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Abstract: Objective: Timely and precise etiology diagnosis is crucial for optimized medication regimens and better 
prognosis in central nervous system infections (CNS infections). We aimed to analyze the impact of mNGS tests 
on the management of patients with CNS infections. Methods: We conducted a single-center retrospective cohort 
study to analyze the value of mNGS in clinical applications. Three hundred sixty-nine patients with a CNS infection 
diagnosis were enrolled, and their clinical data were collected. CDI and DDI were defined in our study to describe the 
intensity of drug use in different groups. We used LOH and mRS to evaluate if the application of mNGS can benefit 
CNS infected patients. Results: mNGS reported a 91.67% sensitivity in culture-positive patients and an 88.24% 
specificity compared with the final diagnoses. Patients who participated with the mNGS test had less drug use, both 
total (58.77 vs. 81.18) and daily (22.6 vs. 28.12, P < 0.1, McNemar) intensity of drug use, and length of hospital-
ization (23.14 vs. 24.29). Patients with a consciousness grading 1 and 3 had a decrease in CDI (Grade 1, 86.49 
vs. 173.37; Grade 3, 48.18 vs. 68.21), DDI (Grade 1, 1.52 vs. 2.72; Grade 3, 2.3 vs. 2.45), and LOH (Grade 1, 32 
vs. 40; Grade 3, 21 vs. 23) with the application of mNGS. Patients infected with bacteria in the CNS had a reduced 
CDI, DDI, and LOH in the mNGS group. This was compared with the TraE group that had 49% of patients altered 
medication plans, and 24.7% of patients reduced drug intensity four days after mNGS reports. This was because of 
the reduction of drug types. Conclusion: mNGS showed its high sensitivity and specificity characteristics. mNGS may 
assist clinicians with more rational medication regimens and reduce the drug intensity for patients. The primary way 
of achieving this is to reduce the variety of drugs, especially for severe patients and bacterial infections. mNGS has 
the ability of improving the prognosis of CNS infected patients.
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Introduction

The central nervous system, or CNS, comprises 
the brain and the spinal cord. An infection of 
the CNS can be life-threatening [1-5]. The time-
ly and accurate detection of pathogens is cru-
cial to successfully diagnosing and managing 
center nervous system infections. Convention- 
al infection diagnosis methods, such as micro-
bial culture, targeted PCR et al., suffer from 

limited targets and long turn-around time, 
resulting in urgent recruitment of novel infec-
tion diagnosis techniques [6, 7]. 

Metagenomic next-generation sequencing 
(mNGS) has been recently used in infection 
diagnosis practice with satisfactory outcomes. 
This increases pathogen detection sensitivity  
in CNS infections [7]. One study showed that 
mNGS improved the positive rate of pathogen 
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detection by 13.1% from 55.6% to 68.7% in 
detecting the pathogens in cerebrospinal fluid 
(CSF) from patients with bacterial meningitis 
[8]. In our previous study, mNGS achieved a 
sensitivity and specificity in CNS infection of 
90% and 98.57%, respectively [9], reducing 
detection turn-around time (unpublished data). 
Most studies have focused on the diagnostic 
performance improvement value of mNGS.  
The lack of standard procedure, biased report 
criteria, and high economic cost have made it 
challenging to evaluate the direct benefit 
acquired by the patients and the public health 
system [8]. 

Molecular rapid diagnostic tests provide sever-
al opportunities to optimize antimicrobial se- 
lections to improve patients’ outcomes [9, 10]. 
These microbiological results are used to guide 
the choice of antimicrobial drugs. Previous 
studies have reported the antimicrobial agent 
adjustments according to mNGS and Filmarray 
meningitis/encephalitis Panel. mNGS led to a 
change of treatment in 59 (37.1%) cases, in- 
cluding antibiotics de-escalation in 40 (25.2%) 
cases in respiratory infections [11]. In pediatric 
CNS infections, 55.4% patients received anti-
microbial de-escalation [12]. Among immuno-
compromised patients, mNGS played a role in 
optimizing antibiotic use. Though several stud-
ies have made efforts to evaluate avoidance  
of antibiotic misuse and reduction of hospital-
ization period after the application of mNGS, 
there is a lack of comprehensive evaluation of 
mNGS benefit in CNS infections. A more pre-
cise evaluation of antimicrobial use needs to 
be performed.

In this study, we conducted a retrospective 
cohort study to evaluate the hospitalization 
period, antimicrobial drug types, amount after 
mNGS employment, and the diagnostic yield of 
mNGS in CNS infection patients. Our aim was 
to comprehensively estimate the clinical bene-
fits of mNGS and value of universal application 
in daily clinical practice.

Methods

Setting and data collection

This retrospective cohort study was conducted 
at Huashan Hospital of Fudan University. All the 
data for this study were collected from the Ele- 
ctronic Medical Records System of Huashan 

Hospital. The protocol for the conduct of this 
study was reviewed and approved by Huashan 
Hospital ethical committee (Approval number: 
KY2017-338). Patients or their surrogates sig- 
ned informed consents for the lumbar punc-
ture. Their information was collected from the 
Electronic Medical Records System.

