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Abstract
Background: To explore the performance of metagenomic next-generation sequencing (mNGS) technology in patients
of suspected central nervous system infection.

Methods: From January 2018 to March 2021, 75 cases were enrolled in this retrospective analysis at Hunan
Provincial People’s Hospital. The clinical data of patients with suspected central nervous system infection who
underwent cerebrospinal �uid mNGS were analyzed. The performances of mNGS were compared with the
conventional methods.

Result: The sensitivity of mNGS, culture and smear in the diagnosis of 75 patients were 55%, 4.4%, 6.7%;
theirs’speci�city were 54.3%, 100%, 100%; theirs’ positive predictive value (PPV ) were 57.9%, 100%, 100%;
theirs’negative predictive value (NPV) were 51.4%, 41.4%, 41.7%, respectively. There was 41(54.6%) cases whose
mNGS results were consistent with the �nal diagnosis. 22(29.3%) mNGS results were considered as both mNGS
positive/Case consistent; 19( 25.3%) mNGS results were considered as both mNGS negative/Case consistent;
18(24%) mNGS results were considered as both mNGS positive/Case inconsistent; 16(21.3%) mNGS results were
considered as both mNGS negative/Case inconsistent. mNGS identi�ed 35 irrelavant pathogens in this study.

Conclusion: mNGS showed a high sensitivity compared to conventional methods. There are still several challenges in
clinical application. It is necessary to establish uni�ed and effective standards for interpreting mNGS results.

1. Introduction
More than 100 known pathogens can cause central nervous system infection[1]. Viruses, bacteria, fungi, parasites,
and amoebae are all the common pathogens[2]. Central nervous system (CNS) infection is a serious neurologic
condition, but the etiology remains unknown in more than half patients [3]. So accurate etiology diagnosis is crucial
for the successful treatment of central nervous system infection.

Conventional diagnostic test methods for CNS infections include cerebrospinal fuid (CSF) cell count, glucose, and
protein measurements, CSF Gram staining, culture, biomarkers such as procalcitonin (PCT), creative reactive protein
(CRP), serology and PCR detection. However, in the pathogens detection of CSF infection, traditional microbiological
techniques such as culture, staining often have low sensitivity and PCR detection is also limited to the gene sequence
of known pathogenic microorganisms[4]. mNGS, is a promising technique, offers a relatively unprejudiced diagnostic
tool for all pathogens included in the database library in a single test, regardless of prior suspicions of candidate
pathogens and without the need for isolation and culture[5]. As a novel diagnostic tool, mNGS has been used wildly
for the identi�cation of various pathogens from clinical samples such as tissues, CSF or plasma[6]. mNGS shows
signi�cant advantages in pathogen detection in meningitis [7], pulmonary infection [8, 9], sepsis [10], and other types
of diseases[11-14]. However, numerous challenges remain in the interpretation of mNGS results when applying mNGS
test into clinical microbiology laboratory diagnosis [15]. 

In CNS infection, multiple studies have demonstrated the ability of mNGS for the detection of viruses, bacteria, fungi,
parasites, and some uncommon pathogens from CSF or brain tissue, indicating its ability to identify pathogens in
CNS infection of unknown etiology[16-20]. Our study further demonstrated the overall ability of mNGS in the rapid
diagnosis of CNS infection caused by bacteria, viruses, fungi, and M. tuberculosis.

2. Methods
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2.1 Study design and participants

The cases of patients with suspected central nervous system infection, who were admitted to Hunan Provincial
People’s Hospital from January 1, 2018 to March 31, 2021, were reviewed. Each registered patient whose CSF were
sent for mNGS was enrolled. The �nal diagnosis was adjudicated by a panel discussion following hospital discharge
when the results of all tests and patients’ responses to the antimicrobial therapy were available. 

Meanwhile, clinical data of all enrolled patients, including CSF cell count, glucose, and protein measurements, CSF
Gram staining, CSF culture, biomarkers such as white blood cell, procalcitonin (PCT), creative reactive protein (CRP),
serology and PCR detection were collected.

