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ABSTRACT

Background: Healthcare-associated infections (HAIs) are a persistent clinical challenge caused primarily by
bacteria on the skin. Proper utilization of optimized antiseptic skin preparation solutions helps reduce the
prevalence and impact of HAIs by decreasing patient skin microorganisms preoperatively. The purpose of
this study was to evaluate the efficacy of 2 antimicrobial solutions containing iodine and isopropyl alcohol
(IPA): Povidone iodine (PVP-I) with IPA (ie, PVP-I+IPA, PurPrep) and lodine Povacrylex+IPA (DuraPrep).
Methods: The antimicrobial activity of the test solutions was evaluated in vitro by determinations of mini-
mum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) against 1105
diverse microbial isolates and a time-Kkill assay to evaluate efficacy against 120 strains of Gram-positive and
Gram-negative bacteria and yeasts. Peel tests were performed between skin samples treated with test solu-
tions and representative drape/dressing materials to determine effects of test solutions on the biomechanical
adhesion properties. Finally, an Institutional Review Board (IRB)-approved, randomized, controlled, single-
center, partially blinded in vivo study was performed to assess the immediate and persistent antimicrobial
activity of the test solutions on the abdomen and groin.
Results: Both PVP-I+IPA and lodine Povacrylex+PA solutions demonstrated broad-spectrum antimicrobial activity with
MIC and MBC at less than 1% of the full-strength concentration of each product against a wide variety of microorganisms.
In the time-kill tests, both solutions were able to successfully reduce all microbial populations by 99.99% (ie, 4 log;o) at
the contact times of 30 seconds, 2 minutes and 10 minutes. The 2 solutions showed relatively similar adhesion results
when tested with 3 representative operating room materials. Both PVP-I+IPA and lodine Povacrylex+IPA met the
expected Food and Drug Administration (FDA) efficacy requirements at 10 minutes and 6 hours post-treatment for both
anatomic sites (ie, groin, and abdomen) in the clinical study, with no safety issues or adverse events.
Conclusions: Analysis of the in vitro antimicrobial activity, biomechanical adhesive strength, and in vivo efficacy
of PVP-I+IPA demonstrated similar results compared to lodine Povacrylex+IPA. Both products were efficacious at
reducing or eliminating a wide range of clinically-relevant microorganisms in lab-based and clinical settings, sup-
porting their use as antiseptic skin preparation solutions to reduce bacteria on the skin that can cause infection.
© 2021 The Author(s). Published by Elsevier Inc. on behalf of Association for Professionals in Infection Control and
Epidemiology, Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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BACKGROUND

Healthcare-associated infections (HAIs) in hospitals are caused by
a wide range of infectious agents through a variety of different entry
routes.' HAIs are a significant cause of morbidity and mortality, not
only in adult populations, but also among pediatric and neonate pop-
ulations. The incidence rate of HAIs in the United States (US) has
been estimated at 3.2%-4.9%.>° corresponding to as many as 1.7 mil-
lion affected patients and costs between $96-147 billion annually.®
Compounding efforts to reduce infections, increasing prevalence of
multidrug resistant microorganisms and pressure to accelerate treat-
ment to reduce healthcare costs, concerns with HAIs are likely to con-
tinue in the foreseeable future.®

Extensive evidence suggesting that the most prevalent source of
infection related to devices and surgical-site procedures is microor-
ganisms on the patient's skin.””” The development and implementa-
tion of topical antimicrobial products that effectively and efficiently
reduce skin microbes prior to initiation of medical procedures contin-
ues to be important to reduce the occurrence of HAIs.

Due to their antiseptic properties, products containing iodine, and
alcohol (eg, isopropyl alcohol [IPA], ethanol, 1-propanol, etc.) have
been used for many years to prepare skin for surgical intervention.
Polyvinylpyrrolidone (povidone) iodine (PVP-I) is a complex solution
containing iodine as a bactericidal agent and povidone as a carrier
molecule. Upon contacting tissues, PVP-I releases free iodine over
time, which oxidizes fatty acids in bacteria cell walls and penetrates
cell membranes to disrupt/denature proteins and nucleic acids.'® IPA
provides antimicrobial action through coagulation and/or denaturing
of soluble proteins, which has been associated with disruption of
cytoplasmic integrity, cell lysis, and interference with cellular metab-
olism.!! Based on their respective mechanisms of action, the combi-
nation of PVP-I, and IPA has been shown to be more efficacious than
PVP-1alone.'>"?

