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inflammatory response caused in part by bacterial contamination (Physiol Rev.

studied the in-vitro and in-vivo antimicrobial effects of a multimodal wound
Funding information matrix (MWM) against two common wound pathogens, Methicillin-Resistant
Omeza Staphylococcus aureus (MRSA USA300) and Pseudomonas aeruginosa ATCC
27312 (PA27312) (Int Wound J. 2019;16:634). The in-vitro study conducted was
a zone of inhibition test with the two microbes at 104 Log CFU/mL inoculated
on Tryptic soy agar with 5% sheep blood (TSAII) plates. Treatments used were
MWM, Mupirocin (Positive control for MRSA), Silver Sulfadiazine (Positive
Control for PA), Petrolatum and Sterile Saline (both serving as Negative Controls).
Treatments were allowed to diffuse into the agar for 3 h and then were incubated
for 24 h at 37°C. The in-vivo study utilized a deep dermal porcine wound model
(22 x 22 x 3 mm) created on six animals. Three animals were inoculated with
MRSA USA300 and the other three with PA27312 with each allowing a 72-h biofilm
formation. After 72 h, baseline wounds were assessed for bacterial concentration
and all remaining wounds were treated with either MWM alone, Silver Treatment
or Untreated Control. Wounds were assessed on days 4, 8 and 12 after treatment
application for microbiological analysis. In-vitro, MWM exhibited signifi-
cant inhibition of MRSA USA300 and PA27312 growth when compared to
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negative controls (p < 0.05). Likewise, in-vivo, the MWM-treated wounds exhib-
ited a significant (p < 0.05) bacterial reduction compared to all other treatment
groups, especially on days 8 and 12 for both pathogens. MWM demonstrated
promise in addressing colonized wounds with biofilms. Additional studies on
MWM's benefits and comparisons with existing treatments are warranted to opti-
mize wound care strategies (Adv Wound Care. 2021;10:281).

antimicrobial, biofilms, fish peptides, microbiology, porcine model

 Bacterial contamination can result in detrimental healing and reduction in

bioburden in wounds using new technologies is one of the most critical
challenges for the scientific community.

The aim of our study was to evaluate the antimicrobial effects of a novel
multimodal wound matrix (MWM) against methicillin-resistant Staphylococ-
cus aureus (MRSA) and Pseudomonas aeruginosa in vitro and in vivo using a
porcine wound model.

MWM demonstrated promise in addressing colonized wounds with biofilms
due to the significantly higher reduction in all assessment days in both path-
ogenic strains tested.

MWM exhibited significant inhibition of MRSA USA300 and PA27312
growth in vitro, compared to negative controls (p < 0.05). Wounds treated
with MWM for the in vivo study, were more effective reducing the prolifera-
tion of both MRSA USA300 and PA27312 not only to baseline before and

1 | INTRODUCTION

Chronic wounds resulting from aging, diabetes, and vas-
cular disease can become challenging to heal and may
lead to the development of diabetic foot ulcers, venous
leg ulcers and pressure ulcers.”” Under homeostatic con-
ditions, intact skin protects the underlying tissues from
the external environment, but when the barrier gets dis-
rupted, opportunistic microbes become a threat by caus-
ing persistent infections, thus prolonging the
inflammatory response and obstructing the overall heal-
ing process.>® The normal healing process for wounds
includes haemostasis, coagulation, inflammation, prolif-
eration and remodelling.”'° In chronic wounds, stagna-
tion is usually incited by anticoagulation, infection and
debris tissue, all of which contribute to bacterial growth
and thereby lead to a delay in healing time.""'* Likewise,
various comorbidities contribute to a delay in cutaneous
wound closure, including depression, multitrauma, and
isolation."* Moreover, chronic wounds are commonly col-
onized by multiple bacterial species including Staphylo-
coccus aureus (SA) and Pseudomonas aeruginosa
(P A).14—16

after debridement, but all treatment groups as well.

