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ARTICLE INFO Background: Cutibacterium acnes is the primary cause of shoulder surgery infections, but the predis-

position to larger skin counts and potentially higher risk for postoperative infection remains unclear. This

Keywords: study aimed to quantify risk factors influencing endogenous C. acnes burden and to compare counts
Cutibacterium acnes among 4 shoulder sites.
C. acnes

Methods: C. acnes counts were quantified via a detergent scrub technique for 173 participants. Bivariate
and multivariable stepwise linear regression statistical analyses were used to investigate the association
of sex, age, ethnicity, degree of hirsutism, diabetes, smoking status, body mass index, and location with
counts. A separate Wilcoxon rank-sum test was performed analyzing counts of East/Southeast Asians vs.
all other ethnicities.

Results: Sex, age, degree of hirsutism, diabetes, smoking status, and body mass index were included in
the multivariable stepwise linear regression analysis. The multiple regression analysis isolated in-
dividuals <40 years with the highest burden (P = .001). Males had a 191% increase in C. acnes counts
compared with females (P = .001). Increased hirsutism was further indicated to be a risk factor for the
male sex although not in a dose-dependent manner (P =.027). Wilcoxon rank-sum test results found that
East/Southeast Asians had the lowest load (P =.019), although not significant in the multivariate model.
Conclusion: Surgical site C. acnes infections occur more frequently in younger males, and males <40
years with shoulder-specific hirsutism have the highest preoperative burden. East/Southeast Asians have
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Design; Epidemiology Study

lower raw counts of C. acnes compared with other ethnicities that may be related to less hirsutism.
Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Cutibacterium acnes is a bacterium associated with skin in-
fections. It is a Gram-positive, non-spore forming, and anaerobic
bacillus.” C. acnes mainly colonizes hair follicles of the upper body,
including the head, neck, shoulders, and axilla.” It predominantly
resides on the skin and in the sebaceous glands associated with hair
follicles. Although the bacterium has been linked to conditions such
as endocarditis, endophthalmitis, osteomyelitis, and acne, C. acnes
has become a substantial culprit for shoulder surgery infections,
accounting for almost 56% of all cases.’

During surgical transection of the skin, C. acnes can seep into the
wound.'® Presurgical sites on patients undergoing shoulder, hip,
knee, and spine surgery can have up to 10° organisms per follicle,
sheltered within the dermal sebaceous glands.® Virulence can then
be achieved by adhering to cells and surfaces or forming a biofilm.”

Approval for this study was obtained from the University of Maryland, Baltimore
Institutional Review Board (HP-00064296).
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This is accomplished through the use of antigenic proteins, which
subsequently can lead to an inflammatory response.’ Infection
rates range from approximately 3% to 15%.%!7 A C. acnes infection
can ultimately lead to chronic pain, prosthetic instability, sepsis, or
shoulder arthroplasty failure.!

This study aimed to quantify risk factors for increased endoge-
nous C. acnes burden on the shoulder. Sex, age, ethnicity, degree of
shoulder hair, diabetes, smoking status, body mass index (BMI), and
location on the shoulder were analyzed through both independent
statistical and multiple linear regression analyses. We hypothesized
that younger men would have the highest C. acnes burden along
with the posterior site given its proximity to the back. We also
hypothesized that East/Southeast Asians would have the lowest
C. acnes burden.

Methods

This is a secondary data analysis of 2 cohorts (173 participants).
The first cohort included patients (N = 71) who underwent any
primary or revision surgery at our institution and the second cohort
(N = 102) included prospectively enrolled healthy volunteers.
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Figure 1 Sample sites (starting top left and proceeding clockwise): anterior, lateral, posterior, and axilla.*

Exclusion criteria for patients were those younger than 18 years of
age or those with a history of shoulder infection. Volunteers
younger than 18 years of age or those with a history of shoulder
surgery or infection were excluded. All participants provided
informed consent after institutional review board approval.
Endogenous C. acnes counts were collected before surgery or any
skin treatment.

A Williamson and Kligman detergent scrub technique was used
to measure C. acnes levels.”” The modified Williamson and Kligman
technique used is a standardized dermatologic method for C. acnes
quantification that correlates with deep sebaceous gland
burden.®®1%127 Each cohort had both shoulders scrubbed for
bacteria analysis. For risk factor analysis, the nonoperative shoulder
of patients was used for data collection to ensure no potential
impact of shoulder pathology on C. acnes counts. A random
shoulder was used for data collection of volunteer participants. Age
was well distributed throughout the combined patient and volun-
teer cohorts.