Several antiseptic products have been developed containing both
iodine and alcohol. DuraPrep Surgical Solution (3M, St. Paul, MN),
which combines IPA (74% w/w) with a proprietary iodine carrier
called lodine Povacrylex (0.7% available iodine), was marketed in
1988. This widely used surgical prep solution (lodine Povacrylex
+IPA) is painted on the skin in a single, uniform application and
exhibits bactericidal activity and antimicrobial persistence.'* Prevail-
FX (Becton, Dickinson and Company, Vernon Hills, IL) is a solution of
PVP-I (8.3% w/w) and IPA (72.5% w/w) contained in a specifically
designed applicator that was released in the US in 1998. The applica-
tor contains a sponge tip is used to apply the solution (PVP-I+IPA)
onto the skin’s surface. A previous study evaluated the antimicrobial
activity of PVP-I+IPA and Betadine (PVP-I; Purdue Frederick Co, Nor-
walk, CT) against normal skin flora on the abdomen and groin at
10 minutes, 30 minutes, 6 hours, and 24 hours after application.'”
The PVP-I+IPA solution was applied using a 1-step, 30-second scrub
application compared to a 2-step, 5-minute application with PVP-I
solution (ie, scrub and paint). PVP-I+IPA was found to be as effica-
cious as PVP-I with a shorter, simpler application, demonstrated anti-
microbial persistence for 24 hours, and had no reported adverse
events.'” In 2020, a sterilized version of the PVP-I+IPA product con-
taining the same excipients and active ingredients in a well-estab-
lished applicator was marketed as PurPrep (Becton, Dickinson and
Company, Vernon Hills, IL) in accordance with Food and Drug Admin-
istration (FDA) recommendations to label skin preparation solutions
as sterile or nonsterile.'® However, the performance of these PVP-I
+IPA products has not been directly compared to Iodine Povacrylex
+IPA to identify any relevant differences in antimicrobial activity.
Thus, the purpose of this study was to evaluate the performance of
PVP-I+IPA and lodine Povacrylex+IPA (as well as a vehicle control
solution) as antiseptic skin preparation solutions using a variety of
standard in vitro and in vivo studies.

METHODS

Materials. For the test solutions evaluated in this study, the base
materials include PVP-I, IPA, and saline. Specific groups considered
include (1) 8.3% w/w PVP-I with 72.5% IPA (Prevail-FX or the sterile
version PurPrep; PVP-I+IPA), (2) lodine Povacrylex (0.7% available
iodine) and IPA, 74% w/w (DuraPrep; lodine Povacrylex+IPA), (3) a
vehicle (V) control to evaluate the effect of removing iodine from the
formulation (ie, V-PVP+IPA) and (4) a negative control of 0.9% saline.

MIC/MBC. The antimicrobial activity of the test solutions was eval-
uated by determination of minimum inhibitory concentrations
(MICs) and minimum bactericidal concentration (MBCs). MIC and
MBC testing for each individual organism was conducted in align-
ment with published guidelines by the Clinical and Laboratory Stand-
ards Institute (CLSI).!”"*?> Detailed methods can be located in the
guidelines,'’-**> and an overview of the methods is presented here.
For the MIC/MBC testing, each experimental product was tested
against a total of 1105 microbial isolates (464 American Type Culture
Collection (ATCC) and 641 clinical) from 22 different microbial spe-
cies and genera that included Gram-positive and Gram-negative bac-
teria and yeasts (Fig 1). The MICs and MBCs are reported as percent
of isolates that were inhibited and killed, respectively, at specific
test-solution dilution. Dilutions of the full-strength products
included: 0.008, 0.015, 0.03, 0.06, 0.12, 0.25, 0.5, 1, 2, 4, 8, 16, and
32% (for nonsterile PVP-I+IPA and lodine Povacrylex+IPA) and 0.8,
1.5, 3, 6, 12, 25, 50% (for V-PVP+IPA). Media use was conducted in
accordance with the CLSI guidelines.!”>? For all dilutions tested for
MIC, 50 uL of each test solution diluted in water was prepared into a
96 well microtiter plate, and then 10 L of inoculum to produce a
final density of 5 x 10° CFU/mL was added. After a 15-minute incuba-
tion period at room temperature, 50 uL of species-appropriate broth
was added to each well.!”->> Wells were then incubated at 35°C over-
night for 16-20 hours. If overnight incubation had insufficient growth
for anaerobes or yeast based on the positive control, the samples
were re-incubated for an additional 16-18 hours. The lowest concen-
tration of test product that did not result in visible growth of the test
microorganism was recorded as the MIC according to CLSI stand-
ards.?® The MICsq and MICqq value reported is the lowest dilution
where test product inhibited microbial growth of 50% or 90% of the
specified microorganisms, respectively. For the MBC testing, 100 uL
of Dey and Engley (D/E) neutralizing broth was added to the wells
prior to analysis to neutralize the biological activity of iodine. The
200 uL samples were then plated and incubated at 35°C overnight
and colonies were counted, if present. If growth wasn’t confluent the
plates were re-incubated for another 24 hours and colony count was
repeated. The MBC value was recorded as the concentration of test
product that reduced the viable population of the inoculated test
microorganisms by 99.9%. The MBCsy and MBCgo values reported
were the lowest dilution of product that killed 50% or 90% of the spec-
ified microorganisms respectively.

