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cus pneumoniae infection, respectively. After meta-transcriptomic analysis, and confirmation with real-time PCR,
hepatitis B virus (HBV) was detected in the CSF of two patients diagnosed with CNS syndrome. Phylogenetic anal-
ysis of the partial HBV genomes from these patients showed that they belonged to genotypes B and C and clus-
tered with other viruses of Asian origin. In countries with high levels of HBV endemicity, the virus is likely to be
found in patients diagnosed with CNS infections, although whether it contributes to symptoms and pathology, or
is simply a coincidental infection, is unknown and merits further investigation.

© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

1. Background

Central nervous system (CNS) infections are responsible for poten-
tially severe clinical presentations and are an important public health
issue in South-east Asia due to their frequency, fatality rate, and fre-
quency of sequelae (Dubot-Pérés et al. n.d.). The syndrome is compli-
cated by the fact that various etiological agents are responsible for
overlapping clinical presentations and co-infections are probably fre-
quent, potentially including both agents that contribute to the severity
of the disease as well as ‘passive’ co-infecting microbes whose the role
in the disease is poorly understood. This makes accurate diagnosis in-
herently challenging (Glaser et al. 2006; Granerod et al. 2010; Dittrich
et al. 2015). Importantly, over 50% of patients with suspicion of CNS in-
fection remain undiagnosed following standard screening (Tan et al.
2014; Dittrich et al. 2015).
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For those reasons, this syndrome also lends itself to meta-
transcriptomic analysis, following RNA-seq (Wang et al. 2009; Ozsolak
and Milos 2011). This analysis allows for the identification and charac-
terization of all the transcripts present in a sample (i.e. ‘meta-tran-
scriptomics’) in an unbiased manner (Brown et al. 2018), including
the identification of divergent and novel pathogens not revealed by
standard molecular tools (Barzon et al. 2013; Houldcroft et al. 2017).
Hence, meta-transcriptomics could provide a powerful way to further
investigate the etiological agents associated with CNS infections.

Here we report two cases of CNS infection in which HBV co-infection
was identified in the cerebrospinal fluid (CSF).

2. Objectives
The aim of our study was to assess the use of meta-transcriptomics

for the unbiased detection of micro-organisms in two Lao patients pre-
senting with suspected CNS infection.

0732-8893/© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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3. Study design
3.1. Patient inclusion and sampling

Patients admitted to Mahosot Hospital, Vientiane, Laos, with
suspected CNS infection, on the basis of altered consciousness or neuro-
logical findings, were recruited if a diagnostic lumbar puncture was in-
dicated, without contraindications, and if they provided written
informed consent. Eight milliliters of CSF were collected for adults
(>15 year-old), tested for a broad range of biochemical and diagnostic
assays (Dubot-Pérés et al. n.d.) and stored at —80 °C.

3.2. RNA extraction and sequencing

Total RNA was extracted from 50 pL of stored CSF using the mirVana
PARIS kit (ThermoFisher Scientific) following the manufacturer's in-
structions (elution volume: 100 pL). RNA was cleaned up and concen-
trated using TURBO DNA-free kit (Invitrogen) followed by RNeasy
MinElute Cleanup Kit (Qiagen), respectively, according to the manufac-
turer's instructions (elution volume: 14 pL).

Paired-end Illumina libraries were constructed using the SMARTer
Stranded Total RNA-Seq Kit v2 (Takara) following the manufacturer's
instructions. Briefly, RNA was converted to cDNA followed by ligation
of adapters with unique barcodes, depletion of ribosomal cDNA, PCR
amplification and library clean-up. The libraries were sequenced on an
[llumina HiSeq 2500 instrument (SciLifeLab, Uppsala, Sweden).
Human reads were removed with Bowtie2 (Langmead and Salzberg
2012).

3.3. Pathogen identification

Sequence libraries were processed using an in-house pipeline that
combines quality trimming, de novo assembly, and similarity based
searches using the NCBI protein (nr) and nucleotide (nt) databases
(Shi et al. 2016a; Eden et al. 2017; Pettersson et al. 2017). Tentative
hits were further evaluated with searches against the NCBI conserved
domain database, NCBI blastx and blastn searches, and mapping against
the sequence libraries. MetaPhlAn2 (Segata et al. 2012) was used for
bacterial identification and profiling. Potential pathogen contigs that
were similar or identical to vectors and/or laboratory strains were ex-
cluded. Potential pathogens were confirmed, from the same RNA ex-
tract, by a specific probe based real-time PCR, as previously described
for HBV (Loeb et al. 2000).

