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ABSTRACT
Post-surgical infections arise due to various contributing factors. Most important is the presence of 

potential pathogenic microorganisms in the skin complemented by the patient´s health status. 

Cutibacterium acnes is commonly present in the pilosebaceous glands and hair follicle funnels in 

human skin. After surgical intervention, these highly prevalent, slow-growing bacteria can be found in 

the deeper tissues and in proximity of implants. C. acnes is frequently implicated in post-surgical 

infections, often resulting in the need for revision surgery. This review summarizes the current 

understanding of microbial dynamics in shoulder surgical infections. In particular, we shed light on 

the contribution of C. acnes to post-surgical shoulder infections as well as their colonization and 

immune modulatory potential. Despite being persistently found in post-surgical tissues, C. acnes is 

often underestimated as a causative organism due to its slow growth and the inefficient detection 

methods. We discuss the role of the skin environment constituted by microbial composition and host 

cellular status in influencing C. acnes recolonization potential. Future mapping of the individual skin 

microbiome in shoulder surgery patients using advanced molecular methods would be a useful 

approach for determining the risk of post-operative infections.

Key words: Shoulder surgery infection, surgical site infection, post-operational infection, 

Cutibacterium acnes, skin microbiology
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INTRODUCTION
Surgical site infections (SSIs) can be devastating to the patient. Although the prevalence of shoulder 

alloplastic infections in prosperous countries, such as Denmark, is as low as 5%, the number of 

operations has increased rapidly in recent decades, and the number of patients suffering from post-

surgical infections has increased correspondingly. Therefore, the prevention and treatment of SSIs has 

high priority. The development of SSIs depends on patient- and procedure-related risk factors, such as 

age, sex, and surgical site (1). In contrast to healthy skin that has high microbial variation, chronic 

infections are often associated with low diversity (2). Several studies have reported the role of 

microbial interactions in shifting the equilibrium present in healthy skin to dysbiosis leading to 

infections. This bacterial over-colonization of pathobionts in infectious skin is also influenced by 

various patient variables and risk factors (Table 1) (3-8). An increasing body of evidence suggests that 

SSIs occur as a result of the pathogens present on the skin gaining access to the surgical wounds. 

Clearly, skin microbiota is inevitably a risk a during the surgical procedure, and vulnerability towards 

infections does not end with closure of the wounds. Hence, better understanding of the microbial 

pathogenesis and pathophysiology of SSIs is crucial for implementing preventive strategies prior to 

and during the post-operative period. Improved diagnostic methods could be designed according to 

the changes in the skin microbiota to support the surveillance of shoulder infections (9).

In this review, we discuss the various aspects influencing SSIs in shoulder joints by shedding light on 

the colonization of pathogenic microorganisms and their role in modulating cellular and immunologic 

factors. In particular, we discuss recent observations – along with classical studies – of the changes at 

the molecular level, inflammation status, altered interactions of microbial, host factors, and immune 

cells associated with SSIs in the shoulders.

Surgical Site Infections

Post-operational shoulder infections are devastating and often accompanied by long-lasting symptoms 

of pain and stiffness that can persist for months or years before the infection is positively diagnosed 

(10, 11). The infections are further complicated by a lack of clinical signs and the absence of 

inflammatory markers (10-13). Assessment of patients with previous complications or increased risk 

factors (Table 1) (9, 14-18), including altered microbiota or impaired immune response, is important 

as these aspects are associated with possibility of SSI(19). A
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The prosthetic site (implant) or peri-prosthetic site (soft tissue) are the usual locations for infections 

(3, 20). Peri-prosthetic infections are categorized into 4 types: I. Positive cultures at revision 

arthroplasty; II. Acute infection <30 days after surgery; III. Acute hematogenous infection >30 days 

after surgery, and IV. Chronic infection (21). Post-operative infections are correspondingly defined as 

acute, subacute, or chronic, depending on the time to manifesting ( <3 months, 3 –12 months, >1 year, 

respectively) (22). However, clinical manifestation depends on the strength of the immune response 

mounted against the infection (23). A chronic infection first manifests in the form of stiffness and 

pain, often without any early signs of swelling, erythema, or inflammatory marker. It may take up to 2 

years to show the first signs of clinical presentation and localized inflammation (24, 25). With new 

technologies such as dual RNA-sequencing and machine learning, future categorization of clinical 

infections may be more consistent.

