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eCM WELCOMES YOU TO DAVOS 
 

Dear colleagues 
 
This is the 19th annual eCM conference 
 
Orthopaedic infections, including fracture-related infection (FRI), periprosthetic joint 
infection (PJI) and osteomyelitis, remain amongst the most challenging complications in 
orthopaedic and musculoskeletal trauma surgery. These infections have been convincingly 
shown to delay healing, worsen functional outcome and incur significant socio-economic 
costs. eCM XIX will focus on the key challenges and emerging strategies in the fight against 
orthopaedic infection. The key clinical challenges, including high treatment failure rates, the 
substantial bone defects created in treating established infection and the limitations of 
conventional antibiotic prophylaxis strategies will be discussed. In addition, host pathogen 
interactions will be in focus with an emphasis on bone as a niche for infection and the 
formation of antibiotic and host defence-resistant biofilms. Some emerging concepts in the 
field of orthopaedic infection will also be introduced, including 3D printing, bacteriophage 
therapy and the role of host microbiome. These new topics will supplement the more 
established field of antimicrobial functionalisation of biomaterials. 
  
The outcome should be an increased understanding of the topic and an emphasis of the 
need to improve the interaction between scientists & clinicians. Since the inaugural meeting 
in 1999 eCM meetings have been the place where scientists and clinicians meet to move 
clinical problems to the scientists and to initiate projects to translate the scientific solutions 
back to the clinics. The afternoons are free for excursions into the mountains or networking 
opportunities.  
 
This international forum continues the eCM congress series held in Davos. The limited 
number of participants (150) ensures clinicians, biologists, engineers and material scientists 
will have ample opportunities for knowledge sharing in basic, translational and clinical 
research in addition to developments in the field of orthopaedic infection. As the conference 
does not have parallel sessions it permits in-depth multidisciplinary discussions about how 
to advance this research area. 
 
Yours sincerely 
 
 
Local Conference Organizers 
 

 

Prof R Geoff Richards 
Director 
AO Research Institute Davos 

 

 

Dr Fintan Moriarty 
Principal Scientist 
Musculoskeletal Infection 
AO Research Institute Davos  

 

 



Registration & Conference dinner tickets eCM XIX 
 
 
 

Wednesday, June 26nd  Registration and pick up of conference bags at the  
Convention Center from 7.30 am  

 
 
Conference support: 
 

  
 
 
 
AO Research Institute Davos, Clavadelerstrasse 8, 7270 Davos Platz, Switzerland 
 
Please contact Ms. Carla Escher for any information on eCM congresses 
Tel: +41 81 414 2441 Fax: +41 81 414 2299 
Email: carla.escher@aofoundation.org 
 
 
IT Presentation Support: 
 

 
                    
Jürg Kündig 
 
 
 
 
 

All invited talks are maximum 22 minutes (20-30 slides)  
to allow 8 minutes discussion per talk 

All submitted talks are 10 minutes (10-15 slides)  
to allow 5 minutes discussion per talk 

Chairpersons are asked to ensure these timelines are achieved! 

Simona Ciriello Carla Escher 

mailto:carla.escher@aofoundation.org


We thank the following Sponsors for financing this 
conference 
 
 
 
 
 
 
 
 

       
 

  

 

 
                  
 

Endorsements 

 

             
 

            
 
 

http://www.academiaraetica.ch/
http://www.rms-foundation.ch/


 

 

 

Official Journal of AOCMF, AOTrauma, European Orthopaedic Research Society (EORS), Scandinavian Society 

for Biomaterials (ScSB), Swiss Society for Biomaterials & Regenerative Medicine (SSB&RM), Tissue and Cell 

Engineering Society (TCES) 

http://www.ecmjournal.org  ISSN 1473-2262   NLM: 100973416    
 

eCM Journal 

AO Research Institute Davos 

Clavadelerstrasse 8, 7270 Davos, Switzerland 

Phone: +41 81 414 25 40, Fax: +41 81 414 22 99 

Simona Ciriello: ecm@ecmjournal.org, www.ecmjournal.org 

 

 
eCM provides an interdisciplinary forum for publication in the musculoskeletal field (Trauma, Maxillofacial 
(including dental), Spine and Orthopaedics) of preclinical research, including the field of tissue engineering & 
regenerative medicine. 
 
eCM was one of the first open access scientific journals. eCM is a Not-for-profit Publisher, published by AO 
Research Institute Davos, which is part of the AO Foundation, a medically guided non-for-profit organization 
specialized in the treatment of trauma and disorders of the musculoskeletal system. eCM initiated the 
transparent review process (now known as open peer review) including a transparent route to becoming a 
member of the eCM International Review Panel.  
 
Open Access Compliant: All publications in eCM have been immediately freely available upon publication 
since eCM was conceived in 1999: articles are freely accessible to the public without any embargo period, 
irrespective of who funded the research. This is equivalent to the new term "Gold Open Access", where articles 
are immediately available for others to read, download and share (e.g. can be uploaded on ResearchGate). 
The European Research Council (ERC) and the SNSF (Swiss National Science Foundation) are two of the 
funders of Europe PMC (Europe PubMed Central). ERC and SNSF are committed to open access. eCM, as 
an open access journal, is compliant for SNSF and ERC funded projects. Every eCM publication is held as a 
copy within this repository, which also has direct access to each paper on the eCM website. Europe PMC 
enriches the publications with information such as citation data and links from other databases. 
 
Scope 
• Assessment of materials for biomedical use. 
• Tissue Engineering and Regenerative Medicine (TERM). 
• Structure, function, biology & biomechanics of connective and mineralized tissues. 
• Stem and Progenitor Cells. 
 
eCM carries original research papers, reviews, tutorials and opinion papers on the advances made within the 
journal scope. All articles are rigorously peer-reviewed. Reviewer comments (reviewers named), together with 
responses by authors, are published along with the name of the Scientific Editor responsible for the paper as 
an integral transparent part of the paper.  
eCM 's definition of the musculoskeletal field includes bone, teeth, cartilage, intervertebral discs, skeletal 
muscle (not smooth or cardiac muscle), tendons and ligaments (not the spinal cord or neural tissues). 
 
Ten good reasons for publishing a paper in eCM 
1. World-wide Gold Open Access, authors retain copyright to their articles (CC-BY-SA). 
2. eCM is a Not-for-Profit journal published by a Not-for-Profit foundation in Switzerland. 
3. Rigorous open peer reviewing (reviewers have to request their name to be withheld). 
4. Speed of publication: ~3 weeks after acceptance, paper is online. 
5. Unique discussion with reviewers, as an integral section of the paper, allows sensible arguments to be 
included. 
6. Scopus CiteScore 2017: 4.50. JCR Impact Factor 2017: 3.667. JCR 5-year Impact Factor: 4.842. 
7. Indexed in the Science Citation Index Expanded and Web of Science (under the "Cell and Tissue 
Engineering", "Engineering Biomedical", "Materials Science" and "Orthopedics" categories), BIOSIS Previews, 
DOAJ, Scopus, SJR, Journal Citation Reports/Science Edition, Google Scholar, National Center for 
Biotechnology Information (NCBI databases), NLM catalog (U.S. National Library of Medicine), PubsHub and 
SHERPA/RoMEO databases. eCM articles can be searched directly from PubMed and China Knowledge 
Resource Integrated Database. 
8. Digital archive of manuscripts through CLOCKSS and Europe PMC. eCM is a member of CROSSREF 
(Crossref Digital Object Identifiers (DOI:10.22203/eCM), tagged to article metadata). 
9. Transparent route to becoming a member of the International Review Panel. 
10. Created (and run) by scientists for the benefit of Science rather than profit. 
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Scientific Program eCM XIX 2019 

 

Wednesday, June 26th  
 
 
 

Welcome   

08:45 – 09:15  Geoff Richards (CH) 
20 years of eCM Conferences & Journal 

 Fintan Moriarty (CH) 
Conference house keeping 
Orthopaedic infection, the issues 

 

Session 1 Opening session: Clinical problem of orthopaedic 
infection 

 Chair: Geoff Richards / Jaime Quintero 

 
09:15 – 09:45 Hamish Simpson (UK) 

Musculoskeletal infection in trauma: surgical and antibiotic treatment 

09:45 – 10:15 Willem-Jan Metsemakers (BE) 
Berton Rahn winner: Fracture related infection 

10:15 – 10:45 Josh Wenke (US)  
Challenges and strategies of protecting orthopaedic implants from bacterial 
colonization 

 
10:45 – 11:15 Coffee break 

 

Session 2 Risk factors in orthopaedic infection 

 Chair: Gerald J Atkins / Hamish Simpson  
 
 

11:15 – 11:45 Robert Mooney (US) 
Host and S. aureus factors influence orthopaedic infection severity in obesity 
and type 2 diabetes 

11:45 – 12:15 Christopher J Hernandez (US) 
The microbiome and orthopaedic implant infection 

12:15 – 12:30 Prevention of periprosthetic joint infections using analgesic-loaded UHMWPE 
D Gil, S Grindy, S Hugard, O Muratoglu, E Oral 

12:30 – 12:45 Non-steroidal anti-inflammatory drug administration impairs antibiotic treatment 
of orthopaedic-device related infection in a rat model  
K Thompson, MA Burch, A Milstrey, U Eberli, D Arens, RG Richards,  
VA Stadelmann, TF Moriarty 

12:45 – 13:00 Biofilm investigation on ceramic, metal and polyethylene bearing components 
from explanted hip joint replacement systems  
S Karbysheva, S Cabric, A Trampuz 

 

 



Free afternoon & eCM walk 
 

 

Session 3 AOTrauma Clinical priority program bone infection 

 Chair: Robert A Mooney / Josh Wenke 
 
 

17:00 – 17:15 Geoff Richards (CH), Edward M Schwarz (US)  
Information about ORS Research interest group 

17:15 – 17:45 Stephen L Kates (US) 
The AOTrauma bone infection registry 

17:45 – 18:15 Edward M Schwarz (US) 
Deriving a dose and regimen for anti-glucosaminidase antibody 
passive-immunization for patients with S. aureus osteomyelitis 

18:15 – 18:30 Cloning the haptotaxis and durotaxis genes responsible for  
S. aureus invasion of the osteocytic lacuno-canalicular network during chronic 
osteomyelitis 
EA Masters, AT Salminen, KL de Mesy Bentley, JL McGrath, SR Gill,  
HA Awad, EM Schwarz 

18:30 – 18:45 Antibiotic-loaded hydrogel demonstrates superior efficacy to bone cement in 
treating MRSA implant-associated osteomyelitis in sheep  
W Boot, T Schmid, O Guillaume, M D'Este, A Foster, D Eglin, RG Richards, 
S Zeiter, TF Moriarty 

18:45 – 19:00 Combination of high-energy focused extracorporeal shockwave therapy 
with conventional treatment: Results from an in vivo rabbit model of fracture 
related infection  
J Puetzler, A Milstrey, J Everding, M Raschke, D Arens, S Zeiter, RG Richards, 
TF Moriarty 

 
19:00 – 20:00  Poster session (drinks & snacks)  
 
 
Thursday, June 27th  
 
Session 4 3D printing in orthopaedic infection (PrintAid) 

 Chair: Sebastian AJ Zaat / David Eglin 

 
09:00 – 09:30 Harrie Weinans (NL) 

Why 3D printing for implant infections? 

09:30 – 10:00 Gianluca Ciardelli (IT) 
Biomimetic polymers as drug-free antibacterial materials and coatings 

10:00 – 10:11 Strategies to prevent biomaterials from S. aureus infections: effect of 
dehydroabietic acid derivatives on biomaterials pre-incubated with human cells  
I Reigada, K Savijoki, Y Kauhaluoma, T Jari, A Fallarero 

10:11 – 10:22 Principles of method standardization 
J Allkja, AE Parker, NF Azevedo, DM Goeres 

 

 



 

 

10.22 – 10.33 Is gelatin metacrylate the future 3D Printing antimicrobial coating? 
CM Guarch Pérez, D Martínez-Pérez, W Święszkowski, M Riool, SAJ Zaat 

10.33 – 10.44 3D printed hybrid antimicrobial coating for prevention of implant-associated 
osteomyelitis 
D Martínez Pérez, C Guarch Pérez, I Reigada, A Fallarero, E Choińska, 
SAJ Zaat, W Święszkowski  

 

10:44 – 11:15 Coffee break 
 

Session 5 Bone as niche for staphylococcal infection 

 Chair: Stephen Kates / Edward Schwarz 

 
11:15 – 11:45  Gerald Atkins (AU) 

The involvement of osteocytes in S. aureus deep bone infections 

11:45 – 12:15 James E Cassat (US) 
Bone appetit: Host-pathogen interactions during osteomyelitis 

12:15 – 12:30 Immunogold labeling of S. aureus to survey human infected bone tissue  
KL de Mesy Bentley, MS Chad, A Galloway, MJ Ninomiya, SL Kates,  
EM Schwarz 

12:30 – 12:45 Antibiotic-eluting scaffolds eradicate infection and facilitate bone regeneration in 
a rabbit model of osteomyelitis 
EJ Sheehy, C von Diemling, TF Moriarty, FJ O’Brien 

12:45 – 13:00 Use of platelet rich plasma lysate improves outcomes of S. aureus infectious 
arthritis in horses 
JM Gilbertie, LV Schnabel, TP Schaer 

13:00 – 13:15 Additively manufactured bone implants to prevent implant associated infection 
IAJ van Hengel, NE Putra, MWAM Tierolf, MB Minneboo, AC Fluit,  
HH Weinans, SA Yavari, LEF Apachitei, I Apachitei, AA Zadpoor 

13:15 – 13:30 3D additive manufactured scaffolds with antimicrobial activity for bone tissue 
regeneration 
M Cámara-Torres, S Duarte, R Sinha, M Bastianini, M Sisani, M Scatto,  
A Egizabal, A Patelli, C Mota, L Moroni 

 

 

Group photo and free afternoon 
 
 
18:00 Conference dinner at Ischalp 

 
 
 
 
 



 
 
 
Friday, June 28th 
 
Session 6 Staphylococcus aureus host pathogen interactions 

 Chair: James E Cassat / Llinos Harris 
 
09:00 – 09:30 Barbara Bröker (DE) 

Immune control of S. aureus in the post-genomic era 

09:30 – 10:00 Annelies Zinkernagel (CH) 
Clinical perspective of chronic –recurring staphylococcal infections 

10:00 – 10:15 Anti-staphylococcal antibodies from circulating plasmablasts can diagnose and 
differentiate various S. aureus orthopaedic infections  
G Muthukrishnan, JD Brodell, CC Lee; CA Beck, C Ackert-Bicknell, JL Daiss,  
EM Schwarz  

10:15 – 10:30 Bacterial aggregation in equine synovial fluid shows similarities to traditional 
biofilms and increased antimicrobial recalcitrance in vitro 
JM Gilbertie, LV Schnabel, NJ Hickok, TP Schaer,  
 

 

10:30 – 11:00 Coffee break 

 

 

Session 7 Innovations in biomaterials and in vitro systems 

 Chair: Barbara Bröker / Andrej Trampuz  

 
11:00 – 11:30 Cornelia Lee-Thedieck (DE) 

Mimicking the bone marrow in health and disease: 3D in vitro models to unravel 
the triangle interaction of host, bacteria and implant material in osteomyelitis 

11:30 – 12:00 Bingyun Li (USA) 
Immune stimulating biomaterials for orthopedic infection 

12:00 – 12:15 Functional surfaces based on immobilized polymeric nanostructures 
D Hürlimann, S Rigo, K Langowska, G Gunkel-Grabole, WP Meier, 
CG Palivan 

12:15 – 12:30 Investigating mechanical and elution properties of a novel hip spacer  
SET Louth, K Nai, MM Atallah, SC Cox 

 

 

 

 

Short Lunch (Lunch not provided) 
 

 



 

 

 

Session 8          Bacteriophage therapy for orthopaedic infection 

 Chair: Annelies Zinkernagel / Willem-Jan Metsemakers 

 
14:00 – 14:30 Andrej Trampuz (DE) 

Bacteriophage therapy for biofilm infections: myth or reality?  

14:30 – 15:00 Rob Lavigne (BE) 
Phage biology and its potential for antibacterial design strategies 

15:00 – 15:15 Treatment of methicillin-resistant S. aureus biofilm: administration of Sb-1 
bacteriophage in a galleria mellonella model of implant-associated infection 
M Di Luca, A Materazzi, AB Klatt, A Tavanti, A Trampuz 

15:15 – 15:30 Engineered peptidoglycan hydrolases as therapeutics for S. aureus infections  
C Röhrig, M Huemer, A Sobieraj, A Keller, N Keller, P Phothaworn, L Zinsli,  
F Eichenseher, Y Shen, S Korbsrisate, AS Zinkernagel, MJ Loessner,  
M Schmelcher  

15:30 – 15:45 Awards and conference closing 
 

 

 
 

Conference end 



Posters  
 

1. Antimicrobial effect of cerament-G® on bacterial isolates, with various levels of 
gentamicin resistance, found in fracture-related infection;  
H Bezstarosti, PD Croughs, MJB van den Hurk, K Kortram, P Oprel, WJ Metsemakers, 
EMM van Lieshout, MHJ Verhofstad 

2. Differential class-based humoral immunity in a murine model of orthopaedic S. aureus 
infection 
JD Brodell; G Muthukrishnan; MJ Ninomiya; CC Lee; SR Gill; JL Daiss; EM Schwarz 

3. Osteosynthesis device retention in fracture related infection: investigating time limitations 
MA Burch, R Kühl, M Morgenstern, WJ Metsemakers 

4. Poly(arginine) and hyaluronic acid films: an antimicrobial coating for medical devices 
C Calligaro, A Mutschler, NE Vrana, P Lavalle 

5. Synergism between traditional chinese medicine compounds and antibiotics against  
S. aureus 
Y Chen, V Post, TF Moriarty, RG Richards, W Boot 

6. Amphotericin B-loaded PMMA cement inhibits candida biofilms 
M Czuban, L Wang, A Trampuz 

7. The use of vancomycin impregnated cancellous bone grafting in one stage surgery for 
periprosthetic joint infection and fracture related infection 
K Dendoncker, G Putzeys 

8. Nanotopography of porous silicon scaffold: increasing bone regeneration and for 
orthopedic tissue engineering  
N Fatima, H Salehi, F Cuisinier, F Cunin, PY Collart-Dutilleul 

9. Local release of surgeon-selected antibiotic by melt mixing in organogel 
C Florek, S Kerr, J Julien, S Jain, L Bikram-Liles, J Owens, E Nasto, Y Sultan, 
D Armbruster 

10. Evaluation of dopamine-functionalized sulphated hyaluronic acid as implant coating to 
promote osteointegration and prevent acute bacterial growth: in vivo study 
G Giavaresi, M Maglio, M Sartori, C Guarise, D Galesso, C Barbera, V Sambri,  
M Fini 

11. Discovery of plasma biomarkers in a rabbit periprosthetic joint infection revision model 
JM Gilbertie, J Parvizi, TP Schaer  

12. Early detection of bacterial infections in implants using hand-held gamma-probes 
E Grigoriev 

13. Developing a cell line model of osteocyte infection 
NJ Gunn, AR Wijenayaka, D Yang, LB Solomon, SP Kidd, GJ Atkins 

14. Acute posttraumatic osteomyelitis following unstable type c pelvic injuries – treatment 
concept and long term outcome 
S Hackl, JM Greipel, C von Rüden, M Militz 

15. Temporal changes in patient matched staphylococcus epidermidis samples from medical 
device associated infections 
LG Harris, L Mageiros, V Post, D Mack, H Rohde, F Moriarty, TS Wilkinson 

16. A novel 3-dimensional multicellular in vitro model for S. aureus microcolony interaction 
with neutrophils 
M Hofstee, M Riool, SAJ Zaat, RG Richards, TF Moriarty 



17. Computational modeling of bacterial dynamics 
K Jain, C Lohrmann, C Holm 

18. Chemical biofilm dislodgement with chelating and reducing agents in comparison to 
sonication: implications for the diagnosis of implant associated infection 
S Karbysheva, M Di Luca, A Trampuz 

19. Treatment of osteomyelitis using local bio degradable antibiotic pellets 
MY Nazri 

20. Assessment of antibiotic therapies to eradicate S. aureus occupying the osteocytic-
canalicular network of cortical bone in a murine model 
MJ Ninomiya, KL de Mesy Bentley, RP Trombetta, JD Brodell, C Xie, SR Gill,  
EM Schwarz 

21. Local bacteriophage therapy for chronic osteomyelitis: current hurdles and future 
perspectives 
J Onsea, S Djebara, JP Pirnay, M Merabishvili, D De Vos, P Soentjens, J Wagemans,  
R Lavigne, WJ Metsemakers 

22. Chromium nitride silver coating as new antibacterial composite for orthopaedic implants 
J Quiros, LYang, L Espitalier, L Richards, S Collins, M Wilks, JC Shelton 

23. Dithiothreitol – suitable for biofilm diagnostics in periprosthetic joint infection? 
TM Randau, E Molitor, F Fröschen, S Gravius, GTR Hischebeth 

24. Nanostructured surfaces based on co-immobilization of polymersomes and micelles on 
solid support 
S Rigo, G Gunkel-Grabole, WP Meier, CG Palivan 

25. Development of multifunctional antimicrobial supramolecular biomaterials 
M Riool, MGJ Schmitz, PYW Dankers, SAJ Zaat 

26. Gentamicin-AOT loaded poly(-caprolactone) microspheres functionalized with 

poly(aspartic acid) as bone targeting delivery system tested in a rat osteomyelitis model 
SG Rotman, M Wang, S Yang, DW Grijpma, RG Richards, FT Moriarty, D Eglin,  
TT Tang, O Guillaume 

27. Polymersome stepping-stones towards active surfaces that fight bacterial growth 
CA Schoenenberger, M Kyropoulou, K Langowska, WP Meier, CG Palivan 

28. Comparison between physical and solvent mixing in FFF 3D printed drug loaded devices 
B Shaqour, E Choińska, Ż Górecka, B Verleije, K Beyers, W Święszkowski, P Cos 

29. Impact of osteoporosis and bisphosphonate on staphylococcus epidermidis implant 
infection and response to antibiotic treatment 
VA Stadelmann, K Thompson, U Eberli, D Arens, RG Richards, TF Moriarty 

30. Mechanism of bacteria interaction with soft polydimethylsiloxane surfaces: tentacle-like 
interface 
H Straub, CM Bigger, F Pan, J Valentin, D Abt, XH Qin, WW Schmahl, L Eberl,  
K Maniura-Weber, Q Ren 

31. Evaluation of in vitro synergistic activity of ciprofloxacin and PYO bacteriophage in 
eradicating a dual-species biofilm formed by pseudomonas aeruginosa and methicillin 
resistant S. aureus 
T Tkhilaishvili, M Di Luca, L Wang, A Trampuz 

32. Efficacy of Sb-1 and PYO bacteriophages for the prevention and treatment of methicillin-
resistant S. aureus either embedded in biofilm or in an infection model of Galleria 
mellonella larvae 
T Tkhilaishvili, L Wang, A Trampuz, M Di Luca 



33. Identification of genes involved in pseudomonas aeruginosa biofilm resistance to 
antibiotics 
J Valentin, A Ravikumarvaradarajan, C Ahrens, H van der Mei, Q Ren 

34. Radioimmunotherapy on methicillin-resistant S. aureus in planktonic state and biofilms 
B van Dijk, KJH Allen, M Helal, HC Vogely, MGH Lam, H Weinans, BCH van der Wal,  
E Dadachova 

35. Morphology and localisation of patient hip replacement-derived particles and hip 
prosthetic materials in macrophages 
R Vowden, G Perino, L Hughes, Z Xia, J McKenna, R Pink 

36. Investigating the efficacy of exopolysaccharide from bifidobacterium longum in preventing 
bone loss in an ovariectomized mouse model 
A Wallimann, B Stanic, R Frei, R Ferstl, D Groeger, M Hildebrand, S Zeiter, CA Akdis,  
TF Moriarty, L O'Mahony, K Thompson 

37. In vitro activity of fosfomycin, ciprofloxacin, gentamicin and their combinations against 
escherichia coli and pseudomonas aeruginosa biofilms 
L Wang, M Di Luca, T Tkhilaishvili, M Gonzalez-Moreno, A Trampuz 

38. In vitro synergistic activity of fosfomycin, ciprofloxacin and gentamicin combinations 
against escherichia coli biofilms 
L Wang, M Di Luca, T Tkhilaishvili, M Gonzalez-Moreno, A Trampuz 

39. Antibacterial and enhanced osteogenic hybrid coating with selective silver toxicity 
K Xie, Z Zhou, Y Guo, L Wang, G Li, S Zhao, X Liu, J Li, W Jiang, S Wu, Y Hao 

40. Antibacterial activity of a copper-bearing titanium alloy for the prevention of implant-
related infection 
Y Zhuang, L Ren, Ke Yang, K Dai 



Future Meetings  

 
 
 
 
 

 
 
 
 

 

 

 

2020 

eCM XX: Biofabrication for Orthopaedics  

June 22 – 24, 2020, Convention Center, Davos, Switzerland 
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 Musculoskeletal infection in trauma: surgical and antibiotic treatment 

H. Simpson 

Department of Orthopaedics and Trauma, University of Edinburgh, Edinburgh, UK  
 

Fracture healing is a critically important 

clinical event for fracture patients and for 

clinicians who take care of them. Orthopaedic 

and trauma device-related infection (ODRI) 

remains a major complication in modern 

trauma and orthopaedic surgery. Despite best 

practice in medical and surgical management, 

neither prophylaxis nor treatment of ODRI is 

effective in all cases, and can lead to infections 

that negatively impact clinical outcome and 

significantly increase healthcare expenditure. 

Pre-operative and correctly-timed prophylactic 

antibiotic intervention is mandatory for a 

majority of surgical procedures. However, 

despite this, the incidence of infection 

following elective orthopaedic surgery is in the 

range of 0.7% to 4.2%, while the incidence can 

be much higher in trauma cases where infection 

rates range from approximately 1% after 

operative fixation of closed low-energy 

fractures, to more than 30% in complex open 

tibia fractures. Treatment success rates vary, 

with between 57% and 88% often reported. 

Current curative approaches (radical 

debridement, revision surgery and prolonged 

antibiotic therapy) often result in significant 

socioeconomic costs, not to mention the risk of 

life-long functional impairment for the patient. 

Against this background, and with the 

increasing issue of antibiotic-resistant bacteria, 

the problem of infection is set to continue to 

pose a challenge for practising clinicians in the 

coming decades. 
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Fracture-Related Infection 

WJ. Metsemakers1,2 
1University Hospitals Leuven, UZ Leuven, BE, 2 University of Leuven, KU Leuven, 

Department of Development and Regeneration, Leuven, BE  
 

Fracture-related infection (FRI) is currently one 

of the most challenging complications in 

trauma surgery. It may result in permanent 

functional loss or even amputation of the 

affected limb in patients who may otherwise be 

expected to achieve complete, uneventful 

healing. Over the past decades, the problem of 

implant-related bone infections has garnered 

increasing attention both in the clinical as well 

as in the preclinical arenas; however, this has 

primarily focused on periprosthetic joint 

infection (PJI), rather than on FRI. Although 

FRI shares many similarities with PJI, there are 

numerous critical differences (e.g. the presence 

of a fracture and soft tissue damage). Over the 

recent decade preclinical and clinical research 

has belatedly focused more and more on FRI. 

The development of a rabbit fracture model at 

the AO Research Institute, initiated a series of 

preclinical studies purely focusing on clinically 

relevant questions with respect to FRI. One of 

the first studies focused on the influence of 

implant material and surface topographies on 

infection rates. These experimental studies 

concluded that there is no significant difference 

between stainless steel and titanium. More 

recent studies, using this same model, focused 

on the influence of systemic and local antibiotic 

therapy on the prevention of infection. It 

became clear that local antibiotic therapy is an 

important factor in the prevention of FRI, in 

highly contaminated wounds. The newly 

development hydrogel in the AO Research 

Institute could, in this respect, be an interesting 

local delivery vehicle, as it is biodegradable 

and has an optimal release profile.  

Although this translational evidence is clearly 

relevant, implementation in daily clinical 

practice remains difficult due to the lack of 

standardized guidelines regarding diagnosis and 

treatment of FRI. The quality of preclinical and 

clinical research related to fracture-related 

complications suffers from this lack of 

consensus guidelines. This recently led to the 

decision to develop the FRI consensus group, a 

broadened panel of experts with extensive 

preclinical and clinical experience in the field 

of FRI. One of the first issues addressed by the 

experts was the development of standardized 

terminology and diagnostic criteria for FRI. 

Therefore, a first consensus meeting was 

convened in Davos, Switzerland, in December 

2016. During this meeting a consensus was 

achieved on the fundamental features of FRI, 

and a proposal for defining the presence of FRI 

was reached. The establishment of this 

definition offers the opportunity to standardize 

preclinical research, improves the reporting of 

clinical studies and finally of course also aids 

in the decision-making during daily clinical 

practice. In the following 12 months, the expert 

group shifted attention to the next phase, 

validating the diagnostic criteria and develop 

treatment principles for FRI. As part of this 

ongoing effort, the AO Foundation hosted a 

second consensus meeting on the diagnosis and 

treatment of FRI in Zürich, Switzerland, in 

February 2018. In reflecting the greater 

complexity of this question, and to engage with 

other professional organizations, the group 

grew and the meeting was attended by 35 

experts and key opinion leaders in the field of 

FRI. Recommendations were developed on 

diagnosis and treatment of FRI. These guiding 

principles will be made available through 

scientific publications and an AO Bone 

Infection App. The whole project is a milestone 

achievement, where multiple international 

organizations have come together for the first 

time to try and improve the care for patients 

with FRI. 
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Challenges and Strategies of Protecting 

Orthopaedic Implants from Bacterial Colonization 
Joseph C. Wenke, PhD; Stefanie M. Shiels, PhD 

1US Army Institute of Surgical Research; Fort Sam Houston, TX 78234 
 

Implants are required for many procedures in 

orthopaedics. Although they restore form and 

function, implants increase the likelihood of 

infection.  These foreign bodies provide a place 

for bacteria to attach, and greatly lowers the 

amount of pathogens required to cause an 

infection. Since it increases cost and morbidity 

and leads to poorer long term outcomes, 

preventing infection after orthopaedic 

procedures has been a focus of orthopaedic 

researchers for decades.  Naturally, protecting 

the implants from bacterial colonization both at 

the time of initial surgery and revisions has 

been a common strategy.  This approach 

generally involves some type of coating which 

often releases antimicrobials with the belief 

that this will kill the bacteria within the 

immediate vicinity allowing time for the host to 

integrate to the implant where the host’s 

immune cells prevent bacterial colonization.  

Despite the fact that this approach is both 

intuitive and straightforward and the extremely 

large clinical need, there are only four 

commercially-off-the-shelf antimicrobial coated 

orthopaedic implants available.  The clinical 

data suggests that each of these products have a 

benefit and little risk in spite of the varying 

type of antimicrobial and release kinetics 

between these products.   

In the United States, commercially-available 

antimicrobial coated orthopaedic implants are 

not available.  Since the FDA regulates 

products not practice, surgeons are using 

various approaches to coat implants such as 

mixing antibiotics with PMMA, calcium 

sulphate, calcium phosphate, or even just saline 

to make a putty.  Very little is known about the 

release kinetics or if there is a clinical benefit 

of these back table preparations; the fact that 

there are many different variations and that 

there is no commercial interest are likely 

contributing factors for this dearth of 

information 

The “race for the surface” concept and biofilm 

theory along with in vitro data have driven 

most of the implant protection approaches.  

