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Abstract

BACKGROUND

The diagnostic value of metagenomic next-generation sequencing (mNGS) in central
nervous system (CNS) infectious diseases after empirical treatment has not been

reported.

AIM
To investigate the diagnostic value of mNGS of cerebrospinal fluid (CSF) in the

empirically treated CNS infectious diseases.

METHODS

A total of 262 CSF samples from patients with suspected CNS infections were collected
between August 2020 and December 2021. Both mNGS and conventional methods were
used for testing. The conventional methods included microbial culture, smear,

polymerase chain reaction, efc.

RESULTS
Among 262 suspected cases, 183 cases (69.84%) were diagnosed as CNS infection,
including 86 cases of virus infection (47.00%), 70 cases of bacterial infection (38.25%)
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and 27 cases of fungal infection (14.76%). The sensitivity and specificity of mNGS were
65.6% (95%CI: 58.2%-72.3%) and 89.6% (95%CI: 79.1%-95.3%), respectively. The PPV of
mNGS was 94.5% (95% CI: 88.6%-97.6%), and the NPV was 48.8% (95% CI: 39.7%-57.9%).
The pathogen detective sensitivity and accuracy of mNGS were higher than those of
conventional methods (Sensitivity: 65.6% vs 37.2%; P < 0.001; Accuracy: 72.0% vs 50%, P
< 0.001). The results showed that compared with conventional methods, mNGS
technology was a more sensitive method for the diagnosis of CNS infection after

empirical treatment.

CONCLUSION
mNGS can be a better method applied in the diagnosis of CNS infection after empirical

treatment.
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Core Tip: The study found that metagenomic next-generation sequencing (mNGS) had
a higher sensitivity than the conventional methods in the diagnosis of infectious
diseases of the central nervous system after empirical treatment. mNGS has significant

clinical value and should be used mainly in early pathogen diagnosis in the future.
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INTRODUCTION

Infectious diseases of the central nervous system (CNS) are acute or chronic
inflammatory (or noninflammatory) diseases caused by pathogenic microorganisms
that invade the parenchyma, meninges and blood vessels of the CNSI'. The pathogenic
microorganisms include viruses, bacteria, fungi, mycobacterium tuberculosis,
spirochetes, parasites, etc. The infections are characterized by high morbidity, rapid
disease progression, and high rates of disability and death. With the exception of stroke,
meningitis ranks first in terms of disability and second in terms of mortality among
neurological diseases. The pathogenic diagnosis of CNS infections mainly relies on
cerebrospinal fluid (CSF) smear microscopy, pathogen culture, antigen-antibody tests,
polymerase chain reaction (PCR) tests, efc. Early diagnosis of this disease is difficult to
realize and it always followed by poor curative effects and prognosis/2?L. In view of this,
it is important for us to find a way to diagnose, identify and treat CNS infections at an
early stage, which is also the topic of our research.

As an emerging pathogen detection method, metagenomic next-generation
sequencing (mNGS) is of increasing interest to researchers, as it is able to detect all
potential pathogens in a single testl*?l. In recent years, mNGS has been proven to be
outstanding in the diagnosis of infectious diseases, especially in the infections of blood,
respiratory tract and CNS. Studies have reported that mNGS can increase the diagnosis
rate of CNS infections by 25%[6-8l. The application of mNGS can improve and optimize
the diagnostic strategy for infectious encephalitis/meningitis. However, the clinical
value of GS in diagnosing CNS infection after empirical treatment remains to be
discussed. In this study, we compared the differences of mNGS and conventional
methods in the detection of pathogens including viruses, bacteria, and fungi in CNS

infections after empirical therapy.