Study patients and samples

Patients older than 14 years with an infection 
of the central nervous system (CNS) were eligi-
ble for inclusion if they were admitted to the 
Department of Infectious Diseases, Huashan 
Hospital of Fudan University, between March 
2014 and December 2018. All the study par-
ticipants were discharged with confirmed CNS 
infection as their primary diagnosis by physi-
cians. We excluded patients with a previous 
diagnosis of CNS infection, results of a positive 
etiological test, or effective treatments before 
admission. We reasoned that these patients 
were treated differently by clinicians based on 
known or suspected pathogen infections from 
previous treatment histories. This led to the 
bias of clinical decision making. Patients with-
out lumbar punctures during the hospitaliza- 
tion were excluded. Enrollment and exclusion 
criteria were listed in the Table S1. CSF sam-
ples were obtained from all the patients and 
sent for routine and biochemical tests, CSF 
smear, and the traditional culture of bacteria, 
fungi, and tuberculosis.

Sample sequencing and data analysis 

A volume of 1.5-3 mL CSF samples from each 
patient was collected according to standard 
procedures. A 1.5 mL microcentrifuge tube 
with 0.6 mL sample, enzyme, and 1 g 0.5 mm 
glass bead was attached to a horizontal plat-
form on a vortex mixer and agitated vigorously 
at 2800-3200 rpm for 30 min. A 0.3 mL sam-
ple was separated into a new 1.5 mL micro- 
centrifuge tube. DNA was extracted using the 
TIANamp Micro DNA Kit (DP316, TIANGEN 
BIOTECH) in accordance to the manufacturer’s 
recommendation. 

DNA libraries were constructed through DNA 
fragmentation, end-repair, adapter-ligation, 
and PCR amplification. Agilent 2100 was used 
for quality control of the DNA libraries. Quality 
qualified libraries were sequenced by the 
BGISEQ-50/MGISEQ-2000 platform [2].
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High-quality sequencing data were generated 
by removing low-quality reads. This was fol-
lowed by computational subtraction of human 
host sequences mapped to the human refer-
ence genome (hg19) using the Burrows-
Wheeler Alignment [3]. The remaining data  
by removal of low-complexity reads were  
classified by simultaneously aligning to four 
Microbial Genome Databases, consisting of 
bacteria, fungi, viruses, and parasites. The 
classification reference databases were down-
loaded from NCBI (ftp://ftp.ncbi.nlm.nih.gov/
genomes/). RefSeq contains 4,945 whole-
genome sequences of viral taxa, 6,350 bacte-
rial genomes or scaffolds, 1064 fungi related 
to human infection, and 234 parasites associ-
ated with human diseases.

Diagnostic assessment of mNGS 

We assessed the diagnostic performance of 
mNGS through the following steps. We classi-
fied the participants into two groups contin- 
gent on if they had undergone the mNGS test: 
Patients who received traditional examinations 
only (TraE group) and patients who underwent 
the mNGS test (mNGS group). We calculated 
mNGS sensitivity compared to culture, mNGS 
sensitivity compared to culture = mNGS (posi-
tive)/culture (positive). The extra detection rate 
of mNGS compared to culture was statistically 
evaluated, mNGS extra detection rate = [mNGS 
(positive) - culture (positive)]/culture (positive). 
We analyzed the accuracy rate of mNGS, and 
the accuracy rate = mNGS (positive) & case-
consistent/mNGS (positive). Considering the 
composite criteria of recruiting, we did not dis-
cuss the specificity of mNGS here. 

We evaluated the consistency between mNGS 
and clinical diagnosis: mNGS positive/case 
consistent was determined as the mNGS 
detected pathogen is inconsistent with the  
final diagnosis. mNGS positive/case inconsis-
tent represents inconsistent results between 
mNGS reports and final diagnosis. 

Evaluation of clinical outcome

We employed the Medical Research Council 
(MRC) Grade, Modified Ranking Scales (mRS), 
and length of hospitalization (LOH) to evaluate 
patient status. Participants were classified into 
3 MRC grades according to their Glasgow  
Coma Scale (GCS) and their clinical manifesta-

tion [13]: Grade 1 (GCS=15), Grade 2 (GCS of 
11-14 or GCS of 15 associated with a focal  
neurological sign), and Grade 3 (GCS ≤ 10) 
(Table S2). As reported, the patient’s status  
can be divided into three categories according 
to mRS [14]: level 1 (good outcome, grade 0), 
level 2 (intermediate outcome, grade 1-2), and 
level 3 (poor prognosis grade 3-5) (Table S3). 
The LOH represented the length of the pa- 
tient’s hospital stay. We used days as the unit 
of measurement.

To compare the intensity of antibiotic use 
between groups and avoid the incomparable 
defects caused by different types of drugs, we 
performed the calculation of Defined Daily 
Dose (DDD) [15]. We introduced the concepts 
of cumulative drug intensity (CDI) and daily  
drug intensity (DDI). CDI was defined as the 
accumulated medication intensity of the 
patient during the hospital stay. CDI was equal 
to the sum of the drug intensity of all anti-infec-
tive treatments performed during hospitaliza-
tion. DDI was the average daily medication 
intensity of the patient, DDI=CDI/LOH.

