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Abstract
Background: The aim of this study was to determine the duration of efficacy of 0.13% benzalkonium chloride 
(BAC), 4% chlorhexidine and 70% Ethanol in decreasing MRSA and Cutibacterium acnes (C. acnes) colonization 
and regrowth when plated on culture media. Specifically, the study was aimed at determining how long the anti-
septics can be applied preoperatively while remaining effective. 
Methods: Sterile discs saturated with either 0.13% BAC, 4% chlorhexidine, or 70% ethanol were placed on 5% 
sheep blood agar plates cultured with either MRSA or C. acnes. The clearance of bacteria surrounding the discs 
was measured at 24 hour increments for a total of 120 hours to determine the original zone of inhibition (ZOI) as 
well as any bacterial regrowth.
Result: 4% chlorhexidine and 0.13% BAC produced a consistent ZOI that increased in size and that did not permit 
any significant regrowth of the bacteria over 120 hours. 70% ethanol did not show any ZOI for either MRSA or C. 
acnes at any time point.
Conclusion: The results of this study demonstrate the potential of using BAC for preoperative shoulder prepara-
tion given the duration of effect. Further study is warranted to determine the in vivo effectiveness of this formu-
lation of BAC.
Keywords: Antiseptic; Pathogens; C. acnes; S. aureus; Sterile discs

INTRODUCTION
Prevention and control of surgical site infections is imperative 
for the health and safety of patients. Infection after shoulder 
surgery often results in functional deficit and patient dissatisfac-
tion [1,2,3]. When surgical site infections do occur, many are be-
lieved to be a result of surgical site contamination by a patient’s 
own microbiota. Common constituents of patients’ dermal 
microbiota include staphylococcal species and Cutibacterium 

acnes especially on the shoulder [4,5]. The use of periopera-
tive antiseptic agents has been shown to reduce post-operative 
infection rates [6]. Both chlorhexidine and benzalkonium chlo-
ride (BAC) have been shown to be effective at home pre-surgi-
cal whole body antiseptics in preventing surgical site infection 
[5,7,8]. Although these antiseptics are proven to be effective in 
preventing surgical site infection, the duration of effectiveness 
of these antiseptics before surgery has not been determined. 
One potential hypothesis for these infections is that the efficacy 
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of current standard antiseptics wanes over time allowing for re-
growth of patients’ own microbiota.

The aim of this study was to determine the duration of efficacy 
of 0.13% BAC, 4% chlorhexidine and 70% Ethanol in decreasing 
Methicillin Resistant Staphylococcus aureus (MRSA) and Cuti-
bacterium acnes (C. acnes) colonization and regrowth over an 
extended time period when plated on culture media. Specifi-
cally, we wanted to determine how long they can be applied 
before surgery and still remain effective.

METHODS
A KWIKSTIK™ Cutibacterium acnes ATCC 11827 system was uti-
lized to establish a broth reservoir of C. acnes bacteria. An ali-
quot of the C. acnes broth was streaked on a 5% sheep blood 
agar using a calibrated inoculating loop and incubated under 
anaerobic conditions for 48 hours at 37°C. A calibrated inoculat-
ing loop was utilized to culture an existing MRSA agar plate and 
inoculate a 5% sheep blood agar plate. The plate was incubated 
under aerobic conditions for 48 hours at 37°C.

A 0.5 McFarland standard solution was created for both the 
MRSA and C. acnes bacteria strains, by using a calibrated inoc-
ulating loop to transfer bacteria from the incubated blood agar 
plates to a vial of saline with 0% absorbance until the absor-
bance of the vial solution was between 0.08 and 0.1%.

A bacteria lawn was created by using a cotton applicator to 
evenly distribute an aliquot of the 0.5 McFarland standard MRSA 
solution across the surface of a 5% sheep blood agar plate. This 
process was repeated using the 0.5 Mcfarland standard MRSA 
solution and the 0.5 McFarland standard C. acnes solution until 
eight bacteria lawns of each solution were created.

