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Abstract

Yeast infections such as otitis externa and seborrheic dermatitis in dogs and cats are frequently 
associated with Malassezia pachydermatis secondary infection. It is part of the normal cutaneous 
microflora of most warm-blooded vertebrates, however, under certain conditions, it can become 
a causative agent of infection that needs to be treated pharmacologically. Azole derivatives are  
the drugs of the first choice. An interesting trend in developing resistance is the use of natural 
substances, which include manuka honey with confirmed antimicrobial properties. The main  
intention of this research was to evaluate the mutual effect of manuka honey in combination with 
four conventional azole antifungals – clotrimazole, fluconazole, itraconazole, and miconazole – 
on 14 Malassezia pachydermatis isolates obtained from dogs and 1 reference strain. A slightly 
modified M27–A3 method (CLSI 2008) and the checkerboard test (Nikolić et al. 2017) were  
used for this purpose. Our results show an additive effect of all 4 antifungals with manuka honey 
concurrent use. Based on the determined values of fractional inhibitory concentration index  
(FICI – 0.74±0.03 when manuka honey combined with clotrimazole, 0.96±0.08 with fluconazole, 
1.0±0 with miconazole and 1.16±0.26 with itraconazole), it was found in all cases that the effect 
of substances used is more pronounced in mutual combination than when used separately.
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Introduction

Malassezia pachydermatis is a commensal and  
occasional opportunistic yeast that is isolated from the 
skin of wild and domestic carnivores. It is a lipophilic 
yeast that colonizes the skin and mucous membranes. 
M. pachydermatis is a common secondary factor  
of otitis externa and can also lead to secondary  
Malassezia dermatitis for example in atopy. Such a dis-
eases are common in dogs and less frequent in other 
animals (Angileri et al. 2019, Schlemmer et al. 2019, 

Cabanes 2021). The transition from commensal to 
pathogen is frequent in dogs in particular, and in cats  
to a lesser extent, so, cases of Malassezia otitis externa 
and dermatitis are commonly presented to veterinarians 
in small animal practice (Guillot and Bond 2020).

Malassezia dermatitis and otitis with secondary 
Malassezia infection usually require treatment with 
azole antimycotics for prolonged periods mostly com-
bined with antibiotics (in case of intercurrent bacterial 
infection) and anti-inflammatory drugs (Bond 2010, 
Velegraki et al. 2015). More studies report the occur-
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rence of strains that are resistant or less susceptible  
to azole antifungals (Bond 2010, Angileri et al. 2019), 
therefore it is appropriate to look for other therapy  
options. In the last decades, a popular possibilities are 
natural products – plant extracts, essential oils or their 
components, which are often part of medicinal prepara-
tions with an antifungal effect. Another attractive option 
is the use of honey, especially the manuka honey.

Manuka honey (MH) has been shown to have  
numerous therapeutic properties. It is produced by the 
European honeybee Apis mellifera which forages on  
the manuka tree (Leptospermum scoparium) that grows 
throughout New Zealand and south-eastern Australia 
(Masad et al. 2022). Manuka honey is a well-estab-
lished antimicrobial, with a broad spectrum of activity 
that is attributed to the presence of methylglyoxal  
(Nolan et al. 2019). The presence of organic acids, phe-
nolic acid, enzymes and bioactive peptides in honey 
contributes to a pronounced capacity of honey to cure 
and treat diseases of various etiologies. Manuka honey, 
compared to other honeys, shows a higher number  
of polyphenolic compounds and even higher antioxi-
dant capacity (Bazaid et al. 2022). The established anti-
microbial potential of MH has resulted in the develop-
ment of various medical grade honeys and has been 
further explored for its synergistic activity alongside 
antibiotics. Manuka honey is known for its wound-heal-
ing, anti-microbial, anti-oxidant, anti-tumor and anti- 
diabetic properties (Bazaid et al. 2022, Nolan et al. 
2022a).

The aim of our work was to estimate the antifungal 
efficacy of manuka honey in combination with conven-
tional azole antifungals (clotrimazole, fluconazole, 

itraconazole, and miconazole) on Malassezia pachyder-
matis yeast isolates obtained from dogs with confirmed 
mycosis.