First, each site (anterior, lateral, posterior, and axilla; refer to
Fig. 1) was cleansed of any possible surface bacteria by wiping the
area for 30 seconds with sterile gauze soaked with 0.1% Triton
X-100. Each site was delineated by a 3.8 cm? diameter round hole in
a business card—sized plastic template held firmly to the skin. Each
sample area was then scrubbed for 30 seconds using moderate
pressure with a sterile cotton swab that was dipped in Bacto-
Letheen broth. The tip of each swab was then placed into a 2 mL
tube of Bacto-Letheen broth for subsequent incubation.®

Patient samples were placed into individual transport bags,
delivered on ice to an independent C. acnes laboratory, and

subsequently serially diluted into 0.05% Tween-80. Samples from
volunteers were obtained in the laboratory itself. Fifty microliters
of each dilution was placed on Brucella agar plates, left to dry, and
then incubated anaerobically at 35°C-37°C for 7 days. Quantifica-
tion of C. acnes was measured in terms of colony-forming units and
was counted at the lowest dilution that could be read.

A priori power analysis, before volunteer enrollment, was per-
formed based on the sex significance indicated in a previous paper
that implied an 8000 colony-forming unit “effect size” when
comparing the male and female sex.® The results were then used to
approximate how many participants would be necessary to
generate statistical significance in a single risk factor. Power was set
at 0.8, alpha at 0.05, and 39 subjects were determined as the
minimum to detect a difference.

C. acnes counts were pooled between the patient and volunteer
cohorts. Bacterial quantification was analyzed with respect to sex,
age, ethnicity, degree of shoulder hair, diabetes, smoking status,
BM]I, and location on the shoulder. Average burden count among
the 4 sites for each participant was calculated, and natural log
transformed before statistical analysis as the data were not nor-
mally distributed.

Ethnicity was self-determined during admission into the study
as participants were given the option to choose from East/South-
east Asian, Caucasian/Hispanic, South Asian/Middle Eastern, and
African. Shoulder-specific hairiness was described on a 4-point
scale ranging from 0 to 3 where 0 = no hair, 1 = minimal hair
(more skin than hair), 2 = moderate hair (more hair than skin), and
3 = maximal hair. Because axillary hair removal was relatively
common, but shoulder skin hair removal was not reported in our
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sample, a shoulder girdle/skin evaluation was conducted instead of
an axillary evaluation when determining hairiness. A reliability
analysis was conducted where 3 authors separately rated 10 sample
shoulder images using our scale. An intraclass correlation score was
computed using a 2-way random-effects model (R Core Team; R
Foundation for Statistical Computing, Vienna, Austria). There was
a high intraclass correlation coefficient indicating agreement
among ratings (kappa = 0.88, P = 1.6 x 10~%). Age was specifically
binned as <40, 40-60, and >60 years to provide clinical context to
the findings, as ages 40-60 years are considered a young group for
shoulder replacement and more than 60 years is considered the
standard for arthroplasty.

Given the negative effects of increased blood sugar levels on
skin healing, any participant with an A1C above 5.7% was placed in
the “diabetes” group. Thus, diabetes was indicated as either present
or absent, where type 1, type 2, and prediabetes were grouped
together. Smoking status was indicated as “yes” or “no” where
former smokers were included in the “yes” group. Former smokers
were those who had quit within 1 year of enrollment, which is a
common cutoff used in joint replacement infection analyses.

Sex, diabetes, and smoking were analyzed via the independent
samples t-test assuming unequal variance (Microsoft Excel;
Microsoft Corporation, Redmond, WA, USA). Age, ethnicity, degree
of shoulder hair, BMI, and location on the shoulder were all eval-
uated for significance via a single-factor analysis of variation test
(Microsoft Excel; Microsoft Corporation). Parameters with statisti-
cal significance (P < .05) in the bivariate analyses were subse-
quently included into a multivariable stepwise linear regression
model using JMP data analysis software (JMP; Cary, NC, USA). Risk
factors in this analysis with P < .05 were considered statistically
significant. A separate Wilcoxon rank sum test was performed to
analyze the nontransformed counts of East/Southeast Asians vs. all
other ethnicities. An independent samples t-test assuming unequal
variance was then conducted to analyze the degree of hirsutism
difference between East/Southeast Asians and all other ethnicities
to analyze for a potential covariate.

