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Abstract
Background HIV-infected patients have extremely low immunity and various opportunistic infections.
Early diagnosis and treatment of these pathogens is critical for patients with HIV infection, especially
those with central nervous system (CNS) infections. Metagenomic next generation sequencing (mNGS)
has the advantage of identifying a broad range of pathogens and was suggested as a promising tool in
the clinical diagnosis for infectious diseases. The clinical application of mNGS in the diagnosis of CNS
infections in patients infected with HIV remains inadequately characterized.Methods We retrospectively
analyzed data from 22 patients with suspected central nervous system infections who underwent both
mNGS and conventional methods including culture, PCR, X-pert/RIF and antigen testing to explored the
utility of mNGS in clinical diagnostic microbiology of CNS infections in HIV-infected patients.Results A
total of 22 patients participated in the study between June 2018 and May 2019. The consistency of
positive percentage of mNGS compared to clinical diagnosis was signi�cantly higher than that of
conventional methods (86.36% vs. 45.21%). The proportion of co-infections in mNGS positive samples
was signi�cantly higher than that in traditional methods (40.91% vs. 14.39%). Sixteen Extra Pathogens in
14 cases identi�ed by metagenomic NGS only, 6 pathogens affected clinical reasoning and 7 pathogens
guided antimicrobial therapy.Conclusions MNGS is a powerful diagnostic method for identifying
pathogens in central nervous system infections and provide actionable information in some cases.
MNGS technology has positive signi�cance for the diagnosis and clinical treatment of central nervous
system infection in HIV-infected patients.

Introduction
HIV infection is a global epidemic[1]. As of 2018, approximately 37.9 million people worldwide were
infected with HIV[2]. In 2017, approximately 770,000 people died from diseases caused by HIV
infection[2]. The HIV virus attacks human immune cells, causing low immunity. Central nervous system
infections are destructive syndromes that remain undiagnosed in most cases [3] . Furthermore, some
patient groups, such as those infected with HIV, who often show subtle or non-speci�c symptoms and
signs, are at high risk for encephalitis, accidental infection or unusual pathogens , and are considered to
have more serious consequences.[4]. For many patients, the traditional methods requires extensive, often
negative, series of tests using a combination of culture, serological, antigen, and molecular methods,
leading to delayed or missed diagnoses and is achieved in only 50-80% of cases[5, 6]. Failure to diagnose
patients with central nervous system diseases in time often results in delayed, inadequate, inappropriate
treatment, and increased a high cost burden to the healthcare. This applies in particular to CNS
infections, where rapid, accurate identi�cation of pathogens and rapid initiation of antimicrobial
treatment are potentially lifesaving.

Metagenomic next generation sequencing (mNGS) is a rapidly evolving molecular technology with great
potential to provide a direct, unbiased analysis of the microbial composition of clinical samples without
reliance on traditional culture or targeted molecular tests[7, 8]. Cerebrospinal �uid (CSF) is particularly
suitable for NGS due to its sterility in healthy individuals. Several recent published reports describing the
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usefulness of mNGS of CSF to identify known and unsuspected pathogens and to discover new
microorganisms[9-11]. However, there have been no reports of studies on cerebrospinal �uid (CSF)
samples from HIV-infected individuals. CNS infection is more common in patients with severe
immunosuppression of CD3+4+ T cell counts <200/ul than in immunocompetent hosts. In
immunosuppressed individuals, opportunistic infections (OIs) is the most probably diagnostic
considerations and multiple etiologies can coexist.[12].An in-depth understanding of the various
etiologies of CNS disease in HIV-infected patients is important for proper assessment and management .
Recently, we explored the application of mNGS of CSF in the diagnosis of CNS infections in patients with
severe immunosuppression.

