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Purpose: This study leveraged CSF metagenomic next-generation sequencing (mNGS) to bridge this knowledge gap and elucidate 
the microbiota spectrum of CNS infections.
Patients and Methods: We retrospectively analyzed CSF mNGS reports and clinical data from 264 patients with suspected CNS 
infections, who were enrolled from September 2019 to November 2023.
Results: According to diagnostic criteria, 145 patients were diagnosed with CNS infections, including bacterial (27 cases, 18.6%), 
Mycobacterium tuberculosis (30, 20.7%), fungal (23, 15.9%), and viral (65, 44.8%) infections. The mNGS positive detection rate was 
46.2% (67/145), with significant differences among groups (p < 0.001). A total of 22 pathogens were identified, most commonly 
Cryptococcus neoformans (16, 23.9%), Mycobacterium tuberculosis (10, 14.9%), and Epstein-Barr virus (9, 13.4%). The most 
frequent background microorganisms detected by mNGS were Cutibacterium acnes (58.6%), Moraxella osloensis (29.0%), and 
Malassezia restricta (26.2%).
Conclusion: High-throughput sequencing using mNGS revealed the microbial compositions in CSF samples from patients with CNS 
infections. This approach may enhance our understanding of pathogens and assist clinicians in making effective therapeutic decisions.
Keywords: central nervous system infection, microbiota, metagenomic next-generation sequencing, cerebrospinal fluid

Introduction
Central nervous system (CNS) infections, such as meningitis, encephalitis, and brain abscesses, are severe diseases with 
high disability and mortality rates. These infections primarily include viral encephalitis and meningitis, tuberculous 
meningitis (TBM), bacterial meningitis, and fungal meningitis. Patients often present with symptoms such as fever, 
headache, vomiting, neck stiffness, altered consciousness, and convulsions.1 The overlapping clinical phenotypes and 
cerebrospinal fluid (CSF) findings—such as increased intracranial pressure, elevated WBC count, and abnormal glucose 
and protein levels—make it challenging to diagnose the specific etiology of CNS infections using traditional methods. 
Moreover, previous epidemiological studies have shown that approximately 50% of patients with CNS infections do not 
receive a definitive diagnosis.2–5 Research on the microbiota of intracranial infections is limited, with existing reports 
mainly focusing on specific pathogens. Conventional diagnostic techniques often reveal only ‘the tip of the metagenomic 
iceberg”, leading to inappropriate antibiotic therapies. Therefore, it is crucial to explore the full microbial spectrum 
present in intracranial infections to improve diagnostic accuracy and treatment efficacy.
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Metagenomic next-generation sequencing (mNGS) offers a hypothesis-free approach to detect a wide array of 
pathogens, including bacteria, fungi, viruses, and parasites. This method can identify pathogens that may not be initially 
considered by neurologists due to their rarity, lack of association with known clinical manifestations, or recent discovery 
as new organisms.6–8 Additionally, mNGS is less impacted by prior antibiotic exposure.9,10 However, most existing data 
on the epidemiology of CNS infections focus on specific pathogen types.11,12 There is currently a lack of research on the 
application of mNGS for analyzing the microbiota involved in CNS infections. To address this gap, we conducted 
a retrospective study to gain a more comprehensive understanding of the etiology of CNS infections using mNGS.

Materials and Methods
Subjects
For this retrospective study, we enrolled 264 consecutive cases with suspected CNS infections from the First Affiliated 
Hospital of Fujian Medical University between September 2019 and November 2023. We based the clinical criteria for 
CNS infections on the diagnostic guidelines for meningitis, encephalitis, meningoencephalitis, and meningomyelitis, as 
reported in previous studies. These criteria included symptoms such as fever, headache, seizures, altered consciousness, 
signs of meningeal irritation, and new onset of focal neurological findings.13,14

Two clinicians independently assessed all clinical information for the final diagnosis. We excluded cases with 
autoimmune neurological diseases, epilepsy, cerebrovascular disease, intracranial tumors, other non-infectious neurolo
gical diseases, CNS infections with special pathogens (such as Creutzfeldt-Jakob disease or neurosyphilis), non- 
neurological diseases, and diseases with unknown diagnoses. Out of the 264 patients, we selected 145 eligible individuals 
with confirmed CNS infections for further analysis. We divided these patients into four groups: bacterial infections of the 
CNS (n = 27), tuberculosis infections of the CNS (n = 30), fungal infections of the CNS (n = 23), and viral infections of 
the CNS (n = 65). Figure 1 illustrates the study enrollment flow chart. We obtained informed consent from all enrolled 
patients, and the protocol received approval from the Ethics Committee of the First Affiliated Hospital of Fujian Medical 
University.

CSF Sampling and Routine Testing
We collected cerebrospinal fluid (CSF) via lumbar puncture following standard procedures and immediately placed it in 
sterile container. We then aliquoted the CSF samples into 1.5 mL sterile Eppendorf tubes and stored them at 4 °C for 
subsequent assays. Routine CSF testing included cytology, biochemistry, bacterial and fungal smears and cultures, India 
Ink preparation, acid-fast staining, and cryptococcal antigen (CrAg) testing. These tests were performed at the Laboratory 
Medicine Center of the First Affiliated Hospital of Fujian Medical University. We strictly adhered to sterile protocols 
during specimen collection and transportation. We transported a total of 264 CSF samples to the Beijing Genomics 

Figure 1 Flowchart of study enrollment.
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Institute (BGI, Beijing, China) at 4 °C for mNGS analysis. Throughout the mNGS process, the researchers were blinded 
to all clinical information, including laboratory results and final clinical diagnoses.

Conventional Microbiological Techniques
For bacterial and fungal culture, samples were inoculated onto blood, chocolate, and Sabouraud agar plates. They were 
incubated under appropriate atmospheric conditions (eg, 37°C, 5% CO2). Isolated colonies were identified using matrix- 
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) or standard biochemical tests. 
For cryptococcal antigen (CrAg) testing, CSF samples were analyzed using the Latex Cryptococcus Antigen Detection 
System (IMMY Norman, USA) according to manufacturer protocols. Each sample was independently analyzed by two 
trained technicians with validated concordance. Results were reported semi-quantitatively as titre levels.

Metagenomics Next-Generation Sequencing Detection
We added 600 μL of CSF samples to 7.2 μL of Lyticase (RT410-TA, TIANGEN BIOTECH, Beijing, China) to facilitate 
enzyme wall breaking. Subsequently, we added 250 μL of 0.5 mm glass beads for physical wall disruption. After 
thorough mixing and shaking, we extracted 300 μL of the samples using the TIANamp Micro DNA Kit (DP316, 
TIANGEN BIOTECH, Beijing, China).7 We processed the extracted nucleic acid through enzyme digestion, terminal 
repair, splicing, and PCR reaction to construct the library. We used the Agilent 2100 Bioanalyzer to ensure the library 
fragments were approximately 300 bp in size. Using the Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific Inc)., we 
measured the DNA library concentration controlled and pooled the constructed library samples to ensure uniform quality 
based on concentration. After pooling, we cycled the library mixture to form a unit chain ring structure and generated 
DNB nanospheres through rolling circle amplification (RCA). We then loaded the prepared DNB nanospheres into the 
sequencing chip and performed sequencing using the BGISEQ-50/MGISEQ-2000 platforms.8 We first removed low- 
quality sequences from the sequencing data after unloading the sequencing data to obtain high-quality data. We used the 
BWA tool (bio-bwa.sourceforge.net/) to eliminate reference genomic sequences from the high-quality data.9 After 
excluding low-complexity reads, we compared the remaining data against the BTU PMDB pathogen database, which 
includes 6350 bacteria, 1064 fungi, 4945 viruses, and 234 parasites. This comparison allowed us to determine the 
sequence counts and identify potential pathogens based on these counts and other clinical tests. We considered 
microorganisms to be credible if they met the following criteria: For bacteria (excluding Mycobacterium tuberculosis 
(MTB)), fungi, DNA viruses, and parasites, the microbe had a minimum of three non-redundant mapped reads per 
10 million raw sequence reads. For RNA viruses and MTB, due to the difficulty of detection, we reported the samples as 
positive when at least one specific, high-quality sequence was identified.