Time Kill. Time-kill tests were conducted according to American
Society for Testing and Materials (ASTM) E2783-11(16): Standard
Test Method for Assessment of Antimicrobial Activity of Water Misci-
ble Compounds Using a Time-Kill Procedure to evaluate the efficacy
of the 3 test solutions (nonsterile PVP-I+IPA, lodine Povacrylex+IPA,
and V-PVP+IPA) against 120 strains of 17 bacterial and yeast species
from ATCC and clinical sources (full list in Fig 3). The percent and
logio reduction of the microbial population of each challenge strain
was determined following exposure to each test solution at room
temperature for 30 seconds, 2 minutes, and 10 minutes. All samples
were neutralized prior to plating and tested in triplicate. A neutrali-
zation validation (American Society for Testing and Materials [ASTM]
1054-08: Standard Test Methods for Evaluation of Inactivators of
Antimicrobial Agents) was performed to confirm that the neutraliz-
ing solution (Butterfield’s Phosphate Buffer solution with 100 g/L
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ATCC Clinical PVP-1 +IPA lodine Povacrylex +1PA V-PVP +IPA
Organism Strains (#) Strains (#) MIC50 MIC90 MIC50 MIC90 MIC50 MIC90
Enterococcus faecalis 24 26 0.25 0.25 0.5 0.5 6 6
2 Enterococcus faecium 23 27 0.25 0.25 0.5 0.5 6 6
ﬁ Micrococcus spp. 22 28 0.25 0.25 0.25 0.5 3 3
@ Staphylococcus aureus 25 26 0.25 0.25 0.5 0.5 6 6
g Staphylococcus epidermidis 25 25 0.25 0.25 0.25 0.5 3 6
b Staphylococcus haemolyticus 9 41 0.25 0.25 0.25 0.5 3 6
% Staphylococcus hominis 9 42 0.25 0.25 0.25 0.25 15 3
E Staphylococcus saprophyticus 6 44 0.25 0.25 0.25 0.5 3 6
I} Streptococcus pneumoniae 24 26 0.25 0.5 0.25 0.5 15 3
Streptococcus pyogenes 25 25 0.5 0.5 0.5 0.5 1.5 3
® Acinetobacter spp. 20 30 0.25 0.25 0.25 0.25 6 6
E Enterobacter spp. 23 27 0.25 0.25 0.25 0.5 6 12
E Escherichia coli 20 30 0.25 0.5 0.25 0.5 6 12
g Haemophilusinfluenzae 24 26 0.06 0.12 0.12 0.12 1.5 1.5
‘i Klebsiella pneumoniae 26 24 0.25 0.25 0.25 0.5 6 12
o Other Klebsiella spp. 22 29 0.25 0.25 0.25 0.5 6 12
E Proteus mirabilis 25 25 0.25 0.25 0.25 0.5 6 12
E Pseudomonas aeruginosa 24 26 0.25 0.25 0.25 0.25 3 3
o Serratia marcescens 22 30 0.25 0.25 0.25 0.5 6 12
o ©
-
5 g Bacteroides fragilis 18 32 0.5 1 0.25 1 6 6
83
! Candida albicans 25 25 0.06 0.25 0.12 0.25 6 6
> Other Candida spp. 23 27 0.06 0.25 0.06 0.12 6 6

Fig 1. MICsp and MICqg of PVP-I+IPA, lodine Povacrylex+IPA, and V-PVP+IPA: average minimum inhibitory concentration values which prevented visible growth of isolated microor-

ganisms (ATCC and clinical strains) by 50% and 90%, respectively.

Polysorbate 80, 11.67 g/L lecithin, 5 g/L sodium thiosulfate pentahy-
drate, and 1 mL/L Triton-X-100) effectively neutralized the antimicro-
bial properties of each test material and was nontoxic to the
microorganisms. Neutralizer validation was performed against 5
challenge strains that represent Gram-positive bacteria (Staphylococ-
cus aureus ATCC 6538, Staphylococcus aureus MRSA ATCC 33591, and
Streptococcus pneumoniae ATCC 49619), Gram-negative bacteria
(Escherichia coli ATCC 11229) and yeast (Candida albicans ATCC
10231).

Peel adhesion. Simple peel tests were performed between skin
samples treated with test solutions and representative drape/dress-
ing materials to determine biomechanical adhesion properties. To
this end, 7 x 10-inch pieces of porcine dermis were acquired (BiolVT,
Westbury, NY), cleaned and patted dry, and then securely mounted
between the top and bottom frames of a custom test jig. Three drapes
were chosen for evaluation: Ioban, Steri-Drape, and Tegaderm (prod-
ucts of 3M, St. Paul, MN); 1.5-inch-thick strips were cut from each
material. A thin, even coat of each test solution (nonsterile PVP-I+IPA
or lodine Povacrylex+IPA) was applied to a 2 x 8-inch area of porcine
skin. Five samples (n = 5) were used to evaluate each drape-solution
combination, yielding a total of 30 samples (ie, 5 samples x 3 drapes
x 2 test solutions). After a dry time of 3 to 5 minutes, drape strips
were pressed onto the porcine dermis sample, taking care to remove
air bubbles, while leaving a 2-inch-long tab of drape on one end for
attachment to an Instron test machine (Instron, Norwood, MA). Incre-
mental displacement was slowly applied until the drape strip was
visibly taut, followed by a peel test at a rate of 100 mm/min until the
strip was free from the dermis sample or the translation limit was
reached. Force and displacement data were acquired at 10 Hz and
analyzed to compute peak force (ie, maximum force measured during
the test). In addition, the critical peel force, which is the average force
required to advance the peeling of drapes from the dermis sample,
was computed at the average force value within the range of each
test corresponding to force values greater than 25% of the peak force.
This threshold, which was different from the value used in our previ-
ous work,?> was determined to be the appropriate level to compute
critical force during the portion of the test where peeling was actively
occurring. A 2-way analysis of variance (ANOVA) was used to

