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Last Universal Common Ancestor (LUCA)
the hypothesized common ancestral cell population 
from which all subsequent life forms descend (OGT?)

(VGT)LUCA (VGT)

https://en.wikipedia.org/wiki/Cell_(biology)


Cyanobacteria are aquatic and photosynthetic. The oxygen atmosphere that we depend on was 
generated by numerous cyanobacteria photosynthesizing during the Archaean and Proterozoic Era. 
Before that time, the atmosphere had a very different chemistry, unsuitable for life as we know it today.

The oldest known fossils are cyanobacteria 
from rocks of western Australia, dated 3.5 billion 
years old. This may be somewhat surprising, 
since the oldest rocks are only a little older: 3.8 
billion years old!



Risultati immagini per environmental bacteria of human origin

https://www.google.it/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjxh8f55rfbAhXQ-6QKHerbBa0QjRx6BAgBEAU&url=https://www.sciencealert.com/how-many-bacteria-cells-outnumber-human-cells-microbiome-science&psig=AOvVaw31hOh48dXel63YHyy4qwwx&ust=1528125561281665




Distribution data of human microbiome obtained from the Human Microbiome Project



healthcare-associated infections



Global healthcare-associated infections



Risk Factors

• Immunocompromisation
• Invasive medical procedures including catheterization
• Prolonged use of antimicrobials
• Prolonged hospitalization
• Use of contaminated medical devices
• Contact with other patients and career medical personals
• Chronic diseases
• Age



Relative distribution of nosocomial infections



Healthcare-associated 
infections in European 
hospitals 2022-2023
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Common Pathogens Responsible for Nosocomial Infections (1)

Bacterial Pathogens



Clostridioides difficile (formerly Clostridium difficile)
From Colonization to Infection



Fungal Pathogens

Fungi account for most of the HCAIs after 
bacteria. They mainly infect severely 
immunocompromised patients, patients with 
severe granulocytopenia, and ventilated 
patients.

Common Pathogens Responsible for Nosocomial Infections (2)

Candida auris
[Candidozyma auris]



Candida auris [Candidozyma auris]: an emerging pathogen









Common Pathogens Responsible for Nosocomial Infections (3)

Several viruses are responsible for a minor portion of nosocomial infections.

Viral Pathogens



ANTIMICROBIAL RESISTANCE





Timeline showing some of the key antibiotic discoveries and reports of the emergence of 
antibiotic resistance strains



Overview of different molecular mechanisms of MDR in bacteria.



Antimicrobial resistance 
of microorganisms 
reported in healthcare-
associated infections 
(HAIs)
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TYPING OF BACTERIAL ISOLATES







Main characteristics used for the identification and diagnostics of pathogenic bacteria



Broad-range typing systems, such as PFGE, AFLP and sequencing are most suited for hospital epidemiology, as many 
different bacterial and fungal pathogens are implicated in epidemics.



Multi-Locus Variable Number of Tandem Repeat 
Analysis
Multi-Locus Sequence Typing
Bacterial Whole-Genome Sequencing
DNA arrays

Molecular methods



Bacterial Whole-Genome Sequencing (WGS)

WGS data processing pipeline would facilitate WGS application to the precision genomic 

surveillance of HAI. In addition, the results from such a WGS-based analysis would be useful for the 

precision laboratory diagnosis of infectious microorganisms.



Overview of Sequencing 
Workflows

a. Whole Genome Sequencing
 (colony)

 
b. Targeted Sequencing
 (target gene)

c. Shotgun Sequencing
 (clinical sample)



Shotgun Sequencing 
•Frammentazione casuale: L'intero DNA viene frantumato in migliaia o milioni di piccoli
frammenti di dimensioni variabili.

•Sequenziamento dei frammenti: Ciascuno di questi frammenti viene sequenziato
individualmente. Questa fase è possibile grazie alle moderne tecnologie di sequenziamento
ad alta capacità (NGS).

•Assemblaggio al computer: I frammenti sequenziati, chiamati "reads", vengono poi
allineati e assemblati al computer in modo da ricostruire l'ordine originale delle sequenze e,
quindi, l'intero genoma  e rivelando anche le loro funzioni metaboliche.



