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Simple Summary: Wound care is a challenging part of equine veterinary practice and there are a
variety of wound dressings and strategies to manage wounds. Our goal was to ascertain the relative
efficacy of honey when compared to common wound dressings as it pertains to reducing bacterial
growth. This experiment was performed in a laboratory setting where different species of bacteria
were grown in a simulated wound environment. These bacteria were then exposed to medical grade
Manuka honey, local honey, and commercial, food-grade honey as well as other commonly used
wound dressings to see how effective each wound dressing was on reducing bacterial growth. Our
results showed that polyhexamethylene biguanide (PHMB, a commonly used wound dressing) was
best at reducing bacterial growth. Local honey out-performed Manuka and store-bought honeys.
Interestingly, the most susceptible type of bacteria was harvested from an actual equine wound
when compared to the lab grown bacteria. We suspect that the complex wound environment plays
a large role in determining efficacy of wound dressings. Our results provide data to practitioners so
they can decide how to best manage an infected wound based on the type of bacteria growing.

Abstract: The goal of this study was to determine the relative susceptibility of four common equine
wound pathogens to ten different types of antimicrobial agents based on minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC). Additionally, to describe the
comparison of bactericidal activity of medical grade Manuka honey, local honey, and commercial,
food-grade honey to other commonly used wound dressings. The objective is to provide veterinary
practitioners with comparative data on the use of a variety of antimicrobial dressings for inhibiting
growth of common wound bacteria. MIC and MBC for Manuka, store, and local honeys were
comparable to those of sterile gauze, sugar, and hypertonic saline. Across bacterial species, local
honey proved to have more bactericidal activity when compared to Manuka and commercial, food-
grade honey. The MIC and MBC for PHMB gauze and foam was consistently at a higher dilution
compared to the other antimicrobials. The majority of antimicrobials exhibited stronger inhibitory
and bactericidal activity against a Streptococcus zooepidemicus isolate obtained from a wound
compared to other bacteria that were ATCC lab acclimated. Additional research for in-vivo
applications needs to be done to see whether differences exist in effective wound management.

Keywords: wound dressing; bacterial susceptibility; Minimum Inhibitory Concentration (MIC);
Minimum  Bactericidal Concentration (MBC); Manuka honey; hypertonic saline;
Polyhexamethylene biguanide (PHMB); Silver Sulfadiazine

1. Introduction

Wound infections are a major problem in veterinary medicine, especially in equine patients.
Advancements in wound care have been made including the use of medicinal Manuka honey as an
antimicrobial and anti-bioflim agent in chronic wound management. The goal of this research was to
provide veterinary practitioners with comparative data on the use of medical-grade, commercial,
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food-grade, and raw local honey as antimicrobial dressings for inhibiting growth of common
bacterial species in wounds. We ascertained bacterial susceptibility in vitro to gather information for
possible future in vivo utilization.

There is a high incidence of traumatic wound infections in equine patients and an increasing
prevalence of antimicrobial resistant bacterial species in wounds [1,2]. A 2005 report published by
the USDA APHIS indicated that 19% to 24% of equine euthanasias in the United States were the result
of skin wounds or trauma [3]. Local treatments reduce the development of resistance to systemic
antibiotics, are cost-effective, and decrease morbidity. One commonly used topical antiseptic is
polyhexamethylene biguanide (PHMB) with and without hypertonic saline (20%). PHMB is a broad-
spectrum yet safe antimicrobial used as a post-surgical dressing.! Silver sulfadiazine (SSC)
preparations are also commonly used for topical wound treatment. Recently, the use of medical-
grade Manuka honey for the treatment of resistant bacterial infections has shown promising success
[4]. A better understanding of topical antimicrobial agents in animals is important to provide the
most successful wound healing.