Methods
Study Patients

Twenty-two HIV-infected patient with a diagnosis of encephalitis or meningitis were recruited from
Infectious Diseases Center of Guangzhou Eighth People’s Hospital between June 2018 and May 2019.
 Criteria for diagnosis of encephalitis/meningitis are based on relevant guidelines and/or consensus [13,
14]. Cerebrospinal �uid specimens were tested by clinical microbiology and mNGS respectively. All
samples had complete clinical microbiological data. The study was conducted in accordance with the
Helsinki declaration and approved by the local institutional review committee. Written informed consent
was obtained from All participants.

mNGS of CSF

DNA Extraction, library construction and sequencing 

0.5-3mL CSF sample from patient was collected according to standard procedures.1.5ml microcentrifuge
tube with 0.5ml sample, 1g 0.5mm glass bead were placed on a vortex mixer on a horizontal platform
and stirred violently for 30min at 2,800-3,200 rpm. The 0.3mL sample was isolated into a new 1.5mL
microcentrifuge tube and DNA was extracted using TIANamp Micro DNA Kit (DP316, TIANGEN BIOTECH)
according to the manufacturer's recommendations.[15].

DNA libraries were constructed by DNA fragmentation, end-repair, splicing and PCR ampli�cation. Agilent
2100 was used to control the quality of DNA libraries. The quali�ed libraries were sorted by using the
BGISEQ-50 platform[16].

High-quality sequencing data wre obtained by subtracting the low quality sequencing data [17], and then
the Burrows-Wheeler Alignment method was used to compute the subtraction of human host sequences
mapped to the human reference genome (hg19)[16]. By removing the low complexity reading data and
comparing the four microbial genome databases of virus, bacteria, fungi and parasites, the remaining
data were classi�ed. The databases were downloaded from NCBI (ftp://ftp.ncbi.nlm.nih.gov/genomes/).
It contains 4152 genome-wide sequences of viral taxa, 3446 bacterial genomes or scaffolds, 206 fungi
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associated with human infections, and 140 parasites associated with human disease. The number of
unique alignment reads (SMRN) and SDSMRN was calculated (SDSMRN=SMRN* 20000000/ (Clean
Reads number)). Using BED Tools to calculate the coverage ratio and depth of each microorganism[18].

Criteria of Positive mNGS Result

To reduce the in�uence of potential contamination, we used the following criteria for positive results of
CSF mNGS:

1. 1.Bacteria (excluding mycobacteria) and parasites: mNGS identi�ed a microbe (species level) whose
SDSMRN of the ≥10 that ranked among the top 5 for bacteria, virus or parasites than that of any
other microorganisms.

2. Fungi : mNGS identi�ed a microorganism (species level) with a score of 5-fold higher for a speci�c
pathogen (SDSMRN) than any other fungus due to its low biomass in DNA extraction [19].

3. Mycobacterium tuberculosis (MTB): the result was considered positive when the species or genus
level detected by mNGS at least 1 read owing to the di�culty in DNA extraction and low probability
of contamination[20].

Statistical analyses and �gures were performed using the SPSS statistical package 17.0 software and
EXCEL 1810. Depending on their distribution, all data wre expressed as medians with interquartile ranges
(IQRs) or as means ± standard deviation. P values <0.05 were considered signi�cant.

Results
Patients Characteristics Twenty-two patients were �nally included, including 21 males (94.54%) with a
median age was 36 years (IQR: 27-46 years). With 17(77.27%) CT/MRI positive and only 1 patient (4.55%)
on Antiroviral Therapy (Table 1). The cohort consisted mainly of isolated meningitis (13 patients
[59.09%]) or encephalitis (7 patients [31.81%]), with 9.09% presenting with myelitis (2 patients). 31.81% (7
patients) study patients were severely ill, all of whom were admitted to intensive care unit (ICU). The
median CD3+4+ T cell count 74cells/ul (IQR: 13–214 cells/ul). The median time from admission to CSF
sampling for metagenomic NGS was 3 days (IQR:0–14 days). The median white blood cell count in CSF
was 9/mm3 (IQR: 4–90/mm3).
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Characteristic Value

Age years median(range) 36 27-46%

Male sex - no. (%) 21 95.45%

Syndrome - no. (%)

Meningitis only 13 59.09%

Encephalitis with or without meningitis 7 31.81%

Myelitis with or without meningitis 2 9.09%

Department

Infectious disease department 15 68.19%

Intensive care unit 7 31.81%

MRI/CT + 17 77.27%

Antiroviral Therapy (%) 1 9%

CD3+4+ T cell count (cells/ul) median(range) 74 (13-214)

White blood cell count in CSF (10E6/L) 9 4-90

Median time after hospital admission that CSF sampling for metagenomic NGS (range) - days 3 0-14

All cases 22

Performance of mNGS for diagnosing CNS infections

Diagnostic performance of mNGS Relative to Conventional Methods

Twenty-two CSF samples were tested by mNGS and conventional microbiological studies. 19 infections
were identi�ed by mNGS, while 13 infections were detected by traditional direct-detection tests alone
(de�ned as culture, PCR, x-pert /RIF or CSF antigen tests, excluding serological tests or samples other
than CSF). As expected, mNGS increased the sensitivity rate by approximately 40% in comparison with
that of conventional methods (86.36% vs. 45.21%) (Table 2).