statistically compare the critical peel-force values and identify any
significant differences due to drape or treatment.

In vivo Clinical Efficacy. The 3 skin preparation solutions (sterile
PVP-I+IPA, lodine Povacrylex+IPA, and saline) were tested against
normal skin flora in an IRB-approved (MBT IRB #102219-1), random-
ized, controlled, single-center, partially blinded study to assess the
immediate and persistent antimicrobial activity of single-use applica-
tors containing one of the test solutions according to FDAs Tentative
Final Monograph for Over-the-Counter Topical Antimicrobial Drug
Product testing standards.’* All human subjects provided written,
informed consent prior to inclusion in the study.

Prior to the start of the efficacy study, the effectiveness of the neu-
tralizer was validated to ensure that the neutralization solution had
no effect on the growth of microorganisms and the test solutions’
active ingredients were effectively inactivated by the neutralizer. Six
healthy human volunteers (n = 6; mean age = 41.7+4.5 years; 4
males, 2 females) were recruited for the efficacy study according to
inclusion/exclusion criteria (see below). Each subject’s abdomen was
treated in 2 x 5 inch surface areas using either PVP-I+IPA or lodine
Povacrylex+IPA, followed by initiation of sample collection 3045 sec-
onds later using the cup scrub technique in an area of 1 inch?.'>>2¢
Three challenge microorganisms were used for evaluation: Staphylo-
coccus epidermidis (ATCC 12228), Staphylococcus epidermidis (ATCC
51625) and methicillin-resistant Staphylococcus aureus (MRSA; ATCC
33592). In accordance with ASTM E1054-08, 2’ samples (collected
from volunteers or aliquots of the neutralizer) were inoculated with
a challenge microorganism to test neutralizer effectiveness and toxic-
ity, with aliquots plated in duplicate after 1 and 30 minutes and incu-
bated for 72 hours at 30°C. The number of surviving challenge
microorganisms were then counted, converted to colony forming
units (CFU) per mL, transformed to log;o, and then compared to test-
microorganism viability populations.

Prior to the start of the efficacy study, spore-recovery validation
was performed to confirm the ability of the sampling procedures to
recover a population of spores applied to clean skin. Ten healthy
human volunteers (n = 10; mean age = 35.1+17.3 years; 7 males, 3
females) were recruited for this study according to the efficacy
study’s inclusion/exclusion criteria (see below). The volar surface of
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subjects’ forearms was cleaned with IPA swabs and then marked in 3
areas of 0.6 inch? Each site was independently inoculated with
spores of Bacillus atrophaeus ATCC 9372 using a pipette and a glass
rod to spread the inoculum. After 10 minutes of drying, baseline sam-
ples were collected from each forearm, followed by randomized
treatment of remaining sites with 0.03 mL of PVP-I+IPA, lodine Pova-
crylex+IPA, or saline. After 3 minutes, samples were acquired using
the cup scrub technique, diluted, plated on agar, and incubated for
72 hours at 30°C. The number of microorganisms were then counted,
converted to CFU per mL, transformed to log;o, and then compared to
baseline sample results.

For the clinical efficacy study, testing followed ASTM Standard
Test Method E1173-15.?% Healthy human volunteers, 18 years of age
or older, with no dermatologic conditions or known history of sensi-
tivity to natural rubber latex, adhesive skin products (eg, Band-Aids,
medical tapes), PVP-I, IPA, or common personal-care or beauty prod-
ucts were considered for this study. A total of 119 volunteers were
consented, enrolled, and screened for baseline counts of resident skin
microbes >1.0 x 10> CFU/cm? (3.00 log;o/cm?) per abdominal site
(left and right) and >1.0 x 10° CFU/cm? (5.00 log;o/cm?) per groin
site (left and right). Individuals who meet screening day microbial
requirements on the left and right side of the abdomen and groin
were eligible for treatment. A total of 80 volunteers (n = 80; mean
age = 40.4+15.2 years; 45 males, 35 females) were randomized,
treated, and completed the study. On the day of treatment, baseline
samples were collected from both the left and right abdomen and
groin anatomic sites. Each individual anatomic site with microbial
treatment day baseline counts of > 1.0 x 10> and < 3.2 x 10° CFU/
cm? (3.00 to 5.50 log;o/cm?) on the abdomen and > 1.0 x 10° and <
3.2 x 107 CFU/cm? (5.00 to 7.50 log;/cm?) on the groin were consid-
ered evaluable and included in the modified intent to treat (mlITT)
analysis. Anatomic sites outside this specified range on treatment
day were excluded from the efficacy analysis.