The primary endpoint was the intensity of drug 
use and the length of hospital stay. The sec-
ondary endpoint was the functional outcome at 
discharge according to the mRS.

Statistics analysis 

For baseline characteristics, blood laboratory 
tests, and CSF laboratory tests, the Kolmo- 
gorov-Smirnov test was used to determine the 
continuous variants described by medians 
when not. A Chi-square test was performed to 
evaluate independent binomial variables. The 
Mann-Whitney test was used to compare the 
difference of baseline between TraE group and 
mNGS group. We performed the Mann-Whitney 
test to compare the CDI, DDI, and LOH of pa- 
tients in the TraE group and the mNGS group. 
We evaluated the difference of CDI, DDI, and 
LOH of patients in the TraE group and the  
mNGS group with different mental status or 
pathogen infection using the Mann-Whitney 
test. A P value < 0.05 was considered signifi-
cant. In the process of assessing diagnostic 
performance, sensitivity, specificity, and the 
detection rate was calculated according to the 
definitions above. Statistical analyses and fig-
ures were conducted using the SPSS Version 
26.0 (IBM Corp., Armonk, NY, USA) and 
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GraphPad Prism 8.4.0 software (GraphPad 
Software, San Diego, CA, USA).  

Results

General characteristics

In total, 369 patients were enrolled. Patients 
with confirmed etiological diagnosis before 
admission or those with a history of effective 
anti-infection treatment (n=153) were not 
included. Medication history and etiological 
examinations interfere with the clinicians’ diag-
nosis and treatment. Five patients without 
results of CSF laboratory tests were excluded. 
There were 211 participants who were ana-
lyzed (Figure 1). Fifty patients were diagnosed 
with encephalitis, 113 patients were affected 
with meningitis, and 38 were diagnosed with 
meningoencephalitis. As for the other ten 
patients, the exact location of the central ner-
vous system infection was not able to be diag-
nosed. According to if the patients had under-
gone mNGS tests, we divide patients into TraE 
group and mNGS group. The TraE group we 
recruited included one hundred and thirteen 
patients who did not undergo the mNGS test. 
mNGS tests were not used at Huashan hospi- 
tal until 2017. CSF samples for patients before 
2017 came from conventional tests, including 
CSF routine and biochemical tests, and culture 
of bacteria, fungi, and tuberculosis. Ninety-
eight patients accepted the extra mNGS test 
according to clinical necessity. They were clas-
sified into the mNGS group. All the partici- 
pants were categorized into bacterial (51 vs. 
44), fungal (14 vs. 13), parasitic (1 vs. 3), viral 
(36 vs. 37), or unclassified infections (11 vs.  
1), based on distinguishing if the mNGS was 
performed. Baseline characteristics of enroll- 
ed patients showed no significant difference 
among groups (Table 1).

Overall diagnostic performance of mNGS

We performed an etiology analysis. It showed 
that, in the mNGS group, the culture reported 
24 positive results. The mNGS detection 
revealed that Mycobacterium tuberculosis 
(n=7) was the most common pathogen. The  
top three causative pathogens identified were 
Mycobacterium tuberculosis, Cryptococcus 
neoformans, and Herpes Simplex Virus-1 (HSV-
1) (Figure 2).

As shown in Figure 3 and Table 2, mNGS re- 
ported a 91.67% (11/12) sensitivity compared 
to culture in the mNGS group. The specificity 
compared to clinical diagnosis of mNGS was 
88.24% (45/51). For traditional culture, the 
specificity compared to clinical diagnosis 
reached 92.31% (12/13). mNGS owned a 
39.8% extra detection rate to traditional cul-
ture, especially high in virus detection. Com- 
pared with traditional culture methods, mNGS 
detected Cytomegalovirus (CMV), Epstein-Barr 
virus (EBV), HSV-1, varicella-zoster virus (VZV), 
Herpes simplex virus 6A (HSV6A), and adenovi-
rus B1 in the mNGS group.

Among 98 patients enrolled in the mNGS  
group, 45 patients were categorized into  
mNGS (positive)/case consistent group. Six 
patients were identified as mNGS (positive)/
case inconsistent. This included reports of 
Candida parapsilosis and Rhodococcus rela-
tively in 2 patients who were diagnosed as  
viral infection, both Prevotella intermedia and 
Streptococcus constellation in patients diag-
nosed with Aspergillus infection, one report of 
Rickettsia in fungal meningitis, one detection 
of Epstein-Barr virus in bacterial meningitis, 
and one report of Oral Streptococcus in tuber-
culosis meningoencephalitis patient. In cul- 
ture-positive cases, mNGS reported one false-
negative case of Mycobacterium tuberculosis 
(Figure 2). 