3.4. HBV genome analysis

To identify the publicly available HBV genomes most similar to those
identified here, the de novo assembled HBV contigs found using the
pathogen discovery pipeline were submitted to NCBI BLASTn. Using
Bowtie2 (Langmead and Salzberg 2012), the most similar complete
HBV genomes (MG571355 for sample L1 and KX774503 for sample
L2, respectively) were then used as a reference to assemble HBV con-
sensus genomes from the two HBV positive samples.

The consensus sequences of samples L1 and L2 were aligned with a
set of representative complete genome HBV sequences, retrieved from
NCBI GenBank, using Mafft v.7 (Katoh and Standley 2013). A phyloge-
netic tree was inferred using the maximum likelihood approach in
PhyML v.3 (Guindon et al. 2010), employing the GTR nucleotide substi-
tution model with a gamma distribution of rate variation, SPR branch-
swapping and 1000 bootstrap replicates.

Partial HBV genome sequences from both patients are available on
GenBank (MK286460 and MK286461). All raw read data is available
at the NCBI short read archive (BioProject number: PRJNA509693).

4. Results
4.1. Patient description

Patient L1 and L2 were 22 and 19 year-old males admitted to hospi-
tal in 2009 and 2008 with 4 and 3 days of fever, respectively, and pre-
sented with clinical meningoencephalitis according to WHO criteria
(World Health Organisation 2003). Both presented with neck stiffness,
headache and reduced Glasgow Coma Scale score (13/15 for patient
L1 and 11/15 for patient L2) (Table 1). Cryptococcus sp. infection was di-
agnosed for patient L1 based on positive cryptococcal Antigen Lateral
Flow Assay from CSF. Streptococcus pneumoniae was detected in patient
L2 using PCR (Carvalho et al. 2007) and culture from CSF and blood. Pa-
tient L1 received ceftriaxone, amphotericin B and doxycycline treat-
ment and patient L2 with ceftriaxone. Both patients were discharged
alive after 12 days of hospitalization.

4.2. Pathogen identification

Meta-transcriptomic analysis identified HBV in CSF of both patients
L1 and L2. Reference based mapping produced two genetically distinct
and near complete HBV genomes with a consensus length of 3215 nt
(225 reads; mean coverage 7.8x) for sample L1 and a consensus length
of 3158 nt (1098 reads; mean coverage 41x) for sample L2. Phyloge-
netic analysis positioned these two genomes in separate genotypes -
HBV genotypes B (sample L1) and C (sample L2) - clustering with

Table 1
Characteristics of the two patients reported in the study.
Patient L1 Patient L2
Age, years 22 19
Gender male male
Admission date 24th May 2009 16th March 2008
Signs/symptoms
Days of fever on admission 4 3
History of jaundice yes yes
Neck stiffness yes yes
Glasgow Coma Scale score 13/15 11/15
History of seizure No No
WHO clinical CNS presentation =~ Meningoencephalitis Meningoencephalitis
CSF parameter
Total white cell count 40 210
(cells/mm3)
Neutrophils (%) 38 100
Lymphocytes (%) 62 0
Red cell count (cells/ mm3) 0 95
HBV real-time PCR* (Cq value) 27 23
Blood parameter
HBs antigen serology NA positive
ALT (IU/L) 34 26
AST (IU/L) 99 144
HBV real-time PCR® (Cq value)  NA 20°
Outcome
Etiological diagnosis* Cryptococcus sp. Streptococcus
pneumoniae
Duration of hospitalization 12 12
(days)
Discharge status alive alive

All HBV real-time PCR were performed the same way: from 5 L of extract using system
previously described (Loeb et al. 2000), using SuperScript™ IIl One-Step RT-PCR System
with Platinum™ Taq DNA Polymerase (ThermoFisher), following manufacturer's instruc-
tion, 400 nM of each primer and 160 nM of probe, in final volume of 25 pL. Thermal cy-
cling used was as followed: 50 °C for 15 min, 95 °C for 2 min and 45 cycles of 95 °C for
15 sec and 60 °C for 45 sec.

All available HBV investigations are presented in the table.

* Laboratory confirmed by direct test in CSF, cryptococcal Antigen Lateral Flow Assay for
patient L1, and real-time PCR and culture for patient L2.

* HBV real-time PCR was repeated on a new aliquot of CSF after extraction using EZ1
Virus Mini Kit V2.0 (Qiagen), same Cq value was obtained for patient L2 and Cq value of 28
was obtained for patient L1.

