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RESUMO  

 

O mel de grau médico é considerado uma opção eficaz e económica no tratamento de 

feridas infetadas. O mel manuka (MH) e um gel à base de mel (HBO) encontram-se 

disponíveis no mercado permitindo a prescrição de produtos seguros, sem antibióticos, 

eficazes e padronizados. 

Neste trabalho, o primeiro objetivo consistiu em determinar a metodologia de 

diagnóstico e tratamento das doenças dermatológicas causadas por Staphylococcus 

pseudintermedius e Malassezia pachydermatis em clínica de pequenos animais em Portugal. 

Inicialmente, demonstrámos que ambos os microrganismos causam frequentemente várias 

doenças, nomeadamente, a foliculite bacteriana superficial (SBF), a dermatite das pregas de 

pele (FD), a dermatite generalizada por Malassezia spp. (MD) e otite externa (OE). Os 

antibióticos orais foram largamente prescritos para o tratamento de SBF, particularmente 

amoxicilina-ácido clavulânico (100%), cefalexina (94%), enrofloxacina (67%) e 

marbofloxacina (60%). Para o tratamento de FD e OE, os antibióticos orais foram 

administrados em 88% e 82% dos casos, respetivamente. Os antifúngicos orais foram 

prescritos para o tratamento da MD (85%), FD (70%) e OE (59%). Todas as doenças foram 

tratadas topicamente com antibióticos, antifúngicos e glucocorticóides. Alternativas, como 

produtos à base de mel, não foram frequentemente prescritas pelos clínicos portugueses.  

Casos clíncos causados por S. pseudintermedius multirresistentes (MDR) são 

frequentemente observados em clínica o que reduz dramaticamente as opções de 

antibioterapia. O segundo trabalho avaliou a incidência de multirresistência em S. 

pseudintermedius sensíveis (MSSP) e resistentes à meticilina (MRSP), previamente 

recolhidos de cães com SBF. Observou-se que todos os MRSP eram resistentes à amoxicilina-

ácido clavulânico, clindamicina e eritromicina. Foram observados elevados níveis de 

resistência ao trimetoprim-sulfametoxazol (97%), tetraciclina e gentamicina (87%), cefalotina 

(83%), enrofloxacina (83%), pradofloxacina (80%) e minociclina (50%). Observou-se um 

baixo nível de resistência ao cloranfenicol (17%), amicacina (7%) e rifampicina (7%). A 

maioria dos isolados eram MDR (38/60). Todos os isolados não-MDR eram MSSP. A 

resistência à meticilina foi associada à multirresistência a outras classes de antibióticos. 
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O terceiro trabalho apresentava como objetivos determinar a eficácia in vitro do MH 

contra S. pseudintermedius e M. pachydermatis e o tempo necessário para obter o efeito 

bactericida ou fungicida. Sessenta isolados de S. pseudintermedius recolhidos de cães com 

SBF, foram divididos em grupos MRSP/MSSP e MDR/não-MDR. Testaram-se também vinte 

isolados de M. pachydermatis recolhidos de cães com OE. O MH foi testado não diluído e 

diluído a 80%, 40%, 30%, 20%, 15%, 10%, 7,5%, 5%, 3,7% e 2,5% p/v. A concentração 

mínima bactericida (MBC) de S. pseudintermedius foi de 20% p/v, sem diferença entre 

MSSP/MRSP ou MDR/não-MDR. Para M. pachydermatis a concentração mínima fungicida 

(MFC) foi de 40% p/v. Realizou-se um ensaio de “time-kill” em períodos distintos. O MH  

diluído eliminou ambos os microrganismos após 4 horas. O MH diluído a 40% p/v manteve 

atividade contra S. pseudintermedius mas demorou mais tempo a eliminar os isolados de M. 

pachydermatis. 

