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“The number of these animalcules in the scurf of a man's teeth are so many

that I believe they exceed the number of men in a kingdom”                  

(Antonie van Leewenhoek a la London Royal Society, 1684)

Antonie van Leeuwenhoek (1632-1723)



El geógrafo El astrónomo

Johannes Vermeer, baut. 31 de octubre de 1632

Anton van Leeuwenhoek, n. 24 de octubre de 1632

Rembrandt Harmenszoon van Rijn, n. 15 de julio de 1606  



Retrato de Christiaan Huygens por Caspar Netscher (1671), famoso retratista holandés

Christiaan Huygens, n. 1629 (La Haya)
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Origin of planet Earth: 4.6 billion years ago

Fossil evidence of microbial life forming biofilms: 3.7 billion years ago (rocks,

stromatolites)

Probably fossilized microorganisms 4.28 billion years old in ferruginous

sedimentary rocks (Dodd et al., 2017)

Cianobacteria fósil en ámbar (unos 850 millones 

de años, Museo de Paleontología de California)

Bacteria constitute the first life forms on Earth, playing a critical role in generating 

conditions for later life forms, fundamentally through the development of photosynthesis 

and generation of oxygen in the atmosphere (human life genus Homo: 2.5 Ma).



Stromatolites: fossil forms of bacterial biofilms

(dating back up to 3.5 billion years)

Bacteria: gregarious organisms

Traditional study of microorganisms as free-living planktonic cells in pure liquid media

Lester Park, Saratoga Springs, New York (cámbrico)



Roberto Koch (1843 - 1910) Louis Pasteur (1822 - 1895) Fanny Eilshemius - Hesse (1850 - 1934)



Henrici: “In other cases the groups of cells are evidently surrounded by a sheath of gum 

which also serves to fasten the colony to the glass” (1933)

Zobel: “It seems to take several minutes for the bacteria to cement themselves to the glass. 

… But let the slide remained submerged for an hour or two…they will be found profusely, 

so firmly glued to the slide that running water will not detach them” (1935)

Costerton: a microbially derived sessile community characterized by cells that are

irreversibly attached to a substratum or interface or to each other, embedded in a matrix of

extracellular polymeric substances that they have produced, and exhibit an altered

phenotype with respect to growth rate and gene transcription (2002, Donlan and Costerton)



“The development of new ways to control bacterial infections will require a much more 

detailed knowledge than we now have of the polysaccharide constituents of particular 

pathogens and host tissue cells. That will take time. The basic perception that bacteria 

colonize their environments by adhering tenaciously and specifically is a first step toward an 

ability to manipulate and control bacteria more effectively.” (1978)



Artículos científicos sobre biofilms (Pubmed - NCBI)

26 por día en 2024!!



Impact of bacterial biofilms on health

The percentages of bacterial infections involving biofilms are

estimated to be between 65% (CDC) and 80% (NIH) (Jamal et al., 2018)

E.g. endocarditis, cystic fibrosis, periodontitis, rhinosinusitis,

osteomyelitis, wounds, meningitis, urinary tract infections, infections

associated with prostheses and other implants, etc.



Infections associated with biofilms

Lebeaux et al., 2013



Infections associated with biofilms on tissues

Vetsby et al., 2020



Vetsby et al., 2020

Biofilms in gall bladder (S. Typhi, asymptomatic carrier)



Diseases related with biofilms

Rabin et al. 2021

Dental plaque

Polimicrobial biofilms: 

Más de 700 especies de bacterias y arqueas reportadas



Biofilms on implants

They represent 50 to 70% of nosocomial infections.

They cause infections and can interfere with implant function; removal and

replacement can lead to serious medical consequences and economic losses.

Catéter vascular (MEB)
Lente de contacto (MEB)

Rabin et al. 2021



A) Pseudomonas aeruginosa adherida a superficies de vidrio

B) Escherichia coli en superficie del óxido de titanio

C) Staphylococcus aureus asociado a catéter intravenoso in vivo

D) Staphylococcus epidermidis en un catéter de teflón

E) Salmonella enterica serovar Pomona sobre tejidos vegetales

F) Streptococcus mutans y Candida albicans en discos de hidroxiapatita

Rabin et al. 2021



The global medical implants market was estimated at around US$ 114 billion in 

2025, a projected US$ 247 billion in 2034.