Polyhexamethylene biguanide (PHMB) antimicrobial dressing is commercially available as a
gauze or foam dressing. PHMB is effective against a broad spectrum of Gram-positive and Gram-
negative bacterial species. PHMB has shown to be efficacious against methicillin-resistant
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and other bacterial species. As an
antimicrobial, PHMB is bactericidal, reduces bacterial colonization and invasion, while maintaining
a balance of normal skin flora.

Hypertonic saline (20%) dressings are used to debride infected or exudative wounds.
Hypertonic saline (20%) dressings work by removing fluid from bacteria and necrotic cells using
osmotic gradients, allowing bacteria and debris to be lifted off a wound with dressing change [5].

Topical application of 1% SSC to incisional wounds in rats is associated with faster wound
healing versus that in control wounds [3]. Treatment with 1% silver sulfadiazine cream (SSC) resulted
in improved neovascularization and epithelialization compared with results for 0.25% sodium
hypochlorite and 10% povidone-iodine solutions in mice with ear injuries [3]. Silver sulfadiazine has
proven to reduce microbial counts in horses with metatarsal and metacarpal injuries, however, it also
resulted in exuberant granulation tissue that required surgical resection [3].

Medical-grade Manuka honey has proven in-vitro bactericidal activity against Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa, methicillin-resistant Staphylococcus aureus. Manuka honey
also has demonstrated potent in-vitro activity against antibiotic-resistant bacteria and has shown
success in treatment of wound infections not responding to antibiotic therapy [4,6]. The efficacy of
honey for post-surgical wounds can be attributed to its bactericidal compounds, moist environment
that promotes healing, and high viscosity that maintains an effective barrier [4]. Manuka-type honey
has been shown to have anti-biofilm activity as well [7]. Within chronic wounds, bacteria within a
biofilm are protected from host defenses and harbor antimicrobial resistance [8]. New Zealand
Manuka-type honeys in wound dressings prevent and eradicate Staphylococcus aureus biofilms.
Methylglyoxal (MGO), di-hydroxyacteone (DHA), and hydrogen peroxide are the antimicrobial and
antibiofilm components in Manuka honey [7]. Medical-grade honey has proven immunomodulatory
properties that facilitate wound repair [7].

Our hypothesis is that medical grade Manuka honey would have comparable bactericidal effect
to PHMB ( +/- hypertonic saline) and would have better bactericidal effect when compared to
commercial, food-grade honey and raw, local honey.

2. Materials and Methods

Bacterial isolates for testing were from the American Type Culture Collection (ATCC)
(Pseudomonas aeruginosa, Escherichia coli, and methicillin-resistant Staphylococcus aureus) and from an
equine sample submitted to the Colorado State Veterinary Diagnostic Laboratory (Streptococcus equi
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ssp. zooepidemicus (Streptococcus zooepidemicus)). Isolates were grown on trypticase soy agar plates with
5% sheep red blood cells overnight at 37°C and isolated colonies were suspended in phosphate
buffered saline to a 0.5 McFarland standard using the BBL™ Prompt™ inoculation system (BD). This
resulted in a concentration of bacteria at approximately 1.5 x 108 colony forming units per ml. Test
materials included sterile gauze with 20% hypertonic saline, hypertonic saline with PHMB gauze,
silver sulfadiazine cream, PHMB gauze, PHMB foam, raw local honey, commercial, food-grade
honey, and medical-grade Manuka honey. A solution of 20% hypertonic sugar was used as control
for the honey to assess if hypertonicity was responsible for any antimicrobial activity that might be
observed.