One of the primary culprits in hindering the healing
process is the presence of biofilms, as approximately 60%
of chronic wounds are estimated to be infected by this
microbial community.'” Biofilms are a complex commu-
nity of microorganisms encased in a matrix of extracellu-
lar polymeric substances (EPS) which are often
associated with increased pathogenicity and can contrib-
ute to nosocomial infections.'® Development of the bio-
film starts with microbial cells that attach to the surface,
followed by a self-produced EPS'® Biofilm has been found
in various environmental settings, demonstrating its resil-
ience across different locations.?® Despite the recognized
threat of biofilms, there remains a significant gap in our
understanding when it comes to their role in the patho-
physiology of chronic wounds.

Dealing with chronic wounds is a significant chal-
lenge and can worsen if an infection occurs. In addition
to debridement, products that exhibit antimicrobial effi-
cacy are needed.”'~** Various collagen extracts have been
available, initially sourced from porcine or bovine tissue.
Recently, novel marine extracts from fish skins, scales,
and bones have been developed as an alternative source
for collagen to evade disease transmission.**** Fish
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collagen that is further hydrolysed into 3—-6 kDa peptides
has shown promising antimicrobial assets and is found in
various health-related industries, such as food, medicine,
pharmaceutics and cosmetics.”**” In wound healing, pre-
vious studies have demonstrated that these peptides can
accelerate re-epithelialization, thus leading to faster heal-
ing times.*® However, currently, it is not well understood
whether such an approach could also target biofilm-
associated infections and, as such, present novel thera-
peutic strategies to address biofilm-associated challenges
in chronic wounds.

To this end, a multimodal wound matrix (MWM)
was designed with specific chemical and physical prop-
erties to treat chronic wounds.”* Containing cold-
water fish peptides to reduce inflammation and
increase perfusion and blood flow, the formulation
combines with other ingredients known generally to
have antimicrobial activity (e.g., monolaurin, caprylic
acid and medium-chain triglycerides [MCTs]) to target
the impediments seen in chronic wounds for each stage
of the healing process.”> MWM also includes marine-
sourced -3 fatty acids, which have previously demon-
strated to promote synthesis and activation of immune
cells, as well as exhibit antimicrobial activities.>®>!
Therefore, the objective of this study was to evaluate,
for the first time, the antimicrobial effects of MWM
against methicillin-resistant Staphylococcus aureus
(MRSA) USA300 and PA27312 using in vitro and
in vivo models. Initially, we used a zone of inhibition
test to determine potential antimicrobial activity and
then performed an in vivo porcine infection model to
assess antimicrobial activity.

2 | METHODS

21 | MWM formulation

The matrix is a 510(k) cleared drug/device and is indi-
cated for the management of wounds, including partial
and full-thickness wounds, pressure ulcers, ulcers and
trauma wounds which include superficial partial thick-
ness burns, lacerations and draining wounds. Cod liver
oil is the drug component, and the device component of
the formulation is the cold water fish collagen peptides
which are between 3 and 6 kDa in size. Other ingredients
include MCTs, coconut oil, hemp seed oil, triethyl citrate,
ethyl linoleate, caprylic acid, monolaurin, cetyl esters and
ascorbyl palmitate. The formulation is applied directly to
the wound from a vial which holds 1.6 g of sterilized
MWM. The formulation is spread across the wound to
cover the entire wound bed. Physical properties allow the

formulation to melt at the interface of matrix and
exposed tissue and allow the polarized release of mole-
cules at the wound surface.