The increasing use of biomaterial-based devices is associated with an aging

population, the growing prevalence of diseases, and lifestyle changes

(sedentary lifestyle, consumption of unhealthy foods, increased incidence of

traumatic accidents, increased demand for grafts and donor organs, etc.)

Biofilm de S. epidermidis

en implante óseo (Rabin

et al. 2021)



S. epidermidis y C. albicans formando biofilms en catéteres vasculares (El-Azizi, 2015)

Biofilms polimicrobianos en la superficie rugosa de implante dental (Simion et al., 2016)



Medical Devices Bureau (Canada) recognizes 4 classes 

of medical devices according to risk

- Class I: Low risk to patients and does not require licensing or requires a lower

regulatory standard (surgical instruments, dental materials, etc.)

- Class II: Requires a manufacturer's declaration of device safety and

effectiveness (contact lenses, ultrasound machines, medical catheters, etc.)

- Class III: Presents a higher potential risk to the patient (orthopedic implants such

as bone cement, hip implants, hemodialysis machines, etc.)

- Class IV: Presents the highest potential risk and is subject to in-depth pre-market

regulatory review and approval (cardiovascular implants, pacemakers, ventricular

assist devices, etc.)



Catheter-associated urinary tract infections

(UTI-C)

▪ Linked to the formation of biofilms on the surface of catheters

▪ Most common nosocomial infections

▪ Costs (global): US$ 1390 millions in 2025, projected US$ 1960 millions in 

2035 (growth rate around 3.5% each year)

Incidence: 

Pacientes cateterizados hasta 7 días

→   10 al 50 % desarrollan ITU-C

Pacientes cateterizados por más de 28 días

→   100 % desarrollan ITU-C



P. mirabilis biofilms on catheter sections (SEM)

Departamento de Microbiología, IIBCE; en colaboración con el Servicio de 
Microscopía de la Fac. de Ciencias

Secciones de catéteres

Biofilms de P. mirabilis



Magnitude of the problem of biofilms 

associated with medical implants

Darouiche, 2001



Virulence/biofilm relationship on catheters

Holling et al., 2014

P. mirabilis and biofilms



P. mirabilis flagella and pathogenicity
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Flagella

2 µm(Legnani-Fajardo et al., 1996)

Non-flagellated strains isolated from patients with UTI were infective 

in experimental models (Zunino et al., 1994)

The isogenic mutant, unable to synthesize flagella, was not 

attenuated in the different models of experimental UTI



Flagella and biofilms formation
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3D reconstruction of biofilms formed by the wild-type Pr2921 strain of the aflagellated

AF mutant in 2-, 5-, and 7-day cultures in LB broth (left) and artificial urine (right).

Bacteria are represented in green and the extracellular matrix in red.

Scavone et al., 2023



Flagella and biofilms formation

28

3D reconstruction of biofilms formed by the wild-type Pr2921 strain of the aflagellated

AF mutant in 2-, 5-, and 7-day cultures in LB broth (left) and artificial urine (right).

Bacteria are represented in green and the extracellular matrix in red.

Scavone et al., 2023



Need for biofilms prevention and eradication  strategies!!

Each year, approximately 250,000 to 500,000 primary bloodstream infections occur

among the 150 million implanted intravascular devices (USA).

Low inoculum for implant-based infection (Nowakowska et al., 2014)



Implication of biofilms in industry

➢ Pathogen reservoirs that can survive sanitization processes

➢ Alterations of final products (e.g. food industry)

➢ Corrosion and clogging of equipment, pipes, and surfaces

➢ Alterations in thermal and refrigeration systems

➢ Increased antimicrobial resistance (decreased effectiveness of antiseptics, disinfectants, antibiotics, etc.)

https://orapiasia.com/importance-of-biofilm-in-the-food-and-beverage-industry/



Biofilms: mechanisms and prevention strategies

Romling et al., 2014



Approaches to anti-biofilm research and 
therapies for their eradication

Mishra et al., 2023



Strategies

Physical methods:

Generally limited to surfaces, equipment, pipes, etc. - environmental

advantages, do not generate resistance)

Electrical methods (electroporation)

Magnetic fields

Ultrasound (industry, medical devices, dentistry, etc.)