The comparison of drug use intensity between 
TraE group and mNGS group

Comparing the mNGS group and the TraE  
group, we found a significant difference in the 
CDI between the two groups during hospitaliza-
tion (Figure 4). The cumulative drug intensity 
during the hospitalization of the mNGS group 
was lower than that of the TraE group (81.18  
vs. 58.77, respectively), with a decrease of 
27.6%. We found that the average DDI was 
lower in the mNGS group (28.12 vs. 22.6 
P=0.04), which meant the intensity of medica-
tion decreased by 19.6%.

We used the MRC grade (the definition of MRC 
grade as explained above) to classify patients 
according to their state of consciousness when 
they were admitted to the hospital. It was 
observed that the patients in Grade 1 were  
in a worse state of consciousness and a more 



Clinical value of mNGS in CNS infection

51 Am J Transl Res 2023;15(1):47-62

Figure 1. Flowchart of enrollment and classification.
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severe disease situation. The application of 
mNGS decreased the median of DDI (4.57 vs. 
2.24 P=0.0494) and CDI (73.25 vs. 48.06)  
during the hospital stay compared to the TraE 
group (Figure 5; Table 3).

We divided patients into viral-, bacterial-, and 
fungal-infections subgroups based on the etiol-

ogy diagnosis. We found that compared to the 
TraE group, the median values of DDI (3.50 vs. 
2.81) and CDI (70.33 vs. 53.00) of the mNGS 
group in the subgroup of bacterial infections 
were lower. The application of mNGS did not 
bring the consistent decrease of DDI (viral-
infection subgroup: 1.54 vs. 1.50; fungal-infec-
tion subgroup: 1.78 vs. 2.37) and CDI (viral-

Table 1. Demographical characteristics of enrolled patients
Characteristic TraE Group mNGS Group p value
Age 
    Median (IQR) - yr 46 (31-57.5) 44 (29-57) 0.505
Distribution - no. (%) 0.911
    13-18 yr 5 (4.4) 6 (6.1)
    19-25 yr 13 (11.5) 11 (11.2)
    26-40 yr 30 (26.6) 23 (23.5)
    41-60 yr 41 (36.3) 40 (40.8)
    > 60 yr 24 (21.2) 18 (18.4)
Male sex - no. (%) 68 (60.2) 66 (67.3) 0.281
Syndrome - no. (%) 0.132
    Meningitis only 67 (59.3) 46 (46.9)
    Encephalitis only 22 (19.5) 28 (25.6)
    Meningitis with encephalitis 17 (15.0) 21 (21.4)
    Unclassified 7 (6.2) 3 (3.1)
CNS infection - no. (%) 0.089
    Bacterial infection 51 (45.1) 44 (44.9)
    Viral infection 36 (31.9) 37 (37.7)
    Fungal infection 14 (12.4) 13 (13.3)
    Parasitic infection 1 (0.9) 3 (3.1)
    Unclassified 11 (9.7) 1 (1.0)
Immunosuppression - no. (%) 21 (18.6) 10 (10.2) 0.086
MRC Grade+ - no. (%) 0.103
    Grade 1 86 (76.1) 72 (73.4)
    Grade 2 16 (14.2) 8 (8.2)
    Grade 3 11 (9.7) 18 (18.4)
Body temperature - median (IQR), °C 37.0 (36.7-37.6) 37.0 (36.5-38.0) 0.819
Blood laboratory examination - median (IQR)
    WBC, *109/L 7.62 (5.72-10.22) 7.33 (5.79-9.47) 0.743
    Neutrophil, % 74.1 (62.8-80.8) 72.2 (64.3-79.3) 0.937
    C-reaction protein, mg/L 6.6 (3.0-20.1) 5.4 (3.0-25.2) 0.851
    Procalcitonin, ng/mL 0.06 (0.04-0.12) 0.06 (0.04-0.11) 0.721
CSF laboratory examination - median (IQR)
    WBC, *106/L 75.0 (9.0-160.5) 100.0 (23.0-250.0) 0.104
    Protein, mg/L 1287.0 (743.5-2310.5) 1359.0 (730.0-2425.0) 0.617
    Multinuclear cell, % 20.0 (10.0-32.8) 16.0 (10.0-35.0) 0.638
    Chlorides in CSF, mmol/L 116 (110-119) 116 (107-120) 0.988
    Glucose in CSF, mmol/L 2.4 (1.9-2.8) 2.30 (1.80-2.83) 0.796
IQR, interquartile range. TraE group, traditional examination group. mNGS group, metagenomic next-generation sequenc-
ing group. WBC, white blood cell. CSF, cerebrospinal fluid. MRC Grade+: Medical Research Council (MRC) grade 1 indicates a 
Glasgow coma score of 15 (on a scale of 3 to 15, with lower scores indicating reduced levels of consciousness) with no neuro-
logic signs, grade 2 a score of 11 to 14 (or 15 with focal neurologic signs), and grade 3 a score of 10 or less.
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infection subgroup: 21.19 vs. 26.83; fungal-
infection subgroup: 36.60 vs. 47.00) in both 
viral-infection and fungal-infection subgroups 
(Figure 6; Table 4).