50 ml of 4% chlorhexidine gluconate (Hibiclens™, Mӧlnlycke 
Health Care., Norcross, Georgia) solution was pipetted onto a 
1 cm diameter Sigma Aldrich Sterile Disk in a sterile petri dish 
and left for 45 minutes to dry. This process was repeated using 
a 70% Ethanol solution (Sigma-Aldrich Inc., St. Louis, Missouri), 
and BAC 0.13% (Steriolotion™, Germcure Inc., Houma, Louisi-
ana) ultimately creating three populations of antiseptic coated 
disks. Flame sterilized forceps were used to transfer one coated 
disk of each antiseptic onto each inoculated blood agar plate. 

Both the MRSA and C. acnes inoculated plates were incubat-
ed at 37°C overnight. The C. acnes plate incubated within an 
airtight anaerobic chamber containing two GasPak™ EZ Anaer-
obe Sachets with indicators to create an anaerobic condition 
preferential for C. acnes growth. GasPak™ EZ Anaerobe Sachets 
were replaced any time the anaerobic chamber was opened. 
The MRSA were grown in aerobic conditions.

The plates were removed from the incubator every 24 hours for 
a growth period of 120 hours to take photographs and qualita-
tive measurements of the zone of inhibition (ZOI) surrounding 
each antiseptic coated disc. Measurements were performed for 
a total of 120 hours for the MRSA plates and a total of 144 hours 
for the C. acnes plate due to a lack of bacterial lawn growth at 

the 24-hour interval.

Three methodologies were utilized to perform quantitative 
measurements of the ZOI surrounding each antiseptic coated 
disk. The first methodology was to perform manual measure-
ments of the ZOI and the sterile disc using a metric ruler. The 
second methodology was to use the free internet software 
program, ImageJ, to perform digital measurements of the ZOI. 
ImageJ utilizes the pixels of the digital photographs taken and 
the known standard diameters of the agar plates and sterile 
discs to quantitatively measure the ZOI. Similarly, an addition-
al software program, Preview, was used to analyze the pixels 
of the digital photographs and known measurements of the 
disc and agar plate to derive metric measurements of the ZOI. 
The results were recorded with both manual and digital mea-
surements using multiple software programs. Two different 
researchers made the manual measurements independently 
and two different researchers made the digital measurements 
independently.

For increased validity of the measurement trends, the zones of 
inhibition were repeated by another researcher using the digi-
tal measurements capabilities of Apple’s Preview program and 
by a third researcher by manually measuring the zones on the 
computer and calculating the actual values using ratios related 
to the 1 cm sterile discs.

RESULTS
The 70% alcohol did not show any ZOI for either MRSA or C. 
acnes at any time point throughout the study. Both chlorhexi-
dine and BAC produced consistent zones of bacterial inhibition 
that did not permit any significant regrowth of the bacteria over 
the course of 120 hours (Figure 1). These results are shown in 
Table 1. From day 1 to 5, Chlorhexidine produced a clear ZOI 
with a 10% increase in size for MRSA and a 4% increase for C. 
acnes. BAC also produced a clear ZOI with a size increase of 4% 
against MRSA and 12% against C. acnes (Table 2). The values 
after 24 hours of C. acnes growth plate were not able to be re-
corded on the initial manual measurements because the con-
trast between the ZOI and surrounding bacteria was too slight 
to obtain a measurement (Figure 2).

Table 1: Chlorhexidine inhibition of MRSA.

Chlorhexidine 
vs. MRSA

Manual-1 Manual-2 Digital-1 Digital-2

Day 1 1.97 cm 2.16 cm 2.19 cm 2.29 cm

Day 2 2.33 cm 2.17 cm 2.28 cm 2.28 cm

Day 3 2.33 cm 2.17 cm 2.25 cm 2.32 cm

Day 4 2.33 cm 2.17 cm 2.20 cm 2.3 cm

Day 5 2.33 cm 2.16 cm 2.20 cm 2.24 cm

Final-Initial 
Measured ZOI

0.36 cm 0.00 cm 0.01 cm -0.05 cm

Note: Each value represents the mean of 8 individual trials
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Table 2: Chlorhexidine inhibition of C. acnes.