2.2 | Invitro experiment
MRSA USA300 and PA27312 bacterial strains (chosen for
their biofilm-forming properties) were used to prepare
inoculum suspensions of 10* colony forming unit (CFU)/
mL. Test treatments included the MWM (OCM™,
Omeza®, Sarasota, FL, USA), Mupirocin ([TARO,
Ontario, Canada] positive control for MRSA), silver sul-
phadiazine (SSD) (JASCEND Laboratories, Parsippany,
NJ] positive control for PA) and petrolatum and sterile
phosphate-buffered saline (PBS) as negative controls. A
modified Kirby Bauer method was used to test these
products and determine the zone of inhibition for each
strain.*>*? For both MRSA and PA, three plates of Tryptic
soy agar with 5% sheep blood (TSAII) were challenged
with 100 pL of each inoculum (10* CFU/mL) per treat-
ment. Three punch biopsies (10 mm) were created on
each inoculated plate (3 plates). Approximately 150 pL of
each treatment was placed in 10-mm wells per plate
(n =9). Plates were set at room temperature for 3 h to
allow the treatment to diffuse and then incubated at 37°C
for 24 h to allow for bacteria growth, after which the
zone of inhibition was measured using ImageJ, as previ-
ously described and using the following formula.*

Area of Inhibition (cm?) = Area of the halo (cm?)
—Area of the 10 — mm well (cm?).

2.3 | In-vivo study

Due to the morphological similarities between swine and
human skin, a porcine model was used.**® Twenty-one
deep reticular wounds (22 x 22 x 3 mm) were made
across the paravertebral and thoracic areas on each of
6 specific pathogen-free pigs (Looper Farms, NC, USA).
To create the wounds, we used a specialized electrokera-
tome fitted with a 22-mm blade. The wounds will be sep-
arated from one another by 5-7 cm of unwounded skin.
Three animals were infected with MRSA USA300 and the
other three animals with PA27312 to avoid competitive
inhibition between bacteria.*” The inoculum suspensions
(10° CFU/mL) for each bacteria were used to inoculate
all wounds within 20 min after wounding by pipetting a
25 pL aliquot into the centre of the wound site and scrub-
bing it for 10 s with a sterile spatula. Inoculated wounds
were covered with polyurethane dressing (Tegaderm, 3M,
St. Paul, MN, USA) for 72h to allow for biofilm
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formation.’® After 72 h (day 0 for treatment), 3 wounds
per animal were recovered as a baseline for before and
after debridement bacterial counts. All remaining
wounds were surgically debrided before applying treat-
ment using a sterile 4-mm curette (Figure 1A-C). Eight
wounds per treatment were treated with either MWM
alone, silver treatment (positive control) or untreated
control (negative control). MWM (Omeza, Sarasota, FL,
USA) treated wounds each received ~200 pL of agent
which was spread around the wound with a sterile spat-
ula (Figure 1D-F). Silver treatment (AQUACEL® Ag
Advantage, 2" x 2" dressing; Convatec, UK) was care-
fully placed with sterile forceps and then saturated with
4 mL of sterile saline via pipette (Figure 1G-I). All
wounds, including the untreated control, were covered
with a Tegaderm dressing after treatment application,
and all treatments and Tegaderm dressings were reap-
plied on days 4 and 8. Two to three wounds were biop-
sied with a 6-mm punch biopsy for microbiological
assessment on days 4, 8 and 12 after treatment. These
biopsies were weighed and immediately placed in 1 mL
of a prepared all-purpose neutralizing solution (contain-
ing tween 80, lecithin, sodium oleate, sodium

FIGURE 1 Debridement and
treatment application. (A) Wounds after
72 h biofilm formation, (B) mechanical
debridement using a 4-mm curette,

(C) wound after debridement, (D-F)
multimodal wound matrix application
and (G-I) Silver treatment application.

thiosulphate, protease peptone and tryptone), used to
neutralize the antimicrobial activity of active agent dur-
ing the culturing, without any reported inhibition in
bacterial growth. The sample was combined with an
additional 4 mL of neutralizing solution and homoge-
nized using a sterile homogenization tube (Wheaton,
Tissue Grinder, Millville, NJ, USA). Serial dilutions
were made from all culture samples, and the extent
of microbiological colonization was assessed using the
spiral plater system (Spiral Biotech, Norwood, MA,
USA). All plates were incubated aerobically overnight
(24-48 h) at 37°C, after which the number of viable col-
onies was counted.