Finalmente, determinou-se a eficácia in vitro do HBO contra os isolados de S. 

pseudintermedius e M. pachydermatis. Avaliou-se a eficácia da componente de mel (HO) do 

produto. Os isolados de S. pseudintermedius e M. pachydermatis foram testados contra 

diluições seriadas de HBO (40%, 20%, 10%, 5% e 2,5% p/v). O HBO contém HO na 

concentração de 40%. O HO foi testado puro e em diluições seriadas (40%, 20%, 10%, 5% e 

2,5% p/v).  Aplicou-se o mesmo protocolo após exposição à catalase para avaliar a presença 

de peróxido de hidrogénio. Realizou-se um ensaio de “time-kill” para determinar tempo de 

exposição para obter efeito bactericida/fungicida. O MBC para S. pseudintermedius foi de 

20% p/v (5-20% p/v) para HBO e HO. O HBO demonstrou valores de MBC inferiores em 

comparação com o HO (P=0,003). Não houve diferença entre MSSP/MRSP (HBO P=0,757; 

HO P=0,743). Apenas o HO foi afetado pela catalase (P=0,015). O MFC para o HBO foi de 

10% p/v (5-10% p/v) e 40% p/v para o HO (20-≥40% p/v). Todos os isolados foram 

eliminados após 4 horas de exposição ao HBO.  

Resumindo, este trabalho contribui para melhorar o nosso conhecimento sobre o efeito 

do mel sobre o S. pseudintermedius e a M. pachydermatis. Demonstra especificamente que 

ambos microrganismos são sensíveis ao MH, HBO e ao mel que compõem este produto. 

Tratamentos à base de mel não são, no entanto, prescritos frequentemente pelos clínicos 

portugueses e, os antibióticos orais, são frequentemente utilizados na prática clínica, apesar da 

propagação do S. pseudintermedius resistente à meticilina. Finalmente, este trabalho 

acrescenta evidências de que S. pseudintermedius resistente à meticilina pode ser 
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multirresistente, reforçando a necessidade de opções não-antibióticas. Os resultados poderão 

ser usados futuramente em ensaios clínicos que tenham como objetivo tratar infecções 

cutâneas e de canal auditivo causados por S. pseudintermedius e/ou M. pachydermatis.  

 

 

 

 

 

Palavras-chave: antibiótico, antifúngico, foliculite, manuka, mel, meticilina, 

Malassezia, pachydermatis, otite, Staphylococcus pseudintermedius.  
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SUMMARY  

 

Medical honey is considered an effective economic option for the treatment for 

infected wounds. Medical grade Manuka honey (MH) and a honey-based gel (HBO) are now 

available, allowing for the prescrition of safe, non-antibiotic, effective and standardised 

products.  

In the present doctoral thesis, we aimed to determine how clinicians diagnosed and 

treated dermatological conditions caused by Staphylococcus pseudintermedius and 

Malassezia pachydermatis in Portugal. We demonstrated to both pathogens often cause 

superficial bacterial folliculitis (SBF), fold dermatitis (FD), Malassezia dermatitis (MD) and 

otitis externa (OE). Oral antibiotics were widely prescribed for treatment of SBF, particularly 

amoxicillin-clavulanic acid (100%), cephalexin (94%), enrofloxacin (67%), or marbofloxacin 

(60%). Fold dermatitis and OE, were also treated with oral antibiotics in 88% and 82% of 

cases, respectively. Oral antifungals were often prescribed for MD (85%), FD (70%), and OE 

(59%). All the diseases were frequently treated topically with antibacterials, antifungals, and 

glucocorticoids. Alternative options such as honey-based products were not frequently used 

by clinicians.   

Multidrug resistant (MDR) S. pseudintermedius isolates are frequently observed, a fact 

that dramatically decreases antimicrobial treatment options.  The second part of this work 

evaluated the incidence of multidrug resistance in methicillin-susceptible and resistant S. 

pseudintermedius isolates (MSSP/MRSP) previously collected from dogs with SBF.  All 

MRSP exhibited resistance to amoxicillin-clavulanic acid, clindamycin and erythromycin. 

High resistance levels were observed to trimethoprimsulfamethoxazole (97%), tetracycline 

and gentamicin (87%), cefalothin (83%), enrofloxacin (83%), pradofloxacin (80%) and 

minocycline (50%). Low resistance level was observed for chloramphenicol (17%), amikacin 

(7%) and rifampicin (7%). Most isolates were multidrug resistant (MDR, 38/60). All non-

MDR isolates were MSSP. Methicillin resistance was associated with MDR to other classes 

of antibiotics.  