Co-infection, such as respiratory and urinary 
tract infections, was a confounding factor that 
was not be ignored because it influenced the 

choice of a medication regime. We believe that 
the DDI value of patients without co-infection 
can better reflect the advantage of mNGS in 
medication guidance since the length of hospi-
talization was excluded as an interference fac-
tor. We regrouped patients into “co-infection” 
and “non-co-infection” groups, and the differ-
ences between the TraE group and mNGS 
group were analyzed (Figure 7; Table S4). We 
observed that the average of DDI value of the 
mNGS group was lower than that of the TraE 
group, which counted 2.25 and 2.72, respec-
tively. We excluded people with co-infection in 
different pathogenic subgroups and compared 
the DDI value with or without mNGS. The DDI 
value showed a decrease with the performan- 
ce of the mNGS test in viral and bacterial infec-
tion subgroups. There was no significant differ-
ence among fungal infections (Table S5). 

The positive impact of mNGS on patient prog-
nosis

The intensity of medication in the mNGS group 
helped make the LOH of patients shorter and 
showed that there was a decrease of 4.7% in 
the mNGS group when compared with the TraE 
group. The average of LOH counted 23.14 
(days) and 24.29 (days), respectively (Figure 4). 
Among those patients with worse status on 

Figure 2. Distribution of detected pathogen by mNGS and culture. 

Figure 3. Diagnostic performance of mNGS. The 
sensitivity and detection rate of mNGS compared to 
culture and specificity compared to clinical diagno-
sis. TraE group, traditional examination group. mNGS 
group, metagenomic next-generation sequencing 
group.
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admission (MRC Grade 1), the application of 
mNGS brought to a significant shortening of 
LOH. The median of LOH was 23.50 (days) and 
40.00 (days) in the mNGS group and TraE 
group, respectively (Figure 5B).

The mRS was evaluated to reflect the patients’ 
nervous system function and self-care after 
discharge. The scores helped to classify pa- 
tients into three groups. The range was level 1 
to level 3. Level 1 showed the best prognosis 
and level 3 represented the worst. Using the 
analysis results, we concluded that the ratio of 
level 3 was less in the mNGS group than that in 
the TraE group (26.5% vs. 17.3%, respectively). 
It showed that the use of mNGS contributed to 
the improvement of patient’s prognosis (Figure 
8).

Clinical decision making influenced by the ap-
plication of mNGS

We analyzed the impact of mNGS on doctors’ 
clinical decision-making. We found that among 
98 people in the mNGS group, 48 (49%) pa- 
tients’ medication were altered. Among them, 
15 (15.3%) patients’ medication regimen was 
changed. There were 24 (24.5%) patients who 
experienced drug de-escalation (the clinicians 
replaced high-escalation antibiotics with low-
escalation antibiotics in two patients who had 
an increase in DDI for other reasons) because 
of mNGS applications. The other nine people 
were discharged after the mNGS results feed-
back (Figure 9A).

We compared the DDI at the mNGS examina-
tion day and four days after the mNGS results 
were reported among the mNGS group. Nine 
patients were discharged within four days after 
the mNGS report. Of the remaining 89 partici-
pants, 22 (24.7%) patients showed a decrease 
in DDI. We analyzed the detailed reasons for 
medication de-escalation: reduction of drug 
types (57.14%), reduction in medication dose 

intensity and functional outcome of patients 
with CNS infection between groups performed 
with or without mNGS tests, identified a better 
prognosis and lower intensity of medication in 
patients who underwent mNGS tests. The 
improvement of medication intensity and prog-
nosis due to the application of mNGS was sig-
nificant in individuals with worse conscious-
ness on admission or in people with CNS bac- 
terial infection. 

CNS infection is a life-threatening disease 
responsible for severe disability or death. CNS 
infections depend on therapeutic resources, 
including timely access to anti-infection thera-
py, and antibiotic or antiviral drug usage [5, 7, 
16, 17]. Several studies reported the superiori-
ty of mNGS for diagnosing pathogens in infec-
tious diseases when compared to conventional 
methods. Our data confirmed the high sensitiv-
ity and specificity of mNGS in the detection  
of pathogens. This was consistent with previ-
ous studies of mNGS [7, 18-20]. We found the 
sensitivity of the mNGS reached 91.67% com-
pared to culture. The specificity was 88.24% in 
the final diagnosis. The extradetection rate of 
mNGS was as high as 39.8% compared to cul-
ture. This study revealed that mNGS was of 
excellent application value in the diagnosis of 
CNS infections. 

Previous studies have confirmed the guidance 
role of mNGS in clinical treatment. Hu et al. 
declared a considerable modification of infec-
tion diagnoses based on mNGS [21]. Another 
research showed that, among patients with 
suspected infection undergoing immunosup-
pressive corticosteroid therapy, mNGS played  
a role in optimizing antibiotic regimes [22]. 
These studies did not analyze populations with 
CNS infections. Instead, these studies explor- 
ed the role of mNGS in guiding anti-infection 
treatment. Our study evaluated the intensity of 
drug usage and its adjustment based on each 
mNGS tests among patients with CNS infec-

Table 2. Clinical diagnose efficiency of mNGS in CNS infection

Methods
Sensitivity  

compared to 
culture

Concordance rate 
compared with 
final diagnosis

Additional  
detection rate

mNGS 91.67% (11/12) 88.24% (45/51) 39.80% (39/98)
Culture - 92.31% (12/13) -
mNGS, metagenomic next-generation sequencing. CNS, central nervous 
system.

