
      973

Section 2

Disruption
Authors: Alex McLaren, Garth D. Ehrlich

QUESTION 1: Is there evidence that interference with bacterial communication by blocking 
quorum sensing molecules can minimize biofi lm formation in vivo?

RESPONSE: In vivo animal studies have demonstrated that interference with quorum sensing signals/molecules in some infections leads to 
decreased biofi lm formation. There are contradictory results in Staphylococcus species. However, there are no clinical studies demonstrating this 
phenomenon. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

PRE-MEETING RATIONALE

While there is extensive in vitro and in silica work being done and 
reported on quorum sensing and anti-quorum sensing molecules, 
otherwise known as quorum quenching, there are limited in vivo 
data and none of the anti-quorum sensing strategies are ready for 

widespread clinical application. Based on a search of the NCBI, 
Embase and Scopus databases, there are seven in vivo investiga-
tions that were reported during the last fi ve years [1–7] (Table 1). 
In addition, there have been reports of quorum sensing inhibitor 

TABLE 1. Seven in vivo studies over the last fi ve years

Study # Animal Model Agent Mechanism Clinical Eff ect

1 [1] Medaka fi sh 
peritoneal catheter 
infection

3-Phenyllactic Acid (PLA) Antagonistically binds to quorum 
sensing receptors RhIR and RqsR, 
blocking initial att achment of 
Pseudomonas aeruginosa (PA01) 
thereby delaying biofi lm forma-
tion [1]

Decreased biofi lm formation 

2 [7] Wistar rat 
pyelonephritis 

phytol Down regulate offi  mA, fi mC, fl hC, 
fl hD, bsmB, pigP shlA genes in S. 
marcescens leading to decreased 
biofi lm formation and virulence 
factor production

Decreased bacterial counts and 
virulence enzymes (lipase and 
protease) decreased infl amma-
tory markers (MDA, NO, MPO) 
and histologically no acute 
infl ammation

3 [2] Mouse gingivitis Quorum Sensing Inhibi-
tors (furane compunds, 
d-ribose)

Interfere with AutoInducer-2 Decreased colony counts and 
alveolar bone loss

4 [4] Round worm survival 
(Caenorhabditis 
elegans) 

Sub-inhibitory concen-
tration of ceftazidime 

Inhibition of QS regulated viru-
lence traits and biofi lm forma-
tion; binds to the las and pqs QS 
receptors in P. aeruginosa

Increased survival

5 [5] Acylase Degrades Quorum sensing 
peptides

Delay biofi lm formation for 
S. aureus and P. aeruginosa for 
up to 7 days

6 [6] Larval oyster 
mortality

Phaeobacter 
gallaeciensis S4Sm

Down regulate pathogen viru-
lence genes

Decreased mortality from
V. tubiashii infection 

7 [3] Round worm survival 
(Caenorhabditis 
elegans) 

Pyrrolo (1,2-a) pyrazine-
1,4-dione, hexahydro-
3-(2-methylpropyl) from 
Alcaligenes faecalis

Modulate expression of quorum 
sensing (QS) regulators luxT and 
lafK

Increased survival from 
V. alginolyticus infection
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and quorum quenching studies presented at scientifi c meetings 
utilizing multiple in vivo models [8]. 

The experimental strategy varies. In vitro data are relied upon 
to identify the molecular mechanism leading to interference with 
quorum sensing that causes decreased biofi lm formation, whether it 
be blocking the signaling peptide production, blocking receptors or 
active initiation an antagonist signals by the agent. The in vivo data 
confi rm that the agent decreases biofi lm formation.
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QUESTION 2: Can a biomaterial surface be modifi ed to dispel bacterial adherence and biofi lms? 
What are the potential concerns in modifying implant surfaces to combat biofi lms?

RESPONSE: The purpose of the surface modifi cation is to decrease perioperative bacterial adherence and thus prevent biofi lm formation. This 
has been shown in in vitro studies and in vivo animal models. There have been numerous strategies devised to alter surfaces. Such modifi ed 
surfaces may interfere with the expected osseointegration, mechanical stability and long-term implant survivability. The duration of long-term 
anti-infective eff ects are unknown. To date, no positive in vitro eff ect has been translated into a clinical sett ing.

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

PRE-MEETING RATIONALE

Periprosthetic joint infections (PJI) represent 1-20% of the failure 
mechanisms in total joint arthroplasty leading to signifi cant 
morbidity and mortality [1–3]. The material surface used for implan-
tation is a signifi cant factor in bacterial colonization leading to 
PJI [4,5]. Some surfaces are more prone to bacterial adherence and 
formation of biofi lms. A biofi lm is an aggregate of microbial cells 
that are irreversibly associated with a surface and encapsulated in 
a complex polysaccharide “slime” extracellular matrix that may 
include enzymes, crystals and glycoproteins - together forming a 
living tissue [6,7]. The most common microorganisms residing in 
biofi lms are Staphylococcus S. species [8,9]. The bacteria in biofi lms 
take either sessile forms on metal, bone fragments and cement; or 
planktonic forms that can disperse as clumps within the joint fl uid 
[10,11]. Due to such complexity of form, material and function, the 
question remains whether modifi ed implant surfaces can play an 
anti-infective role and what are the main concerns with modifying 
biomedical devices. 

Can a Biomaterial Surface Be Modifi ed to Dispel Bacterial 
Adherence and Biofi lm?

In 1987, Anthony Gristina [12] was the fi rst to propose the concept 
of a race for the surface, wherein the fate of the biomaterial implant 
is dependent on a balance between tissue integration and microbial 
adhesion with biofi lm formation. This concept sets the hypothesis 

that material modifi cations that improve osseointegraion while 
inhibiting bacterial adhesion would provide a theoretical advantage 
and eliminate the risk of infection [13]. As a result, there is a wide 
array of anti-infective surfaces proposed for utilization in ortho-
paedic implant applications. 

Gallo et al. [14] summarized the available options as bactericidal, 
anti-adhesion surfaces, multifunctional/smart coatings and alterna-
tive materials.

Romanò et al. [15] propose a newer classifi cation regime that 
describes antibacterial coating under three distinctive groups [1]:

1. Passive surface fi nishing/modifi cation Surfaces that prevent 
adhesion without releasing anti-bacterial substances.

2. Active surface fi nishing/modifi cation Surfaces that release anti-
bacterial substances.

3. Perioperative antibacterial carriers or coatings Carriers or coat-
ings applied during surgery that are antibacterial and either 
biodegradable or non-biodegradable.

Active surfaces and perioperative coatings provide only tempo-
rary solutions while they exhaust their antimicrobials in time. 
Passive surfaces may not provide the necessary bactericidal proper-
ties needed to eliminate the infection while their action is limited to 
the immediate peri-implant area. The ideal implant surface should 
have: (1) a strong anti-infective potential, (2) long duration of eff ect, 
(3) biocompatibility with mechanical construct and stability and (4) 
minimal host response and harm [16–18]. To achieve that, surfaces 


