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Dear Editors,

We read with interest the article published by Xu et al. on the improved diagnostic yield of
metagenomic sequencing combined with conventional testing in patients with haematologic



disorders!. Similarly, paediatric meningoencephalitis diagnosis is complex, with multiple
infective and non-infective aetiologies, while more than half of cases remain undiagnosed
despite advancing diagnostic technologies?. Immunocompromised children are at higher risk of
neurological compromise, a result of difficult-to-diagnose and sometimes novel pathogens,
which can cause neuroinflammation with low pathogen burden. To address this challenge, we
implemented routine clinical metagenomics (CMg) for children with complex presentations
where the diagnosis of central nervous system (CNS) infection, neuro-inflammation, or
neurotoxicity was uncertain. In parallel with the CMg service (Supplementary Figure 1), a
neuro-infection multidisciplinary team (MDT) (Supplementary Figure 2) was established to
discuss the investigation (Supplementary Table 1), management, and outcomes of children
with complex/undiagnosed CNS pathology.

From 2014-2022, 195 clinical samples from 178 patients were processed for CMg
investigations. To determine the CMg impact on clinical management, we evaluated 60 GOSH
MDT-managed patients (mean age=7y, range=0.25-17). 52% were male, 23% previously
healthy, 60% immunocompromised at baseline (Table 1). Demographic details, neurological
and neuroradiological features are shown in Table 2.

Most patients had one CMg sample; five (#6,10,44,54,59) had both CSF and brain biopsy CMg
(Table 2, Supplementary material for RNA degradation and turnaround times). Pathogen
detection rates were highest for brain tissue (29%) compared to CSF (15%) (Supplementary
Figure 3A, Fisher’s exact test p=0.24). Microbes of unknown clinical significance were more
frequent in CSF (12%) compared to brain (3%) (Supplementary Figure 3A). A greater diversity
of pathogens was identified in brain biopsies (Supplementary Table 2).

Of 18/60 (30%) cases with a positive CMg result, in 14 (23%) we identified the causative
pathogen (Tables 2, Supplementary Table 2), while in four we detected microorganisms of
unknown clinical significance (#7,42,48,57; Supplementary Table 2). Of 14 patients where the
pathogen was identified, seven had previously undetected pathogens (#1,4,10, 29, 33,41,45;
Table 2). Two patients had pathogens identified in brain tissue not previously known to cause
encephalitis: Coronavirus OC43 (#4)® and mumps vaccine strain (MVS; #45)4, while Avian
orthoavulavirus (#41) and Astrovirus VA1/HMO-C (#1)° had been associated with encephalitis
once before®’. Cases #10 (Astrovirus VA1/HMO-C), #41 (Avian orthoavulavirus), #45 (MVS)
and #29 (HSV-1), although confirmed PCR positive in brain, were PCR negative in all other
specimens tested, including CSF. #29 had been diagnosed with and treated for HSV-1
encephalitis 10 months earlier (CSF PCR positive). In seven cases (#3,9,11,14,39,49,59; Table
2), CMg confirmed a pathogen previously identified elsewhere, as the cause of encephalitis.
CMg identified the pathogen in 12/36 (33%) immunocompromised patients in contrast to 2/24
(8%) immunocompetent patients (Supplementary Figure 3B, Fisher's p=0.03).

Based on CMg results, the MDT recommended management changes in 74% (42/57), with
three results (#1,4,51) only available post/peri-mortem, precluding intervention (Table 2). This
included 24/33 (73%) of the immunocompromised and 18/24 (75%) of immunocompetent
patients (Supplementary Material). Overall, 45/57 are alive in follow-up, including eight where
new, specific antimicrobials were started following pathogen detection. Nonetheless, mortality
was high (15/60; 12/57 with antemortem diagnosis), including eight despite MDT informed
modification to management.

Here we show in a retrospective case-series, that integrating CMg in a clinical neuro-infection
MDT improves diagnoses and informs potentially lifesaving management decisions, particularly



for immunocompromised hosts who are at higher risk of unusual CNS pathogens, missed by
standard investigations.

The most evident benefit of CMg is the identification of unexpected pathogens that have never
or rarely been reported to cause meningoencephalitis. Neurotropic astroviruses and coronavirus
OC43 have since been identified in additional cases of undiagnosed encephalitis®® .
Interestingly, four cases (#41,45,10,29) were positive for the causative agent only in brain
tissue. While treatment options remain few, particularly for viral encephalitis, the potential use of
repurposed antivirals with broad spectrum anti-RNA activity is being actively investigated.
Where known pathogens were found, CMg still informed treatment. In #9, who had aspergillus
in non-CNS tissue and group-B streptococcus in blood culture prior to developing encephalitis,
CMg detected only aspergillus in brain, facilitating targeted antifungal treatment. Importantly,
negative CMg, may increase confidence in an inflammatory aetiology, resulting in
recommendations to start or escalate immunomodulation/immunosuppression.