(10.71%), drug replacement by low-
er-escalation ones (7.41%), and 
drug adjustments (25.00%) for the 
treatment of different pathogen 
types (Figure 9B). 

Discussion

Our retrospective study, which as- 
sessed the difference of the drug 



Clinical value of mNGS in CNS infection

55 Am J Transl Res 2023;15(1):47-62

tions. We revealed a difference in the intensity 
of anti-infection drugs used between partici-
pants associated with mNGS and those who 
were not. This confirmed that the application of 
mNGS reduced the medication intensity. We 
evaluated the patients without co-infection  
and compared them with the TraE group. The 
CDI and DDI value of the mNGS group showed 
a noticeable reduction. We excluded the con-
founding factors of co-infection. The bene- 
fit of mNGS on reducing drug intensity was 
confirmed.

We found that the application of mNGS had a 
more significant impact on patients with bacte-
rial CNS infection. Data showed that in the bac-
terial and fungal infection subgroups, the CDI 
value of the mNGS group was lower than that  
of the TraE group. The patients involved with 
mNGS tests in the viral and bacterial infection 
subgroups had lower DDI values. The reasons 
were as follows: In the treatment of bacterial 
infections, the de-escalation of broad-spec-
trum antibiotics brought more remarkable 
changes to the intensity of medication. The 
clinical manifestations were typical. The clini-
cian’s empirical judgments were more accu-

rate. Less fluctuation of the medication inten-
sity was observed. A diagnosis of fungal infec-
tions would not be easily made when the etio-
logical evidence or other approval tests was 
absent. Most of them were performed with 
antibiotics empirically. The clinician changed 
the medication to fungal drugs after obtaining 
the mNGS reports. The intensity of the drug 
tended to increase.

Patients with the worst (Grade 3) and mildest 
(Grade 1) neurological function were inclined  
to benefit more from the mNGS examination, 
since it reduced the length of hospitalization 
and the amount of drug used. It was explained 
that the reports of the mNGS helped clinicians 
to optimize the anti-infection regimens. It sped 
up the recovery of critically ill patients and 
helped to avoid antibiotic overuse. Targeted 
medical therapy relying on the mNGS reports 
reduced unnecessary hospitalizations, espe-
cially for those with relatively mild symptoms. 
We concluded that, for critical patients with 
CNS infection, the application of mNGS was 
more valuable and instructive in diagnosis and 
treatment.

Figure 4. Comparison of CDI, DDI, and LOH between TraE group and mNGS group. The number in the red box 
showed the decline percentage of CDI (A), DDI (B), and LOH (C) between the two groups. TraE group, traditional 
examination group. mNGS group, metagenomic next-generation sequencing group. CDI, cumulative drug intensity. 
DDI, daily drug intensity. LOH, length of hospitalization.
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Figure 5. Intensity of drug use and length of hospital stay in patients with different GCS at admission. A. Comparison of the median CDI between TraE group and the 
mNGS group in Grade 1, 2, and 3. B. Comparison of the median LOH between TraE group and the mNGS group in Grade 1, 2, and 3. C. The composition of Grade 1, 
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Table 3. Comparison of CDI, DDI, and LOH between TraE group and mNGS group with different MRC 
Grade

MRC Grade TraE Group mNGS Group P Value
CDI (IQR) Grade 1 73.25 (20.50-227.88) 48.06 (35.67-160.48) 0.7739

Grade 2 47.25 (30.98-138.32) 47.21 (9.50-134.05) 0.6633
Grade 3 37.50 (13.70-83.27) 36.70 (14.81-57.00) 0.3842

DDI (IQR) Grade 1 4.57 (1.74-5.13) 2.24 (1.49-3.51) 0.0494
Grade 2 3.45 (2.10-5.95) 2.09 (1.00-4.86) 0.1677
Grade 3 2.08 (1.04-3.08) 2.28 (1.14-2.88) 0.9965

LOH (Day, IQR) Grade 1 40.00 (14.00-42.00) 23.50 (19.25-43.25) 0.6986
Grade 2 17.50 (9.00-28.75) 21.50 (14.75-39.75) 0.4430
Grade 3 18.50 (12.75-28.25) 16.00 (12.00-22.00) 0.2061

TraE group, traditional examination group. mNGS group, metagenomic next-generation sequencing group. Medical Research 
Council (MRC) grade 1 indicates a Glasgow coma score of 15 (on a scale of 3 to 15, with lower scores indicating reduced levels 
of consciousness) with no neurologic signs, grade 2 a score of 11 to 14 (or 15 with focal neurologic signs), and grade 3 a score 
of 10 or less. CDI, cumulative drug intensity. DDI, daily drug intensity. LOH, length of hospitalization.