Chlorhexidine 
vs. C. acnes

Manual-1 Manual-2 Digital-1 Digital-2

Day 1
Light 

Growth
2.91 cm 3.00 cm 2.90 cm

Day 2 3.54 cm 3.25 cm 3.34 cm 3.11 cm

Day 3 3.39 cm 3.31 cm 3.35 cm 3.28 cm

Day 4 3.45 cm 3.32 cm 3.33 cm 3.25 cm

Day 5 3.59 cm 3.38 cm 3.30 cm 3.27 cm

Final-Initial 
Measured ZOI

0.05 cm 0.47 cm 0.30 cm 0.37 cm

Note: Each value represents the mean of 8 individual trials

Figure 1: C. acnes inhibition at 120 hours by ethyl alcohol, chlorhexi-
dine and BAC.

Figure 2: MRSA inhibition at 120 hours by ethyl alcohol, chlorhexi-
dine and BAC.

A small hazy ring that appeared around the outer edges of the 
zones of inhibition on the BAC vs. C. acnes trials after 48 hours 
that did not appear to change in quality or size over the course 
of 120 hours and did not appear to display any signs of bacte-
rial regrowth (Table 3). There also appeared to be an increased 
buildup of bacteria surrounding the chlorhexidine ZOI vs. MRSA 
trials as observed by the white ring of increased intensity sur-
rounding the ZOI on these plates. This suggests there may be 
increased MRSA growth in the areas immediately adjacent to 
the ZOI (Table 4).

Table 3: BAC vs. MRSA.

BAC vs. 
MRSA

Manual-1 Manual-2 Digital-1 Digital-2

Day 1 1.65 cm 1.52 cm 1.64 cm 1.65 cm

Day 2 1.65 cm 1.52 cm 1.64 cm 1.62 cm

Day 3 1.66 cm 1.52 cm 1.63 cm 1.64 cm

Day 4 1.66 cm 1.56 cm 1.67 cm 1.63 cm

Day 5 1.66 cm 1.59 cm 1.74 cm 1.72 cm

Final-Initial 
Measured ZOI

0.01 cm 0.07 cm 0.10 cm 0.07 cm

Note: Each value represents the mean of 8 individual trials

Table 4: BAC vs. C. acnes.

BAC vs. C. 
acnes

Manual-1 Manual-2 Digital-1 Digital-2

Day 1
Light 

Growth
2.19 cm 2.37 cm 2.23 cm

Day 2 2.66 cm 2.37 cm 2.65 cm 2.35 cm

Day 3 2.61 cm 2.46 cm 2.70 cm 2.56 cm

Day 4 2.60 cm 2.54 cm 2.67 cm 2.61 cm

Day 5 2.61 cm 2.57 cm 2.69 cm 2.64 cm

Final-Initial 
Measured ZOI

-0.05 cm 0.38 cm 0.32 cm 0.41 cm

Note: Each value represents the mean of 8 individual trials

DISCUSSION
Even after the many recent advances in surgical technique, 
postoperative joint infection remains a common complication 
for patients. Unfortunately, many of these infections are a re-
sult of surgical contamination by a patient’s own microbiota. 
S. aureus and C. acnes frequently colonize the skin and are 
pathogens that frequently cause postoperative shoulder infec-
tions [9-11]. These infections result in increased morbidity and 
mortality, and ultimately higher health care costs for both the 
patient and the health care system [12].