Statistics Analysis
We expressed continuous variables with normal distributions as mean ± SD, while we presented continuous variables 
with non-normal distributions as medians and interquartile ranges (IQRs). We expressed categorical variables as counts 
(no.) and percentages (%). We evaluated differences in continuous variables using analysis of variance (ANOVA) for 
Gaussian distributions and the Mann–Whitney or Kruskal–Wallis tests for non-Gaussian distributions. We performed 
statistical analyses using GraphPad Prism software (version 8.0) and SPSS 26.0 software (IBM Corp, Armonk, NY, 
United States). We considered a P value < 0.05 statistically significant, without adjusting for multiple testing.

Results
Sample and Patient Characteristics
Between September 2019 and November 2023, we collected CSF samples from 264 patients with suspected CNS 
infections for mNGS detection (Figure 1). We excluded 119 samples that were not consistent with CNS infections, 
including 48 cases with autoimmune neurological diseases, 13 cases with epilepsy, 12 cases with cerebrovascular disease, 
12 cases of intracranial tumors, 5 cases of Creutzfeldt-Jakob disease, 1 case of neurosyphilis, 12 cases of other non- 
infectious neurological diseases, 10 cases of non-neurological diseases, and 6 cases with unknown causes (Figure 1). We 
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finally enrolled 145 samples confirmed as CNS infections, comprising 27 cases of bacterial infections (18.62%), 30 cases 
of TBM (20.69%), 23 cases of fungal infections (15.86%), and 65 cases of viral infections (44.83%) (Figure 2A).

Table 1 presents the demographic characteristics of the patients with CNS infections in this study. Of the patients, 
70.34% were male, with an average age of 51 years, ranging from 14 to 88 years. The primary neurological symptoms 
observed were fever (105/145, 72.41%), headache (96/145, 66.21%), vomiting (55/145, 37.93%), altered consciousness 
(60/145, 41.38%), neck stiffness (89/145, 61.38%), and convulsions (34/145, 23.45%). Fever was the most prevalent 
symptom among the subjects in this study. Statistically significant differences were noted in the occurrence of headache 
(p = 0.007), neck stiffness (p = 0.018), and convulsions (p = 0.039) among the groups. Furthermore, there were 
significant differences in intracranial pressure increases among the groups, with the bacterial infection group exhibiting 
the most substantial increase.

Laboratory tests of CSF showed significant variations across the groups in white blood cell count, mononuclear cell 
percentage, protein, and glucose levels (p < 0.01). Specifically, the bacterial infection group had notably higher white 
blood cell and protein counts compared to the other groups, while glucose levels were lower. Additionally, the bacterial 
infection group had a significantly lower mononuclear cell count compared to the other groups. Previous medical 
histories included diabetes mellitus, immunosuppression, cancer, rheumatic disease, and the use of glucocorticoids or 
immunosuppressants. However, the differences in these conditions among the groups were not statistically significant.

Figure 2 Results of the metagenomic next-generation sequencing. (A) Distribution of different types of microbial infections. (B) Positivity rates of mNGS in different 
infectious groups. (C) Frequencies for 22 different species of pathogens detected in different infectious groups. (D) Read numbers of mNGS detected in different infectious 
groups. 
Note: *p<0.05; **p<0.01; ****p<0.0001.
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Microbial Spectrum Detected by mNGS in CNS Infections
The overall positive rate of mNGS for detecting CNS infections in the enrolled patients was 46.21% (67/145). The 
detection rates of pathogens by mNGS varied significantly among infection groups (p < 0.001). The bacterial infection 
group had the highest positive rate at 81.48% (22/27), while the viral infection group and the tuberculosis infection group 
had lower detection rates at 29.23% (19/65) and 33.33% (10/30), respectively. The fungal infection group had a detection 
rate of 69.57% (17/23) (Figure 2B).

mNGS identified a total of 22 different pathogen species in CNS infections (Figure 2C). In the bacterial infection 
group, the primary pathogens were Klebsiella pneumoniae (6 cases), Streptococcus pneumoniae (4 cases), Nocardia (3 
cases), Listeria monocytogenes (2 cases), and Streptococcus suis (2 cases). Other pathogens included Haemophilus 
influenzae, Brucella melitensis, and Pseudomonas aeruginosa, each identified in one case. Additionally, one case 
involved a mixed infection with Streptococcus constellatus and Bacteroides fragilis. In the TBM group, MTB was 
detected in 10 cases.

In the fungal infection group, mNGS predominantly identified Cryptococcus neoformans (C. neoformans) (69.57%, 
16/23 cases), with only one case of Aspergillus detected. In the viral infection group, the main pathogens included 
Epstein-Barr virus (EBV) (9 cases), varicella-zoster virus (VZV) (4 cases), herpes simplex virus type 1 (HSV-1) (3 
cases), human cytomegalovirus (HCMV) (1 case), Torque teno virus (TTV) (1 case), and a mixed infection involving 
HCMV, Human herpesvirus 1 (HHV-1), and human polyomavirus (HPyVs) (1 case). Notably, EBV was also detected in 
10 cases in the non-infection group (Figure 3A).

Based on mNGS results, we categorized the pathogens in the bacterial group into Gram-positive bacteria and Gram- 
negative bacteria. We compared the read numbers for the TBM group with those of other infection groups (Figure 2D and 
Table 2). The read numbers for MTB (11.5, range 1–368) were significantly lower than those for Gram-positive bacteria 

Table 1 Clinical Characteristics and CSF Laboratory Examinations of the Enrolled Cases

CNS Infections 
(n=145)

Bacterial 
Infections of 
CNS (n=27)

TBM (n=30) Fungal 
Infections of 
CNS (n=23)

Viral Infections 
of CNS (n=65)

p Value

Gender, (%) 0.641

Male 102 (70.34) 18 (66.67) 19 (63.33) 15 (65.22) 50 (76.92)

Female 43 (29.66) 9 (33.33) 11 (36.67) 8 (34.78) 15 (23.08)

Age (range) 51 (14–88) 54 (25–81) 51 (21–73) 54 (21–77) 48 (14–88) 0.381

Clinical Manifestation, n (%)

Fever 105 (72.41) 22 (81.48) 22 (73.33) 15 (65.22) 46 (70.77) 0.771

Headache 96 (66.21) 14 (51.85) 24 (80.00) 21 (91.30) 37 (56.92) 0.007

Vomiting 55 (37.93) 16 (59.26) 12 (40.00) 9 (39.13) 18 (27.69) 0.085

Disturbance of consciousness 60 (41.38) 15 (55.56) 11 (36.67) 4 (17.39) 30 (46.15) 0.073

