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1  |  INTRODUC TION

COVID-19 pandemic represents a global problem, impairing global 
health and socioeconomic conditions. To date, there are still doubts 
and perplexities regarding the currently available diagnostic tools’ 
sensitivity and specificity, time and costs of execution, reagents 
and trained personnel availability, and the optimal screening time 
window.1In recent years, “omics” technologies affirmed their power 
in the characterization of several pathophysiological processes. 
Metabolomics can dynamically detect the whole set of low molecu-
lar weight molecules in cells, tissues, organs, and biological fluids, 
describing individual metabolic responses to drugs, environmental 
stimuli, lifestyle, diseases, and many epigenetics factors.2

Modern medicine moves from a descriptive to an integrated 
approach that will interpret massive data networks obtained from 
broad patient cohorts, healthy subjects, and experimental organisms 
to determine physiologic and pathologic processes specific for each 
individual.3 This will mean introducing "artificial intuition," decoding 
the "black box" of medicine.

We recently investigated “7 secrets” of COVID-19 (fever, ACE2 
receptors, gut-lung axis, metabolomics, microbiomics, probiotics, 
diet) to reveal mechanisms, susceptibility, and weaknesses SARS-
CoV-2 infection. In the next future, the combination of the so-called 
3 M's (metabolomics, microbiomics, and machine learning [artificial 
intelligence]), in our opinion, will be the optimal, accurate tool for 
COVID-19-affected subjects early diagnosis, risk assessment and 
stratification, patient management, and decision-making.4

Metabolomics seems promising to detect specific COVID-19 
biomarkers; practically, early diagnosis, individual susceptibility 
identification, disease and prognosis prediction, drug response as-
sessment, and vaccine eligibility/response could be the future goals 
of metabolomics application in such a pandemic context. Moreover, 
metabolomics could help in decoding microbiome variations in the 
case of SARS-CoV-2 infection.

Some metabolomics studies have been performed in adult pa-
tients affected by COVID-19, applying targeted or untargeted meth-
ods; changes in lipid homeostasis and several biomarkers have been 
highlighted, as reviewed in our recent paper.1 Specific metabolite 
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resulted in under- or up-regulated in affected patients and appeared 
helpful to discriminate them from healthy controls.4

To date, and from the literature review of the available studies, 
six simple serum markers and ratio seems the most accurate and 
could be potentially applied in clinical practice.

In detail, decreased arginine/kynurenine ratio can predict diag-
nosis with 100% accuracy. Increased kynurenine/tryptophan ratio 
and decreased glutamine/glutamate ratio can predict disease sever-
ity. Decreased Fisher's ratio (valine+leucine+isoleucine)/(phenylala-
nine+tyrosine) can predict severity too; finally, increased creatinine 
values and creatinine/arginine ratio can predict mortality in patients 
admitted to intensive care unit with high accuracy.5

Among metabolomics variations, the existing link between E. coli 
and phenylalanine and succinate metabolism plays a central role. 
Inflammatory pathways of SARS-CoV-2 infection also seem closely 
related to lipidomic alteration, leading to phospholipids and arachi-
donic acid variations.

Moreover, some changes in the breast milk of COVID-19 moth-
ers and their possible pathophysiological meaning in the offspring 
have been reviewed.6

In the future, we hypothesize that a targeted approach, through 
a specific metabolite supplementation, could represent a novel and 
personalized therapeutic strategy against COVID-19.

1.1  |  Microbiomics

Several differences have been detected by comparing lung and gut 
microbiota of COVID-19-affected patients and healthy controls.4,7,8

Lung microbiota can modulate local and systemic effects during 
SARS-CoV-2 infection, including action on ACE-2 receptors.7 In some 
studies, higher broncho-alveolar fluid levels of Capnocytophaga gin-
givalis, Veillonella spp., Leptotrichia buccalis, Veillonella parvula, and 
Prevotella melanogenic were associated with more severe COVID-19 
forms, differently from Fusobacterium periodonticum.4

Moreover, gut dysbiosis could help define the increased suscep-
tibility to SARS-CoV-2 infection in some patients, including older 
people, undergoing a reduction in bacterial diversity or subjects af-
fected by comorbidities or inflammatory diseases.