The third part of this work, aimed to determine the in vitro efficacy of MH against S. 

pseudintermedius and M. pachydermatis and necessary exposure time for a bactericidal or 

fungicidal effect. Sixty S. pseudintermedius, previously isolated from dogs with canine SBF, 
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were divided into MRSP/MSSP and MDR/non-MDR groups. Twenty M. pachydermatis 

isolates, also previously isolated from dogs with OE were tested. Manuka honey was tested 

undiluted and diluted at 80%, 40%, 30%, 20%, 15%, 10%, 7.5%, 5%, 3.7% and 2.5% w/v. 

For S. pseudintermedius the minimal bactericidal concentration (MBC) was 20% w/v with no 

difference between MSSP/ MRSP or MDR/non-MDR. For M. pachydermatis the minimal 

fungicidal concentration (MFC) was 40% w/v. A time-kill assay was performed at different 

times. Undiluted MH killed both microorganisms after 4 hours of exposure. Diluted MH at 

40% w/v maintained activity against S. pseudintermedius but took longer time to kill M. 

pachydermatis isolates.  

Finally, we determined the in vitro efficacy of HBO, against isolates of S. 

pseudintermedius and M. pachydermatis. The efficacy of the product’s honey component 

(HO) was also evaluated. All isolates were tested against serial dilutions of HBO (40%, 20%, 

10%, 5% and 2.5% w/v). HBO contains HO at 40%. HO was tested pure and after serial 

dilutions (40%, 20%, 10%, 5% and 2.5% w/v). The same protocol was applied after exposure 

to catalase to determine the influence of hydrogen peroxide. A time-kill assay was performed 

determine the period of time necessary for a bactericidal/fungicidal effect. MBC for S. 

pseudintermedius was 20% w/v (5-20% w/v) for HBO and HO. HBO had lower MBC values 

when compared to HO (P=0.003). No difference was observed between MSSP/MRSP isolates 

(HBO P=0.757, HO P=0.743). Only HO was affected by catalase (P=0.015). MFC for HBO 

was 10% w/v (5-10% w/v) and 40% w/v for HO (20-≥40% w/v). All isolates were killed after 

4 h of exposure to HBO.  

In summary, our work indicates that honey was effective against S. pseudintermedius 

and M. pachydermatis.  We could demonstrate that both microorganisms are susceptible to 

MH, HBO and the honey that composes this product. Nevertheless, honey treatments are not 

frequently prescribed by Portuguese clinicians and oral antibiotics are overused in small 

practice, despite the spread of antibiotic resistant S. pseudintermedius. Finally, the work adds 

further evidence that methicillin resistant S. pseudintermedius may be multidrug resistant 

which reinforces the need for non-antibiotic options. The results obtained can be used in 

future clinical trials aiming to treat skin and ears infections caused by S. pseudintermedius 

and M. pachydermatis.  

Palavras-chave: antibiotic, antifungal, folliculitis, honey, manuka, methicillin, 

Malassezia, pachydermatis, otitis, Staphylococcus pseudintermedius.   
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1. Staphylocococcus pseudintermedius: A MULTIDRUG RESISTANT CANINE 

PATHOGEN 

1.1. Characteristics of S. pseudintermedius 

Staphylococcus pseudintermedius is a bacterium with specific features, like virulence 

factors and ability to produce biofilms. The knowledge of these specifications allows a better 

understanding of the pathogenicity of this microorganism (Fazakerley et al., 2009; Futagawa-

Saito et al., 2006; McEwan et al., 2006; Simou et al., 2005; Singh et al., 2013).  

The Staphylococcus genus (from the Greek σταφυλή, staphylē, "grape" and κόκκος, 

kókkos, "granule") is composed of Gram-positive bacteria. Under the microscope they appear 

similar to grape clusters (LSPN,  2015). This genus includes 52 species and 28 subspecies, 

which are classified by their genotypic differences, habitat and pathogeny. They are 

differentiated into coagulase-positive and coagulase-negative Staphylococci according to their 

ability to coagulate plasma by converting fibrinogen into fibrin (LSPN,  2015).  

