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Introduction
It is recently reported that Propionibacterium Acnes (P. acnes) causes implant-associated infection (IAI) in orthopedic surgeries1-3. We previously reported finding P. acnes in intraoperative specimens from 11 of 80 patients (14%) who underwent scoliosis surgery, although none of the patients had symptoms of infection (2010 SRS 45th annual meeting, Spine 2011)4. In this study, possible reasons for the infection not becoming established included 1) a false-positive detection of P. acnes due to contamination; 2) insufficient numbers of bacteria to establish the infection; or 3) the inability of P. acnes to grow in an aerobic environment in vivo. Thus, this clinical study did not clarify whether P. acnes could survive and cause IAI. Little is known about the kinetics of P. acnes in vivo. Here we investigated whether P. acnes causes IAI under the presence or absence of titanium implant.　
Methods
In the model of osteomyelitis, P.acnes (ATCC No. 51277, Strain Designations VPI 9, 1.0 x108 CFU/1l) were inoculated into the femur of the adult mouse with (implant group, N=12) or without (control group, N=6) 0.5×8mm titan alloy bar. NIR-fluorescent bacterial detection probe which can only detect the living bacteria was injected intravenously, then P．acnes was tracked using  bacterial optical imaging system for 6months. The biofilm formation on the implanted bars and histological tissues were observed under a microscope, fluorescent microscope using a kit that dyes living cells into green florescent (Cy2), and Electronic microscope. Anaerobic culture and PCR of purulent effusion from the infected site in the 6-month mouse was performed.
Results
During first 7days, NIR bacterial signal from P. acnes was clearly identified in the infected site in both groups. Afterward, the signal completely disappeared in the control group. Surprisingly, in the implant group, the bacterial signal was maintained over 6months (Figure 1). Microscopic findings showed that P. acnes survived in the biofilm around the implant, and active inflammation and abscess formation were shown over 3months in the implant group, but not in the control group. In the implant group, many P. acnes labeled with Cy2 that dyes living cells into green florescent were observed on the implant surface. In this biofilm, the bacteria labeled with Cy2 also expressed the NIR fluorescent dye, suggesting that the NIR fluorescent signals observed by optical imaging originated from the inoculated P. acnes detected by the bacterial probe. Scanning electron microscope (SEM) findings of the implant surface 6 months after surgery revealed many P. acnes and biofilms on the implant surface (Figure 2). Moreover, In the implant and control groups, effusions from femurs were cultured under anaerobic conditions for 2 weeks, resulting in the detection of eight colonies only in the implant group. Each colony was analyzed by PCR. All of the bacteria from the eight colonies were exactly the same strain of P. acnes (ATCC 51277, Strain Designations VPI 9) (Figure 3). These results show that P. acnes could survive only in the presence of an implant for 6 months without contamination and retained the capacity for growth in vivo. In other words, P. acnes observed in the biofilm on the implant surface might produce anaerobic conditions to survive. 
Discussion
P. acnes is generally ubiquitous in the deep layers of the skin, in the upper respiratory and gastrointestinal tracts, and in eye mucosa5. When the mucous membranes and skin are incised using a scalpel or penetrated using a needle, the exposed tissues can be contaminated with endogenous flora. Several studies have shown that P. acnes causes SSI and late infections6-10, whereas other reports have suggested that the high rates of P. acnes-positive cultures is due to sample contamination11. In addition, P. acnes is generally believed to have a low pathogenic potential. Therefore, whether P. acnes causes delayed SSI is controversial. Sampedro et al3. removed spinal implants from 22 patients with SSI, cultured the peri-implant tissues, and sonicated the fluid from the retrieved implants; they detected P. acnes in 9 (41%) of the 22 patients. In contrast, Levy et al12. identified P. acnes using conventional aerobic and anaerobic culturing techniques in 41.8% (23 of 55) of consecutive patients who had no outward signs of infection and were undergoing primary shoulder arthroplasty. We previously reported detecting P. acnes in intraoperative specimens from 11 of 80 patients (14%) who underwent scoliosis surgery; none of the patients had symptoms of infection4. Thus, it was considered that P. acnes could be discounted as a pathogen in SSI and that high positive rates of P. acnes probably reflected false-positive results. Therefore, little was elucidated about the time course of P. acnes infections. 
In the present study, we visualized and tracked the growth of living P. acnes using an optical imaging system. Ex vivo analysis of removed implants showed Cy2 labeled living-bacteria aggressively moving on the implant surface and expressing NIR fluorescent dye, suggesting that the NIR fluorescent signal observed by optical imaging originated from the inoculated P. acnes detected by the bacterial detection probe. Analysis of the time course in vivo showed that the inoculated P. acnes could not survive in the femur for >28 days without an implant. Interestingly, we found that P. acnes was able to survive for >6 months when the IAI was associated with a titanium alloy implant, suggesting that the presence of the implant was essential for the survival of the bacteria and the development of IAI. To the best of our knowledge, this is the first report demonstrating that P. acnes causes SSI only in the presence of an implant. 
Conclusion
We have successfully proved that P. acnes cause delayed IAI over 6months in the osteomyelitis model. Interestingly, P. acnes could not survive for a long term without implant. To our knowledge, this is the first demonstration of delayed surgical site infection caused by P. acnes.

Figure and Figure legends
[image: ]
Fig.1.
Microscopic findings showed that P. acnes survived in the biofilm around the implant, and active inflammation and abscess formation were shown over 3months in the implant group, but not in the control group. The bacteria labeled with Cy2 also expressed NIR fluorescent dye, suggesting that the NIR fluorescent signal observed by optical imaging were expressed from inoculated P. acnes.
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Fig. 2.	Time course of optical imaging of P. acnes osteomyelitis with or without implant
NIR-fluoresence signals from the bacterial probe were successfully detected at the infected area.  Signals were sequentially measured on days 1, 3, 7, 14, 28, 56, 84 (3 months), and 168 (6 months) after the inoculation in the implant group (implant +) (N = 12) and the control group (implant −) (N = 6). In the control group, clear signals were detected only for the first 14 days and the signal had completely disappeared within 28 days, indicating that the inoculated P. acnes could not survive for >28 days in this model. In contrast, signals in the implant group were detected 6 months after the P. acnes inoculation. At each time point, fluorescence ratios calculated from bacterial PIs in the implant group were significantly higher than those in the control group (p < 0.05 each). Means ± standard deviation (SD) are shown.
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Fig. 3.	PCR-confirmed genetics of the P. acnes obtained from femur specimens 6 months after inoculation
Six months after inoculation, purulent effusions from infected femurs were cultured under anaerobic conditions for 2 weeks; 8 colonies were obtained and were confirmed to be exactly the same strain of P. acnes (ATCC 51277, Strain Designations VPI 9) by PCR analysis, showing that P. acnes could survive for 6 months only in the presence of an implant.
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