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Hot Spots for Germs



The smartphone screen was found at reach 254.9 CFU/cm2

(10 times more germs than found on a standard toilet seat)

Smartphones: Think of All the Places They’ve 
Been (and What We Touch Before Using Them)

[Ulger et al, 2009]

94.5 % of the phones were contaminated with some kind
of bacteria, many of which were resistant to multiple
antibiotics. S. aureus strains isolated from mobile phones
of 52% and those strains isolated from hands of 37.7%
were methicillin resistant.



Your Office, Along With Other Communal Surfaces, 
Are Likely Teeming With Germs

4800 swabs from surfaces in office buildings,
bathroom door handles to photocopier buttons to
communal microwaves, refrigerators, and coffee pots

The average desktop harbours 20,961 germs per
square inch and that’s in addition to 3,295 on the
keyboard and 1,676 on a mouse and a staggering
25,127 on the phone.

The typical office desk harbours more than 10 million bacteria
(400 times more germs than found on a standard toilet seat)

[Mendell et al, 2002]



[Neu et al, 2018]

Ugly ducklings—the dark side of plastic materials

The average total bacterial number was 9.5 x 106 CFU/cm2.
(400 000 times more germs than found on a standard toilet seat)  

Bacterial community compositions showed the presence of many rare taxa in real bath toys. 

Fungi were identified in 58% of all real bath toys. 



There are as many as 1,000 resident bacteria per cm2 on a hand  

The average hand harboured 150 species of bacteria

The left and right hands of the same individual
shared only about 17 per cent of the same
bacteria types

The palms of women had a more diverse bacterial
composition than those of men

[Hospodsky et al, 2014; Mela and Whitworth, 2014]

Do you really want me to shake your hand ? 



How do they live?



The Biofilm theory

In 1978 Bill Costerton warned that chronic infections in 
patients with indwelling medical devices were caused 
by biofilm bacteria and that bacteria within biofilms 
resist antibiotic therapies and immune host defenses



What is a Biofilm?

A biofilm is made up of colonies of one or more type of microorganisms that form together
under a sticky glue-like substance and attach to all kinds of surfaces. Microorganisms such
as bacteria and fungi, commonly make up biofilm colonies.

Biofilm cells are frequently embedded within a
self-produced matrix of extracellular polymeric
substance (EPS).

Biofilm EPS, is a polymeric jumble of DNA,
proteins and polysaccharides.



Planktonic bacteria Bacterial biofilm

Biofilms: The social life of microorganisms

Extracellular matrix Growth rates Gene expression 

Biofilms formation provides significant benefits in terms of host colonization, 
defence against competitors and adaptation to changing environments 



Bacteria living in biofilms can be up to 1,000/1500 times more tolerant to 
antibacterial compounds than their planktonic counterparts

Biofilm provides increased antimicrobial tolerance

Antimicrobials

11



Biofilm production and multidrug resistance (MDR)

Horizontal gene transfer: conjugation,
transformation, transduction are
increased in biofilms

The biofilm lifestyle also increases
plasmid stability and the range of
mobile genetic elements



Distinguishing between resistance, tolerance and persistence

The ability to evade antimicrobial treatments of genetically susceptible microorganisms. 
Tolerance can be quantified by the minimum duration for killing (MDK99).

The genetic ability to counteract antimicrobial treatments. 
Resistance is quantified by the minimum inhibitory concentration (MIC) 

Prolongs the duration of treatment that bacteria can sustain only for a subpopulation 
(MDK99.99)



Biofilms are present in more than 80% of all human infections 

Clinical relevance of Biofilm infections

[Lebeaux et al. 2014, Microbiol Mol Biol Rev. 78, : 510–543]

Biofilms cause over 2 million infections annually, resulting in US$11B in additional costs 



Antibiograms are performed on planktonic cells and do not take into account biofilm

What is the optimal antibiotic strategy for
treatment of established biofilm infections?



The opportunity



Patent number WO2017/1219461

The working protocol

clinical BIOFILM RING TEST® (cBRT)



Patent application N: 102019000013983 

Biofilm Antimicrobial Susceptibility Testing (BiofAST) 



Development of innovative strategies for the 
treatment of biofilm infections

Sampling 5 hours
Level of biofilm 

production 

Report

Clinical 
assessment

72 hours
Antibiofilm test

Report

biofilm-specific tests

cBRT BiofAST



78-Year-old woman with oral cancer 

Pectoralis major flap for reconstructive 
head and neck surgery

Tracheostomy over the second 
tracheal ring 

Surgical site infection by: 
Staphylococcus aureus 
Pseudomonas aeruginosa

Case presentation

Clinical and microbiological aspects of 
biofilm-associated surgical site infections



Biofilm on suture



Antimicrobials
MIC 

(mg/L)
INT

BMIC 

(mg/L)
INT

Amikacin ≤ 2 S ≤ 2 S

Cefepime ≤ 1 S > 32 R

Ceftazidime 4 S 32 R

Ciprofloxacin ≤ 0.25 S > 2 R

Gentamicin ≤ 1 S 1 S

Imipenem 2 I > 16 R

Meropenem 1 S > 16 R

PIT 8 S > 128 R

Antimicrobials
MIC 

(mg/L)
INT

BMIC 

(mg/L)
INT

Benzilpenicillin > 0.5 R > 8 R

Clindamycin ≤ 0. 25 S > 2 R

Daptomycin ≤ 0. 50 S 4 R

Erythromycin > 2 R 4 R

Fusidic Acid ≤ 0,5 S ≤ 1 S

Gentamicin ≤ 1 S 1 S

Linezolid 2 S 1 S

Oxacillin > 2 R > 2 R

Rifampicin - - ≤ 0.06 S

Teicoplanin ≤ 0,5 S 4 R

Tigecycline 0.25 S 0.25 S

TMP/SMX ≤ 10 S ≤ 10 S

Vancomycin ≤ 0,5 S 2 S

3/9 = 33.3%

6/8 = 75%

I.D.: XXX Sig. XXX

Data di Nascita: XXX            Età: 78 Anni

Sesso F

PROVENIENZA: OTORINO

MICROBIOLOGIA

Materiale: TAMPONE ULCERA

STRAIN: Pseudomonas aeruginosa

RESULT: High biofilm producer

Staphylococcus aureus

Moderate biofilm producer

Piperacillin/Tazobactam (PIT)
TMP/SMX = Trimethoprim/Sulfamethoxazole

EUCAST Clinical breakpoints - bacteria (v 9.0) 

Daptomycin
+

Meropenem

Gentamicin
+

Meropenem

Co-infection by S. aureus and P. aeruginosa



D=0 D=7 D=14 D=21



There are not many answers about how to treat chronic biofilm infections

Conclusions

The strength of biofilm production is a key risk factor affecting the
antimicrobial therapy

Early, aggressive and targeted antibiotic treatments against biofilm infections

Biofilm profiling with cBRT and antibiotic efficacy on biofilm-growing
microorganisms with BiofAST represent promising tools to predict the clinical
outcome of antibiotic therapy



Borrelia biofilm in infected liver tissue

Biofilm Production in Borrelia burgdorferi:
in vivo and in vitro evidences
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Antibiogram Anti-Biofilm Test Antibiogram Anti-Biofilm Test

Anti-Biofilm Test:
the antibiotic profiling on biofilm-producing bacteria

Antibiotic tolerance is linked to the level of biofilm production