2.2 Procedure

2.2.1 CSF mNGS

CSF sample was collected by standard procedures. And then sent to BGI-Huada Genomics Institute (Wuhan, China)
for pathogens detection. Cerebrospinal fuid of 0.5ml were mixed and shaken with glass beads, and the DNA was
extracted according to the steps of the TIANamp Micro DNA Kit (DP316; Tiangen Biotech, Beijing, China). The
extracted DNA was broken ultrasonically into 200–300 bp fragments. An Agilent 2100 Bioanalyzer was used for
quality control of the library and a Qubit dsDNA HS Assay Kit (Thermo Fisher Scienti�c) was used for quality control
of the DNA library concentration. Low-quality and short (length<35bp) reads were removed. Then the remaining
sequence were aligned to the current virus, bacterial, fungal, and protozoan databases (NCBI; ftp://ftp.ncbi.
nlm.nih.gov/genomes), which consists of whole genome sequences of 4061 viral taxa, 2473 bacterial genomes or
scaffolds, and genomic sequences for 199 fungi related to human infection and 135 parasites associated with
human diseases.  

For bacteria (excluding mycobacteria), viruses, fungi, and parasites, whose read number was in the top 10 in the
complete belonging list, mNGS identi�ed a microbe(on species level) [21]. The result was considered MTB-positive
when at least one speci�c read was mapped to the species or genus level[22].   

2.3 Statistical analysis

Sensitivity, speci�city, positive predictive value, and negative predictive value of mNGS for the diagnosis of central
nervous system infection were determined. Statistical analyses were performed using SPSS version 20.0 (IBM
Corporation, Armonk, NY, USA). A p value less than 0.05 was considered statistically signi�cant.

3. Results
3.1 Population characteristics

Between January 2018 and March 2021, in total, 75 patients who did mNGS, were enrolled, including 18 patients with
viral encephalitis and or meningitis, 9 patients with tuberculosis meningitis, 15 patients with bacterial meningitis, 3
patients with fungal meningitis, and 30 patients with non-infectious CNS diseases. Non-infectious CNS conditions
included autoimmune encephalitis (7, 23.3%), malignant tumor (4, 13.3%), secondary headache (6, 20%), epilepsy (4,
13.3%) and other non-infectious diseases (9, 30%). 

The demographic and clinical characteristics of 75 patients with infectious diseases and non-infectious diseases are
summarized in Table 1. In the infectious diseases group, the CSF protein was higher than non-infectious diseases
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group (1027±165.6 vs 369.6±126.8, P=0.004). The CSF/serum glucose ratio is signi�cantly lower than non-infectious
diseases group (0.42±0.03 vs 0.59±0.04, P=0.0009). While CSF WBC, chlorine, LDH and CSF pressure showed no
signi�cant differences between two groups. 

Overall, metagenomics sequencing showed satisfying pathogen detection rate compared to conventional
methods. Culture reported 2 positive (one cryptococcal meningitis, one bacterial meningitis, smear reported
3 positive (one tuberculosis meningitis, two cryptococcal meningitis ), and mNGS detected 40 positive detection rate
of mNGS was signi�cantly higher than that of culture and smear in etiology detection.

The sensitivity of mNGS, culture and smear in the diagnosis of 75 patients were 55%, 4.4%, 6.7%; theirs’speci�city
were 54.3%, 100%, 100%; theirs’PPV were 57.9%, 100%, 100%; theirs’NPV were 51.4%, 41.4%,
41.7%, respectively(Table2). When we compared the consistency between the mNGS result and the �nal
diagnosis. There was 41(54.6%) cases whose mNGS results were consistent with the �nal diagnosis. The remained
cases’s mNGS result were different from the �nal diagnosis(Figure 1).

22(29.3%) mNGS results were considered as both mNGS positive/Case consistent including detection of 3
tuberculosis meningitis patients, 8 viral meningitis patients, 9 bacterial meningitis, 2 fungal meningitis. 19( 25.3%)
mNGS results were considered as both mNGS negative/Case consistent including 5 autoimmune encephalitis, 3
malignant tumor, 4 headache, 3 epilepsy, and 4 other non-infectious diseases.

18(24%) mNGS results were considered as both mNGS positive/Case inconsistent including 5 tuberculosis meningitis
patients, 2 viral meningitis patients, 1 bacterial meningitis patient and 7 non-infectious diseases. It is worth
mentioning that, within the 18 discrepancy cases, mNGS results were completely different from �nal diagnosis.