Il Sequenziamento Shotgun permette di:

1. Identificare tutte le specie presenti, incluse quelle raramente rappresentate.

2. Rilevare geni specifici associati a funzioni biologiche come il metabolismo o la resistenza 
agli antibiotici.

3. Esplorare le interazioni microbiche e il ruolo del microbiota nell’ambiente o nel corpo 
umano. 

4. Il sequenziamento Shotgun del microbiota offre una visione unica della diversità 
microbica e delle sue funzioni, aprendo nuove strade nella ricerca scientifica e 
nell’applicazione pratica. 



Importance of Metagenomics

The traditional pure culture method in microbiology isolates 
individual species and studies their responses to specific 
chemicals in controlled environments. This method limits our 
understanding of microbial behavior within complex communities.

Metagenomics addresses these limitations of traditional 
microbiology by allowing the study of microbial communities 
directly in their natural habitats without the need for culturing 
individual species.





Microbiological diagnostic technologies are evolving in two divergent directions:

(1) concentration of specialised testing in large laboratories with high-throughput
automated instruments and expert laboratory personnel

(2) Increased availability of portable, point-of-care testing 



Point of care testing



Timeline of various point-of-care (POC) technologies.



Point-of-care testing (POCT) for infectious diseases represents a set of technologies 
that can lead to the rapid detection of such diseases which can influence the way 
patients are treated.

The ability to rapidly diagnose infectious diseases is critical, not only for the appropriate 
and timely treatment of infected patients, but also for infectious disease surveillance, the 
detection of outbreaks and controlling the rapid spread of infectious diseases nationally 
and internationally. 







Point-of-care diagnostics for infectious diseases

Rapid diagnosis: POC tests can quickly identify infections from samples like 
blood or saliva, allowing treatment to begin much faster than with traditional lab-
based tests.
Improved decision-making: For example, a novel infection score for neonates 
incorporates a POC CRP test to provide rapid, bedside decision-making for 
suspected HAIs.
Targeted treatment: POC diagnostics can determine if a specific infection is 
present, allowing for more targeted and effective antibiotic use, which can help 
combat antibiotic resistance.
Infection surveillance: Wearable POC devices are being developed for 
continuous infection monitoring, which could provide early warnings for 
outbreaks or individual infections.

Challenges with POC in this context

•Clinical validation: Many POC platforms need more large-scale clinical 
validation before they are widely adopted for infectious diseases.
•Accuracy and calibration: Challenges can include calibration drift, batch-to-
batch variability, and difficulty with complex samples.
•Costs.

Challenges with POC in this context
•Clinical validation: Many POC platforms need more large-scale clinical validation before they are widely adopted for infectious diseases.





Future assays



Come funziona il sistema CRISPR-Cas9?

•RNA guida: Una molecola di RNA che funziona come una "mappa" per guidare il sistema 
CRISPR-Cas9 nel punto esatto del DNA da modificare.

•Proteina Cas9: Una proteina che agisce come "forbici molecolari", capace di tagliare la doppia 
elica del DNA

•Modifica: Dopo che il sistema ha localizzato e tagliato il DNA, la cellula attiva i suoi meccanismi 
naturali per riparare il taglio. 

•A seconda dell'obiettivo, si può lasciare che la riparazione avvenga in modo imperfetto (per 
disattivare un gene) o fornire un modello di DNA corretto (per sostituire una sequenza).

CRISPR (acronimo di Clustered Regularly Interspaced Short Palindromic
Repeats) è una rivoluzionaria tecnologia di ingegneria genetica che
permette di modificare il DNA di un organismo con estrema precisione.





History of CRISPR/Cas-based nucleic acid 
detection technologies





CRISPR-Cas systems



Schematics of CRISPR-Cas diagnostic platforms SHERLOCK/v2.



CRISPR-based diagnostic platforms are inexpensive, simple, and do not require the use of special 
instrumentation, suggesting they could simplfy access to disease diagnostics.



GRAZIE PER L’ATTENZIONE
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