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Abstract
Background: Cryptococcal meningitis (CM) has a high morbidity and mortality due to the low detection of Cryptococcus in cerebrospinal fluid (CSF) during the early stage of the disease with traditional methods.
Case presentation: In addition to the traditional methods of India ink staining and cryptococcal antigen (CrAg),
we used nanopore sequencing and next-generation sequencing (NGS) to detect pathogenic DNA in CSF samples of
three patients with CM. The CSF samples of all three patients were positive by India ink staining and CrAg. NGS also
detected Cryptococcus in all three CSF samples. Nanopore sequencing detected Cryptococcus in two CSF samples.
Conclusion: Nanopore sequencing may be useful in assisting with the clinical diagnosis of CM. Further research is
needed to determine the sensitivity and specificity of nanopore sequencing of CSF.
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Background
Cryptococcal meningitis (CM) is an opportunistic infectious disease of the central nervous system (CNS) with
high morbidity and mortality [1]. CM shows nonspecific
symptoms, such as headache, fever, vomiting, seizures,
and focal neurological deficits [2, 3]. With an increase
in the number of immunocompromised patients with
Human Immunodeficiency Virus (HIV), cirrhosis and
malignancies, CM has become a public health hazard
[1–5]. However, CM culture is either time-consuming
or lacks sensitivity, while the detection of cryptococcal
antigen (CrAg) can produce false negative results [3, 4].
Therefore, a fast and highly efficient method of diagnosis
is needed.
Molecular biological methods can detect and identify pathogens rapidly and accurately without requiring culture. Polymerase chain reaction (PCR) is used in
the clinical diagnosis of microbes but is limited by DNA
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fragment quantity. Therefore, metagenomic sequencing
was used. The pathogen-positive rate of next-generation
sequencing (NGS) was 28.34% in the CSF of patients
with CNS infections [5–8]. In addition, Cryptococcus
has a large genome. As a result, NGS has poor specificity in the detection of Cryptococcus, since it can only
produce short reads with satisfactory sensitivity. In contrast, nanopore sequencing has the ability to generate
long reads and real-time sequencing. Therefore, nanopore sequencing has better specificity than NGS [10,
11, 13–17]. However, the clinical application of nanopore sequencing is currently limited and further study is
needed.

Case presentation
Patients

This study was conducted in the People’s Hospital of
Zhengzhou University. The CSF samples were collected
from three patients who provided signed informed consent and stored at − 80 °C from three patients who provided signed informed consent. The samples were only
used for this study.
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DNA sequencing
NGS

DNA was extracted from the samples with the TIANamp micro DNA kit (DP316, TIANGEN BIOTECH)
and sonicated to a size of 150 bp. The DNA libraries
were constructed through end repair, adapter ligation,
PCR amplification, and sequencing on the BGISEQ-50/
MGISEQ-2000 platform. High-quality sequencing data
were generated by removing short (< 35 bp), low-quality and human sequence data. The remaining data were
aligned to four microbial genome databases.
Nanopore sequencing

DNA was extracted by a QIAamp DNA mini kit (QIAGEN 51,304, Valencia, CA, USA). The DNA libraries were constructed using a rapid PCR barcoding kit
(SQK-RPB004) and sequenced on Flow Cell R9.4 or R9.5
of a MinION platform. The sequencing data were basecalled in fast5 files and demultiplexed in fastq files. After
removing the short and low-quality reads, the reads were
aligned with the microorganism genome database. Spe-

the meninges. CSF tests revealed elevated intracranial
pressure (345–400 mmHg) and increased white blood
cell (WBC) counts (1–343 × 106/L). All three patients
were positive by CSF India ink staining and CSF CrAg
detection but negative by CSF culture (Tables 1 and 2).
Magnetic resonance imaging (MRI) showed increased
meningeal enhancement in all three cases (Fig. 1).
Nanopore sequencing detected Cryptococcus in two
CSF samples (I and II) and NGS detected Cryptococcus
in all three CSF samples. Nanopore sequencing produced
17,566 reads and 14,366 reads that were aligned to C.
neoformans. NGS yielded 1, 17,394 and 97,979 reads that
were aligned to C. neoformans.
Treatment

All three patients were treated with amphotericin B, flucytosine and fluconazole for 31–46 days, and the symptoms gradually improved. Thereafter, the patients were
discharged and continued 12 weeks of outpatient followup. The symptoms of headache and fever gradually disap-

Table 1 Clinical presentation of the three cases
Case no.

Age

Gender

I

27

Male

II

32

Female

III

60

Female

Fever

Headache

+

+

+

+

+

+

Stiff neck

+

+

Decreased
consciousness

Seizure

−

−

+

−

−

+

+

Table 2 Laboratory test results of the three cases
Case no.

I
II
III

CSF
India ink
staining

Pressure
mmHg

WBC
× 106/L

CrAg
detection

Protein g/L

ADA U/L

Glucose
g/L

CL
g/L

Culture

+

395

132

2.3

1.74

126

212

+

1.09

400

0.80

2.1

1.70

129

−

+

345

343

+

1.09

2.2

1.16

120

+

+

−

−

cies with identified reads higher than two for ONT data
were reported.

peared, and the haemogram returned to normal.

Clinical findings

Conclusions and discussion
CM is caused by inhalation of Cryptococcus from soil,
pigeon droppings and rotting vegetation [1–3]. CSF culture is the gold standard in the diagnosis of CM but is
time-consuming and has a low positive rate. The India
ink staining results are variable and dependent on the
technician [2, 4]. The detection of CrAg always shows
false negative results due to the frontal zone phenomenon [2–4]. Genetic testing has been increasingly used as

The study included one male and two female patients,
whose ages were 27, 32 and 60 years, respectively. One
patient was exposed to pigeons before the onset of
symptoms. All patients presented with headache, fever
and stiff neck after infection. One patient experienced
a seizure, while another patient had decreased level of
consciousness. Medical imaging showed invasion of
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Fig. 1. 1a and 1b are the axial enhanced T1WI of case I. 2a and 2b are the axial enhanced T1WI of case II. 3a and 3b are the axial enhanced T1WI of
case III. The MRI showed increased meningeal enhancement in all three cases

a fast and highly efficient method to diagnose CM. Nanopore sequencing, a molecular biology method, is fast and
can generate pathogen sequence information, such as
drug resistance, to guide management [10, 11, 13–17].
In this study, three patients were clinically confirmed
to have CM by positive detection using CSF culture and
India ink staining. Nanopore sequencing detected Cryptococcus in two CSF samples and NGS detected Cryptococcus in all three CSF samples. Nanopore sequencing
produced 17,566 reads and 14,366 reads that were aligned
to C. neoformans, while NGS yielded 1,17,394 and 97,979
reads that were aligned to C. neoformans. The reads produced by nanopore sequencing were much longer than
those produced by NGS. Thus, nanopore sequencing can
sequence repetitive regions and structural variants, and
provide comprehensive genomic information, such as the
phenotype of antimicrobial resistance-encoding genes to
help clinicians optimize the selection of antifungal agents
for treatment (11, 12, 14, 18, 19).
This study was limited by the small sample size, and it
is uncertain whether nanopore sequencing can increase
the positive rate of pathogen detection. Therefore, further studies are needed.
Nanopore sequencing with improvements in accuracy
could change the diagnosis of infection in the future.
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