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Application of dermal chlorhexidine
antisepsis is ineffective at reducing
Proprionibacterium acnes colonization
in shoulder surgery

Simon B. M. MacLean', Joideep Phadnis?, Chi M. Ling' and
Gregory |. Bain'

Abstract

Background: Chlorhexidine as a skin surface antiseptic has been shown to be ineffective with respect to reducing
Proprionibacterium acnes colonization within the dermis. The purpose of the present study was to determine whether the
application of aqueous chlorhexidine solution to the dermal layer decreased P. acnes colonization during open shoulder
surgery.

Methods: The present study enrolled 50 patients who were undergoing open shoulder surgery. Patients received
standard antimicrobial preparation. Three dermal swabs were taken from each patient: swab | following skin incision;
swab taken 2 minutes to 5 minutes post-application of aqueous chlorhexidine to the dermis; and swab 3 taken 60 minutes
post-application.

Results: Mean age was 57.5 years (22 males, 28 females). There were 21 patients (42%) with P. acnes present on any
dermal swab. There were significantly more P. acnes positive cultures identified at swab 3 compared to swab |
(p=0.043). In nine patients with positive P. acnes at cultures swab |, eight also isolated P. acnes after at swabs 2 or 3.
Males were significantly more likely to have P. acnes on any swab (p < 0.001). Positive P. acnes cultures were significantly
more common in patients <50 years (p <.001). None of the patients had any clinical signs of infection at a minimum of
| year following surgery.

Conclusions: Dermal application of aqueous chlorhexidine during open shoulder surgery fails to eradicate or reduce
P. acnes on deep cultures.
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Introduction bacterial loads on the epidermis.® Our previous study

Proprionibacterium acnes is a Gram-positive anaerobic
rod recognized as a common pathogen in deep shoulder
infection.' Proprionibacterium acnes commonly col-
onizes the pilosebaceous glands of the dermis and is
therefore more common in the trunk, neck and shoul-
ders.* Although highly sensitive to antimicrobials in the
laboratory setting, P. acnes is the subject of extensive
research as a result of challenges in its detection and
eradication in vivo.”> The rapid production of a biofilm
layer in vivo has been postulated as a cause for this.”
Chlorhexidine is a commonly-used antiseptic used
for shoulder surgery with proven efficacy at reducing

showed that skin preparation with alcoholic chlorhexi-
dine reduced positive P. acnes cultures on the epider-
mis; however, it was ineffective at reducing P. acnes
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lying within the dermis.” This is of concern because
deep infection with P. acnes is considered to result
from deep colonization within the dermal pilosebac-
eous glands and intra-operative seeding as a result of
surgical trauma."® It is not routine operating practice
to apply a further antiseptic preparation to the dermis
and it therefore remains unknown whether further
application to the dermis intra-operatively would
reduce P. acnes colonization within the surgical wound.
The aim of the present study was to determine
whether application of aqueous chlorhexidine solution
to the dermal layer following skin incision decreased
P. acnes colonization during open shoulder surgery.

Materials and methods
Patients

We received state ethics committee approval for the
present study. The study enrolled 50 consecutive
patients who were undergoing elective or acute open
shoulder surgery. Patients were given an information
sheet and all patients provided their written informed
consent. Patients aged<16years were excluded.

Mean age was 57.5 years (range 17 years to 85 years).
There were 22 males and 28 females. Details of the
procedures performed are provided in Table 1.

Antimicrobiological prophylaxis

In accordance with local antibiotic protocols, all
patients received 2 g of intravenous cefazolin 30 minutes
before the skin incision. An electrical surgical hair clip-
per (Medline Industries, King’s Park, NSW, Australia)
was used to remove excess hair in the axilla and opera-
tive site. The skin was then ‘pre-prepped’ with 200 mL
of a solution of 2% chlorhexidine gluconate and 70%
isopropyl alcohol (Chloraprep; Orion Laboratories Pty
Ltd, Balcatta, WA, Australia) and allowed to dry.
A further application of 200mL of Chloraprep was
applied immediately prior to draping of the surgical
field. Ioban 2 Antimicrobial Incise Drapes were applied
to the surgical field prior to incision (Ioban; 3 M, St
Paul, MN, USA).

Microbiological sampling and application of
dermal antisepsis

Three swabs were taken for each patient. The first swab
termed ‘dermal swab pre-’ was taken from the exposed
dermal surface within the wound immediately after the
skin had been incised.

As a result of concerns with higher concentrations of
chlorhexidine solution on fibroblast cytotoxicity (see
Discussion), 0.1% aqueous chlorhexidine (McFarlane

Medical Equipment, Surrey Hills, VIC, Australia) was
then applied to the dermis using surgical gauze sponge
soaked in the solution. Five minutes following this, a
second swab termed ‘5 mins post-prep” was taken from
the exposed dermis (Fig. 1).