Materials and Methods

Isolates used 

The study was performed on 14 clinical isolates  
of M. pachydermatis and one reference strain –  
M. pachydermatis CBS 1879 (CBS Utrecht, Holland). 
Samples of isolates were collected at various veterinary 
clinics of eastern Slovakia from 14 dogs of different 
breeds, genders and ages ranging from 3 months to 11 
years (Table 1). All the samples were taken as a swab  
of external auditory canal from dogs with confirmed 
yeast otitis. 

The species affiliation was verified on the basis  
of phenotypic (macroscopic and microscopic) and  
genotypic characteristics (PCR-RFLP). 

Preparation of the inoculum 

Each sample was inoculated onto a Sabouraud  
dextrose agar with chloramphenicol – SDA (HiMedia, 
Laboratories Pvt., Ltd., Mumbai, India) on a Petri dish 
at 35°C for 72 hours. As a control, the reference strain 
of M. pachydermatis CBS 1879 was used and processed 
in the same manner as the isolates.

After that time, about 2–3 colonies of M. pachyder-
matis isolates and reference strain were dispersed  
in a sterile physiological solution containing 0.1% 
Tween 80 to form suspension containing 106 CFU/mL, 

Table 1. Data on dogs and ear-samples used. 

No. Gender Breed Age Note

1 ♀ Yorkshire Terrier 6 years erythemato-ceruminous otitis

2 ♂ Hungarian Vizsla cross 4 years erythemato-ceruminous otitis

3 ♂ Bichon Frise 8 years erythemato-ceruminous otitis, changes on the skin

4 ♀ Labrador Retriever 3 years erythemato-ceruminous otitis

5 ♂ Cross breed 4 years erythemato-ceruminous otitis

6 ♀ Border Terrier 6 years erythemato-ceruminous otitis

7 ♂ Cross breed 11 years erythemato-ceruminous otitis

8 ♂ Cocker Spaniel 4 years erythemato-ceruminous otitis

9 ♂ Dachshund 1 years erythemato-ceruminous otitis

10 ♀ Pug 3 years erythemato-ceruminous otitis

11 ♀ Pug 3 years erythemato-ceruminous otitis

12 ♂ Cavalier King Charles Spaniel 7 years erythemato-ceruminous otitis

13 ♂ Newfoundland dog 11 years erythemato-ceruminous otitis

14 ♂ Yorkshire Terrier 3 months erythemato-ceruminous otitis
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which corresponds to 1.0 McFarland’s unit. This sus-
pension was subsequently diluted with Sabouraud  
dextrose broth containing Tweens 40 and 80 – SBT  
(HiMedia, Laboratories Pvt., Ltd., Mumbai, India) until 
the final concentration of 104 CFU/mL was reached, 
and further used in the following experiment. 

Preparation of substances tested 

Manuka honey has been procured as a mass-pro-
duced preparation of brand name Activon tube (Advan-
cis Medical, United Kingdom). It contains 25 g of pure 
manuka honey of medicinal quality from New Zealand. 
According to the manufacturer’s recommendations,  
it is intended for external use, primarily for the treat-
ment of oozing and difficult-to-heal infected wounds 
and necrotic tissue. The product is originally filtered 
and sterilised, making it suitable for application to 
wounds.

Azole antimycotics, namely clotrimazole, fluco-
nazole, itraconazole and miconazole were purchased  
as pure substances for laboratory use (Sigma Aldrich, 
Schnelldorf, Germany). 

A 96-well, U-shaped bottom microtiter plates  
(Merck KGaA, Darmstadt, Germany) were required  
to prepare the microdilution broth assay. Two-fold dilu-
tions of selected antifungals in SBT (50 μL in each 
well) were performed on them, reaching the concentra-
tions from 64 – 1 μg/mL (columns 1 – 7). Column 8  
was free of antifungal, it served only for MH solution 
and column 9 was a negative control, containing  
no isolate, whereas column 10 was a positive control, 
containing no tested compound. The MH was diluted  
in test tubes containing SBT to concentrations from  
800 – 12.5 mg/mL. A concentration gradient of MH was 
then added into wells (rows A – G) to the antifungals 
situated in columns of the plate, diluting these solutions 
in half and the microplates thus prepared were ready  
to add the inoculum. Row H was free of MH, that is,  
it contained just the concentration gradient of antifun-
gals. 