Surprisingly, a clinical problem of this 

magnitude that has been studied for such a long 

time does not have a better blue print and 

specifications for developing an effective 

implant protection strategy.  Recently, we 

conducted a study that uncoupled the placement 

of the implant and the bacterial challenge by 

using a hematogenous infection approach 

which allowed us to observe the duration 

required for the host to protect the implant from 

bacterial colonization.  As expected, all the K-

wires that were placed within the femoral canal 

of rats were infected if the bacterial challenge 

occurred within 24 hours.  There was a slight 

decrease in the number of bacteria found on the 

implants when the bacterial inoculation was 

delayed until day 3.  When the bacterial 

challenge was delayed for 7 days, the host was 

very capable of preventing bacterial 

colonization on the implant.  To understand 

which cells are protecting the implant from 

infection, we identified the cells that were on 

the implants in sterile wounds.  Initially, the 

cells present were primarily non-differentiated 

stem cells, such as bone marrow mesenchymal 

stem cells or immature hematopoietic cells.  A 

shift in the cell population was starting to be 

observed on day 3. On day 7, there was a 

mature monocyte/macrophage population.  It 

appears that the cells that are initially present 

on the implant differentiate into the immune 

cells, and the duration of chemoprotection 

required is likely fairly conserved across 

species. 

This information provides guidance for the 

release kinetics for protecting orthopaedic 

implants from bacterial colonization.  A 

relatively short duration of protection may only 

be needed provided that the approach does not 

delay or impair host integration.   
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Host and Staphylococcus aureus factors influence orthopaedic infection 

severity in obesity and type 2 diabetes 

 

R.A. Mooney1, C.W. Farnsworth1, and S.R. Gill 2 
1Department of Pathology and Laboratory Medicine, 2Department of Microbiology and 

Immunology, University of Rochester Medical Center, Rochester, NY, USA  
 

INTRODUCTION: Among the greatest risk 

factors for orthopaedic infection are obesity 

and type-2 diabetes (T2D) with up to 5-fold 

higher risk following placement of an 

orthopaedic device, with Staphylococcus 

aureus being the most frequent infectious 

organism.  With the epidemic of obesity and 

diabetes globally, a reduction in infection rates 

among the obese/T2D population is of the 

utmost importance. However, the underlying 

mechanism of susceptibility is unclear.   

   We have established a mouse model of 

implant-associated Staphylococcus aureus 

osteomyelitis in the background of obesity and 

T2D that recapitulates the features of infection 

in the clinical population (1).  Using this 

model, we have identified characteristics of the 

obese/T2D host that contribute to risk and 

severity of infection.  Additionally, S. aureus 

adapts to unique features of the obese/T2D host 

to increase expression of key genes that 

promote virulence and infection severity 

METHODS: To model obesity and associated 

T2D, male C57BL6J mice were placed on high 

fat (60%kcal) or low-fat (10% kcal) diets for 12 

weeks beginning at 5 weeks of age. To model 

infected orthopaedic implants, a 4 mm flat 

stainless steel surgical wire was precoated with 

bioluminescent S. aureus (inoculation dose 

2x105 colony forming units (CFU)) and then 

inserted through a predrilled defect in the tibial 

cortex (1).  Bioluminescence was measured 

using a Xenogen IVIS camera system (Almeda, 

CA) to monitor infection.  Mice were sacrificed 

at day 7, 14, or 21 under anesthesia.  Blood was 

collected by cardiac puncture.  CFUs of S. 

aureus in infected tibiae and surrounding 

necrotic soft tissue were measured. 

RESULTS: Mice on a high fat diet displayed 

elevated fasting and non-fasting glucose levels, 

and elevated body mass.  Implant-associated 

infection was more severe in these mice as 

judged by elevated bioluminesence at the 

implant site, higher CFU’s recovered from the 

infected tibiae and surrounding soft tissue, and 

more abscesses and S. aureus abscess 

communities (SAC’s) as assessed by histology 

(2). The infection site in tibiae of obese/T2D 

mice contained more macrophages and 

osteoclasts, and displayed greater osteolysis 

(3).   Gene expression profiles (RNAseq) of S. 

aureus isolated from the infected tibiae of 

obese/T2D mice displayed marked upregulation 

of four adhesion genes (clfA, clfB, bbp, and 

sdrC), all with binding affinity for fibrin(ogen) 

(2).  Arguing for a unique survival advantage 

for these adaptive gene responses, clfA-null S. 

aureus was unable to mount a more severe 

infection in the obese/T2D host while having 

no impact in lean mice.  Remarkably, 

immunostaining of infected bone revealed 

increased fibrin deposition surrounding 

bacterial abscesses in obese/T2D mice.  In vitro 

coagulation assays demonstrated a 

hypercoagulable state in obese/T2D mice that 

was comparable to that of diabetic patients (2). 

DISCUSSION & CONCLUSIONS: The 

adaptive gene expression changes of S. aureus, 

particularly increased expression of clfA, in the 

obese/T2D host appear to provide the organism 

with increased virulence and survival 

advantage.  ClfA is known to promote 

association of S. aureus to growing fibrin 

strands.  When coupled with the 

hypercoagulable state of the obese/T2D host, 

these host-bacterium factors converge to 

promote increased risk for more severe implant 

infection in the obese/T2D host. 
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AR053459.  

REFERENCES 

1.Farnsworth, C., Shehatou, C., et.al. (2015) 

Infect Immun. 83:2264-74.  

2. Farnsworth, C.W., Schott, E.M., et.al. (2017) 

Infect Immun. 85:e0100516.  

Farnsworth, CW., Schott, EM., et.al. (2018) J. 

Orthop. Res. 36, 1614-1623.  

http://www.ecmconferences.org/


eCM Online Periodical, 2019, Collection 5; eCM Conference Abstracts (page 5) 

 

  www.ecmconferences.org 

The Microbiome and Orthopaedic Implant Infection 

C. J. Hernandez1,2, M.P.G. Bostrom2,  A.V. Carli2 
1Cornell University, Ithaca, NY, USA, 2 Hospital for Special Surgery, New York, NY, USA 

 

INTRODUCTION: Although periprosthetic 

joint infection (PJI) occurs in as few as 1% of 

all total joint arthroplasties, infection is a major 

cause for revision surgery. Given the mortality 

and morbidity associated with PJI and the 

challenges in treating it, there has been 

increased interest in patient factors that 

influence infection and can be modified before 

surgery. In this keynote talk I discuss the 

possibility that the gut microbiome is a factor 

that can influence the development of PJI. The 

talk includes an introduction to the microbiome 

and evidence from other fields linking the 

microbiome to systemic infection. Additionally, 

I discuss recent the following study from my 

group demonstrating an effect of the 

microbiome on PJI in mice. 

METHODS: Under IACUC approval, 82 male 

C57Bl/6 mice were bred in our facility. At 4 

weeks of age were either submitted to chronic 

oral antibiotic dosing (ampicillin+neomycin) in 

drinking water to modify the contents of the gut 

microbiota (∆Microbiome n = 40) or untreated 

(n=42). At 16 weeks of age antibiotics were 

removed and 4 days later a titanium tibial 

component was implanted in the right limb. 

After arthrotomy an inoculation of S. areus 

(Xen36, 102 CFUs in 2 µL) was injected in the 

joint space. 

At 5 days following inoculation the CFU count 

at the implant surface indicates either an 

established infection (> 103 CFUs) or 

uninfected (<102 CFUs). The proportion of 

animals from each group developing an 

established infection was determined using a 

chi squared test.    

 
Fig. 1: (A) The tibial implant in the mouse tibia 

is shown. (B) Five days after surgery animals 

either develop and infection or resist infection. 

RESULTS: The proportion of animals in the 

∆Microbiome group that developed established 

infection (29 of 40, 72.5%) was greater than 

that in untreated mice (21 of 42, 50%; p = 0.03, 

Odds Ratio: 2.63(95%CI 1.04, 6.61), Fig. 2A). 

Serum amyloid A (a mouse analog to C reactive 

protein) was increased in animals with 

infection, but the increased was not as great in 

animals with modified gut microbiota (Fig. 

2B). Monocyte and neutrophil counts in the 

spleen and lymph node were also increased in 

infection, but the effect was not observed in 

∆Microbiome mice. 

 
Fig. 2: (A) The proportion of animals developing PJI was 

greater in the ∆Microbiome group than in untreated animals. 

(B)Infection led to increases in serum amyloid A, but the effect 

was not as great in ∆Microbiome animals (groups with different 

letters are different from one another p < 0.05). 

 

DISCUSSION & CONCLUSIONS: Our 

study provides the first evidence that the 

microbial population in the gut prior to surgery 

can influence PJI. In particular, modifications 

to the gut flora have the potential to hinder the 

immune response to bacterial challenge (as 

evidenced here by systemic markers of 

inflammation and immune cell profiling). This 

study does not suggest that prophylactic 

antibiotics are detrimental to PJI (the 

antibiotics used are poorly absorbed in the gut 

and were removed prior to surgery). Instead the 

work suggests that modifications to the gut 

microbiome caused by antibiotic treatment 

history, diet or other factors have the potential 

to influence the response to bacterial challenge 

following arthrotomy. This study raises the 

possibility that improving the gut microbiome 

in months prior to surgery may reduce the risk 

of PJI. 
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Prevention of Periprosthetic Joint Infections Using Analgesic-Loaded 

UHMWPE 

D. Gil1,2, S. Grindy1,2, S. Hugard1, O. Muratoglu1,2, E. Oral1,2 
1Harris Orthopaedic Laboratory, Massachusetts General Hospital, MA, USA 2 Department of 

Orthopaedic Surgery, Harvard Medical School, Harvard University, Boston, MA, USA  
 

INTRODUCTION: Ultra-high molecular 

weight polyethylene (UHMWPE) can provide 

local sustained delivery of therapeutics1,2. For 

example, it can deliver analgesics to address 

post-arthroplasty pain2. Given that several 

analgesics, such as bupivacaine (anesthetic) 

and tolfenamic acid (NSAID), were shown to 

possess antibacterial activity against 

Staphylococci, we hypothesize that analgesic-

loaded UHMWPE can also yield antimicrobial 

effects, preventing the development of 

periprosthetic joint infections. 

METHODS: Bupivacaine and tolfenamic acid 

were incorporated into UHMWPE via phase-

separated compression molding. Drug release 

from the prepared samples was measured using 

high-performance liquid chromatography. 

Antibacterial studies of the obtained materials 

were conducted against methicillin-sensitive, 

and methicillin-resistant S. aureus, as well as S. 

epidermidis. Time-kill curves were obtained to 

characterize antimicrobial activity against 

planktonic bacteria. The dynamic of bacterial 

adhesion were assessed to characterize 

antibiofilm activity. Scanning electron 

microscopy (SEM) was used to visualize 

adherent bacteria. Anticolonizing activity of the 

tested materials was characterized using the 

“daughter cell” method as outlined elsewhere3. 

Cytotoxicity profile of drug-loaded UHMWPEs 

was evaluated using MG-63 osteoblast cell line.  

RESULTS: The bupivacaine release rate 

generally increased with increasing drug 

loading (e.g. a model knee implant loaded with 

bupivacaine would release ca. 15-500 mg over 

24 hours). In contrast, drug release from 

UHMWPE loaded with hydrophobic tolfenamic 

acid was low. The bacterial viability curves 

showed that bupivacaine-loaded UHMWPE 

possessed moderate antibacterial activity 

against planktonic MSSA, MRSA, and S. 

epidermidis, slowing bacteria proliferation by 

up to 70%. Bupivacaine-loaded UHMWPE also 

mitigated biofilm formation and development 

during the initial culture period. SEM images 

confirmed the observed antibiofilm effect (Fig. 

1). Tolfenamic acid-loaded UHMWPE allowed 

proliferation of planktonic bacteria. At the 

same time, these materials showed pronounced 

dose-dependent anticolonizing activity against 

tested strains, providing 3-log reduction of 

“daughter” cells. Bupivacaine- and tolfenamic 

acid-loaded UHMWPEs showed little-to-no 

cytotoxicity against osteoblasts. 

 

Fig. 1: S. aureus adherent to (a) virgin and (b) 20% 

bupivacaine-loaded UHMWPE after 24 hour – culturing.  

DISCUSSION & CONCLUSIONS: We 

demonstrated for the first time that 

bupivacaine-loaded UHMWPE possesses dose-

dependent antibacterial properties against 

planktonic and adherent MSSA, MRSA, and S. 

epidermidis – pathogens commonly associated 

with periprosthetic joint infections. Pronounced 

anticolonizing activity was evident for 

tolfenamic acid-loaded UHMWPE. Due to the 

low solubility of tolfenamic acid, the material’s 

antibacterial effect against planktonic bacteria 

was lower. These results demonstrate that 

analgesic-loaded UHMWPE, used as a tool in 

multimodal pain management, can also yield 

antibacterial effects, opening an entirely new 

avenue for providing post-arthroplasty 

antibacterial prophylaxis. This pioneering 

approach has a potential to reduce patients’ 

morbidity and mortality after arthroplasty.  
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Non-Steroidal Anti-Inflammatory Drug Administration Impairs Antibiotic 

Treatment of Orthopaedic-Device Related Infection in a Rat Model 

K. Thompson1, MA. Burch1, A. Milstrey1, U. Eberli1, D. Arens1, RG. Richards1, VA. 

Stadelmann2, TF. Moriarty1 
1AO Research Institute, AO Foundation, Davos, CH, 2Schulthess Klinik, Zürich  

 

INTRODUCTION: Non-steroidal anti-

inflammatory drugs (NSAIDs) are a mainstay 

of perioperative pain management in 

orthopaedic trauma surgery, although concerns 

persist regarding the potential impact of these 

drugs on fracture healing. Additionally, due to 

their anti-inflammatory properties, NSAIDs 

may also negatively impact on host immune 

responses, which could have negative 

consequences for the use of these drugs in the 

context of orthopaedic device related infection 

(ODRI).  

The aim of this study was to determine the 

impact of NSAIDs on the course of an ODRI 

and its response to antibiotic therapy in a rat 

model. 

METHODS: A polyetheretherketone (PEEK) 

screw was inserted in the proximal tibia of 48   

skeletally mature (24-week old) female Wistar 

rats: 12 control animals received a sterile 

screw, of which 6 also received NSAID therapy 

(carprofen, 5 mg/kg s.c. once daily); 36 animals 

received a S. epidermidis-inoculated screw, of 

which 18 also received NSAID therapy. 

Antibiotic therapy (cefazolin: 30 mg/kg; s.c., 

b.i.d. plus rifampin: 25 mg/kg; s.c., b.i.d.) was 

administered from day 7-21 in 9 animals from 

each group (i.e. +/- NSAID treatment) receiving 

S. epidermidis-inoculated screws. Bone 

changes were monitored using in vivo microCT 

scanning, performed postoperatively and at 3, 

6, 9, 14, 20 and 28 days (euthanasia).  

Quantitative bacteriology of the implant, bone 

and overlying soft tissue was also performed to 

assess infection status. 

RESULTS: All animals receiving S. 

epidermidis-inoculated screws without 

antibiotics were confirmed as infected at 

euthanasia. Quantitative microbiology showed 

no difference in bacterial load control versus 

NSAID-treated animals (CTL = 53'686 CFU + 

68'094; NSAID = 45'617 CFU + 36'057). 

However, NSAID administration dramatically 

impaired antibiotic efficacy, with 7/8 animals 

remaining infected versus 2/9 control animals. 

Pronounced osteolysis was observed in infected 

control animals, which peaked at day 9. 

Reparative processes (periosteal proliferation 

and mineralization) in the vicinity of the screw 

was observed at day 14 and continued until day 

28. NSAID treatment markedly prevented S. 

epidermidis-induced osteolysis but also 

markedly impaired reparative processes. 

Antibiotic treatment did not affect the bone 

changes in control or NSAID-treated animals. 

 
Fig. 1: Impact of NSAID treatment on S. 

epidermidis-induced bone osteolysis and repair 

following implantation of an inoculated screw 

into the proximal tibia. Osteolysis can be seen 

at day 9, and periosteal proliferation/ 

mineralization (red arrowheads) at days 9 & 

14. 

 

DISCUSSION & CONCLUSIONS:  

NSAID administration dramatically affected 

the response of bone tissue to infection, 

reducing osteolysis but also impairing 

reparative processes, as well as dramatically 

reducing antibiotic efficacy. Given these 

observed negative effects, further investigations 

should be conducted to determine the 

underlying pathophysiological mechanism. 

Taken together, the therapeutic use of NSAIDs 

in the context of ODRI may be contraindicated 

in clinical practice. 
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Biofilm investigation on ceramic, metal and polyethylene bearing 

components from explanted hip joint replacement systems 

Svetlana Karbysheva, Sabrina Cabric, Andrej Trampuz 

Charité – Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, 

Humboldt-Universität zu Berlin and Berlin Institute of Health, Berlin, Germany, Center for 

Musculoskeletal Surgery, 
 

INTRODUCTION: The ability of 

microorganisms to adhere and form biofilm 

may differ between biomaterials, however, 

clinical data supporting this observation are 

conflicting.  

We hypothesize that by using sonication, 

ceramic components (BIOLOX®delta, 

BIOLOX®forte) will show higher resistance 

against biofilm adhesion compared to 

polyethylene (PE) and metal (CoCrMo, Ti 

alloy). 

METHODS: We included all consecutive 

adults ≥18 years of age, who underwent 

explantation of the hip prosthesis for infection 

or aseptic reason.  Excluded were patients in 

whom part of the prosthetic components were 

retained. Prosthetic joint infection was 

diagnosed according to proposed European 

Bone and Joint Infection Society (EBJIS) 

criteria. 

Qualitative and quantitative analysis of 

individual components (metal, PE, ceramic) 

was performed from sonication fluid 

(ultrasound bath 40 kHz, 1 W/cm2, 1 min). 

RESULTS: Significantly lower CFU/ml were 

detected in sonication fluid from ceramic 

components, median (240 CFU/ml) than from 

PE (7250 CFU/ml) and metal components 

(6780 CFU /ml) (p<0.01). Figure 1 

Causative microorganism could be detected in 

sonication fluid from polyethylene in 100%, 

from metal in 92% and from ceramic in 69%.  

Coagulase-negative staphylococci were the 

most common isolated microorganism (mainly 

Staphylococcus epidermidis), followed by 

Staphylococcus aureus and Cutibacterium 

acnes.   

 

Fig. 1: Quantitative analysis of dislodged 

bacteria by sonication (CFU/ml) according to 

the type of material.  

 

 

 

 

DISCUSSION & CONCLUSIONS: These 

results support the hypothesis that significantly 

less biofilm biomass is formed on ceramic 

surface, compared to PE and metal surfaces, 

potentially indicating higher ceramic 

“resistance” against bacterial adhesion.  

These findings should be confirmed with non-

microbiological investigation such as imaging 

(fluorescent in situ hybridization, confocal laser 

scanning or electron microscopy).  

Furthermore, in 6 of 32 patients (19%) with 

PJI, an aseptic loosening was preoperatively 

suspected. Infection was found only by 

systematic application of an optimized 

diagnostic method, particularly sonication of 

the removed implant. 

 ACKNOWLEDGEMENTS: This work was 

supported by the PRO-IMPLANT Foundation, 

Berlin, Germany (https://www.pro-implant-

foundation), a non-profit organization 

supporting research, education, global 

networking and care of patients with bone, joint 

or implant-associated infection. 

REFERENCES:  

Karbysheva S. et al., 2019. Influence of 

retrieved hip- and knee-prosthesis biomaterials 

on microbial detection by sonication. Eur Cell 

Mater. 

 

http://www.ecmconferences.org/


eCM Online Periodical, 2019, Collection 5; eCM Conference Abstracts (page 9) 

 

  www.ecmconferences.org 

The AOTrauma Bone Infection Registry 
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INTRODUCTION: Osteomyelitis is an 

increasing burden on the society especially due to 

the emergence of multiple drug resistant organisms. 

The lack of a central registry that prospectively 

collects data on patient risk factors, laboratory test 

results, treatment modalities, serological analysis 

results, and outcomes has hampered the research 

effort that could have improved and provided 

guidelines for treatments of bone infections. The 

current manuscript describes the lessons learned in 

setting up a multi-continent registry. 

 

METHODS: This multicenter, international 

registry was conducted to prospectively collect 

essential patient, clinical, and surgical data with a 

one-year follow-up period. Patients 18 years or older 

with confirmed S. aureus long bone infection 

through fracture fixation or arthroplasty who 

consented to participate in the study were included. 

The outcomes using the Short Form 36 Health 

Survey Questionnaire (version 2), Parker Mobility 

Score, and Katz Index of Independence in Activities 

of Daily Living were assessed at baseline and at 1-

month, 6-month, and 12-month. Serological samples 

were collected at follow-ups. 

 

RESULTS: Contract negotiation with large 

number of study sites were difficult; obtaining ethics 

approvals were time-consuming but straightforward. 

The initial patient recruitment was slow, leading to a 

reduction of target patient number from 400 to 300 

and extension of enrollment period. Finally, 292 

eligible patients were recruited by 18 study sites (in 

10 countries of 4 continents, Asia, North and South 

America, and Central Europe). Logistical and 

language barriers were overcome by employing 

courier service and local monitoring personnel. 
 

 

DISCUSSION & CONCLUSIONS: 
Multicenter registry is useful for collecting large 

number of cases for analysis. A well-defined data 

collection practice is important for data quality but 

challenging to coordinate with the large number of 

study sites. A great deal of data was obtained that 

will help define the outcomes experienced by 

patients for long bone infection caused by S. aureus. 

 

ACKNOWLEDGEMENTS: We are grateful 
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Fig.1 Recruitment graph after amendments 
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Deriving a Dose and Regimen for Anti-Glucosaminidase Antibody  

Passive-Immunization for Patients with S. aureus Osteomyelitis  

Charles C. Lee1; Gowrishankar Muthukrishnan1; John R. Owen2;  Stephen L. Kates2; Christopher A. 

Beck1; John L. Daiss1; Virginia Post3; T. Fintan Moriarty3; Stephan Zeiter3 &  Edward M. Schwarz1 

1Center for Musculoskeletal Research, University of Rochester Medical Center, Rochester, NY, USA                             
2 Department of Orthopedic Surgery, Virginia Commonwealth University, Richmond, VA, USA  

3AO Research Institute Davos, Davos, Switzerland 

INTRODUCTION:  Osteomyelitis (OM) 

remains the bane of orthopaedic surgery, the 

majority of which is caused by Staphylococcus 

aureus. To the end of an adjuvant  

immunotherapy, we developed a murine anti-

glucosaminidase (Gmd) monoclonal antibody 

(1C11 mAb), and demonstrated its efficacy in a 

prophylactic model,1 and its synergistic effects 

with antibiotic therapy in a 1-stage revision 

model.2  Towards defining a dosing regimen for 

a Phase 1 clinical trial, we assessed safety and 

pharmacokinetics of 1C11 passive 

immunization of sheep with a common dosing 

regimen for human biologics, and assessed 

naturally occurring anti-Gmd antibody serum 

levels in a large cohort of patients with S. 

aureus OM.  

METHODS: Adult female Swiss Alpine sheep 

(n=3; 56kg) received a 500mg intravenous 

bolus of mouse IgG1 1C11 mAb in 1.0 L of 

saline on an IACUC approved protocol at the 

AO Research Institute Davos (Davos, 

Switzerland).  Blood was drawn at one hour (to 

determine C0), daily for two weeks, and then 

weekly for two months. Anti-Gmd antibody 

levels were determined by ELISA.1  A 

humanized anti-Gmd mAb was made by 

grafting the Fab portion of 1C11 onto the Fc of 

human IgG1 (Genway, San Diego, CA), which 

was used to make a standard curve of mean 

fluorescent intensity (MFI) vs. concentration of 

anti-Gmd antibody level via Luminex 

immunoassay.3 Serum from 297 patients with 

culture confirmed S. aureus OM was assessed 

for anti-Gmd antibody levels via Luminex 

immunoassay on IRB approved protocols at 

VCU (Richmond, VA). 

RESULTS: There were no complications or 

adverse events associated with the 1C11 i.v. 

infusion of the sheep, and the estimated 

circulating half-life of 1C11 is 23.7 days (Fig. 

1).  Anti-Gmd antibody levels in sera of OM 

patients ranged from <1ng/ml to 300g/ml, and 

the mean concentration was 21.7g/ml.  The 

estimated circulating half-life of endogenous 

anti-Gmd antibodies in sera of 10 patients with 

cured OM was determined to be 120.4 days 

(Fig. 2).   

Fig. 1: Pharmacokinetics of 1C11 in sheep.  

Sera were obtained from the 3 sheep at the 

indicated time after i.v. infusion, and the 

concentration of 1C11 determined by murine 

mAb ELISA is presented for each with the 

mean. 

Fig 2. Anti-

Gmd antibody 

level decay in 

10 patients 

with cured S. 

aureus OM.  

   

DISCUSSION & CONCLUSIONS: Anti-

Gmd passive-immunization is a promising 

adjuvant therapy for OM, based on its unique 

mechanism of action that inhibits binary fission 

and induces megacluster formation, and its 

established preclinical safety and efficacy in 

murine models.  Here we show that a 

commonly used dosing regimen (500mg i.v. = 

7mg/kg/70kg human) is safe and feasible in 

sheep, and that this dose has a half-life of about 

1-month.  As this is >20x anti-Gmd levels in 

OM patients, this dosing regimen is appropriate 

for a Phase 1 trial.  
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Cloning the haptotaxis and durotaxis genes responsible for  

S. aureus invasion of the osteocytic lacuno-canalicular network during 

chronic osteomyelitis 
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INTRODUCTION: Staphylococcus aureus 

is responsible for the majority of chronic 

osteomyelitis cases.1 Recently, we have shown 

that S. aureus is capable of invading the 

osteocytic lacuno- canalicular network (OLCN) 

by deforming and propagating throughout the 

nano-scale channels.2 We hypothesize that S. 

aureus utilizes haptotaxis and durotaxis to 

identify and invade canalicular openings. By 

comparing the phenotype of S. aureus mutants 

versus the wild-type strain in an in vitro 

canalicular mimetic model, we aim to clone the 

genes required for canalicular invasion.  

METHODS: A Microfluidic Silicon 

Membrane Canalicular Array platform (µSiM-

CA) was developed to model S. aureus 

propagation through sub-micron geometry. This 

system features a 400 nm thick silicon nitride 

membrane with 500 nm pores, assembled in a 

leak-proof trans-chamber system. 6 knock-out 

S. aureus strains were created in genes 

hypothesized to play a role in canalicular 

invasion (MreC, ScdA, ClfA, Spa, Pbp3 and 

Pbp4). 10 μl of sterile tryptic soy broth (TSB) 

was added to the basal chamber of the µSiM-

CA and 80 µl of the mutant pool (containing all 

6 strains) was added to the apical chamber and 

statically incubated at 37˚C for 6 hours. 

Bacterial strains in basal and apical chambers 

were identified by PCR. 

RESULTS: Previous studies have 

demonstrated that WT S. aureus successfully 

propagates through 500 nm pores and can be 

visualized following fixation by SEM or in 

real-time using CLSM imaging of fluorescent 

bacteria (Fig 1A). 6 replicate experiments 

revealed that S. aureus lacking PBP4 cannot 

propagate through nanopores (0% success, ** 

p<0.01) and that propagation may be hindered 

by knock-out of PBP3 (33% success, # 

p=0.061) (Fig 1B). The growth rate of USA300 

∆pbp4 and ∆pbp3 showed no difference 

compared to WT USA300, measured by optical 

density over 5 hours (Fig 1C). Additionally, the 

cell morphology of USA300 ∆pbp4 (and 

∆pbp3, data not shown) showed no apparent 

differences compared to WT USA300 when 

imaged by SEM (Fig 1D). 

DISCUSSION & CONCLUSIONS: Here we 

demonstrate the utility of the µSiM-CA 

platform to distinguish the phenotype of S. 

aureus strains based on propagation through 

nanopores.  In so doing, we established that 

PBP4 (penicillin binding protein 4) is necessary 

for propagation through nanopores in vitro, 

suggesting its importance for canalicular 

invasion in vivo. Additionally, this difference is 

not caused by slowed growth rate or altered cell 

morphology. PBP4, one of 4 S. aureus PBP’s, 

is involved in peptidoglycan cross-linking of 

the cell wall and may confer resistance to -

lactams.3 Future studies to confirm this in vitro 

observation require mono-culture and 

complementation of PBP4, followed by in vivo 

studies. 

ACKNOWLEDGEMENTS: This work was 
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Figure 1. S. aureus propagation through canalicular mimetic 

nanopores in vitro is dependent on expression of Pbp4 and is 

potentially hindered by knock-out of Pbp3. 
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Antibiotic-Loaded Hydrogel Demonstrates Superior Efficacy to Bone 

Cement in Treating MRSA Implant-Associated Osteomyelitis in Sheep 

W. Boot1, T. Schmid1, O. Guillaume1, M. D'Este1, A. Foster1, D. Eglin1, R.G. Richards1, S. 

Zeiter1, T.F. Moriarty1 
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INTRODUCTION:  

Implant-associated osteomyelitis is a 

devastating complication, especially when the 

infection is caused by antibiotic-resistant 

bacteria such as methicillin-resistant 

Staphylococcus aureus (MRSA)1. Despite an 

extensive treatment protocol that includes 

multiple surgeries and antibiotic therapy, the 

procedure is associated with poor outcomes1. In 

the past, the use of local antibiotics for 

infection treatment has proven to be effective 

as high local concentrations can be achieved.  

In the present study, a bioresorbable, thermo-

responsive hyaluronan hydrogel loaded with 

antibiotics was evaluated for its in vivo efficacy 

as a local antibiotic carrier. For this purpose, 

we have developed a large animal model of a 

staged exchange following infection associated 

with an intramedullary nail and clinical gold 

standard antibiotic treatment2. 

 

METHODS:  

12 female, 2 to 4 year old, Swiss Alpine Sheep 

were inoculated with MRSA at the time of 

intramedullary (IM) nail insertion in the tibia. 

Chronic osteomyelitis was allowed to develop 

over the course of 8 weeks. At week 8, sheep 

underwent the first revision surgery and 

received systemic vancomycin infusions for 2 

weeks. Furthermore, sheep received local 

gentamicin and vancomycin, either in PMMA 

(gold standard treatment2) or in hydrogel. At 

week 10, sheep underwent the second revision 

surgery and received a clean nail, systemic 

rifampicin and trimethoprim/sulfamethoxazole 

for 4 weeks. The hydrogel-group received 

another dose of hydrogel in the IM canal. 

Sheep were euthanized 2 weeks after 

completion of antibiotic therapy to allow for a 

flush-out period for antibiotics. At euthanasia, 

soft tissue, bone, and sonicate fluid from the 

hardware was collected for quantitative 

bacteriology. 

 

RESULTS:  

Sheep tolerated the surgeries and both local and 

systemic antibiotics well. Gold standard 

treatment successfully treated 3/6 sheep with a 

total of 10/30 culture-positive samples. All 6 

sheep receiving antibiotic-loaded hydrogel 

were successfully treated with 0/30 culture-

positive samples, p=0.0008 gold-standard vs. 

hydrogel (Fisher`s Exact). 

 

DISCUSSION & CONCLUSIONS:  

The clinical gold standard treatment was 

successful in 50% of sheep, consistent with 

outcomes reported in the literature treating 

MRSA infection1. The antibiotic-loaded 

hydrogel clearly outperformed the gold 

standard in this model. Superior efficacy of the 

hydrogel is likely due to 1) the ability to 

administer local antibiotics at the both revision 

surgeries due to the bioresorbable nature of the 

hydrogel, and 2) complete antibiotic release 

compared to bone cement, which is known to 

retain antibiotics3.  

These results highlight the potential of local 

delivered, biodegradable systems for antibiotics 

for eradicating implant-related infection caused 

by antibiotic-resistant pathogens. 

 

REFERENCES:  
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Combination of high-energy focused extracorporeal shockwave therapy 

with conventional treatment:  

Results from an in vivo rabbit model of Fracture Related Infection 
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Zeiter2, R Geoff Richards2, T Fintan Moriarty2  
1University Hospital Münster, DEU, 2AO Research Institute, AO Foundation, Davos, CH,  

 

INTRODUCTION: Focused high energy 

extracorporeal shockwave therapy (fhESWT) is 

used to support fracture healing in non-union 

cases, and has been shown to have antibacterial 

effects. We trialed fhESWT as an adjunct to 

conventional treatment in a clinically relevant 

rabbit model of fracture related infection. 

METHODS: A complete humeral osteotomy 

was performed in 31 rabbits and fixed with a 7-

hole-LCP. A fracture-related infection (FRI) 

was established with Staphylococcus aureus. 

