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The COVID-19 pandemic continues and fluctuates posing unprecedented challenges to global healthcare
systems, requiring a comprehensive understanding of viral and microbial interactions within infected
individuals. Metagenomics, a powerful tool for analyzing genetic material from diverse microorganisms,
has emerged as a promising approach for uncovering co-infections in COVID-19 patients. This review
aims to assess the current state of metagenomics-based studies focused on identifying co-infections in
COVID-19 patients. Methods: This study is a review of the literature collected from the search engine
Google Scholar and PubMed Electronic Database with the keywords: “COVID-19”, “Co-infection”, and
“Metagenomics”. We looked for publications published in any language between 2020 and 2023. We
obtained the original articles of each relevant and reported research design, and 21 eligible articles were
found for inclusion in the analysis. Co-infection has been shown in several studies to exacerbate patient
clinical problems to varying degrees. Metagenomic next-generation sequencing (mNGS) technology can
simultaneously show all infections present in organisms. Metagenomics analysis has increased the
diagnostic level of the pathogen and provided valuable insights into the microbial landscape of COVID-19

patients, uncovering the prevalence and impact of co-infections.

1 INTRODUCTION

Corona Virus Disease 2019 (COVID-19) is an
infection with the SARS-CoV-2 virus, which has
become a global pandemic that continues to this day
and fluctuates. The spectrum of disease that appears
in COVID-19 infection can be divided into
asymptomatic or presymptomatic infections with
mild, moderate, severe, and critical symptoms
(Esakandari et al., 2020). About 20% of SARS-CoV-
2 infections would worsen the prognosis noticeably by
progressing to a severe or critical stage. Previous
research showed that admission to an intensive care
unit, a greater likelihood of secondary infection, and
a higher risk of invasive operations were all linked to
severe SARS-CoV-2 pneumonia. The dangers and
characteristics of secondary infections in severe
COVID-19 have not yet been discussed (Zhang et al.,
2020).

Several research studies have investigated the role of

the microbiome in the emergence of COVID-19,
posing the possibility of a connection between
COVID-19 and the gut, lungs, nasopharynx, or oral
microbiota (Bao et al., 2020). It has been discovered
that several taxa of bacteria in the mouth or gut
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microbiome are connected to disease severity (Zuo et
al., 2020) and may be utilized to forecast the clinical
course of COVID-19. The human upper respiratory
tract, which acts as a main entry route for SARS-
CoV-2, has an airway microbiome that is typical of
its milieu and plays a crucial role in the airway
epithelial barrier (Man, de Steenhuijsen Piters, &
Bogaert, 2017). When a virus is present, the epithelial
barrier is crucial. Influenza virus infection can be
impacted by the bacterial respiratory microbiome
(Tsang et al., 2020). Bacterial colonization may be
associated with the way that viral infection alters the
balance of the airway microbiome to strengthen the
host's innate immune response (Pittet, Hall-Stoodley,
Rutkowski, & Harmsen, 2010). We can get a
comprehensive understanding of the balance of the
microenvironment and functional gene alterations by
studying the microbiomes of COVID-19 patients.
One of the greatest advantages of mNGS is its
ability to obtain a snapshot of a patient's microbiome
at a specific sampling site to detect co-infections and
determine other organisms that may impact patient
outcomes. Understanding co-infections is important
because they can worsen COVID-19 (Mostafa et al.,
2020). There are limited reports of co-infections in
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COVID-19 and so far, results have varied, possibly
due to limitations of different methods used to detect
co-infections, poor recovery, or detection based on
standard-of-care methods due to broad-spectrum
empirical coverage, lack of testing to understand co-
infections, and the diverse geographic regions where
the research was conducted.

The aim of the review was to explore the value of
applying sequencing techniques in the diagnosis and
treatment of secondary infections in COVID-19
patients.

2 METHODS

This study is a review of the literature collected from
the search engine Google Scholar and PubMed
Electronic Database with the keywords: “COVID-
197, “Co-infection”, and “Metagenomics”. We
looked for publications published in any language
between 2020 and 2023.

3  RESULT

Based on the results of the analysis of 21 articles that
met the criteria, the results showed that the countries
that use NGS the most are from Asia, especially
China at 66%, with the Illumina platform at 72%. The
most widely used sample is the nasopharyngeal
sample at 48% (Table 1). Sequencing results with
several different platforms show pathogenic bacteria,
viruses, fungi, a mixture of bacteria and fungi, a
mixture of bacteria and viruses and a mixture of all
three.