Each volunteer was randomized to receive 2 treatments to bilat-
eral sites of the abdomen and groin (n = 31-33 per treatment per ana-
tomic site), where applications were on a5 x 5 and a 2 x 5-inch area
on the abdomen and groin, respectively. Randomized treatments
included: (1) a 10.5 mL applicator of PVP-I+IPA applied on the abdo-
men and groin, (2) a 6 mL applicator of lodine Povacrylex+IPA applied
on the abdomen and 6 groin, (3) a 10.5 mL applicator of 0.9% normal
saline applied on the abdomen and groin, and (4) an exploratory
treatment arm of a sub-filled 6 mL applicator of PVP-I+IPA applied to
the abdomen with a 10.5 mL applicator of PVP-I+IPA applied to the
groin for a shorter application time than specified by the manufacture
(short application). The PVP-I+IPA and saline solutions were applied
by scrubbing the skin back and forth for 30 seconds on the abdomen
and 30 seconds (short application) or 2 minutes on the groin,
completely wetting the treatment area, while the Iodine Povacrylex
+IPA was painted on using a single, uniform application; a drying
time of 3 minutes was allowed following application of all solutions.
Measures of antimicrobial efficacy included microbial reductions of
resident skin microbes at timepoints of 10 minutes and 6 hours after
product application, in order to evaluate requirements for preopera-
tive skin preparation as described in guidelines established by the
FDA.?* The logyq CFU/cm? reductions were calculated by subtracting
the post-product application log;o recovery from the pre-product
data for all products for both the groin and the abdomen at each sam-
ple time (10 minutes and 6 hours). Two-sided 95% confidence inter-
vals (CIs) were calculated for the mean log reductions for each
product at each post-application time point on each anatomic area
and compared using 1-sample t-tests (2-sided). Specifically, to assess
the immediate antimicrobial effect, the lower bound 95% CI from the
test solutions were compared to the FDA requirement of achieving
greater than 2 and 3 log;o CFU/cm? reductions on the abdomen
and groin, respectively, 10 minutes after application. To assess the

persistence of the antimicrobial response, the lower bound 95% confi-
dence intervals of the log;o CFU/cm? reductions for each test solution
were compared to the FDA requirement of >0 on both the abdomen
and the groin after 6 hours. The safety of each product was deter-
mined by tracking skin-irritation scores- and the incidence of adverse
events reported during the study.

RESULTS

MIC. Across all test solutions, inhibition of ATCC isolates and clinical
isolates was similar, so results were calculated across all isolates within
a given group of microorganisms. For MIC evaluations, PVP-I+IPA was
effective at inhibiting growth of Gram-positive bacteria, Gram-negative
bacteria, and yeasts with MICsq and MICgg concentration values (mini-
mium inhibitory concentration for 50% and 90% of the isolates, respec-
tively) ranging between 0.06% and 0.5% and 0.12% and 1%, respectively
(Fig 1). Similarly, lodine Povacrylex+IPA inhibited growth with MICsg
and MICyg values ranging between 0.06% and 0.5% and 0.12% and 1%,
respectively. Compared to lodine Povacrylex+IPA, MIC values for PVP-I
+IPA were lower for 14 species, identical for 6 species, and higher for
only 2 species (the anaerobic bacteria Bacteroides fragilis and other spe-
cies of Candida yeast) of microorganisms. Of note, all evaluated microor-
ganisms were inhibited by <1% PVP-I+IPA and <1% lodine Povacrylex
+IPA. In contrast, the vehicle control V-PVP+IPA was less active than
lodine+IPA test products, with MICsq and MICgy values between 1.5%
and 6% and 1.5% and 12%, respectively.

MBC. For MBC evaluations, PVP-I+IPA was effective at killing
Gram-positive bacteria, Gram-negative bacteria, and yeasts with
MBCsp and MBCgo values ranging between of 0.06% and 0.5% and
0.12% and 1%, respectively (Fig 2). Similarly, lodine Povacrylex+IPA
killed the microorganisms evaluated, with MBCsq and MBCgq values
ranging between 0.12% and 0.5% and 0.25% and 1%, respectively.
Compared to lodine Povacrylex+IPA, MBCso/MBCgqq values for PVP-I
+IPA were lower for 17 species, identical for 4 species, and higher for
only 1 species (Bacteroides fragilis) of microorganisms. Of note, all
evaluated microorganisms were inhibited by <1% PVP-I+IPA and <1%
lodine Povacrylex+IPA. In contrast, the vehicle control V-PVP+IPA
was less active than the lodine+IPA test products, with MBCsg and
MBCgg values between 1.5% and 6% and 1.5% and 12%, respectively.