After two weeks, a revision surgery was 

performed with debridement, irrigation and 

implant retention. Rabbits then received:  no 

further treatment (controls); shockwaves (at 

day 2 and 6 after revision, 4'000 Impulses each 

time with 23kV); systemic antibiotics (rifampin 

and nafcillin); or the combination of antibiotics 

and shockwaves. Treatments were applied over 

one week. Blood cultures were taken before 

and after shockwave sessions. After an 

additional week without treatment, rabbits were 

euthanized, and quantitative bacteriology was 

performed on implants and tissues to determine 

infection burden. Indicator organs (brain, heart, 

liver, lungs, kidneys and spleen) were cultured 

to assess possible bacteremia. 

 

RESULTS: All rabbits were infected at 

revision surgery as determined by 

bacteriological culture of debrided materials. 

fhESWT in combination with antibiotic  

treatment lowered the bacterial burden at 

euthanasia hundredfold compared to antibiotic 

treatment alone in all samples (p=0.38). This 

effect was most prevalent for the implant 

sample (p=0.08) (Fig. 1). No significant effect 

was seen for fhESWT alone compared to 

untreated controls. No signs of bacteremia 

occurred. 

 

 

DISCUSSION & CONCLUSIONS:  

The additon of systemic antibiotics had the 

biggest efect on reduction of bacteria. Although 

further lowering the bacterial burden in our 

model the effect of fhESWT as an adjunct was 

not big enough to be statistically secured in this 

in vivo rabbit model. In certain difficult-to-treat 

infections the addition of fhESWT might be 

beneficial. The method appears to be safe in 

this model of acute FRI as no signs of 

bacteremia occurred despite the high energy 

and impulse number. Further investigations are 

needed to identify the correct indication.  
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Jena Medtech (Storz Medical) for providing us 

with the LithoSpace® Ortho.  
 

 
 

 

 
 

 

 

 

 

Figure 1 Colony forming Units (CFU) of S. 

aureus in the four study groups after euthanasia 

in three different samples: a) soft tissue, b) 

bone, c) implant (plate and screws). Data are 

expressed as means and standard error of the 

mean. *p<0.05 
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Why 3D printing for implant infections 

Harrie Weinans 
Department of Orthopedics - UMC Utrecht, The Netherlands 

 

INTRODUCTION: Implant-associated infections 

(IAIs) are one of the most important challenges of 

orthopedic implant surgery. It can be devastating 

for the patient with high chance of morbidity and 

impose extremely high cost for health care. Many 

of the periprosthetic infections are extremely 

difficult to treat, as bacteria form a biofilm on the 

prosthetic material that hinders the host immune 

system and makes antibiotics penetration difficult.  

Many strategies to prevent implant infections 

investigate coatings that inhibit bacterial 

adherence and growth on an implant in order to 

prevent biofilm formation. In the past few years 

we have introduced at the UMC Utrecht such 

coatings by elaboration of implant surfaces 

using surface nano-tubes [1], hydrogels [2], 

hydrogel coatings [3] and plasma polymer films 

[4] with anti-bacterial coatings. However, often 

a revision implant is placed in a patient from 

which an infected implant has been removed. 

As there is a high chance that remnants of 

bacteria and its biofilm is still in the bone 

vicinity a new implant would favor from long-

term release of a high dose of antibiotics to 

potentially eradicate existing biofilm. This 

requires the placement of a sustained release 

coating on an implant or the use of a gel with 

high amounts of specific antibiotics or other 

biofilm eradicating methods. Highly porous 

implants can be manufactured nowadays using 

3D-printing technology (additive manufacturing). 

Such implants can be made with, i) a huge 

surface area that can be employed to place a 

coating that facilitates release of antibiotics, or 

ii) the open porous space that can be filled with 

a gel to provides sustained release of 

antibiotics; or iii) a combination of the above 

that may combine various bactericidal agents 

with different release times. 

METHODS / RESULTS: In the presentation 

various techniques will be introduced and their 

potential advantages and disadvantages will be 

discussed. In-vitro experiments showed that 

silver is an attractive coating to destroy e.g. 

staphylococcus Aureus. However, in-vivo 

experiments showed that the host immune 

response is severely impaired as neutrophils are 

eradicated by silver nanoparticles as well. 

 

 

Figure: Sustained release up to 3 weeks of silver 

and vancomycin was established for a 

chitosan/gelatin coating [3]. The high surface and 

large free volume of porous titanium facilitates 

high amount of bactericidal coating and/or gel. 
 

DISCUSSION & CONCLUSIONS:  

Combined strategies lead to adequate filling of 

bone defects using 3D porous additive 

manufacturing as well as the release of large 

amount of bactericidal drugs for a prolonged 

time period to adequately treat complex implant 

infections in a one-stage approach. Such 

strategies fulfill large clinical needs as the 

number of patients with implant associated 

infections patients having cumbersome bone 

defects is growing. 
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INTRODUCTION: To tackle antibiotic 

resistance, a promising goal is to develop novel 

materials with intrinsic antibacterial 

functionality and able to prevent biofilm 

formation. To this aim, we explore the design 

of different polymers, mimicking antimicrobial 

peptides and honey respectively. 

 

METHODS: AMP-MIMETIC 

POLYURETHANE (PUR) A liquid monomer 

was grafted from an amphiphilic printable 

polyurethane by heterophase polymerization. 

Next, the bis(trifluoromethanesulfonyl)imide 

anionic counter ions of the liquid monomer 

were mainly exchanged for hydrophilic 

bromide ions. Their characterization was 

conducted by 1H, 13C and 19F NMR, Dynamic 

light scattering and zeta-potential 

measurements and cryo-TEM. MIC and MBC 

were determined by the broth microdilution 

method. Safranin staining was used to quantify 

biofilm biomass. L929, HaCaT and THP-1 

were used for cytocompatibility evaluation by 

the multiplex assay.HONEY-LIKE 

HYDROGEL A hydrogel based on 

hyperbranched polyethylene diacrylate (HB 

PEGDA) and hyaluronic acid (HA-SH) was 

prepared by thiol-ene click chemistry. Glucose 

(G) and glucose oxidase (GO) were 

respectively added to HA-SH and HB PEGDA 

components. Rheological properties, water 

uptake and degradation of hydrogels were 

studied. Hydrogen peroxide (H2O2) release was 

measured and antimicrobial activity assessed. 

 

RESULTS: The AMP-mimetic PUR was 

successfully synthesised as demonstrated by 

NMR spectra. The Cryo-TEM images of AMP-

mimetic PUR aqueous solution, showed the 

formation of patchy colloidal particles, 

consisting of the self-organized mesophases 

formed by discrete nanodomains of charged 

ionic liquid moieties (fig.1). This polymer 

induces a rapid bactericidal effect on 

planktonic Gram-positive bacteria and it is able 

to prevent biofilm formation until 72 hours, and 

to disrupt Gram-positive mature biofilms with 

concentrations higher than 250 μg/mL against 

methicillin-sensitive S. aureus and MRSA, and 

above 31.25 μg/mL on Enterococcus faecalis 

and higher than 62.5 μg/mL in case of VRE. On 

L929 murine fibroblasts, HaCaT human 

keratinocytes and THP-1 monocyte-derived 

human macrophages, the cell viability was 

optimal in the presence of the lower 

concentrations that are active against bacteria. 

 
Fig. 1: Cryo-TEM image of AMP-mimetic PUR 

The honey-like hydrogel produced antibacterial 

reactive H2O2, through the two components 

found in honey: GO within HB PEGDA and G 

in HA-SH. The hydrogel was able to produce 

9.11 mmol H2O2 after 24 hours using 250 U/L 

GO and 2.5 % G. This amount caused a zone of 

inhibition as a measure of antibacterial activity 

against primarily gram-positive bacteria. 

 

DISCUSSION & CONCLUSIONS: The 

AMP-mimetic PUR shows a positive selectivity 

index on all skin cell populations tested, 

indicating that they have a higher selectivity 

towards bacteria over mammalian eukaryotic 

cells. Honey mimetic hydrogels have the 

potential to be used as in situ forming 

antibacterial wound dressings. 
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INTRODUCTION: During the implantation 

of a foreign body, the presence of bacterial 

cells enhance the susceptibility of the 

surrounding tissue to infection. During this 

process, host cells are also present. Depending 

on which type of cells colonizes the surface 

first, the implantation is more likely to result on 

a correct tissue integration or a chronic 

infection. It has been previously shown that the 

incubation of biomaterials with human cells 

before implantation (or cellular pre-

conditioning) can be an effective strategy to 

prevent bacterial adhesion and biofilm 

formation.[1] In this assay we explore the 

effects of combining cellular pre-conditioning 

with two dehydroabietic acid (DHA) 

derivatives that have been earlier shown to 

display anti-biofilm activity against 

Staphylococcus aureus [2] 

METHODS: Titanium coupons were 

incubated for 24 hours with human osteogenic 

sarcoma SaOS-2 cells (1x105 cells/mL). 

Following this incubation, two DHA 

derivatives were added (11 and 9b) at a final 

concentration of 50 µM. Rifampicin and 

penicillin were used as positive controls at the 

same concentration. Afterwards, the culture 

medium was replaced by a suspension of 104 

CFU/mL of S. aureus 25923 and 105 cells/mL 

of SaOS-2. A clinical strain of S. aureus was 

also tested (origin?).  After 24 h of incubation, 

the viability of the cells was assessed by 

luminometric quantification of ATP while the 

biofilm formation was measured by viable plate 

counts (drop plate method).  

RESULTS: All materials pre-conditioned with 

cells showed a decrease of the S. aureus 25923 

biofilm formation when compare with the un-

coated material. Those coupons treated with 

compound 11 showed an even higher inhibition 

of the S. aureus 25923 biofilm formation. 

Effect of 11 was not as potent against the 

clinical strain, but inhibitory activity was 

preserved. Compound 9b did not show a strong 

activity against any of the two strains. The 

viability of SaOS-2 was not diminished in any 

of these scenarios.  

 

Fig. 1: Workflow of the experimental setting. 
 

DISCUSSION & CONCLUSIONS: These 

findings show that pre-conditioning of 

biomaterials with mammalian cells could 

potentially represent a good strategy to prevent 

S. aureus infection. Such protective effect 

could be further enhanced by the inclusion of 

novel antimicrobials at the moment of 

implantation.  
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Principles of method standardisation 
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INTRODUCTION: Standard methods are an 

important tool in research. They enable for data 

comparison and communication between 

different laboratories1. They are useful for 

testing the efficacy of products such as novel 

medical devices or treatments for infections, 

provide convincing evidence to support clinical 

trials, and are necessary for regulatory approval 

of these products with agencies such as the US 

FDA and EMA. Additionally, the process of 

method standardization can help us better 

understand the limitations of a certain method, 

as well as the reproducibility of protocols used 

in individual laboratories. An inter-laboratory 

test or ring trial is required to verify the 

reproducibility of a standard test method2. 

MICROPLATE RING TRIAL: We 

performed a ring trial with 6 laboratories from 

the Print-aid consortia, to evaluate the 

reproducibility of 3 microplate-based biofilm 

assessment methods: crystal violet, resazurin 

and CFU counts. In this abstract we will be 

focusing on the CFU count method only. The 

experiments were divided into two main 

groups: control and treatment. Both experiment 

groups used a standard biofilm growth protocol 

developed for S. aureus ATCC 25923. 

Furthermore, standard test methods (STM) 

were developed for each assessment method. 

For control experiments participants performed 

the STM in parallel to their own in-house 

protocol. For treatment experiments, the 

participants only performed the STM, to 

evaluate the efficacy of sodium hypochlorite in 

killing S. aureus biofilms.  

RESULTS: Fig. 1 is an individual value plot of 

the CFU data collected by each lab for the 

control experiments (STM only). All the data 

has been transformed to the log scale. The data 

was further analysed with a mixed effects 

model using Minitab v.18. The overall mean ± 

SE log CFU/well was 7.77 ± 0.56. The standard 

deviation (SD) for the repeatability assessment 

(within lab variability) was 0.25 and the SD for 

the reproducibility assessment (among lab 

variability) was 1.38.  

Fig. 1: Individual value plot CFU count control 

experiments for STM protocol only. For each 

lab the data has been divided into the separate 

experimental days.  

The analysis showed that the amount of 

variability attributable to lab-to-lab sources was 

97%, day-to-day sources was 1.5% and well-to-

well sources was 1.7%. This means that while 

the repeatability of the method is quite robust, 

differences in climate, equipment and 

technician can affect its reproducibility.  

CONCLUSIONS: Standard methods have 

many useful applications in research, clinical 

and industrial laboratories. They provide useful 

information on the applicability of a method 

and its limitation. As our ring trial shows, we 

can assess the repeatability and reproducibility 

of a method and obtain more information on 

what factors are contributing to variance and 

how to improve on them.  
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INTRODUCTION: Staphylococcus aureus (S. 

aureus) is one of the most common pathogen in 

orthopaedic-associated infections. Total hip 

arthroplasties show infection rates of 0.5 to 1% 

and total knee arthoplasties of 1-4%. Fracture 

fixation devices have infection rates ranging 

from 5 to 10% for closed fractures and even 

higher rates up to 30% for open fractures1. 

These infections are not easy to diagnose and 

extremely difficult to treat due to the ability of 

pathogens in biofilm to resist the immune 

response and antibiotic treatment. Clinically, 

implant infections are prevented by antibiotic 

prophylaxis, the placement of antibiotic laden 

bone cements, and the use of minimally 

invasive surgical procedures2. However, 

conventional biomaterials such as bone cement 

are compatible with a limited number of 

antibiotics and they show poor antibiotic 

release profiles. It is therefore necessary to 

develop novel antimicrobial delivery strategies 

incorporated in the implant or as a coating to 

prevent infection. 

METHODS: In order to meet this requirement, 

a 3D printed dual gentamicin and rifampicin 

delivery system based on gelatin methacrylate 

(GelMA) hydrogels was developed as a 

biomaterial coating. GelMA hydrogels have 

been widely investigated as bone tissue 

regeneration scaffolds and for generation of 

bioartifical implants3. The antimicrobial release 

activity was evaluated in vitro against S. aureus 

RN4220, and against derived strains resistant to 

either gentamicin or rifampicin, or against a 

combination of both antibiotic resistant strains. 

RESULTS: The GelMA scaffold co-

delivering gentamicin and rifampicin was 

able to eradicate the mixture of S. aureus 

strains resistant to gentamicin and to 

rifampicin. Scanning electron microscopy 

confirmed the efficacy of the scaffold to 

prevent the bacterial attachment.  

  (1) 

 

 

 

 

 

 

Fig. 1:  Scanning electron microscopy pictures 

of the hydrogel scaffold unloaded with S. 

aureus attached forming a biofilm (left) and the 

hydrogel scaffold loaded with gentamicin and 

loaded (right). 

 

DISCUSSION & CONCLUSIONS: In 

conclusion, 3D printing GelMA scaffolds show 

promising in vitro results as an antimicrobial 

drug delivery system to prevent orthopedic 

implant infections. Moreover, 3D printing 

enables the design of a gradual and controlled 

antibiotic release system that can be tailored to 

different types of implants and geometries 

depending on the patients demand. 
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INTRODUCTION: Modifying the surface of 

orthopaedic implants with antimicrobial 

coatings is one of the most effective approaches 

to prevent implant-associated osteomyelitis 

(IAO). A high percentage of the IAO are 

related to biofilm formation by Staphylococcus 

aureus. Systemic administration of antibiotics 

has several disadvantages, including dangerous 

side effects. In the recent years, some studies 

have focused on the development of 

orthopaedic implants for the delivery of local 

antibiotics1,2. 

The aim of the study was the development of 

antimicrobial coating for prevention of IAO. A 

3D printing technology was applied to print a 

gentamicin and rifampicin loaded alginate 

hydrogels into microgrooves fabricated on the 

implant surface.    

METHODS: Microgrooves (10mm length, 

500um width, 300um height) in Ti-6Al-4V 

discs were fabricated with a milling machine. 

The samples were polished to a mirror finish 

and ultrasonically-cleaned in ethanol, acetone 

and distilled water. Then, the surface was 

activated by soaking in 5M NaOH at 80 C for 

24h and dried under stream of nitrogen. 

Silanization of the surface was performed 

immersing the oxidized Ti-6Al-4V samples in 

(3-glycidyloxypropyl) trimethoxysilane 

solution (10% in toluene) at 100 C for 24h. A 

solution of CaCl2 0.6M was homogeneously 

drop-based printed into the microgrooves using 

3D Discovery (RegenHu) printer. A solution of 

sodium alginate 1% and rifampicin 0.3% or 

gentamicin sulfate 0.3% was then printed into 

the microgrooves. The rifampicin or gentamicin 

loaded alginate hydrogels were formed. 

Additionally, a thin membrane of PLGA 

(poly(lactide-co-glycolide) acid) was 3D 

printed on the top of the microgrooves to 

control release of the drugs. The samples were 

sterilized by gamma radiation (25 kGy). The 

antimicrobial activity of the printed hybrid 

coating was tested in vitro by using a disc 

diffusion test and the Static Biofilm Method 

was used to test the prevention of biofilm 

formation. 

RESULTS: The microgrooves with rifampicin 

and gentamicin loaded alginate hydrogels were 

fabricated on Ti-6Al-4V discs (Fig.1). The 

theoretical drug loading in the microchannels is 

23 ug of rifampicin and 34 ug of gentamicin per 

sample. The microgrooves were covered with a 

membrane based on PLGA. The pore size of 

the PLGA membrane was optimized in order to 

obtain an optimal sustained drug release. The 

results from the disc diffusion test and the static 

biofilm method demonstrate that the developed 

hybrid coating prevents biofilm formation 

against S. aureus. 

a)  b)  

Fig. 1: Microgrooves on Ti-6Al-4V discs 

without (a) and with rifampicin loaded alginate 

hydrogel (b). 
 

DISCUSSION & CONCLUSIONS: The 

present study showed that 3D printing 

technology can be used to fabricate 

antimicrobial coatings for orthopaedic implants 

with a controlled drug release. The 

incorporation of the drugs into the 

microgrooves may avoid the loss of the 

antimicrobial coating during the implantation 

of the intramedullary nail. 
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INTRODUCTION: Periprosthetic joint 

infection (PJI) is recognised as one of the most 

common modes of failure of joint replacements. 

Osteomyelitis arising from PJI, so-called deep 

bone infection, is challenging to treat and 

difficult to cure. Failure to cure following the 

initial treatment is predictive of increased risk 

of failure of subsequent treatments due to the 

establishment of a chronic infection. 

Furthermore, PJI can manifest or go 

undiagnosed months, years or decades 

following primary surgery. Staphylococci are 

the most common pathogens detected in PJI 

and Staphylococcus aureus is the most 

frequently detected causative species. 

Osteocytes are the most numerous cell type in 

hard bone tissue and the most long-lived. These 

cells form a highly interconnected syncytium 

and perform an increasingly recognised large 

repertoire of functions related to bone and 

systemic physiology. Importantly, they have 

key controlling roles in bone turnover, 

controlling the differentiation and activity of 

bone resorbing osteoclasts and performing 

osteocytic osteolysis, important for the release 

of calcium for milk production during lactation. 

Evidence suggests that these physiologic 

mechanisms can become hijacked and 

contribute to pathologies including particle 

disease associated with periprosthetic 

osteolysis and aseptic loosening [1]. 

Our recent work has shown that S. aureus can 

infect human osteocytes without causing cell 

death, both experimentally and in bone samples 

from patients with PJI [2]. Osteocytes respond 

to infection by the differential regulation of a 

large number of genes related to altered 

functionality and immune activity. S. aureus, 

however, adapts during intracellular infection 

of osteocytes by adopting a quasi-dormant, 

small colony variant (SCV) phenotype, a 

property of many bacterial species known to 

cause PJI, which could contribute to persistent 

or silent infection. The work of others has 

documented S. aureus colonisation of the bony 

lacunocanalicular system [3]. The infection of 

the osteocyte niche potentially provides a long-

term reservoir for viable bacteria. Intracellular 

infections with dormant bacteria present 

challenges in treating these cases. Further 

elucidation of osteocyte infection in PJI will 

hopefully lead to improved disease detection 

and management. 
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INTRODUCTION: Staphylococcus aureus is 

an important human pathogen, with flexible 

metabolic and virulence programs that enable 

infection of nearly every organ system. One of 

the most common manifestations of S. aureus 

infection is osteomyelitis, where staphylococci 

invade, survive within, and trigger destruction 

of bone. Bone infections are notoriously 

refractory to treatment due to antimicrobial 

resistance and limited penetration of antibiotics 

into inflamed bone, thus defining osteomyelitis 

as a paradigmatic example of antimicrobial-

recalcitrant infection. Yet, the success of S. 

aureus as an agent of osteomyelitis is 

paradoxical when considering the tissue 

properties of bone, which include constant 

turnover by skeletal cells, intrinsic hypoxia, and 

a unique metabolic profile. The major 

objectives of this study were to 1) elucidate the 

bacterial genes and metabolic pathways that 

enable staphylococcal growth in bone, and 2) to 

determine how S. aureus alters osteoclast-

mediated bone resorption, which in turn could 

alter the nutrient milieu during invasive 

infection. 

 

METHODS: To elucidate staphylococcal 

genes necessary for growth within bone, we 

conducted transposon sequencing (TnSeq) in a 

murine model of osteomyelitis. Given that all 

microbes rely on central metabolism to procure 

the 13 essential intermediates that fuel cellular 

proliferation, we also took a targeted 

mutagenesis approach to identify key metabolic 

pathways that allow S. aureus to proliferate 

using nutrients found in bone. To determine 

how S. aureus might alter osteoclast-mediated 

bone resorption, thereby potentially liberating 

bacterial nutrients at the site of infection, we 

used both in vitro osteoclastogenesis assays and 

in vivo infection of mice deficient in host 

pathways that are involved in sensing microbial 

pathogens.  

 

RESULTS: TnSeq analysis of S. aureus 

osteomyelitis identified over 200 bacterial 

genes that contribute to survival in bone, 

including key virulence regulators, adhesins, 

and metabolic pathways. Many genes identified 

as critical for osteomyelitis were involved in 

bacterial central metabolism. To corroborate 

these TnSeq findings, we conducted additional 

mono-infections with various staphylococcal 

mutant strains deficient in key metabolic 

pathways and found that S. aureus is dependent 

on glycolysis and select amino acid 

biosynthesis pathways to grow in bone. We 

also discovered that in vitro, S. aureus triggers 

enhanced osteoclastogenesis of RANKL-

primed monocytic precursors. In vivo, this 

increased osteoclastogenesis translates to 

increased bone loss, which may further liberate 

nutrients for bacterial growth. Finally, we 

determined that host MyD88 and IL-1R 

signaling are critical for osteoclastogenesis 

induced by S. aureus infection.  

 

DISCUSSION & CONCLUSIONS: Taken 

together, these data define the bacterial 

pathways necessary for survival in bone during 

staphylococcal osteomyelitis. Moreover, these 

studies suggest that S. aureus stimulates 

enhanced bone resorption through MyD88 and 

IL-1R-dependent host signalling. Accordingly, 

bacterial nutrient utilization and bone 

remodeling are critical determinants of the 

host-pathogen outcome during osteomyelitis.  
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INTRODUCTION: Staphylococcus aureus 

accounts for the majority of chronic 

osteomyelitis, which is considered to be 

incurable due to biofilm bacteria persisting 

deep within cortical bone.1 Our original 

transmission electron microscopy (TEM) 

studies in a murine model of implant associated 

S. aureus osteomyelitis revealed deformed rod-

shaped bacteria propagating within the 

submicron channels of the osteocytic lacunar-

canalicular system. Recently, using epoxy 

embedded bone tissue and TEM imaging of the 

bone from a diabetic foot ulcer patient 

diagnosed with chronic S. aureus osteomyelitis, 

we identified bacteria deformation and 

propagation within osteocyte lacunae and their 

canaliculi.2 To determine the genomic diversity, 

we attempted laser capture microdissection 

(LCM) with amplification of the bacterial 16S 

sequence by PCR for identification, using 

paraformaldehyde fixed, decalcified paraffin 

embedded human bone tissue. Despite 

successful LCM capture, paraformaldehyde 

fixation produced fragmented DNA resulting in 

unsuccessful bacterial 16sRNA PCR 

sequencing. We now propose to utilize 

traditional immunolabeling procedures to 

confirm S. aureus within infected human bone 

tissue. Here we describe a method to combine 

Gram staining, immunohistochemistry (IHC) 

and immunoelectron microscopy (IEM) gold 

labeling on serial 5 µm paraffin sections. This 

combined technical approach will allow us to 

survey millimeters thick pieces of bone tissue 

to search for the presence of S. aureus within 

the osteocytic submicron canaliculi of cortical 

bone. 

METHODS: An anti-Staphylococcus aureus 

mouse monoclonal antibody (Abcam ab37644) 

was tested on a UAMS-1 bacterial pellet fixed 

one hour in 4.0% paraformaldehyde and 

embedded into LR White resin for gold-tagged 

IEM. Thin sections, 80 nm, were placed onto 

carbon/formvar 150 mesh nickel grids and 

blocked with 1% bovine serum albumin (BSA) 

in phosphate buffered saline (PBS). The 

sections, on grids, were incubated in 75 µl of 

primary antibody (AB) at a 1/20 dilution (10 

fold  

higher dilution of that required for light 

microscopy) for 2 hours at room temperature 

(RT).  Primary AB was recognized by a goat 

anti-mouse 12 nm gold-tagged secondary AB 

(Jackson ImmunoResearch Labs catalog #115-

205-146) for 1 hour at RT. The grids were 

rinsed and examined under the TEM using a 

digital camera (no counterstaining).  

  

Figure 1, left: TEM image of positive 12 nm 

gold tagged anti-S. aureus antibody labelling 

pepditoglycan of the external wall of bacteria, 

left: Negative control does not label (1% 

BSA/PBS substituted for primary AB) x 

50,000. 

 

DISCUSSION & CONCLUSIONS: We have 

successfully demonstrated IEM labelling of the 

UAMS-1 strain of S. aureus embedded in LR 

White resin. A Gram positive screened bone 

specimen’s, adjacent paraffin section, can now 

be evaluated using anti-S. aureus IHC. IEM on 

a second adjacent paraffin section would then 

be performed using a “pop-off” re-embedding 

technique and LR White resin 3. 
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INTRODUCTION: Treatment for chronic 

osteomyelitis (OM) requires debridement of the 

infected bone followed by the administration of 

systemic antibiotics [1]. Despite this combined 

approach, reoccurrence of OM is high and 

current local antibiotic-delivery devices such as 

antibiotic-impregnated polymeric beads are not 

ideal as they require a second procedure for 

removal and are not conducive to bone healing 

[2]. We have previously utilized a collagen-

hydroxyapatite scaffold with proven 

regenerative potential [3] to deliver an 

antibiotic in a dual-release manner, with an 

initial burst release of antibiotic to clear 

bacterial activity followed by a sustained, 

controlled release to prevent reoccurrence of 

infection [4]. Herein, we sought to compare the 

capacity of two antibiotic-eluting scaffolds 

(containing vancomycin or gentamicin) to 

eliminate infection and facilitate bone healing 

in a rabbit model of chronic OM. 
 

METHODS: Antibiotic-eluting collagen-

hydroxyapatite scaffolds containing either 

vancomycin (Vanc-scaff) or gentamicin (Gent-

scaff) were fabricated by lyophilization. The 

radii of New Zealand White rabbits were 

inoculated with 8.5 x 105 CFUs of 

Staphylococcus aureus JAR. At 4 weeks, the 

infected area was debrided (6 mm) and either 

left empty, or treated with a commercially 

available gentamicin fleece (Septocoll E®), a 

Vanc-scaff or a Gent-scaff (n=9). Animals were 

euthanized at 12 weeks. All animals received 

systemic antibiotics (Cefazolin 25 mg/kg b.d. 

SC) between weeks 4 and 8. Quantitative 

bacteriology was performed to assess infection 

and computed tomography (CT) scans were 

carried out to assess bone healing. Statistical 

comparisons were performed using ANOVA. 

Significance was accepted at p<0.05. 
 

RESULTS: Comparable levels of bacteria 

were found in tissues harvested from all groups 

at 4 weeks. At 12 weeks, 6/6 animals treated 

with the Gent-scaff were found to be infection-

free, compared to 4/6 animals that were treated 

with the Vanc-scaff or Septocoll E, and 1/6 

animals where defects were left empty (Fig 

1A).  CT evaluations demonstrated a 

significantly higher bone volume in both Vanc-

scaff and Gent-scaff groups at 8 weeks 

compared to 4 weeks, and at 12 weeks 

compared to 8 weeks, highlighting the capacity 

of antibiotic-eluting scaffolds to facilitate bone 

healing in this model (Fig. 1B). 

 
Fig. 1. A) Bacteriology at 12 weeks. B) Bone 

volume (BV)/ total volume (TV). Significance; a 

vs. 4 weeks, b vs 8 weeks, c vs Gent-scaff. 
 

DISCUSSION & CONCLUSIONS: This 

work has demonstrated the capacity of an 

antibiotic-eluting scaffold to treat infection and 

facilitate bone tissue regeneration in a rabbit 

model of OM. These antibiotic-eluting 

scaffolds may prove to be a powerful tool in the 

fight against chronic OM, as they can be 

implanted into an infected bone defect left void 

following debridement to aid in bacterial 

clearance. Furthermore, since the scaffolds are 

biodegradable and facilitate bone healing, they 

do not require a second procedure for removal, 

thereby reducing hospital times and costs.  
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INTRODUCTION: Infectious arthritis is a 

challenging condition that can lead to persistent 

infection leading to euthanasia or to 

degenerative joint disease in horses that 

survive. Our group has recently shown that 

several arthrotropic pathogens, including S. 

aureus, aggregate within equine synovial fluid 

(SynF) to form free-floating biofilms. These 

aggregates are difficult to eradicate and show 

antimicrobial recalcitrance. Herein, we report 

our findings when using PRP-L and amikacin 

in an equine S. aureus infectious arthritis 

model. METHODS: Concentrated pooled 

PRP-L was generated from 8 healthy donor 

horses and processed to remove the anionic 

fraction. 12 horses with normal physical 

examinations, bloodwork, and tarsocrural (TC) 

radiographs were randomly allocated into 

treatment or control groups.  On day 0, S. 

aureus at 1x106 CFU in 1mL sterile saline was 

introduced via intra-articular injection into one 

randomly assigned TC joint. Twenty-four hours 

post-infection, horses were treated with PRP-L 

(5mL) and 500mg amikacin (treatment; n=6) or 

500mg of amikacin and sterile saline (5mL) 

(control; n=6) daily for 7 days. All horses 

received systemic antimicrobials (potassium 

penicillin and gentamicin) for 10 days post-

infection as well as phenylbutazone for the 

duration of the study. Physical examinations 

were performed daily and pain scores based on 

lameness, hock swelling, distal limb swelling, 

pain to palpation, and presence of heat were 

calculated at days 0-7, 14 and 21. Blood was 

collected on days 0-7, 14, and 21 for complete 

blood count, fibrinogen, D-Dimer and serum 

amyloid A (SAA) analyses. SynF was collected 

on the same days for total protein (TP), total 

nucleated cell count (TNCC), cellular 

differential, and bacterial load determination, 

as well as biomarker analysis. Standing digital 

orthogonal radiographs were performed on day 

21. At end-term, horses were euthanized, and 

synovium and cartilage samples were collected 

for histopathology and tissue bacterial load 

determination in the infected TC joint.  Data 

were analyzed with ANCOVA, with horse as a 

covariate, when normally distributed or with 

Wilcoxon Signed Rank Test when not normally 

distributed. RESULTS: All horses completed 

the study. TC joint sepsis was clinically evident 

in all horses following inoculation with S. 

aureus and SynF TNCC increased from a mean 

of 133±77 cells/µL on day 0 to a mean of 

38,989±13,276 cells/µL on day 1. Horses 

treated with PRP-L had lower pain scores at 

days 4-7, 14, and 21 (p<0.003). Systemic 

fibrinogen was significantly lower in PRP-L 

treated horses at days 6 and 7 (p<0.0003) as 

was D-dimer concentration at days 3-7, 14 and 

21 (p<0.001). SAA concentrations were not 

significantly different between the two groups.  