MATERIALS AND METHODS

According to standard procedures, we recruited 262 patients with suspected CNS

infections who visited our hospital from August 2020 to December 2021 as study
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subjects. The inclusion criteria were high-level clinical suspicion of CNS infectious
diseases (e.g., fever, impaired consciousness, manifestations of increased intracranial
pressure, signs of meningeal irritation, efc.). Exclusion criteria were refusal of lumbar
puncture to obtain CSF or bloody CSF. Specimens from all patients were routinely
tested for pathogens, including culture of bacteria and fungi from CSF, detection of
bacteria on the stained CSF smear, serology test and PCR. CSF specimens were collected
simultaneously for mNGS, and the clinical and laboratory data of the patients were
recorded. The 262 patients enrolled in this study were diagnosed by three chief
neurologists based on their clinical presentation, imaging findings, response to
antibiotic treatment, follow-up results, and pathogenic evidence. Among them, 195
patients were diagnosed with CNS infections (183 infections with viruses, bacteria, and
fungi and 12 other infections). The remaining 67 patients were diagnosed with
noninfectious diseases, including autoimmune encephalitis, malignancy and venous
sinus thrombosis. The study conformed to the principles of the Declaration of Helsinki
and received ethical approval from the Ethics Committee of Liaocheng People's
Hospital. Patients or their families gave informed consent to the diagnosis and

treatment and signed the informed consent form.

CSF next-generation sequencing and data extraction
CSF was extracted from each patient and tested in our laboratory (provided by
Shenzhen UW Medical Laboratory Co., Ltd.) under aseptic conditions. The procedures
of nucleic acid extraction and second-generation sequencing were as follows: Add 0.3
mL of 0.5 mm diameter glass beads to the broken wall tube, and then add 0.6 mL of
specimen. Shake the tube at 2800-3200 r/min for 20 min at high speed, and then the 300
ul of nucleic acid is extracted. The DNA was extracted using the TINAamp Micro DNA
Kit (DP316, Tiangen Biochemical Technology Co., Ltd., China) according to the
standard operation.

The DNA libraries were constructed according to the following steps: Firstly,

randomly cut the DNA into fragments, then perform the end-repair and adaptor
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ligation. Finally, the DNA fragments after ligation were amplified by PCR. The libraries
were quality-controlled using Agilent 2100 (Agilent Technologies, United States) and
Qubit 2.0 (Invitrogen, United States). The double-stranded DNA was converted to
single-stranded circular DNA by DNA degradation and cyclization, and the DNA
nanoballs (DNBs) were generated by rolling circle amplification (RCA) technology. The
Qubit 2.0 was used for quality control of the DNBs. The qualified DNBs were loaded
onto chips and sequenced on the the BGISEQ-50 platform (BGI Genetics Ltd., China)
with 20 mol /L of sequencing data.

After removing low-quality short reads (length < 35 bp) to obtain sequencing data
with high-quality, the high-quality reads were aligned to the human reference genome
(fg19) sequence by BWA. Then the low-complexity reads were removed. The remaining
reads were simultaneously aligned with four microbial genomic databases, which
mainly composed of viruses, bacteria, fungi, and parasites. These database were
downloaded from the National Center for Biotechnology Information
(ftp:/ /ftp.ncbi.nlm.nih.gov/genomes/), which mainly contain 1979 DNA viral whole-
genome sequences, 6350 bacterial genomes, 1064 fungal genomes associated with

human infections, and 234 parasite genome sequences associated with human diseases.

Threshold criteria for positive mNGS results

The final sequencing data were obtained by removing common background
microorganisms and suspected pathogenic microorganisms that appeared in > 50% of
the samples in the past 3 mo.

For viruses and bacteria, the positive criteria were mapped when the reads of one
microorganism (species level) were 10 times greater than those of any other
microorganism. For fungi, the coverage (species level) of one fungus was 5 times wider
than that of any other fungus. The positive criteria in this study were as follows: (1)
After excluding the microorganisms from normal skin and other flora, the top 5 genera
with a relative high abundance were selected, and the top 2 species in each genus were

selected; (2) Viruses, bacteria and fungi were considered positive when their number of
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specific sequences was = 3 reads; (3) The clinical manifestations and imaging changes of
the patients were discussed by experienced physicians and excluded the possible
colonization and contamination cases; and (4) The condition of the patient improved
after a targeted treatment. Consistent with clinical judgment or targeted treatment from
three experienced senior physicians.

Results of mNGS or conventional methods were considered positive only if the
pathogen tested corresponding to the final clinical diagnosis. If the patient's final
clinical diagnosis was a non-CNS infection, a positive test result was considered a false
positive, and a negative result was considered a true negative. If the patient's final
clinical diagnosis was a CNS infectious disease, a positive result was considered a true

positive, and a negative test was considered a false negative.