Taken together, the results of the MIC/MBC assays demonstrate
the potent antimicrobial activity of both PVP-I+IPA and Iodine
Povacrylex+IPA with prolonged exposure to a wide variety of
microorganisms.

Time Kill. Prior to execution of time-kill experiments, neutraliza-
tion validation was performed. The neutralizing solution was verified
to effectively neutralize each test solution when evaluated with the
5 representative challenge strains (data not shown). For the time-kill
examination, PVP-I+IPA was found to successfully reduce all micro-
bial populations by 99.99% when tested against 120 isolates of vari-
ous bacteria and yeast species when evaluated at 3 specific time
points: 30 seconds, 2 minutes and 10 minutes (Fig 3). Similarly,
lodine Povacrylex+IPA and V-PVP+IPA also successfully reduced all
populations of microorganisms by 99.99%. Thus, each of the 3 test
solutions including the vehicle control (which contains IPA but no
iodine) was sufficient to kill microorganisms of various categories at
30 seconds, 2 minutes, and 10 minutes. Results for ATCC isolates and
clinical isolates were similar; therefore, results were averaged across
all isolates within a given species of microorganism.

Peel adhesion. Critical peel-force values showed some subtle vari-
ability with different treatment solutions and drapes/dressings
(Fig 4). Adhesion of loban drape strips to the porcine dermal samples
yielded mean adhesion forces of 1.70 N (0.77, 2.63; 95% confidence
intervals [CI]) and 1.23 N (0.80, 1.65) for PVP-I+IPA and lodine Pova-
crylex+IPA, respectively. Similarly, Steri-Drape samples yielded criti-
cal peel-force values of 0.91 N (0.60, 1.21) and 1.47 N (1.18, 1.76) for



M.H. Bashir et al. / American Journal of Infection Control 00 (2021) 1-7 5

ATCC Clinical PVP-1+IPA lodine Povacrylex +IPA V-PVP +IPA
Organism Strains (#) Strains (#) MBC50 MBC90 MBC50 MBC90 MBC50 MBC90
Enterococcus faecalis 24 26 0.25 0.5 0.5 1 12 12
2 Enterococcus faecium 23 27 0.5 0.5 0.5 0.5 12 12
2 Micrococcus spp. 22 28 0.25 0.5 0.5 1 6 6
§ Staphylococcus aureus 25 26 0.25 0.5 0.5 0.5 12 12
g Staphylococcus epidermidis 25 25 0.25 0.25 0.25 0.5 6 12
£ Staphylococcus haemolyticus 9 41 0.25 0.5 0.25 0.5 6 6
3. Staphylococcus hominis 9 42 0.25 0.25 0.25 0.5 6 12
5 Staphylococcus saprophyticus 6 44 0.25 0.5 0.5 0.5 3 6
[} Streptococcus pneumoniae 24 26 0.25 0.5 0.25 0.5 1.5 3
Streptococcus pyogenes 25 25 0.5 0.5 0.5 1 1.5 3
® Acinetobacter spp. 20 30 0.25 0.25 0.25 0.5 6 6
IS Enterobacter spp. 23 27 0.25 0.5 0.5 0.5 12 12
§ Escherichia coli 20 30 0.25 0.5 0.25 0.5 12 12
@ Haemophilus influenzae 24 26 0.06 0.12 0.12 0.25 1.5 1.5
‘E Klebsiella pneumoniae 26 24 0.25 0.5 0.5 0.5 12 12
o Other Klebsiella spp. 22 29 0.25 0.5 0.5 0.5 12 12
E Proteus mirabilis 25 25 0.25 0.25 0.25 0.5 12 12
- Pseudomonas aeruginosa 24 26 0.25 0.5 0.25 0.5 6 6
2 Serratia marcescens 22 30 0.25 0.25 0.25 0.5 12 12
o ®
-
£eé Bacteroides fragilis 18 32 0.5 1 0.25 1 12 25
oy
Candida albicans 25 25 0.12 0.25 0.25 0.5 12 25
Other Candida spp. 23 27 0.12 0.5 0.25 0.5 12 25

Fig 2. MBCso and MBCg of PVP-I+IPA, lodine Povacrylex+IPA, and PVP+IPA: average minimum bactericidal concentration values at which isolates (ATCC and clinical strains) were

reduced by 50% and 90%, respectively.

PVP-I+IPA and lodine Povacrylex+IPA, respectively. Lastly, the
Tegaderm samples adhered with peel-force values of 1.10 N
(0.75, 1.45) and 1.14 N (0.76, 1.52) for PVP-I+IPA and lodine Pova-
crylex+IPA, respectively. The 2-way ANOVA found non-significant
main effects of treatment (P = .23) and drape/dressing material
(P = .15) but yielded a significant interaction effect (P = .02).
Thus, the 2 evaluated test solutions showed relatively similar
adhesion results when tested with 3 representative operating-
room materials, while the interplay between these 2 factors led
to subtle changes in critical peel force (ie, PVP-I+IPA had slightly

higher adhesion for Ioban but lower adhesion for Steri-Drape
compared to lodine Povacrylex+IPA).