Although no differences in SynF TNCC or TP 

were appreciated between treated and control 

horses, PRP-L treated horses had a lower 

percentage of neutrophils (p<0.02) and higher 

percentage of mononuclear cells (p<0.01) at 

day 7. Additionally, SynF from PRP-L treated 

horses had lower concentrations of IL-18 

(p<0.001), IL-4 (p<0.0008), IL-5 (p<0.02), IL-8 

(p<0.03), and G-CSF (p<0.05) from days 2-7; 

lower concentrations of MCP-1 (p<0.03) and 

IL-1β (p<0.02) from days 4-7; and lower 

concentrations of IFNγ (p<0.02) from days 6-7.  

No differences in concentrations of TNF-α or 

IL-6 were appreciated. Importantly, PRP-L 

treated horses had significantly lower 

concentrations of bacteria in SynF at days 3-7 

(p<0.006) and significantly less bacteria within 

the synovial tissue at end-term (2.06±4.86 

CFU/g tissue) compared to horses treated with 

amikacin alone (80.95±58.77 CFU/g tissue) 

(p<0.009). DISCUSSION: We recently 

showed PRP-L treatment to increase 

synoviocyte proliferation and hyaluronic acid 

production while protecting chondrocytes from 

inflammatory mediators. PRP-L preparations 

are acellular, thereby reducing concerns over 

immunogenicity; they contain high 

concentrations of growth factors and cytokines. 

Although acellular in nature, removal of 

immunoglobulins and major histocompatibility 

complex (MHC) fragments must be confirmed. 

This study is clinically significant since PRP-L 

with its antimicrobial properties  may represent 

a useful adjunct strategy against septic arthritis. 
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ADDITIVELY MANUFACTURED BONE IMPLANTS TO PREVENT 

IMPLANT-ASSOCIATED INFECTION 
I.A.J. van Hengel1, N.E. Putra1, M.W.A.M. Tierolf1, M.B. Minneboo1, A.C. Fluit2, H.H. Weinans3, S. 

Amin Yavari3, L.E. Fratila-Apachitei1, I. Apachitei1, A.A. Zadpoor1 

1Department of Biomechanical Engineering, Delft University of Technology, Delft, NL,           
2Department of Medical Microbiology, University Medical Centre Utrecht, Utrecht, NL, 

3Department of Orthopaedics, University Medical Centre Utrecht, Utrecht, NL 
 

INTRODUCTION: Additive manufacturing 

facilitates the production of highly porous and 

customised implants that closely mimic the 

mechanical properties of native bone tissue. 

Although the use of these implants is expected 

to improve osseointegration and thereby the 

life-span of the implant, these porous implants 

are prone to infection. In order to prevent future 

implant infections, the surface of these implants 

needs to be modified such that bacteria cannot 

attach while bony ingrowth is stimulated. 

Therefore, we have incorporated antibacterial 

metallic nanoparticles (NPs) into the surface of 

multifunctional titanium bone implants through 

a combination of rational design, selective laser 

melting (SLM) and plasma electrolytic 

oxidation (PEO). 

METHODS: Highly porous titanium implants 

were additively manufactured from medical 

grade Ti-6Al-4V powder by SLM resulting in 

porous implants with a 4 times enhanced 

surface area compared to solid implants. 

Thereafter, the implant surface was 

biofunctionalised by PEO using an electrolyte 

consisting of Ag, Cu and/or Zn NPs, and Ca/P 

species. Following PEO treatment, the implant 

surface morphology was analysed by scanning 

electron microscopy, chemical composition by 

energy dispersive X-ray spectroscopy, phase 

composition by X-ray diffraction and ion 

release kinetics by inductively coupled plasma 

optical emission spectroscopy. Antibacterial 

testing was performed against methicillin-

resistant Staphylococcus aureus (MRSA), a 

pathogen commonly involved in implant-

associated infection. We determined the 

antibacterial leaching activity in a Kirby-Bauer 

assay and quantified bactericidal activity in 

vitro as well as in a femoral ex vivo murine 

infection model. Subsequently, the cytotoxicity 

of the implants to murine pre-osteoblast cells 

(MC3T3-E1) was determined through 

metabolic assays and SEM imaging.                                                    

RESULTS: PEO treatment of the porous 

titanium implants resulted in a micro/nano-

porous TiO2 surface layer containing 

immobilised NPs that generated the release of 

Ag, Cu and/or Zn ions for at least 28 days. The 

biofunctionalised implants containing AgNPs 

demonstrated strong antibacterial leaching 

activity (Fig.1) and prevented biofilm 

formation both in vitro (Fig.2) and ex vivo. 

Furthermore, synergistic antibacterial activity 

was observed between Ag and Cu or Zn ions in 

a micro-dilution assay. The biofunctionalised 

surfaces did not induce cytotoxic effects to the 

MC3T3-E1 cells. 

 

Fig. 1: Antibacterial inhibition zones around 

PEO treated (PT) implants with Ag, Cu and/or 

Zn NPs after 24 h incubation with MRSA 

USA300. Scale bar = 1 cm. 

 
Fig. 2: Biofilm formation on non-treated  

implants (left) and PT-Ag implants (right) after 

48 h. Scale bar = 5 µm. 
 

DISCUSSION & CONCLUSIONS: Implant 

biofunctionalisation by PEO with Ag, Cu 

and/or Zn NPs resulted in potent bactericidal 

properties in vitro and ex vivo. Combining Ag 

with Cu or Zn ions resulted in synergistic 

antimicrobial activity in vitro. Altogether, the 

biofunctionalised porous titanium implants 

presented here are suitable candidates for 

further preclinical development to prevent 

implant-associated infection and improve 

implant longevity. 
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3D additive manufactured scaffolds with antimicrobial activity for bone 

tissue regeneration 

M. Cámara-Torres1, S. Duarte1, R. Sinha1, M. Bastianini2, M. Sisani2, M. Scatto3, A. 

Egizabal4, A. Patelli5, C. Mota1, L. Moroni1 
1MERLN Institute for Technology-Inspired Regenerative Medicine, Maastricht University, 

Maastricht, The Netherlands, 2 Prolabin & Tefarm S.r.l., Perugia, Italy, 3Nadir S.r.l., Mestre, 

Italy, 4Fundación Tecnalia Research and Innovation, Health Division, Donostia-San 

Sebastián, Spain, 5Department of Physics and Astronomy, Padova University, Padova, Italy. 
 

INTRODUCTION: Scaffolds with drug 

release properties to locally prevent infections 

during healing are great candidates for bone 

tissue regeneration. Here, we report the 

additive manufacturing (AM) of polymeric 

scaffolds containing the inorganic lamellar 

fillers LDH (MgAl-based layered double 

hydroxides) and ZrP, with intercalated 

antibiotics (ciprofloxacin (CFX) and 

gentamicin (GTM), respectively). The 

incorporation of these inorganic fillers enables 

to achieve local controlled release of the 

antibiotics, unlike most current delivery 

systems, in which the drug is directly dispersed 

within the material. Advantageously, the 

lamellar filler also provides thermal shield 

protection to the antibiotics during printing 

ensuring the release of functional drugs.   

 

METHODS: Composites of the copolymer 

PEOT/PBT with different filler-antibiotic 

concentrations (5, 10, 20 wt%) were used to 

fabricate 3D scaffolds using a melt extrusion-

based AM technique (pores xy = 500 µm, pores 

z = 250 µm). The filler distribution within the 

resulting LDH/CFX and ZrP/GTM based 

scaffolds’ fibers was evaluated using SEM. The 

antibiotic release kinetics as well as the 

antimicrobial activity of the scaffolds against 

Gram + and Gram – bacteria was assessed at 

different time points up to one month. 

Ultimately, human mesenchymal stromal cells 

(hMSCs) were seeded onto scaffolds and 

cultured for 5 to 7 weeks in mineralization 

media to evaluate their osteogenic potential on 

the materials. DNA content and alkaline 

phosphatase (ALP) activity of hMSCs were 

quantified at different time points. Alizarin red 

staining was assessed at the end of the culture 

period. 

RESULTS and DISCUSSION: Release 

studies confirmed a filler concentration 

dependent release profile in both LDH/CFX 

and ZrP/GTM based scaffolds. Moreover, 

LDH-CFX based scaffolds showed a sustained 

release profile until the end of the study (1 

month), while ZrP/GTM containing scaffolds 

exhibited a burst release of around 10% of the 

total GTM during the first 72h. Importantly, 

owed to their intercalation into the fillers, the 

activity of the antibiotics was preserved after 

the processing steps, as verified by the 

antimicrobial analysis. More specifically, CFX- 

and GTM-based scaffolds showed a 

concentration dependent activity against S. 

epidermidis and P. aeruginosa, respectively. 

Interestingly, hMSCs demonstrated optimum 

viability in scaffolds with all filler-antibiotic 

concentrations. ALP activity measurements 

illustrated a gradual decrease in ALP 

production over the course of the culture in all 

scaffolds, suggesting the bone matrix 

maturation over time. Matrix mineralization 

was observed after 5 or 7 weeks of culture in 

mineralization media, for all concentrations 

ZrP/GTM scaffolds and for 5 and 10 % 

LDH/CFX scaffolds, respectively. This 

suggests that filler-antibiotics incorporation 

does not affect bone tissue formation. 

 

CONCLUSIONS: A novel type of 3D AM 

scaffolds loaded with antibiotics based on filler 

intercalation was introduced for the first time. 

The unique mechanism of loading allowed a 

sustained release of active antibiotics during 

relevant culture time providing bone matrix 

mineralization and maturation in the scaffolds 

holding a great potential for bone tissue 

regeneration applications and orthopaedic 

infections prevention. 
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IMMUNE CONTROL OF STAPHYLOCOCCUS AUREUS  

IN THE POST-GENOMIC ERA 

Barbara M. Bröker 

Department of Immunology, University Medicine Greifswald, Germany 
 

INTRODUCTION: Staphylococcus aureus is 

a dangerous pathogen, a leading cause of 

bacterial infection in hospitals and in the 

community world-wide. The micro-organism is 

a prominent example of the crisis of antibiotic 

resistance, one of the major threats to health in 

the 21st century. At the same time, S. aureus is 

a fascinating model organism for the study of 

host-pathogen interaction. Each of us is 

exposed to the bacteria, often within the first 

hours of life. The encounters with the versatile 

micro-organism are multi-facetted ranging from 

symptomless colonisation through mild skin 

infections to life threatening disease. S. aureus 

is also a leading cause of bone and joint 

implant infections. Despite extensive efforts 

there is no effective anti-S. aureus vaccine. 

METHODS: The post-genomic era of 

S. aureus began in 2001 when the first genome 

sequences of two reference strains (N315, 

Mu50) were published (1). The presence of 

various mobile genetic elements, including new 

resistance and pathogenicity islands, revealed 

that S. aureus has a high potential to acquire 

genes by lateral transfer. Thus, its genome is 

not a static structure but highly dynamic. 

Currently, hundreds of complete S. aureus 

genomes are listed in NCBI’s Genome Projects 

Reports. On average, the complete genomes 

possess around 2600 genes. Knowledge about 

the S. aureus genomes now enables the 

comprehensive analysis of the bacterial gene 

expression profiles during adaptation to 

different niches in host and environment, 

further, the characterisation of its entire prote-

ome, including post-translational modifications. 

Genomics is also the basis for immuno-

proteomics, a strategy to obtain panoramic 

views of the host antibody response to exposure 

to S. aureus at unprecedented resolution and 

completeness. 
  

RESULTS: Human adults have serum 

antibodies directed against a broad spectrum of 

S. aureus antigens. This antibody response to 

S. aureus is antigen-driven in health and 

disease. It is highly personal in terms of both 

the patterns and the intensity of antigen 

binding. 

Moreover, in healthy adults, there is a strong T 

cells memory response with high frequencies of 

T cells being activated by single S. aureus 

antigens. When exposed to S. aureus antigens, 

these T cells release predominantly but not 

solely Th1/Th17 cytokines.  

Robust immune memory of S. aureus – 

reflected by strong serum IgG antibody binding 

to S. aureus antigens – is associated with 

clinical protection from severe disease.  

Some S. aureus antigens, e.g., the serine 

protease-like proteins (Spls A-F), elicit a Th2 

biased immune response in a subgroup of 

healthy individuals as well as in asthmatics. In 

mice SplD causes allergic lung inflammation 

upon intra-tracheal application.  

 

DISCUSSION & CONCLUSIONS: In the 

post-genomic era, the multi-facetted interplay 

between S. aureus and its human host can be 

analysed in unprecedented detail and 

completeness. The results demonstrate that 

maintaining equilibrium with S. aureus causes 

high costs for the immune system. S. aureus has 

multiple ways to manipulate the system to its 

advantage, among them the induction of type 2 

(allergic) inflammation as a means of immune 

escape. 
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Clinical perspective of chronic –recurring staphylococcal infections 

A. S. Zinkernagel1 
 

1 Division of Infectious Diseases and Hospital Epidemiology, University Hospital Zurich, University of Zurich, Zurich, Switzerland 

        

INTRODUCTION: Staphylococcus aureus is 

one of the major causes of both community-

associated and health care-associated 

infections. S. aureus is a Gram-positive 

bacterium able to cause infections ranging from 

superficial wound infections, to deep-seated 

infection including osteomyelitis, endocarditis 

and abscesses. At least 30% of healthy 

individuals are colonized with S. aureus and 

colonization has been shown to predispose to 

systemic infections. Chronic and recurrent S. 

aureus infections require prolonged treatment 

of several weeks to months resulting in 

increased morbidity due to secondary infections 

by other pathogens such as Clostridium difficile 

and fungal infections as well as nausea and 

weight loss. Thus recurrent and chronic 

infections remain an unsolved clinical problem 

despite the availability of antibiotics to which 

the bacteria are tested susceptible. Bacteria 

isolated from recurrent or chronic infections 

may be in a dormant, non-growing state, 

tolerate antibiotic challenges and are capable of 

resuming growth. These bacteria are called 

persisters. Thus despite the availability of 

effective antibiotics to which the pathogenic 

bacterium was found to be susceptible, the 

bacterial infections may not be treatable with 

antibiotics alone and often surgery is required.  

MATERIALS & RESULTS: Using bacterial 

strains obtained from patients with chronic 

recurring infections we assessed phenotypic 

and genetic characteristics.  

We found a heterogeneous bacterial population 

in S.aureus infections. This heterogeneity was 

due to differences in growth initiation as 

measured by increased lag times and so far 

described as small colony variants (SCVs). We 

further provide evidence that persisters can 

manifest as SCV.  

Further we showed in-host evolution of 

Staphylococcus epidermidis in a patient with  

pacemaker-associated endocarditis.  The strains 

isolated later during the infection and under 

treatment with antibiotics displayed decreased 

growth rates, increased lag times and increased 

biofilm formation. This resulted in increased 

antibiotic tolerance.  

 

CONCLUSIONS: The keynote lecture will 

highlight problems encountered in diagnosing 

and treating chronic – recurring staphylococcal 

infections and will discuss important 

pathophysiological aspects. 
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Anti-staphylococcal antibodies from circulating plasmablasts can diagnose 

and differentiate various S. aureus orthopaedic infections 
Gowrishankar Muthukrishnan, PhD1; James D. Brodell Jr.1; Charles C. Lee1; Christopher A. Beck, PhD2; 

Cheryl Ackert-Bicknell, PhD1; John L. Daiss, PhD1; Edward M. Schwarz, PhD1 
1Center for Musculoskeletal Research, 2Department of Biostatistics and Computational Biology, University of Rochester 
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INTRODUCTION: Deep infections such as 

Staphylococcus aureus osteomyelitis present a 

diagnostic dilemma as patients typically present 

with non-specific symptoms such as fever, pain, 

and swelling of the joint. Existing diagnostic 

technologies are neither sensitive nor pathogen-

specific. Antibody measurements from a 

population of newly activated, pathogen-

specific plasmablasts1, which emerge into the 

bloodstream during an active infection can be 

immensely useful in diagnosing infections. We 

have developed an antibody-based multiplex 

immunoassay that has shown promise for the 

diagnosis and tracking of S. aureus orthopaedic 

infections2,3. In this study, we hypothesized that 

anti-S. aureus antibodies secreted by circulating 

plasmablasts can be utilized to reliably 

diagnose and differentiate multiple classes of 

ongoing S. aureus orthopaedic infections.   

METHODS: Patient Enrollment: The current 

study was approved by the University of 

Rochester research subjects review board 

RSRB# 00046924, 00057719). The study 

involved a total of 153 patients with 63 patients 

presenting with culture-confirmed S. aureus 

orthopaedic infections, 38 patients with non-S. 

aureus infections and 52 controls with no 

reported infections. Among the 101 infected 

patients, 19 patients presented with prosthetic 

joint infections (PJI), 19 with infection after 

fracture fixation (IAFF), 7 with septic arthritis 

(SEP), 34 with diabetic foot infections (DFI) 

and 22 with skin and soft tissue infections 

(SSTIs). Luminex Immunoassay: Peripheral 

blood mononuclear cells from whole blood 

were isolated and cultured to produce medium 

enriched for newly synthesized anti-S. aureus 

antibodies (MENSA). Anti-S. aureus IgG levels 

in MENSA were measured using our multiplex 

Luminexassay2,3. Statistical Analysis: Antibody 

measurements from MENSA were assessed for 

predictive ability to discriminate infection 

status and type of S. aureus orthopaedic 

infections using receiver operating 

characteristic (ROC) curve analysis, with 

overall accuracy summarized by the area under 

the ROC curve (AUC). 

RESULTS: Comparison of ongoing IgG 

responses in MENSA among patients with S. 

aureus orthopaedic infections revealed that 

certain antigens are better predictors of ongoing 

infections (Figure 1). Interestingly, multivariate 

analyses markedly improved diagnostic 

prediction (AUC >0.85). Most importantly, 

MENSA anti-S. aureus IgG responses were 

able to discriminate the various classes of 

orthopaedic infections (Figure 2). 
Figure 1: Diagnostic potential of anti-S. 

aureus IgG titers for detection of 

ongoing S. aureus orthopaedic 

infections. Luminex data was used to 

perform receiver operating 

characteristic (ROC) curve analysis 

for all 16 antigens to identify their 

diagnostic potential. The resulting 

ROC curves are represented here 

rank ordered from lowest to highest 

AUC in MENSA (*p<0.05, 

**p<0.01, ***p<0.001, 

****p<0.0001). 

 

Figure 2: Anti-S. aureus 

antibody IgG titers in 

MENSA reliably 

discriminates various classes 

of S. aureus orthopaedic 

infections. AUC heatmap 

illustrating MENSA antibody 

levels’ predictive ability to 

discriminate PJI vs. IAFF vs. 

SEP vs. DFI vs. SSTI 

S. aureus infections. 

 

DISCUSSION & CONCLUSIONS: A key 

strength of our diagnostic approach is  the 

quantification of newly-synthesized antibodies 

against an offending pathogen. In this study, we 

demonstrated that our MENSA-based 

immunoassay can diagnose and differentiate 

various classes of S. aureus orthopaedic 

infections. 
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BACTERIAL AGGREGATION IN EQUINE SYNOVIAL FLUID SHOWS 

SIMILARITIES TO TRADITIONAL BIOFILMS AND INCREASED 

ANTIMICROBIAL RECALCITRANCE IN VITRO 
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INTRODUCTION: Bacterial colonization of 

synovial structures can cause infections that are 

difficult to treat complicating veterinary and 

human clinical practice. It has recently been 

shown that antimicrobial recalcitrance in 

synovial fluid (SynF) could be due to bacterial 

clumping or aggregation leading to the 

formation of free-floating biofilms (Dastgheyb 

et al., 2015; Perez and Patel 2015).  Herein, we 

describe ex vivo equine and porcine models for 

the study of bacterial aggregate formation and 

antimicrobial tolerance. The objective of this 

study was to investigate how in vitro microbial-

SynF interactions limit antimicrobial activity. 

Specifically, using clinically normal equine, 

human and porcine SynF, we first investigated 

whether bacterial aggregate formation would 

occur similarly across species. Next, we asked 

if aggregate formation would also be observed 

with non-Staphylococcal species, i.e. E. coli, S. 

zooepidemicus and P. aeruginosa. We then 

asked if aggregate formation in SynF leads to 

antimicrobial tolerance as a function of 

antimicrobial class, bacterial species and SynF 

source. Finally, we asked if enzymatic dispersal 

of aggregates could restore antimicrobial 

activity. METHODS: SynF was aseptically 

collected from six healthy horses or pigs 

euthanized at our clinic for reasons other than 

orthopedic disease. Human SynF was 

commercially acquired from a single source 

donor free of joint disease. Several isolates 

from clinical infectious arthritis cases were 

collected: Staphylococcus aureus, 

Streptococcus zooepidemicus, Enterococcus 

faecalis, Pseudomonas aeruginosa, and 

Escherichia coli and inoculated into SynF.  The 

infected SynF was incubated overnight on a 

shaker at 37°C. The ultrastructural architecture 

of the bacterial aggregates was studied using 

scanning electron microscopy (SEM) and 

multiphoton confocal microscopy using wheat 

germ agglutinin (blue)/FilmTracer (red) to stain 

sugar/protein within the extracellular matrix 

and a nucleic acid stain (Syto 9) for the 

bacterial component.  For antimicrobial testing, 

each bacterium had antimicrobial susceptibility 

testing performed to evaluate the minimum 

inhibitory concentration (MIC) of Amikacin.  

SynF was inoculated with each bacterium at 

1x106 CFU/mL and incubated for overnight to 

allow bacterial clumping.  The bacteria were 

subsequently treated with 1x, 10x and 100x 

MIC of Amikacin for 24 hours.  Bacteria were 

also with proteinase K (200µg/mL), trypsin 

(200µg/mL), endopeptidase (200µg/mL), 

DNase (500µg/mL), collagenase type II 

(750µg/mL), collagenase type IV (750µg/mL), 

dispase (500µg/mL), Dispersin B® 

(100µg/mL), acetylcysteine (8mg/mL), and 

tissue plasminogen activator (TPA) (1mg/mL) 

for 1 hour prior to addition of Amikacin.  

Bacterial load after 24 hours of treatment was 

determined with serial dilutions and colony 

plate counting.  RESULTS: We observed S. 

aureus and other bacterial pathogens adapting a 

same aggregate phenotype in both equine and 

porcine SynF comparable to that observed in 

human SynF. Compared to bacteria grown as a 

single cell or planktonic phenotype, aggregated 

bacteria demonstrated significant antimicrobial 

tolerance.  Each clinical isolate was able to be 

eradicated when grown in tryptic soy broth 

(TSB) but had a negligible decrease in CFU/mL 

in SynF treated with Amikacin even at 

concentration 100x MIC.  Collagenase (type 

IV), acetylcysteine and TPA significantly 

dispersed bacterial aggregates to a similar 

degree as proteinase K followed by restoration 

of antimicrobial efficacy with Amikacin. 

DISCUSSION & CONCLUSIONS: 

Restoration of bacterial sensitivity requires 

dissolution of the proteinaceous matrix of the 

bacterial aggregate. Future studies investigating 

the interaction of bacterial cell surface proteins 

with host SynF proteins are necessary to 

identify novel drug targets and can be readily 

carried out in equine or porcine in vivo models.  
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MIMICKING THE BONE MARROW IN HEALTH AND DISEASE: 3D 

IN VITRO MODELS TO UNRAVEL THE TRIANGLE INTERACTION 

OF HOST, BACTERIA AND IMPLANT MATERIAL IN 

OSTEOMYELITIS 
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INTRODUCTION: Biofilm formation is the 

crucial factor in many chronic bacterial 

infections including implant-associated 

osteomyelitis, a persistent bacterial infection of 

the bone which occurs in many implant 

patients. Bacteria grown in biofilms are 

imbedded in a slimy, self-produced polymeric 

matrix composed of polysaccharides, nucleic 

acids, lipids and proteins. Once established, 

these sessile communities are protected from 

the host immune response and are difficult to 

eradicate due to their high inherent resistance 

against antibiotic agents. During implant 

associated-osteomyelitis, a persistent biofilm is 

formed on endoprostheses or on osteosynthesis 

materials such as screws, plates, or nails, 

causing inflammation and damage to the 

surrounding tissue and could result in 

functional impairments or entire loss of the 

extremity. However, bone function includes not 

only skeletal integrity but also blood formation. 

Every day billions of new blood cells are 

produced from hematopoietic stem cells which 

reside in the bone marrow.  

Despite the increasing incidence of 

osteomyelitis in aging western societies, 

surprisingly little is known on the triangle 

interaction between implant material, bacteria 

and host cells during this disease. Particularly 

how the blood-forming system in the bone 

marrow is influenced by the nearby infection 

and the associated inflammatory milieu is 

largely unknown.  

METHODS: A 3D in vitro model combining 

clinically relevant bacteria, implant material 

and primary human host cells was developed. 

With the help of cell and molecular biological 

methods we investigated the mutual 

interactions of bacteria, host cells and implant 

material. 

RESULTS: Combining a 3D analogue of the 

human bone marrow with biofilm contaminated 

implant materials allowed us to study (1) the 

influence of the implant material on different 

bacteria strains, (2) the interaction of bacteria 

with different host cells (hematopoietic stem 

and progenitor cells (HSPCs) and mesenchymal 

stem/stromal cells (MSCs)), (3) the effect of 

the bacterial growth form (biofilm versus 

planktonic state) in the model, and (4) the 

effect of the 3D environment on the crosstalk of 

bacteria and host cells. We found that all 

studied parameters affected the interaction of 

eukaryotic and prokaryotic cells. Thus implant 

material, bacterial strain selection, growth form 

of the bacteria and the biomimetic host tissue 

including the 3D architecture and human host 

cells, should be carefully considered and 

selected when developing in vitro models of 

implant-associated infections. 

DISCUSSION & CONCLUSIONS: By 

reducing the complex in vivo situation to the 

most important factors, we were able to define 

the crucial parameters for a minimal but 

relevant in vitro model of implant-associated 

osteomyelitis.  
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Foundation (BioMatS-14) and by the young 

investigator network (YIN) of the KIT. The 

macroporous scaffold and its usage for cell 

cultivation is registered for patent approval 

(DE102017006372.6). 

REFERENCES: Raic et al (2018). Biomimetic 

3D in vitro model of biofilm triggered 

osteomyelitis for investigating hematopoiesis 

during bone marrow infections. Acta 

Biomaterialia. 73: 250-262. 
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Immune Stimulating Biomaterials for Orthopedic Infection 

S Zhang, B Li 

Department of Orthopedics, School of Medicine, West Virginia University 

Morgantown, WV 26506, USA 

INTRODUCTION: There has been a dramatic 

increase of antibiotic-resistant bacterial strains, 

which have been making our drug choices for 

infection control increasingly limited and more 

expensive. According to the Centers for 

Disease Control and Prevention (CDC), in the 

U.S. alone, antibiotic resistant bacteria cause at 

least 2 million infections and 23,000 deaths a 

year and $55‐70 billion per year in economic 

impact. Meanwhile, it is known that trauma 

(e.g. open fractures) and major burns lead to 

decreased resistance to infection  

(“immunosuppression”) and thereby have high 

infection rates. Here we present the engineering 

of biomaterials with interleukin 12p70 (IL-12) 

and other cytokines to tune the immune 

responses locally against open fracture 

associated infections. 

METHODS: IL-12 nanocoatings and 

microcapsules were prepared using electrostatic 

layer-by-layer self-assembly. Poly(L-lysine) or 

PLL, poly(L-glutamic acid) or PLGA, and 

bovine serum albumin (BSA) were used to 

prepare the coatings (Fig. 1a), and the release 

properties and stabilities of the nanocoatings 

were examined. Next, an open femur fracture 

infection model was created using Sprague-

Dawley rats. The rats’ femurs were fractured, 

inoculated with 100 L 102 colony-forming unit 

(CFU/0.1mL) Staphylococcus aureus, left open 

for one hour, mimicking the “golden hour” of 

trauma patients, and then fixed with a stainless 

steel Kirschner wire (K-wire) with or without 

IL-12 nanocoatings. Animals were euthanized 

and samples of blood, bone, and K-wires were 

collected for analysis. 

RESULTS: IL-12 nanocoatings were prepared 

on orthopedic implant models (e.g. K-wires and 

stainless steel sheets). The loading and release 

of IL-12 from polypeptide nanocoatings were 

tuned and a sustained release of IL-12 for 

approximately 10 days (Fig. 1b) was achieved 

by controlling the self-assembly process. 

Polypeptide microcapsules were also prepared 

and loaded with IL-12. Our in vivo studies 

showed that IL-12 nanocoatings and  

microcapsules reduced open fracture associated 

infection and were advantageous compared to 

systemic or percutaneous injections of IL-12. 

Fig. 1: (a) Immunoengineered biomaterials and 

(b) controlled release of IL-12 for 

approximately 10 days. 

DISCUSSION & CONCLUSIONS: Trauma 

like open fractures have been reported to result 

in diminished production of IL-12, reduced type 

1 helper T (Th1) responses, and decreased 

resistance to infection. IL-12 displays multiple 

biologic effects on immune cells; for instance, 

IL-12 stimulates NK cells to release interferon 

, induces Th1 cell and cytotoxic T lymphocyte 

proliferation, and promotes the progression of 

cell-mediated immunity. Local application of 

IL-12 may restore the capability of the host’s 

inherent resistance to infection, and have led to 

decreased infection in open fractures. 
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Functional Surfaces based on Immobilized Polymeric Nanostructures 

D. Hürlimann1, S. Rigo1, K. Langowska1, G. Gunkel-Grabole1, W. P. Meier1,  C. G. Palivan1 
1Department of Physical Chemistry, University of Basel, Basel, CH 

 

INTRODUCTION: It is common for inserted 

medical devices or implants to be prone to 

bacteria biofilms, leading to device associated 

infections (DAIs), which are causing high 

distress for patients and enormous socio-

economic costs. To stop the infection, the 

responsible implant often needs to be replaced 

leading to further complications.[1] In this 

respect, nanoscience offers new approaches and 

materials with potential to fight bacteria 

growth, because they allow a control at 

molecular level of the surface properties and 

functionality.[2]  

Here, we present different approaches to obtain 

functional surfaces with potential to inhibit 

bacterial growth either by co-immobilization of 

different nano-assemblies on solid support 

(passive strategy) or by immobilization of 

catalytic nanocompartments on solid support 

(active strategy).[3,4] 

 

METHODS: Amphiphilic block copolymers 

served to generate nano-assemblies (micelles, 

polymersomes, nanoparticles) exposing at their 

external surface specific molecular groups to 

serve for further immobilization on solid 

support. Silica surfaces were functionalized to 

allow specific reactions with the nano-

assemblies. The architecture and size of the 

nano-assemblies were characterized by 

transmission electron microscopy (TEM), 

fluorescence correlation spectroscopy (FCS) 

and dynamic light scattering (DLS), while the 

immobilization of the nano-assemblies was 

evaluated by a combination of confocal laser 

scanning microscopy, atomic force microscopy 

(AFM) and scanning electron microscopy 

(SEM).  

RESULTS: Upon immobilization of nano-

assemblies by micro contact printing on solid 

support, we obtained nanostructured surfaces 

(Fig.1). Such nanostructured surfaces have the 

property to passively decrease the bacterial 

growth depending on the size and distribution 

of the nano-assemblies. [3] 

 

 

A second approach to fight bacteria growth was 

developed by immobilization of catalytic 

nanocompartments loaded with enzymes that 

produce in situ antibiotics (active strategy). [4] 

In addition, by exposing antimicrobial peptides 

at the surface of the nano-assemblies, it is 

possible to produce multifunctional surfaces. 

 

 
Fig. 1: Top: Schematic representation of 

surface functionalization. Left: Polymersomes 

immobilized by micro contact printing. Right: 

Co-immobilization of different nanostrucutres. 