2.4 | Statistics

The mean of the log;o(CFU) and standard deviations
were calculated for significance using IBM SPSS statistics
27 for both studies and was analysed using one-way anal-
ysis of variance (ANOVA) Tukey's post hoc analysis
(comparison between treatments and assessment days or
inhibition zones).
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FIGURE 2 Area of inhibition with bacterial strain methicillin- FIGURE 3  Area of inhibition with bacterial strain PA27312.

resistant Staphylococcus aureus USA300. *p <0.05 compared to
negative controls (petrolatum and sterile phosphate-buffered saline
[PBS]), *p < 0.05 compared to all treatments. MWM, multimodal
wound matrix.

3 | RESULTS

3.1 | Invitro study

For MRSA USA300, MWM exhibited a statistically signif-
icant inhibition zone of 1.80 + 0.19 cm? (p <0.05) com-
pared to both negative controls (petrolatum and sterile
PBS), whereas Mupirocin exhibited a statistically signifi-
cant zone of inhibition that was 41.01 + 0.10 cm? larger
than MWM () (p <0.05) (Figure 2).

Similarly, for PA27312, MWM active treatment pre-
sented significantly (p <0.05) larger zones of inhibition
(1.21 cm®) than both petrolatum and sterile PBS (negative
controls), whereas positive control SSD exhibited a statis-
tically significant increase in the zone of inhibition of
1cm?® (p <0.05) inhibition zones when compared to
MWM (Figure 3).

3.2 | Invivo study
3.2.1 | MRSA USA300

The three animals infected with MRSA USA300 were
recovered for baseline enumeration after a 72-h biofilm
formation, with an average bacterial count of 7.12
+ 0.30 log,o(CFU/g) prior to debridement. After
debridement, the same baseline wounds were assessed
and exhibited significantly lower counts by 1.59 + 0.13
log1o(CFU/g) when compared to the before debridement
count (p <0.05).

*p <0.05 compared to negative controls (petrolatum and sterile
phosphate-buffered saline [PBS]), “p <0.05 compared to all
treatments. MWM, multimodal wound matrix.

On day 4, wounds treated with MWM exhibited
the lowest bacterial counts (4.71 +0.21 log;o[CFU/g])
(Figure 4). Bacterial counts for MWM-treated wounds were
significantly (p <0.05) lower than those of both silver treat-
ment and untreated control treatment groups. In addition,
silver treatment resulted in a significant (p <0.05) bacterial
reduction of 71.67% or 0.55 + 0.04 log;o(CFU/g) compared
against untreated control. The untreated control wounds
displayed the highest MRSA counts on day 4, and there
was a 0.51 + 0.02 log;((CFU/g) bacterial increase when
compared to baseline wounds before debridement.

On day 8, wounds treated with MWM continued to
have the lowest bacterial count with significant (p <0.05)
bacterial reductions compared to all treatment groups
and both baseline groups (Figure 4). Bacterial reductions
of 99.99% and 99.52% (3.91 +0.10 and 2.31 +0.23
log,0[CFU/g], respectively) were observed when compar-
ing MWM to both baseline before and after debridement,
respectively. MWM-treated wounds showed significant
(p <0.05) differences of 1.35+0.17 and 241 + 0.24
log,o(CFU/g) for silver treatment and untreated control,
respectively. When comparing silver treatment against
untreated control on day 8, silver treatment yielded a sig-
nificant 91.33% bacterial reduction (p <0.05).