Results

Seventy-one patients and 102 healthy volunteers were enrolled
in the study for a total of 173 participants. A total of 692 culture
samples were obtained, and quantified and complete data were
collected from 162 participants including shoulder hairiness score.
Refer to Table I for a complete demographic breakdown of the
compiled cohort.

Bivariate analyses found sex, age, degree of shoulder hair, dia-
betes, smoking, and BMI were significant in relation to C. acnes
burden (Fig. 2). The male sex was independently associated with
increased counts (7.56 vs. 5.07; P < .001). Individuals with lower
BMI (<25) were statistically associated with increased counts (P =
.0003). Participants below the age of 40 years had the highest
average counts with statistical significance (P < .001).

Negative diabetes and smoking status were associated with
increased counts (P =.049 and P = .009). Increased shoulder hair
was associated with increased burden when subcategories 0, 1, and
2/3 combined were evaluated via analysis of variation analysis
(P =.010).

The posterior site was associated with increased burden without
statistical significance after log transformation (P = .058). No sig-
nificant difference was found among the different ethnicity groups
(P =.70) when analyzed with logarithmically transformed counts
(Table II). Wilcoxon rank-sum test results found East/Southeast
Asians to have the lowest C. acnes load (P = .019; refer to Fig. 3).
When an independent samples t-test assuming unequal variance
was subsequently conducted to assess the degree of hirsutism

Table I
Study population demographic data

Participants, n Compiled cohort, 173

Sex, n (%)

Male 98 (57)

Female 75 (43
Age* (yr), n (%)

<40 111 (67)

40-60 32(19)

>60 23 (14)
BMI* (kg/m?), n (%)

<25 91 (55)

25-35 61 (37)

>35 14 (8)
Smoking*, n (%)

Yes/former' 41 (25)

No 125 (75)
Diabetes*, n (%)

Pre/type 1/type 2 14 (8)

No 152 (92)
Ethnicity, n (%)

South Asian/Middle Eastern 18 (10)

Caucasian/Hispanic 100 (68)

African 32 (18)

East/Southeast Asian 23 (13)
Degree of hirsutism”/, n (%)

0 108 (67)

1 42 (26)

2-3 merged 12 (7)

BMI, body mass index.

* 7 of 173 participants excluded for lack of demographic data.

T Participants included 27 current smokers and 14 former smokers.

¥ Participants included 1 prediabetic.

§ 11 of 173 participants excluded for lack of shoulder hair data.

I Shoulder hair key: 0 = minimal or no hair, 1 = some hair (more skin than hair),
2 = moderate hair (more hair than skin), 3 = significant hair (maximum).

difference between East/Southeast Asians and all other ethnicities,
it was determined that East/Southeast Asians had a lower degree of
shoulder hair on average than those of all other ethnicities with
statistical significance (0.14 vs. 0.47, P =.002).

Sex, age, degree of shoulder hair, diabetes, smoking status, and
BMI were all included into a multiple linear regression. After con-
trolling for these risk factors, male sex (P =.0011) and individuals
below the age of 40 years (P = .0095) have statistically significant
risk for higher C. acnes burden. Furthermore, the analysis confirmed
that BMI and negative diabetes and smoking statuses were not a
statistically significant risk for increased burden suggesting that
those with lower BMI were most likely young males. Insufficient
sample variation in hairiness among the female sex prompted a
separate multiple regression analysis run by sex. This separate
analysis indicated that hairiness does have a non—dose-dependent
statistically significant association with increased burden in the
male sex (P =.0267) but not in the female sex (P =.6109). Refer to
Tables Il and IV for a detailed breakdown.

Discussion

Our study indicates that younger hirsute males have an
increased C. acnes burden. East/Southeast Asians harbor the least
burden in comparison with all other ethnicities. Increased shoulder
skin C. acnes burden might be a risk factor for postoperative
infection.'