Antimicrobial susceptibility testing. Two dilutions of each bacterial species were used to
determine the MIC and MBC with challenge doses of bacteria. The 0.5 McFarland solution was used
undiluted and was diluted with Mueller Hinton Broth to reach approximately 105 CFU/ml. To
determine the minimum inhibitory concentration (MIC) a constant volume of 50 microliters of the
bacterial dilution was added to doubling dilutions of each antimicrobial treatment at a constant
volume of 100 microliters (diluted in 0.9% saline) in a 96 well plate. The plates were covered and
incubated overnight at 37°C. After incubation, the plates were read visually for the minimum
concentration of the drug that was required to inhibit visual growth of the organism. To determine
the minimum bactericidal concentration (MBC) all wells of the incubated plate that had no visible
bacterial growth were subcultured to trypticase soy agar plates with 5% sheep red blood cells and
incubated overnight at 37 degrees Celsius. The minimum concentration of antimicrobial that allowed
no bacterial growth on subculture was recorded.

Due to the opacity of SSC, it was not possible to interpret any reduction of bacterial growth in
the 96 well plate, therefore, no MICs could be determined. To observe MBC based on 80% reduction
of growth, a lawn of each bacterial species was made on individual sheep blood agar plates, 10
microliters of each dilution of SSC was pipetted onto the agar plates, and incubated overnight at 37°C.
The zone of inhibition, a circular area around the antimicrobial where the bacteria does not grow, is
used to measure susceptibility of the bacteria to the antimicrobial [9]. The amount of growth in the
zone of inhibition was recorded for each bacterial species.

3. Results

Total sample numbers are based on two dilutions of each bacteria, four organisms tested, 10
treatment antimicrobials and 10 replicates for MIC and MBC.

Table 1-Minimum inhibitory concentration of each wound dressing represented in the columns
with each bacterial species at either 105 or 108 CFU/mL on the rows. The dilution of antimicrobial that
resulted in no visible growth of bacteria in a 96 well plate is the minimum inhibitory concentration
for that antimicrobial with a given bacterial species. 1:1= original concentration of antimicrobial, 1:2
= 50% of the original concentration, 1:4= 25% of the original concentration. The percentages next to
dilutions are the percent of samples where bacterial growth was inhibited for a given dilution out of
10 replicates. NE= Not examined. MIC for 20% Saline + PHMB and SSC was examined for each
bacterial species at 108 CFU/mL only. The MIC for SSC was not able to be visualized due to the opacity
of SSC.
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Table 1. Minimum Inhibitory Concentrations.

Minimum Inhibitory Concentration
Bacteria/Concentration Manuka Honey Store Local PHMB PHMB Sterile 20% 20% 20% Saline 85C
Honey Honey Gauze Foam Gauze Sugar Saline +PHMB
Pseudomonas aeruginosa 10° 1l 1l 1l 12 I:1 11 L1 11 NE NE
Pseudomonas aeruginosa 10/ Il 11 B T4 (30%) 1:1 11 11 11 1:2 NE
1:2(10%)
Staphylococeus aureus 10 11 11 [H] 1:16 1:8 (80%) 11 L1 (B} NE NE
1:4 (20%)
Staphylococcus aureus 10 Il Il LT JE] 1:8 (45%) L1 11 Il 12 NE
1:4(55%)
Escherichia coli 10 T T T 132 (60%) 16 (@0%) T1 T T2 (50%) NE NE
1:16 (40%) 1:8 (60%) 1:1 (20%)
Escherichia coli 10 Il (8] Il 12 134 (70%) i1 i1 (B} 14 NE
1:2 (30%)
SIreplococcis ega, TZ(30%) TZ(0%) T2 (50%) T:64 (30%) T32(0%) T2(10%) T TI NE NE
ssp. zeeridemigus 10° 1:1 (20%) 1:1 (70%) 11 (20%) 1:32 (50%) 1:16 (30%) 1:1 (90%)
1:16 (20%)
Streptococcus g, T T T 1216 (10%) 16 (10%) Tl T T 7] NE
ssp. rneridemiciss, | 0F 1:8 (30%) 1:8 (30%)
1:4 (60%) 1:4 (60%)
1:1= original of ial, 1:2 = 50% original 14 = 25% original concentration elc.,

(%) = Percent of samples where bacteria were inhibited at the dilution listed.