The same trend continued for day-12 samples, as all
groups decreased from previous days, with MWM again
exhibiting the lowest bacterial counts and untreated con-
trol the highest (Figure 4). When comparing MWM
against both baseline before and after debridement, there
was a significant (p <0.05) bacterial decrease of 5.17
+0.24 and 3.58 &+ 0.37 log,o(CFU/g) (at least 99.97%
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reduction), respectively. MWM significantly lowered
(p <0.05) bacterial counts by 2.60 + 0.00 log,o(CFU/g)
and 3.61 + 0.33 log;o(CFU/g) compared to silver treat-
ment and untreated control, respectively.

Further analysis demonstrated that all treatment
groups decreased bacterial counts on each assessment
day. MWM on day 12 exhibited the lowest counts and
had a significant (p <0.05) reduction compared to both
says 4 and 8.

322 | PA27312

The other three animals infected with PA, after 72 h of
biofilm formation, averaged bacterial counts for baseline
wounds before and after debridement of 7.36 + 0.69
log,o(CFU/g) and 5.72 + 0.33 log;o(CFU/g), respectively.
Baseline bacterial counts were significantly (p <0.05)
lower after debridement with a difference of 1.64 + 0.37
log,o(CFU/g).

Wounds treated with MWM exhibited the lowest
PA27312 counts (p <0.05) among all baseline counts and
treatment groups on day 4 (Figure 5). MWM resulted in
significant (p <0.05) bacterial reductions of 99.74% (2.58
+ 0.38 log;o[CFU/g]) and 88.71% (0.95 + 0.01 log;o[C-
FU/g]) when compared with both baseline before and
after debridement, respectively. MWM-treated wounds
showed significant (p <0.05) PA reductions when com-
pared to silver treatment and untreated control wounds
representing 84.55% and 95.59% reductions, respectively.

compared to all treatments and [l
p <0.05 compared to untreated control.

Day 12

= ADWM Alone

On day 8, MWM-treated wounds continued to be sig-
nificantly lower than all other treatment groups and both
baseline assessments (Figure 5). A significant (p <0.05)
bacterial reduction of 96.44% was also observed for MWM
compared to baseline after debridement. The MWM-
treated wounds showed significant (p <0.05) reductions
compared to silver treatment and untreated control
wounds (1.30 + 0.10 log,, [CFU/g] and 1.46 + 0.38
log,o[CFU/g], respectively), with reductions of 94.97% and
96.55%, respectively.

MWDM-treated wounds showed the lowest PA27312
counts on day 12 that were statistically significant
(p <0.05) when compared to every treatment group,
including baseline before and after debridement counts
(Figure 5). MWM resulted in significant (p <0.05) reduc-
tions of 3.35 + 0.29 and 1.72 + 0.40 log;o(CFU/g) (99.96%
and 98.07%) compared to before and after debridement
baseline wounds. PA27312 counts were significantly
(p <0.05) lower for MWM wounds than for silver treat-
ment and untreated control wounds, achieving a more
than 97% reduction when compared with both treat-
ments. At all assessment times, there was no significant
difference in PA counts between silver treatment and
untreated control. Additional analysis compared the
results at different time points within the same treatment
group. All treatment groups exhibited a comparable trend
by demonstrating bacterial reductions as days progressed.
Bacterial counts in MWM-treated wounds were signifi-
cantly lower (p <0.05) on days 4-12. However, no signifi-
cant reductions were found when comparing all days for

85U0|7 SUOWIWIOD BAE8.D 8|l (dde au Aq peusenob a2 s9 o1l YO 8Sh JO'S3|NnJ 10} Aelgi 8ul|UO 8|1 UO (SUORIPUOD-PUB-SWBI W00 A8 |IM AleIq 1 BU1[UO//:SANY) SUORIPUOD PUe SWs 1 8y} 89S *[1Z0zZ/0T/7T] Uo AkeidiT8uluo A8|IM ‘65002 IMITTTT OT/I0p/L00 A3 (1M Ae.q1|Buluo//:Sdny Wwolj pepeojumoa ‘0T ‘v20z ‘XT8vZyLT



