e328322ffac
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhang et al. Pulmonary Cryptococcosis Diagnosed by mNGS

4. Brown GD, Denning DW, Gow NA, Levitz SM, Netea MG, White

TC. Hidden killers: human fungal infections. Sci Transl Med. (2012)

4:165rv13. doi: 10.1126/scitranslmed.3004404

5. Kashefi E, Seyedi SJ, Zomorodian K, Zare Shahrabadi Z, Zarrinfar H.

Successful treatment of pulmonary aspergillosis due to Aspergillus fumigatus

in a child affected by systemic lupus erythematosus: a case report from

Northeastern Iran. Clin Case Rep. (2021) 9:e04248. doi: 10.1002/ccr3.4248

6. Izadi M, Jonaidi Jafari N, Sadraei J, Mahmoodzadeh Poornaki A, Rezavand B,

Zarrinfar H, et al. The prevalence of Pneumocystis jiroveci in bronchoalveolar

lavage specimens of lung transplant recipients examined by the nested PCR.

Jundishapur J Microbiol. (2014) 7:e13518. doi: 10.5812/jjm.13518

7. Scurek M, Pokojova E, Doubkova M, Brat K. Allergic bronchopulmonary

candidiasis: a review of the literature and a case report. BMCPulmMed. (2022)

22:132. doi: 10.1186/s12890-022-01921-3

8. Chang CC, Sorrell TC, Chen SC. Pulmonary cryptococcosis. Semin Respir Crit

Care Med. (2015) 36:681–91. doi: 10.1055/s-0035-1562895

9. Perfect JR, Dismukes WE, Dromer F, Goldman DL, Graybill JR, Hamill RJ,

et al. Clinical practice guidelines for the management of cryptococcal disease:

2010 update by the infectious diseases society of America. Clin Infect Dis.

(2010) 50:291–322. doi: 10.1086/649858

10. Zhang Y, Li N, Zhang Y, Li H, Chen X, Wang S, et al. Clinical analysis of 76

patients pathologically diagnosed with pulmonary cryptococcosis. Eur Respir

J. (2012) 40:1191–200. doi: 10.1183/09031936.00168011

11. Boulware DR, Rolfes MA, Rajasingham R, von Hohenberg M, Qin Z, Taseera

K, et al. Multisite validation of cryptococcal antigen lateral flow assay and

quantification by laser thermal contrast. Emerg Infect Dis. (2014) 20:45–

53. doi: 10.3201/eid2001.130906

12. Wilson MR, Naccache SN, Samayoa E, Biagtan M, Bashir H, Yu G, et al.

Actionable diagnosis of neuroleptospirosis by next-generation sequencing. N

Engl J Med. (2014) 370:2408–17. doi: 10.1056/NEJMoa1401268

13. Chen Y, Feng W, Ye K, Guo L, Xia H, Guan Y, et al. Application of

metagenomic next-generation sequencing in the diagnosis of pulmonary

infectious pathogens from bronchoalveolar lavage samples. Front Cell Infect

Microbiol. (2021) 11:541092. doi: 10.3389/fcimb.2021.541092

14. Sun H, Wang F, Zhang M, Xu X, Li M, Gao W, et al. Diagnostic value

of bronchoalveolar lavage fluid metagenomic next-generation sequencing in

Pneumocystis jirovecii pneumonia in non-HIV immunosuppressed patients.

Front Cell Infect Microbiol. (2022) 12:872813. doi: 10.3389/fcimb.2022.872813

15. Gu W, Deng X, Lee M, Sucu YD, Arevalo S, Stryke D, et al. Rapid pathogen

detection bymetagenomic next-generation sequencing of infected body fluids.

Nat Med. (2021) 27:115–24. doi: 10.1038/s41591-020-1105-z

16. Gan Z, Liu J, Wang Y, Yang L, Lou Z, Xia H, et al. Performance of

metagenomic next-generation sequencing for the diagnosis of cryptococcal

meningitis in HIV-negative patients. Front Cell Infect Microbiol. (2022)

12:831959. doi: 10.3389/fcimb.2022.831959

17. Gadkowski LB, Stout JE. Cavitary pulmonary disease. Clin Microbiol Rev.

(2008) 21:305–33. doi: 10.1128/CMR.00060-07

18. Saag MS, Graybill RJ, Larsen RA, Pappas PG, Perfect JR, Powderly WG,

et al. Practice guidelines for the management of cryptococcal disease.

Infectious Diseases Society of America. Clin Infect Dis. (2000) 30:710–

8. doi: 10.1086/313757

Conflict of Interest:HX was employed by Hugobiotech Co., Ltd.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhang,Wang, Zhang, Zhai, Xia and Zhang. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 6 July 2022 | Volume 10 | Article 942282

https://doi.org/10.1126/scitranslmed.3004404
https://doi.org/10.1002/ccr3.4248
https://doi.org/10.5812/jjm.13518
https://doi.org/10.1186/s12890-022-01921-3
https://doi.org/10.1055/s-0035-1562895
https://doi.org/10.1086/649858
https://doi.org/10.1183/09031936.00168011
https://doi.org/10.3201/eid2001.130906
https://doi.org/10.1056/NEJMoa1401268
https://doi.org/10.3389/fcimb.2021.541092
https://doi.org/10.3389/fcimb.2022.872813
https://doi.org/10.1038/s41591-020-1105-z
https://doi.org/10.3389/fcimb.2022.831959
https://doi.org/10.1128/CMR.00060-07
https://doi.org/10.1086/313757~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Pulmonary Cryptococcosis Diagnosed by Metagenomic Next-Generation Sequencing in a Young Patient With Normal Immune Function: A Case Report
	Background
	Case Presentation
	Discussion and Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