The normal process of wound closure after surgery occurs in conjunction with numerous biological 

events (26). Aberrant changes in any of these processes due to an altered microbiota or predisposed 

medical conditions can lead to delayed wound healing or even chronic infections (3), despite the 

adoption of best practices during the pre- and post-operative periods.

Multiple factors govern the development of surgical infections, specifically microbial presence and 

the patient’s ability to resist bacterial infection (27-31). Deep-lying commensal microorganisms that 

have evaded the pre-operational preparation can be pushed further into the tissue during the operation. 

The subsequent immune reaction to the inserted foreign body and the operational trauma itself may 

overshadow the expected reactions towards the invaders. Potential pathogens can fly under the radar 

and establish themselves in a biofilm mode of growth. This host-microbial interplay is crucial in the 

pre-operational progress, but preliminary local conditions also influence on the possibility of 

infection. It has been hypothesized that microbial disequilibrium plays a role in infection and is 

challenged by factors such as local immune status and host-microbe interactions (32, 33). Hence, 

studies in the microenvironment and local immune responses may predict potential parameters of risk 

prior to operation (34). 

Various aspects should be considered to improve the current prevention strategy. Pre-measurements 

of the patient´s immunological, microbial, and cellular status would provide insights into the patient’s 

susceptibility to infection. The choice of antibiotic administered as prophylaxis should be based on A
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the above measurements and a clinical evaluation of the patient. Implementing selective and 

personalized pre-operative skin preparations – decided on the basis of the patient’s health, life-style, 

age, and sex, as well as their individual immunological-microbial status – could further minimize the 

likelihood of post-operative infections.

Pathogens in Shoulder Surgical Infections

The infectious pathogens in post-surgical peri-prosthetic shoulder infections causes low-grade, 

potentially serious, deep-tissue infections. The most commonly isolated pathogens include 

Cutibacterium acnes (38.9%), Staphylococcus aureus (14.8%), Staphylococcus epidermidis (14.5%), 

and coagulase-negative Staphylococcus spp. (14.0%). Correspondingly, pathogens, such as 

Pseudomonas aeruginosa, Mycobacterium tuberculosis, and Actinomyces spp., have been detected 

(35). Studies on the characterization of microbial communities and their intimate relationship with the 

host clearly indicate that just as the skin immune system regulates the homeostasis of the cutaneous 

microbiome, so do microbes impact the structural and functional integrity of skin (33, 36-38). 

Therefore, cognizance of microbial diversity, dynamics, and temporal variation at the surgical site 

during surgery is important for understanding SSI pathophysiology. 

Arthroscopic surgery, an increasingly used shoulder surgical procedure with post-surgical infection 

rates of 0.16% to 0.85%, accounts for a rising number of infections including  37.14% re-

hospitalization rate (39). A 2.1% infection rate has been reported in arthroscopy revision surgery (40). 

In arthroscopic and open-shoulder procedures, C acnes has been found to be the most commonly 

cultured bacteria in skin and soft tissue infections after shoulder surgery (41, 42). In rotator cuff 

repairs (RCRs), up to 51% of the shoulder infections are caused by C. acnes. The post-operative 

infection rate in RCR is significantly higher (5.6 times) than that in arthroscopic rotator cuff repair 

(43). 