In vivo Clinical Efficacy. Results of the neutralization study indi-
cated that the antimicrobial was effectively neutralized, and there
was no effect on the growth of microorganisms. Surviving popula-
tions of the challenge microorganisms were not more than 0.2 log;o
less than the corresponding viability populations (data not shown).
In addition, results of the spore-recovery study indicated that the
testing method was adequate to recover microorganisms from the
skin after application of the investigational products. Surviving

ATCC  Clinical odins
' Strains(#) Strains (#) PVP-1+IPA Povacrylex V-PVP+IPA

Organism +IPA
Enterococcus faecalis 4 4 99.99% 99.99% 99.99%
Enterococcus faecalis VRE 4 0 99.99% 99.99% 99.99%
‘g Enterococcus faecium 4 4 99.99% 99.99% 99.99%
‘g Enterococcus faecium VRE 0 4 99.99% 99.99% 99.99%
: Staphylococcus aureus 4 4 99.99% 99.99% 99.99%
:.2 Staphylococcus aureus MRSA 4 4 99.99% 99.99% 99.99%
$_ Staphylococcus epidermidis 4 4 99.99% 99.99% 99.99%
E Staphylococcus epidermidis MDR 3 0 99.99% 99.99% 99.99%
® Staphylococcus epidermidis MRSE 1 4 99.99% 99.99% 99.99%
Streptococcus pneumoniae 4 4 99.99% 99.99% 99.99%
Streptococcus pyogenes 4 4 99.99% 99.99% 99.99%
g Burkholderia cepacia 4 4 99.99% 99.99% 99.99%
E 2 Escherichia coli 4 4 99.99% 99.99% 99.99%
.'F' % Klebsiella pneumoniae 4 4 99.99% 99.99% 99.99%
Ea Pseudomonas aeruginosa 4 4 99.99% 99.99% 99.99%
[} Serratia marcescens 4 4 99.99% 99.99% 99.99%
Candida albicans 4 4 99.99% 99.99% 99.99%

Fig 3. Time-Kkill experimental data for PVP-I+IPA (8.3%PVP-I in 72.5% IPA), lodine Povacrylex+IPA, and V-PVP+IPA at full strength concentration, where data represent percent reduc-

tion in organisms (for ATCC and clinical strains) at 30 seconds, 2 minutes and 10 minutes.
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E PVP-I+IPA
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Fig 4. Critical peel force values for PVP-I+IPA (8.3%PVP-I in 72.5% IPA) and lodine Pova-
crylex+IPA for 3 different drapes/dressings: loban, SteriDrape and TegaDerm; a 2-way
ANOVA indicated a significant interaction between factors (P =.02).

populations of the cultured microorganisms were not more than 0.3
logio less than the mean log;o of the baseline sample (data not
shown).

For the abdomen (Fig 5), PVP-I+IPA achieved mean log reductions
of 2.95 (2.78, 3.13; 95% CI) and 1.89 (1.63, 2.14) at 10 minutes and
6 hours, respectively, while the application of lodine Povacrylex+IPA
resulted in reductions of 2.80 (2.59, 3.01) and 1.64 (1.39, 1.89) at the
same time points. The negative control group (saline) had moderate
mean log reductions of 0.98 (0.85, 1.12) and 0.77 (0.62, 0.92) on the
abdomen at 10 minutes and 6 hours, respectively. For the exploratory
evaluation of a sub-filled applicator of PVP-I+IPA (6 mL application),
mean log reductions of 2.53 (2.32, 2.75) and 1.70 (1.47, 1.92) were
achieved at 10 minutes and 6 hours, respectively.

For the groin (Fig 5), PVP-I+IPA achieved mean log reductions of
3.65 (3.34, 3.96) and 2.41 (2.17, 2.64) at 10 minutes and 6 hours,
respectively, while application of lodine Povacrylex+IPA resulted in
reductions of 3.22 (2.94, 3.51) and 2.18 (1.97, 2.40) at the same time
points. Samples from saline-treated tissues showed mean log reduc-
tions of 1.15 (1.03, 1.27) and 1.11 (0.95, 1.28) on the groin at 10
minutes and 6 hours, respectively. For the exploratory group with a
short-application time of PVP-I+IPA (30 seconds), the mean log
reduction of microorganism was 3.25 (3.01, 3.48) and 2.26 (2.05,
2.46) at 10 minutes and 6 hours, respectively.

