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Abstract: Current routine diagnosis of a life-threatening central nervous system (CNS) infections is based on
commercial multiplex real-time PCR (RT-PCR) and in-vitro culture investigations, targeting a limited number
of pathogens, which requires implementation of a universal diagnosis at the point-of-care laboratory. This
study aimed to document a case of non-routinely diagnosed meningoencephalitis in a twelve-year-old patient
in Niger Republic. Metagenomic-based on real-time sequencing was applied directly on DNA/RNA extracted
from 50 uL leftover CSF sample using Oxford Nanopore MinION, to detect all residual microorganisms non-
routinely targeted by RT-PCR panel. In parallel, 1 ng DNA/RNA was used for paired-end Illumina library
preparation to confirm the MinION results. Real-time analysis of MinION data detected 132 WU Polyomavirus
specific reads after one-hour run. Blast nucleotide of the fasta sequences after assembly of both Illumina and
Nanopore reads against NCBI GenBank database identified WU polyomavirus strain W33 (GenBank accession
no: GU296367.1). Haemophilus influenzae specific reads (667 reads) were detected which explains the possible
co-infection bacteria-DNA virus in this case. Blastn after total reads assembly identified H. influenzae strain
PittGG (GenBank accession n° CP000672), belonging to the non-typable H. influenzae genotype by muti-locus-
sequence-typing analysis. Furthermore, Achromobacter xylosoxidans (599 reads) were detected in this patient.
Based on these findings, we classified this case as polymicrobial meningoencephalitis. Using RT-mNGS, the
pathogen genome could be detected directly from a clinical sample, with no specific target. This technique
seems to be an adapted method to diagnose non-routinely detectable pathogens, as well as their genotype and
antimicrobial susceptibility in reduced time.

Keywords: metagenomic; community-acquired infections; meningoencephalitis; cerebrospinal
fluid; coinfection; unknown origin fever

1. Introduction

Community-acquired meningoencephalitis (CAME) is a life-threatening condition characterized
by acute central nervous system (CNS) inflammation, caused by microbial infection in 30-50% cases
(ref). Viral and bacterial infection are the most causes of CNS diseases [1], while fungal and parasites
CNS prognosis are usually detected in immunocompromised patients [2-5]. Clinical manifestation
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of CAME depends on the causative pathogen and the inflammation level, including fever, headache,
neck stiffness, confusion, seizures, as well as nausea, vomiting, photo-phonophobia and loss of
consciousness and coma in specific situations [6]. Current diagnosis of CAME is based on a
combination of physical examination, CT scan or magnetic resonance imaging, and cerebrospinal
fluid (CSF) analysis [7]. The CSF culture remained a gold standard of CAME routine diagnosis, which
failed in 10-56% cases [8], and Multiplex RT-PCRs targeting a limited number of pathogens involved
in CNS diseases [9]. Real-time metagenomics next-generation sequencing (RT-mNGS) is a
throughput method for the identification of pathogen genomes directly from CSF samples in real-
time [10-12]. With no prior amplification or specific target, RT-mNGS is a universal method able to
diagnose mono and polymicrobial infections directly from clinical samples, as well as in-silico
prediction of their antibiotic susceptibility profiles and genotypes [13]. Herein, we reported the first
case of polymicrobial CAME in a pediatric patient in Niger, diagnosed by RT-mNGS applied directly
on CSF sample.