Statistical analysis

Using the final clinical diagnosis as the gold standard (the final clinical diagnosis was
determined by three chief physicians based on the imaging, clinical manifestation,
response to the medical therapy, and follow-up of the patient) to divide the subject
patients into CNS infection and non-CNS infection groups. Differences in continuous
variables between the groups were calculated using ¢ tests and y?2 tests. P values <0.05
was considered as statistically significant. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accuracy (ACC) were calculated, and
the y? test was used to compare the sensitivity and specificity of mNGS with
conventional pathogen detection methods. All statistics were reported as absolute
values with 95% confidence intervals (Cls), and the SPSS 25.0 was used for statistics

analysis.

General characteristics
A total of 262 patients were involved in this study, only 195 cases of them were
diagnosed with CNS infections and the remaining 67 cases were diagnosed with non-

CNS infectious diseases. The patients with CNS infections included 183 cases of viral,
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bacterial, and fungal infections and 12 cases of parasitic infections with 95 males and 97
females and an average age of 41.2 (14-91) years. All patients had received empirical
treatment prior to CSF collections. The final CNS infections were classified as viral,
bacterial, fungal, other infections, and noninfectious diseases. The non-CNS infections

included autoimmune encephalitis, malignancy, and venous sinus thrombosis.

RESULTS

The diagnostic values of mNGS and conventional methods in the CNS virus infections
are compared as follows

Comparison of the diagnostic performance of mNGS and conventional methods:
Based on the final clinical diagnosis, 86 of the 121 patients with suspected viral
infections were diagnosed with viral encephalitis and/or meningitis, and all 121
patients were given empirical antiviral therapy. A total of 135 CSF specimens were
tested by mNGS and conventional methods respectively (serology and PCR) (5 of these
patients underwent multiple mNGS tests). Compared with the conventional methods,
the mNGS had a subtle advantage of detective sensitivity (66.3% vs 53.5%, P = 0.087),
specificity (88.6% wvs 85.7%, P = 1.00), accuracy (72.7% vs 62.8%, P = 0.009), positive
predictive value (93.4% vs 90.2%, P = 0.779), and negative predictive value (51.7% vs
429%, P = 0.316) (Table 1).

Inconsistency between mNGS and conventional methods for virus detection: Among
86 specimens of CSF from patients with confirmed viral infection, 29 specimens were
tested negative by mNGS while 40 were tested negative by conventional methods. In
addition, mNGS confirmed the diagnosis of viral infection in 19 of the specimens that
tested negative by conventional methods. Among these specimens that tested negative

by mNGS, only 7 cases were confirmed by conventional methods (Table 2).

Consistency between mNGS and conventional methods for virus detection: Thirty-

eight of 86 (11.43%) cases were tested both positive by mNGS and conventional
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methods and 22 of 86 (32.86%) cases were tested both negative by these two methods
respectively. Moreover, 19 cases (52.86%) were tested positive only by mNGS and 7

(32.86%) were tested positive only by conventional methods (Figure 1A).

Comparison of pathogenic detection between mNGS and conventional methods: The
positive detection rate of mNGS in CNS viral infections was 57/86 (66.28 %), and the top
3 pathogens with the highest detection rate were herpes simplex virus type 3,
cytomegalovirus, and herpes simplex virus type 1. The positive detection rate of
conventional methods was 46/86 (53.49%), and the top 3 pathogens with the highest
detection rate were cytomegalovirus, herpes simplex virus type 3, and herpes simplex
virus type. A total of 17 pathogenic viruses were detected by mNGS, and 8 by
conventional methods (Figure 2A). That means the mNGS can detect a wider range of

pathogens than conventional methods.