MICs determination of tested compounds 

The susceptibility of M. pachydermatis yeast cells 
to tested substances was determined by a partially  
modified M27–A3 method (CLSI, 2008) and the mutual 
effect of them (synergistic, additive, indifferent and  
antagonistic) was evaluated using the checkerboard test 
(Nikolić et al. 2017).

Microtiter plates, the preparation of which is men-
tioned in the previous section, were subsequently used 
for this purpose. To each well ranging from columns  
1 – 10 (except for 9) and from rows A – H, 100 μL  
of inoculum were added, which led to second dilution 

of microplates content. So the final concentration  
of the tested substances corresponded to the following 
values: 16 – 0.25 μg/mL for each azole antimycotic  
and 200 – 3 mg/mL for MH, respectively. One micro-
plate served for 1 isolate and one combination of anti-
fungal agent with MH, so 64 plates were needed  
(4 combinations, 14 isolates and 1 reference strain tested 
in duplicate). Samples were incubated for 72 hours  
at 35°C and then the minimal inhibitory concentrations 
(MIC) were evaluated. For better visualization, 0.15% 
solution (10 μL) of resazurin dye was added for 12 
hours. A checkerboard method (Nikolić et al. 2017) 
with slight modifications was used to evaluate the  
mutual effect of MH combined with azole antifungals. 
The mutual effects were evaluated on the base of frac-
tional inhibitory concentration index (FICI). The FICI
 is defined by relation:

 
, where  

MIC1 is the MIC of antimycotic alone, FIC1 is the MIC 
of antimycotic combined, MIC2 is the MIC of the MH 
alone, FIC2 is the MIC of the MH combined. The re-
sults were interpreted as follows: FICI≤0.5 indicates the 
synergistic effect, FICI>0.5<2 indicates the additive ef-
fect, FICI≥2<4 indicates the indifferent effect and 
FICI>4 indicates the antagonistic effect. 

Statistical analysis 

The results of the MICs, FICs and FICIs were  
evaluated by the MS Excel statistical functions – mini-
mum and maximum value (min – max), average (x), 
standard deviation (SD), median (Me) and mode (Mo). 
The statistical significance was assessed by the statisti-
cal program GraphPad Prism 5.0 (GraphPad software 
Inc. CA, USA) by using an unpaired t-test. 

Results

In this study, the effectiveness of 4 azoles combined 
with manuka honey was tested on 14 isolates and  
1 reference strain of M. pachydermatis. Table 2 shows 
the results of MIC values of clotrimazole combined 
with MH and their statistical analysis. It is obvious,  
that FIC of both, clotrimazole (2.14 μg/mL) and MH 
(82.14 mg/mL) was 2 – 4-times lower compared to their 
MIC (p<0.0001), that is, their interaction caused a sup-
portive effect. This is also proven by the FICI value 
(0.62 – 0.75), which, based on the interpretation criteria 
mentioned above, corresponds to an additive effect. 

Similar findings are also documented in Table 3, 
where, as can be seen, the combined effect of fluco-
nazole with MH showed an encouragement. In this  
instance, although the mutual effect is additive, the FICI 
value (0.62 – 1) is slightly higher, which indicates  
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Table 3. Minimal and fractional inhibitory concentrations of fluconazole combined with manuka honey.