2. Case Presentation

A 10-year-old female patient was admitted at the pediatric emergency unit of Amirou Boubacar
Diallo National hospital, Niamey, Niger, with complains of fever and focal neurologic deficit. The
patient is living with her family in Niamey, and no chronic disease or significant past medical history,
as well as no specific medication or medical advice has been reported. At her arrival admission, the
patient was awake, confused, and irresponsive. The Glasgow Coma Score (GCS) was 12 and the
patient’s vital signs were as follows: temperature 38.2 °C, blood pressure 180/120 mmHg, pulse rate
121 beats/min, and respiratory rate 21 breaths/min with oxygen saturation (SpO2) of 96 % in
ambient/room air. Neurological examination revealed a right hemiplegia without neck stiffness.
Based on the scoring system proposed by the Medical Research Council (MRC), the patient had
muscle power of 0/5 and 0/5 in the right upper and lower extremities, respectively. Deep tendon
reflexes were symmetrical, and flexor plantar reflexes were present. Otherwise, other physical
examinations were unremarkable. The CSF analysis after lumbar puncture showed blood cell count
46 /UL (97% lymphocytes), normal glycorrhachia level, protein level of 41 mg/dL. Blood analysis was
significant for leukocytosis, profound hyponatremia (118 mmol/L), blood creatinine and urea level
rises, C-reactive protein level (CRP) was increased (9.50 mg/dL), and the direct blood cultures were
negatives. The brain computed tomography (CT) scan without contrast showed bright cortical sulci
with asymmetric white matter lesions visible as areas of low attenuation (Figure S1). National
Institute of Health Stroke Scale (NIHSS) score was 7 points. Empirical intravenous ceftriaxone and
metronidazole were initiated, pending diagnostic confirmation.

The patient left the hospital after 10-days hospitalization, against medical advice due to financial
constraints, at the request of her parents. Unfortunately, the patient died two days later. Although,
all routine microbiological investigations including molecular assays and CSF culture were negative.

A few days letter, metagenomic-based on real-time sequencing was applied directly on
DNA/RNA extracted from 50 L leftover CSF using EZ1 Virus Mini Kit v2.0 (Qiagen, Courtaboeuf,
France), then sequenced in eight hours run using an Oxford Nanopore MinlON as previously
described [14,15], to detect all potential pathogen genomes non-routinely targeted by RT-PCR assays.
In parallel, 1 ng DNA/RNA was used for paired-end Illumina Nextera-XT library preparation as
previously described (8), to confirm the MinION results.

Real-time analysis of the MinlON data was performed using EPI2ME software (version
2019.11.11-2920621). In parallel, mNGS data were analyzed by Kraken 2 on galaxy online software
(https://usegalaxy.eu/) and visualized using Pavian online software
(https://fbreitwieser.shinyapps.io/pavian/) (Figure 1). Total MinlON and Illumina reads were
concatenated and assembled using spades assembler (version: 3.15.4) and blasted against NCBI
GenBank database and mapped to the heat-blast reference genomes using CLC genomic workbench
(Qiagen) (version: 21.1.1).
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Figure 1. Real-time metagenomics process. CSF sampling was done at the reception of the patients at
the emergency department. All routine diagnostic assays were negative. 50uL of leftover CSF were
used for one protocol DNA/RNA extraction using EZ1 Virus Mini Kit v2.0 (Qiagen). After revers-
transcription double strand DNA was used for Oxford Nanopore Library preparation. The final
library was sequenced for 12 hours on an Oxford Nanopore MinION. MinION data were analyzed
on real-time by EPI2ME, then with Kraken and Pavian online software. The final genome sequences
were recovered using CLC Genomic workbench (Qiagen).

