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L'approccio metagenomico: 
una nuova prospettiva nella microbiologia clinica



1998. The term metagenome referenced 
the idea that a collection of genes 

sequenced from the environment could 
be analyzed in a way analogous to the 

study of a single genome.

2005. Kevin Chen and Lior Pachter defined 
metagenomics as "the application of 

modern genomics technique without the 
need for isolation and lab cultivation of 

individual species".

Navgire et al. Biological Procedures Online, 2022



A window into Microbial communitiesFunctional Insight

By analyzing the genes present in a metagenomic dataset, 
researchers can infer the metabolic pathways and potential 

functions of different pathogens within a community. Thus being 
able to study possible pathogen-host interactions and the potential 

role of environmental factors in pathogen transmission and 
persistence

Disease diagnosis and Surveillance

• Early Detection and Identification of Pathogens
• known and novel  pathogens
• even when traditional diagnostic methods fail or are 

unavailable

• Surveillance and Monitoring
• track emergence and pathogen spread
• informing public health interventions and response 

strategies

• Viral Evolution and Genetic Variation
• virulence
• Drug resistance

• Vaccine and Antiviral/Antibiotic Development



Sequencing technology timeline 
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Different NGS approaches mean different results



Metagenomics (mNGS) as diagnostic application



Stringent Reporting Criteria

• Reads Per Million (RPM) value -->

• RPM-ratio (RPM-r) metric (>10 for bacteria) -->

• Absence form the negative control

• Confirmatory mapping with reads mapping to ≥  3 non-overlapping regions  











Metagenomics Protocol

Pathogen
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IQ-TREE v.1.6.8 [B.Q. Minh et al., Mol. Biol. Evol., 2020]

Dengue Lombardy outbreak in 2023
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• Year of tMRCA(time to the most recent common ancestor): 1972 
(95% HPD interval: 1968 - 1976)

• Mean Substitution Rate: 8.23 x10-4 subs/site/years 
(95% HPD interval: 7.14 x10-4 – 9.36 x10-4)

• Italian strains clustered with Peruvian and 
Brazilian strains

• Year of Italian strains divergence: 2020/2021

Romano et al., Pathogens, 2024c

Dengue Lombardy outbreak in 2023

2020/2021



• 1980: from Caribbean (Trinidad
and Tobago) to Central America

• From mid-1980s to 2005: strains
circulated across South American
countries

• From 2005 to 2015: strains
migrated between South and
Central America.

• The most likely migration of
strains from Brazil to Italy took
place in the final months of 2022,
triggering the 2023 outbreak.

Dengue Lombardy outbreak in 2023

1972 2023

Romano et al., Pathogens, 2024c



Between July 2022 and April 2023, 
nine cases of severe neonatal 

infection with a liver failure were 
reported in France. Seven of these 

children died.

This report suggests that a new variant of E-11 is currently circulating and associated with 
a high risk of severe neonatal infection and death.



In April 2023, two non-identical, male, late preterm twin brothers,
P1 and P2, were transferred from the nursery to the neonatal
intensive care unit (NICU) due to episodes of apnoea requiring
respiratory support. They were later diagnosed with life-threatening
E11 infection.

WGS was performed by mNGS



For both infants, survival was strictly dependent on rapid 
recognition of the infection and timely administration of 
intensive care. According to the French report and ours, a 
host genetic predisposition in male and twin categories 

might be hypothesised



SURVEID - Studio pilota per la sorveglianza di potenziali minacce da malattie 
infettive emergenti (EIDs) di origine virale mediante una piattaforma 

diagnostica basata sul sequenziamento metagenomico di nuova generazione 
(mNGS).

ENTI PARTECIPANTI: 
- UO1 - Regione Lombardia – Direzione Generale Welfare (REG_LOB)
- UO2 - Fondazione IRCCS Policlinico San Matteo (OSM)
- UO3 - Università di Siena (UNISI)
- UO4 - Istituto Nazionale per le Malattie Infettive (INMI) “Lazzaro Spallanzani” (INMI)
- UO5 - Istituto Zooprofilattico Sperimentale dell'Abruzzo e del Molise "G. Caporale" (IZS_AM)
- UO6 - Istituto Zooprofilattico Sperimentale della Lombardia e dell'Emilia Romagna “Bruno Ubertini” 

(IZS_LER)
- UO7 - Istituto Zooprofilattico Sperimentale del Lazio e della Toscana “M. Aleandri” (IZS_LT)



OBIETTIVO GENERALE: Sviluppare una piattaforma diagnostica per identificare nuovi patogeni virali o
patogeni riemergenti come possibile causa di minacce per la salute umana e veterinaria mediante
sequenziamento metagenomico di nuova generazione (mNGS).

OBIETTIVO SPECIFICO 1: Sviluppo e implementazione di procedure di laboratorio per la mNGS di campioni
clinici raccolti da pazienti umani con diverse sindromi cliniche (e.g. neurologiche, respiratorie o sistemiche) e
da animali sia selvatici che domestici con quadri patologici anche in corso di focolai ad andamento
epidemico, o di animali domestici e selvatici e vettori che fungono di serbatoi di virus zoonotici di
importanza per la salute pubblica e comparazione delle performances della mNGS rispetto alle metodiche
standard di diagnostica virologica.

OBIETTIVO SPECIFICO 2: Utilizzare la mNGS per il sequenziamento di genomi completi di virus già noti per lo
studio delle varianti virali e della presenza di marker molecolari di aumentata patogenicità.

OBIETTIVO SPECIFICO 3: Studio della popolazione virale in diversi distretti corporei mediante raccolta di
diversi campioni per l’identificazione di vie di trasmissione alternative e per l’implementazione dei percorsi
diagnostici.
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Preliminary Data

Sensibilità: 94,7%

Specificità: 73,9%

PPV: 81,8%

NPV: 91,8%



“So we are talking about a hypothetical disease and to 
give a name the scientists call it Disease X to prepare for 

the hypothetical virus or bacteria that in the future can 
cause large outbreaks or epidemics or pandemics”. (WHO-

Podcast-Episode #114 - Disease X)
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• Increasing sequecing power

• Standardization of procedures with introduction of IQC and EQC

• Decrease turnaround time

• DNA and RNA process validation

• Bioinformatics standard of report

• Introduction in diagnostic setting: specific cases

INTO THE FUTURE

25/02/25         16:00 PM
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