Thus, for both PVP-I+IPA and lodine Povacrylex+IPA solutions, the
expected efficacy standards were met at 10 minutes (ie, more than 2
and 3 log,o reductions for the abdomen and groin, respectively) and
6 hours (ie, >0 log;o reductions for both anatomic sites). All test

Abdomen

m

[ PVP-l + IPA (sterile)

[ lodine Povacrylex + IPA

[ Applicator + Saline

Sub-Filled PVP-I + IPA (sterile)

Short-Application PVP-| + IPA
FDA requirement

Log,, Reduction (CFU/cm?)

10 min 6 hours 10 min 6 hours

Time

Fig 5. Reduction in resident skin microbes on the abdomen and groin measured
10 minutes and 6 hours after application of PVP-I+IPA (8.3%PVP-I in 72.5% IPA), lodine
Povacrylex+IPA, or saline (with the standard applicator); exploratory groups of sub-
filled applicator (6 mL on abdomen) and short-application (30 seconds on groin) of
PVP-I+IPA also shown; dashed lines indicate the FDA requirement for anti-microbial
activity.

solutions were well tolerated with no safety issues. No skin irritation
(ie, erythema, edema, rash, dryness) or other adverse events were
reported for any subject after receiving treatment with PVP-I+IPA,
lodine Povacrylex+IPA or saline.

DISCUSSION

The results of this study demonstrate that PVP-I+IPA is equally or
more effective as lodine Povacrylex+IPA at inhibiting growth of (or
killing) a wide range of ATCC and clinical isolates of Gram-positive
and Gram-negative bacteria and yeasts. Specifically, in vitro evaluation
determined that MIC/MBC values were generally equal to or smaller
(ie, more effective) for PVP-I+IPA compared to Povacrylex+IPA, while
results of time-kill studies showed rapid microbcidial efficacy with
99.99% (4-log) reduction in the microbial population, thus both for-
mulations are highly effective antimicrobial solutions. Both skin prep-
aration solutions yielded similar critical peel-force values when
evaluated with 3 representative drape/dressing materials, demon-
strating similar adhesion strength when attached to dermal surfaces
in vitro. Finally, results of in vivo evaluation showed that PVP-I+IPA
and Povacrylex+IPA were both able to outperform the FDA require-
ments for log;o reduction of resident skin microbes on the abdomen
and groin of healthy volunteers after 10 minutes and 6 hours. Overall,
PVP-I+IPA was found to equal — or occasionally, surpass — the antimi-
crobial performance of Povacrylex+IPA when evaluated using a variety
of standard in vitro and in vivo experimental protocols.

Two exploratory groups using PVP-I+IPA were included to con-
sider other aspects of treatment. First, a sub-filled applicator group
reduced the applied amount of PVP-I+IPA from 10.5 mL to only 6 mL,
which is the same volume that is used for lodine Povacrylex+IPA
treatment. Even with this reduced quantity, treatment with PVP-I
+IPA was able to successfully reduce skin microflora below the levels
of the FDA requirement. Second, a short-time group reduced the
application time of the PVP-I+IPA solution from 2 minutes down to
30 seconds, which matches the application duration of several
approved sterile solutions. Even with this reduced application time,
the log reduction of the test solution was sufficient to pass the FDA
regulatory standard. Thus, the PVP-I+IPA sterile solution is capable of
yielding satisfactory results even when administered with a sub-
filled volume or short-application time.

A limited series of additional time-kill experiments considered
whether diluted PVP-I+IPA would still prove efficacious in eliminating
microbes. PVP-I+IPA diluted to 50% still yielded a 99.99% reduction,
while a highly diluted solution (0.0001% strength) was ineffective
(data not shown). Also, PVP-I+IPA tested in the presence of 5% serum
reduced the populations of all tested microorganisms by 99.99% (data
not shown). Thus, PVP-I+IPA is still effective in conditions that might
occur in the operating room, such as dilution with irrigation solution
or mixing with patient fluids (eg, serum); unsurprisingly, at extreme
dilution (0.0001% strength), PVP-I+IPA loses its antiseptic efficacy.

In the clinical evaluation, the application of the vehicle (saline)
solution resulted in ~1 log;o reduction in microbial load for both ana-
tomic sites and at both timepoints (Fig 5). Since saline has no inher-
ent antimicrobial properties, this result suggests that the application
technique itself may have contributed to microorganism depletion.
Specifically, saline (as well as PVP-I+IPA) was applied using a rigor-
ous, back-and-forth scrubbing technique that differs from the single,
uniform layer painting technique recommended for the lodine Pova-
crylex+IPA solution. Since the top layers of the epidermis are not all
aligned in the same direction,”® solution application using a more
rigorous scrubbing technique that includes motion in multiple
directions may provide better penetration into all areas of the skin
surface.

In conclusion, analysis of the in vitro antimicrobial activity,
mechanical adhesive strength, and in vivo efficacy of PVP-I+IPA
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demonstrated similar results compared to lodine Povacrylex+IPA.
Both products were shown to be efficacious at reducing or eliminat-
ing a wide range of microorganisms in lab-based and clinical settings,
supporting their use as antiseptic skin preparation solutions to
reduce microorganisms that cause skin infection.
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