Age is a risk factor for infection after shoulder arthroplasty.
Singh et al**?° showed that older age is associated with lower rates
of infection in total shoulder arthroplasty (hazard ratio, 0.97 [95%
confidence interval, 0.95-1.00]). Richards et al**> found that with
every 1-year increase in age, a 5% (95% confidence interval, 2%-8%)
lower risk of infection was observed. This might be caused by the
increasing sebaceous gland activity reported in postpuberty young
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Natural Log C. acnes Transformation

(Gender) Male, (Age) <40, 40-60, | (BMI) <25, 25-35, = (Smoking) Yes, No | (Diabetes) Yes, No = (Ethnicity) South  (Degree of Shoulder (Shoulder Location)
Female >60 »35 Asian/Middle Hair) 0, 1,2+3 Anterior, Lateral,
Eastern, combined Posterior, Axilla
Caucasian/Hispanic,
Black,
East/Southeast Asian
P=0.0000035* P=0.00000077* P=0.00026* P=0.0093* P=0.049* P=0.70 P=0.01* P=0.058

Risk Factor of Interest

Figure 2 Bivariate analyses show a statistically significant risk for increased burden in males, individuals with a BMI <25, individuals below the age of 40 years, those with increased
amounts of shoulder hair, and positive smoking and diabetes status. BMI, body mass index.

Table II

Study population C. acnes average burden by risk factor univariate analysis with

log transformation

C. acnes burden P Type of test
(In(CFU)) value

Sex
Male 7.56 <.001* Unpaired t-test
Female 5.07

Age' (yr)
<40 7.44 <.001* One-factor
40-60 5.07 ANOVA
>60 3.84

BMI' (kg/m?)
<25 7.33 <.001* One-factor
25-35 5.85 ANOVA
>35 3.72

Smoking'
Yes/former 5.31 .009* Unpaired t-test
No 6.87

Diabetes'
Pre/type 1/type 2 4,58 .049* Unpaired t-test
No 6.36

Ethnicity
South Asian/Middle 7.40 .70  One-factor

Eastern ANOVA

Caucasian/Hispanic 6.42
African 6.21
East/Southeast Asian 6.43

Degree of hirsutism
0 6.01 .010* One-factor
1 7.93 ANOVA
2-3 merged 6.60

Location®
Anterior 5.19 .058 One-factor
Lateral 5.09 ANOVA
Posterior 5.74
Axilla 4.59

BMI, body mass index; CFU, colony-forming unit; ANOVA, analysis of variation.

" Indicated as statistically significant with P < .05.

7 of 173 participants excluded for lack of demographic data.
# 11 of 173 participants excluded for lack of shoulder hair data.
§ 1 of 173 participants did not have anterior or axilla data and was excluded

from these 2 bins.

adults that then declines over time; however, this has not been
independently investigated in the context of endogenous C. acnes
shoulder burden.>'>'>'821 This study suggests that the higher
burden associated with younger age may explain the increased
rates of infection seen in the younger population.

Male sex is also a risk factor for C. acnes postoperative infec-
tion.”>>*> Although the presence of hair has been shown to be
associated with increased C. acnes counts, no study has attempted
to categorize levels of hair and correlate this with burden.>’ To our
knowledge, this is the first study to quantify shoulder hair in the
context of C. acnes infection risk factors and describe the relation-
ship between amount of hair and endogenous burden. Our study
shows that the presence of shoulder hair in males is associated with
higher C. acnes counts. We were unable to distinguish these find-
ings in females because there were few hirsute females. However,
our hirsutism model did not appear to be dose dependent. This
might have been due to limited study participants enrolled in the
hair categories 2 and 3 and further investigation is warranted.

Smoking and diabetes have been well documented to predis-
pose patients to postoperative infection. This is most likely caused
by poor wound healing and the effects of hyperglycemia on
vascular changes.>'

In the multiple regression analysis, positive diabetes status was
not associated with increased burden. Although our sample varia-
tion for diabetes was low, this suggests that diabetes acts as a risk
factor through weakening the ability to combat a postoperative
infection rather than increasing the number of bacteria that can
seep into a surgical wound to initiate infection. Similarly, positive
smoking status has been extensively documented as a major risk
factor of postoperative surgical site infections.>'? In our participant
cohort, positive smoking status was not associated with increased
C. acnes counts. Smoking, like positive diabetes status, has no sta-
tistically significant impact on the C. acnes burden itself.

