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Metagenomic Next-Generation Sequencing (mNGS):
SARS-CoV-2 as an Example of the Technology’s Potential
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Metagenomic next-generation sequencing (mNGS) has emerged as a potentially powerful tool in clinical diagnosis, hospital epi-
demiology, microbial evolutionary biology, and studies of host-pathogen interaction. The SARS-CoV-2 pandemic provides a frame-
work for demonstrating the applications of this technology in each of these areas. In this Supplement, we review applications of

mNGS within the discipline of pediatric infectious diseases.
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In January 2020, the world first learned of a mysterious cluster of
patients with severe pneumonia in Wuhan, China [1]. Although
the causative agent was initially unclear, SARS-CoV-2 was soon
isolated and identified [2-4], followed quickly by a global explo-
sion of COVID-19 cases and deaths. In response to the emerging
pandemic, the biomedical research world placed unparalleled
focus on this novel pathogen. From diagnostic and surveillance
assays, to preventive vaccines, to therapeutics, rapid advances
were made within months. Central to this progress was next-
generation sequencing (NGS), described as an approach for
rapidly sequencing genetic material, and metagenomic NGS
(mNGS) to identify a microbial source.

As we track the scientific strides made throughout the pan-
demic, studies utilizing NGS have repeatedly provided crucial
information for understanding SARS-CoV-2. In this JPIDS sup-
plement, we provide the pediatric infectious disease community
with an introduction to next-generation sequencing (NGS) and its
potential clinical applications. The focus will be on metagenomic
NGS (mNGS). The included articles explore the roles of mNGS
in clinical care and infectious disease research, considering both
its current uses and potential future applications.

mNGS is a novel diagnostic that facilitates the sequencing and
identification of microbial DNA or RNA from a clinical sample.
The mNGS process is complex and requires expertise at several
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steps to efficiently yield accurate results. Both “wet labs” and “dry
labs” are involved. Prior reviews have provided in-depth descrip-
tions of the mNGS process [5-9]. Briefly, a clinical specimen is
obtained, such as blood, cerebrospinal fluid, or bronchoalveolar
lavage (BAL) fluid. DNA and/or RNA is extracted and purified
from the sample. Through various methods, the genetic material
is separated into small fragmented strands, facilitating massive
parallel or “shotgun” sequencing. Within the sequencer, universal
adapters bind to millions of fragments, which are then amplified
through polymerase chain reaction (PCR). The amplified frag-
ments are then sequenced simultaneously, allowing for identi-
fication of billions of nucleotide base pairs in a short time. The
nucleotide sequences are then analyzed through a bioinformatics
processor that aligns the individual reads with known genomes.
In human samples, >99% of the reads are typically human in or-
igin. In some applications, the remaining reads are aligned with
a database of known microbe genomes. If the DNA/RNA of an
organism is present in sufficient quantities above the threshold de-
termined by a healthy control population, that organism is “called”
and said to be present in the sample, potentially identifying an or-
ganism with clinical correlation that might be determined to be
a pathogen. In many cases, the process from sample collection to
pathogen call may require only a couple of days.

Because of its unbiased nature, mNGS has been met with
considerable enthusiasm for its potential as a diagnostic tool
for new or unanticipated diseases. As mentioned, within weeks
of the observation of a cluster of cases of severe respiratory
disease, SARS-CoV-2 was identified through next-generation
sequencing of BAL fluid from infected patients [2-4]. Our
supplement addresses the potential utility of mNGS for clin-
ical infectious disease diagnosis through 2 complementary re-
view articles. The first, by Edward and Handel [10], provides a
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broad overview of mNGS performance in a variety of condi-
tions including bacteremia, febrile neutropenia, osteomyelitis,
and others. The article also compares and contrasts the real-
world clinical effect of mNGS testing at children’s hospitals as
described by 4 retrospective studies [11-14]. Next, Graff et al
[15] focus on the utility of mNGS for suggesting the micro-
bial etiologies of pediatric meningitis and encephalitis, a topic
that has received abundant attention. These articles provide
an in-depth review of the advantages and many limitations of
mNGS as a clinical diagnostic tool in a rapidly evolving field.

Health care-associated transmission of SARS-CoV-2 has been
a major concern with limited experiences to guide health care
epidemiology practices [16]. Whole-genome sequencing (WGS)
through NGS has the potential to revolutionize how hospital-
acquired infections are detected and prevented. Greninger and
Zerr [17] provide a review of WGS for identification of hospital-
based outbreaks of bacterial, viral, and fungal infections. They
then delve into the future of NGS as a tool in health care epi-
demiology, providing a comparison of specific sequencing tech-
nologies of the commonly used commercial platforms Illumina
(Ilumina, Inc., San Diego, CA, USA) and nanopore (Oxford
Nanopore Technologies, PLC, Oxford, UK), an analysis of logistic
hurdles that limit the use of NGS in health care epidemiology,
and an overview of reimbursement for processing such samples.

In light of the frequent emergence of novel SARS-CoV-2
variants, viral evolutionary biology has become a topic of dis-
cussion. In this supplement, Moustafa and Planet [18] provide a
detailed review of the concepts needed to fully appreciate SARS-
CoV-2 mutations and their clinical significance. Central to this
work is the massive growth in next-generation sequencing of
the virus throughout the pandemic. As their title, “Jumping a
Moving Train: SARS-CoV-2 Evolution in Real Time” suggests,
mutations inherently leave evolutionary biologists a step be-
hind. Their article provides clinicians with the tools needed to
understand novel strains as they emerge.

The crucial role of the immune response to SARS-CoV-2 has
been made clear as the pandemic progressed. Silverman and Green
[19] introduce readers to an exciting new application of NGS, mi-
crobial flow cytometry coupled to NGS (mFLOW-seq) that is used
to better understand the interaction of microbes and antibodies.
This technique uses flow cytometry to sort antibody-coated mi-
crobes from those that are not coated, followed by NGS to identify
the microbes in each group. As described in their article, mFLOW-
seq has provided information crucial for understanding the path-
ogenesis of neonatal necrotizing enterocolitis, the mechanism of
action of fecal microbiota transplants, and the potential utility to
treat patients with sepsis with bacterial species-specific antibodies.

As demonstrated by the global response to the COVID-19
pandemic, awareness of future pandemics is necessary for clin-
icians and scientists. Haslam [20] explores this topic with his
article, “Future Applications of Metagenomic Next Generation
Sequencing for Infectious Diseases Diagnostics.” The work first

describes how mNGS is performed, then considers its chal-
lenges and how these may be overcome. From this framework,
the article then proposes clinical applications for mNGS.

The COVID-19 pandemic has demonstrated the importance
of applying cutting-edge approaches, such as mNGS, to novel
challenges. We hope that this supplement provides readers with a
deeper understanding of mNGS science and use, as well as with in-
spiration to identify new applications of this emerging clinical tool.
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