The diagnostic values of mNGS and conventional methods in the CNS bacterial
infections are compared as follows

Comparison of the diagnostic performance of mNGS and conventional methods:
Based on the final clinical diagnosis, 96 patients with suspected bacterial infections were
given empirical antibiotics, and finally, 70 patients were diagnosed with bacterial
meningitis or encephalitis. A total of 110 specimens were prepared for mNGS and
bacterial smear-culture respectively (6 of these patients underwent multiple mNGS
tests). Compared with the conventional methods, the mNGS had a distinct advantage of
detective sensitivity (65.7% vs 14.3%, P < 0.001), specificity (88.5% vs 84.6%, P = 1.000),
accuracy (71.9% vs 33.3%, P < 0.001), positive predictive value (93.9% vs 71.4.%, P =
0.061), and negative predictive value (48.9% vs26.8%, P = 0.011) (Table 3).

Inconsistency between mNGS and conventional methods for bacterial detection:
Among the 70 confirmed CSF specimens, 24 of them were tested negative by mNGS

and 60 were tested negative by conventional methods. Moreover, mNGS confirmed the
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bacterial infections in 37 specimens that were tested negative by conventional methods.
Among these specimens that tested negative by mNGS, only 2 cases were confirmed by

conventional methods (Table 4).

Consistency between mNGS and conventional methods for bacterial detection: Eight
of 70 (11.43%) cases were tested both positive by mNGS and conventional methods and
23 of 70 (32.86%) cases were tested both negative by these two methods respectively.
Moreover, 37 cases (52.86%) were tested positive only by mNGS and 2 (2.86%) were

tested positive only by conventional methods (Figure 1B).

Comparison of pathogenic detection between mNGS and conventional methods: The
mNGS positive detection rate of mNGS in CNS bacterial infections was 46/70 (65.71%)
and the top 3 pathogens with the highest detection rate were Streptococcus
pneumoniae, Haemophilus influenzae, and Klebsiella pneumoniae. The positive
detection rate of conventional methods was 10/70 (14.29%), and the top 3 pathogens
with the highest detection rate were S. pneumoniae, Staphylococcus aureus, and K.
pneumoniae. A total of 13 pathogenic bacteria were detected by mNGS, and 5 by
conventional methods (Figure 2B). That means the mNGS can detect a wider range of

pathogens than conventional methods.

The diagnostic values of mNGS and conventional methods in the CNS fungal infections
are compared as follows

Comparison of the diagnostic performance of mNGS and conventional methods:
Based on the final clinical diagnosis, 33 patients with suspected fungal infections were
given antifungal treatment, and finally, 27 patients were diagnosed with fungal
infections. A total of 27 CSF specimens were prepared for mNGS and fungal culture
respectively. Compared with the conventional methods, the mNGS had a slight
advantage of detective sensitivity (63.0% vs 44.4%, P = 0.127), specificity (100% vs 83.3%,
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P =0.01), accuracy (69.7% wvs 51.5%, P = 0.131), positive predictive value (100% vs 92.3%,
P =0.433), and negative predictive value (37.5% vs 25.0%, P = 0.656) (Table 5).

Inconsistency between mNGS and conventional methods for fungal detection:
Among the 27 confirmed CSF specimens, 10 of them were tested negative by mNGS
and 15 were tested negative by conventional methods. Moreover, mNGS confirmed the
fungal infections in 10 specimens that were tested negative by conventional methods.
Among these specimens that tested negative by mNGS, only 5 cases were confirmed by

conventional methods (Table 6).

Consistency between mNGS and conventional methods for fungal detection: Seven
of 27 (25.93%) cases were tested both positive by mNGS and conventional methods and
5 of 27 (18.52%) cases were tested both negative by these two methods respectively.
Moreover, 10 cases (37.04%) were tested positive only by mNGS and 5 (18.52%) were

tested positive only by conventional methods (Figure 1C).

Comparison of pathogenic detection between mNGS and conventional methods: The
mNGS positive detection rate of mNGS in CNS fungal infections was 17/27 (62.96%)
and the top 3 pathogens with the highest detection rate were Cryptococcus, Aspergillus,
and Candida. The positive detection rate of conventional methods was 12/27 (44.44%),
and the top 3 pathogens with the highest detection rate were Cryptococcus, Aspergillus,
and Candida. A total of 5 pathogenic fungi were detected by mNGS, and 3 detected by
conventional methods (Figure 2C). Among the negative specimens detected by mNGS,

only 5 of them were confirmed by conventional methods.