The likelihood of shoulder infections should be assessed prior to the operation by correlating clinical 

observations relative to the patient’s risk factors (Figure 1) and the biological characteristics of the 

skin microbiota. During shoulder surgery, the main source of bacterial contamination is the patient’s 

cutaneous microbiota in the deeper tissue layers – for example, the Cutibacterium spp. residing in the 

pilosebaceous units. These bacteria are transferred into the tissue by the incision but are not 

eliminated either by pre- or peri-operative prophylaxis (44). The clinical observations and the A
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microbial dynamics studies reflect that Cutibacterium spp. is not only the first colonizer but also the 

most consistent and most abundant cutaneous genus (45, 46). Its ability to colonize is regulated by the 

presence of a sebum-rich environment, microbial interactions, and host immune status (15, 47, 48). It 

is notable that the increase of Cutibacterium spp. incidence parallels with a decrease in overall 

microbial diversity (45). Various studies report the potential of the C. acnes characteristics such as 

antimicrobial and immunomodulatory proteins to regulate the host metabolic and cellular function, in 

addition to altering interspecies microbial dynamics (49-51). Therefore, mapping the individual 

cutaneous microbial composition and using empirical strategies, taking into consideration various 

factors such as the local microenvironment and immune response, may allow clinical researchers to 

understand the relationship between the skin microbiome and post-operative infection risk.

Potential Pathogens Harbored in Human Skin

Under normal circumstances, the cutaneous microbiota is beneficial to human health. However, the 

coursing pathogen in chronic infections often has its origin from the patient’s own microbiota (52, 

53). In healthy skin, the diversity, stability, and functioning of the skin microbial community, varies at 

distinct locations. These habitats are characterized by specific biotic and abiotic factors, such as 

moisture, pH, and the distribution of sebaceous glands and hair follicles. The skin microbial 

community is shaped by this environment and fluctuates relative to the presence of competitive or 

synergistic species. The host defense likewise plays an important role in creating specific niches for 

bacterial colonization through the production of antimicrobial peptides and bactericidal effectors. The 

type of microbial colonization yet again contributes to the regulation of epidermal proliferation and 

differentiation of keratinocytes (36). Physical injury, chemical disturbance, and uncontrolled 

biological stimulus influence the microbiota, thereby disturbing the physiological balance and posing 

a risk of infections (33, 34, 54). Sequencing studies have mapped the bacterial species inhabiting 

distinct body sites and skin habitats (55). Under healthy conditions, the skin microbiota is a 

participant in regulating important physiological functions such as immunity and protecting against 

pathogenic colonization of skin (55). The dynamics in the epidermal microbiota show high inter-

individually variations and age- and sex-dependent differences (46). Although the superficial 

microbiota differ according to these factors, our recent study found that the core microbiome in the 

dermis is universal among individuals (56). Nevertheless, this core microbiome is a subset of the A
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epidermal microbiome, of which the variable content is correlated with the skin habitat (3). Using an 

artificial injury model, the skin microbiota of the superficial and the deeper layers of the epidermis 

were analyzed and the dynamics of recolonization of the skin microbiota after disruption of the 

stratum corneum by tape stripping was studied (46). The microbiota colonizing the healing tissue 

appeared  to be very different from that of the pre-operative skin, which shared more similarity with 

the deeper skin microbiota. As shown in Figure 1, the microbiota of the deeper skin layers may not be 

affected by topical disinfections but may be pushed further into the tissue during the operation, 

potentially initiating infection (Figure 1). We therefore propose that the deeper cutaneous microbiota 

plays a pivotal role in microbial recolonization and seems to be essential to post-operational 

infections. 

Cutibacterium acnes

Cutibacterium acnes, a Gram-positive facultative anaerobic bacterium, predominately colonizes the 

dermal skin layers in the sebum-rich skin areas of the chest, neck, and upper back. Sebaceous glands 

connected to hair follicles secrete sebum, a lipid-rich substance, which lubricates the hair and skin. In 

this anoxic, lipid-rich environment, C. acnes dominates due to its ability to breakdown sebum, 

generating free fatty acids and other bi-products that regulate the colonization of microorganisms (57, 

58).  