S. intermedius was described for the first time in 1976 by V. Hajeck after being isolated 

from pigeons, dogs, minks and horses, allowing for an important distinction between S. 

aureus and this new species (Hajek, 1976; Devriese et al., 2009; Bannoehr and 

Guardabassi, 2012; Bond and Loeffler, 2012). Although Hajeck (1976) observed some 

heterogeneity between the strains described as S. intermedius, the species name remained 

unaltered until 2005, when Devriese proposed a new species named S. pseudintermedius 

(Devriese et al., 2005). In 2007, a genetic population study, using a multilocus sequence 

phylogenetic analysis, confirmed three distinct species, namely S. intermedius, S. 

pseudintermedius and S. delphini in isolates previously assumed to be S. intermedius 

(Bannoehr et al., 2007). These three species represent the S. intermedius group, and S. 

pseudintermedius was found to be the main pathogen involved in canine pyoderma (Bannoehr 

et al., 2007). The routine identification of S. pseudintermedius in diagnostic laboratories is 

based on the fact that other species of the S. intermedius group are practically non-existent in 

dogs (Fitzgerald, 2009; Bannoehr and Guardabassi, 2012). More recently, polymerase chain 

reaction-restriction fragment length polymorphism was developed after sequence analysis of 

one of the loci, pta, which encodes the enzyme phosphoacetyltransferase and is a restriction 

site unique to S. pseudintermedius, making it an accurate and simple test that allows 

differential identification (Bannoehr et al., 2009).  
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S. pseudintermedius is part of the normal cutaneous microbiotic, constituting about 90% 

of a healthy dogs staphylococci population, colonizing the skin, hair follicles and particularly 

mucosae like the nose, mouth and anus (Allaker et al., 1992; Griffeth et al., 2008; Fazakerley 

et al., 2009; Bannoehr and Guardabassi, 2012). The skin of puppies is colonized by S. 

pseudintermedius shortly after birth, probably as a result of vertical transmission (Saijonmaa-

Koulumies and Lloyd, 2002; Paul et al., 2014). Clones can persist in the skin of the puppies 

up to 48 months after separation from the dam (Paul et al., 2014).  

A study performed with 50 healthy dogs and 59 dogs suffering from inflammatory skin 

disease detected that 68% and 92% of the healthy and affected dogs respectively, were 

colonized with S. pseudintermedius (Griffeth et al., 2008). Another study reported that more 

than 94% of the S. pseudintermedius isolates recovered from cutaneous lesions of dogs with 

superficial pyoderma, were genetically similar to the ones recovered from carriage sites 

(Pinchbeck et al., 2006).  

Although S. pseudintermedius is the most common pathogen in canine pyoderma, other 

pathogens like S. aureus, S. schleiferi and S. hyicus are occasionally encountered (Medleau et 

al., 1986; Frank et al., 2003; Cain et al., 2011). Rarely, coagulase-negative Staphylococci (S. 

epidermidis, S. xylosus, S. simulans and S hominis), Streptococcus canis and Pseudomonas 

aeruginosa can be found solely or in association with S. pseudintermedius (Medleau et 

al., 1986; Fortin and Higgins, 2001; Hillier et al., 2006).  

S. pseudintermedius pathogenesis is not yet fully understood. Virulence factors include: 

enzymes such as coagulase, thermonuclease and proteases; surface proteins such as clumping 

factor and protein A; and toxins such as cytotoxins, exfoliative toxin, enterotoxins, leukocidin 

and pore-forming toxins (Bannoehr and Guardabassi, 2012; Abouelkhair et al, 2018; Maali et 

al, 2018). S. pseudintermedius adheres to the epidermal cells of healthy dogs and appears to 

show greater adherence in atopic dogs (Simou et al., 2005; McEwan et al., 2006; Fazakerley 

et al., 2009).  

S. pseudintermedius also produces biofilms (Futagawa-Saito et al., 2006; Singh et 

al., 2013; Stefanetti et al, 2017; Arima et al, 2018), which are known to be resistant to 

antibiotics, environmental stress and macrophage phagocytosis (Shiau and Wu, 1998; Olson 

et al., 2002; Stefanetti et al, 2017). No association has been found between biofilm production 

and the presence of methicillin resistance genes, isolate source (infection site or colonization) 
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or clonal complex (Singh et al., 2013). Methicillin-resistant S. pseudintermedius (MRSP) 

isolates are not more virulent when compared with methicillin-susceptible S. 

pseudintermedius (MSSP) isolates (Morris et al., 2006; Loeffler et al., 2007). However, 

infections with MRSP biofilm producers constitute an additional risk factor, since antibiotics 

cannot easily penetrate biofilm layers reducing the therapeutic options  (Venkatesan et al., 

2015; Stefanetti et al, 2017).  