Overall diagnostic performance of mNGS

Of the 262 CSF samples, 49.23% (129/262) of the samples were positively detected by
conventional methods, while 26.34% (69/262) of the samples were positively detected
by mNGS.
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The sensitivity and specificity of mNGS were 65.6% (95%CI: 58.2%-72.3%) and 89.6%
(95%Cl: 79.1%-95.3%), respectively. The PPV of mNGS was 94.5% (95% CI: 88.6%-97.6%),
and the NPV was 48.8% (95%CI: 39.7%-57.9%). The pathogen detective sensitivity and
accuracy of mNGS were higher than those of conventional methods (sensitivity: 65.6%
vs 37.2%; P < 0.001; accuracy: 72.0% wvs 50%, P < 0.001). The results showed that
compared with conventional methods, mNGS technology was a more sensitive method

for the diagnosis of CNS infection after empirical treatmen (Table 7).

DISCUSSION

The accurate and rapid pathogen detection is essential for the diagnosis of CNS
infectionsl’l. Despite previous studies have already reported the use of mNGS in the
diagnosis of CNS infectionl'?], few studies have comprehensively evaluated the overall
diagnost'ﬁ performance of it in those patients already receiving the empiric treatment
before. This cross-sectional study evaluated the diagnostic rate and additional
diagnostic value of mNGS in patients with CNS infection after empirical treatment.

The aim of this study was to apply mNGS directly to clinical specimens in order to
evaluate its diagnostic efficacy on CNS infections. We employed the result of clinical
diagnosis rather than that of conventional methods as a reference standard. All CSF
samples were collected after medical therapy, which would reduce the diagnostic
efficacy of the conventional method. In addition, the advantages of other testing
methods will not be revealed if the conventional methods are used as the reference
standard. Although the clinical diagnosis lacks evidence of pathological findings, a
follow-up period longer than 1 mo could greatly reduce the possibility of misdiagnosis.
Therefore, we considered that using clinical diagnosis as the reference standard could
be an appropriate choice when comparing the two diagnostic methods.

In this study, a systematic comparison of CSF tested by mNGS and conventional
methods was performed, and the results showed several advantages of mNGS. First,
mNGS is faster, costing an average of 2 d from sample collection to report. In contrast,

the conventional methods cost at least 2-5 d. The mNGS is characterized by a short
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detection time and unbiased detection, which could facilitate the detection of clinical
specimens without prior suspicion of certain pathogens. Second, the overall positive
detection rate of mNGS (91.1%) was significantly higher than that of the conventional
methods (62.2%). The results suggest that the detective sensitivity of mNGS is superior
to that of conventional methods, especially in bacterial and fungal infections. In this
study, 6 rare pathogens causing CNS infections and 3 mixed infections of CNS were
identified, which means that the mNGS has the potential in detecting mixed infections,
rare and unanticipated pathogens.

Virus infection is one of the most common types of CNS infections. At present, the
cause of more than half of the CNS infections can not be confirmed. The pathogen
detection methods of viral encephalitis/meningitis mainly include CSF staining,
antigen antibody detection and PCR technology. These methods are often characterized
by low sensitivity and time-consuming, resulting in delayed treatments. A significant
merit of mNGS compared with traditional viral etiology test is that it can detect
thousands of viruses at the same time within one test. It is no need to rely on clinical
prediction, which means the detection range is wide, especially when extracting the
CSF is difficult with limited resources(1.12].

The results showed that the detective sensitivity of mNGS and conventional
methods for the diagnosis of CNS virus infection was 66.3% and 53.5% respectively,
while the detective specificity of mNGS and conventional methods was 88.6% and
85.7% respectively. Compared with conventional methods, mNGS had high sensitivity
and similar specificity in identifying the pathogens which cause the virus infection in
CNS. The mNGS detected 9 additional pathogenic viruses compared with conventional
methods. Eight of these viruses were rare pathogens, suggesting the latent capacity of
mNGS in detecting rare and unanticipated viruses!'3. Most of the viruses detected by
mNGS in patients with viral encephalitis or meningitis in this study were DNA viruses,
with the most common viruses as the herpes simplex virus type 1, 2 type 5, varicella-
zoster virus, and cytomegalovirus. RNA viruses were detected in 3 cases including the

case 22 with influenza virus, the case 68 with enterovirus, and the case 139 with
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rhinovirus, which gave a fact that the DNA viruses were more common in CSF in
patients with acute or subacute encephalitis or meningitis. And the mNGS was helpful
in their detection and diagnosis.