Cutibacterium acnes is part of the healthy skin microbiome, inhabits the pilosebaceous units in the 

deep skin and, thus, often evades pre-operative disinfection (59-61). With a surgical incision, C. acnes 

gains access to deeper skin layers and soft tissue (62). It is generally believed to possess low 

pathogenicity, but it emerges in late post-surgical infections (37, 63). Six main phylotypes of C. acnes 

(IA1, IA2, IB, IC, II, and III) have been reported (64), and these vary according to their respective 

associations with clinical diseases, antibiotic resistance, virulence properties, and inflammatory 

triggering potential (65). The phylotype IA1 is among the most commonly found isolate in peri-

prosthetic joint infections (66, 67) and especially in peri-prosthetic shoulder infections (68). 

Phylotypes IB, II, and III are predominant in infections related to soft tissue and implants. This 

correlation between specific subtypes and pathogenicity is particularly pronounced in implants and 

deep-tissue infections (69, 70). A recent study concerning the skin of primary and reverse shoulder 

arthroplasty patients reported significant differences in C. acnes subtype distribution in the skin (71). A
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Several subtypes have been reported in deep skin tissue (72). However, it is important to characterize 

the subtypes, virulent factors, and antibiotic-resistant bacteria in multiple deep-tissue samples to 

understand the correlation between pathogenicity and clinical occurrence. 

Interestingly, in skin samples from patients undergoing coronary-artery bypass graft, large bacterial 

changes – from the surgical incision to the closure step – have been revealed. While the 

Staphylococcus spp. population decreases during the surgery and increases at the end (45), most likely 

due to antiseptic and antibiotic use (73, 74), Cutibacterium spp. shows a different pattern. C. acnes 

phylotype IB increases in the depth of the peri-operative surgery wound. Notably, both phylotypes IA 

and IB are dominant in scar and post-operative skin, suggesting a predominance of these phylotypes 

for the recolonization of surgical skin (37, 45). Seemingly, Cutibacterium spp. is the first to appear in 

the early recolonization phase after artificial injury or surgical trauma (45, 46). This recolonization 

process also involves an interplay of the microbial community, antimicrobial protein expression, and 

inflammation pathway triggers. The colonization potential of C. acnes has been linked to its microbial 

interactions with S. epidermidis, Streptococcus pyogenes and Pseudomonas spp. (50, 75, 76). In the 

skin tissue, interactions between S. epidermidis and C. acnes are critical to establish homeostasis (48, 

50, 77, 78). For example, S. epidermidis inhibits C. acnes growth, regulates C. acnes-induced 

inflammation through suppression of TLR2 protein production (75, 77, 78) and inhibits S. aureus 

biofilm formation. Conversely, it has been shown in vitro that C. acnes limits the development of S. 

epidermidis by maintaining acidic pH via propionic acid production (33, 55, 75, 78, 79). 

No clear association is found between the immune triggering potential of different phylotypes and 

post-surgical infections. Nevertheless, several studies have indicated some correlation between the 

pathogenicity of different C. acnes phylotypes and their clinical significance (66, 80). C. acnes 

activates the innate immune system via TLR2 and NLRP3 inflammasomes (81). Bacterial infections 

are recognized by specific receptors that can activate phagocytic cells to engulf the pathogenic 

organism, regulating the release of inflammatory cytokines and other enzymes such as anti-microbial 

peptides, lipases, and proteases. Acne pathogenicity-associated C. acnes phylotypes seem to possess 

different pro-inflammatory potential (82, 83). For example, C. acnes phylotype III and IB have the 

strongest and mildest pro-inflammatory potential, respectively. 
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In reverse shoulder prosthesis, the rate of infection due to C. acnes is substantially higher than that of 

other bacteria (9.1% versus 1.5%) (84). Additionally, C. acnes play a pathogenic role in various skin 

and tissue complications (85-87). However, this is likely under-reported due to its slow growth and 

possibly being ousted by competing bacteria such as S. epidermidis. However, with the possibility of 

better diagnostics – including prolonged culturing time and sonication of ablated implants (88, 89) – 

C. acnes is now being recognized as one of the main microorganisms responsible for prosthetic 

shoulder infections. 