£ Serum sample from patient L2 (not available for patient L1) was extracted using EZ1
Virus Mini Kit V2.0 (Qiagen) then submitted to HBV real-time PCR.
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HBV sequences of Asian origin (Fig. 1). Importantly, HBV was identified
in the CSF samples from both patients (L1 and L2) and confirmed by
real-time PCR with Cq values of 27 and 23, respectively. Meta-
transcriptomic data also detected diverse and abundant streptococcal
bacteria, particularly Streptococcus mitis, S. oralis, and S. pneumoniae, in
patient L2 CSF (data not shown), but could not definitively identify
the Cryptococcus sp. infection in patient L1.
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Fig. 1. Phylogenetic tree of HBV from CSF from Lao patients L1 and L2 together with
representative GenBank genome sequences of viral genotypes B and C that are
commonplace in Asia. Numbers on branches indicate bootstrap support, and only
branches with bootstrap support >80% are indicated. Branch lengths are scaled according
to the number of nucleotide substitutions per site, and the tree is rooted between geno-
types B and C.

5. Discussion

Using an unbiased RNA-Seq approach we identified HBV co-
infections in the CSF of two Lao patients with CNS infections conven-
tionally diagnosed during admission with Cryptococcus sp. and Strepto-
coccus pneumoniae infections. The HBV genotypes detected, B and C,
are common in south-east Asia (Tian and Jia 2016; Velkov et al. 2018).
Given that HBV is endemic in many Asian countries (Schweitzer et al.
2015; 2017) and the fact that HBV has been detected in CSF of patients,
either with or without CNS-related symptoms (Spiegel et al. 1980;
Inoue et al. 2008; Zhong et al. 2014; Ene et al. 2015; Pronier et al.
2018), it is likely that this virus will be present in some of the patients
suffering from CNS syndrome as mixed infections (Phommasone et al.
2013).

HBV serology showed that patient L2 was positive for the hepatitis B
surface antigen. HBV PCR performed on blood was also positive. No HBV
investigation was available for patient L1, and blood samples were not
available for additional testing. The HBV vaccine status for both patients
is unknown. Patient L1 had no red blood cells in the CSF sample,
whereas patient L2 had a red blood cell count of 95 red blood cells/uL
in CSF, indicating that the HBV detected in the sample could have
come from a traumatic tap. HBV may also have crossed the blood-
brain barrier, and viral crossing of the blood-brain barrier has been
shown in other hepatitis viruses, including hepatitis E virus and hepati-
tis C virus (Fletcher et al. 2012; Shi et al. 2016b).

Whether HBV, either as single- or co-infection, can induce or have a
role in CNS disease remains uncertain. However Pronier et al. provided
arguments in favor of HBV involvement in CNS disease (Pronier et al.
2018). The identification of credible etiological agents in the patients
studied here suggests that HBV is not the cause of CNS disease. Although
we cannot exclude that HBV contributed to the CNS symptoms experi-
enced by these two patients, determining whether HBV may induce a
more severe CNS syndrome, or is simply a passive co-infecting agent,
clearly requires additional investigation.

Ethical approval

Verbal (2003-2006) or written (2006-2011) informed consent was
obtained from all recruited patients or close relative. Ethical clearance
was granted by the Ethical Review Committee of the Faculty of Medical
Sciences, National University of Laos and the Oxford University Tropical
Ethics Research Committee, Oxford, UK.

Funding

JHOP is funded by the Swedish research council FORMAS (grant no:
2015-710). ECH is funded by an ARC Australian Laureate Fellowship
(FL170100022). JHOP, VE, XDL are members of the ZIKAlliance Pro-
gramme of the European Union. This study was supported by the
ZIKAlliance project under European Union Horizon 2020 programme
(Grant Agreement no: 734548), the European Union's Horizon 2020 re-
search and innovation programme EVAg under grant agreement N°
653316, and Aix-Marseille University. The funders had no role in
study design, data collection and analysis, decision to publish, or prepa-
ration of the manuscript. The work in Laos was funded by the Wellcome
Trust of UK, which also supports Paul Newton, and the Institute of Re-
search for Development (IRD).

Conflict of interest
The authors declare that they have no conflict of interest.
Author contributions

Designed the study: JHOP and ADP.
Performed field- and lab-work: JHOP, GP, ADP, PN, MV, MM, SR, VD.