Bacterial meningitis is a serious disease that can be fatal to both children and adults.
The incidence rate and mortality rate of bacterial meningitis vary from different
pathogen types!®®l. In order to effectively treat bacterial meningitis, it is necessary to
determine the microorganisms and their antibiotic sensitivity patterns as soon as
possible. At present, CSF culture is the gold standard for the diagnosis of bacterial
meningitis. However, the lower bacterial proliferation rates could lead to results with
higher false negative. Therefore, new test methods are urgently needed. The mGNS is a
rapid and high-throughput pathogen detection method, which has been applied to CSF
samples in many studies. Miao et all8l had systematically compared mGNS and CSF
culture, and found that the mGNS had advantages in several aspects. The mGNS is
highly sensitive to pathogen identification and is less affected by the previous
application of antibiotics[1413].

In this study, we used CSF samples to compare the differences between conventional
methods and mGNS in the diagnosis of patients with bacterial meningitis. The
sensitivity and accuracy of mNGS in detecting and diagnosing bacterial infections in
CNS were 65.7% and 71.9% respectively, significantly higher than those of conventional
methods as 14.3% and 33.3%. All patients received antibiotics before the extraction of
CSF. This study suggests that mNGS could have a diagnostic advantage over
conventional methods in patients who received empiric antimicrobié therapy before
sample collection. The use of empirical antibiotic can reduce the detection rate of
conventional methods by approximately 20% without affecting the detection rate of
mNGS*l, as the microbial culture is susceptible to antimicrobial therapy. The mNGS
only requires the DNA fragments of microorganisms for identification, which may
explain its relatively high detection rate after treatmentll”l. In our study, mNGS
identified a total of 37 culture-negative pathogens. Among these pathogens, the non-

mycobacterium may require a relative long incubation time, and some other pathogens
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can’t be cultured under standard conditions, such as Streptococcus haemolyticus. While
the mNGS has a short TAT and is non-targeted, enabl'ﬁg rapid detection of these
pathogens(!8l. Considering these merits, mNGS could be an important complement to
conventional culture which can improve the pathogen detecﬁ'on rate and the disease
management in patients with complex infectious diseases. Similar conclusions have
been reached in previous studies. When used as a complement of conventional methods,
mNGS could improve the diagnosis of focal and CNS infections.

In recent years, with the increasing using of immunosuppressants, the prevalence of
CNS mycosis has increased significantly. The main pathogens causing fungal infection
in human CNS are opportunistic fungi, such as aspergillus, cryptococcus, pneumocystis
girovii and endemic fungi. The conventional methods for the diagnosis of CNS fungal
infection mainly include cultyge, histopathology, antigen detection, serology, imaging
and molecular diagnosis. The culture method is often regarded as the gold standard of
fungal infection, but most fungi should be cultured a relative long time, some of them
even need a culture time as long as one month. The histopathological diagnosis is an
invasive examination, whose sensitivity and specificity largely depend on the
experience of pathologists, and there often exists a certain misdiagnosis ratel%20l. This
study showed that the positive rate of the fungal CNS infection detected by mNGS was
17/27(62.96%), while that of the conventional methods was only 12/17(44.4%). The
diagnostic value of mNGS in fungal infection of CNS is worth more concern from the
researchers and physicians. However, the mNGS has no obvious diagnostic advantage
in cryptococcal infection in the CNS. In 5 cases of cryptococcal infection, capsular
polysaccharide antigen was positive. For cryptococcal infection of CNS, it is
recommended to detect the capsular polysaccharide antigen. If the patient's medical
history, clinical manifestations and imaging findings are highly suspected of
cryptococcal infection, mNGS is not recommended. The reason may be that the thick
cryptococcus capsule is difficult to fully destroyed and the DNA used for mNGS can
hardly released, which would reduce the diagnostic efficiency of mNGS. Although the

positive detection rate of fungal culture is low, the combination of culture, GM test and
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mNGS is of great significance for the diagnosis of fungal CNS infections to avoid the
ormgissions.