Neck stiffness 89 (61.38) 21 (77.78) 22 (73.33) 16 (69.57) 30 (46.15) 0.018

Convulsions 34 (23.45) 5 (18.52) 4 (13.33) 2 (8.70) 23 (35.38) 0.039

CSF laboratory test, median (range)

Intracranial pressure (mmH2O) 160 (30–330) 200 (60–330) 160 (50–330) 175 (60–330) 150 (30–330) 0.018

CSF WBC (*106/L) 87 (1–433373) 472 (1–433373) 116 (37–1061) 102 (18–325) 19 (1–398) < 0.001

Monocyte ratio (%) 86.75 (6.8–100) 43.9 (6.8–100) 86.6 (34.7–100) 86.8 (59.5–100) 92.3 (7.1–100) < 0.001

CSF Protein (g/L) 0.81 (0.1–24.49) 1.535 (0.1–24.49) 1.07 (0.52–3.63) 0.8 (0.16–3.91) 0.58 (0.22–2.23) < 0.001

CSF glucose (mmol/L) 2.75 (0.05–11.43) 2.1 (0.05–11.43) 2.2 (0.9–3.1) 2.18 (0.49–8.22) 3.53 (1.91–8.57) < 0.001

Empirical anti-infective drugs, n (%) 77 (53.10) 16 (59.26) 14 (46.67) 10 (43.48) 37 (56.92) < 0.001

Diabetes, n (%) 19 (13.10) 6 (22.22) 3 (10.00) 3 (13.04) 7 (10.77) 0.674

Immunosuppressive state, n (%)

Malignant tumor 7 (4.83) 4 (14.81) 0 (0.00) 0 (0.00) 2 (3.08) 0.073

Rheumatic disease 11 (7.59) 3 (11.11) 1 (3.33) 4 (17.39) 3 (4.62) 0.072

Glucocorticoids 28 (19.31) 4 (14.81) 9 (30.00) 5 (21.74) 11 (16.92) 0.734

Immunosuppressor 9 (6.21) 3 (11.11) 1 (3.33) 3 (13.04) 2 (3.08) 0.130
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(113.5, range 5–51,340), Gram-negative bacteria (208.0, range 4–9919), and fungal groups (350.0, range 2–152,863) 
(Figure 2D). However, there was no significant difference (p = 0.3619) between the TB group and the viral group (13.5, 
range 2–1701). Additionally, no significant difference (p = 0.3064) was observed in the read numbers for EBV between 
the viral infections (196.8, range 2–1701) and CNS non-infections (9.2, range 1–48) (Figure 3B and Table S1). Moreover, 

Figure 3 EBV analysis. (A) Positivity rates of EBV in different infectious groups detected by mNGS. (B) Read numbers of EBV detected in different infectious groups. 
Note: *p<0.05; **p<0.01.

Table 2 Reads of Positive mNGS Cases

Species Read Number

G+ bacteria Streptococcus pneumoniae 1803

5

98
443

Nocardia terpenica 386

69
Nocardia cyriacigeorgica 6

Listeria monocytogenes 109

118

(Continued)
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Table 2 (Continued). 

Species Read Number

Streptococcus suis 51340

9512
Streptococcus constellatus 26

Saphylococcus aureus 74

G- bacteria Klebsiella pneumoniae 9919
70

225

224
392

208

Pseudomonas aeruginosa 69
Haemophilus influenzae 4

Bacteroides fragilis 215

Brucella melitensis 45
Acid-fast M. tuberculosis 4

12

16
1

117
16

1

11
4

368

Fungi C. neoformans 2071
98

49,101

26
730

8146

9329
6950

350

122
9

152,863

2
4312

106

262
Aspergillus sydowii 4

Viruses EBV

3
13

2

14
12

1701

17
6

(Continued)
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conventional methods detected pathogens at a positive rate of 13.10% (19/145), which was significantly lower than that 
of mNGS. This included bacterial smears (3/27, 11.11%) and cultures (4/27, 14.81%) in the bacterial group, RT-PCR (2/ 
17, 11.76%) and Xpert MTB/RIF (1/15, 6.67%) in the TBM group, and India Ink (14/20, 70.00%) and CrAg testing (16/ 
18, 88.89%) in Cryptococcus infections.

Background Microbiological Analysis of mNGS Assays
Bacteria and fungi were the most frequently detected background microorganisms by mNGS (Table 3). The top 10 
microorganisms, listed in descending order of detection rates, were: Cutibacterium acnes (85 cases, 58.62%), Moraxella 

Table 2 (Continued). 

Species Read Number

HSV1 781

358
79

651

VZV 37
320

3

CMV 3
10

HHV-1 3

HPyV 2
TTV 8

Abbreviations: G+ bacteria, Gram-positive bacteria; G- bacteria, Gram-negative 
bacteria; M. tuberculosis, Mycobacterium tuberculosis; C.neoformans, Cryptococcus neo
formans; EBV, Epstein-Barr virus; HSV1, herpes simplex virus type 1; VZV, varicella- 
zoster virus; CMV, cytomegalovirus; HHV-1, Human herpesvirus 1; HPyV, human 
polyomaviruse; TTV, Torque teno virus.

Table 3 The Cases of Background Microorganisms

Genus Cases Species Cases

G+ bacteria Cutibacterium 88 Cutibacterium acnes 85
G+ bacteria Staphylococcus 69 Staphylococcus epidermidis 41

Staphylococcus hominis 38

Staphylococcus haemolyticus 5
Corynebacterium aurimucosum 5

G+ bacteria Bacillus 13 Bacillus coagulans 1

Bacillus cereus complex 1
G+ bacteria Streptococcus 6 Streptococcus pneumoniae 2

Streptococcus mitis 1
Streptococcus oralis 1

Streptococcus mutans 1

G- bacteria Acinetobacter 49 Acinetobacter johnsonii 22
Acinetobacter junii 19

Acinetobacter guillouiae 12

Acinetobacter lwoffii 7
G- bacteria Moraxella 44 Moraxella osloensis 42

Moraxella atlantae 2

G- bacteria Alcaligenes 29 Alcaligenes faecalis 28

(Continued)
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osloensis (42 cases, 28.97%), Staphylococcus epidermidis (41 cases, 28.28%), Staphylococcus hominis (38 cases, 
26.21%), Malassezia restricta (38 cases, 26.21%), Alcaligenes faecalis (28 cases, 19.31%), Acinetobacter johnsonii 
(22 cases, 15.17%), Acinetobacter junii (19 cases, 13.10%), Acinetobacter guillouiae (12 cases, 8.28%), and Malassezia 
globosa (11 cases, 7.59%) (Figure 4A). The most common Gram-positive and Gram-negative bacteria were 
Cutibacterium acnes (58.62%) and Moraxella osloensis (28.97%), respectively. The most common fungus was 
Malassezia globosa (26.21%). Interestingly, the background bacteria detected in the non-infection group were largely 
consistent with those found in the infection group. These included Cutibacterium acnes (90 cases, 75.63%), Alcaligenes 
faecalis (52 cases, 43.70%), Malassezia restricta (50 cases, 42.02%), Staphylococcus hominis (45 cases, 37.82%), 
Moraxella osloensis (38 cases, 31.93%), Acinetobacter junii (30 cases, 25.21%), Staphylococcus epidermidis (28 

Table 3 (Continued). 