This study investigates the utility of nanopore
sequencing technology in detecting pathogens in
clinical samples of patients with severe COVID-19
infection to aid clinical diagnosis and treatment.
These results demonstrate that compared with
traditional clinical microbiology testing, nanopore
sequencing reports test results more quickly (the day
after sample collection). Compared with quantitative
multiplex PCR assays, nanopore sequencing is not
limited by the number of target pathogens and can
detect unknown pathogens. The metagenomic
sequencing technology developed in this research has
high application value and can quickly and effectively
detect potentially pathogenic bacteria in clinical
samples of patients with severe COVID-19 infection,
thereby helping the diagnosis and treatment of
patients (Xiaofang et al., 2021).

4 DISCUSSION

Identifying newly or recently re-emerging viral
infections at the point of care is critical to notifying
the appropriate health authorities and enabling a
prompt response hefore serious outbreaks take hold.
This can be difficult since several viral agents can
cause comparable symptoms, and new viruses cannot
be predicted. If highly specialized knowledge of
symptoms and infections is not accessible at the point
of care, mMNGS enables non-biased in-investigation
and detection of viral agents. It has been
demonstrated that the provided approach provides
accurate identification of the pertinent pathogen
(Fomsgaard et al., 2022).

Our research represents, as far as we are aware, a
analysis to assess the prevalence of co-infections in
patients with SARS-CoV-2 infection. These results,
which are based on the early SARS-CoV-2 pandemic
cases, indicate that bacterial co-infections are less
common in COVID-19 patients than in influenza
patients. In the 2009 influenza pandemic, bacterial
infections seemed to be associated with morbidity and
death in 1 in 4 severe or fatal cases of influenza A.
The low fraction of viral NA in a particular clinical
sample compared to the large levels of non- viral NA
is one of the main obstacles to unknown pathogen
identification with mNGS. As a result, the pathogen
may not be found in a person who has been exposed
to it. Depletion of host sequences with nucleases is a
well-known method of resolving this issue, and
filtering treatments, along with centrifugation, are
other often utilized methods (Hall et al., 2014).

Importantly, mNGS also identified viruses in four
samples that were not detected by routine clinical
testing, HCoV NL63, RSV, hMPV was identified by
MNGS but not by clinical multiplex PCR testing.
Current broad-spectrum molecular testing algorithms
identify most respiratory viral infections among
SARS-CoV-2 PUIs, when available and implemented
consistently. In addition, these results illustrate the
potential of MNGS to streamline and expand clinical
testing for respiratory viruses, which may augment
strategies to surveil for unexpected viral coinfections
or the emergence of divergent strains during periods
of high transmission (Babiker et al., 2021).

Viral coinfections in COVID-19 patients have
been reported globally, and are critical during early
misdiagnosis. Possibly due to their immunity status,
the middle-aged and the elderly are more prone to
viral coinfection. However, it may not be true, healthy
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Table 1: Characteristics of 21 included studies