2, and 3 in the TraE group and the mNGS group respectively. D. Comparison of the median DDI between TraE group 
and the mNGS group in Grade 1, 2, and 3. Medical Research Council (MRC) grade 1 indicates a Glasgow coma 
score of 15 (on a scale of 3 to 15, with lower scores indicating reduced levels of consciousness) with no neurologic 
signs, grade 2 a score of 11 to 14 (or 15 with focal neurologic signs), and grade 3 a score of 10 or less. TraE group, 
traditional examination group. mNGS group, metagenomic next-generation sequencing group. CDI, cumulative drug 
intensity. DDI, daily drug intensity. LOH, length of hospitalization.

In total, we reported 49% of altered medica- 
tion and 24.7% of decreased drug usage. This 
revealedthe value of mNGS in guiding the clini-
cal medication plan and benefited the precise 
use of antibiotics. We analyzed the reasons  
for decreased drug intensity. The reduction of 
drugs counted for the most, counting 57.14%. It 
was explained that the patients were treated 
with multiple drugs simultaneously on admis-
sion due to the unclear etiology diagnosis. The 
clinician identified the targeted pathogen with 
mNGS tests and excluded suspected patho-
gens, reducing the types of drugs. There were 
other reasons for the decrease of drug intensity 
such as drug adjustment, drug downgrade, and 
reduction of drug dose. With the report of 
mNGS, clinicians found the empirical medica-
tion did not fully cover the actual pathogens 
patients were infected with. The anti-infection 
regimes were able to be adjusted. Narrow-
spectrum anti-infection drugs were used pre-
cisely according to the target pathogen report-
ed by mNGS. The previous study of Filmarray 
meningitis/encephalitis Panel has shown that  
it improved the antibiotic regimens on CNS 
infection patients [10, 23, 24]. The research 
focused on the patients who had bacterial 
meningitis, without an overall population of 
CNS infected patients restricted by the limited 

scope of its pathogen examination and the 
study design itself.

We used the mRS to assess the patient’s self-
care ability and neurological impairment at the 
time of discharge. We found that the patients’ 
ability of being included in the poor prognosis 
(level 3) would decrease from 26.5% to 17.3% 
result to mNGS application. This showed the 
ability of mNGS in improving the results of 
patients with CNS infections. The conclusion 
showed that the application of mNGS in CNS-
infected populations improved patients’ prog-
nosis and optimized the drug intensity of 
patients during hospitalization. The previous 
study reported a better improvement rate 
among patients who adjusted medication 
according to mNGS than those performed with 
medication empirically [22]. We speculated 
that the mNGS’ rapid, accurate, and broad 
pathogen detection characteristics precisely 
identified pathogen types, accelerating the 
workup and treatment. CNS infection is a 
severe and dangerous infectious disease, 
demanding therapy. CSF culture has difficulty  
in timely feedback because of its low positive 
rate and time-consuming characteristics. The 
application of the mNGS test promotes the 
implementation of the optimal treatment. This 
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leads to rapid remissions of the disease and a 
better prognosis.

Our study had several strengths. Our retro- 
spective research analyzed a group of patients 

Figure 6. Intensity of drug use and length of hospital stay in patients with different pathogens infections. A. Com-
parison of the median CDI between TraE group and the mNGS group in viral-, bacterial- and fungal-infection. B. 
Comparison of the median LOH between TraE group and the mNGS group in in viral-, bacterial- and fungal-infection. 
C. The composition of different kind of infections in the TraE group and the mNGS group respectively. D. Comparison 
of the median DDI between TraE group and the mNGS group in viral-, bacterial- and fungal-infection. TraE group, 
traditional examination group. mNGS group, metagenomic next-generation sequencing group. CDI, cumulative drug 
intensity. DDI, daily drug intensity. LOH, length of hospitalization.

Table 4. Comparison of CDI, DDI, and LOH between TraE group and mNGS group with different patho-
gen infections

Infection TraE Group mNGS Group P Value
CDI (IQR) Viral infection 21.19 (7.15-40.13) 26.83 (8.13-47.90) 0.3807

Bacterial Infection 70.33 (32.67-155.17) 53.00 (24.83-105.10) 0.2893
Fungal Infection 36.60 (23.13-97.68) 47.00 (28.70-104.83) 0.9149

DDI (IQR) Viral infection 1.54 (0.61-2.46) 1.50 (0.78-2.50) 0.8113
Bacterial Infection 3.50 (2.00-5.08) 2.81 (2.02-3.58) 0.1143
Fungal Infection 1.78 (1.26-2.58) 2.37 (1.08-2.80) 0.7109

LOH (Day, IQR) Viral infection 13.00 (9.00-16.00) 16.00 (12.00-22.00) 0.0208
Bacterial Infection 23.00 (16.00-36.00) 21.00 (12.50-32.50) 0.4321
Fungal Infection 30.50 (16.50-47.00) 21.00 (13.00-58.00) 0.5105

TraE group, traditional examination group. mNGS group, metagenomic next-generation sequencing group. CDI, cumulative drug 
intensity. DDI, daily drug intensity. LOH, length of hospitalization.