 

1.2. S. pseudintermedius in canine dermatology  

Canine pyoderma is a common cause of canine skin disease, with superficial bacterial 

folliculitis the most common presentation (Hillier et al., 2014). Pyoderma can be classified, in 

accordance with the depth of the lesions, into: superficial, when the infection involves the 

epidermis and/or hair follicles; and deep pyoderma when deeper tissues and possible 

furunculosis are involved (Beco et al., 2013; Bloom, 2014). Surface pyoderma involves the 

trauma of the surface of the epidermis only with colonization of the area by S. 

pseudintermedius (Beco et al., 2013; Bloom, 2014).  

Moreover, S. pseudintermedius can cause wound infections. In Sweden, a study 

analysed the pathogens involved in canine surgical wound infections and their susceptibility 

patterns. Out of 194 samples, the most prevalent was S. pseudintermedius (46%) and three 

isolates were MRSP. No relation was found between the pathogen and classification of the 

surgical procedure, duration of hospitalization or depth of the surgical site infection (Windahl 

et al., 2015).  

Furthermore, S. pseudintermedius was identified as a complicating factor of immuno-

modulatory-responsive lymphocytic-plasmacytic pododermatitis in a study with 20 dogs 

(Breathnach et al., 2005). A fatal case of necrotizing fasciitis, with unknown source of 

infection and caused by MSSP was also described in a dog (Weese et al., 2009). S. 

pseudintermedius has also been isolated from abscesses in dogs (Hoekstra and Paulton, 2002). 

S. pseudintermedius is a very important pathogen in canine otitis externa (OE). This 

microorganism can cause otitis solely or concomitantly with Malassezia pachydermatis and is 

responsible for the largest number of canine OE cases (Lyskova et al., 2007). The most 

frequently isolated bacteria from the ears of affected dogs is Staphylococcus 
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pseudintermedius (Kiss et al., 1997a; Rougier et al., 2005; Lyskova et al., 2007). A study 

performed in 515 dogs affected with OE reported S. pseudintermedius as the most commonly 

isolated bacteria, with 202 isolates recovered from pure culture or associated with other 

microorganisms (Lyskova et al., 2007). Another study, also reported S. pseudintermedius as 

the most frequently isolated bacteria, from 97 dogs with OE (Rougier et al., 2005).  

In short, a large number of dermatological cases encompass either skin or otitis 

infections that are caused by S. pseudintermedius.  

 

1.3. Zoonotic aspects of S. pseudintermedius  

Humans are not natural hosts for S. pseudintermedius which explains its low impact in 

public health. However, it is unknown if S. pseudintermedius strains containing mobile 

genetic elements could represent a reservoir for the spread of resistant genes to the human 

commensal skin microbiotic (van Duijkeren et al., 2011a).  

Recently, S. pseudintermedius has been implicated in occasional human infections (Van 

Hoovels et al., 2006; Stegmann et al., 2010; Kuan et al, 2016). Although S. pseudintermedius 

rarely colonizes the human skin, in those cases when individuals have regular contact with 

dogs, the colonization rate rises, particularly in the nasal cavities (Harvey et al., 1994; 

Goodacre et al., 1997; Guardabassi et al., 2004; Stegmann et al., 2010; van Duijkeren et al., 

2011b). It has been demonstrated that dog owners with dogs affected by deep pyoderma can 

carry the same genetic MRSP strain through nasal colonization as their pets, which supports 

an interspecies transmission (Guardabassi et al., 2004; Somayaii et al, 2016; Lozano et al, 

2017). Veterinarians in contact with infected animals also appear to have a higher risk of 

being MRSP nasal culture positive (Morris et al., 2010; Espadale et al, 2018; Worthing et al, 

2018a). 