C. acnes evades recognition by the host’s innate immune cells, increasing the risk of peri-prosthetic 

shoulder infection (87). In contrast, in the hip and knee, the main causative organism responsible for 

infections is Staphylococcus, as the preponderance of C. acnes is lower in these body sites. Here, peri-

prosthetic infections are accompanied by the usual signs of acute inflammation, which can be 

evaluated by conventional laboratory tests (90). The prediction and diagnosis of infection in shoulder 

surgery is limited due to an absence of inflammatory markers at the initial stages, suggesting the 

absence of activation of the normal inflammatory cascade during a C. acnes infection. It is interesting 

to observe that phylotypes of C. acnes also differ among shoulder and hip/knee regions. In most 

orthopedic implant infections, including the shoulders, C. acnes phylotype I dominates, whereas in 

prosthetic hip joints, types I and II are equally present (69). A biofilm mode of growth or even 

dormancy (91) is highly likely because the C. acnes present in the deeper tissue might have attained a 

slow metabolism (due to lack of nutrient availability in the local environment) and, thus, a reduced 

capacity to activate inflammatory pathways (89, 92-94). A biofilm mode of growth is a common 

feature in bacteria and not a virulence factor in itself. However, aggregation has its advantages in the 

host environment. Bacterial biofilms are tolerant to antibiotics and protected against the immune 

system because they are often able to avoid phagocytosis and macrophage engulfment (95, 96). 

Bacteria aggregate and adhere onto the host cells and surfaces and proliferate in favorable niches (97, 

98). Biofilm formation can also be detected on the bone membrane and foreign material of the 

implant and in the peri-prosthetic tissue (20). Different phylotypes of C. acnes isolated from the skin 

and implants have been analyzed for their biofilm-making capacities. Phylotype IA1 isolates from the 

skin and implants produce significantly more biofilm than other phylotypes. Among the IA 
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phylotypes, isolates from the implant show slightly more capacity to produce biofilm when compared 

to isolates from the skin (99). 

Selection for resistant bacteria during antibiotic treatment also affect the deeper microbiome. Using an 

optical imaging system, the growth of C. acnes in living animals with implants has been tracked and 

an induction of neutrophils resulting in inflammation observed. After proliferating for more than 6 

months, C. acnes causes a delayed surgical site infection by attaining an asymptomatic slow 

metabolism phenotype such as a bacterial biofilm (30).

In summary, C. acnes is considered one of the key contributors to shoulder surgery infections. The 

potential of C. acnes to colonize surgical wounds is influenced by various factors: a disequilibrium of 

microbial composition, physiological variations due to changes of abiotic factors in and around 

surgical wounds, and interactions among different bacterial and host cell interactions. C. acnes plays 

an intriguing role in the homeostasis of the skin microbiome and host cell functions, influencing the 

physiology and modulating the immune status of the host cells. The question remains unanswered as 

to whether C. acnes, seeded deep during surgical incisions, survives by attaining slow metabolism, 

asymptomatic colonization phenotype, or proliferation due to the present conditions. The pathogenic 

potential of C. acnes is correlated with the abundance of this endogenous microbiome at a particular 

skin site, the conceivable weakness of the host immune response, and the conditions of the 

microenvironment. 

Detection of Cutibacterium acnes

Recent findings suggest that C. acnes is the primary pathogen involved in SSIs in shoulders. In the 

operational wounds of RCR, C. acnes is present in 65.5% of cases (78% male, 42% female) (100). 