Plasma

Combinations (chemical, biological, etc.)



Chemical methods:

Antisépticos

Antibióticos

Enzimas

(proteinasa K, tripsina, amilasa, lipasa, celulasa, DNase I)

Biosurfactantes  

(compuestos de origen biológico que contienen una región hidrófila  

(polar o no polar) y una región hidrofóbica (lípido o ácido graso)

Quelantes, anticoagulantes 

(EDTA, heparina, etc.)

Terapia fotodinámica (ej. fotosensibilizadores: tetrapirroles, colorantes sintéticos,   

compuestos naturales, etc.).

Strategies



Banat et al., 2014



Effect of different antibiotics on biofilms produced by 

uropathogenic Escherichia coli isolated from children with UTI

Ampicilina: No se observaron 

diferencias significativas, incluso 

en cepas susceptibles

Cefalosporina de tercera 

generación. Indujo una 

reducción significativa de los 

biofilms incluso en cepas 

resistentes

Aminoglucósido. Indujo 

una reducción significativa 

de los biofilms incluso en 

cepas resistentes

González et al., 2017



Enzimes (matrix)

Dispersina B (DspB; glycoside hydrolase 

Actinobacillus actinomycetemcomitans, 40 kDa)



Antimicrobial photodynamic therapy

Ramakrishnan et al., 2022



Regulation mechanisms

There is no single mechanism responsible for regulation: specificities

•Quorum sensing

Main regulatory mechanism

Autoinducers (Gram – y Gram + bacteria)

Adhesion/dispersion modulation:

Most species increase behaviors associated with biofilm formation at high cell concentrations

Mutants affected by QS form weak biofilms – function in extracellular DNA production
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Communication between microorganisms: QS 

in Gram-positive and Gram-negative bacteria

Mecanismos generales de QS 

Vibrio fischeri

Euprymna scolopes
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Procesos controlados por Quorum Sensing:

➢ Bioluminsencia

➢ Esporulación

➢ Competencia

➢ Producción de antibióticos

➢ Secreción de factores de vrulencia

➢ Formación de biofilms



Second messenger: ciclic di-GMP                     

(dimeric guanosine monophosphate)

➢ Presente en una gran cantidad de especies bacterianas

➢ Sus niveles intracelulares determinan numerosos comportamientos

bacterianos

➢ Sus niveles intracelulares se regulan por el balance de diguanilato ciclasas

(dominio GGDEF) y fosfodiesterasas (dominio EAL o dominio HD-GYP).

Caulobacter crecentus, 1995



Regulación por c-di-GMP

- Comunicación intercelular        - Motilidad

- Síntesis fimbrial - Virulencia

- Producción de EPS (matriz) - Resistencia a metales

- Biofilms pesados

Responde a múltiples señales. Descubierto por su papel en la 

síntesis de celulosa microbiana en Gluconacetobacter xylinus



Examples of clinically relevant bacteria that use 

the second messenger c-di-GMP



Mechanisms of interference with QS

(Quorum quenching)

• Inhibitors affecting the AI ​​synthesis pathway

• Enzymatic degradation of AI

• AHL analogs and compounds with receptor affinity

• AIP analogs and compounds with receptor affinity

• Action at the level of the signal transduction cascade



Bacha et al., 2016

Uso de cepa de E. coli reportera:

contiene un gen que codifica una 

proteína letal fusionada a un promotor 

inducido en presencia de la molécula 

señal de Quorum Sensing AHL



Evaluation of the antibiofilm effect of QS inhibitors:

- p-nitrofenilglicerol

- taninos

Evaluation: effect on pigment production of Chromobacterium violaceum



Preventive and disruptive effect on biofilms

Micrografías electrónicas de barrido: (A, B) biofilms de Proteus mirabilis sin tratar y biofilms (C, D) cultivadas en 

presencia de 200 g / ml de p-nitrofenil glicerol (PNPG) o ácido tánico durante un período de 24 h; (E, F) biofilms

de P. mirabilis de 24 h sin tratar y (G, H) biofilms de 24 h expuestos a 200 g / ml de PNPG o ácido tánico 

durante 24 h. Las flechas representan la presencia de material cristalino en biofilms de P. mirabilis sin tratar.