A third dermal swab termed "60 mins post-prep’ was
taken at 60 minutes following dermal application of
aqueous chlorhexidine, or at the time of wound closure,
whichever was sooner.

In vitro, chlorhexidine has been shown to eradicate
up to 100% of Gram-positive and Gram-negative
bacteria within 30seconds.® Time points ‘5’ and
‘60’ minutes were chosen because it was hypothesized
that, if chlorhexidine was effective at eradicating dermal
P. acnes, then there would be more ‘negative swabs’ at
these time points. If ineffective, then there would be
more ‘positive’ swabs at time ‘60°, as a result of further
bacterial seeding intra-operatively.

All samples were sent for microbiological analysis,
specifically looking for P. acnes with anaerobic cultures
for a minimum of 14 days. Colonies were identified by
matrix-assisted laser desorption/ionization-time-of-
flight mass spectrometry (MALDI TOF-MS) (Bruker,
Bremen, Germany).

Statistical analysis

Categorical variables and baseline demographic data
were described using frequencies and percentages.
Continuous variables are presented using the means
(SD). Nonparametric tests (chi-squared and Fisher’s
exact test) were used to compare differences between
groups. p <0.05 was considered statistically significant.

Results
Overall cultures

All 50 patients had three intra-operative swabs taken,
yielding 150 total swabs (Table 1). Thirty-eight swabs of
these swabs isolated P. acnes (38/150, 25%). Of the 38
positive swabs, nine were ‘pre-prep’ (swab 1), 11 were at
‘5-min post-prep’ (swab 2) and 18 were at ‘60-min post-
prep’ (swab 3). There were 21 patients with P. acnes pre-
sent on any swab (21/50 =42%). There was a statistically
significant difference between the number of positive cul-
tures between swabs 3 and 1 (n=18 and 9, respectively,
p=0.043). There was a greater number of positive cul-
tures at swab 3 compared to swab 2, although this did not
reach statistical significance (n=18 and 11, respectively,
p=0.123). There was no significant difference between
the number of positive cultures at swab 2 and 1 (n=11
and 9, respectively, p =0.617).

In nine patients with a positive ‘pre-prep swab’, eight
also isolated P. acnes at swabs 2 or 3. Therefore, dermal
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Table |. Patient demographic data and results of microbiological swabs.

Patient Sex Operation Dermal pre-prep 5 min post-prep 60 min post-prep

| 78 F RTSR = = =

3 8l M RTSR - P. acnes P. acnes

5 66 M RTSR P. acnes P. acnes P. acnes

7 76 F RTSR — — =

9 30 M ORIF proximal humerus - - -

I 79 F RTSR — — -

13 37 M AC] reconstruction P. acnes P. acnes P. acnes

15 57 F Open RCR - - -

17 69 F Open RCR - - -

19 62 M RTSR - - P. acnes

21 45 M AC] stabilization = P. acnes =

23 71 F Open RCR = = =

25 68 M RTSR = = =

27 18 M AC] stabilization P. acnes P. acnes P. acnes

29 63 F RTSR = = =

(continued)
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Table |. Continued

Patient Age Sex Operation
31 47 M Open RCR
32 68 M Open RCR
33 63 F ORIF proximal humerus
34 22 F Open RCR
35 8l F RTSR

36 59 F Open RCR
37 31 M GT ORIF

38 72 M RTSR

39 53 M RTSR

40 70 F RTSR

41 56 F ORIF scapula
42 65 F RTSR

43 34 M Latarjet

44 80 F RTSR

45 66 F RTSR

46 44 F Shoulder hemiarthroplasty
47 76 M RTSR

48 68 F RTSR

49 73 M RTSR

50 17 M Bristow

Dermal pre-prep 5 min post-prep 60 min post-prep

P. acnes P. acnes P. acnes
P. acnes P. acnes P. acnes
_ = P. acnes
P. acnes - -

P. acnes P. acnes -

- - P. acnes
- - P. acnes
- - P. acnes

AC], acromioclavicular joint; F, female; GT, greater tuberosity; M, male; ORIF, open reduction and internal fixation; P. acnes, Proprionibacterium acnes;

RCR, rotator cuff repair; RTSR, reverse total shoulder replacement.

chlorhexidine eradicated P. acnes in only one out of
nine of these patients (11%). From the 41 patients
with negative ‘pre-prep swabs’, four isolated P. acnes
on swab 2 and 11 isolated P. acnes on swab 3.

Comparison between groups

Table 2 reports the comparison between sub-groups.
Positive P. acnes samples were significantly more
common in males on any swab and overall (swab 1:
seven of 22 versus two of 28, respectively, p=0.032;
swab 2: nine of 22 versus two of 28, respectively,
p=0.006; swab 3: 14 of 22 versus four of 28, respect-
ively, p <0.001; overall: 30 of 66 versus eight of 84,
respectively, p <0.001). The odds ratio of having a

positive P. acnes sample as a male was 7.88 (95% con-
fidence interval =3.06 to 20.25).