However, detection of C. acnes is challenging. The traditional detection method in clinical 

microbiology laboratories is cultivation, a direct and specific method. However, due to its slow 

growth and anaerobic requirement, C. acnes is occasionally missed. The causing microorganisms in 

an operational wound are often heterogeneously distributed (101). For this reason, it is recommended 

to collect 5 or more specimens from different sites of the surgical wound and implant (102). Tissue 

biopsies have been found to be more reliable than aspiration of synovial fluid in diagnosis of a 

bacterial infection. Tissue specimens have sensitivity, specificity, and a negative and positive 

predictive value of 100%, while aspirational fluid has a sensitivity of 17% and a negative predictive A
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value of 58% (103). When appropriate specimens have been collected, they should be incubated under 

both aerobic and anaerobic conditions for at least 14 days (44) or up to 28 days in patients with 

suspected periprosthetic shoulder infection (90). This ensures a higher detection rate in relation to 

slow-growing bacteria. Positive cultures are found in 24% of revision shoulder arthroplasties of which 

57% are C. acnes (104). Nevertheless, the incidence of infection and the difficulties with detecting 

slow-growing pathogens, create the need for accurate and rapid detection methods. This is particularly 

important for loosened shoulder arthroplasties, which cause the patient to suffer pain and a non-

functioning joint for an unnecessarily long time. One characteristic of a long-term chronic infection is 

the low-grade clinical symptoms. This has enormous consequences for the patients, since the infection 

progresses during an extended diagnostic period. Methods of sample preparation such as the 

sonication of periprosthetic tissues or implants and molecular-based methods (e.g. multiplex PCR and 

MALDI-TOF mass spectrometry) have been helpful for improving the detection of C. acnes (105, 

106) and could be further researched to develop efficient methods for clinical diagnosis (107). Such 

method could very likely be optimized for rapid detection of C. acnes in clinical specimens. The 

advantage of PCR is that the result is available within a few hours and the method can furthermore be 

fine-tuned to detect most genes for antibiotic resistances (67, 72). Awareness of C. acnes in SSIs 

could promote improved diagnostics by combining methods of long-time cultivation, histological 

examination, and advanced molecular methods with new and rapid methods (46, 71, 108). This could 

lead to early treatment, with a subsequent dramatic increase in patients’ quality of life.

CONCLUDING REMARKS
Several studies have revealed a link between SSIs in the shoulder joint caused by C. acnes and the 

presence of this bacterium in the skin in close proximity to the shoulder. Because C. acnes is a part of 

the resident host microbiota and accounts for the major proportion of the SSIs observed, this key 

organism is the most interesting of the opportunistic pathogens in shoulder post-surgery infections. To 

decipher its role in the physiological processes of infection, it is necessary to study the local 

microenvironment within in situ transplanted tissue and investigate the dynamics in clinical isolates 

directly at different body locations harboring diverse microbial compositions, which in turn are 

governed by biological and pathophysiological characteristics. Such goals require advanced A
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approaches to early detection and phylotype characterizations of multiple deep tissues, the 

inflammatory potential, and the biofilm-forming capacities of various subtypes. To accomplish these 

goals would require close collaboration between clinicians and researchers in various scientific fields.
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FIGURES AND TABLES

Table 1: Fact box with risk factors, such as sex, age, location, predisposition and pre-, peri- and 

post-operational procedures, associated with surgical site infections.
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Figure 1. Dynamics of core microbiota in healthy shoulder skin and the recolonizing state of 

postoperative shoulders.

(1) Healthy shoulder depicting the condition with balanced microbiota where S. epidermidis populates 

the stratum corneum and hair follicle infundibulum, while C. acnes is localized in the pilosebaceous 

glands within the dermis. Under homeostatic condition, S. epidermidis regulates the proliferation of 

C. acnes and vice versa.  (2) Preoperative preparation of the skin by disinfectants and antibiotics 

disturb the homeostatic microbial composition. Outermost microbiota, such as Staphylococcus spp.  

decreases, while bacteria in the deeper skin, such as C. acnes remains unaffected. (3) During 

operative procedure, surgical incision displaces present bacteria into the deeper tissue, which in 

opportune conditions colonizes the prosthesis and the peri-prosthetic tissue. (4) Post-operatively, 

various factors drive the selection of C. acnes phylotypes and the potential recolonization. 
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