 

DISCUSSION & CONCLUSIONS:  

While being in their early stage of research, 

functional surfaces obtained as nanostructured 

surfaces or/and active surfaces (producing 

antibiotics “on demand” and exposing 

antibacterial agents) represent ideal candidates 

to fight bacteria with improved space and time 

precision. 
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Investigating Mechanical and Elution Properties of a Novel Hip Spacer 

S.E.T. Louth1, K. Nai2, M.M. Atallah3, S.C. Cox1 
1School of Chemical Engineering, University of Birmingham, UK, 2 Renishaw PLC, UK, 3 

School of Metallurgy and Materials, University of Birmingham, UK 
 

INTRODUCTION: The hip implant infection 

rate is relatively low at around 1 % however the 

cost of treatment is 4-10 times higher than the 

cost of initial surgery [1]. The most common 

treatment is a two stage revision which is 

performed in 53 % of cases in the UK [2]. This 

procedure requires initial surgery to remove the 

infected implant and to thoroughly debride the 

surrounding tissue. A temporary antibiotic 

eluting bone cement spacer is then implanted. 

Bone cement is not fully weight bearing leading 

to patients being bed bound for 6-8 weeks 

while the infection clears. A further surgery 

follows to replace the spacer with a new 

permanent implant. Part of the high cost of 

treatment can be attributed to the long hospital 

stay and physiotherapy required post bed rest 

[1]. If a weight bearing spacer can be developed 

the cost of treating infection should reduce. A 

novel hip spacer is proposed here (Fig. 1), with 

a Ti-6Al-4V lattice to provide mechanical 

support and a biomaterial to deliver antibiotics 

all encased in a shell with channels designed to 

release the antibiotic. The surface properties 

can be manipulated to minimise adhesion of 

both bacteria, to reduce the risk of additional 

infections and bone cells, as this is a temporary 

device that needs to be easily removed. 

 
Fig. 1: Cut away diagram of the novel spacer 

design. 

METHODS: Five lattice designs (cylinders 

12mm dimeter, 15mm height) were built on a 

Ren AM500M (Renishaw PLC, UK) from gas 

atomised Ti-6Al-4V and compression tested in 

accordance with ISO 13314:2011. Dicalcium 

phosphate dihydrate (brushite), at a powder to 

liquid ration of 2:1, was the first biomaterial 

investigated. This was mixed with gentamicin 

sulphate to give 50 mg of antibiotic per gram of 

cement. Model implants with channels 

vertically, horizontally or inclined at 45° were 

printed and cement cylinders moulded. These 

were immersed in phosphate buffered saline to 

investigate the antibiotic elution characteristics. 

10mL samples were withdrawn at intervals and 

tested for gentamicin using a CE 7500 UV-Vis 

spectrophotometer (Cecil Instruments, UK).  

RESULTS: The compression testing found that 

the BCCZ lattice at 60 % volume fraction had 

the highest compressive yield strength at 

444.3±6.9 MPa, which is around double the 

strength of bone, while leaving 40 % of the 

volume for the biomaterial. 

Micro-CT visualisation of the cement filled 

model implants found all designs were filled 

both in the reservoir and channels. The 

cumulative release of gentamicin from the 

cement after 6 hours was greatest from the 

vertical channels with 28 % release, 10 % was 

released from the horizontal channels, and 5% 

from the inclined channels. The minimum 

inhibitory concentration of gentamicin against 

S. epidermis and S. aureus was found to be 1 

and 16 μg/mL. All the model implant designs 

were shown to elute sufficient concentrations 

of gentamicin to inhibit the growth of both S. 

epidermis and S. aureus. 

DISCUSSION & CONCLUSIONS: This 

work has demonstrated the possibility to exploit 

additive manufacturing technologies to enhance 

the value of medical devices. More specifically, 

the design freedoms of this technique have 

been exploited to generate load bearing 

structures for use in two-stage revision of 

infected hip arthroplasty.  

 

REFERENCES: [1] Klouche, S. et al (2010)  

Orthop Traumatol-Sur 96(2), pp.124-132. [2] 

Powers-Freeling, L. (2018) NJR 2018 15th 

Annual Report.  
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Bacteriophage therapy for biofilm infections: myth or reality? 

A. Trampuz1,2 
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Germany  
 

INTRODUCTION: Biofilm formation on 

medical devices and emergence of 

antimicrobial resistance are large challenges in 

the modern medicine. An increasing number of 

such infections are becoming harder or 

impossible to treat, carrying high morbidity, 

mortality, and financial cost. The therapeutic 

use of bacteriophages, viruses that infect and 

kill bacteria, may be used to combat biofilms 

and antimicrobial resistance.  

Although phage therapy was first implemented 

almost a century ago, it was brought to a 

standstill after the successful introduction of 

antibiotics. Now, with the rise of antibiotic 

resistance, phage therapy is experiencing a 

well-deserved rebirth. Among the admittedly 

vast literature recently published on this topic, 

this review aims to provide a forwardlooking 

perspective on phage therapy and its role in 

modern society.  

 

CONTENT: We cover the key points of the 

biofilm problem and antimicrobial resistance 

and then explain the biological and co-

evolutionary principles that support the use of 

phages, their interaction with the immune 

system, and a comparison with antibiotic 

therapy.  

By going through up-to-date reports and, 

whenever possible, human clinical trials, we 

examine the versatility of phage therapy. We 

discuss conventional approaches as well as 

novel strategies, including the use of phage-

antibiotic combinations, phage-derived 

enzymes, exploitation of phage resistance 

mechanisms, and phage bioengineering. 

Finally, we discuss the benefits of phage 

therapy beyond the clinical perspective, 

including opportunities for scientific outreach 

and effective education, interdisciplinary 

collaboration, and innovative use of artificial 

intelligence (AI) and neuronal networks to 

optimize the phage therapy. In addition, 

potential pitfalls, side effects and obstacles to 

implementation of phage therapy will be 

reviewed. 

CURRENT RESEARCH: Several preclinical 

and clinical research projects, as well as 

unpublished data will be presented, reviewed 

and critically discussed. Several groups focus 

on isolation, purification, amplification and 

characterization of new lytic (virulent) phages, 

highly active against multidrug-resistant 

bacteria. To ensure a broad-spectrum activity, a 

cocktail of phages can be prepared (Fig. 1). In 

addition, phage-delivery systems are evaluated 

to ensure appropriate local delivery of phages. 

Fig. 1: Content of “Phyophage” cocktail 

containing several virulent phages. 

There are several approaches to phage therapy, 

including conventional phage therapy, from 

adsorption to lysis of the bacterial host cell (A) 

and the use of phage-derived enzymes to target 

biofilm structures and cell wall degrading 

endolysins (B). 

 
Fig. 2: Phage therapy approaches. 

 

DISCUSSION & CONCLUSIONS: Phage 

therapy may open new and revolutionary 

treatment options, in particular in biofilm and 

device-associated infections, as well as 

multidrug-resistant infections. 

 

REFERENCES: Altamirano FLG et al. Clin 

Microbiol Rev 2019; Tkhilaishvili T et al. Res 

Microbiol 2018. 

 

http://www.ecmconferences.org/


eCM Online Periodical, 2019, Collection 5; eCM Conference Abstracts (page 36) 

  www.ecmconferences.org 

 

Phage biology and its potential for antibacterial design strategies 

R. Lavigne1 
1Laboratory of Gene Technology, Department of Biosystems, KU Leuven, BE  

 

INTRODUCTION: Lytic bacterial viruses 

recognize, infect and hijack the bacterial cell to 

produce progeny viruses. This process has been 

optimized through billions of years of co-

evolution between bacteria  and their viruses 

(also termed bacteriophages, or phages).  The 

Laboratory of Gene Technology studies this 

interaction to inspire new antibacterial design 

strategies as well as applications in 

biotechnology.  

METHODS: This lecture offers a background 

into the basic biology of this virus-bacteria 

interplay and explores four principal strategies 

on antibacterial design: (1) Natural phage 

therapy and the preclinical parameters 

involved. (2) designer phage and the 

application of synthetic biology to improve 

phages as antibacterial compounds. As a third 

strategy (3) we explore how phage allow us to 

identify and exploit novel antibacterial targets. 

A fourth strategy focuses on the applications of 

phage enzyme-based antibacterials.  

 

RESULTS:  

Phage therapy is defined as the application of 

naturally occurring phage in a medical setting. 

To select phage for such applications, extensive 

microbiological and molecular characterisation 

of these bacterial viruses is required.  A key 

element to consider in this regard is the massive 

diversity of phages, and their extremely narrow 

host range, targeting only a subset of isolates 

within a single bacterial species. Other key 

preclinical parameters include their in vitro & 

in vivo activity, processing and formulation 

parameters and resistance development against 

phage. Combined, these parameters make the 

case for a highly personalized and tailored 

preparation of phages to combat primarily 

chronic infections with known (and 

susceptible) bacterial hosts. 

To overcome intrinsic limitations of phage 

therapy, e.g. narrow host range, biofilm 

degrading properties or resistance development, 

genetic engineering approaches can be applied 

to modify these key characteristics. 

A third approach focuses more on the 

molecular interplay between phage and its host. 

Indeed, after infection, phages succeed in 

hijacking the bacterial metabolism to convert it 

into a viral replication machinery. For this, the 

phage relies on specific proteins which interact 

with key protein complexes within the bacterial 

cell. The identification of phage proteins that 

inhibit essential metabolic steps of the bacterial 

cell (e.g. DNA gyrase, RNA turnover) therefore 

serve as a template for the design of small 

molecules which mimic this inhibition. 

Yet another strategy derived from phage 

involves the application of cell wall degrading 

enzymes which lyse the cell by degrading the 

peptidoglycan layer of the bacterium. 

Recombinant expression of these enzymes and 

their external application was previously shown 

to eradicate Gram-positive bacteria including 

Staphylococcus aureus. In our research we 

applied an engineering approach enabling these 

enzymes to penetrate the outer membrane of 

Gram-negative pathogens including 

Pseudomonas aeruginosa and Acinetobacter 

baumannii. These ‘Artilysins’TM show high 

activity and specificity towards selected 

pathogens, have limited resistance development 

and are active against persistent bacteria. 

 

DISCUSSION & CONCLUSIONS: Phage 

derived antibacterial strategies are undergoing 

an intense resurgence and re-evaluation of their 

potential, yet still face scientific and regulatory 

hurdles. The introduction of recombinant 

engineering and molecular biology advances 

provide novel opportunities with regard to 

target discovery and enzyme-based and 

biotechnology-based solutions. 

 

REFERENCES: 
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Treatment of methicillin-resistant Staphylococcus aureus biofilm: 

administration of Sb-1 bacteriophage in a Galleria mellonella model of 

implant-associated infection 
Mariagrazia Di Luca1,2, Alessandro Materazzi2, Ann-Brit Klatt1, Arianna Tavanti2, Andrej 

Trampuz1 
1Charité – Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, 

Humboldt-Universität zu Berlin, and Berlin Institute of Health, Center for Musculoskeletal 

Surger, Berlin, Germany 2Department of Biology, University of Pisa, Pisa, Italy 

 

INTRODUCTION: Implant-associated 

infections (IAIs) are difficult to treat due to the 

involvement of drug-tolerant biofilm-associated 

microorganisms. Previously, we showed that 

Sb-1 phage eradicated biofilm-embedded 

methicillin-resistant Staphylococcus aureus 

(MRSA) in vitro when tested in combination 

with antibiotics1. Here, we investigated the 

efficacy of Sb-1, alone and in combination with 

daptomycin, to reduce MRSA biofilm in a 

Galleria mellonella model of IAI 

METHODS: The stability of Sb-1 in G. 

mellonella larvae was investigated by injecting 

108 PFU and evaluating the presence of phage 

in haemolymph at different time points by 

plaque assay. For infection experiments, sterile 

stainless-steel K-wires (4 mm, 0.6 mm Ø) were 

implanted into the last proleg of larvae. After 2 

days, larvae were infected with MRSA ATCC 

43300 (105 CFU) and incubated at 37°C for 

further 2 days. Implanted larvae were treated 

3×/day with 10µL of Sb-1 (107 PFU), 

daptomycin (4mg/kg), PBS (24h)/daptomycin 

(24h) and Sb-1 (24h) /daptomycin (24h). An 

untreated control was also included. Either 2 

days post-infection or post-treatment, larvae 

were dissected for K-wire explanting and the 

material was sonicated and plated for colony 

counting. 

RESULTS: Sb-1 treatment resulted in a 

reduction of PFU number after 12 h 

administration in hemolymph of G. mellonella 

larvae. Two days post-infection of K-wire 

implanted larvae, ≈2x107 CFU/ml MRSA were 

recovered from the material. K-wires from 

larvae treated with Sb-1 or daptomycin showed 

a MRSA CFU/ml reduction of 4log compared 

to the CFU/ml values of the untreated control. 

The staggered administration Sb-1/daptomycin 

determined higher CFU reduction (≈ 5.5 log).  

Fig. 1: G. mellonella and stainless-steel K-

wires (4 mm, 0.6 mm Ø). 

 

DISCUSSION & CONCLUSIONS: As Sb-1 

is stable in haemolymph for 8h, a 3×/day 

administration resulted in an effective 

treatment. Sequential combination of Sb-1 and 

daptomycin strongly reduced biofilm formed on 

K-wires implanted in larvae. G. mellonella 

represents a useful in vivo model to study 

biofilm formation on implanted materials and 

alternative treatment options 

 

REFERENCES: 1 Tkhilaishvili T, Lombardi 

L, Klatt AB, Trampuz A, Di Luca M. 

Bacteriophage Sb-1 enhances antibiotic activity 

against biofilm, degrades exopolysaccharide 

matrix and targets persisters of Staphylococcus 

aureus. Int J Antimicrob Agents. 2018 
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Hospital, Mahidol University, Bangkok, Thailand  
 

INTRODUCTION: Staphylococcus aureus is 

a Gram-positive pathogen that causes a wide 

variety of diseases in humans and animals. In 

particular, it is one of the most important 

causative agents of post-traumatic 

osteomyelitis. This S. aureus-induced bone 

infection is especially difficult to treat due to 

(i) the increasing prevalence of antibiotic-

resistant bacteria, e.g. methicillin-resistant S. 

aureus (MRSA); (ii) the formation of biofilms 

by these organisms; (iii) the difficulty to access 

the infection sites in the bone; and (iv) the 

ability of S. aureus to invade and persist within 

eukaryotic cells, thereby evading the host’s 

immune response and antibiotic therapies. For 

these reasons, there is an urgent need to 

develop novel therapeutic strategies effective 

against these pathogens. Peptidoglycan 

hydrolases (PGHs), including bacteriophage 

endolysins, hold promise as antimicrobials due 

to their strong bactericidal activity, high 

specificity for the target bacterium, activity 

against biofilms and persister cells, and low 

probability of resistance development. The 

efficacy of such enzymes against antibiotic-

sensitive and resistant S. aureus strains has 

been demonstrated by several in vitro studies 

and animal infection models. Owing to their 

modular architecture, PGHs can readily be 

engineered to create protein chimeras with 

novel properties. Despite these advantages, 

systemic administration of PGHs for treatment 

of localized infections is currently hampered by 

several factors, including reduced bactericidal 

activity and/or insufficient concentrations at the 

sites of infection as well as a lack of cell-

penetrating properties. 

METHODS AND RESULTS: Through 

molecular engineering, our lab has compiled a 

large collection of staphylococcal PGHs, 

including truncated, chimeric, and otherwise 

engineered enzymes. We have also developed a 

method to rapidly screen this library for 

enzymes with desired properties, which 

allowed us to identify PGHs with high 

staphylolytic activity in human blood and 

intracellular environments. In order to target 

intracellular staphylococci, we fused PGHs 

exhibiting high activity under intracellular 

conditions to cell-penetrating peptides (CPPs), 

thereby enhancing their transduction into 

eukaryotic cells. In co-culture experiments with 

multiple S. aureus-infected eukaryotic cell 

lines, these PGH-CPP fusion proteins were able 

to reduce intracellular S. aureus numbers by up 

to 5 log units. As a next step, we applied phage 

display techniques to identify cell-penetrating 

homing peptides (CPHPs), in an effort to direct 

PGHs to certain target cells within the human 

body in a specific manner. By fusing such 

CPHP candidates to fluorescent markers, we 

were able to demonstrate internalization of 

these peptides into osteoblast target cells but 

not other (non-target) cell lines. Finally, we 

showed that PGHs can degrade S. aureus 

biofilms in both static and dynamic models, 

alone and in synergy with an exopolysaccharide 

depolymerase targeting components of the 

extracellular biofilm matrix. 

 

DISCUSSION & CONCLUSIONS: Overall, 

our results demonstrate the high potential of 

engineered PGHs as therapeutics for treatment 

of S. aureus infections involving intracellular 

bacteria and biofilms. 
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Antimicrobial effect of Cerament-G® on bacterial isolates, with various levels of 

gentamicin resistance, found in fracture-related infection;  

an in vitro study 

H. Bezstarosti1, P.D. Croughs2, M.J.B. van den Hurk1, K. Kortram1, P. Oprel1, WJ Metsemakers3, 

E.M.M. van Lieshout1, M.H.J. Verhofstad1 

1 Erasmus MC, Trauma Research Unit, Department of Surgery, Rotterdam, The Netherlands, 

 2 Erasmus MC, Department of Medical Microbiology and Infectious Diseases, Rotterdam, the Netherlands,  
3Department of Trauma Surgery, University Hospitals Leuven, Leuven, Belgium 

INTRODUCTION: Fracture-related infection 

(FRI) is a serious complication after trauma. 

More often resistant micro-organisms are 

cultured. Gentamicin covers a wide variety of 

causative agents for FRI. A bio-absorbable 

antibiotic carrier, Cerament-G®, combines dead 

space management with local release of 

gentamicin in a one-stage approach. This study 

aimed to determine if Cerament-G® has 

antimicrobial activity towards bacteria that are 

not susceptible to systemic gentamicin 

administration. 

METHODS: The four most commonly 

cultured bacterial species found in FRI were 

used; Staphylococcus aureus, Staphylococcus 

epidermidis, Pseudomonas aeruginosa, and 

Enterobacter cloacae. For each species, four 

different isolates were obtained, each with a 

different susceptibility for gentamicin. This 

susceptibility, expressed in the minimal 

inhibitory concentration (MIC), varied from 

completely susceptible (MIC 0.064-4 mg/L) to 

minimal resistance (4-16 mg/L), moderate 

resistance (8-96 mg/L), and high resistance (24-

>1,024 mg/L), depending on each different 

organism. Antimicrobial activity of Cerament-

G® was determent by a Kirby-Bauer test, 

according to the EUCAST disc protocol. For 

each of the four species, the test was done in 

five-fold. The zone of inhibition (ZOI), 

obtained by the test, was compared between 

each bacterial isolate and within each of the 

four separate species.  

 

 

 

 

 

 

Fig. 2:ZOI of Cerament-G® used with S aureus 

RESULTS: Cerament-G® shows antimicrobial 

activity against S. aureus, S. epidermidis, P. 

aeruginosa, and E. cloacae. ZOI-values varied 

from 11 to 44 mm. The ZOI was negatively 

correlated with the MIC; the higher the MIC, 

the less the antimicrobial effect of Cerament-

G® (fig 1). Between bacterial isolates with the 

same MIC, within the same species, there was 

no significant difference in ZOI between the 

five repetitions of the test, indicating an 

accurate test. The ZOI of the different bacterial 

isolates (with different MIC’s), belonging to 

the same bacterial species, differed 

significantly. Of all 16 isolates, only the S. 

aureus with a MIC of >1,024 mg/L did not 

show antimicrobial activity of Cerament-G®; 

ZOI  0 mm (fig 2). 

Fig. 1: Local effect of Cerament-G® 

DISCUSSION & CONCLUSIONS: This 

study shows that Cerament-G® has 

antimicrobial activity against bacterial isolates, 

resistant to gentamicin when administered 

systemically. This confirms that the cut-off 

point for systemic application is not very useful 

for the local use of Cerament-G® and 

emphasizes the need for optimization and 

change of current antibiotic protocols to 

increase the durability and sustainability of 

antibiotic FRI treatment. 

MIC <0.064 MIC 4 

MIC >1024 MIC 32 
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Orthopaedic Staphylococcus aureus Infection 
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Schwarz1,2 
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INTRODUCTION:  It is well-established that 

S. aureus possesses multiple modes of 

infection depending on the environment it 

colonizes. To better understand the host 

response to S. aureus in various types of 

orthopaedic infections, we developed a 

multiplex immunoassay that measures 

antibodies produced by Antibody-Secreting 

Cells (ASCs).1,2 Here we used this system to 

test the hypothesis that the antigenic 

specificity of humoral immunity is distinct 

between skin and deep bone infections in 

mice.  

METHODS:  Animal studies were performed 

on IACUC approved protocols.  Forty 8-week-

old female C57BL/6J mice were randomized 

into four groups: Group 1 (MRSA 

osteomyelitis) mice (n=15) received a 

transtibial pin coated with 5x105 CFU of a 

bioluminescent MRSA strain (USA-

300LAC::lux).3 Group 2 (no osteomyelitis 

control) mice (n=5) received a sterile 

transtibial pin. Group 3 (MRSA skin infection) 

mice (n=15) received a sub-cutaneous USA-

300 LAC::lux infection.  Group 4 (no skin 

infection control) mice (n=5) received sub-

cutaneous sterile PBS. Three mice from each 

infection group, and one from each control 

group, were euthanized at day 3, 7, 10, 14, and 

28 for CFU assays and serum collection. 

Antibody titers in serum were quantified via 

Luminex.1 Daily weights were recorded for all 

mice, and bioluminescent imaging was 

obtained for all remaining mice at each time 

point.  

RESULTS: There were significant differences 

in anti-S. aureus antibody titers between the 

skin and bone infection cohorts at 14 and 28 

days (Figure 1). All mice cleared the sub-

cutaneous skin infection by day 14, while mice 

with osteomyelitis produced greater than 106 

CFU on both the transtibial pin and tibia itself 

through day 28 (Figure 2). There were no 

significant differences in weights between the 

skin and bone infection cohorts (Data not 

shown).  

Fig. 1: Differences in antibody titers between 

mice with osteomyelitis and sub-cutaneous 

skin infections at days 14 and 28 (Day 28 data 

shown). *** p <0.001, * p <0.05.  

 
Figure 2: CFUs from harvested skin, tibia, 

and transtibial pins of infected mice.  

 

DISCUSSION & CONCLUSIONS: While 

our previous work suggesting the presence of 

differential class-based humoral immunity in 

S. aureus infection occurred in diabetic foot 

ulcer patients,2 this is the first controlled 

experiment to support the presence of unique 

antibody response profiles dependent upon 

infection type.  

ACKNOWLEDGEMENTS: This work was 

supported by the University of Rochester 

Department of Orthopaedics’ Goldstein 

Award, the AO Trauma Clinical Priority 

Program on Bone Infection, and the NIH, 

NIAMS (R21AR073321,R21-AI119646, 

P30AR069655, P50AR072000). 

REFERENCES:  

1) Nishitani K, et al. (2015) Clin Orthop Relat 

Res 473:2735-49 

2) Oh I, et al. (2018) Infect Immun 286(12):1-

11 

3) Nishitani K, et al. (2015) J Ortho Res. 

33(9):1311-9. 

http://www.ecmconferences.org/


eCM Online Periodical, 2019, Collection 5; eCM Conference Abstracts (page P3) 

 

  www.ecmconferences.org 

Osteosynthesis Device Retention in Fracture Related Infection: 

investigating time limitations 

MA. Burch1,2, R. Kühl3, M. Morgenstern 2, WJ Metsemakers4 

1AO Research Institute, AO Foundation, Davos, CH, 2 Department of Orthopaedic Surgery 

and Traumatology, University Hospital of Basel, CH, 3Department of Infectiology, University 

Hospital of Basel, CH, 4Department of Trauma Surgery, University Hospitals Leuven, 

Belgium 

 
 

 

INTRODUCTION: The two main treatment 

concepts in Fracture-related Infection (FRI) 

are 1) Debridement, Antibiotics and Implant 

retention (DAIR), and 2) Debridement and 

implant removal. The success rate for DAIR is 

believed to be dependent on the time elapsed 

from primary fracture fixation (FF) and FRI 

treatment (FT) It seems to exhibit better results 

when the FF-FT interval is less than 3 weeks. 

After this time, treatment success rates drop, 

and this is believed to be due to the 

development of a mature biofilm on the 

surface of the device. The aim of this study 

was to determine if this belief is supported by 

the available clinical literature. 

METHODS: A systematic literature search 

was performed in PUBMED, Web of Science 

and Embase databases with the help of a 

biomedical information specialist. Clinical 

studies investigating the success rate after 

DAIR procedure of long bone FRIs were 

included. Only papers referring to the FF-FT 

interval, or duration of symptoms were eligible 

for analysis. Descriptive analysis was 

performed by comparing the success rate of 

each study cohort depending on the time 

interval between FF and FT or the duration of 

symptoms. Success was defined as absence of 

infection recurrence. 

RESULTS: 3'452 abstracts and titles and 80 

full-text articles were screened. In total 15 

clinical studies, with 656 patients met the 

inclusion criteria. Out of these studies, six, 

with in total 426 patients, provided the needed 

information to enable comparison of success 

rate after implant retention in relation to the 

FF-FT interval or the duration of symptoms. 

DAIR procedure in an FF-FT interval of 3 

weeks could achieve an overall success rate of 

90%. An extension of the interval to 6 weeks, 

10 weeks and more than 10 weeks was 

associated with decreased success rates of  

71%, 88% and 51% respectively. 

Other factors worsening the prognosis were 

primary open fracture; host factors such as 

active cigarette smoking or diabetes mellitus; 

inability of primary wound closure and use of 

a Negative Pressure Wound Therapy device.  

 

DISCUSSION & CONCLUSIONS: We 

found a correlation between an increased FF-

FT interval and a lower success rate. This 

might be a consequence of maturing biofilm 

on the implant as well as on necrotic bone and 

soft tissue. As DAIR might be an excellent 

treatment option in selected cases, a precise 

definition for this selection is crucial.  An 

important limitation of this investigation is the 

limited comparability of the studies due to 

heterogeneity of defining infection and 

outcome 
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INTRODUCTION: Excessive immune 

response and development of bacterial 

infections are two major problems 

accompanying implant surgery.  Our group 

aims to develop bioactive coatings to address 

these issues. Poly(arginine) and hyaluronic acid 

(PAR/HA) layer-by-layer films are thin films 

(thickness below 1µm) easy to build, with 

promising immunomodulatory and 

antimicrobial properties [1-4].  Here, we 

investigate the film behaviour on various 

substrates and its activity on relevant 

microorganisms. 

 

METHODS: To construct (PAR/HA) 

multilayer films, bare substrates (glass, 

titanium, silicone, polyurethane or 

polypropylene) were alternatively dipped in 

PAR and HA solutions with intermittent rinsing 

steps or sprayed with both solutions (Fig.1). 

Coating construction on these substrates was 

characterized through Quartz Cristal 

Microbalance (QCM) analysis. For 

antimicrobial assays, coated substrates were 

incubated with bacterial or yeast suspension (5-

6 log CFU/mL) for 24h. Killing activity was 

evaluated at 0 and 24 h by carrying out serial 

dilutions followed by bacteria or yeast 

enumeration.  

 

RESULTS: First, film deposition on the 

substrates was examined by QCM. An increase 

in film thickness after each layer deposition 

was observed. Then, antimicrobial activity of 

the coating was studied. (PAR/HA) films have 

a strong bactericidal activity (≥ 5 log reduction 

in CFU/mL) against all Gram-positive bacteria 

tested: Staphylococcus aureus and Methicillin-

resistant S. aureus (MRSA), Staphylococcus 

epidermidis, Enterococcus faecalis. (PAR/HA) 

films have a static activity (≥ 1 log reduction in 

CFU/mL) against Gram-negative bacteria tested 

(Escherichia coli and Pseudomonas 

aeruginosa) or against a yeast, Candida 

albicans (Table 1). 

 

Fig. 1: Coating of medical devices  

 

Table 1: Log reduction in CFU/mL (mean ± 

S.D.) at 24 h versus control (substrate without 

coating) 

 (PAR/HA) films 

Escherichia coli 1.22 ± 0.38 

Pseudomonas aeruginosa 2.36 ± 0.92 

Candida albicans 1.20 ± 0.46 

Staphylococcus epidermidis 6.86 ± 0.28 

Staphylococcus aureus 7.00 ± 2.55 

MRSA 6.91 ± 2.67 

Enterococcus faecalis 5.42 ± 2.53 

 

DISCUSSION & CONCLUSIONS: These 

results show the capacity of (PAR/HA) films to 

ensure antimicrobial activity when coated on 

different substrates. (PAR/HA) coating appears 

to be a simple and powerful system, easy to 

produce and to scale up, without chemistry 

process and suitable on all surfaces. Thus, with 

its antimicrobial and immunomodulatory 

properties, (PAR/HA) film is a multifunctional 

coating for medical devices. 

 

ACKNOWLEDGEMENTS: Financial 

support was received from the European 

Union's Horizon 2020 research and innovation 

program under grant agreement No 760921 

(PANBioRA) and from SATT Conectus. 

 

REFERENCES: [1] Özçelik et al. Adv. 

Healthc. Mater. 2015, 4, 2026-2036. [2] 

Mutschler at al. Chem. Mater. 2016, 28, 8700-

8709. [3] Mutschler et al. Chem. Matter. 2017, 

29, 3195-3201. [4] Patent WO2017191110A1 - 

EP3241570A1 

http://www.ecmconferences.org/


eCM Online Periodical, 2019, Collection 5; eCM Conference Abstracts (page P5) 

 

  www.ecmconferences.org 

Synergism between Traditional Chinese Medicine Compounds and 

Antibiotics against Staphylococcus aureus  

Y Chen1,2, V Post1, TF Moriarty1, RG Richards1, W Boot1 
1AO Research Institute, AO Foundation, Davos, CH, 2 Guangdong Provincial Key Laboratory 

of Orthopedics and Traumatology, Sun Yat-sen University, Guangzhou, CN  
 

INTRODUCTION: Traditional Chinese 

Medicine (TCM) compounds with proven 

antimicrobial activity may serve as an additive 

solution to antibiotics in the treatment of 

infection.  We investigated the synergistic 

bactericidal effect of 20 TCM compounds with 

four commonly used antibiotics against a 

clinical isolate of Staphylococcus. aureus and 

their potential combinations in eradicating 

biofilm. 

METHODS:  

Minimum bactericidal concentration (MBC) 

The MBC of 20 TCM compounds (Table 1) 

against S. aureus was determined by using a 

modified rapid screening protocol. After 

EUCAST microtiter broth dilution assay, a 

small amount of liquid in microtiter plate was 

transferred to a single well agar plate using a 

sterile 96 solid pin replicator. MBC was 

determined as the lowest concentration without 

bacterial growth after 24h incubation.  

Table 1. Tested TCM Compounds 

Compound Abb.  Compound Abb. 

Sweroside SWR  Vanillic acid VA 

Psoralen PRL  Bavachinin BVN 

Bakuchiol BK  Diphylloside B DPB 

Puerarin PUR  Cryptochlorogenic 

acid 

CCA 

Psoralidin PRD  4-hydroxybenzoic 

acid 

4HBA 

Bavachin BVC  Chlorogenic acid CA 

Icariin ICI  Neobavaisoflavon

e 

NEO 

Icaritin ICT  Isobavachalcone ISB 

Curcumin CRM  Isopsoralen ISP 

Corylifol 

A 

CFA  5-Hydroxymethyl-

furfural 

5HMF 

Synergism against planktonic S. aureus 

Synergism between each TCM compound with 

daptomycin, rifampicin, gentamicin and 

levofloxacin were tested by checkerboard 

assays1. The resulting fractional bactericidal 

concentration indexes (FBCI) were then 

calculated. A FBCI value of ≤ 0.5 was 

considered as synergistic. 

Biofilm experiment 

Biofilms were grown using MBEC™ Biofilm 

Inoculators for 24h and challenged with 

combinations of 5 concentration gradients for 

each TCM compounds and antibiotics based on 

their individual MBC and synergism for 

another 24h. Biofilms were then detached into 

MHB by sonication. Sonication fluid was 

cultured and total CFU was calculated. 

RESULTS: Among the 20 tested compounds, 

ISB (12.5μg/ml), BK (200μg/ml) and 4HBA 

(5000μg/ml) were shown to have bactericidal 

effect on planktonic S. aureus. When applied 

together with TCM compounds, only 

rifampicin did not reach MBC at all tested 

concentrations.  