 

1.4. Antibiotic resistance of S. pseudintermedius 

MRSP isolates were first reported in 1999 in North America and throughout Europe 

between 2005 and 2006, and they are now recognized as having a worldwide distribution 

(Gortel et al., 1999; Loeffler et al., 2007; Schwarz et al., 2008; Perreten et al., 2010; Onuma 
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et al., 2012; Wegerner et al, 2018; Worthing et al, 2018b). The North America strain (ST68-

C-t06-V) is still susceptible to chloramphenicol, rifampicin and amikacin, while the 

predominant MRSP clone in Europe, sequence type (ST71-J-t02-II–III) is normally resistant 

to beta-lactams, aminoglycosides, macrolides, lincosamides, tetracyclines, chloramphenicol, 

trimethoprim and fluoroquinolones, but remains susceptible to amikacin, fusidic acid, 

minocycline, rifampicin, vancomycin, teicoplanin and linezolid (Perreten et al., 2010; Frank 

and Loeffler, 2012; Somayaii et al, 2016; Wegener et al, 2018). This demonstrates the 

importance of recognizing MRSP susceptibility patterns, according to the clone distribution, 

in order to apply effective antibiotherapy (Han et al,  2018). 

Generally, it is not advised to empirically switch antibiotic classes if treatment fails with 

first-line antimicrobials. In this case, culture and susceptibility testing should be performed 

before a second antibiotic is prescribed (Hillier et al., 2014). Differentiation between 

susceptible and resistant S. pseudintermedius strains, based on the clinical presentation, is not 

possible, since MRSP is not more virulent than MSSP (Morris et al., 2006; Loeffler et 

al., 2007). Although resistance in staphylococci is not always associated with multidrug 

resistance, most of the MRSP isolates described in the literature display resistance to the 

majority of clinically relevant antibiotics (Bond and Loeffler, 2012; Somayaii et al, 2016). 

Reports from referral practices, with chronic or recurrent cases of pyoderma, in which 

previous antibiotherapy has been attempted, frequently report high levels of MRSP (Morris et 

al., 2006; Loeffler et al., 2007; Ben Zakour et al., 2012). Multidrug resistance is present in 

cases of pyoderma but also in cases of OE. One hundred and fifty one samples were obtained 

from dogs with unmedicated otitis, from which 35 isolates were S. pseudintermedius, with the 

majority displayed multidrug resistance (Penna et al., 2010). 

Currently, general practitioners are strongly recommended to follow the guidelines for 

diagnosis and antimicrobial therapy of canine superficial bacterial folliculitis developed by 

the Antimicrobial Guidelines Working Group of the International Society for Companion 

Animal Infectious Diseases (ISCAID). These guidelines provide updated information for 

adequate treatment of canine folliculitis and rational use of antibiotics (Hillier et al., 2014).  
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2. Malassezia pachydermatis: A RELEVANT PATHOGEN IN CANINE 

DERMATOLOGY  

2.1. Characteristics of M. pachydermatis 

Malassezia yeasts are unicellular eukaryotic symbionts that contribute to the 

microbiotic of the skin of several warm blooded species, including humans, dogs and cats 

(Gaitanis et al., 2012). Currently, 14 species of Malassezia are recognized, namely M. 

pachydermatis, M. furfur, M. globosa, M. obtusa, M. restricta, M. slooffiae, M. sympodialis, 

M. dermatis, M. nana, M. japonica, M. yamatoensis, M. equina, M. caprae and, the last 

species identified, M. cuniculi (Cabañes et al.,  2011; Gaitanis et al., 2012).  

Malassezia spp. is classified in the Phylum Basidiomycota, subphylum 

Ustilaginomycotina, class Exobasidiomycetes, order Malasseziales, and family 

Malasseziaceae (Baillon, 1889). The genus Malassezia can be differentiated based on culture, 

biochemical and molecular testing (Makimura et al., 2000; Mirhendi et al., 2005; Kaneko et 

al., 2007). In humans, Malassezia causes pityriasis versicolor (Borgers et al., 1987; Hay and 

Midgley, 2010) and can be implicated in the pathogenesis of atopic dermatitis (Hay and 

Midgley, 2010). M. pachydermatis is the only non-lipid-dependent Malassezia species, while 

other species depend on lipids for their growth (Kaneko et al., 2007). This species was first 

described by Fred Weidman as Pityrosporum pachydermatis, after isolation from an Indian 

rhinoceros (Rhinoceros unicornis) with a severe exfoliative dermatitis (Weidman, 1925). 