Substance Fluconazole (μg/mL) Manuka honey (mg/mL)
Parameter Alone (MIC1) Combined (FIC1) Alone (MIC2) Combined (FIC2) FICI

Isolates of M. pachydermatis, n=14 
min. – max.
x
SD
Mo
Me

4 – 8 
6
2
8
6

1 – 4 
2.78*
1.08

2
2

100 – 200 
185.71
34.99
200
200

50 – 100 
92.85*
17.49
100
100

0.62 – 1
0.96
0.08

1
1

M. pachydermatis CBS 1879, n=2
min. – max.
x
SD
Mo
Me

8
8
0
8
8

4
4*
0
2
2

200
200
0

200
200

100
100*

0
100
100

1
1
0
1
1

Abbreviations:  x – average, SD – standard deviation, Mo – mode, Me – median, FICI – fractional inhibitory concentration index, * p<0.0001

Table 4. Minimal and fractional inhibitory concentrations of itraconazole combined with manuka honey.

Substance Itraconazole (μg/mL) Manuka honey (mg/mL)
Parameter Alone (MIC1) Combined (FIC1) Alone (MIC2) Combined (FIC2) FICI

Isolates of M. pachydermatis, n=14 
min. – max.
x
SD
Mo
Me

1 – 2 
1.57
0.49

2
2

0.5 – 1 
0.89*
0.38

1
1

100 – 200 
178.57
41.03
200
200

50 – 100 
100*
32.73
100
100

0.75 – 1
1.16
0.26

1
1

M. pachydermatis CBS 1879, n=2
min. – max.
x
SD
Mo
Me

2 
2
0
2
2

1
1*
0
1
1

200
200
0

200
200

100
100*

0
100
100

1
1
0
1
1

Abbreviations:  x – average, SD – standard deviation, Mo – mode, Me – median, FICI – fractional inhibitory concentration index, *  p<0.0001

Table 2. Minimal and fractional inhibitory concentrations of clotrimazole combined with manuka honey. 

Substance Clotrimazole (μg/mL) Manuka honey (mg/mL)
Parameter Alone (MIC1) Combined (FIC1) Alone (MIC2) Combined (FIC2) FICI

Isolates of M. pachydermatis, n=14 
min. – max.
x
SD
Mo
Me

8 – 16
9.14
3.83

8
8

1 – 4 
2.14*
0.83

2
2

100 – 200 
164.28
47.91
200
200

50 – 100 
82.14*
23.95
100
100

0.62 – 0.75
0.74
0.03
0.75
0.75

M. pachydermatis CBS 1879, n=2 
min. – max.
x
SD
Mo
Me

8
8
0
8
8

2
2*
0
2
2

200
200
0

200
200

100
100*

0
100
100

0.75
0.75

0
0.75
0.75

Abbreviations: x – average, SD – standard deviation, Mo – mode, Me – median, FICI – fractional inhibitory concentration index,  
* – p<0.0001 
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a slight decrease in the efficiency of combination  
used. The average value of the fluconazole´s minimum 
inhibitory concentration decreased from 6 μg/mL  
to 2.78 μg/mL and the amount of MH required to inhi- 
bit the growth of M. pachydermatis decreased from 
185.71 mg/mL to 92.85 mg/mL (p<0.0001).

As shown in the Table 4, the mutual effect of 
itraconazole with MH is once again very similar to both 
clotrimazole and fluconazole combined with MH.  
The FICI values (0.75 – 1) are indistinctly higher than 
the previous one, which still points to an additive effect. 
Still though the average inhibitory concentration both 
of itraconazole and MH are higher when substances 
were used separately (1.57 μg/mL and 178.57 mg/mL) 
than when these were used in combination (0.89 μg/mL 
and 100 mg/mL, p<0.0001).

Inconspicuous differences occurred with micona- 
zole, which seemed better when combined with MH. 
It’s average values of MIC were lowered from  
1.5 μg/mL to 0.75 μg/mL. The same applies to MH, 
whose MIC dropped by about half (150 mg/mL  
to 75 mg/mL, p<0.0001). Based on the FICI values (1), 
the mutual effect of tested substances was additive  
(Table 5). 

Discussion

Manuka honey attracts the attention of scientists  
for its biological properties. These are the result of the 
presence of significant components. The major flavo-
noids in manuka honey are pinobanksin, pinocembrin 
and chrysin, while luteolin, quercetin, 8-methoxykae-
mpferol, isorhamnetin, kaempferol and galangin have 
been also identified in minor concentration. Other  
constituents of interest are different 1, 2-dicarbonyl 
compounds, such as glyoxal (GO), 3-deoxyglucosulose 

(3-DG) and methylglyoxal (MGO) (Alvarez-Suarez  
et al. 2014).

