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Genomics in Infectious Diseases
Mitesh Shetty

A b s t r ac t
For the effective care, rehabilitation, and protection of patients, recognizing and characterizing microorganisms that cause infection are essential.
In the diagnostic laboratory, however, not all bacterial species can be cultured successfully. Genomics and whole-genome sequencing (WGS)
can greatly enhance human knowledge and understanding of infectious diseases. The ability to assess the microbial community without the
need to culture the species has created the ever-growing field of metagenomics and microbiome analysis. Currently, the principal possible
applications of WGS in the diagnostic microbiology laboratory for characterizing bacterial pathogen are identification, typing, detection of
resistance, and virulence gene detection. In addition, next-generation sequencing (NGS) has helped understand the genome of SARS-CoV-2
early and provided insight into epidemiology, expansion of COVID-19, early and efficient production of the vaccine. The metagenomic
sequencing (mNGS) microbial cell-free DNA testing for infection diagnosis is gaining traction. More specifically, for clinicians and specialists in
the clinical microbiology community, paradigm shifts in understanding molecular diagnostics are required. A comprehensive clinical review
should complement NGS’s diagnostic study, which (a) demonstrates clinical effectiveness, (b) guides the use, and (c) exposes possible fields of
misunderstood use. Both conventional culture-based technologies and molecular diagnostics have several strengths and limitations.
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B ac kg r o u n d
In acutely ill hospitalized patients, the etiology of suspected
infections frequently remains undiagnosed, resulting in delayed
or insufficient care, extended stays, readmissions, and increased
mortality and morbidity.1,2 Because of cancer, genetic syndromes,
or transplantation, these patients are often immunocompromised,
especially if they are in tertiary care medical centers, rendering
them extremely vulnerable to infections.3 Unrecognized infections
can quickly lead to hospital outbreaks and endanger the hospital
admissions of patients.4 Historically, infectious diseases were
identified due to the use of techniques developed in the late 1800s,
such as the Gram staining and culture of the causative agent5 but
the turnaround time-to-results cycle is long (≥48 hours), and it is
difficult or impossible for many pathogens to culture.6 Molecular
testing powered by theories, such as PCR, could require multiple
individual tests for particular species, but a rare pathogen could
still miss. 3 When clinical material is more difficult and involves
different organisms, such as fecal samples, the Sanger sequencing
method becomes troublesome. In such cases, findings from Sanger
sequencing are not accurate and make identifying particular
pathogens difficult or impossible. In addition, for these activities,
the cost of Sanger sequencing is high and the turnaround period
is long. 4 Pulsed-field electrophoresis (PFGE) is currently the
“gold standard” method of bacterial subtyping.7 However, when
compared to the sequencing of entire genomes, its ability to
distinguish between strains is limited.8
In the microbial diagnostic study, a hypothesis-free diagnostic
approach that has the potential to detect almost any organism will
lead to a drastic paradigm shift. 3 Recently, unbiased metagenomic
sequencing (mNGS) has proved to be a very promising microbial
identification technology through the detection of possible
pathogens in several culturally negative patients.9–12 X-linked
agammaglobulinemia was first described in 1952 and, as such,
is arguably the first PID to have been described.13,14 Haemophilus
influenzae, the first full genome sequence of a free-living organism,
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was completed in 1995. Since then, it has sequenced over 23,000
bacteria, 600 fungi, and 4,000 viruses.15

T e c h n i q u e s
Next-generation Sequencing
The potential of next-generation sequencing (NGS) to revolutionize
microbiology has been tremendous and will greatly advance
knowledge and understanding of infectious diseases. Since
whole-genome sequencing (WGS) represents the pinnacle of strain
characterization and epidemiological analysis, conventional typing
approaches, resistance gene detection and other sequence-based
studies (e.g., 16S rDNA PCR) are likely to be replaced shortly.16
Since its introduction in 2004, the cost of NGS has been decreased
by many orders of magnitude. 3 This enables us to look at the
microbes’ full DNA fingerprint with increasing speed and decreasing
cost.15 Metagenomics, the study of the collective genome of
microorganisms has demonstrated its ability to diagnose new
infectious diseases in areas where standard diagnostics have failed.
This has provided valuable new insights into the host–microbe
relationship.17
Next-generation sequencing approaches also known as deep,
high performance, or massive parallel sequencing methods, include
many sequencing systems that have succeeded the conventional
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Sanger method of the dideoxynucleoside chain termination.
Different sequencing technologies are available, which differ in
their sequencing chemistry, read length, and throughput capability
(Table 1).18

