
eCM Online Periodical, 2019, Collection 5; eCM Conference Abstracts (page P1) 
 

  www.ecmconferences.org 

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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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.  
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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. 
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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  Neobavaisoflavone 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: 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. 
 
REFERENCES:  
Guarise C et al. Biofouling, 2018, 30:1-12 
Smeltzer MS et al. J. Orthop. Res., 1997, 15: 
414-421. 
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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 
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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:  
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. 
patient

s 
/isolate

s 
(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. 
ACKNOWLEDGEMENTS:  
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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. 
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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. ACKNOWLEDGEMENTS: This 
work was supported by the NIH NIAMS 
R21AR073321 and P50AR072000 awards.  
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J. A. et al. (2015). Bone. 72, 128-136. 

 

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. 

Gentamicin Placebo 
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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. 
ACKNOWLEDGEMENTS: Innovate UK for 
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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) 
Solve

nt 
Physic

al 
Solve

nt 
Physic

al 
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).  

 

 
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. 
REFERENCES:  
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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.  
 

 
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 

 

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:  
None. 
 

 
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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