Image of Fig.�1

4 J.H-O. Pettersson et al. / Diagnostic Microbiology and Infectious Disease 95 (2019) 114878

Performed bioinformatics work: JHOP, KA, VE.
Wrote the manuscript: JHOP wrote the initial draft with input from
ADP, GP, XdL, PN and ECH. All authors read and approved the manuscript.

Acknowledgements

We are grateful to the patients and to Dr. Phisith Phoutsavath the Di-
rector of Mahosot Hospital, the staff of Mahosot Hospital and the Micro-
biology Laboratory in Mahosot Hospital for their technical help and
support. We thank Assoc. Prof. Bounnack Saysanasongkham, the Direc-
tor of Department of Health Care, Ministry of Health, and Assoc. Prof.
Bounkong Syhavong, Minister of Health, Lao PDR for their very kind
help and support.

References

Barzon L, Lavezzo E, Costanzi G, Franchin E, Toppo S, Palli G. Next-generation sequencing
technologies in diagnostic virology. ] Clin Virol 2013;58:346-50. https://doi.org/10.
1016/j,jcv.2013.03.003.

Brown JR, Bharucha T, Breuer J. Encephalitis diagnosis using metagenomics: application of
next generation sequencing for undiagnosed cases. ] Infect 2018;76:225-40. https://
doi.org/10.1016/j,jinf.2017.12.014.

Carvalho M da GS, Tondella ML, McCaustland K, Weidlich L, McGee L, Mayer LW, et al.
Evaluation and improvement of real-time PCR assays targeting lytA, ply, and psaA
genes for detection of pneumococcal DNA. | Clin Microbiol 2007;45:2460-6.
https://doi.org/10.1128/JCM.02498-06.

Dittrich S, Rattanavong S, Lee S, Panyanivong P, Craig SB, Tulsiani SM, et al. Orientia, rick-
ettsia, and leptospira pathogens as causes of CNS infections in Laos: a prospective
study. Lancet Glob Health 2015;3:e104-12. https://doi.org/10.1016/S2214-109X
(14)70289-X.

A. Dubot-Pérés, M.M. Mayxay, R.P. Phetsouvanh, S.] Lee, S. Rattanavong, V. Vongsouvath,
V. Davong, V. Chansamouth, K. Phommasone, C. Moore, S. Dittrich, O. Lattana, J.
Sirisouk, P. Phoumin, P. Panyanivong, A. Sengduangphachanh, B. Sibounheuang, A.
Chanthongthip, M. Simmalavong, D. Sengdatka, A. Seubsanith, V. Keoluangkot, P.
Phimmasone, K. Sisout, K. Detleuxay, K. Luangxay, I. Phouangsouvanh, S. B Craig, S.
M Tulsiani, M.-A. Burns, D. AB Dance, S. D Blacksell, X. de Lamballerie, P. N Newton,
Revisiting management of central nervous system infections in Southeast Asia,
Emerg Infect [Dis. (n.d.) In press].

Eden J-S, Rose K, Ng ], Shi M, Wang Q, Sintchenko V, et al. Francisella tularensis ssp.
holarctica in ringtail possums, Australia. Emerg Infect Dis 2017;23:1198-201.
https://doi.org/10.3201/eid2307.161863.

Ene L, Duiculescu D, Tardei G, Ruta S, Smith DM, Mehta S, et al. Hepatitis B virus compart-
mentalization in the cerebrospinal fluid of HIV-infected patients. Clin Microbiol Infect
Off Publ Eur Soc Clin Microbiol Infect Dis 2015;21:387.e5. 8 https://doi.org/10.1016/j.
cmi.2014.11.012.

Fletcher NF, Wilson GK, Murray ], Hu K, Lewis A, Reynolds GM, et al. Hepatitis C virus in-
fects the endothelial cells of the blood-brain barrier. Gastroenterology 2012;142:
634-643.e6. https://doi.org/10.1053/j.gastro.2011.11.028.

Glaser CA, Honarmand S, Anderson LJ, Schnurr DP, Forghani B, Cossen CK, et al. Beyond
viruses: clinical profiles and etiologies associated with encephalitis. Clin Infect Dis
Off Publ Infect Dis Soc Am 2006;43:1565-77. https://doi.org/10.1086/509330.

Granerod ], Cunningham R, Zuckerman M, Mutton K, Davies NWS, Walsh AL, et al. Causal-
ity in acute encephalitis: defining aetiologies. Epidemiol Infect 2010;138:783-800.
https://doi.org/10.1017/S0950268810000725.