Types
Illumina (San Diego, CA, USA) provides a range of platforms of
sequence series like iSeq, MiSeq, MiniSeq, NextSeq, HiSeq, and
NovaSeq. These platforms use a bridge amplification technique,
whereby single DNA molecules are first connected to a flow cell
and then amplified locally into a clonal cluster, similar to how
a single bacterium grows on a media plate into a colony.19 This
is accompanied by sequencing by synthesis is a technique that
involves synthesizing the complementary DNA one nucleotide per
cycle and an optical readout of fluorescently labeled nucleotides
(A, G, T, or C).
The Ion Torrent platform is provided by Thermo Fish Scientific
(Waltham, MA, USA). It clones single DNA molecules on a bead into
an emulsion.20 The beads are mounted on a semiconductor chip
that comprises a matrix of individual pH sensors. As the DNA clones
synthesized a local change in pH shows the nucleotide sequenced.
Under the names MinION, GridION, and PromethION, Oxford
Nanopore Technologies (Oxford, United Kingdom) offers portable
sequencers.21 This technology directs single-stranded DNA through
a grid of protein nanopores that collects the DNA sequence through
electrical current interruptions. However, there are currently more
sequencing errors, lower throughput, and higher per-read costs of
the nanopore method than other NGS platforms, which may restrict
its usefulness for some applications.3
Pacific BioScience sequencing also provides a sequence for
single molecules and longer read length, making them ideal for
unresolved genome, transcriptome, and epigenetic research
problems. The possible benefits of long sequence readings are
still being explored for clinical microbiology, while long readings
(>5,000 bp) have helped to address some of the drawbacks of short
reading data in research environments.16

Sequencing
Usually, microorganism NGS studies adopt two general strategies:
targeted amplicon sequencing or WGS (Fig. 1).22,23 The first strategy
uses target-specific primers for PCR-mediated amplification to
enrich and selectively sequence the genomic regions of interest.
This method is also used to analyze well-known genomic regions
(e.g., identify known drug-resistant mutants). On the other hand, de
novo sequencing is based on the non-target preparation of whole
genomes. This is also achieved when the genomes or functional
potential of the organism under investigation are unknown or the
aim is to identify them.18
Host depletion is used in WGS where the goal is to decrease
the relative proportion of human host-context sequences in mNGS
data instead of exploiting recognized pathogen targets such as the
16S rRNA gene.3 The value of unbiased metagenomic sequencing
is maintained by this method. Most host libraries are normally
identical to human sequences with rRNA or mitochondrial RNA, and
depletion of those human host sequences will indirectly increase
non-human microbial readings and consequently enhance the
analytical sensitivity.3
The shorter the length of the sequence read, the more contigs
and gaps produced during the assembly process. This indicates
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Table 1: Popular sequencing technology16
Traditional sequencing
• Still widely used for sequencing
Sanger sequencing
s h o r t s e g m e n t s o f D N A (u p t o
1,000 bp) due to the ease and accuracy
of sequencing
• Labor, time and cost-intensive for
sequencing entire genomes regularly
Next-generation sequencing technologies
• Us es a s e qu e n cin g - by - s y nth esis
Ion semiconductor
method, detecting changes in pH due
sequencing (Life Techto hydrogen ion release with a synthesis
nologies Ion Torrent)
of complementary DNA
• Popular due to lower sequencer cost and
speed of sequencing
• Requires separate emulsion PCR library
amplification before sequencing (slow
and complicated), though automation
can be performed using the separate
Ion Chef system
• Higher error rates, par ticularly
homopolymers, than other platforms
and poor coverage of extremely AT-rich
or GC-rich regions
• Ion Torrent Personal Genome Machine
(PGM) and newer, higher throughput
Ion Proton available
• Uses a sequencing-by-synthesis method,
Illumina sequencing
detecting a release of fluorescent labels
from incorporated nucleotides to
determine the sequence
• Current market leader with high
sequence throughput, with low error
rate and low sequencing cost per base
• Limitations of short-read sequences and
a longer sequencing run time
• Several plat forms with moderate
(MiSeq), moderate-high (NextSeq), and
high (HiSeq) throughput
• TruSeq long read technology recently
introduced to produce synthetic reads
of 10 kb in length (currently only HiSeq
2000/2500)
Emerging technologies
Nanopore sequencing • Probably the leader of the pack of
benchtop sequencing technologies in
(Oxford Nanopore)
development
• Detects characteristic disruptions in a
current applied across a protein channel
or “nanopore” as each nucleotide of a
strand of DNA is passed through the
nanopore
• The method still being refined, but
has the capability of generating longsequence reads
• Two portable/affordable benchtop
sequencers available – the MinION
(disposable USB stick), and the GridION
(rack-mountable)
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Fig. 1: Illustration of sequencing approaches for diagnosis and monitoring of infectious diseases. Targeted amplicon sequencing uses target-specific
primers for template (green bars) enrichment, followed by primers that are partially complementary to the target-specific primers (black bars),
and contain sequencing adaptors and bar codes (blue bars). Whole-genome sequencing uses enzymatic or mechanical fragmentation, followed
by end repair to allow ligation of primers that contain sequencing adaptors and bar codes (blue bars). The size section allows only fragments of a
predefined length to be used for sequencing. Bioinformatics removal of human sequences is required because the nucleic acids of the organism
of interest frequently constitute <1% of the nucleic acid pool. Fragmentation libraries may also be made from PCR-enriched amplicons.18