Figure 7. Comparison between TraE group and mNGS group of non-co-infection patients in average of CDI, DDI, and 
LOH. In total, 66 patients in the TraE group were non-co-infection, and 68 patients in the mNGS group were non-co-
infection. mNGS group, metagenomic next-generation sequencing group. CDI, cumulative drug intensity. DDI, daily 
drug intensity. LOH, length of hospitalization.
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Figure 8. mRS Grades of patients in the TraE group and the mNGS group at discharge. Patients were divided into dif-
ferent levels according to their mRS Grades at discharge. We compared the composition of level 1, 2, and 3 patients 
in the TraE group and mNGS group, and the percentages were listed above. TraE group, traditional examination 
group. mNGS group, metagenomic next-generation sequencing group. mRS, modified Rankin Scale. Level 1: Good 
outcome. Level 2: Intermediate outcome. Level 3: Poor outcome. 

Figure 9. Changes of drug use intensity in the mNGS group. A. The number of patients who altered the medication 
regimens according to the mNGS results were listed and the percentages were calculated. We listed the specific 
types of regimens alterations. B. The specific changes of medication decisions were listed. We calculated the com-
position ratio of various detailed reasons for drug-use-intensity reduction. *Among the patients with decreased drug 
use intensity, 1 patient took a lesser dose and fewer types of drugs. The medication was adjusted. Another patient 
took fewer types of drugs and downgraded medication. All medications were adjusted. Two patients experienced a 
reduction and adjustment of drug types. 
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with high homogeneity of the CNS infection, 
ensuring that the same group of doctors made 
their medication plan, reflecting the changes in 
medication usage and prognosis accurately 
under the influence of mNGS. Our study had 
limitations inherent to its retrospective design. 
These included the small sample size of para-
site CNS infections and those unclassified in 
our study. We could not conclude the value of 
clinical medication guidance of mNGS in these 
groups. The results of mNGS were interfered 
with by many factors. A larger sample size, 
multi-center, and more detailed study is need-
ed to verify the application value of mNGS in 
CNS infections.

Conclusion

This retrospective cohort study demonstrated 
that mNGS exhibited superiority over tra- 
ditional culture and detected CNS infections 
better. mNGS helped to shorten hospital stays 
and improved patient outcomes, especially for 
severe patients and bacterial infection. The 
application of mNGS reduced the daily drug 
intensity used on CNS infection patients with 
better consciousness on admission. For clini- 
cal decision-making, mNGS can be applied to 
assist in rational and precise drug use, reduc-
ing the abuse of antibiotics, preventing antibi-
otic resistance.
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Table S1. Enrollment and exclusion criteria
Enrollment Criteria
    Age ≥ 14 years
    Patients with a final diagnosis of central nervous system infection
    Patients with records of Electronic Medical Records System at Huashan Hospital
Exclusion Criteria
    Age < 14 years
    Patients with previous etiological diagnosis 
    Patients who received effective anti-infection treatment before
    Patients without records of Electronic Medical Records System at Huashan Hospital
    Patients with no records of lumbar puncture during hospitalization
Each of the above items must be met simultaneously.

Table S2. Glasgow coma scale (GCS)
Eye opening (E)
    None
    To pressure
    To speech
    Spontaneous
Verbal response (V)
    None
    Sounds
    Words
    Confused
    Orientated
Best motor response (M)
    None
    Extension
    Abnormal flexion
    Normal flexion (withdrawal)
    Localizing
    Obeying commands

Table S3. The modified rankin scale
Grade Description
0 No symptoms
1 Minor symptoms not interfering with lifestyle
2 Symptoms that lead to some restriction in lifestyle, but do not interfere with the patients’ ability to care for themselves
3 Symptoms that restrict lifestyle and prevent total independent living
4 Symptoms that clearly prevent independent living, and the patient does not need constant care and attention
5 Totally dependent, requiring consistent 24 h help
Grade 0: Good outcome, Grade 1 or 2: Intermediate outcome, Grade 3 to 5: Poor outcome.
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Table S4. CDI, DDI, and LOH of non-co-infection patients in the TraE group and the mNGS group
TraE Group (n=66) mNGS Group (n=68) p value

CDI 65.83 (11.75-83.43) 57.95 (14.00-353.50) 0.8583
DDI 2.72 (0.84-4.14) 2.25 (1.00-3.05) 0.5874
LOH 20.74 (11.00-26.50) 22.24 (12.00-24.00) 0.8080
TraE group, traditional examination group. mNGS group, metagenomic next-generation sequencing group.

Table S5. DDI of the mNGS and TraE Group in different infection subgroups without co-infection
TraE Group mNGS Group p value

Viral Infection 1.84 (0.22-2.08) 1.36 (0.56-2.32) 0.7390
Bacterial Infection 3.54 (2.00-4.90) 3.20 (2.28-4.60) 0.4777
Fungal Infection 1.74 (1.26-2.31) 1.95 (0.87-2.80) 0.7577
TraE group, traditional examination group. mNGS group, metagenomic next-generation sequencing group.