M. pachydermatis is able to produce several virulence factors including esterases, 

lipases, lipoxygenases, proteases, hyaluronidases and chondroitinsulfatases. However, the 

phospholipase activity has been the most studied (Coutinho and Paula, 2000; Cafarchia and 

Otranto, 2004; Juntachai et al., 2009). M. pachydermatis has the highest secreted 

phospholipase activity among other species (Juntachai et al., 2009). It has been postulated that 

hydrolyzation of glycerophospholipids of host cell membranes by phospholipase is involved 

in the pathogenesis of these species in canine dermatitis (Cafarchia and Otranto, 2004) and 

OE (Teramoto et al., 2015). Virulence factors including production of biofilms can vary 

according to the strain of M. pachydermatis (Buommino et al, 2016). 
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2.2. M. pachydermatis in canine dermatology  

M. pachydermatis is one of the major pathogens of the skin and ear canals of the dog. In 

1983, Dufait reported for the first time M. pachydermatis as the etiologic agent of generalized 

dermatitis in dogs (Dufait, 1983). Particularly, M. pachydermatis is associated with atopic 

dermatitis, OE and seborrheic dermatitis and contributes to the worsening of clinical signs 

(Machado et al., 2011). Other species, including M. furfur, M. obtuse, M. globosa and M. 

sympodialis, have been described in healthy and diseased skin and ears (Raabe et al., 1998; 

Crespo et al., 2000; Cafarchia et al., 2005).  

Predisposing factors, for the cutaneous proliferation of this commensal, include allergic 

diseases, cornification disorders, bacterial skin infections, recent antibiotic therapy and long-

term glucocorticoid administration (Plant et al., 1992). Genetic predisposition for Malassezia 

dermatitis appears to be important in certain breeds, including West Highland White Terriers, 

Basset Hounds, English Setters, Shih Tzus and American Cocker Spaniels (Bond et al., 1996; 

Mauldin et al., 1997). In the Basset Hound breed, the disease can be severe and yeast 

proliferation has been associated with a primary keratinization disorder (Power et al., 1992).  

There are several factors that favour Malassezia growth, such as humidity, high 

temperature and an environment rich in fat (Weiler et al., 2013). Additionally, the skin 

microbiotic, pH, salts, immune response and other physiological characteristics are also 

considered important in colonization by Malassezia (Cafarchia et al., 2008). 

Malassezia dermatitis lesions in dogs are normally intensely pruritic and the main 

primary lesion is erythema (Morris, 1999). Secondary lesions normally consist of 

excoriations, hyperpigmented areas, erythematous lesions, varying degrees of traumatic 

alopecia and scaling that normally affect the ventral neck, face, axillae, interdigital areas, 

perineal regions and skin folds (Morris, 1999; Bond, 2010). The lesions may be confined to 

one area or affect multiple regions (Morris, 1999; Bond, 2010; Bond et al., 2010). Lesions in 

the interdigital skin may progress to involve the claw folds, producing exudation and red-

brown discoloration of the hairs or claws (Morris, 1999; Bond et al., 2010). 

Malassezia otitis in the dog is a common occurrence and a source of distress to the dog 

owner (Bernardo et al., 1998). It is a saprophytic yeast that is normally present in the external 

ear canal and, in favorable conditions, it can become pathogenic and cause an otitis (Crespo et 

al., 2002; Korbelik et al, 2018). Malassezia otitis, is presented initially with erythema and 
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pruritus. Chronic changes like stenosis and hyperpigmentation of the ear canal can develop, 

contributing to perpetuate the condition (Uchida et al., 1992; Bensignor and 

Grandemange, 2006). 

 

2.3 Resistance of M. pachydermatis to antimycotics  

Several types of antifungal drugs have been used to treat Malassezia dermatitis and 

otitis, including azoles, allylamines and polyene macrolides (Gupta et al., 2000; Yurayart et 

al., 2013). Other antifungals include chlorhexidine (Young et al., 2012), piroctone olamine 

(Rème et al., 2005), salicylic acid (Ghibaudo and Graziano, 2002), and selenium sulphide 

(Van Cutsem et al., 1990). Most of those drugs can be used topically for the treatment of 

dermatitis and otitis in the dog avoiding side-effects associated with oral medication (Van 

Cutsem et al., 1990; Morris, 1999; Bensignor and Grandemange, 2006). 