Genus Cases Species Cases

G- bacteria Pseudomonas 16 Pseudomonas stutzeri 10

Pseudomonas oleovorans 3
Pseudomonas fluorescens 2

Pseudomonas otitidis 1

Pseudomonas monteilii 1
Pseudomonas mosselii 1

G- bacteria Xanthomonas 6 Xanthomonas fragariae 3

Xanthomonas campestris 3
G- bacteria Serratia 5 Serratia marcescens 5

G- bacteria Chryseobacteriu 5 Chryseobacterium haifense 4

G- bacteria Acidovorax 4 Acidovorax delafieldii 4
Fugus Malassezia 58 Malassezia restricta 38

Malassezia globosa 11

Fugus Aspergillus 5 Aspergillus sydowii 4
Fugus Cladosporium 5 Cladosporium sphaerospermum 5

Figure 4 CSF background microbiota analyzed by mNGS. (A and B) Distribution of the background bacteria detected in the CNS infections group (A) and the CNS non- 
infections group(B).
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cases, 23.53%), Malassezia globosa (27 cases, 22.69%), Pseudomonas stutzeri (26 cases, 21.85%), and Acinetobacter 
johnsonii (12 cases, 10.08%) (Figure 4B).

Discussion
Intracranial infections are common among nervous system disorders. Historically, limitations in detection technology 
have prevented the identification of pathogens in approximately 50% of patients with these infections.2–4 This gap has 
hindered a comprehensive understanding of the range of pathogens associated with intracranial infections. mNGS offers 
advantages over traditional methods for detecting systemic infectious diseases, such as pulmonary and bloodstream 
infections. It delivers faster results, can simultaneously detect a broad spectrum of pathogens—including rare ones—and 
can identify co-infections.7 In our research, we used mNGS to identify pathogens in CSF, thereby gaining valuable 
insights into the microbial spectrum of intracranial infections. In our study, for bacterial infections, mNGS identified 22 
cases, while culture detected only 3 cases. In TBM, mNGS detected 10 cases, whereas culture yielded no positive results 
(0 cases). For fungal infections, mNGS identified 17 cases, and culture detected 12 cases. The data highlights the superior 
sensitivity of mNGS in detecting bacterial and TBM cases compared to culture, while both methods showed relatively 
closer performance in fungal infection detection (Figure S1).

Bacterial meningitis manifests as a time-critical neurological emergency where delayed pathogen identification 
correlates with increased mortality and irreversible sequelae. Mortality rates approach 30% in untreated cases and 
remain substantial (10–30%) despite antibiotic therapy.15 Failure to diagnose the pathogen promptly and accurately 
can lead to poor prognosis and high mortality rates. Long-term complications affect up to 50% of survivors of bacterial 
meningitis.15 Timely identification, rapid testing, and immediate administration of antibiotics are critical for improving 
patient outcomes in suspected cases of bacterial meningitis. Notably, between 15% and 68% of patients with bacterial 
meningitis show negative results on bacterial cultures.16,17 In our study, the culture positivity rate in patients with 
bacterial meningitis was only 14.8% (4/27), while mNGS achieved a detection rate of 81.48% (22/27) for bacterial 
intracranial infections, excluding tuberculous infections. As presented in the Table S2, among the cases, 3 were 
concordant positive and 5 were concordant negative. Notably, 19 cases were mNGS positive but culture negative. This 
finding demonstrates the higher sensitivity of mNGS for detecting bacterial pathogens, as it identified infections not 
detected by culture. Crucially, no cases exhibited mNGS negative but culture positive results, further indicating an 
extremely low false-negative rate for mNGS in this context, consistent with multiple studies showing mNGS superiority 
over culture for bacterial detection, especially for polymicrobial infections or difficult-to-culture pathogens.18 Moreover, 
mNGS identified a variety of bacterial pathogens, including common ones such as S. pneumoniae (4 cases), 
L. monocytogenes (2 cases), and H. influenzae (1 case). These findings are consistent with previous studies that used 
either traditional methods or mNGS for pathogen detection in intracranial infections.9,16,19 Neisseria meningitis was not 
detected in our study, which may be due to a reduced incidence of this pathogen following the introduction of the 
vaccine, a trend also reported in other studies.20

Interestingly, our study found that Klebsiella pneumoniae was the most commonly detected pathogen in bacterial 
intracranial infections among patients. Traditionally, Klebsiella pneumoniae has been considered rare in community- 
acquired intracranial infections.21 However, recent research indicates an increasing prevalence of Klebsiella pneumoniae 
as a causative agent in such cases, particularly in Asia,21–23 whereas it remains infrequent in Europe. This regional 
difference may result from the higher prevalence of Klebsiella pneumoniae colonization in the intestinal tract of 
individuals in Asia.24 Serotypes K1 and K2 of Klebsiella pneumoniae have been shown to cause intracranial infections, 
with previous reports documenting Klebsiella pneumoniae invasion syndrome, liver abscesses, sepsis, brain abscesses, 
and other multi-site lesions.25,26 In some instances, these serotypes may exclusively cause central nervous system 
infections.22 The mortality rate associated with Klebsiella pneumoniae infections is significantly high if appropriate 
antibiotic therapy is not administered promptly.27

In addition to detecting common bacteria, our study identified challenging pathogens using mNGS technology. These 
included S. suis (2 cases), Nocardia (5 cases), Brucella (1 case), and mixed bacterial infections. Traditional clinical 
methods often struggle to culture Nocardia or Brucella. For complex intracranial infections involving multiple bacterial 
pathogens, mNGS technology proves beneficial in preventing diagnostic oversights and enabling timely administration of 
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appropriate antibiotic therapy. For example, our study demonstrated that mNGS successfully identified a patient with 
a mixed infection involving Streptococcus constellatus and Bacteroides fragilis, enabling timely and targeted antibiotic 
therapy. Notably, two cases of S. suis meningitis were rapidly diagnosed within three days via cerebrospinal fluid mNGS, 
despite remaining undetected by initial conventional methods. Epidemiological observations highlight that S. suis 
meningitis incidence is substantially higher in Southeast Asia compared to Europe, primarily associated with exposure 
to undercooked pork or contact of open wounds with raw pork products.28,29 One patient in this study, a pork processor, 
was presumed infected through hand wounds, while the transmission route for the second case remained undetermined.30 

Following pathogen identification and tailored treatment, both patients showed clinical improvement without developing 
typical complications such as hearing loss, endocarditis, or intraocular infections. These findings underscore the utility of 
mNGS in minimizing diagnostic oversight, especially in complex intracranial infections, and facilitating prompt, 
effective therapeutic interventions.

Our research found that MTB was the most prevalent bacterial pathogen in intracranial infections, accounting for 30 
out of 57 cases. This result aligns with findings from other studies on intracranial infections.9,16 Using mNGS, we 
detected MTB in 33.33% of cases (10 out of 30). The number of DNA sequences detected was relatively low, with an 
average of 11.5 reads per sample; most cases (40.0%, 4/10) had ≤4 reads compared to other bacteria and fungi. Previous 
studies have reported that the sensitivity of mNGS detection ranges from 59% to 84%.31–33 In contrast, traditional culture 
methods have shown lower detection rates for MTB, including AFB cultures (0%), conventional cultures (0%), MTB 
PCR (24.4%), and Xpert MTB/RIF (14.29%).32,34 MTB is an intracellular pathogen with a cell wall rich in lipids, 
particularly mycolic acid surrounding the peptidoglycan layer.35 This lipid barrier complicates DNA extraction, making 
MTB harder to detect compared to other bacteria.36 Although mNGS has enhanced the diagnosis of TBM, further 
improvements are needed, which will require advancements in mNGS technology.