In total, NGS detected 5 bacterial species, of which M. tuberculosis (2cases) was the most common, 20
viral species, of which (EBV)(9) and Human betaherpes virus 5(CMV)(4) were the most common, 6 fungal
species, both of which were Cryptococcus (2)and Talaromyces marneffei (2), and 1 parasitic species, of
which was the Toxoplasma gondii. (Figure 1-A) Nine co-infections were detected, of which Human
gammaherpesvirus 4 (EBV) (7cases) and cytomegalovirus(3cases) was the most common (Figure 1-B).
The percentage of co-infection in mNGS positive specimens was notably higher than that of conventional
methods positive specimens. (40.91% vs. 14.39%).

Table 2 Diagnostic performance of mNGS Relative to Conventional Methods
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  mNGS Conventional methods

Positive percent (n/N) (%) 86.36 19/22 59.09 13/22

Pathogens 

Bacteria n 5 2

DNA Viruses n 20 12

Fungi n 6 3

Parasites n 1 0

Co-infection(n/N) (%) 40.91 9/22 17.39 4/22

EBV+ Acinetobacter bau-mannii 1 0

EBV+Talaromyces marneffei 1 1

EBV+Mycobacterium tuberculosis 1 1

EBV+CMV+JC polyomavirus 1 0

EBV+Human alphaherpesvirus 3(VZV) 1 0

CEB+CMV+Mycobacterium tuberculosis 1 1

CMV+Talaromyces marneffei 1 0

Cryptococcus neoformans+JC polyomavirus 1 0

EB+CMV+Aspergillus fumigatus 1 0

EB+CMV+ Talaromyces marneffei 0 1

Concordance Between mNGS and conventional methods in Detection of Pathogens

In our results, 13 of the 22 cases (59.9%) with mNGS and traditional methods were both positive, and 2 of
the 22 cases (0.09%) were both negative. Only mNGS positive was found in 5 cases (22.73%), but no
positive was found in conventional methods only.For the double positive samples, 6 of the 13 cases were
a perfect match, and 2 cases were a complete mismatch. “Partly matched” were found in 5 cases,
indicating that at least 1 overlap of pathogens when multiple microbial results were observed (Figure 2).

The clinical implications of mNGStesting in real-world settings.

Clinician Feedback (Pathogens identi�ed by mNGS in 19 cases)

A total of 27 pathogens were identi�ed in 19 patients (86.36%). Based on mNGS diagnosis, 4(21%))
modi�ed the initial diagnosis, while up to 10(53%) identi�ed microorganisms corroborated the clinical
diagnosis. 2 (10%) pathogens were not well related with clinical diseases, while 3 (16%) were inconsistent
with clinical diagnosis (Figure 3).
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For mNGS identi�ed pathogens, the initial empirical diagnosis was often con�rmed by mNGS (10.53%) or
modi�ed (21%), while only 16% were considered unreliable (unsupported) and 10% uncertain.

Clinical Effect

The mNGS detected pathogens but not detected by conventional methods included: 3 bacterial species,4
viral species, 3 fungal species, and 1 parasitic species. Among the pathogens identi�ed by the
metagenomic NGS alone, 6 pathogens the clinician declared that the results of mNGS approvingly
in�uenced their clinical reasoning and 7 pathogens guided antimicrobial therapy (Table 3).