Fungal infections usually occur in immunogompromised individuals. However, in
our study, a large proportion 15/27 (55.6%) of patients with CNS fungal infections had
normal immune function!?'l. There are increasing reports of immunocompetent patients
with fungal infections, possibly due to the exposures to environmental genetic factors.
We found that mNGS has a higher diagnostic value for CNS fungal infectigns than
traditional methods (ink blot staining, culture, and antigen-antibody testing). mNGS is
suitable for the detection of pathogens that cannot be identified by other available
detection technologies and in situations when patients fail to respond to standardized
drug therapy. For rare and slow-proliferating pathogens, mNGS shows considerable
advantages in reducing the time required to diagnose and confirm the type of pathogen,
and further facilitating the targeted drug therapy, and improving patient prognosis

We performed multiple mNGS tests in 11 patients to observe the dynamic changes of
mNGS in CNS infections. In all cases, the positive detection rate of mNGS decreased
within weeks when the patients received effective drug therapy. mNGS not only has a
confirmatory value but also evaluates the efficiency of treatment to some extent.

The mNGS findings in 15 patients led to a change in treatment strategy. mNGS
diagnosed rare pathogen infections in 6 cases, as the case 4 with porcine streptococcal
meningitis, the case 6 with feline rickettsial meningitis, the case 12 with porcine
cysticercosis, the case 82 with porcine pseudorabies infection, the case 111 with Listeria
monocytogenes infection, and the case 124 with Mycoplasma pneumoniae encephalitis.
While the conventional methods identified only 1 case, which is the case 111 with
Listeria monocytogenes infection, and the mNGS positively identified this case earlier
than the conventional methods, leading to a rapid change in anti-infective therapies.
However, mNGS findings must be combined with epidemiological and clinical features

to identify the pathogens.

Limitations
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As a revolutionary diagnostic tool, mNGS can detect all pathogens simultaneously.
However, there are some inherent defects of mNGS. For example, microbial
contaminants may interfere the interpretation of mNGS results, leading to unnecessary
testing and inappropriate processing. One hindrance is the genome background of the
human host with high abundance, which may limit the extraction of pathogenic
sequences and lead to an insufficient sensitivity of mNGS. Other hindrances such as
different registration cohorts and reference standards, as well as different types of
infectious diseases still exist. Furthermore, we used the results of clinical diagnosis as a
reference standard rather than that of conventional methods, which may be incorrect in

some cases. These results need to be further explored with studies of more samples.

CONCLUSION

The mNGS method is a useful complement to conventional methods. It has higher
positive rate, higher sensitivity and wider pathogen spectrum, especially for rare
pathogens and pathogens that are difficult to culture. mNGS showed a good diagnostic
efficiency on CNS infection after empirical treatment, which is superior to conventional
methods, and can be used to detect special pathogens and mixed infections. All in all,

the mNGS technology has great potential in the diagnosis of CNS infection.

ARTICLE HIGHLIGHTS

Research background
The value of metagenomic next-generation sequencing (mNGS) in central nervous

system infectious diseases after empirical treatment has not been reported.

Research motivation
The authors evaluated the value of mNGS in cerebrospinal fluid in the diagnosis of

empirically treated central nervous system (CNS) infectious diseases.

Research objectives
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This study evaluated the value of mNGS in central nervous system infection and
whether mNGS can be used to diagnose the pathogen of central nervous system

infection

Research methods

A total of 262 empirically treated central nervous system-infected samples were
analyzed by mNGS Confirmed pathogen. Using the final clinical diagnosis as the gold
standard (the final cpatients were divided into CNS infection and non-CNS infection
groups. Differences in continuous variables between groups were calculated using tests

and y? tests.

Research results
mNGS is potentially advantageous in terms of speed and sensitivity. mNGS detected

six rare pathogens.

Research conclusions
mNGS has a better diagnosis of CNS infection after empirical treatment, and the overall

detection rate is better than that of conventional assays.

Research perspectives
mNGS has a better diagnosis of CNS infection after empirical treatment, and the overall
detection rate is better than that of conventional assays. mNGS has diagnostic

advantages.
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