In our study, mNGS identified Cryptococcus in 69.57% (16/23) of cases of intracranial fungal infections. This finding 
may be influenced by the relatively small sample size of our study. Previous research has shown that Cryptococcus is the 
predominant pathogen in intracranial fungal infections, accounting for approximately 70.1% of cases.37 Other common 
opportunistic fungi include Aspergillus, Mucor, and Candida. In this study, mNGS also detected one case of Aspergillus 
infection. Risk factors for CNS fungal infections include immunocompromised states, certain medical conditions, and 
environmental factors.38 Traditional diagnostic methods often have difficulty identifying these infections; however, 
mNGS has demonstrated potential for improving diagnostic accuracy.9,39,40 Although cryptococcal meningitis has 
declined among HIV patients globally, it still represents 19% of AIDS-related deaths.38 The incidence of non-HIV 
cryptococcal meningitis is increasing in high-income countries, likely due to greater use of immunosuppressive therapies 
and an aging population.41 The high diagnostic rate for Cryptococcus is attributed to the accuracy of the CrAg test, which 
has a sensitivity of 97.4–100% and is unaffected by antibiotic use, compared to Indian ink staining (63.0%) and culture 
tests (76.7%).40,42 However, CrAg testing can produce false positives, whereas mNGS does not. Furthermore, mNGS can 
differentiate between Cryptococcus gattii and Cryptococcus neoformans at the species level, which CrAg testing 
cannot.43 Thus, mNGS is a promising alternative for detecting fungal DNA and should be considered as a front-line 
CSF test for fungal meningitis.

In this study, CSF mNGS identified primarily EBV (9 cases), HSV-1 (4 cases), and VZV (3 cases) as pathogenic 
viruses. EBV emerged as the most common virus in CNS viral infections, which contrasts with findings from other 
studies.44 EBV is detectable in 90% of the population and can affect both immunocompromised and immunocompetent 
individuals.45,46 Typically, EBV remains latent in B lymphocytes without causing symptoms.46 Some studies regard 
detected EBV as background contamination.47,48 However, primary EBV infection or reactivation of latent EBV can lead 
to CNS disease in patients with immune deficiencies, as well as in a small number of individuals with normal immune 
function.45,46 CNS EBV infections are rare and often lack specific clinical symptoms.46 To evaluate active EBV 
replication, CSF can be tested for lytic cycle mRNA.49 Reactivation of EBV can be monitored by detecting anti-early 
antigen (EA) antibodies or immunoglobulin A (IgA) anti-viral capsid antigen (VCA) antibodies.50 The precise number of 
EBV DNA sequences in CSF required to confirm EBV as the causative agent remains unclear. In HIV-infected patients, 
the amount of EBV DNA in CSF correlates with the severity of inflammatory brain damage.51 We observed no 
significant difference in EBV DNA reads between patients with EBV-related viral infections and those without, which 
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is consistent with findings from other studies.52,53 Future evaluations of EBV infections should consider clinical 
symptoms, investigational treatments, and the detection of EBV antibodies and RNA in both CSF and serum.52

Our research identified a low positivity rate and detected limited viral DNA sequences through mNGS, consistent 
with findings from previous studies on pathogen detection. This observation likely results from the minimal amount of 
viral DNA present in CSF samples. Existing literature highlights challenges in using metagenomic analysis tools for viral 
infections with cycle threshold (CT) values ≤28.54 DNA amplification and fragment length polymorphism (DNA-AFLP) 
next-generation sequencing (VIDISCA-NGS) offers a potential solution to the problem of low viral load and may be 
a more effective method for viral metagenomic detection.44,55 Notably, the viruses identified through mNGS in our study 
were exclusively DNA viruses, with no RNA viruses detected. Several factors contribute to this outcome: limited 
submission of RNA tests for detection, the inherent fragility and instability of RNA during storage and transportation 
leading to potential molecular degradation,56 and the need for reverse transcription of RNA viruses before deep 
sequencing, which may result in reduced quantities of detectable DNA fragment.57

This study identified similar CSF background microbiota in both the CNS infections group and the non-infections 
group, including Cutibacterium acnes, Moraxella osloensis, Staphylococcus epidermidis, and Malassezia restricta etc. 
The technique employed is highly sensitive and can detect microorganisms originating from the environment, skin, or 
reagents.8 Similar background microbiota had been detected in blood and sputum samples using mNGS. These 
microorganisms may act as opportunistic pathogens, potentially leading to intracranial infections under specific clinical 
conditions. For example, Staphylococcus aureus and Staphylococcus hominis have been associated with central nervous 
system infections in patients with otitis media, sinusitis, or a history of brain surgery.58,59 Furthermore, reports suggest 
that Candida and Acinetobacter may contribute to iatrogenic intracranial infections.60,61 Immunocompromised patients 
are particularly vulnerable to infectious diseases caused by colonized microorganisms and opportunistic pathogens. 
Therefore, clinicians should exercise caution when interpreting mNGS results, taking into account the presence of 
background microorganisms. The decision to use anti-infective drugs for background bacteria should be guided by the 
patient’s medical history, imaging results, and laboratory tests of CSF.

The integration of mNGS holds transformative potential for global diagnostic paradigms, albeit with distinct 
implementation pathways across healthcare settings. In developed countries, mNGS is poised to augment critical care 
algorithms (eg, sepsis, encephalitis) by delivering pathogen-agnostic detection within 24–48 hours, potentially reducing 
unnecessary antibiotic exposure.62–64 While its high cost (3900 RMB/test) and interpretation complexities remain 
barriers, these may be offset by shortened ICU stays and targeted therapy initiation. Conversely, in resource-limited 
regions, mNGS offers strategic value in outbreak settings and for culture-negative fever syndromes, circumventing 
infrastructure gaps through centralized sequencing hubs.65 Key advantages including unbiased pathogen detection and 
resistance gene profiling must be balanced against challenges: bioinformatics dependence in high-income systems, and 
electricity/equipment stability constraints in low-income areas.

The study has several limitations. Firstly, it is a single-center, retrospective study, which introduces uncontrollable 
variables such as the timing of mNGS detection and prior anti-infective treatments. Secondly, the small sample size in 
each group, particularly in the fungal infection cohort, was inadequate. Further research with a larger number of 
participants is needed to better understand the microbiota identified in this preliminary study. Additionally, most CNS 
infection diagnoses were based on clinical findings rather than definitive pathogenic evidence, which leaves room for 
potential misclassification despite our rigorous efforts.

Conclusion
The application of mNGS to CNS infection analysis facilitates comprehensive pathogen detection across broad taxo
nomic ranges. Subsequent studies will expand our patient cohort to establish a more robust microbial atlas of intracranial 
infections, ultimately enabling enhanced diagnostic precision and deeper clinical insights mNGS analysis of CNS 
infections offers a broader pathogen detection spectrum, leading to more accurate diagnoses and deeper clinical insights.

https://doi.org/10.2147/IDR.S552138                                                                                                                                                                                                                                                                                                                                                                                                                                                                Infection and Drug Resistance 2025:18 6030

Wang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Ethics Approval
This study received ethical approval from the the institutional review board and ethics committee of the First Affiliated 
Hospital of Fujian Medical University (MRCTA, ECFAH of FMU [2024]459) and was conducted in accordance with the 
principles outlined in the Declaration of Helsinki.