Gut bacteria can interact with intestinal viruses favoring or 
contrasting their virulence; SARS-CoV-2 can reach the gut. Its in-
vasiveness appeared more pronounced in the case of local dysbi-
osis, modulating ACE-2 activity and local inflammatory response, 
and increased gut permeability, potentially leading to hemorrhagic 
colitis and pneumatosis. In more severe SARS-CoV-2 cases, espe-
cially in hospitalized patients, good bacteria are reduced (including 
Lactobacilli and Bifidobacteria and F. prausnitzii), while Clostridia 
spp., Actinomyces spp., and Bacteroides spp are increased.8 Increased 
proinflammatory species were detected, including Klebsiella spp., 
Streptococcus spp., and R. gnavus, in addition to increased levels of 
proinflammatory cytokines, a lower bacterial diversity, and higher 
disease severity. Some of these modifications overlap with those 

found in diseases such as diabetes, obesity, irritable bowel disease, 
and hypertension.4

The exact definition of microbial species predisposing to a more 
invasive SARS-CoV-2 infection could be helpful in the early identifi-
cation of the most severe COVID-19 cases.

Probiotics, prebiotics, or nanotechnology-related interventions 
promoting eubiosis could represent therapeutic allies in reducing 
SARS-CoV-2 virulence and disease severity. Diet and personalized 
nutrition strategies, adequate vitamin D assumption, physical ac-
tivity, lifestyle, and reduced use of antibiotics could also be critical 
points in modulating COVID-19 severity. However, further studies 
will help clarify the exact interplay among these pathways, even in 
predisposed patients showing comorbidities.

Artificial intelligence integrates and identifies a specific panel of 
biomarkers able to contribute to SARS-CoV-2 diagnosis and disease 
progression monitoring.

This can be achieved through the integration of artificial 
intelligence–obtained algorithms and "omics" techniques in plat-
forms involving machine learning (ML) to analyze end-to-end mass 
spectrometry (MS) data.1

Big data represent an unprecedented amount of information 
derived from public health surveillance and real-time epidemic out-
breaks monitoring, characterized by rapidity in acquisition and pro-
cessing, and variety of acquisition source.9

Some authors already applied AI and machine learning algorithms 
in COVID-19  studies, as widely evidenced in the literature survey 
of Chiroma and colleagues.10 Recently, Delafiori et al. performed 
a cross-sectional study on 815 Brazilian individuals, including 442 
COVID-19-affected patients, 23 suspected cases, and 350 healthy 
controls; through the integration of a machine learning-based algo-
rithm with MS on plasma samples analysis, 19 metabolomics discrim-
inating biomarkers were obtained to diagnose COVID-19 infection 
(specificity >96%, sensitivity >83%) and risk assessment (specificity 
>80%, sensitivity >85%).1

Key Messages

OMICS technologies can be applied in the setting of 
COVID-19 pandemics, improving its management. Specific 
serum metabolites seem worthwhile in discriminat-
ing COVID-19-affected patients from healthy controls. 
Metabolomics could optimize COVID-19 early diagnosis, 
individual susceptibility identification, disease and prog-
nosis prediction, drug response assessment, and vaccine 
eligibility/response. Defining microbial species predispos-
ing to a more invasive SARS-CoV-2 infection could be help-
ful in the early identification of the most severe COVID-19 
cases. Artificial intelligence and Big Data are highly promis-
ing in the optimal and personalized treatment of COVID-19
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However, although promising in SARS-CoV-2 identification, risk 
assessment, and management strategies, these are still preliminary 
data requiring future confirmation.

In a recent paper, the current potential application of AI and 
Big Data in the COVID-19 pandemic is reviewed. In detail, Bragazzi 
et al. identify a short-term application (represented by improve-
ment in epidemiological data collection, risk assessment, and pub-
lic health interventions, as well as the diagnosis anticipation and 
prognosis evaluation), some medium-term advantages (including 
the optimization of therapeutic options), and, finally, long-term 
perspectives (optimizing protocols to face infections and promote 
global health).1

2  |  CONCLUSION

It emerges that AI and Big Data are highly promising in the opti-
mal and personalized management of COVID-19 and other acute 
conditions.

To date, relevant interconnection emerged between COVID-19-
related dysbiosis and metabolomics pathways; moreover, probiot-
ics administration could be helpful in the prevention or treatment 
of severe COVID-19 cases. The integration of such technologies 
can provide real-time viral spread tracking, orient public health in-
terventions monitoring their efficacy, help discover new drugs and 
their safety profile; finally, a great potential could be exploited in 
vaccination campaigns, identifying vaccine efficacy or potential side 
effects.9 If the current preliminary data on COVID-19 will be con-
firmed on larger samples, simple biomarkers could be used to build 
predictive models for data analysis and interpretation, allowing a 
step toward personalized holistic medicine.
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