there is an increased preference for longer read lengths.24 While
microbial genomes are usually smaller and less complex than
human genomes, techniques of long-read sequencing are useful
for constructing complete, highly precise genomes and sorting
out plasmids, repeats, and other complex regions.25 To achieve a
full sequence without gaps, short and long reads are also used to
combine the strengths of these different sequence approaches
(Fig. 2).24 However, the platforms for short reads are cheaper and can
generate large quantities of knowledge. Thus, most laboratories in
clinical and public health microbiology use short-read sequencing
platforms for routine sequencing.
Some technologies can sequence and identify a handful of
bacterial genomes in a few hours while others have the capacity
to sequence and identify 50 to 100 bacterial genomes in a single
run between 1 day and 3 days.16

Data Analyses
Data processing is the greatest obstacle related to the
implementation of NGS in the clinical microbiology laboratory.
However, scientific knowledge of the genomic characteristics and
biological history of the microorganism under investigation is
needed for further study.4 Well-curated and up-to-date libraries
with references are important as microbial pathogens are rapidly
emerging and bacteria can share plasmids that also code virulence
and antimicrobial resistance traits in various organisms.25 Many

open sources and private mNGS software packages are now in
existence, including serial super-fast pathogen identification
(SURPI), 26 Kraken, 27 Taxonomer, 28 and private pipelines for the
detection and characterization of microbial sequences.3,29 Usually,
these bioinformatics pipelines (a) pre-process sequencing reads to
remove sequenced adapters and low-quality and low-complexity
regions;30 (b) align to the human genome to remove human reads;
(c) align the processed reads to a curated pathogen database and
assign a taxonomic classification to each sequence read; and (d)
conduct organizational and statistical analysis with visualization
in a graphical user interface.3

A p p l i c at i o n
Next-generation sequencing’s prospective clinical applications
are vast and require clinical microbiology at all levels of the phase
of growth.17