Many significant effects of MH are documented  
in the scientific papers, starting with antioxidant, anti-
bacterial, antiviral and ending with immunomodulat-
ing, anticancer or antidiabetic properties. It has been  
published that the marked antibacterial activity of MH 
directly originates from the contained MGO (Mavric  
et al. 2008).

The typical bacterial species which have been found 
to be sensitive to MH are Gram-positive (Streptococcus 
pyogenes, Streptococcus agalactiae, Streptococcus  
mutans, Streptococcus sobrinus, Staphylococcus aureus, 
Methicillin-resistant Staphylococcus aureus, Staphylo-
coccus, Enterococcus spp., Actinomyces viscosus)  
and Gram-negative bacteria (Stenotrophomonas malto-
philia, Acinetobacter baumannii, Salmonella typhi, 
Pseudomonas aeruginosa, Proteus mirabilis, Shigella 
flexneri, Shigella sonnei, Escherichia coli, Enterobacter 
cloacae, Klebsiella pneumoniae, Burkholderia cepacia, 
Helicobacter pylori, Porphyromonas gingivalis,  
Campylobacter spp.) (Alvarez-Suarez 2014). The sen-
sitivity of several micromycetes (e.g. Lichtheimia sp., 
Aspergillus flavus, Aspergillus fumigatus, Aspergillus 
terreus, Mucor circinelloides, Fusarium oxysporum, 
Exophiala sp., Apophysomyces sp., Actinomucor elegans) 
was also proven (Yabes et al. 2017).

Interesting findings concern the use of MH in combi- 
nation with antibiotics. The potentiating effect of these 
substances by MH was found. The improved growth  
inhibition and bactericidal activity was observed for  
4 various manuka honeys (differentiated on the basis  
of MGO content) in combination with macrolide anti- 
biotic azithromycin against Mycobacterium abscessus 
strains. The growth was inhibited by 0.037 g/mL  
manuka honey when used alongside azithromycin, 

Table 5. Minimal and fractional inhibitory concentrations of miconazole combined with manuka honey.

Substance Miconazole (μg/mL) Manuka honey (mg/mL)
Parameter Alone (MIC1) Combined (FIC1) Alone (MIC2) Combined (FIC2) FICI

Isolates of M. pachydermatis, n = 14 
min. – max.
x
SD
Mo
Me

1 – 2 
1.5
0.5
1

1.5

0.5 – 1 
0.75*
0.25
0.5
0.75

100 – 200 
150
50
200
150

50 – 100 
75*
50
100
75

1
1
0
1
1

M. pachydermatis CBS 1879, n = 2
min. – max.
x
SD
Mo
Me

1
1
0
1
1

0.5
0.5*

0
0.5
0.5

100
100
0

100
100

50
50*
0
50
50

1
1
0
1
1

Abbreviations: x – average, SD – standard deviation, Mo – mode, Me – median, FICI – fractional inhibitory concentration index,  
* – p<0.0001
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compared to 0.476 g/mL when used alone. MIC of  
azithromycin used alone was 4 μg/mL, however, MIC 
of azithromycin combined with MH was 1 μg/mL  
(Nolan et al. 2022a).

Moreover, MH works synergistically with amika-
cin, where it was shown that the addition of MH can 
lower the amikacin dosage whilst increasing its efficacy 
against Mycobacterium abscessus complex (Nolan  
et al. 2022b).

The synergy between MH and oxacillin has been 
ascertained by Jenkins and Cooper (2012). Growth  
of methicillin-resistant S. aureus (MRSA) was preven- 
ted by 0.25 mg/L oxacillin and 5% (w/v) MH in com-
parison to applying them separately (64 mg/L and 6%, 
respectively).