BVC, NEO, and CRM were shown to be 

synergistic with gentamicin at the concentration 

range of 12.5-25μg/ml, 0.78-12.5μg/ml, 7.8-

500μg/ml, respectively. Other combinations 

with a FBCI of approximately 0.5 are: ISO, 

BVN, 5HMF combined with gentamicin, and 

PRL with daptomycin. MBEC assay showed 

CRM, NEO, ISO enhanced the efficacy of 

gentamicin against S. aureus biofilm, though no 

combinations achieved complete eradication. 

DISCUSSION & CONCLUSIONS: NEO, 

CRM and ISO enhanced the susceptibility of S. 

aureus biofilm to gentamicin. Therefore, our 

further studies will focus on the treatment of 

biofilm formed by S. aureus, especially those 

multidrug resistant strains, and by using the 

combination of TCMs with more efficient 

bactericidal antimicrobial like daptomycin. 
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INTRODUCTION: Antibiotic-loaded poly-

methylmethacrylate (PMMA) bone cement is 

commonly used for treatment of implant-

associated infections. Biofilm infections with 

Candida are increasingly detected in patients 

with prosthetic joint infections. We 

investigated the activity of PMMA bone 

cement, loaded with amphotericin B (AMPB) 

against Candida biofilm. 

METHODS: PMMA cylinders with either 

sodium deoxycholate or meglumin palmitate 

were loaded with different concentrations of 

non-liposomal AMPB formulation (1g, 0.75g, 

0.5 g, 0.25g and 0.125g per 40 g of PMMA 

cement). Candida albicans (ATCC 90028), C. 

glabrata (DSY 562), C. krusei (ATCC 6258) 

and C. parapsilosis (ATCC 22019) were used. 

PMMA cylinders were incubated in RMPI 

1640 medium, inoculated with 10^5 colony 

forming units [CFU] Candida spp. and 

incubated for 24h. After incubation, PMMA 

cylinders were vortexed and sonicated. The 

resulting sonication fluid was plated onto 

Sabouraud dextrose agar, incubated at 37°C for 

24h and then the colonies were counted and 

expressed as CFU/ml of sonication fluid. After 

sonication, PMMA cylinders were transferred 

into microcalorimeter and the heat flow was 

measured during 24h to evaluate the presence 

of remaining adherent Candida. 

RESULTS: High concentration of 5g of 

AMPB in 40g of PMMA completely inhibited 

biofilm formation of all tested Candida species. 

In further studies, lower AMPB concentrations 

were tested against C. albicans. The presence of 

C. albicans colonies obtained after sonication 

demonstrated that C. albicans can attach on 

PMMA cylinders at AMPB concentration of <= 

0.25g per 40g PMMA cement. After sonication 

all the growth controls produced heat within 

24h indicating that sonication was not able to 

completely dislodge non-treated biofilms. 

Adherent C. albicans cells were also detected 

after sonication of PMMA cylinders and  

 

investigated by isothermal microcalorimetry. 

No heat production related to fungal growth 

was observed during 24 h, only a prolonged 

incubation during 48h showed heat production 

in samples containing <= 0.25g AMPB/40g of 

PMMA cement. This suggests that at low 

concentrations the number of C. albicans 

remained attached to PMMA cylinders, which 

were under the microcalorimeter detection limit 

during 24h.  

DISCUSSION & CONCLUSIONS: AMPB-

loaded PMMA bone cement inhibited biofilm 

formation of C. albicans in both cement forms 

(sodium deoxycholate or meglumin palmitate). 

Sonication and microcalorimetry experiments 

indicates that at least 0.5g AMPB per 40g 

PMMA is needed to prevent C. albicans biofilm 

growth. This information is important for 

developing bone cement with antifungal 

properties. Other Candida species with 

heterogenous AMPB susceptibility need to be 

evaluated in order to develop universal PMMA 

cement with antifungal properties. 
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INTRODUCTION: The use of cancellous 

bone allografts is an established technique in 

reconstructive orthopaedic surgery, 

unfortunately its use is generally avoided in the 

presence of a local infection. Impregnating 

cancellous bone grafts with antibiotics has 

shown their effectiveness as an antibiotic 

delivery system and could therefore be used in 

an infected environment even in a one-stage 

procedure. However there are only very few 

clinical reports on the results of this technique.  

In this clinical study, we report our first 

personal experience with the use of 

vancomycin-impregnated cancellous bone 

grafts in one-stage surgery for periprosthetic 

joint infections (PJI) and fracture-related 

infections (FRI). 

METHODS: Between December 2015 and 

October 2018 eight patients were treated with 

vancomycin-impregnated cancellous bone 

grafting during a one-stage surgery. 

Vancomycin-impregnated bone grafting were 

obtained from the European Cell and Tissue 

Bank (ECTB) and contains a uniform 

concentration of 1g vancomycin per 10cc bone. 

Regular clinical, laboratory and radiographic 

follow-ups were performed for at least 6 

months after surgery.  

RESULTS: The procedures included revision 

of 4 PJIs (Pelvis, Humerus and Femur) and 4 

FRIs (Tibia/Fibula and Femur). Preoperative 

and/or intraoperative cultures were collected 

from infected wounds. Following micro-

organisms were identified: Propionibacterium 

acnes, several Staphylococcal species (S. 

capitis, S. aureus ssp aureus, S. epidermidis, S. 

haemolyticus, S. hominis), Streptococcus 

dysgalactiae and Bacteroides fragilis. There 

was one tibia which required further revision 

because of recurrent infection, however the 

remaining 7 patients stayed free from infection 

during a follow-up of at least 6 months. This 

observation was also reflected in the C-reactive 

protein value which returned back to baseline. 

Interestingly, in one patient the vancomycin 

concentration was determined in the drainage 

fluid from the wound 17 and 24 days post-

surgery and was respectively 280mg/l and 

90mg/l. Radiographic examination revealed no 

signs of osteolysis or loosening, good 

incorporation of the bone graft and progressive 

consolidation. So far, there is no sign of active 

infection during the period of follow-up in the 

involved patients.  

 

DISCUSSION & CONCLUSIONS: Within 

the limits of the study, the use of vancomycin-

impregnated cancellous bone grafting in one-

stage surgery to treat PJI and FRI yielded 

positive outcomes in terms of clinical, 

laboratory and radiographic follow-up. 

The use of cancellous bone grafting as an 

antibiotic delivery system in one-stage surgery 

might offer new treatment strategies of which a 

shorter and single hospital stay and lower 

economic burden are the most important 

benefits.  
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INTRODUCTION: Orthopedic infections can 

cause immense damage to the bone and 

surrounding tissues. Bone infection, a cyst or a 

tumor, treatment and debridement can cause 

sever bone loss and often lead to large bony 

defects to be recovered later. This research 

focuses on porous silicon microparticles (PSi-

MP) as a scaffold for bone rehabilitation along 

with dental pulp stem cells (DPSCs). PSi-MP 

facilitates cell adhesion and 

osteodifferentiation, and provides clues to 

clinically enhance bone regeneration. PSi is an 

orthopedic tissue engineering material that is 

biocompatible, bioresorbable, bioactive, 

favorable for cell adhesion, osteoconductive as 

well as osteoinductive and widely available. 

Dental pulp stem cells are mesenchymal stem 

cells with low immunogenicity and 

accessibility.  

 

METHODS: PSi-MP were prepared by 

electrochemical etching of P-type silicon wafer, 

(boron dopped) followed by sonication and 

thermal oxidation. Kinetics of particles 

resorption in water and simulated body fluid 

were followed in vitro and in vivo degradation 

in rat tail vertebrae was analyzed. In vitro 

mapping was conducted by optical microscopy, 

scanning electron microscopy (SEM), Raman 

spectroscopy, inductively coupled plasma mass 

spectroscopy (ICP-MS), Fourier transform 

infrared spectroscopy (FTIR) and energy 

dispersive X-ray spectroscopy (EDX). While, 

in vivo dissolution was analyzed by micro-CT 

(µCT) and histology.  

 

RESULTS:  

In case of oxidized PSi a sustained, gradual 

degradation of PSi into silicic acid was 

observed over the period of time that is 

significant to serve as constant source of silicic 

acid supply over the required period of bone 

regeneration.  

Efficient DPSCs adhesion on PSi 

microparticles was proven by SEM, 

Fluorescence microscopy (FM). For bone tissue 

formation PSi and DPSCs were incubated in 

vitro to produce bone like matrix and 

investigated by histology and Raman 

spectroscopy. In vivo bone regeneration was 

followed by µCT and histology provides 

positive evidence of increased mineral density 

in relation to Ox PSi microparticles. 

 

 
Fig. 1: PSi-MS degradation and bone 

regeneration in the rat tail vertebra model 

filled with PSi-MP. 

 

 

DISCUSSION & CONCLUSIONS: Release 

of silicic acid enhances the bone regeneration. 

Our experiments suggest that PSi 

microparticles support DPSCs growth and 

osteodifferentiation and offers promising scope 

for bone regeneration even in the inflammatory 

conditions. 
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INTRODUCTION: Eradication of bacterial 

biofilm on bone or muscle tissues requires local 

concentrations of antibiotics in excess of what 

may be attained by systemic administration.1 

PMMA bone cement is used as a local 

antibiotic delivery vehicle; however, PMMA 

beads add bulk to surgical sites with limited 

soft tissue for closure.2 We describe a 

bioresorbable organogel local delivery vehicle 

that may be prepared intraoperatively. 

METHODS: Organogels were prepared by 

melting 45 wt% sorbitan monostearate with 55 

wt% linoleic acid in an oven between 60°C and 

80°C, mixing in a Flak Tek Speedmixer, 

loading into a syringe, and cooling to room 

temperature to form a semisolid.  Excipient 

formulations were produced by adding PEG10k, 

Pluronic F-127, or Tween 80 to modify release.  

Particulate toluidine blue O or gentamicin 

sulfate (GS) were loaded into the molten 

organogel at 10% or 20% loading, respectively, 

for visualization or in vitro release 

measurement.  For in vitro release, 190 mg of 

formulation was placed in a 12 mm x 1 mm 

depression of a stainless steel carrier in a 60 

mL jar of PBS at 37°C with shaking for two 

weeks. Efficacy of the organogel versus 

systemic concentrations of GS was evaluated 

against a 3-day Staphylococcus aureus biofilm 

grown on stainless steel trauma plates in 0.3% 

TSB medium.  The biofilm was treated with 

either 1 or 10 µg/mL GS or 0.6 grams of 

organogel (0.1 g GS) for 24 hours with media 

replenishment every 4 hours. Loosely-adherent 

bacteria were removed by rinsing with PBS; 

adherent bacteria were sonicated and plated. 

RESULTS: Organogels can be delivered from 

a syringe through a canula to a simulated 

orthopaedic trauma surgical site with a plate.  

The formulation adhered to the plate and tissue 

through irrigation and did not penetrate the 

muscle fascia. Released dye subsequently 

penetrated the tissue. At 20% drug per matrix, 

GS release was modulated from days to at least 

two weeks between base and excipient 

formulations.  A 3-day, 8.2 log CFU/plate 

biofilm was reduced 0.9 log CFU by 1 µg/mL 

GS, 2.3 log CFU by 10 µg/mL GS, and 4.6 log 

CFU by the organogel GS depot. 

 
Fig. 1: Simulated formulation and 

percutaneous delivery of an organogel with 

solid toluidine blue O and a chicken thigh. 

 
Fig. 2: Gentamicin release from a 45:55 

sorbitan monostearate:linoleic acid organogel 

with and without addition of excipients. 

DISCUSSION & CONCLUSIONS: 

Intraoperative melt-mixing of an organogel and 

solid GS in a heating device produced a low 

bulk drug delivery depot. This approach 

enables drug selection based on patient criteria 

and risks. Organogel formulations provided GS 

release durations of from days to weeks. 
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V. Sambri3, M. Fini1.  
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INTRODUCTION: Joint replacement has 

become a frequent surgical procedure 

worldwide. However, one of the problems that 

most affect the long-term success of this 

procedure is the occurrence of periprosthetic 

infections, whose incidence is increasing. 

Antibiotic resistance developed by many 

bacterial strains, which make it difficult to 

eradicate, makes more urgent than ever the 

need for new strategies to prevent the onset of 

such infections. A coating technology based on 

a novel HA derivative, sHA-DA (a partially 

sulphated hyaluronic acid (sHA) functionalized 

with a dopamine (DA) moiety) for the 

prevention of biofilm-associated infections on 

the surface of a titanium implant, has been 

developed by Fidia Farmaceutici group [3]. In 

vitro studies showed that the DA moiety 

guarantees good performance as binding agent 

for titanium surface adhesion, while the 

negatively charged sHA has both a high 

efficiency in electrostatic binding of positively 

charged molecules with antibiotic properties 

and bone regenerative effects. 

 

METHODS: An in vivo study to assess 

histocompatibility of titanium nails pre-coated 

with sHA-DA was performed in a rabbit model, 

according to UNI EN ISO 10993-6. Implants 

were placed in the femoral medullary cavity 

and harvested after 12 weeks for histology. The 

evaluation of anti-bacterial efficacy was 

performed in an analogue animal model. A 

model of bacterial contamination was set up 

injecting 1 ml of bacterial suspension 

containing 104 or 106 CFU of methicillin-

resistant Staphylococcus aureus (MRSA) in the 

femoral medullary cavity. Titanium nails 

uncoated or pre-coated with sHA-DA and 

loaded directly by the surgeon with 5% w/v 

vancomycin were implanted in the same site. 

After 1 week, specimens were harvested for 

microbiological and histological evaluations. 

RESULTS: sHA-DA coated nails proved to be 

histocompatible in comparison to uncoated 

nails (Annex E score), also promoting bone 

growth in adhesion to implants. In the efficacy 

study, animals treated with pre-coated nails 

didn’t show the presence of systemic or local 

bacterial infection, as confirmed by 

microbiology and histology (Smeltzer score). In 

the group infected with the highest MRSA 

concentration and treated with uncoated nails, 

80% of animals showed local bacterial 

infection. Microbiological analysis of animals 

inoculated with the lower MRSA concentration 

did not show local bacterial infection, probably 

thanks to the systemic antibiotic therapy.  

 

 
Fig. 1: Presence of vital (on the left) and 

necrotic (on the right) bone fragments in the 

bone marrow.  

DISCUSSION & CONCLUSIONS: The 

chemical stability of the titanium coating to β-

ray sterilization was assessed. The efficacy of 

this vancomycin-loaded sHA-DA coating was 

confirmed in vitro with a specific antibiotic 

diffusion assay. The same system confirmed in 

vivo its histocompatibility, showing 

osteointegration properties, according to ISO 

10993-6 standard and proved to be effective in 

vivo against acute local and systemic bacterial 

infection following high MRSA contamination 

of an intra-medullary nail. 
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PERIPROSTHETIC JOINT INFECTION REVISION MODEL 
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INTRODUCTION: The lack of a definitive test in 

the diagnosis of PJI makes the evaluation of a 

painful joint following total joint arthroplasty 

difficult. The “gold standard” treatment for PJI is the 

two-stage exchange arthroplasty. The role of 

synovial fluid inflammatory markers has proven 

efficacious in the initial diagnosis of PJI but the role 

in reimplantation is still unclear. Herein, we report 

our findings from an animal model for PJI that is 

amenable to a two-stage revision procedure. 

METHODS: A PJI model was induced in the right 

stifle joints of 16 rabbits using a stainless-steel screw 

in combination with a UHMPE washer placed in the 

intercondylar fossa of the distal femur extending into 

the medullary canal of the femur. Ten days later the 

right femorotibial joint was  inoculated with 0.1ml 

containing 1x104 S. aureus. Following a six to ten-

day incubation period, a revision treatment protocol 

was implemented consisting a two-stage implant 

exchange using standard clinical care. The first 

revision stage consisted of implant removal, 

irrigation and debridement followed by placing a 

cement spacer. Rabbits in the control cohort were 

not treated with antimicrobials whereas rabbits in the 

treatment cohort received antimicrobials added to 

the irrigation solution and the PMMA spacer. The 

cement spacer was prepared by mixing 8g of 

powdered cement polymer mixed with antimicrobials 

(130mg tobramycin, 200mg vancomycin) and 

methylmethacrylate. Postoperatively, rabbits were 

monitored and scored for signs of pain and appetite 

for 28 days. No systemic antimicrobials were given 

at any time. Blood samples were collected and 

analyzed for cytokine and chemokine biomarkers 

and data from days 3, 4 and 28 were quantitatively 

examined using a multiplex assay instrument. 

Twenty-eight days after revision surgery rabbits 

were sacrificed and ex vivo analyses consisted of 

bacteriology, imaging of the implant surface 

topography using confocal microscopy and scanning 

electron microscopy. Data were analyzed with 

ANCOVA. RESULTS: Surgical procedures were 

uneventful, and all rabbits recovered from general 

anesthesia and surgical procedures. Rabbits were 

supported with Nutri-cal and fresh Kale throughout 

the study. One rabbit in the control cohort was 

euthanized after revision surgery due progressive 

clinical deterioration. Clinically all rabbits exhibited 

fever, lethargy and hyperfibrinogenemia following 

intra-articular inoculation with S. aureus which 

persisted until revision surgery. Rabbits undergoing 

revision surgery in combination with antimicrobials 

demonstrated an immediate and remarkable clinical 

improvement following recovery from general 

anesthesia which persisted throughout the remainder 

of the study. Conversely, rabbits not receiving 

antimicrobials continued to exhibit lethargy and 

decreased appetite. All rabbits in the treatment 

cohort were negative on microbial culture while 7 

out 8 of the control rabbits were culture positive. 

The clinical observations were further corroborated 

by decreased systemic serum concentrations of 

fibrinogen and D-Dimer in rabbits treated with 

antimicrobials during revision surgery (p<0.001). 

Moreover, rabbits in the control group were 

consistent with increased inflammation and infection 

exhibiting elevated serum levels of fibrinogen and 

D-Dimer (p<0.001). Rabbits undergoing revision 

surgery using antimicrobials resulted in significantly 

decreased bacterial load in the in the femorotibial 

joints when compared to control rabbits determined 

by synovial tissue homogenate at time of sacrifice 

(p<0.0001). DISCUSSION & CONCLUSIONS: 

Culture negative PJI is a mysterious and 

uncomfortable scenario and causes uncertainty for 

diagnosis and treatment decisions in terms of type of 

antimicrobial(s), duration of therapy, and timing for 

re-implantation. Our findings in this proof-of-

concept animal study are consistent with the cardinal 

signs of periprosthetic joint infection. Interestingly, 

D-Dimer serum concentration was the only 

biomarker in this study so far indicating a strong 

correlation between culture positive and culture 

negative animals. A recent study by one of the co-

authors indicates the D-Dimer serum concentration 

levels may be a reliable test for determining the 

optimal timing of reimplantation for patients 

undergoing two-stage exchange arthroplasty. The 

model described here may provide a platform to 

assess revision arthroplasty strategies that aim at 

improving the optimal timing for re-implantation. 
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Early detection of bacterial infections in implants using hand-held 

 gamma-probes 

Eugene Grigoriev 

Forimtech S.A., Route de Malagnou 32, 1208 Geneva, Switzerland 
 

INTRODUCTION: Forimtech S.A., based in 

Geneva, is specialized in development and 

production of hand-held wireless probes, which 

detect gamma- or beta-emissions and help 

surgeon localize and remove lesions or lymph 

nodes labelled with radiopharmaceuticals. The 

first prototypes were developed within a CTI 

project in collaboration with CHUV and EPFL. 

These probes [1] are CE-marked and already 

used in numerous clinics in Switzerland and 

worldwide. 

The idea of the present project, which was 

granted an “Innovation Cheque” by Innosuisse 

(project No 32244.1 INNO-LS) is to perform 

feasibility studies for using Forimtech probes 

to detect and localize radio-labelled bacterial 

infections in cardiac and orthopedic implants. 

Currently Forimtech is looking for a 

research partner, who would be interested 

to perform feasibility tests with existing 

gamma-probes of Forimtech and existing 

clinically-approved SPECT markers of 

bacterial infections. 

METHODS: Wireless gamma-detection 

system of Forimtech consists of a hand-held 

compact sterilisable probe (“RadPointer®”) 

and a tablet PC, communicating via Bluetooth.  

The probes are designed to be used primarily 

with standard RPHs for SPECT and PET 

cancer diagnostics, labelled mostly with 

Tc99m, Iodine, F18 and Ga68 isotopes. They 

serve as a complementary tool during surgical 

intervention after pre-operative scan, and make 

use the same RPH dose, which was previously 

administered for the scan. Due to profound 

experience of  Forimtech founders in particle 

detectors development at CERN [2], 

RadPointer® has exceptionally high sensitivity 

and can be used with low concentrations of 

RPHs, even on the next day after injection. 

Currently it is used mostly in gynaecological, 

thoracic and breast surgeries. The experience, 

obtained in these applications, has shown that 

RadPointer is able to localize radio-labelled 

objects (SLN or lung nodules) even 

transcutaneously, prior to skin resection. This 

encourages us to perform tests for non-invasive 

detection and localization of bacterial 

infections in implants. 

RESULTS: As a result of this study, it is 

expected to get the first evaluation of the 

following parameters: 

-RPH uptake values for local bacterial 

infections in implants, 

-Absolute sensitivity of RadPointer-Gamma to 

these RPH, 

-Signal/background ratios, 

-Spatial resolution. 

DISCUSSION & CONCLUSIONS: The first 

results, obtained in these feasibility studies, in 

case that they are encouraging, will serve as a 

basis for planning a more profound research, 

which would imply development of dedicated 

hand-held diagnostic and intra-operative 

gamma-probes for implants, including imaging 

ones. 

ACKNOWLEDGEMENTS: This template 

was modified with kind permission from eCM 

conferences Open Access online periodical & 

eCM annual conferences 
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INTRODUCTION: Recent findings have 

demonstrated the involvement of osteocytes in 

the pathogenesis of osteomyelitis associated 

with periprosthetic joint infection [1]. The aim 

of the current study is to develop a human cell 

line model of osteocyte intracellular infection 

to allow reproducible investigation of host cell-

pathogen interactions and provide a screening 

assay to test the effects of antimicrobials on 

these. We reported that the human 

osteosarcoma cell line SaOS2 is capable of 

differentiation into an osteocyte-like state [2]. 

METHODS: SaOS2 cells were differentiated 

for 28d to generate osteocyte-like cultures [2]. 

Methicillin resistant S. aureus (MRSA) WCH-

SK2 was used, as this was shown previously to 

become internalised by human primary 

osteocyte-like cells without causing their cell 

death [1]; methicillin sensitive (MSSA) WCH-

SK3 was also used. Host gene expression was 

measured by qPCR. Intracellular bacteria were 

detected by TEM, host cell activity was 

observed by live confocal microscopy. 

Bacterial load was monitored by CFU counts 

and qPCR for sigB DNA. Effects of the 

intracellular lifestyle on sensitivity to a range of 

antibiotics was tested. 

RESULTS AND DISCUSSION: Intracellular 

infection was demonstrated within 

differentiated SaOS2 cells by CFU detected in 

the lysate in declining numbers until 15d post-

infection (Fig. 1), but not in the supernatant. 

Throughout the culture period the bacterial 

DNA level was not proportional to the CFU 

counts. This, with an increase in the prevalence 

of small colony variants (SCV) over time, 

indicates a transition to a persistent 

intracellular infection.  

 

 

 

 
Figure 1: %apparent killing of intracellular 

WCH-SK2.  

 

Osteocyte marker (DMP1 and SOST) 

expression was not altered by infection. A 

significant increase in the expression of the 

chemokines CXCL1, CCL5, CXCL9, CXCL10, 

and CXCL11 was observed, demonstrating an 

active immune response in response to 

intracellular infection.  

The effects of gentamicin (G), ciprofloxacin 

(Cx), chloramphenicol (Ch), rifampicin (R) and 

vancomycin (V), at 1x, 10x and 100x the 

minimum bactericidal concentration (MBC) 

have been evaluated. Against expectations, G 

was effective in clearing intracellular bacteria, 

achieving killing rates at 1xMBC equivalent to 

those of 10xMBC for Cx or Ch. G at 10xMBC 

achieved similar killing to R and V at their 

respective 100xMBC. Whilst high dose G, R 

and V achieved marked or complete reductions 

in intracellular CFU over 7d, no treatment 

tested was capable of clearing the sigB DNA 

signal, implying transition to a dormant 

phenotype.  

CONCLUSIONS: Current results indicate that 

SaOS2 cells differentiated to an osteocyte-like 

stage constitute a biologically relevant model of 

osteocyte infection with S. aureus.  
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INTRODUCTION:  

Posttraumatic pelvic-osteomyelitis is one of the 

most serious complications after pelvic-

fractures. The necessary extensive surgical 

debridement as part of interdisciplinary 

treatment is complicated by the possible 

persistence of pelvic instability. The aim of this 

study was to determine the outcome and outline 

the course of treatment after early 

posttraumatic pelvic bone infections due to 

type-C pelvic ring injuries.  

 

METHODS:  

In a retrospective cohort study from 2005 till 

2015 all patients with pelvic-osteomyelitis 

within six weeks of surgical stabilization of a 

type-C pelvic-fracture were assessed. 

Microbiological results, risk factors, course of 

treatment and functional long-term outcome 

using the Orlando-Pelvic-Score were analyzed. 

 

RESULTS:  

A total of 19 patients (age 43.9 years; Body-

Mass-Index 27.7 kg/m2; ASA-physical-status 

1.8; Injury-Severity-Score 38) developed a 

pelvic-osteomyelitis within an average of 27 

days after internal surgical stabilization of a 

type-C pelvic injury (AO-type C1: 11, C2: 4, 

C3: 4). Os pubis was affected in 7 and Os ilium 

in 12 cases. In addition to the pelvic-fracture, 

major vascular injuries occurred in 8, nerve 

injuries in 9, and intestinal and/or bladder 

ruptures in 11 cases. In 15 cases a mass 

transfusion was necessary. In addition to 

clinical signs of inflammation, (11 x redness, 

12 x wound secretion, 6 x fistula) elevated 

levels of c-reactive-protein (7.8 mg/dl) and 

white-blood-cells (10.7/nl) were found. 

Bacterial cultures harvested during the initial 

surgical revision demonstrated mixed cultures 

in 18/19 cases, with an average of 3 different 

organisms isolated per case (61% intestinal 

bacteria). During the scheduled repetitive 

debridement a reduction of the initial mixed 

cultures into a single organism was observed. 

Overall 6.8 surgical interventions, including 

implant removal, were necessary until 

osteomyelitis was eradicated. In no cases was 

re-osteosynthesis performed. In 6/19 cases 

recurrence of infection occurred after an 

average of 5 months, followed by an additional 

repetitive debridement. An average 3-year-

follow-up after the initial osteomyelitis-

diagnosis demonstrated eradication of infection 

in 18/19 cases combined with an Orlando-

Pelvic-Score of 21.9 points (best possible 

function: 40 points). Despite significant pelvic 

malalignment the ability to walk was achieved 

in all patients, with one exception due to a 

spinal cord injury. 

 

 

DISCUSSION & CONCLUSIONS:  

 

Despite no new surgical stabilization of the 

initial unstable pelvic injury, the early removal 

of implants combined with extensive 

debridement and antibiotic therapy led to 

sufficient long-term outcomes in patients with 

early posttraumatic pelvic-osteomyelitis. In 

particular, due to the severity of the initial 

injury and the complex interdisciplinary 

approach, early diagnosis of the osteomyelitis 

is essential. 
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INTRODUCTION: The skin commensal 

Staphylococcus epidermidis is a leading cause 

of medical device infections. Associated with 

medical device infections is their chronic 

persistence and recalcitrance to antibiotics1. 

Whole genome sequencing (WGS) has shown 

that commensal and clinical S. epidermidis 

comprise highly diverse assemblages of related 

strains, with closely related isolates displaying 

different phenotypes3. Thus in this study, the 

genomes of S. epidermidis isolates from 55 

patients with persistent prosthetic joint (PJI) or 

fracture fixation associated (FF) infections 

were examined using a pan-genome and gene-

by-gene approach to investigate the genetic 

changes that occur over the period of the 

persistent infection. 

METHODS: This study used a pan-genome of 

12,318 genes created from 573 WGS of S. 

epidermidis available in the BIGSdb database3 

to analyse the WGS of 117 S. epidermidis 

isolates from 55 patients with persistent PJI or 

FF infections (Table 1). The molecular 

diversity between the original isolate and 

each subsequent one from each patient 

(paired isolates, samples taken between < 2 

weeks and > 10 weeks apart4) were analysed 

by looking at the allelic similarity 

(identical/non-identical) of the core genes 

shared between paired isolates and their 

accessory genome.  

Table 1. List of the multiple patient matched 

infection isolates used in the study.  

Isol

ate 

sou

rce 

No. 

patients 

/isolates 

(n = 

55/117) 

No. 

patients 

paired 

isolates 

(no. 

isolates) 

No. 

patients 

3+ 

isolates 

(no. 

isolates) 

PJI 50/103 48 (96) 2 (7) 

FFa 5/14 4 (8) 1 (6) 
a infected plates (6), nails (6) and internal fixations (2) 

RESULTS: Analysis of the core genome 

revealed that not all infections were caused by 

‘true’ persister isolates. The core genome of 

those 82 isolates causing persistent infection 

had significant homology within patient-paired 

isolates whereas the accessory genome 

exhibited significant differences (Fig. 1).  

 

 

 

 

Figure 1. Molecular diversity among 82 isolates from 38 patients 

within their a) core genome and b) accessory genome. Line 

designates the patient pairs with ≥ 6 allele differences, and open 

symbols represent patients with more than 3 isolates. 

DISCUSSION & CONCLUSIONS: This 

study has demonstrated the advantage of using 

WGS for identifying the accuracy of a 

persistent infection diagnosis. The results have 

shown that paired isolates that were expected to 

be closely related were actually more diverse 

than previously believed. In particular, out of 

the 55 patients with a defined persistent S. 

epidermidis infection, 17 were suffering from 

infections caused by multiple polyclonal S. 

epidermidis strains not a ‘true’ persister isolate. 

Thus, over the course of a persistent medical 

device infection the assumption that the same S. 

epidermidis strain caused the persistent 

infections cannot be made. 
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INTRODUCTION: Staphylococcus aureus is 

a prominent pathogen in respiratory, skin and 

implant-related infections. Due to co-evolution 

with humans as a common skin commensal, S. 

aureus has several toxins with specificity for 

human targets that are absent in common 

laboratory animal species. Advanced 3 

dimensional (3D) in vitro cell culture models, 

including organoids and spheroids, have been 

developed in numerous fields, which 

incorporate human cells, resemble in vivo tissue 

more closely than conventional 2D cell culture, 

and allow for higher throughput 

experimentation. To date, there are no 

described 3D in vitro cell culture models for S. 

aureus infection. 

 

METHODS: S. aureus microcolonies were 

grown for either 4h, 8h, 16h, 24h, 48h or 72h in 

a collagen gel (1.78 mg/ml, Gibco) 

supplemented with 200 µl human plasma at 37 

°C. A clinical isolate (S. aureus JAR) or a lab 

strain (S. aureus ATCC 49230-GFP) were used 

in this study. Transmission electron microscopy 

(TEM) and scanning electron microscopy 

(SEM) was used to obtain a detailed overview 

of a S. aureus microcolony and its structure, 

whereas immunofuorescent stainings were done 

to determine whether the mesh around S. 

aureus microcolonies consist of fibrin fiber. 

Antibiotic resistance of S. aureus 

microcolonies was assessed with 100x the 

minimal inhibitory concentration (MIC) of 

gentamicin (Roth) using different starting point 

and incubation times. Bacterial clearance of 

non-establised and established S. aureus 

microcolonies was determined by exposure to 

differentiated PLB neutrophil-like cells 

(differentiation with 1.25% DMSO and 5% 

FBS for 5 days; dPLB). CFU counts were 

performed as quantification method. 