P - WiLEYy-L 7

GIL ET AL.
FIGURE 5 Bacterial counts in 2007
wounds inoculated with PA27312 by 736
treatment per assessment day. * p <0.05 bt
compared to baseline before S
debridement, 4 p <0.05 compared to ’
baseline before/after debridement, @ % i A
p <0.05 compared to silver treatment ;
and untreated control and @ p <0.05 ;f 500 4
compared to all treatments. =
4.00
3.00 +
2.00
1.00 -
0.00 -+

Baseline

@ Baseline before debridement T Baseline after debridement

® Silver Treatment

silver treatment and untreated control wounds because
all values were similar.

4 | DISCUSSION

The present study demonstrated that MWM was able to
effectively reduce the microbial burden of MRSA and
P. aeruginosa both in vitro as well as in in vivo infection
models. These results indicate that MWM is a promising
novel treatment to combat infections by these organisms
as the threat of multidrug-resistant strains of these patho-
gens continues to increase globally.*® In vitro, MWM
resulted in greater reductions of P. aeruginosa than the
broad-spectrum antimicrobial SSD.* In vivo, MWM
achieved a greater than 99.9% reduction in MRSA bacte-
rial load in infected wounds despite an established bio-
film. The antimicrobial properties of MWM observed in
the present study may be attributed to several active com-
pounds contained within the MWM treatment, including
hydrolyzed fish collagen peptides or collagen hydroly-
sates, w-3 and ®-9 polyunsaturated fatty acids, MCT oil
containing caprylic acid, monolaurin, and vitamin D.
Fish collagen peptides are short amino acid
sequences, typically with biological activity, obtained by
hydrolysing fish skin. Numerous peptides with antimicro-
bial properties have been isolated from fish skin which
serve protective roles by providing these marine species
with innate antimicrobial defence against pathogens.
Broad spectrum efficacy against Gram-positive and
Gram-negative pathogens has been observed for some of

Day 8 Day 12
ENMWM Alone

Day 4

& Untreated Control

these isolates.*” In vitro studies on fish skin collagen pep-
tides have demonstrated antimicrobial activity against
S. aureus, which is in alignment with the reduction of
this pathogen by MWM that was observed in the present
study.*"** Abdelhedi et al. evaluated hydrolysates of a
fish skin collagen gelatin in vitro with area of inhibition
and observed antimicrobial efficacy against Gram-
positive.

S. aureus as well as the notable Gram-negative patho-
gens K. pneumoniae, S. enterica and S. typhi.*' ®-3 and
®-9 polyunsaturated fatty acids, abundant in fish oil and
present in MWM, demonstrate considerable antimicro-
bial effectiveness. An in vitro study found that the ®-9
fatty acid erucic acid inhibited biofilm formation of
MRSA by more than 85%.*° Additionally, a review by
Chanda et al.** reported that o-3 fatty acids exhibit
potent antibacterial properties against a wide array of
pathogens, inhibiting biofilm formation and reducing
pathogen virulence factors. These effects have been
observed both in vitro and in vivo, highlighting the
potential of »-3 fatty acids as effective agents against a
variety of infections caused by multidrug-resistant strains
such as MRSA.** Docosahexaenoic acid (DHA) and eico-
sapentaenoic acid (EPA) are two significant ®-3 polyun-
saturated fatty acids, both of which demonstrate
substantial antimicrobial properties.*® Both of these fatty
acids have been shown to demonstrate a substantial
reduction in biofilm formation and the count of plank-
tonic bacteria of patient-isolated strains.*

MCT oil is primarily composed of caprylic acid
(C8) followed by capric acid (C10).*’ Caprylic acid has
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previously been demonstrated to have antimicrobial
properties that are relevant to the present study. Rosen-
blatt et al. evaluated caprylic acid against MRSA,
P. aeruginosa, Candida albicans, Escherichia coli and Sal-
monella enteritidis biofilms in vitro. The authors found
that caprylic acid completely eradicated P. aeruginosa,
S. enteritidis and E. coli biofilms in 60 min and reduced
MRSA count by several factors compared to control.*®
These findings are closely aligned with the results of the
present study, with MWM significantly reducing
P. aeruginosa and MRSA burdens in wounds with bio-
films that were allowed to be established for 72 h after
inoculation prior to debridement.