Acknowledgments
The authors sincerely thank all the patients and their family members for participating in this study.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This work was supported by grants from National Natural Science Foundation of China (grant number 82171841), Joint 
Funds for the Innovation of Science and Technology, Fujian Province (2024Y9209), the Natural Science Foundation of 
Fujian Province (2024J01559).

Disclosure
The authors declare no competing interests in this work.

References
1. Granerod J, Ambrose HE, Davies NW, et al. Causes of encephalitis and differences in their clinical presentations in England: a multicentre, 

population-based prospective study. Lancet Infect Dis. 2010;10(12):835–844. doi:10.1016/S1473-3099(10)70222-X
2. Leber AL, Everhart K, Balada-Llasat J-M, et al. Multicenter evaluation of biofire filmarray meningitis/encephalitis panel for detection of bacteria, 

viruses, and yeast in cerebrospinal fluid specimens. J Clin Microbiol. 2016;54(9):2251–2261. doi:10.1128/JCM.00730-16
3. Chen J, Zhang R, Liu L, et al. Clinical usefulness of metagenomic next-generation sequencing for the diagnosis of central nervous system infection 

in people living with HIV. Int J Infect Dis. 2021;107:139–144. doi:10.1016/j.ijid.2021.04.057
4. Ramachandran PS, Wilson MR. Metagenomics for neurological infections - expanding our imagination. Nat Rev Neurol. 2020;16(10):547–556. 

doi:10.1038/s41582-020-0374-y
5. Wilson MR, Sample HA, Zorn KC, et al. Clinical metagenomic sequencing for diagnosis of meningitis and encephalitis. N Engl J Med. 2019;380 

(24):2327–2340. doi:10.1056/NEJMoa1803396
6. Goldberg B, Sichtig H, Geyer C, Ledeboer N, Weinstock GM. Making the leap from research laboratory to clinic: challenges and opportunities for 

next-generation sequencing in infectious disease diagnostics. mBio. 2015;6(6):e01888–e01815. doi:10.1128/mBio.01888-15
7. Miao Q, Ma Y, Wang Q, et al. Microbiological diagnostic performance of metagenomic next-generation sequencing when applied to clinical 

practice. Clin Infect Dis. 2018;67(suppl_2):S231–S240. doi:10.1093/cid/ciy693
8. Miller S, Naccache SN, Samayoa E, et al. Laboratory validation of a clinical metagenomic sequencing assay for pathogen detection in cerebrospinal 

fluid. Genome Res. 2019;29(5):831–842. doi:10.1101/gr.238170.118
9. Zhang S, Wu G, Shi Y, et al. Understanding etiology of community-acquired central nervous system infections using metagenomic next-generation 

sequencing. Front Cell Infect Microbiol. 2022;12:979086. doi:10.3389/fcimb.2022.979086
10. Feng L, Chen J, Luo Q, et al. mNGS facilitates the accurate diagnosis and antibiotic treatment of suspicious critical CNS infection in real practice: 

a retrospective study. Open Life Sci. 2023;18(1):20220578. doi:10.1515/biol-2022-0578
11. van Kassel MN, van Haeringen KJ, Brouwer MC, Bijlsma MW, van de Beek D. Community-acquired group B streptococcal meningitis in adults. 

J Infect. 2020;80(3):255–260. doi:10.1016/j.jinf.2019.12.002
12. van de Beek D, Brouwer MC, Koedel U, Wall EC. Community-acquired bacterial meningitis. Lancet. 2021;398(10306):1171–1183. doi:10.1016/ 

S0140-6736(21)00883-7
13. Dorsett M, Liang SY. Diagnosis and treatment of central nervous system infections in the emergency department. Emerg Med Clin North Am. 

2016;34(4):917–942. doi:10.1016/j.emc.2016.06.013
14. Yu L, Zhang Y, Zhou J, et al. Metagenomic next-generation sequencing of cell-free and whole-cell DNA in diagnosing central nervous system 

infections. Front Cell Infect Microbiol. 2022;12:951703. doi:10.3389/fcimb.2022.951703
15. Klein M, Abdel-Hadi C, Bühler R, et al. German guidelines on community-acquired acute bacterial meningitis in adults. Neurol Res Pract. 2023;5 

(1):44. doi:10.1186/s42466-023-00264-6
16. Xing X-W, Zhang J-T, Ma Y-B, et al. Metagenomic Next-generation sequencing for diagnosis of infectious encephalitis and meningitis: a large, 

prospective case series of 213 patients. Front Cell Infect Microbiol. 2020;10:88. doi:10.3389/fcimb.2020.00088

Infection and Drug Resistance 2025:18                                                                                             https://doi.org/10.2147/IDR.S552138                                                                                                                                                                                                                                                                                                                                                                                                   6031

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S1473-3099(10)70222-X
https://doi.org/10.1128/JCM.00730-16
https://doi.org/10.1016/j.ijid.2021.04.057
https://doi.org/10.1038/s41582-020-0374-y
https://doi.org/10.1056/NEJMoa1803396
https://doi.org/10.1128/mBio.01888-15
https://doi.org/10.1093/cid/ciy693
https://doi.org/10.1101/gr.238170.118
https://doi.org/10.3389/fcimb.2022.979086
https://doi.org/10.1515/biol-2022-0578
https://doi.org/10.1016/j.jinf.2019.12.002
https://doi.org/10.1016/S0140-6736(21)00883-7
https://doi.org/10.1016/S0140-6736(21)00883-7
https://doi.org/10.1016/j.emc.2016.06.013
https://doi.org/10.3389/fcimb.2022.951703
https://doi.org/10.1186/s42466-023-00264-6
https://doi.org/10.3389/fcimb.2020.00088


17. van de Beek D, Cabellos C, Dzupova O, et al. ESCMID guideline: diagnosis and treatment of acute bacterial meningitis. Clin Microbiol Infect. 
2016;22(Suppl 3):S37–S62. doi:10.1016/j.cmi.2016.01.007

18. Chen J, Liu Y, Huang S, et al. Spinal infections? mNGS combined with microculture and pathology for answers. Infect Drug Resist. 
2024;17:3025–3034. doi:10.2147/idr.S466738

19. Sunwoo J-S, Shin H-R, Lee HS, et al. A hospital-based study on etiology and prognosis of bacterial meningitis in adults. Sci Rep. 2021;11(1):6028. 
doi:10.1038/s41598-021-85382-4

20. Sherman AC, Stephens DS. Serogroup A meningococcal conjugate vaccines: building sustainable and equitable vaccine strategies. Expert Rev 
Vaccines. 2020;19(5):455–463. doi:10.1080/14760584.2020.1760097

21. Calfee DP. Recent advances in the understanding and management of Klebsiella pneumoniae. F1000Res. 2017;6:1760. doi:10.12688/ 
f1000research.11532.1

22. Liliang PC, Lin YC, Su TM, et al. Klebsiella brain abscess in adults. Infection. 2001;29(2):81–86. doi:10.1007/s15010-001-0069-2
23. Chang W-N, Huang C-R, Lu C-H, Chien -C-C. Adult Klebsiella pneumoniae meningitis in Taiwan: an overview. Acta Neurol Taiwan. 2012;21 