3. Results and Discussion

Real-time analysis of MinlION data detected 132 WU Polyomavirus specific reads after one-hour
run. Blast nucleotide of the fasta sequences after assembly of both Illumina and Nanopore reads
against NCBI GenBank database identified WU polyomavirus strain W33 (GenBank accession no:
GU296367.1), isolated from pediatric Australian patient [16]. The blast sequence alignment exhibited
100% coverage and 99.98% identity. Mapping of the total reads against the hit-blast sequence
(GenBank accession no: GU296367.1) using CLC software showed that 11,632/1,048,634 (1.12%) of
reads were matched with the reference genome, generating 5,228 bp corresponding to 100%
polyomavirus genome coverage, with 165 mean depths. Phylogenetic analysis based on whole
genome sequence of the identified Polyomavirus strain (BANPedHNABD), the six hit-blast WU
Polyomavirus and other representative polyomavirus genomes recovered from GenBank database,
showed that the identified Polyomavirus sequence clustered with other WU Polyomavirus isolates,
and mainly with WU polyomavirus isolate NP360 (GenBank accession n°: GU296402) at 82%
sequence similarity (Figure 2), belonging to human polyomavirus 4 family, isolated from patients
with acute respiratory infection [16]. The pathogenicity of WU polyomavirus and its association with
CSN prognosis remained unclear. Despite its previous detection in CSF samples [17,18], no cases of
WU polyomavirus meningoencephalitis have been reported at present. It is far more likely that WU
polyomavirus is an incidental finding related to virus reactivation or chronic shedding rather than
being the etiologic cause of the patient's meningitis [19]. WU polyomavirus is a persisting virus that
is reactivated by an inflammatory process, or a predisposing or aggravating factor [20]. Primary
infection with WU polyomavirus probably occurs early in childhood, as suggested by the
seroprevalence in young people [21]. JC and Bk polyomaviruses are the most targeted polyomavirus
in routine diagnostic, commonly associated to respiratory and CNS diseases [22,23], and WU
polyomavirus is completely neglected in routine diagnosis.
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Figure 2. Phylogenetic analysis based on polyomavirus whole genome sequence of the identified
polyomavirus, hit-blast sequences, and other representative polyomaviruses recovered from
GenBank database. The identified Polyomavirus dark green filling clustered at 82% with WU
polyomavirus isolate NP360 (GenBank accession n°: GU296402) light green filling, belonging to the
Human polyomavirus family, isolated from patient with acute respiratory infection. Then with other
Polyomavirus strains at 86% similarity (yellow filling). The Hamster polyomavirus was used as an
out of the group to construct the phylogenetic tree. The evolutionary history was inferred by using
the Maximum Likelihood method based on the Kimura 2-parameter model and the evolutionary
analyses were conducted in MEGA?Y software (version: 7.0.26). There were a total of 2595 positions in
the final dataset. Initial tree for the heuristic search were obtained automatically by applying
Neighbor-Join and BioN]J algorithms to a matrix of pairwise distances estimated using the Maximum
Composite Likelihood approach, and then selecting the topology with superior log likelihood value.
The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The
analysis involved 24 nucleotide sequences. All positions containing gaps and missing data were
eliminated. Only node values > 75% were included in the final tree.

Haemophilus influenzae specific reads (667 reads) were detected which explains the possible co-
infection bacteria-DNA virus in this case. Blastn after total reads assembly identified H. influenzae
strain PittGG (GenBank accession n° CP000672), belonging to the non-typable H. influenzae genotype
by muti-locus-sequence-typing analysis. As H. influenzae CNS infection had been reported in both
young and elderly patients [13].

Furthermore, Achromobacter xylosoxidans (599 reads) were detected in this patient. Achromobacter
xylosoxidans is a Gram-negative bacterium that was first isolated from human ear discharge [24].
Since, Achromobacter xylosoxidans has been documented as an opportunistic pathogen in numerous
health care-associated infections including meningitis [25,26].

In addition, 255 reads specific to Toxoplasma gondii were identified in the sequenced CSF, could
be the direct cause of CAME, as previously documented in CNS toxoplasmosis in young patient [27]
(Figure 3), which can facilitate other bacterial and viral infections.

Based on our findings, we classified this case as a polymicrobial meningoencephalitis including
viral, bacterial and protozoa infection. Using RT-mNGS, pathogen genome could be detected directly
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from CSF sample [16]. With no specific target, RT-mNGS seems to be an adapted method to diagnose
non-routinely detectable pathogen, as well as their genotype and antimicrobial susceptibility in
reduced time [28]. Faced on high prevalence of routinely undocumented CSF (=90%) [29] RT-mNGS
given an opportunity for early documentation of CNS infection in pediatric population in endemic
countries, that challenging several cases may be escaped current routine investigations. Universal
detection of pathogen genome by RT-mNGS open new perspective for clinical microbiology
laboratories to implement this strategy as an alternative emergency diagnosis of life-threatening CNS

infections.
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Figure 3. Microorganisms detected using MinION. Data were visualized on real-time using Pavian
(http://github.com/fbreitwieser/pavian).

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: The brain computed tomography (CT) scan without contrast showing
bright cortical sulci with asymmetric white matter lesions visible as areas of low attenuation.
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