Table 3 Clinical Effect (16 Extra Pathogens in 14 cases identified by mNGS only)

  All

 

Active

antimicrobial

therapy

Non-active

antimicrobial

therapy

No

antimicrobial

therapy

Extra Pathogens identified by 

mNGS (n)

      

Bacteria       

Acinetobacter baumanniic 1     1

Haemophilus parahaemolyticus 1   1  

Pseudomonas aeruginosa 1   1  

DNA Virus n        

Human alphaherpes virus 3(VZV) 2 1   1

Human gammaherpes virus 4(EBV) 2 1   1

Human betaherpes virus 5(CMV) 2 1   1

JC polyomavirus 2     2

Fungi n        

Cryptococcus neoformans 2     1

Aspergillus sydowii 1 1    

Aspergillus fumigatus 1 1    

Parasites n        

Toxoplasma gondii 1 1    

total 16 6 2 7

Discussion
We assessed the real-life performance of mNGS in the diagnosis of CNS infections in HIV-infected
patients with meningitis, encephalitis, or myelitis, and performed routine microbiological testing in
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parallel. Our results suggest that mNGS identi�ed more potential pathogens in CSF than conventional
methods (32 vs. 27). A total of 16 extra pathogens were identi�ed by metagenomic NGS alone. It is worth
noting that in 6 of these cases, the clinician adjusted the treatment of 7 pathogens. These results suggest
that mNGS can identify unsuspected pathogens that clinicians may ignore due to atypical clinical
manifestations and illustrate the prospective clinical value of mNGS detection in CNS infections.

Recently, the problem of mixed infection in immunocompromised hosts has received increasing attention
from physicians[21, 22] .Mixed opportunistic infections of the CNS may occur in patients with HIV
infection who are not under medical supervision or do not know their HIV status. However, in the present
study, it was di�cult to diagnose the cooccurrence of two or three common opportunistic infections in
immunode�cient patients with CD3+4+ T cell count t <200 /ul by conventional microbiological testing
(4/22). Whereas, mNGS demonstrated its signi�cant superiority in terms of opportunistic pathogenic
microorganisms in immunosuppressed patients s, nine cases of bacterial, fungal or viral co-infection
were identi�ed by mNGS. Furthermore, these immunosuppressed patients are most susceptible to
infection by noval and unexpected organisms, while, routine microbiologic testing for suspected
infectious are based primarily on previous knowledge of the possible pathogen and are mainly limited to
polymerase-chain-reaction (PCR) assay or serology. As demonstrated in our studies, 16 extra pathogens
was identi�ed by metagenomic mNGS only, many cases of neurological infections have been
unexpectedly diagnosed[23, 10, 24]. For these reasons, metagenomics ought to be considered earlier in
immunocompromised patients.

Nevertheless, challenges remain, such as contamination or background microbial genes being detected in
samples, as reported by other studies[25-27] . Due to the high sensitivity ,contaminations may derived
from the following sources: some of which is those with no previous report, and other pathogens that
exist in the environment, skin �ora or the reagents[28]. The most common bacteria detected by mNGS
were Propionibacterium, followed by Cutibacterium and Acidovorax. Therefore, clinicians should carefully
examine the patient's medical history, route of infection and source of infection when interpreting mNGS
results independently.

There were a few limitations in this research. Firstly, RNA viruses could not be detected by mNGS due to
Reverse transcription was not performed to construct a DNA library. Next-generation RNA sequencing
should be performed in future studies. Secondly, the number of patients enrolled was relatively small.
Further prospective clinical trials with more samples would be warranted to assess the diagnostic
performance of mNGS in real-life clinical practice, especially in CNS infections of HIV-infected patients.

Conclusion
In conclusion, this study demonstrated mNGS has great potential value in the diagnosis of CNS infection,
but there is still no clear standard at present, so it is necessary to evaluate it through classical pathogenic
methods or clinical treatment effect. Therefore, it is necessary to improve the veri�cation and

http://dict.youdao.com/w/firstly/#keyfrom=E2Ctranslation
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interpretation of the results while optimizing the detection method of mNGS in the clinical diagnosis of
neuroinfectious diseases.

Abbreviations
CNS: Central Nervous System; MNGS: Metagenomic next generation sequencing; PCR: polymerase chain
reaction; SPSS: Statistical Pack-age for Social Sciences;; MTB: Mycobacterium tuberculosis; CSF:
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Figure 1

A Comparison Analysis of mNGS and Conventional methods at the Pathogen-type Level. B co-infections
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Figure 2

Concordance Between mNGS and conventional methods for Pathogen Detection

Figure 3

The cocordance of initial diagnosis and mNGS