Additional results show that the MH–rifampicin 
combination is more effective than using oxacillin,  
fusidic acid, clindamycin, and gentamicin against  
S. aureus biofilms. MH and rifampicin were strongly 
synergistic in their ability to reduce both biofilm bio-
mass and the viability of S. aureus cells at a level that  
is likely to be significant in vivo. Other combinations 
showed a minor synergistic activity (MH–fusidic acid) 
and antagonistic effects when MH used in sub-inhibito-
ry concentration, but not antagonistic when MH used at 
the inhibitory concentration (MH–clindamycin, MH–
gentamicin and MH–oxacillin) (Liu et al. 2018). 

Several papers have already dealt with the effect of 
MH on Candida yeast. Although there are too few of 
them, nevertheless, Fernandes et al. (2020) found effec-
tiveness of MH on both planktonic and biofilm cells of 
Candida species (C. albicans, C. glabrata, C. parapsi-
losis and C. tropicalis). They verified that MH at 50% 
(w/v) induced inhibition of a range of pathogenic Can-
dida species in planktonic state. Comparing the mini-
mal inhibitory and minimal fungicidal concentration, C. 
tropicalis was the most susceptible to MH. Concerning 
24 h biofilms assays, for C. albicans, a significant re-
duction of the biofilm occurred as compared with con-
trol, after treatment with MH at 50%, however the ef-
fect on 48 h biofilms was obtained only at 75%. 

In a single study, the minimal fungicidal concentra-
tions of various topical preparations, including MH, 
were determined, among others, on M. pachydermatis. 
After all, the values were not detectable for MH at any 
dilution at either time point (Uri et al. 2016). 

Unfortunately, no article reports synergism studies 
with other compounds or antifungals on yeasts. In our 
study, we noted an additive effect of MH with all 4 an-
tifungals – clotrimazole, fluconazole, itraconazole and 
miconazole, respectively. M. pachydermatis planktonic 
cells, whether isolates or a reference strain, exposed to 
MH and the tested antifungals were more sensitive to 
their combined effect than to the effect of each agent 

applied separately. Some of the antifungals tested by us 
are also used topically in veterinary medicine (mi-
conazole, clotrimazole) and their use with MH seems 
theoretically advantageous. However, the practical im-
plementation is questionable, as the application of hon-
ey to the skin (Malassezia dermatitis and otitis) would 
be inconvenient, moreover, the sweet taste of honey 
would tempt dogs to lick the affected skin areas. Anoth-
er disadvantage could be the gluish consistency of hon-
ey, which would stick the dog hair, and ultimately, it´s 
scent would attract the insects. For this reason, it would 
be useful to research the antifungal effect of the compo-
nents (especially MGO) present in manuka honey.

Conclusion

From the presented work and the results obtained 
from our research, it can be seen that manuka honey, 
which is known to have proven antibacterial effects,  
is also effective against Malassezia pachydermatis 
yeast, at an average concentration of 150 mg/mL. More-
over, when used in combination with conventional 
azole antifungals used in practice – clotrimazole, fluco-
nazole, itraconazole and miconazole, it shows an addi-
tive effect.

Aknowledgements

This work was supported by the Slovak Research 
and Development Agency under the contract No. 
APVV-15-0377.

References

Alvarez-Suarez JM, Gasparrini M, Forbes-Hernández TY, 
Mazzoni L, Giampieri F (2014) The composition and  
biological activity of honey: A focus on manuka honey. 
Foods 3: 420-432.

Angileri M, Pasquetti M, De Lucia M, Peano A (2019) Azole 
resistance of Malassezia pachydermatis causing treat-
ment failure in a dog. Med Mycol Case Rep 23: 58-61. 

Bazaid AS, Alamri A, Almashjary MN, Qanash H,  
Almishaal AA, Amin J, Binsaleh NK, Kraiem J,  
Aldarhami A, Alafnan A (2022) Antioxidant, anticancer, 
antibacterial, antibiofilm properties and gas chromatogra-
phy and mass spectrometry analysis of manuka honey:  
A Nature’s Bioactive Honey. Appl Sci 12: 9928.

Bond R (2010) Superficial veterinary mycoses. Clin Dermatol 
28: 226-236. 

Cabañes FJ (2021) Diagnosis of Malassezia dermatitis and 
otitis in dogs and cats, is it just a matter of counting? Rev 
Iberoam Micol 38: 3-4. 

