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Introduction

Clinical metagenomics is slowly becoming part of today’s clini-
cian’s armamentarium to identify infectious diseases [1�3]. The clini-
cal application of metagenomics landmarks the revolutionary
introduction of this pathogen-agnostic approach, enabling the detec-
tion of all pathogens including uncultivable, variant, rare, resistant,
and previously undiscovered ones. The current most frequent appli-
cation is for difficult to diagnose patients suspected of having an
infectious syndrome but negative by routine testing [4, 5]. In the cur-
rent issue of this journal, Guo and colleagues describe the application
of metagenomics for combined microbial and oncogenic diagnostics
[6]. Simultaneous detection of infectious and non-infectious diseases
may be the next level of diagnostics to aim for. This commentary
aims to describe the highlights of the manuscript, the context of cur-
rent clinal practice, and to discuss the significance for the diagnostic
field.

Efficient use of sequencing data drives evolution of the diagnostic
landscape

Common grounds drive collaboration. The wet lab protocols for
sequencing of pathogens and the human genome share common
grounds: the mutual target format of double-stranded DNA genome
is the subject of investigation of both human genetic and bacterial/
viral DNA analyses. One of the previous studies providing evidence
for the use of clinical genetic sequence data for the detection of viral
pathogens is reported by Chesnais and colleagues [7]. The authors
retrospectively analyze sequence data that was originally produced
for non-invasive prenatal testing (NIPT), using a viral identification
pipeline. The authors were able to detect viral sequences, including
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human cytomegalovirus, which is potentially pathogenic in utero.
This proof-of-principle study accentuated the potential use in retro-
spective settings, and is food for thought of potential applications in
prospective settings. The same principle of joint interest in sequence
data applies for human exome sequencing and viral transcriptomics,
both targeting poly-A tailed RNA sequences. Westermann and col-
leagues have combined profiling of both host and pathogen expres-
sion using one set of RNASeq data, referred to as “dual RNA-seq” or
“dual transcriptomics” [8]. The design of so-called pan-genomic pipe-
lines has been encouraged, to study for example virus-host interac-
tions [9]. In short, pioneering studies as described above have
provided evidence for the potential of combined microbial and
human gene (expression) analysis, for research and potentially clini-
cal applications. This combined approach may be referred to as “mul-
tidimensional metagenomics”.

The clinical syndrome directs interdisciplinary diagnostics

Syndromic testing is referred to as the simultaneous testing of a
broad panel of pathogens, typically by means of targeted molecular
methods. Clinical metagenomics may be seen as the most compre-
hensive syndromic approach currently available. However, in clinical
practice, the differential diagnosis can comprise of a combination of
both infectious and non-infectious causes. For these patients, syn-
dromic testing does not suffice and tailer-made diagnostics in the
context of personalized medicine is required. For example, the differ-
ential diagnosis of encephalitis usually includes viral and inflamma-
tory causes. Interdisciplinary collaboration by sharing of sequence
data for multiple, discipline-specific analyses would be most benefi-
cial in patients with overlapping clinical symptomatology or underly-
ing etiological factors, such as microbiology and immunology,
prenatal screening (NIPT) and microbiology, and microbiology and
oncology.

Guo and colleagues report in the current issue the innovative and
advanced use of metagenomic sequence data for human oncogenic
analysis of lung tissue samples [6]. Both Illumina and Nanopore
metagenomic sequencing were used and sequences were analyzed
using an experimental pipeline for combined detection of DNA
pathogens and cancer. Artificial intelligence (AI) assisted the design
of the cancer pipeline and it is anticipated that machine learning will
be increasingly used to optimize the performance of bioinformatic
analyses. Illumina sequencing resulted in 83% sensitivity of diagnos-
ing cancer based on experimental chromosomal instability
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(duplication/deletion) analysis when compared to histology results.
Using the same sequence dataset, infections as defined by culture
and other microbiological tests were detected with 78% sensitivity.
The lowest sensitivity was for detection of aspergillus which may be
largely explained by the non-molecular nature of the galactomannan
antigen reference test. With regard to pipeline specificity, while com-
monly human sequences are removed from microbial pipelines to
increase specificity, co-analysis of microbial and host sequences
resulted in false positive microbial hits as complicating factor. Nano-
pore sequencing analysis of human sequences in this setting was con-
strained due to the low throughput format intrinsic to this technique,
and resulted in low sensitivity (35%) for pathogen detection. Other
publications using Nanopore sequencing for pathogen detection
based on other sample types with lower host background have
reported higher sensitivity, exemplifying the variety of dependencies
and their impact on test performance [10]. Potential advantages of
combined diagnostics would be reduced sampling, shorter turn-
around-time when compared to culture, and lower sequencing costs.

While practical steps will need to be taken in order to improve the
technical performance required for clinical applications, this progres-
sive study further builds towards the scenario of interdisciplinary
diagnostics based on joint use of metagenomic sequencing data.
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