Positive P. acnes samples were significantly more
common in patients<50years on swabs 2 and 3 and
overall (swab 1: six of 17 versus three of 33, respect-
ively, p=0.047; swab 2: eight of 17 versus three of 33,
respectively, p=0.004; overall: 23 of 51 versus 15 of 99,
respectively, p <0.001). The odds ratio of having a
positive P. acnes sample if<50years was 1.99 (95%
confidence interval =0.87 to 4.52).

For males < 50 years, 9/10 (90%) had a positive cul-
ture. For males> 50 years, seven of 12 (58%) had a
positive culture. For females< 50years, two of six
(33%) had a positive culture. For females > 50 years,
three of 22 (14%) had a positive culture. Males
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Figure |. Intra-operative sampling technique for ‘pre-prep swab’ prior to application of aqueous chlorhexidine to the exposed
dermis.

Table 2. Subgroup analysis of positive Proprionibacterium acnes samples.

Positive P. acnes samples, n (%)

Variable Number Pre-prep — | 5 min post — 2 60 min post — 3
Overall 50 9 (18) 1 (22) 18 (36) 38 (25)
Sex
Male 2 7 (32) 9 (41) 14 (64) 30 (45)
Female 28 2 (7) 2 (7) 4(14) 8 (10)
p value 0.032 0.006 <0.001 <0.001
Age
<50years 17 6 (35) 8 (47) 9 (53) 23 (45)
~50years 33 3(9) 3(9) 9 (27) 15 (15)
p value 0.047 0.004 0.073 <0.001

Surgical approach
Deltopectoral 40 7 (18) 9 (23) 15 (38) 32 (27)
Deltoid split 10 2 (20) 2 (20) 2 (20) 6 (20)

p value 0.854 0.864 0.296 0.453
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<50years were 57 times more likely than females
>50years to have a positive culture for P. acnes
(odds ratio=57.0, 95% confidence interval=5.18 to
627.17).

One patient grew Enterococcus faecalis on swab 1.
No other organisms were cultured. At a minimum
1 year of follow-up in clinic, no patients in the present
study developed clinical signs of a postoperative wound
or deep shoulder infection.

Discussion

Despite growing awareness of P. acnes as a pathogen
for deep shoulder infection, both the present study and
our previous one’ have shown that chlorhexidine appli-
cation to either the epidermis or directly to the dermis is
ineffective at reducing deep rates of P. acnes coloniza-
tion. We also showed that P. acnes rates were higher at
60 minutes, suggesting that surgical seeding as a cause.
Seeding can occur as a result of surgical insult; initially,
the scalpel blade and, subsequently, other instruments,
including retractors, gloves and the prosthesis itself.
Falconer et al.'® recently looked at the source of con-
tamination of P. acnes in the surgical field during shoul-
der surgery. They found that the commonest site of
growth was the subdermal layer followed by the for-
ceps, tip of glove, outside blade and inside blade
respectively.'> We routinely change scalpel blade fol-
lowing skin incision. On the basis of the present
study, we are now working on the design of a physical
barrier that can be placed easily within the wound to
prevent seeding. We recommend glove change before
handling and implanting the prosthesis. Further work
should aim to investigate the application of antibacter-
ial coatings to surgical instruments after or during the
sterilization process to improve eradication and minim-
ize seeding to deep tissues.

Chlorhexidine is a broad-spectrum antibiotic, effect-
ive against most Gram-positive and Gram-negative
bacteria and fungi. It has both bacteriostatic and bac-
tericidal properties. In vitro, it has been shown to eradi-
cate up to 100% of bacteria within 30seconds.’ Its
other advantages are that it exhibits substantivity (pro-
longed action) up to 48 hours and, unlike povidone-
iodine, chlorhexidine is less affected by the presence
of body fluids.'>!'" Despite its prolonged action, more
positive cultures for P. acnes were present an hour after
chlorhexidine application. This suggests that P. acnes
has innate resistance to chlorhexidine in vivo. This is
shown in the literature, where alcoholic chlorhexidine
has been shown in some studies to be ineffective as a
sole agent in reducing P. acnes.'> ' Despite this and
concerns surrounding P. acnes infection, it continues to
be used commonly by shoulder surgeons as a sole top-
ical prep. Howlin et al.” showed success by using

absorbable calcium sulphate antibiotic-loaded cement
beads in vitro (with tobramycin or vancomycin). In
their study, P. acnes colonization was reduced,
colony-forming units were eradicated, and biofilm was
reduced.’ Other studies have shown that other topical
preparations can be used to augment chlorhexidine as
an antiseptic. Niazi et al.'> showed that the addition of
a protease, (1% trypsin) with chlorhexidine was more
effective at reducing biofilm production. We used aque-
ous chlorhexidine because of concerns about the cyto-
toxic effect of using an alcoholic antiseptic on the
dermis. This may have affected the antimicrobial prop-
erty of the antisepsis, although aqueous chlorhexidine
has proven efficacy in other fields of medicine.'®!”