At home preoperative cleaning protocols have been used to 
reduce pathogens on the skin but there is some debate about 
the efficacy of chlorhexidine showering at lowering surgical site 
infections, and a recent meta-analysis of the available clinical 
trials suggests no appreciable benefit for preoperative whole-
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body chlorhexidine showering in the prevention of surgical 
site infections [13]. This study demonstrates the sustained an-
timicrobial activity of both chlorhexidine and BAC against the 
micro-organisms S. aureus and C. acnes in vitro for over 120 
hours. The 0.13% BAC formulation used here exhibited similar 
effectiveness and duration as 4% chlorhexidine. The two agents 
created clear, sustained zones of inhibition with no bacterial re-
growth over a period of 5 days. These results are particularly 
striking when contrasted to the efficacy of the commonly used 
antiseptic 70% ETOH, which failed to prevent bacterial regrowth 
for either organism. Although chlorhexidine did create a larg-
er initial ZOI, there was a slight decrease in the area over time 
from the 48 hour to 120 time periods while the BAC had a slight 
increase in the ZOI. The fact that both chlorhexidine and BAC 
demonstrated minimal regrowth demonstrates their potential 
for at home skin decontamination of the surgical site. This data 
is significant in that prior studies have shown that chlorhexidine 
is ineffective at reducing C. acnes colonization prior to shoulder 
surgery [14], suggesting that this formulation of BAC could be 
a possible alternative agent. It is also important to note that 
there was a white zone of overgrowth around the ZOI on plates 
treated with chlorhexidine that was not visible on BAC-treated 
plates. This suggests a possible risk for overgrowth of MRSA in 
areas missed during at home preoperative cleaning with chlor-
hexidine; this overgrowth was not seen on plates treated with 
BAC. As well this formulation of BAC is a leave on antiseptic as 
tested in this study whereas chlorhexidine is usually used as a 
home wash in the shower and washed off after application. This 
could account for its lack of effectiveness in certain studies. 

Benzalkonium chloride is commonly used in health care as a 
bactericidal agent in surface disinfectants, nasal sprays and eye 
drops with minimal skin irritation. This study demonstrates its 
potential as a preoperative skin cleaning agent prior to surgery 
with sustained efficacy against C. acnes. To our knowledge, the 
efficacy of BAC against S. aureus and C. acnes in comparison to 
chlorhexidine and 70% ETOH has not been previously investi-
gated. As such, this is the first study to demonstrate a similar 
ability of BAC to chlorhexidine in preventing in vitro bacterial 
MRSA and C. acnes regrowth following antiseptic treatment. 
Further work is necessary to determine whether BAC exhibits 
similar effectiveness in vivo.

Currently Benzoyl Peroxide is being used against C. acnes as an 
additional antiseptic for preoperative shoulder surgery prepa-
ration [15]. It has been shown to have rapid effect, making a 
two day preparation sufficient for reducing bacteria on the skin 
[16,17]. The results of this study suggest that BAC may be an-
other alternative with equally effective preparation times.

This study has several important limitations. First, these agents 
were tested against microbial cultures of S. aureus and C. acnes. 
The in vitro nature of this study does not account for numerous 
variables relating to interactions with the skin that would be 
seen under in vivo conditions. These interactions include dai-
ly bathing and physical exfoliation of the skin during showers 
or other daily activities, uptake and degradation of the applied 

antiseptic by host epithelial cells, and day to day environmen-
tal changes of the surgical area caused by changes in clothing, 
sweating, etc. As such, it remains to be seen whether the anti-
septics will demonstrate a similar efficacy against these patho-
gens when used as preoperative surgical preparation in vivo. 
Second, although BAC in this study demonstrated similar im-
pairment of bacterial regrowth to chlorhexidine, these results 
may be variable depending on the strain of bacteria isolated, 
as modes of resistance vary between strains. Third, although 
0.10%-0.13% BAC is the concentration suggested by the United 
States of America Food and Drug Administration for skin sani-
tizers and first aid antiseptics [18], this study did not attempt to 
evaluate different concentrations to determine the minimal lev-
els needed for inhibition or any risks or toxicity towards normal 
skin, thus further investigation is necessary to identify optimal 
concentrations for in vivo studies.

CONCLUSION
In conclusion, both BAC and chlorhexidine were effective in pre-
venting in vitro regrowth of both S. aureus and C. acnes over 
5 days with a single application. Both agents were superior to 
70% ETOH which showed no inhibition at all time points. These 
pathogens are known to be found in the normal flora of skin 
and are common causes of shoulder post-operative joint infec-
tion. This study demonstrates the potential of using BAC for 
preoperative shoulder preparation; however, further study is 
warranted to determine the in vivo effectiveness of this formu-
lation of BAC.
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