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W, Gascuel O. New algorithms and
methods to estimate maximum-likelihood phylogenies: assessing the performance of
PhyML 3.0. Syst Biol 2010;59:307-21. https://doi.org/10.1093/sysbio/syq010.

Houldcroft CJ, Beale MA, Breuer ]. Clinical and biological insights from viral genome se-
quencing. Nat Rev Microbiol 2017;15:183-92. https://doi.org/10.1038/nrmicro.
2016.182.

Inoue J, Ueno Y, Kogure T, Nagasaki F, Kimura O, Obara N, et al. Analysis of the full-length
genome of hepatitis B virus in the serum and cerebrospinal fluid of a patient with
acute hepatitis B and transverse myelitis. ] Clin Virol Off Publ Pan Am Soc Clin Virol
2008;41:301-4. https://doi.org/10.1016/j.jcv.2008.01.002.

Katoh K, Standley DM. MAFFT multiple sequence alignment software version 7: improve-
ments in performance and usability. Mol Biol Evol 2013;30:772-80. https://doi.org/
10.1093/molbev/mst010.

Langmead B, Salzberg SL. Fast gapped-read alignment with bowtie 2. Nat Methods 2012;
9:357-9. https://doi.org/10.1038/nmeth.1923.

Loeb KR, Jerome KR, Goddard ], Huang M, Cent A, Corey L. High-throughput quanti-
tative analysis of hepatitis B virus DNA in serum using the TagMan fluorogenic
detection system. Hepatol Baltim Md 2000;32:626-9. https://doi.org/10.1053/
jhep.2000.9878.

Ozsolak F, Milos PM. RNA sequencing: advances, challenges and opportunities. Nat Rev
Genet 2011;12:87-98. https://doi.org/10.1038/nrg2934.

Pettersson JH-O, Shi M, Bohlin ], Eldholm V, Brynildsrud OB, Paulsen KM, et al. Character-
izing the virome of Ixodes ricinus ticks from northern Europe. Sci Rep 2017;7, 10870.
https://doi.org/10.1038/s41598-017-11439-y.

Phommasone K, Paris DH, Anantatat T, Castonguay-Vanier ], Keomany S, Souvannasing P,
et al. Concurrent infection with murine typhus and scrub typhus in southern Laos-
the mixed and the unmixed. PLoS Negl Trop Dis 2013;7, e2163. https://doi.org/10.
1371/journal.pntd.0002163.

Pronier C, Guyader D, Jézequel C, Tattevin P, Thibault V. Contribution of quantitative viral
markers to document hepatitis B virus compartmentalization in cerebrospinal fluid
during hepatitis B with neuropathies. ] Neurovirol 2018;24:769-72. https://doi.org/
10.1007/513365-018-0662-0.

Schweitzer A, Horn ], Mikolajczyk RT, Krause G, Ott JJ. Estimations of worldwide preva-
lence of chronic hepatitis B virus infection: a systematic review of data published be-
tween 1965 and 2013. Lancet Lond Engl 2015;386:1546-55. https://doi.org/10.1016/
S0140-6736(15)61412-X.

Segata N, Waldron L, Ballarini A, Narasimhan V, Jousson O, Huttenhower C. Metagenomic
microbial community profiling using unique clade-specific marker genes. Nat
Methods 2012;9:811-4. https://doi.org/10.1038/nmeth.2066.

Shi M, Lin X-D, Tian J-H, Chen L-], Chen X, Li C-X, et al. Redefining the invertebrate
RNA virosphere. Nature 2016a;540:539-43. https://doi.org/10.1038/
nature20167.

Shi R, Soomro MH, She R, Yang Y, Wang T, Wu Q, et al. Evidence of hepatitis E virus break-
ing through the blood-brain barrier and replicating in the central nervous system. |
Viral Hepat 2016b;23:930-9. https://doi.org/10.1111/jvh.12557.

Spiegel R], Taber E, Pizzo PA, Gerety R]. Hepatitis B surface antigen in spinal fluid. Med
Pediatr Oncol 1980;8:115-21.

Tan LV, Thai LH, Phu NH, Nghia HDT, Chuong LV, Sinh DX, et al. Viral aetiology of central
nervous system infections in adults admitted to a tertiary referral hospital in south-
ern Vietnam over 12 years. PLoS Negl Trop Dis 2014;8, e3127. https://doi.org/10.
1371/journal.pntd.0003127.