In concordance with other studies, we found a simi-
lar proportion of positive swabs and a significant pres-
ence of P. acnes in males and patients under 50 years of
age.”!3!* The presence of hair may also be a factor and
has been shown to be a positive predictor for the pres-
ence of P. acnes.'*'® Hair presence on the shoulder
girdle is more likely in males. These factors are likely
to be inter-related. The size and frequency of pilosebac-
eous glands were shown to be higher in males.'®
Pilosebaceous gland secretion was shown to decrease
with age and this may relate to decrease in circulating
androgen levels."” We take care to shave the surgical
site of excess hair prior to application of topical anti-
sepsis. We found that males under 50years were 57
times more likely to develop positive P. acnes swabs
compared to females aged over 50 years. Future strate-
gies of reducing P. acnes infection should in particularly
target this high-risk group. Once the optimal P. acnes
eradication therapy has been clarified, prophylactic
treatment should also be considered prior to surgery.

Identifying P. acnes remains a significant clinical
challenge. The bacteria is indolent, slow-growing and
there is no agreed ‘gold standard’ as a result of difficul-
ties in identifying the bacteria.’® In the presence of
P. acnes infection, symptoms are often vague, although
pain and stiffness are considered the most common fea-
tures.”! We used extended 14-day cultures and MALDI
TOF-MS to isolate the organism. Most studies report
that at least 1 week of culture is needed, although some
report up to 1 month.?>** Matsen et al.** recommended
a period of 17.4days to ensure that 95% of positive
cultures are identified. Synovial marker methods used
in the present study, such as MALDI TOF-MS have
also been shown to be effective for the identification of
P. acnes, although markers such as alpha-defensin may
have higher sensitivity and specificity.®** In the pres-
ence of infection, erythrocyte sedimentation rate and C-
reactive protein have low sensitivity and specificity.?
Recent developments, such as polymerase chain reac-
tion-restriction fragment length polymorphism testing
from biopsy specimens, may allow an accurate
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diagnosis within 24 hours, leading to the early initiation
of treatment

The clinical implication of positive P. acnes culture is
controversial. In their series, Padegimas et al.”’
reported that almost one quarter of patients undergo-
ing revision shoulder arthroplasty had unexpected posi-
tive P. acnes cultures. Despite this, most further
surgeries occurred in the group with negative cultures
and only one patient in the positive culture developed a
recurrent infection. In our series, none of our patients
developed signs or symptoms of infection postopera-
tively. Further long-term follow will be needed, particu-
larly in patients with positive cultures, to screen for
infection. We know that many of these infections fail
to develop clinical features of infection initially but may
develop nonspecific signs and symptoms many years
following surgery.

The main limitation to the present study is that the
relationship of a positive swab to the development of
clinical infection is unknown. As a result of challenges
in detection of the bacteria in the laboratory, there is
also a likelihood of false negative swabs occurring in
our cohort. We did not take dermal biopsies because
our previous study showed that there was a higher rate
of cultures on dermal swabs in comparison to dermal
biopsies.'? This may be a result of swab cultures being
taken from the length of the wound rather than from
one area. We acknowledge that dermal antiseptic prep
is an unorthodox method to reduce P. acnes but con-
sider that innovative strategies are needed because skin
antiseptics in vivo have so far proven to be ineffective.
A further limitation is that the aqueous concentration
of chlorhexidine we applied to the dermis was signifi-
cantly lower than that applied to the alcoholic equiva-
lent on the epidermis. We used the standard aqueous
solution provided for use within wounds because there
is potential concern on fibroblast cytotoxicity and
wound healing in animal studies when using concentra-
tions of chlorhexidine > 0.1%.%® Despite this, most
literature shows chlorhexidine is effective as a bacterio-
static agent even at these lower concentrations.”-" We
did not take ‘pre-prep’ swabs from the epidermis
because this was performed in our previous study,
where we showed that alcoholic chlorhexidine was
effective at reducing P. acnes from the epidermis, and
not from the dermis.'?

Conclusions

Chlorhexidine, whether applied to the epidermis or
dermis, is ineffective at reducing P. acnes colonization
from deep tissues during open shoulder surgery. Other
topical agents or adjuncts should be considered or anti-
bacterial barrier methods should be used to prevent
seeding of the dermis during surgery. In addition,

meticulous surgical technique and change of gloves
and instruments may reduce the risk of P. acnes
infection.
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