RESULTS: We have developed 3D in vitro 

cell culture model for S. aureus infection 

whereby 3D microcolonies of S. aureus 

(average 200 micrometers in diameter) form 

within a collagen matrix supplemented with 

human plasma and these may be challenged by 

neutrophil-like PLB-985 cell line (dPLB). After 

24 hours of growth, these in vitro grown S. 

aureus microcolonies consist of 1x108 colony 

forming units and tolerate 100-fold higher 

antibiotic concentrations than planktonic 

bacteria, reflecting the biofilm-like nature of 

the microcolony. Furthermore, transmission 

and scanning electron microscopy have 

revealed that the microcolonies elaborate a 

layer of fibrin strands from the margin of the 

microcolony within 6 hours of growth which 

extends up to 150 micrometers from the 

microcolony at 24 hours. We have 

demonstrated that dPLB neutrophil-like cells 

migrate through the collagen plasma matrix 

towards the microcolony, but infiltration is 

limited to the margin of the microcolony due to 

the fibrin barrier even after 24 hours of contact.  

 

DISCUSSION & CONCLUSIONS: These 

first results suggest that the in vitro S. aureus 

microcolony model may be suitable for studies 

into basic interactions between S. aureus and 

cells of the human immune system in a 3D 

environment, which may provide a more 

realistic model than animal studies or 

conventional 2D assays currently in use. 

 

ACKNOWLEDGEMENTS: The project was 

funded by AO Trauma, and the author would 

like to acknowledge Pamela Furlong for SEM 

and the Cellular Imaging Core Facility of the 

Amsterdam UMC location AMC for TEM. 

 

 

 

 

 

 

http://www.ecmconferences.org/


eCM Online Periodical, 2019, Collection 5; eCM Conference Abstracts (page P17) 

 

  www.ecmconferences.org 

Computational Modeling of Bacterial Dynamics 

K. Jain1, C. Lohrmann1, C. Holm1 
1Institute for Computational Physics, University of Stuttgart, Germany  

 

INTRODUCTION: Microorganisms namely 

bacteria can propel, proliferate and accumulate 

in a number of media and under various flow 

conditions. Study of bacterial dynamics and 

their life cycle is important for various 

applications in biology, medicine and 

engineering. In addition to being self-propelled, 

some bacteria can adhere to each other and to 

surfaces where they can create fast growing 

colonies, called biofilms. Studies have 

demonstrated that bacteria more commonly 

accumulate at surfaces and around obstacles 

that they encounter in their propulsion path. 

The initiation, growth and decline of a biofilm 

depends largely on the flow field, surfaces and 

the obstacles bacteria encounter in their 

propulsion path. Computational modeling has 

evolved as an important tool for the study of 

physical and biological phenomena whereby 

mathematical models of a process are 

developed and studied using simulations on 

computers. In this work, we developed a model 

to study the dynamics of Escherichia Coli (E. 

Coli) bacteria including their growth, 

replication, adherence to surfaces in response 

to available nutrition. The model has been 

applied to study biofilm formation in 

engineering and biology applications, and has 

implications for the study of infections. 

METHODS: We represented the E. Coli as 

rod-shaped objects formed by molecular 

dynamics (MD) beads. The underlying fluid 

flow was modeled using a mesoscale fluid 

dynamics approach called the lattice Boltzmann 

method (LBM). The MD and LBM were 

coupled using a friction point coupling scheme 

that ensures momentum conservation. 

Simulations were executed on graphical 

processing units (GPUs) each requiring about 

30 hours of execution time. The bacteria were 

self-propelled and moved under the influence 

of an external flow-field. Adherence to surfaces 

was modeled on the basis of residence time in 

an area, and replication was based on 

nutritional availability. 

RESULTS: Transient dynamics of about 600 

bacteria in a confined geometry is shown in 

figure 1. Our results indicate that the bacteria 

tend to a state of momentary stasis in regions 

where the underlying fluid recirculates, and this 

behaviour results in their adherence to surfaces, 

replication, and subsequent formation of a 

biofilm as shown in figure 1 (right). Our 

simulations further demonstrate that the 

hydrodynamic interactions between bacteria, 

and between bacteria and surfaces govern the 

initiation and growth of biofilms. The bacteria 

start replicating after adherence to surfaces 

thereby growing the mass of the biofilm, which 

in turn can be deteriorated by flows of high 

shear rates. The oxygen content in the fluid acts 

as nutrition for the biofilm and can be fine-

tuned to control the growth rate of the biofilm. 

 
Fig. 1: Transport of 600 bacteria around a 

morphology of obstacles (left). A biofilm 

formed around a spherical obstacle (right) 

 

DISCUSSION & CONCLUSIONS: The 

computational model reproduces the dynamics 

of E. Coli with a reasonable accuracy. The 

adherence of bacteria and their replication 

thereon has interest in many applications. The 

model is being extended to incorporate 

chemical reactions wherein we wish to include 

the deterioration of biofilm through motility of 

the bacteria. Complex interactions and 

multilayer biofilms can also be incorporated. 

Such models have potential applications in 

infection research and the incorporation of 

antibiotic drugs. Since our model desribes 

general rod-shaped bacteria with variable 

parameters, it can also be applied to study the 

behaviour of similar species like Pseudomonas 

aeruginosa and Vibrio cholerae. 
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INTRODUCTION: Sonication of removed 

devices improved the microbiological diagnosis 

of infection. Recently, chemical agents have 

been investigated for dislodgement of biofilms, 

including the chelating agent 

ethylenediaminetetraacetic acid (EDTA) and 

the reducing agent dithiothreitol (DTT). We 

compared the efficacy of chemical methods 

(EDTA and DTT) to sonication for biofilm 

dislodgement.  

METHODS: Staphylococcus epidermidis 

(ATCC 35984) and Pseudomonas aeruginosa 

(ATCC 53278) biofilms were grown on porous 

glass beads for 3 days. After biofilm formation, 

beads were exposed to 0.9% saline, sonication 

or chemical agents. Quantitative and qualitative 

biofilm analyses were performed by colony 

counting (CFU/ml), isothermal 

microcalorimetry (using time to detection 

(TTD)) and scanning electron microscopy. All 

experiments were performed in triplicate.   

RESULTS: The colony counts after treatment 

with EDTA and DTT were similar to those 

after exposure to 0.9% saline (6.3, 6.1 and 6.0 

log CFU/ml, respectively) for S. epidermidis 

biofilms, and (5.1, 5.2 and 5.0 log CFU/ml, 

respectively) for P. aeruginosa biofilm. 

Sonication detected higher CFU counts (7.5 log 

CFU/ml) for S. epidermidis; (p<0.05) and 6.5 

log for P. aeruginosa biofilm (p <0.05). 

Concordant results were detected with 

isothermal microcalorimetry, although the time 

of heat detection after sonication of beads was 

significantly higher (11 h) in comparison to 

EDTA and DTT (6.5 and 6.5 h, respectively) (p 

<0.001); no difference between both chemical 

methods and the control (6.2 h) was observed 

(p=0.3). For both microorganisms the scanning 

electron microscope images showed substantial 

less biofilm biomass remaining on the beads 

when sonication was applied compared to  

 

control as well as both chemical methods and 

scanning electron microscopy. Fig. 1 

 

Fig. 1: Fig. 6. Scanning electron microscopy 

(SEM) of P. aeruginosa biofilm: (A) beads after 

0.9% saline treatment (control); (B) beads after 

EDTA treatment; (C) beads after DTT 

treatment; (D) beads after sonication 

treatment. 

DISCUSSION & CONCLUSIONS: Our 

study showed that sonication is superior to 

chemical method to dislodge bacterial biofilm 

from artificial surface and should be considered 

as standard diagnostic method for biofilm 

detection in implant-associated infections. 
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INTRODUCTION: Local antibiotic pellet 

using bio degradable ceramic such as calcium 

sulphate and calcium phosphate has been 

proven to be as effective as bone cement 

antibiotic beads in the treatment of 

osteomyelitis. It’s obliterate dead space and 

provide high concentration of local antibiotic 

with low systemic level thus reducing the side 

effect to the kidney. The main advantage of bio 

degradable ceramic is that it does not require 

second surgery for removal and its antibiotic 

release is more complete than the bone cement. 

The aim of this study is to investigate the 

clinical outcome of patients treated with bio 

degradable antibiotic pellets following 

debridement of osteomyelitis foci. 

 

METHODS: This was a retrospective study of 

46 consecutive patients treated for 

osteomyelitis from 2010 till 2019. Only 

patients with minimal 2 years follow up were 

included in the study. The mean age of the 

patients was 28 (range 13 to 71 ) years old. 

Forty two (93%) were using calcium sulphate 

pellets and 4 patients used calcium phosphate 

pellets. Twenty cases due to implant related 

infection, 14 infected open fracture, 5 pin site 

infection,3 infected non-union, 3 

haematogenous osteomyelitis and 1 

trochanteric sore.  Twenty four cases at the 

femur, 20 femur, and 1 at the radius and ulna. 

There were 3 patients stage 1A, 1 stage 1B, 1 

stage IIA, 8 IIIA, 30 IVA and 3 IVB according 

to Cierny Mader classification. The 

management of osteomyelitis include 

debridement, local flaps (17 cases), monolateral 

LRS external fixation (13 cases) and ilizarov 

external fixation (10 cases) and bone transport 

(4 cases). 

 

RESULTS: Infection was resolved in 44 (96%) 

of patients. Thirty eight (83%) without 

additional surgery, 4 (9%) after bone transport 

and 2 (4%) after repeated debridement and 

insertion of local antibiotic beads.  Two 

(4%) patients have persistence infection. A 16-

year old boy with pan osteomyelitis of left 

femur complicated with septic dislocation of 

hip develop persistence sinus discharge. 

Another was a 21-year old man with infection 

following proximal femoral nailing develop 

persistence sinus discharge following removal 

of implant, reaming and antibiotic pellets. 

 

DISCUSSION & CONCLUSIONS: Bio 

degradable local antibiotic is an effective 

adjunct treatment following debridement of 

osteomyelitis. Repeated debridement, 

reinsertion of local antibiotics and bone 

transport helps to eradicate persistence 

infection  
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INTRODUCTION: S. aureus invades and 

colonizes the osteocyte-lacuno canalicular 

network of cortical bone (OLCN), causing 

chronic osteomyelitis (OM).1 The susceptibility 

of S. aureus within this protected environment 

to standard of care surgical interventions and 

antibiotic regimens remains unclear. Thus, we 

hypothesized that the OLCN of cortical bone 

provides a barrier for S. aureus against the 

current clinical antimicrobial therapies.  

METHODS: Animal studies were performed 

on IACUC approved protocols. We utilized an 

established murine model of OM that mimics 

standard of care revision surgery and antibiotic 

regimens.2 Briefly, a mid-diaphyseal femoral 

defect was created and stabilized with a 

titanium plate and screws in 11 to 13-week old 

female BALB/c mice. An infection was 

established by insertion of a collagen sponge 

inoculated with a bioluminescent strain of S. 

aureus into the defect. Seven days post-

infection surgery, an irrigation and debridement 

procedure was performed, consisting of a 

femoral osteotomy and insertion of an 

antibiotic-impregnated bone cement spacer. 

Systemic antibiotics were administered for the 

next seven days. At day 14 post-inoculation 

surgery, femurs, adjacent soft tissues, and 

implant hardware were harvested. Three 

cohorts were preformed: 1) methicillin-

sensitive S. aureus (MSSA; Xen36) infection 

treated with local and systemic gentamicin; 2) 

methicillin-resistant S. aureus (MRSA; 

USA300 LAC::lux) infection treated with local 

and systemic vancomycin; and 3) MSSA 

infection treated with local gentamicin and 

systemic nafcillin. The bacterial burden was 

measured using bioluminescent imaging (BLI) 

and colony-forming unit (CFU) assays, and the 

presence of bacteria in the OLCN was assessed 

with transmission electron microscopy (TEM). 

RESULTS: Unexpectedly, gentamicin 

treatment showed no significant effect versus 

the placebo on reducing MSSA growth in vivo 

via BLI or CFU counts on the tissues and 

implants 14 days post-infection. However, 

TEM analysis of S. aureus within the OLCN 

showed a cell-wall thickening phenotype, 

consistent with the known S. aureus response to 

antibiotic treatment. In contrast, vancomycin-

treated MRSA and nafcillin-treated MSSA 

infections showed significant reduction in BLI 

and recovered CFUs (data not shown). 

DISCUSSION & CONCLUSIONS: Despite 

its traditional use in bone cement, gentamicin 

may not be an effective choice of antibiotics for 

the treatment of chronic S. aureus 

osteomyelitis, possibly due to an adaptive 

response causing an increased cell wall 

thickness and antibiotic resistance. These 

results provide new insights into the 

pathogenicity of S. aureus OM and suggest new 

paradigms for the development of more 

effective means of treatment. 
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Figure 1. Gentamicin and placebo mouse tissue 

CFU enumeration. 

Figure 2. TEM images comparing gentamicin-treated and 

placebo-treated S. aureus cell wall thicknesses. Arrows indicate 

cell wall thickening. 
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INTRODUCTION: Musculoskeletal 

infections present a serious challenge to treat 

due to the increasing rate of bacterial resistance 

mechanisms against commonly used 

antibiotics. In this regard, a promising 

alternative treatment strategy is bacteriophage 

therapy, which relies preferably on the in-situ 

application of naturally-occurring phages to 

infect and lyse bacteria. Here, we present four 

cases with chronic osteomyelitis, refractory to 

conventional treatment strategies, who were 

treated with a combination of local phage 

therapy and antibiotics. 

METHODS: In three cases the infection was 

polymicrobial, caused by Staphylococcus spp. 

and/or P. aeruginosa and/or Streptococcus spp. 

In the fourth case, the causative pathogen was 

E. faecalis. BFC 1.10, produced by the Queen 

Astrid Military Hospital (Belgium), contains 

phages against S. aureus and P. aeruginosa. In 

all three patients with polymicrobial infections, 

the isolated staphylococci were found 

susceptible to this cocktail. For the fourth case, 

the commercial Pyobacteriophage cocktail, 

containing additional phages active against 

Enterococcus spp. and provided by the Eliava 

Institute (Georgia), was selected. After 

thorough debridement, a gentamicin-coated 

collagen sponge soaked in phage solution was 

placed in the infected site intraoperatively. 

Subsequently, a draining system was placed in 

order to rinse with phage solution 

postoperatively. All patients were treated 

locally with phage therapy for a maximum of 

10 days, three times daily. The amount of 

phage solution used, depended on the 

intraoperative situation and ranged between 20 

and 40 mL. For instance, as 2 patients 

underwent soft tissue coverage during the same 

surgery, smaller volumes (20 mL) were used in 

these patients to avoid interference with the 

ingrowth of the tissue flap. All patients 

received antibiotic therapy, which covered all 

isolated pathogens, for ca. three months.  

RESULTS: Currently, three out of four 

patients are infection-free after a single 

bacteriophage therapy course (with 

concomitant antibiotics) with a follow-up 

period of at least one year in two patients. One 

patient had to undergo several complex surgical 

procedures for management of a bone defect 

(i.e. bone transport). As a consequence, ten 

months after phage therapy, S. epidermidis was 

again isolated during a bone grafting procedure 

at the docking site. This strain shows a distinct 

resistance profile and a comparative genomics 

analysis is ongoing to distinguish it from the 

original strain. The patient is currently treated 

with antibiotics. Even though no severe adverse 

effects related to phage therapy were observed, 

it should be noted that phage therapy in the 

patient with the enterococcal infection was 

halted after seven days due to local redness and 

pain during rinsing, which was attributed to 

stowing. Although an allergic or immune 

reaction cannot be excluded. 

DISCUSSION & CONCLUSIONS: The 

results of phage therapy seem promising and 

suggest the application of this therapy also in 

similar cases with difficult to treat 

musculoskeletal infections. However, there are 

currently no evidence-based guidelines 

regarding phage administration. The 

application of phages through drains is 

cumbersome and imposes an inherent infection 

risk. A possible solution that may prove to be 

more patient-friendly is a local delivery system, 

providing a controlled phage release 

postoperatively. Research in this field is 

currently ongoing.  
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INTRODUCTION: Revision of an implant for 

infection is complex, traumatic for the patient 

and costs the NHS in the UK over £300 M p.a. 

This study was designed to examine the 

antimicrobial efficacy of silver content in novel 

CrN coatings for bearing surfaces in 

orthopaedic implants. 

METHODS: CoCr (ASTM F75) discs were 

polished to a standard finish, then CrNAg 

coatings of low, medium and high Ag content 

were deposited using Electron Beam Plasma 

Assisted Physical Vapour Deposition 

(Wallwork Cambridge, UK) followed by 

vibropolishing.  Surface parameters were 

evaluated with an optical non-contact surface 

profilometer and wettability determined using 

an optical contact-angle meter. 

Model biofoulants were S. aureus (NCTC 

12981 & ATCC 6538P), methicillin-resistant S. 

aureus (MRSA) (ATCC BAA-1747). Bioassays 

were performed using two flow systems namely 

(1) the Centers for Disease Control and 

Prevention (CDC) biofilm reactor (Biosurface 

Technologies, MI, US) and (2) a modified flow 

cell system (FSC) (1, 2). 

Following 48 hours in the CDC bioreactor, 

retrieved biofilm bacterial suspensions were 

quantified using serial dilutions, then spread-

plated onto blood agar plates, incubated for 24 

hours, and the biofilm density determined. 

Biofilm formation was evaluated after 18 hours 

in the FCS. Confocal microscopic examination 

of development biofilm was performed using 

LIVE/DEAD BacLight. Extraction of the 

biofilms, staining of viable cells (FDA) and 

reactive oxygen species (ROS) in the extracted 

suspension was also carried out. 

RESULTS: The silver in the CrN coatings 

showed reduced biofilm formation in the CDC 

bioreactor for both biofoulants compared to 

uncoated controls (Fig. 1). Maximum surface 

roughness reduced with Ag content although 

the wettability remained constant.  There was a 

clear increase in ROS levels with decreasing 

roughness and increasing Ag content in the 

coatings (Fig. 2), nevertheless FDA signals did 

not change significantly. The confocal 

micrographs also showed a decrease of live 

bacteria in both the medium and high Ag 

coatings (Fig. 2, Inset) 

Fig. 1. Effect of CrNAg coating on S. aureus and 

MRSA using the CDC biofilm reactor; mean and 

S.D.  n=3; normalized to control (uncoated CoCr). 

 
Fig. 2. Relationship between surface roughness and 

ROS signals for S. aureus extracted from discs 

following 18 hours exposure in the flow cell system, 

n=3. Inset: 3-D image of S. Aureus in medium Ag. 

DISCUSSION & CONCLUSIONS: Silver 

content and surface roughness in the novel 

CrNAg coatings influenced the antibacterial 

properties. All the surface coatings showed an 

inhibitory influence and would support the goal 

of reducing infection through their use on 

implants. 
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INTRODUCTION: Periprosthetic joint 

infections (PJI) remain a major challenge in 

diagnostics. Detection of the correct pathogen 

is the key to successful treatment. Next to 

conventional microbiology and nucleic acid 

testing, biofilm diagnostics is well established. 

Currently, sonication is the gold standard, with 

explanted materials being transferred to plastic 

containers, wherein the biofilm is detached 

using ultrasound. The process requires special 

lab equipment, quite some hands-on time and 

bears the risk of contamination. Dithiothreitol 

(DTT) is a chemical compound that dissolves 

disulfid bonds, thereby splitting and detaching 

the biofilm of the explants, making it possible 

to detect and culture the bacteria within. 

Commercialized and CE-certified diagnostic 

systems using DTT are available, and can be 

used in the surgical theatre. Only the DTT fluid 

must then be send to and processed by the 

microbiology lab. 

  

METHODS: In 2018, we used a commercial 

DTT tests (microDTTect, 4i Srl, Italy) in a total 

of 40 patients with 42 revision arthroplasty 

surgeries, in addition to the standard 

diagnostics, where PJI was suspected. 

Explanted components were split between 

sonication box and DTT bag at surgeons’ 

discretion. We analysed the results of the test 

retrospectively. Patients were defined as “PJI” 

or “non-PJI” as defined by the criteria of the 

MSIS consensus meeting. We calculated 

sensitivity, specificity and correlation between 

the different diagnostic tools.  

RESULTS: Of the 40 patients, 23 were 

classified as “PJI”, while 17 did not fulful the 

MSIS criteria and were classified as “non-PJI”. 

5 of the PJI patients were culture-negtive 

infections. Sonication and DTT had matching 

results in 78% of all cases (both negative or 

both detecting the same pathogen). Limited to 

culture-positive cases, the DTT system had a 

sensitivity  of 72%, and a specificity of 100%, 

while sonication had a 89% sensitivity and a 

82% specificity. In explanted knee prostheses, 

the DTT test performed better than in hip 

prostheses. Other factors such as pathogen type 

or duration of infection had no effect on the 

performance of the DTT assay.  

 

DISCUSSION & CONCLUSIONS: With the 

DTT diagnostic system, explants can be 

analysed for biofilm where sonication is not 

available or not possible. It holds, in contrast to 

the widely used plastic containers for 

sonication, a CE mark as diagnostic system. We 

saw no false-positive results, indicating that the 

risk for contamination is low. It remains 

unclear if sonication is indeed generating false-

positives or is even more precise and sensitive 

than the gold-standard MSIS definition. 

The retrospective design of the study, including 

the non-randomized distribution of the 

explanted components, is limiting to the power 

of our study. 
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INTRODUCTION: Nanostructured surfaces 

represent one of the nanoscience-based 

strategies to fight bacteria growth. [1] In this 

respect, engineering surfaces that mimic natural 

repellent surfaces (e.g. shark) or with 

immobilized micro- nano-structures started to 

be developed as a passive solution. In addition, 

if such nanostructures are loaded with active 

compounds, that can be released when needed, 

an active strategy can be developed.[1] The 

immobilization of these nanometer sized 

structures (micelles, polymersomes, 

nanoparticles) is based on their 

functionalization with molecular groups for 

reactions with the corresponding groups 

attached on surfaces. For example, the strain 

promoted Azide-Alkyne click (SPAAC) [2] 

reaction is promising as it is a bio-orthogonal 

and catalyst free method for immobilization. 

We present here the co-immobilization of two 

different types of nanostructures through 

SPAAC and the thiol-ene click reactions [3,4].  

METHODS: Poly(2-methyloxazoline)-block-

poly(dimethylsiloxane)-block-poly(2-methyl-

oxazoline) based polymersomes with different 

ratios of azide terminated polymers were 

chemically attached to surfaces exposing 

dibenzocyclooctyne (DBCO). The 

polymersomes were characterized by 

transmission electron microscopy, dynamic 

light scattering and fluorescence correlation 

spectroscopy, while the functionalized surfaces 

were evaluated by contact angle measurements 

and confocal laser-scanning microscopy. Then, 

the polymersomes were attached on solid 

support, and their architecture, size and 

stability were established by atomic force 

microscopy, scanning laser microscopy, and 

scanning electron microscopy.  

RESULTS: Polymersomes with azide groups 

were stable and preserved their architecture and 

size upon immobilization on surfaces. Then, 

polymersomes and micelles were micro contact 

printed on surfaces bi-functionalized with two 

specific molecular groups, DBCO and thiols. 

This approach allowed the production of 

surfaces with a nanostructured texture (Fig. 1). 

  

 

Fig. 1: Random co-immobilization of two 

different polymersomes (left), polymersomes 

and micelles (middle) and polymersomes and 

micelles through micro contact printing (right).  

DISCUSSION & CONCLUSIONS: The 

immobilization of polymersomes and/or 

micelles on solid support generated 

nanostructured surfaces. Such nanostructured 

surfaces are by now evaluated for their ability 

to inhibit bacteria growth. These surfaces with 

two different co-immobilized nanostructures 

open up new opportunities to face current 

challenges of medical applications, as they 

broaden the possibility to engineer and design 

multifunctional surfaces.  
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INTRODUCTION: The use of biomaterials 

inside the body always entails the risk of 

infection. This risk might even be higher in in 

situ tissue engineering applications. Since the 

porous scaffold materials can form a niche for 

invading bacteria, the intended in situ 

production of novel tissue may be severely 

compromised by infection. Therefore, we aim 

to develop a new polymeric supramolecular 

scaffold material, exerting two important 

functions: preventing microbial adhesion and 

thereby preventing biofilm formation, and 

inducing endogenous (eukaryotic) cells to 

regenerate the body. 

METHODS: In our research supramolecular 

contact-killing materials based on antimicrobial 

peptides (AMP) are developed. A special class 

of supramolecular biomaterials are based on 

fourfold hydrogen bonding 2-ureido-4[1H]-

pyrimidinone (UPy) moieties. The 

supramolecular base material consists of an 

UPy end-functionalization polycaprolactone 

(i.e. PCLdiUPy). These UPy-materials can be 

functionalized with bioactive compounds, 

either via a modular approach in which the 

UPy-base material is mixed with UPy-modified 

additives1, or via a post-modification strategy to 

specifically functionalize the surface of the 

biomaterial using click chemistry2. The 

antimicrobial activity is introduced via an UPy-

functionalized AMP, using SAAP-148, a 

synthetic derivative of LL-373. The 

regenerative activity is introduced via an UPy-

functionalized heparin binding peptide (UPy-

HBP). Both peptides were synthesized by 

manual Fmoc-based solid phase peptide 

synthesis. Solid polymer films were prepared 

by drop-casting PCLdiUPy with UPy-SAAP-

148 on glass coverslips. 

RESULTS: The antimicrobial activity of UPy-

SAAP-148 in solution and of the drop-casted 

samples against Escherichia coli 8738 and 

Staphylococcus aureus JAR060131 was 

evaluated. Coupling of the UPy-linker to the 

SAAP-148 peptide did not influence the 

antimicrobial activity in solution. QCM-D 

adsorption studies revealed that heparin 

adsorbed to spin coated material films of 

PCLdiUPy with 5 mol% UPy-HBP mixed via 

the modular strategy. 

Current studies focus on characterization of the 

UPy-SAAP-148 and multifunctional 

biomaterial with XPS, AFM, WCA, zeta 

potential and leakage experiments to 

investigate the material properties. Besides this 

the antimicrobial properties, anti-biofilm 

activity and cell cytotoxicity of the solid 

materials will be assessed. 

DISCUSSION & CONCLUSIONS: In 

conclusion, this modular approach will enable a 

stable but dynamic incorporation of the 

antimicrobial agents, and control of cell 

adhesion by using cell-adhesive peptides. 

Ultimately, we aim to use such materials for in 

situ infection-free tissue engineering, such as 

engineering of bone tissues. 
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INTRODUCTION: The recurrence rate of 

chronic osteomyelitis in adults is close to 30% 

[1]. Bacteria are known to migrate deeper into 

bone tissue through canaliculi and evade 

common systemic- and local-antibiotic 

therapies [2]. To deliver antibiotics within the 

bone with higher efficacy, bone seeking agents 

can be incorporated in a delivery system [3]. By 

fabricating antibiotic loaded poly(ϵ-

caprolactone) (PCL) microspheres conjugated 

with the bone-seeker poly(aspartic acid)  (PAA) 

we aim to prolong the microsphere residency 

near the site of infection, increasing 

bactericidal potential. 

 

METHODS: Hydrophobic Gentamicin-dioctyl 

sulfosuccinate (Gen-AOT) loaded PCL 

microspheres were made by oil/water emulsion 

methods. In vitro antimicrobial properties were 

tested by zone of inhibition (ZOI) in a serial 

plate transfer test with S. aureus. In vivo 

antimicrobial efficacy of 1 mg of microspheres 

was tested in a femoral defect in rats (n =5), 

infected with 2·106 colony forming units (CFU) 

of bioluminescent Xen-29 a week prior to 

treatment. In a 2nd study, the PCL microspheres 

underwent conjugation with PAA by 

carbodiimide chemistry. Interaction with bone 

mineral was assessed in the same model as 

above. IR780 iodide loaded PCL or PCL-PAA 

microspheres (1 mg) were injected in the bone 

defect and traced using an in vivo imaging 

system (IVIS Lumina III, Perkin Elmer).  

 

RESULTS: PCL microparticles with a size-

average of 0.80±0.47 µm and a 10.0% w/w 

Gentamicin-AOT load were fabricated. The 

microparticles showed sustained release of 

antibiotic over a 2-week period, releasing 60% 

of their load. ZOI of Gen-AOT loaded PCL was 

measurable for 5 days, while a ZOI for 

bactericidal collagen-sheets was visible for 3 

days. The Gen-AOT loaded PCL microspheres 

caused an 81% reduction in CFU compared to 

untreated control (Fig 1A). In vivo, a brighter 

signal was measured for PCL-PAA compared 

to PCL microspheres (Fig 1B), validating the 

hypothesis that PAA-grafted PCL resides 

longer in bone as control PCL.  

 
Figure 1: A) CFU at the femoral defect 1 week 

after PCL microspheres treatment. B) 

Representative infrared signal of IR780 iodide 

loaded PCL or PCL-PAA microspheres, 1 week 

after injection into a femoral bone defect.  

 

DISCUSSION & CONCLUSIONS: In the 

presented animal model, a monotreatment of 1 

mg PCL microspheres caused an 81% CFU 

reduction, in absence of systemic antibiotic 

administrations. PCL-PAA microspheres 

observably enhanced bone affinity by chelation 

of the PAA to bone mineral at the femoral 

defect. Further work is required to optimize the 

bone-targeted drug delivery system to bone. 
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INTRODUCTION: Infections that are getting 

harder to treat as antibiotics are becoming less 

effective call for new strategies in the fight 

against pathogenic bacteria. Amongst emerging 

technologies, those involving polymeric 

nanostructures, especially polymersomes, 

attract growing attention because they offer 

advantageous features such as robustness, 

biocompatibility and responsiveness to various 

environmental signals. Furthermore, owing to 

the chemical versatility of their building blocks, 

polymersomes can be immobilized on different 

surfaces whereby their activity is localized to a 

specific region. [1]  

Here, we present two different approaches 

supporting an “active strategy” and exhibiting 

antimicrobial activity by development of 

polymersomes containing encapsulated 

molecules able to produce of distinct chemical 

agents. [2,3] 

METHODS: We present two types of 

polymersomes formed by self-assembly of 

amphiphilic poly(2-methyloxazoline)-block-

poly(dimethylsiloxane)-block-poly(2-

methyloxazoline) copolymers and which are 

loaded with active compounds (photosensitizers 

and enzymes). The encapsulated compounds 

generate “on demand” the chemical compounds 

that serve to fight bacteria growth. The 

polymersomes were characterized by a 

combination of transmission electron 

microscopy (TEM), fluorescence correlation 

spectroscopy (FCS) and light scattering.  

RESULTS: In the first "active strategy", a 

light-sensitive porphyrin was encapsulated in 

the aqueous cavity of the polymersomes. Upon 

specific irradiation, the confined porphyrin 

produced reactive oxygen species (ROS) that 

readily diffused across the polymeric 

membrane. The antimicrobial activity of light-

induced ROS was demonstrated by irradiating 

E. coli cultures that were incubated with 

porphyrin-loaded polymersomes. [3] 

A second approach to fight bacteria growth 

involves engineering a catalytic nano-

compartment that is based on the encapsulation 

of an enzyme used in the production of 
antibiotics. Penicillin acylase (PA), known to 

catalyze the synthesis of cephalexin, was 

encapsulated in the aqueous cavity of the 

polymersomes. The exchange of externally 

added reactants and in situ produced cephalexin 

occurred through Outer Membrane Protein F 

(OmpF) pores that were inserted into the 

polymersome membrane during self-assembly. 

To confirm the antibiotic activity of the 

cephalexin produced in situ, the effects of PA-

loaded polymersomes on the growth of E. coli 

were monitored in the presence and absence of 

reactants (Fig.1). [3] 
 

 
Fig.1. MHB agar plate inoculated with 

bacteria after 24 h at 37 °C. Inhibition zones: 

1: control; 2: substrate solution; 3: catalytic 

polymersomes prepared at RT; 4: catalytic 

polymersomes pre-pared at 8 °C. 

 

DISCUSSION & CONCLUSIONS:  

Polymersomes loaded with active molecules 

(bio- or synthetic molecules) that produce “on 

demand” specific chemical compounds with 

antimicrobial activity represent ideal candidates 

to fight bacteria either in solution or when 

attached on surfaces.   
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INTRODUCTION: Fused filament fabrication 

is a process in which a 3D object is created via 

the continuous deposition of melted filament. 