Virus Identification
Previous NGS studies have demonstrated evidence-of-concept
applications for bacterial identification.16 Next-generation
sequencing can be the perfect one-step tool for investigating a
wide range of pathogen features.4,31 Connaissance of a pathogen’s
virulence profile is essential to predict the severity, the outcome
of the infection, and to allow for an early start of the disease risk
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Fig. 2: Whole genome sequencing workflow. (1) DNA extraction from homogeneous microbial samples, e.g., a single bacterial colony from a pure
culture. (2) Whole-genome sequencing using next-generation sequencers. Most high-throughput sequencers produce short reads (e.g., Illumina
Miseq), although long reads from Pacific Biosciences RS II or Illumina TruSeq technology may facilitate de novo assembly more readily. (3) SNPs
called from read mapping to a reference genome can be used for phylogenetic comparisons to assist in epidemiological and outbreak analyzes.
Reads can also be assembled de novo into longer contiguous sequences (contigs), and orientated and aligned to form scaffolds. (4) The resulting
de novo assemblies can be used for further analyzes such as typing and resistance detection based on local alignment tools (e.g., BLAST), or can
be further finished into a completed or closed genome. This finishing stage usually requires gap closure through extensive “wet-lab” techniques
such as primer walking, and so is generally performed for research purposes, although WGS long reads are increasingly being used to produce
more complete de novo assemblies and minimize the amount of laboratory work required. (5) Data analysis for outbreak investigation, typing,
or resistance detection. Closed annotated genomes can be used as reference genomes for comparison, or can be analyzed in further detail.16

assessment.4 Many viruses cannot be cultured nor are conventional
molecular technicians able to recognize them. Other approaches
are laborious, time-consuming, and relate only to sterile samples
such as cerebrum fluid, including cloning and Sanger sequences.22
Also, microarrays do not recognize novel pathogens in highly
conserved regions within viral families. For virus detection in clinical
specimens, NGS offers an effective, highly sensitive, and unbiased
alternative.18,22

Drug Resistance Mutation Testing
Drug resistance poses a challenge in the fight against various viral
infections. When present at <15–20% of the viral population, the
Sanger method has limited sensitivity for minor variants, while
NGS methods can detect approximately 1% of drug-resistant
mutations (DRMs).18,32 An epidemiological study of AIDS patients
has proven that the presence of DRMs in the HIV-1 can predict the
success or failure of available anti-HIV treatment.18 Next-generation
sequencing and Sanger sequencing methods were contrasted by
several analyzes to collect minority resistant variants, which revealed
that Sanger is lacking at least half of the DRMs found by NGS.18,33
It has been shown that the existence of such variants indicates
an increased risk of failure of therapy. Cytomegalovirus (CMV)
drug resistance rates are varied according to patient populations:
5–12.5% in recipients of solid organ transplantation and 2–5% in
recipients of hematopoietic stem cell transplantation.34 CMV drug
resistance identification is important in due course because the
DRMs will accumulate with continuing drug exposure that could
lead to reduced survival of the graft and increased morbidity.18,34
A WGS technique could also be used to detect antimicrobial
resistance in microbiology. Some studies tried to verify the precision
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of WGS with a fair consistency in the prediction of antimicrobial
resistance.16,35 Although current organism culture susceptibility
methods may be faster and more accurate for routine study, WGS
methods may be useful for specimens that develop slowly or
cannot be cultivated or where phenotypic susceptibility tests are
inaccurate.16 For example, WGS was used to quickly diagnose a case
of extensively drug-resistant tuberculosis, reducing the amount of
time needed to diagnose the disease and ultimately reducing the
likelihood of de novo resistance.36