Tian Q, Jia J. Hepatitis B virus genotypes: epidemiological and clinical relevance in Asia.
Hepatol Int 2016;10:854-60. https://doi.org/10.1007/s12072-016-9745-2.

Velkov S, Ott JJ, Protzer U, Michler T. The global hepatitis B virus genotype distribution ap-
proximated from available genotyping data. Genes 2018;9. https://doi.org/10.3390/
genes9100495.

Wang Z, Gerstein M, Snyder M. RNA-Seq: a revolutionary tool for transcriptomics. Nat Rev
Genet 2009;10:57-63. https://doi.org/10.1038/nrg2484.

World Health Organisation. WHO-recommended standards for surveillance of selected
vaccine-preventable diseases. WHO/V&B/03 2003;01:1-51.

World Health Organization, World Health Organization, Global Hepatitis Programme,
Global hepatitis report, 2017, 2017. http://apps.who.int/iris/bitstream/10665/
255016/1/9789241565455-eng.pdf?ua=1 (accessed January 9, 2019).

Zhong Y-H, Tan F, Li M, Liu ], Wang X, Yuan Y, et al. Comparisons of presentations and out-
comes of cryptococcal meningitis between patients with and without hepatitis B
virus infection. Int ] Infect Dis IJID Off Publ Int Soc Infect Dis 2014;20:31-6. https://
doi.org/10.1016/).ijid.2013.11.017.



https://doi.org/10.1016/j.jcv.2013.03.003
https://doi.org/10.1016/j.jcv.2013.03.003
https://doi.org/10.1016/j.jinf.2017.12.014
https://doi.org/10.1016/j.jinf.2017.12.014
https://doi.org/10.1128/JCM.02498-06
https://doi.org/10.1016/S2214-109X(14)70289-X
https://doi.org/10.1016/S2214-109X(14)70289-X
https://doi.org/10.3201/eid2307.161863
https://doi.org/10.1016/j.cmi.2014.11.012
https://doi.org/10.1016/j.cmi.2014.11.012
https://doi.org/10.1053/j.gastro.2011.11.028
https://doi.org/10.1086/509330
https://doi.org/10.1017/S0950268810000725
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1038/nrmicro.2016.182
https://doi.org/10.1038/nrmicro.2016.182
https://doi.org/10.1016/j.jcv.2008.01.002
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1053/jhep.2000.9878
https://doi.org/10.1053/jhep.2000.9878
https://doi.org/10.1038/nrg2934
https://doi.org/10.1038/s41598-017-11439-y
https://doi.org/10.1371/journal.pntd.0002163
https://doi.org/10.1371/journal.pntd.0002163
https://doi.org/10.1007/s13365-018-0662-0
https://doi.org/10.1007/s13365-018-0662-0
https://doi.org/10.1016/S0140-6736(15)61412-X
https://doi.org/10.1016/S0140-6736(15)61412-X
https://doi.org/10.1038/nmeth.2066
https://doi.org/10.1038/nature20167
https://doi.org/10.1038/nature20167
https://doi.org/10.1111/jvh.12557
http://refhub.elsevier.com/S0732-8893(19)30309-8/rf0120
http://refhub.elsevier.com/S0732-8893(19)30309-8/rf0120
https://doi.org/10.1371/journal.pntd.0003127
https://doi.org/10.1371/journal.pntd.0003127
https://doi.org/10.1007/s12072-016-9745-2
https://doi.org/10.3390/genes9100495
https://doi.org/10.3390/genes9100495
https://doi.org/10.1038/nrg2484
http://refhub.elsevier.com/S0732-8893(19)30309-8/rf0145
http://refhub.elsevier.com/S0732-8893(19)30309-8/rf0145
http://apps.who.int/iris/bitstream/10665/255016/1/9789241565455-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/255016/1/9789241565455-eng.pdf?ua=1
https://doi.org/10.1016/j.ijid.2013.11.017
https://doi.org/10.1016/j.ijid.2013.11.017

	Meta-�transcriptomic identification of hepatitis B virus in cerebrospinal fluid in patients with central nervous system disease
	1. Background
	2. Objectives
	3. Study design
	3.1. Patient inclusion and sampling
	3.2. RNA extraction and sequencing
	3.3. Pathogen identification
	3.4. HBV genome analysis

	4. Results
	4.1. Patient description
	4.2. Pathogen identification

	5. Discussion
	Ethical approval
	Funding
	Conflict of interest
	Author contributions
	Acknowledgements
	References