Monolaurin is a natural fatty acid monoglyceride and
an active component in the MWM treatment. When
monolaurin was tested against S. aureus and
P. aeruginosa in vitro, Wang et al.*’ reported that the
compound had the most significant inhibitory activity
against Gram-positive bacteria such as S. aureus, but that
activity was minimal against the Gram-negative organ-
isms P. aeruginosa and E. coli. The antimicrobial efficacy
against S. aureus by monolaurin was corroborated by a
similar in vitro study against two additional strains of S.
aureus.”® The present study demonstrated a significant
reduction in both MRSA and P. aeruginosa burden in
wounds by MWM, but this reduction was less pro-
nounced against the Gram-negative P. aeruginosa which
may be attributable to the selective efficacy of
monolaurin.

Finally, vitamin D is also present in MWM as an
added component of the treatment. The topical adminis-
tration of vitamin D was demonstrated by Weber et al.”!
to upregulate the human cathelicidin antimicrobial pep-
tide gene (CAMP). A similar finding was reported in a
porcine cell line model by Tian et al.>* who observed
increased porcine cathelicidin mRNA expression after
supplementation with vitamin D.

To the best of our knowledge, no previous studies
have evaluated the efficacy of the combined active com-
pounds within MWM against clinically relevant patho-
gens either in vitro or in vivo. The unique combination of
fish collagen peptides, ®-3 fatty acids, caprylic acid,
monolaurin and vitamin D investigated in the present
study significantly reduced the burden of MRSA and
P. aeruginosa in established wound infections with bio-
film. These findings indicate that MWM could be readily
effective in treating multidrug-resistant skin and soft tis-
sue infections (SSTI) infections as well as chronic wounds
that originate from and persist due to infections.”® The
broad-spectrum antimicrobial efficacy of MWM against
Gram-negative and Gram-positive bacteria could reduce
the incidence of ineffective initial treatment and subse-
quent delays in patient care.

This study did not determine the degree to which
each of the active compounds in MWM contributed to
the antimicrobial efficacy observed. Additionally, the
interactions between the compounds in the combination
may affect efficacy. It is possible that the combination
resulted in a synergistic effect that enhances efficacy, but
this was not evaluated in the present study. Previous
work has demonstrated, for instance, that monolaurin
combined with an antimicrobial peptide produced syner-
gistic antimicrobial efficacy in vitro that was not observed
in vivo. The authors speculated in vivo synergy was not
observed because host AMPs such as cathelicidin would
be predominant over added peptides.>* MWM, though,
contains vitamin D which has been shown to upregulate
cathelicidin, adding complexity to the elucidation of
these interactions.” An additional limitation of this study
was that the impact of MWM on wound healing was not
assessed.

5 | CONCLUSION

The in vitro results demonstrated that both positive con-
trol treatments (Mupirocin and SSD) created the largest
significant zone of inhibition against all treatment groups
on both MRSA USA300 and PA27312, respectively.
MWM demonstrated statistically significant larger zones
when compared to both negative controls (Petrolatum
and Saline). All treatments established greater zones of
inhibition as compared to negative controls.

In the microbiological analysis for the in vivo study,
wounds treated with MWM were more effective at halt-
ing the proliferation of both MRSA USA300 and PA27312
not only to baseline before and after debridement but
also to all treatment groups.

Overall, the MWM alone was able to decrease bacte-
rial bioburden which would have important clinical
implications. Additional studies are warranted to support
the use of MWM for treating various types of wounds,
including burns and chronic wounds.
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