EBioMedicine 61 (2020) 103019

Contents lists available at ScienceDirect

EBioMedicine
journal homepage: www.elsevier.com/locate/ebiom

Commentary

The role for the metagenome in the pathogenesis of COVID-19
Robert P Friedlanda,*, Bodduluri Haribabub
a
b

Department of Neurology, University of Louisville School of Medicine, Louisville, KY 40202, United States
Department of Microbiology and Immunology, University of Louisville School of Medicine, Louisville, KY 40202, United States

A R T I C L E

I N F O

Article History:
Received 6 August 2020
Revised 8 September 2020
Accepted 9 September 2020

The novel corona virus SARS-CoV-2 infection and the COVID-19
pandemic has become an unrelenting worldwide catastrophe of public health and an economic emergency. A key question concerning
COVID-19 is why most infected persons do not develop severe disease, while others become critically ill [1]. We know that this dichotomy is related to age, gender, immunosuppression and comorbidities
[1]. But many persons who are young succumb to the virus, and we
need to know why. In a relatively short time, several major advances
in the ﬁeld led to the decoding of the viral genome, and modes of
transmission, as well as mechanisms of immune response to the
infection that mostly succeeds in clearance [2]. However, a signiﬁcant
percent of cases develop runaway inﬂammation that fails to clear the
infection and result in sepsis like multi-organ failure and death [3].
Unlike SARS and MERS infections that result in higher morbidity,
COVID-19 manifests in a highly variable response based on the pathophysiological status of the host. We propose that the metagenome
directly contributes to this variable response (Fig. 1).
Age and metabolic disorders such as obesity and type 2 diabetes
are major risk factors for COVID-19 severity [4]. A common factor
associated with aging and other COVID-19 risk factors is the dysbiosis
of gut microbiota and resulting low grade inﬂammation with loss of
epithelial barrier function [5]. An early study by Li et al. in Wuhan,
reported a mean interval of 9.1 12.5 days between the onset of illness and hospitalization [6]. This delay in the progression to serious
disease suggests that the pathogenesis of COVID-19 involves host
speciﬁc factors that provide a unique window of opportunity for
intervention. One possibility is that epithelial destruction caused by
the binding of the virus to ACE2 receptors on gut enterocytes adds to
the barrier dysfunction associated with comorbidities such as aging,
obesity and heart disease. The resulting activation of the immune
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system due to pathogenic gut microbes results in a nonproductive
innate immune response, as well as suppression of the adaptive
immune response. There are several ways in which the microbiota
inﬂuences this pathogenic immune process[7 10]. Germ free animals have defective immune systems and the gut microbiota inﬂuences pathogen dissemination, inﬂammation, organ damage and
mortality in murine pneumonia [9]. The microbiota also alters the
efﬁcacy of vaccines. Furthermore, a high-ﬁber diet enhances the
growth of bacteria that make FOXP3 inducing short-chain fatty acids,
which epigenetically enhance production of regulatory lymphocytes
(Treg cells) which are effectively anti-inﬂammatory [8]. Short chain
fatty acid production is also linked to the integrity of the intestinal
barrier. Changes in diet with aging may well inﬂuence short chain
fatty acid production, affecting immune homeostasis, barrier function
and severity of COVID-19. Also, commensal microbiota modulates
interferon production in the lung and it has been demonstrated that
the microbiota inﬂuence TLR- augmented immune responses in a
mouse model of the cytokine storm [10]. Recent studies showed that
nearly 50% of the general population have a T-cell response to SARSCoV-2 due to cross-reactivity to common cold viruses, thus explaining large numbers of asymptomatic carriers of the virus[11,12]. These
observations suggest that lasting cross reactivity to common cold
viruses might explain, at least in part, the high degree of variation in
the severity of COVID-19. However, in cases of severe disease of
COVID-19, it is the innate response and not the unregulated adaptive
immune response via T cells that results in morbidity and death.
Although SARS-CoV-2 has been shown to infect the GI tract and
may be excreted and transmitted through stool, the oral, nasopharyngeal and lung microbiomes may also play a vital role in accelerating COVID-19 pathogenesis. In this regard, it is interesting to note
that oral pathogens were directly shown to inﬂuence colitis in mouse
models, suggesting remote control of inﬂammation [13]. It is well
established that the loss of epithelial barrier function at any mucosal
site may initiate systemic dissemination, as well as remote organ
destruction. Furthermore, many critically ill COVID19 patients are
receiving antibiotics and have drastically altered dietary input, which
will both have critical inﬂuences on microbial populations in the gut
It is important to appreciate the potential inﬂuence of the microbiota on COVID19 infections because there are many ways in which
the microbial populations we possess can be altered, involving diet,
antibiotics, prebiotics, probiotics, synbiotics, supplements and fecal
microbiota transplants. The inﬂuence of the microbiota on immune
processes in COVID19 infection may be assessed with metagenomic
analysis of nasal, oral and intestinal communities, as well as
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Fig. 1. The potential role of the microbiota in COVID-19. Infection with SARS-CoV2 can cause excessive inﬂammation with enhanced production of cytokines and interferons leading
to severe disease with poor outcomes. The virus may also cause epithelial barrier dysfunction enhancing damaging inﬂammatory responses. Dysbiosis in the gut, nose, oropharynx
and lungs may initiate and worsen these pathogenic processes. The well-known comorbidities of COVID-19 are all associated with dysbiosis. On the other hand, healthy microbiota
may inhibit the development of excessive inﬂammation and enhance an effective immune response, leading to better outcomes. Preventive and treatment strategies can be developed to enhance the health of our microbial populations, improving results.

metabolomics. It may be that uninfected subjects at risk, as well as
infected persons, can take preventive measures designed to alter the
microbiome to lower their risk of developing severe complications of
COVID19 pneumonia, in addition to other viral disorders. The wide
range of coronavirus investigations underway should consider the
myriad potential inﬂuences of the microbiota and microbial metabolites on the illness.
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