Clinical Microbiology
Genomic methods are possibly also useful when diagnosing and
treating bacterial, mycobacterial, and fungal infections including
pathogens, virulence factors, strain forms, and antibiotic markers.18
Concrete evidence has shown that NGS has a significant potential
for microbial identification of primary human specimens by both
targeted sequences of rRNA genes and WGS.18 The existence of
pathogens and virulence and/or resistance genes in one series may
be investigated. A metagenomic approach may also be used to
study the resistome, the study, and understanding of how resistance
emerges and evolves, in addition to the detection of pathogens.
The intestine is a known antibiotic resistance gene reservoir (ARG)
and antibiotic therapy has an impact on the intestinal resistome
that can lead to horizontal gene transfer and selection of resistant
bacteria. 4 To characterize mixed infections, especially those
containing uncultivable or nonviable species, targeted 16S rRNA
sequencing by NGS can have immediate clinical application.18
This strategy was successfully applied directly to the material of
the brain abscess, lymph node biopsy, cystic fibrosis sputa, and
mastoid abscess material.37
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Outbreak Management
More apparent and immediate use of WGS is the typing of
bacterial pathogens for epidemiological monitoring, infection
control, and outbreak analysis.16 Typing is unique to an
organism and must be continually validated. Whole-genome
sequencing, on the other hand, has the potential to trump
conventional typing techniques by either in silico typing
or superior differential ability.16,38 For example, multi-locus
sequence typing (MLST)which is typically done by sequencing a
collection of housekeeping genes, can be replicated by mapping
WGS reads for the reference sequences of the genome, or by
using the Simple Local Alignment Search Method (BLAST) for
identifying alleles of the housekeeping genes.16 Whole-genome
sequencing-based typing was used to identify a newly emerging
CTX-M-15 producing Klebsiella pneumoniae with sequence
type (ST) 1427. 39 Moreover, genomic phylogenetic analysis was
used to trace the transmission of CTX-M-15-producing ST15 K.
pneumoniae between patients treated in a single center and the
subsequent interinstitutional spread by patient referral.4 Wholegenome sequencing also enables controls to be introduced to
prevent the spread of resistant bacterial clones. The outbreak of
inter-institutional spread of colistin-resistant carbapenemaseproducing K. pneumoniae (KPC) in the Netherlands was managed
by the relocation of all positive residents to a different location
outside the institution where patients were cared for by a
dedicated team.40 It represents the value of NGS as a highly
discriminatory method for separating clones with unique
properties from the information obtained for patient care,
infection prevention, and developmental studies.4

Molecular Case Finding
In complex and detailed outbreaks, NGS databases can
retrospectively be checked for incidents. This can contribute
to the identification of cases not identified in conventional
epidemiological studies. In a study, a Dutch patient without a recent
history of international travel was isolated from a long-term care
center by a New Delhi Metallo-ß-lactamase-5 (NDM-5)-producing
K. pneumoniae S T16 strain. The results of molecular cases showed
that the Dutch strain was clonally linked to the four patients isolated
in Denmark in 2014,41 but the cases in Danish and Dutch hospitals
had no apparent epidemiological relations.4

Taxonomy
The phylogenetic aspect was added to the taxonomy by Darwin.
By incorporating 16S rRNA gene sequencing, the taxonomy of
bacterial organisms has changed drastically.4 Usage of WGS for
taxonomic purposes can be used for more genes to differentiate
between organisms than the conventional approach for hybridizing
DNA–DNA or 16S rRNA sequencing.4

Zoonotic transmission
The first zoonotic transmission tests were focused on lowdiscriminatory approaches like serotyping. Next-generation
sequencing gives these subjects a new viewpoint. Increased
discrimination can show variations in previously undiscovered
bacterial strains in animals and humans. In combination with
epidemiological data, the source may track possible zoonotic
infections.42 Next-generation sequencing also enables a detailed
study of the manipulation of specific microbiota with implications
for the transmission of interspecies through the use of antibiotics.

The analysis of the bacterial genomes improves awareness about
microbial evolution.4