(2):87–96.
24. Chung DR, Lee H, Park MH, et al. Fecal carriage of serotype K1 Klebsiella pneumoniae ST23 strains closely related to liver abscess isolates in 

Koreans living in Korea. Eur J Clin Microbiol Infect Dis. 2012;31(4):481–486. doi:10.1007/s10096-011-1334-7
25. Fang C-T, Lai S-Y, Yi W-C, Hsueh P-R, Liu K-L, Chang S-C. Klebsiella pneumoniae genotype K1: an emerging pathogen that causes septic ocular 

or central nervous system complications from pyogenic liver abscess. Clin Infect Dis. 2007;45(3):284–293. doi:10.1086/519262
26. En ETS, Ismail N, Nasir NSM, Ismadi YKM, Zuraina NMNN, Hassan SA. Pediatric brain abscess with fatal outcome caused by hypervirulent 

Klebsiella pneumoniae, serotype K2-ST65. J Infect Public Health. 2023;16(7):1089–1092. doi:10.1016/j.jiph.2023.05.015
27. Ku Y-H, Chuang Y-C, Chen -C-C, et al. Klebsiella pneumoniae isolates from meningitis: epidemiology, virulence and antibiotic resistance. Sci Rep. 

2017;7(1):6634. doi:10.1038/s41598-017-06878-6
28. Feng Y, Zhang H, Wu Z, et al. Streptococcus suis infection: an emerging/reemerging challenge of bacterial infectious diseases? Virulence. 2014;5 

(4):477–497. doi:10.4161/viru.28595
29. Brizuela J, Roodsant TJ, Hasnoe Q, et al. Molecular epidemiology of underreported emerging zoonotic pathogen streptococcus suis in Europe. 

Emerg Infect Dis. 2024;30(3):413–422. doi:10.3201/eid3003.230348
30. Jiang ZJ, Hong JC, Tang QX, et al. Streptococcus suis meningoencephalitis diagnosed with metagenomic next-generation sequencing: a case report 

with literature review. J Infect Chemother. 2024;30(6):544–547. doi:10.1016/j.jiac.2023.11.017
31. Yu G, Wang X, Zhu P, Shen Y, Zhao W, Zhou L. Comparison of the efficacy of metagenomic next-generation sequencing and Xpert MTB/RIF in 

the diagnosis of tuberculous meningitis. J Microbiol Methods. 2021;180:106124. doi:10.1016/j.mimet.2020.106124
32. Yan L, Sun W, Lu Z, Fan L. Metagenomic Next-Generation Sequencing (mNGS) in cerebrospinal fluid for rapid diagnosis of tuberculosis 

meningitis in HIV-negative population. Int J Infect Dis. 2020;96:270–275. doi:10.1016/j.ijid.2020.04.048
33. Lin A, Cheng B, Han X, Zhang H, Liu X, Liu X. Value of next-generation sequencing in early diagnosis of patients with tuberculous meningitis. 

J Neurol Sci. 2021;422:117310. doi:10.1016/j.jns.2021.117310
34. Lin B-W, Hong J-C, Jiang Z-J, Zhang W-Q, Fan Q-C, Yao X-P. Performance of metagenomic next-generation sequencing in cerebrospinal fluid for 

diagnosis of tuberculous meningitis. J Med Microbiol. 2024;73(3). doi:10.1099/jmm.0.001818
35. Bussi C, Gutierrez MG. Mycobacterium tuberculosis infection of host cells in space and time. FEMS Microbiol Rev. 2019;43(4):341–361. 

doi:10.1093/femsre/fuz006
36. Simner PJ, Miller S, Carroll KC. Understanding the promises and hurdles of metagenomic next-generation sequencing as a diagnostic tool for 

infectious diseases. Clin Infect Dis. 2018;66(5):778–788. doi:10.1093/cid/cix881
37. Charalambous LT, Premji A, Tybout C, et al. Prevalence, healthcare resource utilization and overall burden of fungal meningitis in the United 

States. J Med Microbiol. 2018;67(2):215–227. doi:10.1099/jmm.0.000656
38. Tugume L, Ssebambulidde K, Kasibante J, et al. Cryptococcal meningitis. Nat Rev Dis Primers. 2023;9(1):62. doi:10.1038/s41572-023-00472-z
39. Zhou L-H, Zhu R-S, Gong Y-P, et al. Diagnostic performance of noncultural methods for central nervous system aspergillosis. Mycoses. 2023;66 

(4):308–316. doi:10.1111/myc.13555
40. Zhang X, Lin Y, Chen H, et al. Diagnostic performance of metagenomic next-generation sequencing in central nervous system cryptococcosis using 

cerebrospinal fluid. Infect Drug Resist. 2023;16:6175–6183. doi:10.2147/IDR.S425463
41. Coussement J, Heath CH, Roberts MB, et al. Current epidemiology and clinical features of cryptococcus infection in patients without human 

immunodeficiency virus: a multicenter study in 46 hospitals in Australia and New Zealand. Clin Infect Dis. 2023;77(7):976–986. doi:10.1093/cid/ 
ciad321

42. Gan Z, Liu J, Wang Y, 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

43. Xing X-W, Zhang J-T, Ma Y-B, Zheng N, Yang F, Yu S-Y. Apparent performance of metagenomic next-generation sequencing in the diagnosis of 
cryptococcal meningitis: a descriptive study. J Med Microbiol. 2019;68(8):1204–1210. doi:10.1099/jmm.0.000994

44. Edridge AWD, Deijs M, van Zeggeren IE, et al. Viral metagenomics on cerebrospinal fluid. Genes. 2019;10(5):332. doi:10.3390/genes10050332
45. Dyachenko P, Smiianova O, Kurhanskaya V, Oleshko A, Dyachenko A. Epstein-Barr virus-associated encephalitis in a case-series of more than 40 

patients. Wiad Lek. 2018;71(6):1224–1230.
46. Andersen O, Ernberg I, Hedström AK. Treatment options for Epstein-Barr virus-related disorders of the central nervous system. Infect Drug Resist. 

2023;16:4599–4620. doi:10.2147/IDR.S375624
47. Martelius T, Lappalainen M, Palomäki M, Anttila V-J. Clinical characteristics of patients with Epstein Barr virus in cerebrospinal fluid. BMC Infect 

Dis. 2011;11:281. doi:10.1186/1471-2334-11-281
48. Mailles A, Stahl J-P. Infectious encephalitis in France in 2007: a national prospective study. Clin Infect Dis. 2009;49(12):1838–1847. doi:10.1086/ 

648419
49. Fachko DN, Chen Y, Skalsky RL. Epstein-Barr virus miR-BHRF1-3 targets the BZLF1 3’UTR and regulates the lytic cycle. J Virol. 2022;96(4): 

e0149521. doi:10.1128/JVI.01495-21
50. Xie C, Zhong L-Y, Bu G-L, et al. Anti-EBV antibodies: roles in diagnosis, pathogenesis, and antiviral therapy. J Med Virol. 2023;95(5):e28793. 

doi:10.1002/jmv.28793

https://doi.org/10.2147/IDR.S552138                                                                                                                                                                                                                                                                                                                                                                                                                                                                Infection and Drug Resistance 2025:18 6032