We explored the “false-positive” results of mNGS against �nal diagnosis. In total, mNGS 

identi�ed 35 irrelevant pathogens, including Acinetobacter baumannii(n=2), Alternaria alternaria 3(n=2), Penicillium
citri (n=1), Paraphylococcus mutans (n=1), Acinetobacter joenei (n=1), Streptococcus oralis (n=1), Rhodopyces
cerevisiae (n=1), Staphylococcus Koch (n=1), Staphylococcus equis (n=1), Candida albicans (n=3), Human
Herpesvirus type 4 n=6), Cladosporium (n=1), Nocardia nova (n=1), Defective hypotrophic bacteria (n=1), Forsyneria
(n=1) , Actinomycetes chlamydia (n=1), Human herpesvirus type 1 (HSV1)(n=1), Aspergillus chevalier (n=1),
Streptococcus pyogenes (n=1), Pseudomonas aeruginosa (n=1), Stenotrophomonas maltophilia (n=1), Human
herpesvirus β 7 (n=1), Human β herpesvirus type 6A (n=1), Paraphitic Havnia (n=1), Ornithyl-solubilizing Rauria (n=1),
Citrobacter workman (n=1), Serratia Rubens (n=1), Ophilia (n=1), Klebsiella pneumoniae (n=1), Leptovirus type 19
(n=1) , Leptovirus (n=1), Human pegivirus n=1), Hepatitis GB virus type C (n=1), Aspergillus Niger (n=1) and
Aureomycin botrytis (n=1). All of them were considered contamination, background microorganisms, and the
detection of circulating cell-free DNA from non-pathogenic microbes. This result indicates that in diagnosis
of CNS infection, mNGS may report some clinically irrelevant pathogens. So mNGS result must
be discreetly interpreted considering clinical �ndings and other conventional tests.

16(21.3%) mNGS results were considered as both mNGS negative/Case inconsistent including 1 tuberculosis
meningitis patient, 8 viral meningitis patients, 5 bacterial meningitis patient and 1 fungal meningitis patient. 

In mNGS subgroup, mNGS positive/Case consistent group had a lower CSF/serum glucose ratio than mNGS
positive/Case inconsistent. while CSF WBC, protein and chlorine showed no signi�cant differences among different
groups (Table 3). 
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4. Discussion
We retrospectively enrolled patients who suspected central nervous system infection during the period from January
2018 to March 2021, and attempted to analyze the performance of metagenomic next-generation sequencing. In this
study, cerebrospinal �uid were tested by both mNGS and conventional methods. The positive rate of mNGS of 55%
was signi�cantly higher than that of conventional methods. It is similar with the 27.9-60% that has been reported in
the literature[1]. mNGS showed a high sensitivity compared to conventional methods. But the speci�city, positive
predictive value, and negative predictive value of mNGS were lower. The NPV of mNGS when compared with
the �nal diagnosis was 51.4%. This does indicate that a negative mNGS result cannot exclude CNS infection.
Therefore, clinical evaluation remains important when mNGS results are negative.

Pneumoniae N. meningitidis, H. in�uenzae, and L. monocytogenes are the most common pathogens of community-
acquired suppurative meningitis [23]. It is different from previous study. There were 15 bacterial meningitis in our
observation. The pathogens detected by mNGS were L. monocytogenes(n=1), Streptococcus pneumoniae (n=2),
Wound pseudoescherichia(n=1), Acinetobacter johnsonii (n=1) Klebsiella pneumoniae n=1), Streptococcus
agalactiae(n=1), Staphylococcus xylose(n=1), Clostridium nucleate(n=1). Among the 18 patients with virus
encephalitis and/or meningitis, all pathogens identi�ed via mNGS were DNA viruses, human herpes viruses (HSV-
1, EBV, and HHV-7) were the major pathogens, we normally lack diagnostic tests for these viruses[24], it is consistent
with other �ndings[25, 26].

Of note is that the speci�city of mNGS in the diagnosis of tuberculous meningitis is 100%, which allows a negative
mNGS test to be used as one of the diagnostic methods to exclude tuberculous meningitis. However, there was one
case who were detected by smear but missed by mNGS in present study. 

Despite mNGS has many advantages in detection pathogens, there are several challenges that might hinder its
application in a clinical setting. At �rst, although mNGS provides microbial information that is di�cult to obtain by
traditional methods. However, the criteria cannot de�nitively determine which microbes are pathogenic because of the
presence of contamination, background microorganisms, and the detection of circulating cell-free DNA from non-
pathogenic microbes. It is necessary to establish uni�ed and effective standards for interpreting the results. 