Table 2 - Minimum bactericidal concentration of each wound dressing represented in the
columns with each bacterial species at either 105 or 108 CFU/mL on the rows. The dilution of
antimicrobial that resulted in no visible bacterial growth when subcultured to trypticase soy agar
plates with 5% sheep red blood cells is the minimum bactericidal concentration for that antimicrobial
with a given bacterial species. 1:1= original concentration of antimicrobial, 1:2 = 50% of the original
concentration, 1:4= 25% of the original concentration. The percentages next to dilutions are the
percent of samples where bacterial growth was inhibited for a given dilution out of 10
replicates. NE= Not examined. MBC for 20% Saline + PHMB and SSC was examined for each
bacterial species at 108 CFU/mL only. No MBC means that growth was visible on all agar plates when
sub-cultured and incubated overnight at 37°C.

Table 2. Minimum Bactericidal Concentrations.

Minimum Bactericidal Concentration
Bacteria/Concentration Manuke Foney | Store Honey | Local Honey FHAMB Gauze FHMB Foam | Sterile Gauze | 20% Sugar 20% 20% Saline SSC
Saline +PHMB
Prewdomonas acruginosa 107 No MBC No MBC T T (78%) TT No MBC No MBC T NE NE
12 (11%)
1:1(11%)
Preudomonas aeruginosa 107 No MBC No MBC 1 T2 (78%) T No MBC No MBC 4 12
111 (22%)
Staphylococcus aureds 10 No MBC No MBC T T8 (50%) T4 (80%) T No MBC T NE NE
1:4 (40%) 1:2 (20%)
1:2(10%)
Siaphylococcus awrews 107 No MBC No MBC No MBC T4 (20%) T2 (89%) T No MBC No MBC T4 T
12 (57%) 1:1 (11%)
1:1 (14%)
Escherichia coli 10 No MBC No MBC T T32 (60%) T8 (60%) T No MBC T NE NE
1:16 (30%) 1:4 (40%)
1:8 (10%)
Escherichia coli 10 NoMBC No MBC No MBC T2 (90%) T4 (70%) No MBC No MBC NoMBC TA(I00%) TT
1:1(10%) 1:2 (40%) 1:2 (70%)
1:1 (20%) 1:1 (10%)
Streplocaccis gassp- ewias 10 TT TZ(10%) TZ(10%) T4 (10%) T32(10%) T T1 T2 (20%) NE NE
1:1 (90%) 121 (90%) 1:32 (30%) 1:16 (20%) 1:1 (80%)
1:16 (40%) 18 (50%)
1:8 (20%) 1:4 (20%)
Sireplacaceus epssp. ey 107 TT I 6} T16 (10%) TI6(10%) T TI TZ (20%) IE] T
1:8 (30%) 18 (30%) 1:1 (80%)
1:4 (60%) 1:4 (50%)
1.1(10%)
1.1~ original ofant: ial, 1:2 = 50% original ion, 14 - 25% original concentration, clc.,

(%) = Percent of samples where bacteria were killed at the dilution listed.