Cell-free DNA
Microbial cell-free DNA (mcfDNA) is becoming an attractive
infectious disease diagnostic modality, enabling wide-range
pathogen identification, noninvasive screening, and rapid
diagnosis. This is an advantages diagnostic approach for clinical
infection, though this modern technique does have drawbacks
and is not routinely applied in most laboratories.6
For immunocompromised pediatric patients, invasive fungal
disease (IFD) presents a major risk of morbidity and mortality.43
Because of their prolonged neutropenic disorders, children and
adolescents receiving chemotherapy, undergoing hematopoietic
stem cell transplantation, or experiencing bone marrow failure are
at elevated risk for IFD. To increase survival and decrease morbidity,
prompt diagnosis of IFD with the administration of aggressive and
appropriate antifungal therapy is essential.44 Invasive, sluggish to
deliver a result, and sometimes lack sensitivity and identifying
species levels are traditional diagnostic technics for fungal infection.
Microbial cell-free DNA methods have been employed to classify
non-human sequences and associate them with established
bacterial, viral, and fungal pathogens genomic databases, for
sequencing circulating cfDNA. In immunocompromised pediatric
patients at risk of IFD, it revealed several infectious pathogens.43
In a cohort of 10 immunocompromised patients with febrile
neutropenia and pneumonia, 70% of cases, mcfDNA correlated with
standard microbiological testing indicating that this technology
may be useful in this clinical setting, especially in patients in whom
tissue diagnosis is not feasible for bronchoscopy or biopsy. The
findings of mcfDNA, however, have to be viewed with caution.
And in combination with other radiological and clinical results in
the laboratory.45
Urinary cell-free DNA can be derived from its genome-wide
methylation mark profile that can map the tissues of cell-free DNA
origin and measure the abundance of a wide variety of viral and
bacterial pathogens and the degree of host tissue injury from
the contact between host and microorganism.46 This assay was
used to test for urinary tract infection in patients with kidney
transplantation and to find excellent evidence for the usefulness
of this assay to differentiate between infections and infectious
diseases and to determine the seriousness of the disease.46

Meningitis
Extreme health conditions linked to elevated rates of morbidity
and mortality worldwide are bacterial encephalitis and meningitis.
In >50% of patients with acute encephalitis, however, unique
pathogens are not known.47 In the wide variety of probable viral,
autoimmune, neoplastic, paraneoplastic, Parameningeal, and
toxic causes, subacute and recurrent meningitis are diagnostically
difficult. A final diagnosis can require weeks or months of testing or
remain unsolved and require inadequate or even harmful empirical
treatment approaches. To identify all neuroinvasive pathogens,
routine microbiological testing is often inadequate. Encephalitis can
be caused by >100 different pathogens. Conventional approaches
can be difficult to test all neurological pathogenic agents. Infectious
agents could be identified independently by mNGS in a targeted way.
It can classify all pathogens in a single run and can be a promising
method for investigating clinical-causative pathogens with atypical
characteristics in central nervous infection.48 In patients with
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diagnostically difficult subacute or chronic meningitis, subarachnoid
neurocysticercosis, and toxoplasmic encephalitis, mNGS of
cerebrospinal fluid (CSF) or brain tissue screens for almost all possible
CNS infections and can identify novel or unexpected pathogens.48,49
Metagenomic sequencing CSF collected from meningitis or
encephalitis patients enhanced the detection of neurological
infections and, in some cases, offered actionable details.50

Other Clinical Utility
Patients with unexplained ocular infections, including chronic
intraocular rubella infection, were diagnosed with mNGS. In
pneumonia, mNGS and 16S NGS both identified pathogens
using quantitative approaches. 3 However, with the presence of
commensal oral flora species, we need to be vigilant. Although
numerous studies have studied the stool microbiome, only a
handful have tried using mNGS techniques to diagnose related
clinical diseases, such as diarrhea.3

COVID-19
Early understanding of the SARS- CoV-2 genome of fered
unprecedented insight into viral spread dynamics and affected
response strategies. Global scientists knew the possible origin of
the virus in <60 days of reporting, how similar it is to the viruses
which are better known, and what treatments are available.51 This
is the first time, due to NGS, that a full genome of a novel infectious
agent has been made available to the public in such a limited time
since the first case was identified to the WHO.51
As the virus transfers from host to host, it evolves across
individuals and can acquire mutations that make it more virulent,
enabling it to potentially affect more individuals. This evolutionary
arms race across the globe with a multitude of strains makes it
essential for researchers to quickly establish potential treatment
and possible preventative measures to combat and halt the virus
from continually evolving and affecting more people. Tracking the