Wang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.cmi.2016.01.007
https://doi.org/10.2147/idr.S466738
https://doi.org/10.1038/s41598-021-85382-4
https://doi.org/10.1080/14760584.2020.1760097
https://doi.org/10.12688/f1000research.11532.1
https://doi.org/10.12688/f1000research.11532.1
https://doi.org/10.1007/s15010-001-0069-2
https://doi.org/10.1007/s10096-011-1334-7
https://doi.org/10.1086/519262
https://doi.org/10.1016/j.jiph.2023.05.015
https://doi.org/10.1038/s41598-017-06878-6
https://doi.org/10.4161/viru.28595
https://doi.org/10.3201/eid3003.230348
https://doi.org/10.1016/j.jiac.2023.11.017
https://doi.org/10.1016/j.mimet.2020.106124
https://doi.org/10.1016/j.ijid.2020.04.048
https://doi.org/10.1016/j.jns.2021.117310
https://doi.org/10.1099/jmm.0.001818
https://doi.org/10.1093/femsre/fuz006
https://doi.org/10.1093/cid/cix881
https://doi.org/10.1099/jmm.0.000656
https://doi.org/10.1038/s41572-023-00472-z
https://doi.org/10.1111/myc.13555
https://doi.org/10.2147/IDR.S425463
https://doi.org/10.1093/cid/ciad321
https://doi.org/10.1093/cid/ciad321
https://doi.org/10.3389/fcimb.2022.831959
https://doi.org/10.1099/jmm.0.000994
https://doi.org/10.3390/genes10050332
https://doi.org/10.2147/IDR.S375624
https://doi.org/10.1186/1471-2334-11-281
https://doi.org/10.1086/648419
https://doi.org/10.1086/648419
https://doi.org/10.1128/JVI.01495-21
https://doi.org/10.1002/jmv.28793


51. Lupia T, Milia MG, Atzori C, et al. Presence of Epstein-Barr virus DNA in cerebrospinal fluid is associated with greater HIV RNA and 
inflammation. AIDS. 2020;34(3):373–380. doi:10.1097/QAD.0000000000002442

52. Shin YW, Sunwoo J-S, Lee H-S, et al. Clinical significance of Epstein-Barr virus polymerase chain reaction in cerebrospinal fluid. Encephalitis. 
2022;2(1):1–8. doi:10.47936/encephalitis.2021.00115

53. Weinberg A, Bloch KC, Li S, Tang Y-W, Palmer M, Tyler KL. Dual infections of the central nervous system with Epstein-Barr virus. J Infect Dis. 
2005;191(2):234–237. doi:10.1086/426402

54. de Vries JJC, Brown JR, Fischer N, et al. Benchmark of thirteen bioinformatic pipelines for metagenomic virus diagnostics using datasets from 
clinical samples. J Clin Virol. 2021;141:104908. doi:10.1016/j.jcv.2021.104908

55. van Zeggeren IE, Edridge AWD, van de Beek D, et al. Diagnostic accuracy of VIDISCA-NGS in patients with suspected central nervous system 
infections. Clin Microbiol Infect. 2021;27(4). doi:10.1016/j.cmi.2020.06.012

56. Hasan MR, Tan R, Al-Rawahi GN, Thomas E, Tilley P. Short-term stability of pathogen-specific nucleic acid targets in clinical samples. J Clin 
Microbiol. 2012;50(12):4147–4150. doi:10.1128/JCM.02659-12

57. Carbo EC, Blankenspoor I, Goeman JJ, Kroes ACM, Claas ECJ, De Vries JJC. Viral metagenomic sequencing in the diagnosis of meningoence
phalitis: a review of technical advances and diagnostic yield. Expert Rev Mol Diagn. 2021;21(11):1139–1146. doi:10.1080/14737159.2021.1985467

58. Fux CA, Quigley M, Worel AM, et al. Biofilm-related infections of cerebrospinal fluid shunts. Clin Microbiol Infect. 2006;12(4):331–337. 
doi:10.1111/j.1469-0691.2006.01361.x

59. Sonneville R, Ruimy R, Benzonana N, et al. An update on bacterial brain abscess in immunocompetent patients. Clin Microbiol Infect. 2017;23 
(9):614–620. doi:10.1016/j.cmi.2017.05.004

60. Li S, Wang P, Tian S, Zhang J. Risk factors and cerebrospinal fluid indexes analysis of intracranial infection by Acinetobacter baumannii after 
neurosurgery. Heliyon. 2023;9(8):e18525. doi:10.1016/j.heliyon.2023.e18525

61. Chen M, Chen C, Yang Q, Zhan R. Candida meningitis in neurosurgical patients: a single-institute study of nine cases over 7 years. Epidemiol 
Infect. 2020;148:e148. doi:10.1017/S0950268820001144

62. Zhao Y, Zhang W, Zhang X. Application of metagenomic next-generation sequencing in the diagnosis of infectious diseases. Front Cell Infect 
Microbiol. 2024;14:1458316. doi:10.3389/fcimb.2024.1458316

63. Li N, Cai Q, Miao Q, Song Z, Fang Y, Hu B. High-throughput metagenomics for identification of pathogens in the clinical settings. Small Methods. 
2021;5(1):2000792. doi:10.1002/smtd.202000792

64. Chen W, Liu G, Cui L, et al. Evaluation of metagenomic and pathogen-targeted next-generation sequencing for diagnosis of meningitis and 
encephalitis in adults: a multicenter prospective observational cohort study in China. J Infect. 2024;88(5):106143. doi:10.1016/j.jinf.2024.106143

65. Bohl JA, Lay S, Chea S, et al. Discovering disease-causing pathogens in resource-scarce Southeast Asia using a global metagenomic pathogen 
monitoring system. Proc Natl Acad Sci U S A. 2022;119(11):e2115285119. doi:10.1073/pnas.2115285119

Infection and Drug Resistance                                                                                                    

Publish your work in this journal 
Infection and Drug Resistance is an international, peer-reviewed open-access journal that focuses on the optimal treatment of infection (bacterial, 
fungal and viral) and the development and institution of preventive strategies to minimize the development and spread of resistance. The journal is 
specifically concerned with the epidemiology of antibiotic resistance and the mechanisms of resistance development and diffusion in both hospitals and 
the community. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. 
Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

Infection and Drug Resistance 2025:18                                                                                                   6033

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1097/QAD.0000000000002442
https://doi.org/10.47936/encephalitis.2021.00115
https://doi.org/10.1086/426402
https://doi.org/10.1016/j.jcv.2021.104908
https://doi.org/10.1016/j.cmi.2020.06.012
https://doi.org/10.1128/JCM.02659-12
https://doi.org/10.1080/14737159.2021.1985467
https://doi.org/10.1111/j.1469-0691.2006.01361.x
https://doi.org/10.1016/j.cmi.2017.05.004
https://doi.org/10.1016/j.heliyon.2023.e18525
https://doi.org/10.1017/S0950268820001144
https://doi.org/10.3389/fcimb.2024.1458316
https://doi.org/10.1002/smtd.202000792
https://doi.org/10.1016/j.jinf.2024.106143
https://doi.org/10.1073/pnas.2115285119
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Subjects
	CSF Sampling and Routine Testing
	Conventional Microbiological Techniques
	Metagenomics Next-Generation Sequencing Detection
	Statistics Analysis

	Results
	Sample and Patient Characteristics
	Microbial Spectrum Detected by mNGS in CNS Infections
	Background Microbiological Analysis of mNGS Assays

	Discussion
	Conclusion
	Ethics Approval
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