The preparation for the drug polymer mixture 

can be achieved via different techniques. In 

literature, many approaches are used. Drug can 

be loaded into the polymer matrix via solvent 

casting. Another approach can be physical 

mixing of the drug and polymer. It is highly 

appreciated to use solvent free processes for 

many reasons such as eliminating the potential 

of any toxic residues in the output [1], 

moreover, reducing steps for manufacturing. 

This work compares these two mixing 

approaches. The comparison focuses on the 

effect of these approaches on the mechanical 

and thermal properties and drug distribution 

and release. 

METHODS: Two sets of samples were 

prepared, Polycaprolactone (PCL) was used as 

a carrier polymer and Gentamicin Sulphate 

(GS) as a model drug. For the solvent mixed 

samples, the drug was suspended in DCM and 

then the polymer pellets were added. After total 

dissolution of the pellets the mixture was dried 

and cut into pieces for 3D printing. For the 

physical mix, polymer pellets were grinded into 

particles. Afterward, the drug powder was 

thoroughly mixed with the polymer and then 

3D printed. Fiber and disk samples were 

printed for visualization and analysis using 

scanning electron microscopy, µCT scan, 

differential scanning calorimetry, 

thermogravimetric analysis and tensile testing. 

Table 1. Melting temperature and enthalpy for 

different concentration of GS loaded into PCL. 

Drug % 
Tm (C) Enthalpy (J/g) 

Solvent Physical Solvent Physical 

0 59.0 58.5 

2.5 58.5 58.4 56.8 56.6 

5.0 57.9 58.7 56.0 55.0 

7.5 58.1 58.2 55.8 54.8 

RESULTS: Preliminary results show no 

significant differences in the thermal properties 

of the drug loaded fibres as shown in table (1). 

Microscopy visualization shows a relatively 

similar distribution of drug particles on the 

surface of fibres and a cross section. However, 

µCT scan shows accumulation of drug along 

scanned fibres prepared by physical mixing as 

seen in figure (1). Tensile test results show that 

the addition of the drug slightly improved the 

Young’s modulus of the fibres. 

 
Fig. 1: SEM (left)and µCT scan (right) of 5 

(wt/wt) % GS particles distribution in physical 

(1) and solvent (2) mixed 3d printed fibres. 

DISCUSSION & CONCLUSIONS: Both 

mixing methods resulted similar thermal and 

mechanical properties. However, the physical 

mixing approach showed larger agglomerates 

of drug in the fibres. More tests to study the 

drug release can show how these mixing 

approaches may influence on the antibacterial 

properties of the drug loaded device.  
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INTRODUCTION: The kinetics of bone 

changes adjacent to an infected implant are not 

fully characterized but are fundamental for 

understanding the progression of implant-

related infection. It is also unclear how co-

morbidities, such as osteoporosis or anti-

resorptive drugs, may influence the course of 

an infection or its response to antibiotic 

therapy. We previously developed a rat model 

to monitor bone changes resulting from 

infections and validated it with various 

bacterial strains 1.  

The aim of this study was to characterize the 

periprosthetic bone changes resulting from 

Staphylococcus epidermidis infection and to 

determine if osteoporosis or bisphosphonate 

(BP) treatment, affect the course of the 

infection or the efficacy of antibiotic treatment. 

 

METHODS: Seventy-four skeletally mature, 

female Wistar rats were used (Table 1). 

Experimental osteoporosis was induced by 

ovariectomy (OVX) at 12 weeks of age. At 24 

weeks, PEEK miniscrews with 20% BaSO4 for 

radiocontrast were implanted, sterile or pre-

incubated with bacteria, in the medial proximal 

tibia from a lateral incision. In a subgroup of 

OVX, 20 µg/kg zoledronate (ZOL) was 

administered 4 days prior to screw insertion. 

Further subgroups of animals infected with S. 

epidermidis were treated with a combination 

antibiotic regimen (rifampin plus cefazolin) 

twice daily from day 7, for 14 days. 

Quantitative bacteriology of the bone, implant, 

and soft tissue was conducted to determine the 

infection status and the efficacy of the 

antibiotic in the various arms of the study. 

Bone changes were monitored by in vivo 

microCT 1. 

 

Table 1. Study design 

Group OVX ZOL S.Epi AB N 

1A Yes No Yes No 9 

1B Yes No Yes Yes 10 

1C Yes No No No 6 

2A Yes Yes Yes No 9 

2B Yes Yes Yes Yes 9 

2C Yes Yes No No 6 

3A No No Yes No 9 

3B No No Yes Yes 9 

3C No No No No 7 
 

RESULTS: S. epidermidis infection resulted in 

imbalanced bone remodeling rates and bone 

loss as early as 3 days following screw 

implantation. Peak osteolysis and extensive 

periosteal proliferation were detected from day 

9 onwards. At day 28, all sterile animals were 

culture-negative and all infected animals 

without antibiotics were positive.  Antibiotics 

cleared infections in 7/9 non-OVX; only 8/19 

OVX animals (Fig 1T). Treatment of OVX 

animals with ZOL increased bacterial load, 

suggesting that BPs may impair host anti-

bacterial immunity. Antibiotics had little effect 

on bone microstructure. OVX+ZOL treated 

animals had more bone but less periosteal 

reaction than OVX only. ZOL reduced the 

effect of antibiotic on bone changes, suggesting 

a possible interplay between the ZOL and 

antibiotic (Fig. 1B).  
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Fig. 1: (top) CFU counts from bacteriology. 

(bottom) Interaction between antibiotic and 

ZOL on bone remodelling rates.  

DISCUSSION & CONCLUSIONS: This 

study suggests that both estrogen and osteoclast 

activity play important roles in an effective host 

response to bone infections such as S. 

epidermidis. Consequently, BP administration 

in patients at high risk of bone infection may be 

contraindicated. 
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INTRODUCTION: Initial bacterial adhesion 

on surfaces is the first stage of biofilm 

formation on substrates. The stiffness of 

substrates is reported to impact bacterial 

adhesion[1]. However, the underlying 

mechanism of such an impact is not clear.  

METHODS: A hypothesis is proposed that 

surface physicochemical properties have 

critical influence on bacterial adhesion. To 

understand this, Escherichia coli, Pseudomonas 

aeruginosa, and Staphylococcus aureus were 

analysed for their adhesion on PDMS surfaces 

using optical microscopy under static condition. 

Abiotic carboxylate-modified and amine 

modified PS polystyrene were also employed as 

bacterial substitutes to differentiate specific 

interaction from nonspecific physicochemical 

interaction. 

RESULTS: More E. coli and P. aeruginosa 

adhere on soft PDMS (7- and 27-fold increase, 

respectively) than on stiff PDMS, whereas 

similar number of S. aureus is found on the 

four tested surfaces. PS-COOH beads exhibit 

same adhesion profile on four PDMS surfaces 

as E. coli and P. aeruginosa with four times 

more adhered beads on soft PDMS than on stiff 

PDMS. In contrast, PS-NH2 beads display a 

similar amount of adhesion on all tested 

samples, reminiscent of S. aureus adhesion.  
CONCLUSIONS: This work demonstrates 

that the intrinsic nonspecific interactions 

between bacteria and PDMS surfaces play a 

critical role when regulating the initial stage of 

biofilm formation, providing novel perspective 

of the antimicrobial devices.   

 
Figure 1. Proposed mechanism to illustrate the 

adhesion of PS beads/bacteria on substrates. 

Nonspecific physicochemical interactions are 

involved in abiotic beads adhesion on 

substrates. The surface appendages on bacteria 

have the ability to mediate bacterial behaviour 

when touching surface[2].  
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INTRODUCTION: Pseudomonas aeruginosa 

and Staphylococcus aureus are pathogens able 

to colonize surfaces and form together a mixed 

biofilm (Fig 1). The dual-species biofilms are 

significantly more resistant to antimicrobials 

than a monomicrobial community, leading to 

treatment failure. Due to their rapid bactericidal 

activity, the self-amplification ability and the 

biofilm degradative properties, bacteriophages 

represent a promising alternative to antibiotics 

in fighting biofilm-related infections. In this 

study, we investigated the effect of either the 

simultaneous or staggered application of 

phages and ciprofloxacin versus S. aureus/P. 

aeruginosa mixed biofilm in vitro. 

 

 
 
Figure 1. Scanning electron microscope (SEM) of the 24h 

mixed biofilm, indicating the presence of a mature biofilm 

formed by S. aureus cell (A), P. aeruginosa (B), 

polymeric extracellular matrix (C), water channel (D). 

Original magnification: 20000x 

METHODS: Ciprofloxacin was tested alone 

and in combination with Pyo bacteriophage 

cocktail against dual-species biofilm 

constituted of P.aeurginosa ATCC 27853 and 

MRSA ATCC 43300 formed on porous glass 

beads. 24h-old biofilms were treated for 24h 

with sub-eradicating titers/concentrations of 

phages and ciprofloxacin (corresponding from 

1/4 to 1/512 x MBECbiofilm), respectively, 

administered simultaneously or in a staggered 

order at 37°C. Heat flow produced by the 

viable cells still embedded in the biofilm was 

measured for 48h by isothermal 

microcalorimetry. After microcalorimetry 

experiments, beads were sonicated and plated 

for colony counting. Scanning electron 

microscopy was used to evaluate the presence 

of dual-species biofilm on glass beads. 

RESULTS: MBEC of ciprofloxacin when 

tested alone was >512 μg/ml. Phage cocktail 

was not effective alone as well. However, when 

dual-species biofilm was pre-treated with 

phages at different time points resulted in a 

high synergistic eradicating effect. The 

maximum synergistic effect was observed  after 

6 and 12 hours of antibiotic introduction.  The 

MBEC of ciprofloxacin decreased dramatically 

from >512 μg/ml  to < 8 μg/ml. In addition, 

scanning electron microscopy analysis did not 

reveal the presence of any adherent cells on the 

surface of the glass beads. 

 

DISCUSSION & CONCLUSIONS: MBEC of 

ciprofloxacin against dual-species biofilm of 

Pseudomonas aeruginosa and Staphylococcus 

aureus was above drug concentrations 

reachable in clinical practice. The co-

administration with bacteriophage strongly 

reduced the antibiotic doses needed to eradicate 

biofilm. There is a specific time delay in 

antibiotic introduction to reach the eradication 

of mix-species biofilm. These results have 

implications for optimal combined treatment 

approaches. 
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INTRODUCTION: Biofilm-embedded 

bacteria result more resistant to current 

antibiotics than their planktonic counterpart. 

Due to their antimicrobial properties, 

bacteriophages has re-emerged as a promising 

option for the treatment of bacterial biofilm-

associated infections. Here, we investigated the 

ability of two lytic bacteriophages formulations 

in preventing and eradicating a biofilm of 

methicillin-resistant Staphylococcus aureus 

(MRSA) by isothermal microcalorimetry (IMC) 

and high resolution confocal microscopy. In 

addition, Galleria mellonella model of 

infection was used to evaluate the in vivo 

efficacy of phages. 

METHODS: Commercially available 

staphylococcal bacteriophage Sb-1 and Pyo 

phage were tested against planktonic and 24h-

old biofilm MRSA ATCC 43300 by using IMC 

at 37 °C. MRSA biofilm was formed on porous 

glass beads for 24h at 37°C and after washing 

exposed to different concentration of 

bacteriophages. For biofilm prevention MRSA 

(5x106cfu/ml) was incubated with different 

phage titers. After microcalorimetry 

experiments, beads were sonicated and plated 

for colony counting. Confocal laser scanning 

microscopy was used to assess the presence of 

MRSA biofilm on glass bottom petri dishes 

(WillCo) after coincubation with phages. G. 

mellonella larvae were infected with 105CFU 

MRSA and pre-treated or treated with different 

titer of phages. 

RESULTS: Microcalorimetry measurement 

showed that the titers (107pfu/ml) of both phage 

formulations were able to inhibit planktonic 

growth in a concentration-dependent manner. 

However, MRSA biofilm was eradicated only 

by co-incubation of 5-7 days with the highest 

phages titers, respectively (Fig1). In the 

experiments of biofilm prevention, IMC 

revealed the heat production was completely 

abolished in the presence of sub-inhibitory 

titers (104 PFU/ml) of phages. These data were 

also confirmed by confocal laser scanning 

microscopy.  Both phage formulations 

increased the survival of G. mellonella larvae 

preventing or treating MRSA infection 

compared to untreated control. 

 

Figure 1. CLSM images of MRSA ATCC 43300 biofilm 

untreated and treated with Sb-1 and PYO. MRSA biofilm (24h-

old) was exposed for 7 and 5 days to 107 PFU/ml Sb-1 and 106 

PFU/ml PYO, respectively. The viability of the cells was 

evaluated staining with green fluorescent labeled SYTO9 

(488/500–540 nm) for alive bacteria and with red fluorescent 

Propidium iodide (PI) (561/600–650 nm) for dead bacteria. 

Images are merged from the two channels. Scale bar: 25 μm.   

 

DISCUSSION & CONCLUSIONS: PYO-

phage and Sb-1 phages are promising for 

preventing device colonization and killing 

biofilm bacteria attached on a surface. Novel 

strategies for direct coating and release of 

phages from material should be further 

investigated. 
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INTRODUCTION: Bacteria living in biofilms 

tolerate much higher antibiotic concentrations 

compared to planktonic bacteria and survive 

long enough to evolve antimicrobial 

resistance.1 Pseudomonas aeruginosa is 

responsible for many biofilm-related infections 

and listed as top priority for research and 

development of new antibiotics by the World 

Health Organization. We speculate that there 

are specific genes responsible for antibiotic 

resistant bacteria in a biofilm and aim to 

identify them in P. aeruginosa. By doing so, 

new bacterial targets can be highlighted to 

develop antibacterial agents or compounds 

improving the efficiency of current antibiotics. 

 

METHODS: A P. aeruginosa mutant library 

was screened to assess the resistance of 

biofilms toward antibiotic. Each mutant was 

allowed to form a biofilm for 24h in M9 

medium followed by a 24h colistin treatment at 

a concentration of 25 µg/mL. Biofilm biomass 

was measured before treatment by crystal 

violet. Biofilm resistance was assessed by 

allowing biofilm cells to recover after antibiotic 

treatment during 24h in colistin-free M9 and by 

measure of turbidity. 

 

RESULTS: The abilities of 50 randomly 

selected mutants to form a biofilm and to 

overcome colistin treatment are displayed on 

figure 1. The recovery of treated biofilm cells is 

compared to the recovery of non-treated 

biofilm cells defined as 100%. The mutant 

PA3552 missing ArnB, a known resistance to 

colistin,2 is used as positive control. While 

being able to form a biofilm, PA3552 mutant 

exhibits a very low recovery after colistin 

treatment (97% less than the non-treated one). 

Among others, the response regulator CbrB 

PA4726, involved in nutrient uptake,3 appears 

to be important for biofilm formation and 

subsequent biofilm resistance. Similarly to the 

mutant PA3552, the mutant missing PA3689, a 

gene annotated as probable transcriptional 

regulator, exhibits a very low recovery after 

colistin treatment highlighting the importance 

of this regulator.  
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Fig. 1: P. aeruginosa mutants distribution 

according to the biofilm biomass before colistin 

treatment plotted against the recovery of 

biofilm cells after colistin treatment. 

 

DISCUSSION & CONCLUSIONS: 

Screening a P. aeruginosa mutant library 

allows us to identify PA3689 and PA4726 

genes as contributor to colistin resistance. 

Further characterization of these genes is in 

progress to understand the underlying 

mechanism of resistance. Such knowledge 

could lead to the identification of weaknesses 

in biofilm and help developing tools to treat 

persistent infection. 
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INTRODUCTION: Prosthetic joint infection 

is difficult to treat as the bacteria form a 

biofilm on the prosthetic material. This hinders 

the host immune system, but more important, 

the bacteria in a biofilm are mostly in a 

metabolic inactive or dormant state and 

therefore not susceptible to most antibiotics. 

Alpha radiation could potentially damage or 

destroy these dormant cells because, in contrary 

to antibiotics, the damaging effects are 

independent of the metabolic state of bacterial 

cells. However, due to the limited tissue 

penetration of alpha radiation it is crucial to get 

the radionuclide in close vicinity to the cells. 

Radioimmunotherapy (RIT) relies on the 

antigen-binding characteristics of the 

antibodies to deliver cytotoxic radiation to 

target cells. 

 

METHODS: In this in vitro study,  methicillin-

resistant Staphylococcus aureus was grown in a 

96 wells plate, planktonic bacteria where grown 

until log phase and biofilms were grown for 

24h. To deliver the radionuclides to the bacteria 

a specific antibody was used and compared to 

the non-specific antibody control. The specific 

antibody targets both the bacterial cell wall as 

well as the biofilm matrix. Through the chelator 

CHXA”, Bismuth213 (213Bi) was linked to the 

antibodies. 213Bi is an alpha emitting 

radionuclide (half-life = 45 min) with a high 

level of ionization. Multiple doses of 

radioactivity were used as treatment. Bacterial 

viability was tested through CFU dilution. 

 

RESULTS: We tested 10, 5, 3, 2, 1 and 0 μCi 

of 213Bi-mAb on planktonic cells and 5, 3, 1 and 

0 μCi on biofilms. Complete killing of bacteria 

in biofilms was seen at a treatment dose of 5 

μCi in both specific and non-specific RIT. 

Specific 213Bi-mAb kills more planktonic 

bacteria when compared to non-specific 213Bi in 

doses of 10, 5, 3,  2 and 1 μCi and for biofilms 

at 1 μCi. In biofilms treated with 3 μCi killing 

is seen but there was no difference between 

specific and non-specific 213Bi-mAb killing. 

 

A 

B  

 
Fig. 1: CFU count on planktonic (A) and 24h 

MRSA biofilm (B) treated with different doses 

of specific and non-specific 213Bi-mAbs.  

 

DISCUSSION & CONCLUSIONS:  

This is the first report of MRSA treatment with 

RIT in both planktonic and biofilm state. Bi213-

labeled specific mAb consistently killed both 

biofilm and planktonic bacteria as measured by 

CFU assays. RIT alone or combined with 

conventional antimicrobial therapy could be 

used as a novel therapeutic strategy against 

planktonic and biofilm-related microbial 

infections such as PJI. 
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INTRODUCTION: Metallic debris from 

patient metal-on-metal hip implants and 

manufactured particles of known materials 

(used to make the hip implants) were ‘fed’ to 

macrophages and imaged using light, confocal 

and electron microscopy. It is known 

macrophages uptake and process the particles 

as part of the immune response, so by focusing 

on the different materials (cobalt, chromium 

and titanium), the project explores any variance 

in response in a hope to understand why some 

patients experience a more severe reaction than 

others.  

METHODS: Initial results were acquired by 

using light microscopy, observing patient-

derived periprosthetic tissue (taken at the time 

of revision surgery) to find particles for 

characterisation purposes. Using electron 

microscopy, both prepared sections from mouse 

tissues contaminated with particles and sections 

from patients were analysed for both 

characterisation and intracellular localisation 

purposes. Finally, a timeline was created using 

confocal microscopy to show the uptake of 

particles for each of the materials as well as 

with a mix of materials.  

RESULTS: From the images collected, light 

microscopy revealed the variety of particle size, 

shape and location within periprosthetic tissues. 

Granular particles of nano scale were observed 

within macrophages and irregular particles of 

micro scale were also observed within the 

tissues. Electron microscopy further revealed 

the intracellular location and characteristics of 

the particles (fig.1).  

To observe the relationship between particles in 

direct contact with macrophages, materials used 

in hip replacements were introduced and 

observed via light and confocal microscopy. 

This revealed smaller particles were readily 

enveloped by the cells, regardless of the 

irregular shapes, whilst larger particles took 

longer to enter the cells (fig.2). 

 
Fig. 1: Particles in situ- within macrophages, 

particles can be seen to collect in phagosomes 

(arrows). 

 
Fig. 2: Chromium particle uptake after being 

exposed to cultured macrophages for 90 

minutes. 

 

DISCUSSION & CONCLUSIONS: 

Continuing the investigation into why adverse 

reactions occur in the presence of hip 

replacement-derived particles or associated 

materials, the characteristics and localisation of 

particles were recorded using imaging 

techniques. Characteristics of the separate 

materials varied, though all were seen to be up 

taken by macrophages in the same timescale. 

Further research will add to the knowledge 

surrounding longer term exposure to the 

various materials. 
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INTRODUCTION: The human gut 

microbiome is known to play a crucial role in 

health, while dysbiosis is associated with many 

chronic inflammatory diseases. In recent years, 

a growing number of studies suggest, that the 

gut microbiome might also influence bone 

health. However, the interactions between the 

microbiota and the host are complex and not 

fully understood. Metabolites produced by the 

gut microbiome might be important mediators 

in this interaction. In particular, short-chain 

fatty acids (SCFAs), which are generated by 

bacterial fermentation of dietary fibres, are on 

important class of metabolites. In addition to 

the known SCFAs effects on metabolism and 

immune responses, the goal of our study was to 

examine if SCFAs influenced 

osteoclastogenesis. 

METHODS: We investigated the effect of 

acetate (C2), propionate (C3), butyrate (C4) 

and valerate (C5) on osteoclast formation using 

murine bone marrow-derived precursor cells 

and monocytes/macrophages from human 

peripheral blood mononuclear cells. By means 

of TRAP staining, a marker for osteoclasts, we 

quantified osteoclastogenesis. 

RESULTS: We showed that butyrate and 

valerate significantly decreased osteoclast 

formation of murine as well as human cells. 

The inhibition of osteoclastogenesis, mediated 

by butyrate, was persistent to the lowest 

concentration tested (0.25mM). As this 

concentration does not have a cytotoxic effect, 

even for the mesenchymal stem cells that are 

the precursor cells for bone forming 

osteoblasts, alternative mechanisms of action 

are currently being explored. 

 

Figure 1 Representative images of TRAP 

staining. Untreated monocytes/macrophages 

(a), monocytes/macrophages treated with 

RANKL only (b) and in presence of 0.5mM 

butyrate (c) or valerate (d) respectively. Purple 

stained cells containing at least three nuclei 

were considered as osteoclasts. 

 

 

DISCUSSION & CONCLUSIONS: In 

conclusion, SCFAs, especially butyrate and 

valerate are interesting tools to probe the 

mechanisms of osteoclastogenesis and may 

represent a novel therapeutic approach to 

prevent bone loss via microbial-based 

interventions. 
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INTRODUCTION: Gram-negative prosthetic 

joint infection (PJI) occurs in 6-23% of PJI, 

including E. coli and P. aeruginosa. In this 

study, we evaluated in vitro the activity of 

fosfomycin, ciprofloxacin and gentamicin alone 

and in combination against E. coli and P. 

aeruginosa biofilms.  

METHODS: The activity of single and 

combined antibiotics on laboratory strains of E. 

coli and P. aeruginosa was investigated in vitro 

by isothermal microcalorimetry. Biofilm was 

formed on porous sintered glass beads for 24h 

and then exposed to antibiotics for 24h. 

Recovering bacteria were detected by 

measuring growth-related heat production at 

37°C for 48h. The minimum biofilm 

bactericidal concentration (MBBC) was 

defined as the lowest antimicrobial 

concentration leading to the lack of heat flow 

production related to absence of bacterial re-

growth after 48h. Synergistic activity was 

defined by fractional inhibitory concentration 

index (FICI) ≤0.5 and no synergistic activity by 

FICI >0.5. 

RESULTS: Table 1 shows the MBBC and 

FICI values for all tested antibiotics. 

Gentamicin was the most active antibiotic 

against the biofilm of both strains. 

Ciprofloxacin showed a notable higher biofilm 

activity against E. coli than P. aeruginosa 

biofilm. However, fosfomycin exhibited poor 

biofilm activity against both tested strains. The 

strongest synergistic effect was observed when 

gentamicin was combined with fosfomycin 

(FICI = 0.006) against E. coli biofilm followed 

by the combination of gentamicin with 

ciprofloxacin, whereas 

fosfomycin/ciprofloxacin did not showed 

synergism. Only the combination of gentamicin 

and ciprofloxacin showed synergism against P. 

aeruginosa biofilm. 

 

Table 1: MBBC in µg/mL for fosfomycin 

(FOF), ciprofloxacin (CIP), gentamicin (GEN) 

and their combinations against E. coli and P. 

aeruginosa. 

Antibiotic E. coli  

(ATCC 25922) 

P. aeruginosa 

(ATCC 27853) 

FOF 512 >1024 

CIP 16 512 

GEN 16 16 

FOF+CIP 

128+8 (FICI = 

0.75,N-Sy) 

256+128 (FICI 

>0.5,N-Sy) 

FOF+GEN  

2+1 (FICI = 

0.006,Sy) 

256+4 (FICI 

>0.5,N-Sy) 

GEN+CIP 

1+2 (FICI = 

0.187,Sy)  

4+8 (FICI = 

0.266,Sy) 

 

DISCUSSION & CONCLUSIONS: Based on 

our results, the use of fosfomycin in 

combination with gentamycin seems to be a 

promising therapeutic approach against E. coli 

biofilm related infections. However, against 

both Gram-negative species, combination of 

gentamycin with ciprofloxacin represent the 

most optimal treatment option. 
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INTRODUCTION: Ciprofloxacin is 

recommended as anti-biofilm therapy for E. 

coli periprosthetic joint infection. With 

ciprofloxacin monotherapy, resistance in gram-

negative bacteria was observed. Therefore, we 

evaluated in vitro synergistic activity of 

fosfomycin, ciprofloxacin and gentamicin 

combinations against biofilms formed by E. 

coli strains.  

METHODS: E. coli ATCC 25922 and 7 

clinical isolates were used. MIC values were 

determined by Etest. Biofilms were formed on 

porous sintered glass beads for 24h and 

exposed to antibiotics for further 24h. Viability 

of bacteria on the glass beads after antibiotic 

treatment was detected by cfu counting of the 

sonicated beads. The minimum biofilm 

eradication concentration (MBEC) was defined 

as the lowest concentration of antibiotic 

required to kill biofilm cells (no colonies on 

plate counts; <20cfu/mL). Synergistic activity 

against biofilm was evaluated by calculation of 

the fractional inhibitory concentration index. 

RESULTS: Table 1 summarizes the 

antimicrobial susceptibility of planktonic 

(MIC), biofilm bacteria (MBEC) and 

synergism. Most strains were susceptible to 

tested antibiotics, except Ec6 (resistant to 

ciprofloxacin and gentamicin) and Ec7 

(resistant to fosfomycin and ciprofloxacin). The 

biofilm susceptibility to each antibiotic varied 

widely among clinical isolates. Among 8 tested 

strains, synergism was observed in 7 isolates 

(88%) with fosfomycin/gentamicin, in 4 

isolates (50%) with ciprofloxacin/gentamicin 

and 2 isolates (25%) with 

fosfomycin/ciprofloxacin. 

 

DISCUSSION & CONCLUSIONS: The 

fosfomycin/gentamicin combination showed 

the highest activity against E. coli biofilms, 

including gentamicin-resistant but fosfomycin-

susceptible strain 
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Table 1. MIC, MBEC and synergistic anti-biofilm activity against E. coli strains for fosfomycin 

(FOF), ciprofloxacin (CIP) and gentamicin (GEN). 

Strain 
MIC (µg/mL) MBEC (µg/mL) Synergism 

FOF CIP GEN FOF CIP GEN FOF+CIP FOF+GEN GEN+CIP 

ATCC-25922 0.5 0.012 1 512 16 16 - + + 

Ec1 0.19 0.016 4 16 4 16 - + + 

Ec2 0.094 0.016 1 4 64 8 + + + 

Ec3 0.125 0.008 1 8 0.032 4 - + - 

Ec4 0.064 0.008 2 8 0.032 8 - + - 

Ec5 0.75 0.008 1 8 8 16 + + + 

Ec6 0.25 8(R) 96(R) 16 1024 >1024 - + - 

Ec7 128(R) 8(R) 1 1024 1024 4 - - - 
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INTRODUCTION: An ideal implant for 

orthopedics application should exhibit both 

anti-biofilm and osseointegration properties. 

The excellent antimicrobial performance of 

silver nanoparticles (AgNPs) has attracted 

interest for the treatment of implant-related 

infections. However, the dose-dependent 

cytotoxicity of silver and its negative impact on 

bone implants restrict the further use of AgNPs 

coatings. 

METHODS: A hybrid coating containing 

polydopamine (PDA), hydroxyapatite (HA), 

AgNPs, and chitosan (CS) is prepared on 

titanium implants. Organic chelators CS and 

PDA are used to prevent the rapid release of 

silver ions from the AgNPs coating. The anti-

biofilm activity, longitudinal osteogenic 

performance, and longitudinal bio-safety of 

HA/Ag/CS-coated implants were evaluated in 

vitro and in vivo. 

RESULTS: The double chelating effect of 

PDA and CS significantly reduces silver ion 

release from the hybrid coating. The coating 

exhibits excellent anti-biofilm efficiency of 

91.7%, 89.5%, and 92.0% for Staphylococcus 

aureus, Staphylococcus epidermidis, and 

Escherichia coli, respectively. In addition, the 

coating can significantly promote bone-implant 

osseointegration in a rat femoral model as 

compared to that in the control group. The 

longitudinal biosafety of the coating is also 

confirmed in vivo by histological evaluation 

and blood tests. 

 

Fig. 1: The double chelating effect of PDA and 

CS (a) significantly reduces silver ion release 

from the hybrid coating (b). 

 

Fig. 2: Radiological evaluation of implant-

related infection at 4 weeks after implantation 

of HA/Ag/CS-coated and uncoated 

intramedullary nail group. 

 
Fig. 3: A higher degree of bone formation was 

observed around HA/ Ag/CS-coated implants 

compared with the Ti implant. 

DISCUSSION & CONCLUSIONS: Our 

results indicated that the HA/Ag/CS coating 

exhibited properties of antibacterial therapy as 

well as bone-implant osseointegration, thereby 

providing insight toward the design of multi-

functional implants for orthopedic application. 
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INTRODUCTION: Implant-related infection 

(IRI) is a devastating complication following 

the application of orthopaedic implants. IRI has 

become a common problem as increase of 

implants in clinic. However, the traditional 

implant materials are generally susceptible to 

the bacterial infection. In the present work, a 

copper (Cu)-bearing titanium alloy (Cu-TC4) 

was studied in vitro and in vivo, showing 

prevention of IRI caused by Staphylococcus 

aureus (S. aureus). 

 

METHODS: Microstructures and chemical 

compositions of Cu-TC4 and TC4 were 

analyzed by optical microscopy (OM), X-ray 

diffraction (XRD) and energy dispersive 

spectroscopy (EDS). Cu ion (Cu2+) release was 

measured by inductively coupled plasma 

atomic emission spectroscopy (ICP-AES). In 

vitro, the antibacterial activity of Cu-TC4 was 

evaluated using plate count method, scanning 

electron microscopy (SEM) and confocal laser 

scanning microscopy (CLSM). In vivo, two 

titanium alloys were treated with S. aureus and 

implanted into femur of rats. After 

implantation, systemic infective indicators 

including body temperature, white blood cell 

(WBC), C-reactive protein (CRP) and 

erythrocyte sedimentation rate (ESR) were 

measured to diagnose the occurrence of IRI. At 

Day 21 and Day 42, the rats were sacrificed. X-

ray, histological observation and 

immunohistochemistry were performed to 

assess the infection happened in animals. 

 

RESULTS:  

It was found that Cu-TC4 and TC4 had similar 

microstructures and similar chemical 

compositions except for Cu content. Cu-TC4 

alloy contained 5.66 wt% Cu that was able to 

provide continuous release of Cu2+ ions. In 

vitro, Cu-TC4 alloy exhibited a strong 

antibacterial effect against S. aureus with 

antibacterial rate of 94.2%. SEM and CLSM 

observations showed that Cu-TC4 could 

suppress the bacterial biofilm formation. In 

vivo, TC4 implants exhibited a series of 

infective signs including high body 

temperature, increased white blood cell (WBC) 

count, osteolysis on X-ray, and inflammatory 

cell infiltration on histological examination, 

while Cu-TC4 implants showed limited 

infection with a mild inflammation observed by 

histological observation and a mild-moderate 

lifted periosteum. 

 

DISCUSSION & CONCLUSIONS: Both in 

vitro and in vivo experimental results 

demonstrate that Cu-TC4 is a promising 

material to prevent the occurrence of IRI. 
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