CLSI, Clinical and Laboratory Standards Institute (2008) 
M27–A3: Reference method for broth dilution antifungal 
susceptibility testing of yeasts; approved standard.  
3rd ed., USA: Wayne, PA.



263Efficacy of manuka honey with conventional antifungals ...

Fernandes L, Ribeiro H, Oliveira A, Sanches Silva A, Freitas 
A, Henriques M, Rodrigues ME (2020) Portuguese  
honeys as antimicrobial agents against Candida species.  
J Tradit Complement Med 11: 130-136.

Guillot J, Bond R (2020) Malassezia yeasts in veterinary  
dermatology: An updated overview. Front Cell Infect  
Microbiol 10: 79.

Jenkins RE, Cooper R (2012) Synergy between oxacillin and 
manuka honey sensitizes methicillin-resistant Staphylo-
coccus aureus to oxacillin. J Antimicrob Chemother  
67: 1405-1407. 

Liu MY, Cokcetin NN, Lu J, Turnbull L, Carter DA, 
Whitchurch CB, Harry EJ (2018) Rifampicin-manuka 
honey combinations are superior to other antibiotic- 
-manuka honey combinations in eradicating Staphylococ-
cus aureus biofilms. Front Microbiol 8: 2653. 

Masad RJ, Nasser RA, Bashir G, Mohamed YA, Al-Sbiei A, 
Al-Saafeen BH, Fernandez-Cabezudo MJ, Al-Ramadi BK 
(2022) Characterization of immunomodulatory responses 
induced by manuka honey. Front Immunol 13: 1020574. 

Mavric E, Wittmann S, Barth G, Henle T (2008) Identification 
and quantification of methylglyoxal as the dominant  
antibacterial constituent of manuka (Leptospermum  
scoparium) honeys from New Zealand. Mol Nutr Food 
Res 52: 483-489. 

Nikolić MM, Jovanović KK, Marković TL, Marković DL, 
Gligorijević NN, Radulović SS, Kostić M, Glamočlija JM, 
Soković MD (2017) Antimicrobial synergism and cyto-
toxic properties of Citrus limon L., Piper nigrum L. and 
Melaleuca alternifolia (Maiden and Betche) Cheel essen-
tial oils. J Pharm Pharmacol 69: 1606-1614.

Nolan VC, Harrison J, Cox JA (2019) Dissecting the antimi-
crobial composition of honey. Antibiotics (Basel) 8: 251. 

Nolan VC, Harrison J, Cox JA (2022a) Manuka honey  
in combination with azithromycin shows potential for  
improved activity against Mycobacterium abscessus.  
Cell Surf 8: 100090. 

Nolan VC, Harrison J, Cox JA (2022b) In vitro synergy  
between manuka honey and amikacin against Mycobacte-
rium abscessus complex shows potential for nebulisation 
therapy. Microbiology (Reading) 168: 10.1099/mic. 
0.001237. 

Schlemmer KB, Jesus FP, Tondolo JS, Weiblen C, Azevedo MI, 
Machado VS, Botton SA, Alves SH, Santurio JM (2019) 
In vitro activity of carvacrol, cinnamaldehyde and thymol 
combined with antifungals against Malassezia pachyder-
matis. J Mycol Med 29: 375-377. 

Uri M, Buckley LM, Marriage L, McEwan N, Schmidt VM 
(2016) A pilot study comparing in vitro efficacy of topical 
preparations against veterinary pathogens. Vet Dermatol 
27: 152-e39.

Velegraki A, Cafarchia C, Gaitanis G, Iatta R, Boekhout T 
(2015) Malassezia infections in humans and animals: 
pathophysiology, detection, and treatment. PLoS Pathog 
11: e1004523.

Yabes JM, White BK, Murray CK, Sanchez CJ, Mende K, 
Beckius ML, Zera WC, Wenke JC, Akers K (2017)  
In vitro activity of manuka honey and polyhexamethylene 
biguanide on filamentous fungi and toxicity to human cell 
lines. Med Mycol 55: 334-343.