The second challenge of mNGS is that the interpretation of mNGS results be rather confusing presently. It is unable to
discriminate the pathogenicity status of the pathogens detected. Large amounts of information could be confusing
and even misleading to physicians while making clinical decisions[27]. The third challenge is that samples may
easily contaminated by environmental bacteria or human parasitic bacteria during sampling or sequencing, it is
di�cult to decide which pathogen is involved in infection, colonization, or contamination. Thus the results may
interfere with the clinician’s judgment. We believe that mNGS reports need to be interpreted very carefully, we have to
interpreted it in combination with clinical �ndings and all laboratory tests, preferably in a multidisciplinary
manner [20, 28]. Only those microorganisms consistent with the patient’s clinical symptoms will be considered
pathogens. Finally, the cost-effectiveness of the broad application of mNGS also needs further investigation[29].

Our study has some limitations. First, this was a retrospective study. As a retrospective study, limited data and data
accumulation were not controlled by the researcher. It enrolled small cases. In further studies, we will enlarge the
sample size to validate this diagnostic potential in prospective cohort study. Second, we used preliminary data for
analysis but still lack of control group simultaneously in our cohort. Besides, the mNGS results and identi�cation may
be easily in�uenced by many factors. At last, lack of a standard comparator for diagnostics, and classi�cation bias
were also the limitations of this study.
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In conclusion, mNGS had a superior advantage in detecting potential pathogens than conventional methods in
suspected central nervous system infection. There are several challenges in clinical application for mNGS. It needs
establishing uni�ed and effective standards for interpreting mNGS results.
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Tables
Table 1 Clinical characteristics of participants

N=75 CNS infection (n=45) Non-infection CNS diseases(n=30) p value

Age ,median(rang,years)

Female/male  

41.3±3.3

32/13

44.8±3.9

19/11

0.497

 

Blood laboratory examination (median)      

 WBC(×109 /L)

C-reaction protein, mg/L

Procalcitonin, ng/mL

CSF WBC,*106/L (Mean)

CSF protein, mg/L (Mean)

CSF/serum glucose ratio (Mean )

CSF Cl, mmol/L (Mean)

CSF LDH, U/L (Mean)

CSF pressure, mmH2O (Mean)

12.1±1.6

37.2±12.3

4.2±2.9

739±387.7

1027±165.6

0.42±0.03

119.1±1.4

148.7±47.2

222.6±18.4

10.0±1.6 

32.08±10.56

1.6±0.7

144.1±64.4

369.6±126.8

0.59±0.04

122.3±2.0

282.4±218.3

174.5±24.3

0.371

0.771

0.386

0.196

0.004

0.0009

0.1756

0.490

0.118

Abbreviations: WBC,white blood cell; LDH, lactate dehydrogenase; Cl, chlorine.

Table 2 Performance of metagenomic next generation sequencing (mNGS) compared with conventional test
in suspected central nervous system infection 

N=75

  Sensitivity  Speci�city  PPV  NPV 

mNGS

Culture

Smear

55%

4.4%

6.7%

54.3%

100%

100%

57.9%

100%

100%

51.4%

41.4%

41.7%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

Table 3 The comparisons of CSF laboratory examinations across mNGS subgroups
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N=75 mNGS
positive/Case
consistent (a)

mNGS
positive/Case

inconsistent
(b)

 

mNGS
negative/Case

inconsistent
(c)

 

mNGS
negative/Case

consistent (d)

 

p value

between
group a
and b

p value

between
group

c and d

Age
,median(rang,years)

Female/male  

50±4.6

8/14

47.11±4.7

7/12

35.3±4.7

5/13

39.5±6.2

7/9

 

 

 

Blood laboratory
examination 

           

WBC(×109 /L)

C-reaction protein,
mg/L

Procalcitonin,
ng/mL

CSF WBC,*106/L

CSF protein, mg/L

CSF/serum glucose
ratio

CSF Cl, mmol/L

10.2±1.5

58.6±27.0

10.5±6.1

667.8±438.2

1205±257.8

0.42±0.05

118±2.2

10.7±2.5

20.8±5.9

0.05±0.009

163.9±70.9

883.4±308.6

0.58±0.05

120.8±2.4

15.8±3.5

27.9±12.1

0.56±0.26

1101±843.7

840.9±289.2

0.42±0.05

119.3±2.4

11.1±2.5

43.7±18.5

1.6±0.98

174.9±104.1

420.7±206

0.56±0.06

122.8±2.6

0.858

0.187

0.192

0.341

0.426

0.032

0.405

0.286

0.470

0.335

0.318

0.238

0.351

0.08

Figures
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Figure 1

The consistent proportion of mNGS and �nal diagnosis