Our data specify that the posterior location has the highest
average C. acnes counts although not statistically significant. This
supported our hypothesis based on the premise that the upper back
has been shown to have high bacterial loads.?’
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Natural log of CFU counts of East/Southeast Asians vs. All other ethnicities by Participant
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Figure 3 A scatter plot illustrating the transformed colony-forming unit (CFU) counts of East/Southeast Asians vs. all other ethnicities.

East/Southeast Asians had the lowest C. acnes burden compared
with all other ethnicities in analysis of nontransformed data. This
was not significant in the multivariate analysis. Richards et al*?
found that race was not a statistically significant predictor of
postoperative infection in primary shoulder arthroplasty. Sex, age,
and hirsutism likely have a greater impact on C. acnes burden than
ethnicity, and hirsutism may be a covariate for ethnicity as indi-
cated from our univariate analysis of degree of shoulder hair in
East/Southeast Asians vs. all other ethnicities. This study was not

Table III
Multiple linear regression of significant risk factors in the compiled cohort
Risk factor included Estimate (95% CI) P value
Sex .0011*
Male 1.91 (0.78, 3.04) .0011*
Female [REF] N/A
Age .0095*
>60 —2.61(—-4.42, -0.81) .0049*
40-60 —1.88 (—3.44, —-0.31) .019*
<40 [REF] N/A
BMI 35
>35 —0.46 (—2.65, 1.73) .68
25-35 —0.87 (—2.05,0.31) 15
<25 [REF] N/A
Degree of hirsutism .07
2-3 —0.75 (-2.77, 1.26) 46
1 1.22 (-0.01, 2.45) .052
0 [REF] N/A
Diabetes 81
Yes —0.25 (—2.36, 185) 81
No [REF] N/A
Smoking .85
Yes/former 0.13 (-1.26, 1.52) .85
No [REF] N/A
Intercept 6.23 (5.33,7.13) <.0001*
R? Adj 0.21 N/A

powered to evaluate C. acnes burden across a spectrum of hirsutism
within ethnic groups. Nevertheless, an understanding of which
ethnic groups may be at higher risk provides further clinical context
to postoperative C. acnes infections.

Ultimately, this study provides a statistical model that suggests
an explanation as to why younger males appear to have the highest
predisposition for infection. Whether these populations would
benefit from aggressive preoperative protocols could be investi-
gated in future studies.

Limitations of our study include a lack of sample variation for
age, ethnicity, and diabetes status, and relatively few participants
with significant shoulder hair categories 2 and 3. The study design
assumes that increased skin bacterial colonization implies an
increased risk for postoperative infection as supported by past
research. Turtiainen et al’® showed a statistically significant rela-
tionship between bacterial skin burden and risk of surgical site
infection. Matsen et al'® similarly detailed that C. acnes infections
have a high skin burden of C. acnes. Both studies validate this idea as
a premise for study design. The standardized scrub technique used
in this study was specifically chosen because it correlates with the
C. acnes load in deeper sebaceous glands, therefore minimizing the
possibility of improper quantification of endogenous counts.

Table IV
Multiple linear regression of significant risk factors by sex

Risk factor Estimate (95% CI) P value (males) P value (females)
Degree of hirsutism .027* .61
2-3 —0.88(-2.98,1.22) 41 N/A
1 1.61 (0.22, 2.99) .023* N/A
0 [REF] N/A N/A
Age N/A 072 16
BMI N/A 34 91
Smoking N/A 39 34
Diabetes N/A .58 .68

BMI, body mass index; CI, confidence interval.
" Indicated as statistically significant with P < .05.

BMI, body mass index; CI, confidence interval.
" Indicated as statistically significant with P < .05.
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However, because a direct biopsy of the deep dermis was not per-
formed, it remains a limitation of our study.

Conclusion

Males, participants below the age of 40 years, and individuals
with shoulder hair all showed independent risk for increased
C. acnes burden. Our study summarizes the populations at risk for
higher C. acnes loads and highlights that increased burden in these
populations correlates with increased postoperative infection rates
from other studies. Future studies on shoulder C. acnes prevention
and prophylaxis might target such high-risk populations.

Disclaimer

The authors, their immediate families, and any research foun-
dations with which they are affiliated have not received any
financial payments or other benefits from any commercial entity
related to the subject of this article.
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