MIC and MBC for Manuka, store, and local honeys were comparable to those of sterile gauze,
sugar, and hypertonic saline, at 1:1 to 1:2 for all bacterial species tested. Across bacterial species, local
honey proved to have more bactericidal activity when compared to Manuka and commercial, food-
grade honey. Local honey had an MBC at a dilution of 1:1 for Pseudomonas aeruginosa and
Staphylococcus aureus (105 CFU/mL) while commercial, food-grade honey and Manuka honey had
no MBC, which means there was visible growth on all subcultures. Manuka honey and commercial,
food-grade honey had an MBC for Streptococcus zooepidemicus, ranging from 1:1 (90-100% of
samples depending on isolate) to 1:2 (10% of samples).
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MIC and MBC for PHMB gauze and foam was variable between different bacterial species and
proved to have a stronger bactericidal and inhibitory effect on Escherichia coli and Streptococcus
zooepidemicus than on Staphylococcus aureus and Pseudomonas aeruginosa. The MIC and MBC for
PHMB gauze and foam was consistently at a higher dilution compared to the other antimicrobials.
The majority of antimicrobials exhibited stronger inhibitory and bactericidal activity against a
Streptococcus zooepidemicus isolate that was obtained from a wound compared to the other
organisms that were ATCC lab acclimated. PHMB gauze had bactericidal effects against
Streptococcus zooepidemicus (10° CFU/mL) at a dilution of 1:64 for 10% of samples, significant
bactericidal effects were found in 40% of samples at a dilution of 1:16. MBC of other bacterial species
tested was at dilutions of 1:1 to 1:8 for both PHMB gauze and PHMB foam. PHMB gauze and foam
had MBCs ranging from 1:1 to 1:64 while the other antimicrobials had MBCs of 1:1 to 1:4 across
bacterial species tested. PHMB gauze + 20% hypertonic saline had lower bactericidal effect than
PHMB gauze or foam alone, with MBCs ranging from 1:1 to 1:4 depending on the isolate

4. Discussion

Results of the present study suggested that PHMB gauze and foam has superior bactericidal
effect when compared to hypertonic saline, PHMB + hypertonic saline, SSC, Manuka honey, local
honey, and commercial, food-grade honey. It is interesting that the PHMB + hypertonic saline did not
perform as well as the PHMB gauze or foam, possibly due to further dilution of PHMB with the
hypertonic saline. Most antimicrobials exhibited stronger inhibitory and bactericidal activity with
Streptococcus zooepidemicus that was obtained from an equine wound compared to the other
organisms that were ATCC lab acclimated. There could be differences between wild type and lab
acclimated bacteria that result in greater antimicrobial susceptibility in wild-type bacteria, but the
mechanism is unknown. A comparative study of bacterial reduction using ATCC and wild type
bacteria from the same species could help answer this question. Each bacterial species was tested
with PHMB gauze and foam, hypertonic saline, Manuka honey, local honey, and commercial, food-
grade honey at 105 and 108 CFU/mL because these represent typical bacterial counts in contaminated
wounds. Testing for SSC and PHMB + hypertonic saline wound dressings was only against bacteria
at 108 CFU/mL.

Interestingly, local honey appeared to have improved bactericidal effect against all bacterial
species compared to commercial, food-grade and Manuka honey. Perhaps there are antimicrobial
properties in raw, local honey that are destroyed in the filtering and pasteurization process that
commercial, food-grade and medical grade honey go through. The concern with using local, raw
honey on a wound involves not knowing all of the components that are present. Local honey could
have contamination with pesticides, antibiotics, and bacterial or fungal spores [10]. These potential
contaminants could impact the wound healing process and have negative side effects.

Antimicrobial properties of honey in general include hypertonicity, low pH, and hydrogen
peroxide production, but these properties are negligible with dilution [4]. Phenolics are compounds
found in honey that act as antioxidants and contribute to anti-inflammatory and healing properties
of honey [11]. Honey aids autolytic debridement and promotes growth of healthy granulation tissue
[12]. This selective destruction of bacterial cells is what separates honey from many of the other
topical antimicrobials, which have some inherent cytotoxic effects. By inadvertently destroying the
healthy cells that are trying to re-populate in the wound bed, wound healing is actually slowed with
some topical products. A study comparing SSC and honey in vivo found honey to result in reduction
of early inflammatory signs, better control of infection, and quicker wound healing when compared
to SSC [12].