virus allows us to identify its source, develop future treatments
based on how it evolves, and put appropriate potential preventative
measures in place to limit its distribution. 52 sequencing-based
molecular modeling shows the variation in a vital surface protein
SARS-CoV-2, which also has consequences for potentially vaccine
policies.51 The results of NGS raise the possibility of a higher rate
of efficacy of potential coronavirus vaccines and could enable
the global scientific community to better understand COVID-19
epidemiology and spread. Viruses that mutate quickly over short
periods make it difficult to develop effective vaccines that protect
individuals from infection.
The SARS-CoV-2 test is a quick, accurate, and cost-effective tool
to detect the SARS-CoV-2 virus. It can detect 237 viral-specific SARSCoV-2 targets and 5 human gene expression controls to assess the
presence of the virus in a variety of sample types (isolates, throat,
and nasal swabs) and will cover all potential serotypes to help better
understand epidemiology outbreaks.52 The first NGS test approved
for use under the U.S. FDA Emergency Use Authorization (EUA)
is the Illumina COVIDSeq Test. 51 Whole-genome sequencing of
SARS-CoV-2 virus can be compared using the phylogenetic analysis
to identify how the virus is mutating and spreading and whether
different strains are emerging (Fig. 3).

L i m i tat i o n
It is important to consider the drawbacks of WGS. Most studies
are currently focused on single nucleotide variants or SNPs
known from comparisons with a reference genome sequence.
The quality of the sequence and the genome assembly as well
as the quality and selection of the reference genome are thus
dependent on the analyzes.16 A large proportion of phylogenetic
data is omitted by existing comparative studies. Wholegenome sequencing data may provide comprehensive genomic
information, this does not translate to knowledge about gene

Fig. 3: This phylogeny shows the evolutionary relationships of the coronavirus (Courtesy: Nextstrain) Genomic epidemiology of novel coronavirus—
Global subsampling. Ref: https://nextstrain.org/ncov/global?c=region
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expression and transcription alone.16 The lack of validity and
usefulness comparisons in clinical trials is a major drawback of
WGS in clinical laboratories.16

Q ua l i t y
As is true in all cases of testing used in public health and diagnostic
laboratories, there is a need for rigorous quality assurance and
standardization.16 With the increasing adoption of NGS for clinical
microbiology, well-defined and widely sequenced microbial
reference species will be required as controls and competence
materials.18 Both positive and negative external controls are to
be performed at each series and handled with the same lot of
reagents and procedural workflow as separate samples.3 Suggest
a minimum quality score of Q30 (the likelihood of a wrong base call
is 1 in 1,000) across the genome with a minimum vertical depth of
30–50× (an average of 30–50 times repetitions at any particular
locus).16 Samples should be treated not only in a sterile way but also
to eliminate exogenous nucleic acid contamination.3 Regardless
of the mechanism, an evaluation of potential cross-contamination
should always be included in the analysis of metagenomic data,
especially when a sequencing run involves a sample with high
pathogen levels.3 It may also be beneficial to validate the findings
of mNGS with Sanger sequencing about the existence or absence
of species. 3 The FDA has developed a database named FDAARGOSS in conjunction with other federal agencies (FDA database
for regulatory-grade microbial sequences; BioProject 231221). In
addition, tests must be standardized, streamlined, checked, and
ultimately automated if a solution is to progress from concept
evidence to NGS-based diagnostics in US clinical laboratories
and hospitals.17 To support the verification process for genomic
sequencing-based testing methods, the National Institute for
Standards and Technology (NIST) is developing whole-genome
microbial reference standards.17

C o n c lu s i o n
Metagenomic sequencing is a cutting-edge technology that has
completely altered the way clinical diagnostics are conducted. 3
Next-generation sequencing allows uniform typing procedures
for all pathogens (“one test fits all”).4 But NGS approaches are
intended to complement, rather than replace, traditional diagnostic
testing at this point.18 As NGS technology continues to grow and
evolve, the analytical performance of each test, the clinical validity
for different pathogens, and, most importantly, the clinical niche
for NGS will need to be identified by the research and medical
communities.17 As with any strong new technology, molecular
diagnosis faces difficulties in data analysis and reporting but can
diagnose infections more easily and completely and provide
important clinical management knowledge. Despite the difficulty
and challenges that NGS assays present in clinical microbiology,
they provide a remarkable opportunity to advance the field of
clinical microbiology.17
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