N
No Author Country Age Study type Parti- Method Sample References
group cipant
1 | Mostafa et USA Adult, Retrospective 50 GridION Nasopharyngeal | (Mostafa et
al. 2020 Elderly Nanopore al., 2020)
2 | Maetal, China Adult,Eld Cohort 88 MGISEQ- Oropharyngeal (Maetal.,
2021 erly 2000 2021)
Shotgun
3 | Gaoetal, China Elderly Case-series 42 Hiseq Nasopharyngeal | (Gaoetal.,
2023 Illumina 2023)
4 | Guoetal, China Elderly Retrospective 43 Novaseq Sputum, (Guoetal.,
2021 6000 bronchoalveolar 2021)
Illumina
5 | Xiaofanget China NA Case-series 377 MinION plasma, (Xiaofang
al., 2021 speci- Nanopore nasopharyngeal, | etal., 2021)
mens) sputum, fluids
alveolar lavage,
and bile.
6 | Al-Emranet | Bangladesh NA Case-Control 11 lon S5 nasopharyngeal (Al-Emran
al, 2022 systems etal., 2023)
(Thermo
Fisher
Scientific)
7 | RRaetal, Mexico NA Retrospective 120 NextSeq Oro- and/or (Baetal.,
2022 500 nasopharyngeal 2022)
Illumina
8 | Devietal, India Adult,Eld Retrospective 198 Miseq nasopharyngeal | (Devietal.,
2022 erly Illumina 2022)
9 | Babiker et USA Adult,Eld NA 75 Illumina nasopharyngeal (Babiker et
al, 2020 erly al., 2021)
10 | Chongetal., Malaysia Adult Retrospective 198 NextSeq oro- (Chong et
2021 500 nasopharyngeal al., 2020)
Illumina
11 | Yasiretal., Saudi NA NA 140 Miseq Nasopharyngeal (Yasiret
2023 Arabia Illumina al., 2023)
12 | Faridletal,, Indonesia | Juvenile, Case Series 4 NextSeq Nasopharyngeal (Faridl,
2022 Adult 550 Mellyani,
Illumina Khoirunnis
a, &
Septiani,
2020)
13 | Rouchka et USA Adult,Eld Cohort 32 NextSeq Nasopharyngeal (Rouchka
al., 2021 erly 500 etal., 2021)
Illumina
14 | Charalampo UK Elderly NA 34 GridION Tracheal (Charalamp
usetal., Nanopore aspirates, BALs ousetal.,
2021 and NDLs 2021)
15 | Molina- Costa Rica NA Retrospective 12 Miseq Nasopharyngeal (Molina-
Moraetal., Illumina Mora,
2022 Cordero-
Laurent,
Calderdn-
Osorno,
Chacén-
Ramirez, &
Duarte-
Martinez,
2022)
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16 | Chenetal., China Adult,Eld Retrospective 408 BGISEQ- | blood, urine, and (Chen et
2021 erly 50 respiratory tract al., 2021)
17 | Shahetal., San Adult retrospective 316 Novaseq oropharyngeal (Shahetal.,
2020 Francisco cohort 6000 and/or 2020)
Illumina nasopharyngeal
18 | Mehtaetal., India Adult Case series 100 Illumina nasopharyngeal (Mehta,
2021 and/or throat Sahni,
Siddiqui,
Mishra, &
Sharma,
2021)
19 | Miaoetal,, China AdultEld | Retrospective 100 Illumina Nasal (Miao et
2021 erly al., 2021)
20 | Castaneda- Canada NA Retrospective 125 Novaseq nasopharyngeal (Castaet
Mogollon et 6000 and Throat al., 2021)
al, 2021 Illumina
21 | Hoqueetal., | Bangladesh NA Retrospective 22 | NextSeq nasopharyngeal (Hoque et
2022 550 al., 2022)
Illumina

people may also be coinfected. Bacterial pathogen
coinfection is a worrying problem in COVID-19
management and also is the major cause of morbidity
and mortality in other respiratory infections.
Klebsiella pneumoniae was generally found in the
majority of samples in several studies that have been
reported.

Fungal co-infection based on our analysis
revealed that COVID-19 patients showed different
fungal microbial community composition compared
to recovered humans and healthy controls. For
example, only Saccharomyces cerevisiae was
detected as the most dominant species in COVID-19
patients, whereas in controls several associated fungi
were found. Due to the very low content of actual
pathogen sequences in clinical specimens, the
positive rate of metagenomic sequencing of clinical
specimens in this article is low. To overcome this
problem, in the future improvements can be made to
the following aspects. First, targeted amplification of
the 16S ribosomal RNA gene can be used to improve
the accuracy and sensitivity of identification across
clinically important bacterial species. Targeted
amplification of the 16S ribosomal RNA gene can
greatly reduce human genome reading interference
and improve the sensitivity of bacterial detection,
especially for specimens with high host cell content.
The development of nanopore sequencing protocols
for targeted sequencing of bacterial and fungal
ribosomal RNA sequences would also be an effective
complement. Second, higher pathogen detection
sensitivity and genome coverage can be achieved by
combining probe-targeted sequence capture and
enrichment methods. Third, we continuously improve
data sequencing analysis methods, striving to achieve
effective and unbiased analysis while ensuring high
reproducibility of test reports. In summary, this study
used nanopore sequencing technology to detect
Clinical specimens from severe COVID-19 patients

were collected to achieve rapid identification of the
pathogen. After further improvement, this detection
method can be extended to detect other sudden
infectious diseases in clinical practice and aid
diagnosis.

5 CONCLUSIONS

Metagenomics analysis has increased the diagnostic
level of the pathogen and provided valuable insights
into the microbial landscape of COVID-19 patients,
uncovering the prevalence and impact of co-
infections. This review attempts to summarize
previous studies that used metagenomic analysis to
describe the viruses, bacteria, and fungi involved in
COVID-19 co-infection. Therefore, after recognizing
the possible pathogens causing co- infections among
COVID-19 patients, and the molecular mechanisms
underlying co-infections, appropriate curative and
preventive interventions can be recommended.
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