It was discovered that Manuka honey maintains its antimicrobial effect even with dilution and
has “non-peroxide activity” due to a compound called methyl glyoxal (MGO) [11]. MGO results from
the spontaneous dehydration of its precursor dihydroxyacetone (DHA), a naturally occurring
phytochemical found in the nectar of flowers of Leptospermum scoparium, Leptospermum
polygalifolium, and some related Leptospermum species native to New Zealand and Australia [11].
There is no evidence of damage to host cells, however the mechanism behind this selective toxicity
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to bacterial cells is not understood [11]. Manuka honey has been tested in vitro against many types
of skin and wound pathogens, and notably, shows efficacy against multi-drug resistance (MDR)
bacterial phenotypes and bacteria in biofilms [11]. Medical grade Manuka honey has proven efficacy
and is tested to be free of contaminants and then pasteurized to ensure the product is safe for medical
use [13].

This study had some inherent limitations, one of which is that a wound bed is a complex
environment that is not easily replicated in vitro. The wound microenvironment contains peripheral
blood (red blood cells, lymphocytes, macrophages, neutrophils), growth factors, fibroblasts, necrotic
tissue, contamination with debris and multiple types of bacteria, fungus, and yeast [14]. The many
components that are present in a wound cannot be easily replicated in a laboratory setting. If the
natural wound environment were replicated, this would result in more variables when completing a
study of bacterial reduction and would naturally confound results. While it is understood that
infection delays wound healing, bacterial reduction cannot be directly correlated with faster wound
healing due to the dynamic nature of the wound microenvironment. One major benefit to honey is
that it maintains a moist wound environment. Moisture is known to help prevent tissue dehydration,
cell death, accelerates angiogenesis, increases breakdown of necrotic tissue and fibrin, and potentiates
interaction of growth factors with target cells [15]. These positive properties cannot be observed in
vitro. Honey also provides a protective barrier with high viscosity that could help prevent new
infections and associated inflammation [4]. These properties of moisture and viscosity contribute to
the positive wound healing effects of honey, but these properties could not be fully considered in this
study.

5. Conclusions

Proper topical wound management is essential to reduce side effects of systemic antimicrobials,
speed healing, and reduce antimicrobial resistance. We were interested in studying different types of
honey when compared to more commonly used wound dressings (PHMB, SSC, Hypertonic saline).
Honey seems to have fewer cytotoxic effects and has bactericidal properties that would improve
wound healing. Honey also maintains a moist wound environment, which we know is vital to proper
healing. Our data showed that MIC and MBC for Manuka, store, and local honeys were comparable
to those of sterile gauze, sugar, and hypertonic saline, at 1:1 to 1:2 for all bacterial species tested. Local
honey proved to have more bactericidal activity when compared to Manuka and commercial, food-
grade honey across all bacterial species tested. The MIC and MBC for PHMB gauze and foam was
consistently at a higher dilution compared to the other antimicrobials. The majority of antimicrobials
exhibited stronger inhibitory and bactericidal activity against a Streptococcus zooepidemicus isolate
obtained from a wound compared to other bacteria that were ATCC lab acclimated.

The data we gathered showed that PHMB gauze and foam outperformed other wound dressings
when it comes to MBC and MIC. The surprising findings were that local honey also out-performed
store-bought and medical grade Manuka honey. We cannot recommend using local honey or store-
bought honey in-vivo due to the risk for contamination. We hope the data we gathered can help spark
additional research regarding efficacy of wound dressings for different bacterial isolates. Additional
research in the chemical composition and contaminants in local honey compared to store-bought or
medical grade Manuka honey would be interesting. Additional research comparing wild type and
ATCC lab acclimated bacterial isolates is needed to discern whether differences in antimicrobial
susceptibility exist. Based on our data, honey is similar in efficacy to hypertonic saline so depending
on the wound environment and need for debridement, then practitioners may be able to replace
hypertonic saline with medical-grade Manuka honey in some circumstances. An in vivo study would
help determine the wound healing capabilities of honey compared to commonly used wound
dressings like PHMB gauze and foam, SSC, and hypertonic saline. While a prospective controlled
study would provide less variability, the animal welfare concerns associated with a prospective
wound study would not be acceptable to equine practitioners in the field.
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