Nuevas tecnologías de superficies

Materiales comúnmente empleados (ej. implantes ortopédicos): cerámica,

cromo-cobalto, polietileno, polimetilmetacrilato, aleaciones de titanio, etc.

Estrategias:

➢ Modificaciones pasivas de las superficies

Reducción de la adhesión bacteriana mediante la alteración de la química de la

superficie del implante y/o modificación de la estructura de la superficie, sin

liberación local o captura superficial de agentes bactericidas

Ej. Metales

Cerámicas

Nanopatrones

Biosurfactantes (ej. lipopéptido producido por B. subtilis ATCC 19659)



Surfaces - Materials

ITU-C   Biofilms de P. mirabilis sobre secciones de catéteres (SEM)

Departamento de Microbiología, IIBCE; en colaboración con el Servicio de 

Microscopía de la Fac. de Ciencias

Secciones de catéteres

Biofilms de P. mirabilis



➢ Modificaciones activas de las superficies

Recubrimientos que se caracterizan farmacológicamente como 

agentes bactericidas activos

Ejemplos:

➢ Moléculas inorgánicas (ej. Ag, actividad antimicrobiana, Cu, Zn)

➢ Ingredientes no metálicos (por ejemplo, yodo, selenio),

➢ Antibióticos (ej. vancomicina, gentamicina)

➢ Péptidos antimicrobianos (12 a 50 aa)

➢ Aceites esenciales

➢ Esfingosina (aminoalcohol)

➢ Nanocoatings (nanopartículas, sales de plata, ZnO, etc.)

➢ Coberturas

Ej. Albúmina

Elastina 

Heparina
Modificado de Rodríguez-Merchán et al. 2021



Estrategias de prevención de 

biofilms cristalinos  de P. mirabilis

en la luz de catéteres urinarios

Stickler y Morgan, 2008

AS   - silicona

SCL - látex cubierto de silicona

HCL  - látex cubierto de hidrogel

HSCL - látex cubierto de 

hidrogel/oro

NF - silicona nitrofurazona

AST - silicona/triclosan

HCLT - látex cubierto de 

hidrogel/triclosan 



Nanoparticles

Generally smaller than 100 nm



“Small molecules” 

Organic compound of low molecular weight (no more than 800 Da), which enables rapid 

diffusion through the cell membrane

Different biological actions



Examples of small molecules

Ramakrishnan et al., 2022



Tinción con CV de biofilms sometidos a distintas concentraciones de C2DA (ácido graso insaturado) y antibióticos



Disruption: D-amino acids

D-leucina, D-metionina, D-tirosina, D-triptofano: disrupción de fibras amiloides 

que intervienen en la cohesión del biofilm (B. subtilis, S. aureus, P. aeruginosa)

Interferencia con la estructura normal de la capa de peptidoglicanos



Phage therapy

• Wild phages

• Modified phages



Phages and P. mirabilis biofilms
Nzakizwanayo et al., 2015

Modelo de vejiga in vitro



Natural products

Arándanos
(Vaccinium macrocarpon)

Proantocianidina de arándano



Efecto de proantocianidina de V. macrocarpum sobre
P. aeruginosa

Ulrey et al., 2014

Prevención                               Disrupción





Lithraea molleoides (“aruera” o “molle dulce”)

Carpinella et al., 2011



Galie et al. 2018

Control of biofilms in food industry



Galie et al. 2018



Gracias!

pzunino@iibce.edu.uy

https://www.gub.uy/ministerio-educacion-cultura/iibce

mailto:pzunino@iibce.edu.uy