MDT management changes could be broadly grouped into four categories: pathogen directed
therapy, immunomodulation, targeted therapy for non-infective/non-inflammatory pathology, re-
evaluation of goals of care. Antemortem CMg results, led to the above decisions being applied
to 73% (24/33) of immunocompromised patients. However, not all MDT-recommended changes
were due to CMg results alone, and co-ordinated MDT communication was essential for
contextualisation, particularly required when microorganisms were found at low levels or did not
fit with the clinical presentation (TTV, HHV-6&7, Supplementary Material).

Our analysis is limited by its retrospective single-centre nature with heterogenous presentations.
MDT outcomes are subjective, although we attempted to overcome this with two independent
clinicians analysing patient data. Shifting MDT expertise as knowledge increased, and CMg
diagnostic advancements over time, may have altered decision-making and limited
standardisation.

In summary, we report a clinical MDT service that has successfully integrated CMg into the
diagnostic pathway for complex/undiagnosed CNS presentations where infection remained
unconfirmed despite extensive conventional diagnostics. CMg patient selection and MDT
diagnostic stewardship was essential. Based on our findings, the practice for all GOSH patients
with undiagnosed meningoencephalitis now includes early evaluation at the MDT, and routine
recommendation of CSF CMg. Brain biopsy, appropriately stored to allow CMgq if required, is
carried out more confidently where diagnostic dilemmas remain, supported by the procedure’s
safety record in children'®. While unbiased testing is expensive and limited to centres with
laboratory capacity and CMg expertise, it overcomes the multiple pathogen testing constraints
that small paediatric specimen volumes impose. Crucially, both positive and negative CMg
results are of great utility in clinical decision making, particularly in immunocompromised
individuals. Increased funding for referral CMg centres that can process large sample numbers
with quicker turnaround-time and lower CMg cost, especially in the context of high healthcare
costs for undiagnosed CNS pathology, could foster further knowledge translation and should
encourage routine CMg adoption into clinical practice.
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Demographic and Clinical N Percentage %
Characteristics
Patients 60
Age
Median/Range 710.25-17y
0-1 3 5%
1-5 24 40%
6-10 15 25%
11-15 16 27%
>=16 2 3%
Sex
Female 29 48%
Male 31 52%
Outcome
Hospitalized 60 100%
Died 15 25%
Health at baseline
Immunocompromised/suppressed 36 60%
Primary Immune deficiency 16 35%
Malignancy 9 20%
Post HSCT/CART/thymus transplant 11 24%
Known rheumatological/inflammatory 3 7%
conditions
Previously Healthy 14 23%
b.
Sampling type and CMg report N Percentage %
Patients 60
CNS Sampling
CSF 21 35%
CNS Tissue 35 58%
CSF and CNS Tissue 4 7%
CMg report
Positive - Pathogenic 14 23%
Positive — nhon pathogenic 4 7%
Negative 42 70%

CART: chimeric antigen T-cell receptor; CMg: clinical metagenomics; CNS: central nervous
system; CSF: cerebrospinal fluid; HSCT: haematopoietic stem cell transplant;

Table 2. Patients’ detailed clinical information and results
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Table 2: Demographic and clinical features (with radiological, microbiological and
metagenomics results) of patients referred for metagenomics with related clinical management
outcomes of patients managed in neuro-infection multidisciplinary team

*pre-2019 CMg pipeline **fully engrafted and off immunosuppression Tpoor immune
reconstitution.

Abn: abnormalities; BKA: below knee amputation; BMF: bone marrow failure; CAR-T: chimeric
antigen receptor t-cell therapy; CID: combined immunodeficiency; CMg: clinical metagenomics;
CN: cranial neuropathy; CNS-M: central nervous system malignancy; DA: dysarthria; DID:
disorder of immune dysregulation; DR: developmental/behavioural regression; Enc:
encephalopathic; FIRES: febrile infection-related epilepsy syndrome; FP: facial palsy; GBS: group
B streptococcus; HA: headache; HLH: haemophagocytic lymphohistiocytosis; HM: haematologic
malignancy; HP: hemiparesis/hemiparalysis; HSCT: haematopoietic stem cell transplant; IBD:
inflammatory bowel disease; ICP: intracranial pressure; IID: innate immune deficiency; MCA:
middle cerebral artery; MDRTB: multi-drug resistant tuberculosis; MDT: multidisciplinary team;
ND: nil detected; NF1: neurofibromatosis type-1; NPA: nasopharygeal aspirate; OA: optic
atrophy; PCA: posterior cerebral artery; PJP: pneumocystis jirovecii pneumonia; PLIC: posterior
limb of internal capsule; PN: peripheral neuropathy; PRES: posterior reversible encephalopathy
syndrome; PTLD: post-transplant lymphoproliferative disorder; SCID: severe combined
immunodeficiency; sJIA: systemic onsert juvenile idiopathic arthritis; SMA: spinal muscular
atrophy; Sz: seizures; TB: tuberculosis; TD: thymic disorder; VP; ventriculoperitoneal
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