Although topical and systemic therapy is usually effective in controlling M. 

pachydermatis dermatitis and OE, treatment failure can, potentially be attributed to resistance 

to antimycotics but clinical data is lacking (Chiavassa et al., 2014). There are several in vitro 

studies reporting the presence of resistance of M. pachydermatis to antimycotics (Nascente et 

al., 2009; Jesus et al., 2011; Nijima et al., 2011; Cafarchia et al., 2012a; Chiavassa et 

al., 2014).  

In a study with M. pachydermatis isolates recovered from dogs with acute and dogs 

with chronic otitis, Chiavassa and colleagues (2014) reported an increase of minimal 

inhibitory concentration values of miconazole and clotrimazole in the isolates from dogs with 

chronic otitis. The reduced in vitro susceptibility may be associated with repeated exposure to 

these agents, as they are common in otic preparations. Association of therapeutic failure to the 

presence of resistance is arguable, as these products have concentrations that exceed the 

minimal inhibitory concentration value by at least 1000 times, and, as such, it should be 

enough to guarantee an effective treatment (Chiavassa et al., 2014). 

M. pachydermatis resistance to azoles can be induced in vitro. Exposure to 

subtherapeutic concentrations of azole agents can result in a decrease susceptibility of these 

agents in isolates collected from healthy and diseased canine ears. This is highly suggestive 

that M. pachydermatis is able to develop resistance mechanisms (Nakano et al., 2005). Jesus 
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et al. (2011) evaluated the in vitro antifungal activity of fluconazole, ketoconazole, 

itraconazole, and voriconazole against clinical isolates of M. pachydermatis susceptible to 

fluconazole. This isolates were exposed in vitro to fluconazole. It was observed that M. 

pachydermatis can acquire resistance through prolonged exposure to fluconazole under 

laboratory conditions.  

Cross-resistance between fluconazole-resistant isolates to other azoles has also been 

reported. Cafarchia and colleagues (2012b) observed low susceptibility to fluconazole and 

miconazole, mainly in isolates recovered from animals with skin lesions. It is worth noticing 

that the strains resistant to fluconazole, in that study, were also resistant, or showed 

intermediate susceptibility, to other azoles (Cafarchia et al., 2012b). This demonstrates that 

cross-resistance may occur in M. pachydermatis, as previously described in Candida glabrata 

(Sanguinetti  et al., 2015).   

Candida species can display variable susceptibility to different antifungal agents. C. 

glabrata, for example, has a reduced susceptibility to fluconazole, in comparison with other 

species. C. albicans, on the other hand, rarely displays primary resistance to fluconazole 

(Pfaller et al., 2010). In addition to the intrinsic resistance to antifungals, the development of 

acquired resistance is a fundamental issue in Candida species (Sanguinetti et al., 2015).  

Resistance may be also associated with biofilm formation (Bumroongthai et al,  2016). 

An in vitro study with 60 M. pachydermatis isolates, collected from dogs with and without 

skin lesions, evaluated the antifungal resistance of sessile (attached to an underlying base) and 

planktonic cells (free cells). In sessile cells, a high percentage of resistance to ketoconazole 

(98.3%), terbinafine (96.7%), itraconazole (95%), posaconazole (93.3%), fluconazole (90%) 

and voriconazole (90%) was observed. Planktonic cell resistance was low, meaning that free 

cells are more susceptible to antifungals. This data suggests that biofilm formation, in M. 

pachydermatis may be associated with antifungal resistance (Figueredo et al., 2013). Previous 

studies with other yeast species, namely Candida albicans  are in accordance with these 

findings (Al-Fattani and Douglas, 2004). The mechanisms of resistance in M. pachydermatis 

have not been described (Peano et al., 2012). In Candida spp. the mechanisms for azole 

resistance include reduced affinity for lanosterol demethylase, the target of other azoles, and a 

second mechanism involving an energy-dependent efflux pump which results in a decrease of 

intracellular accumulation of azoles (Chen et al., 2009).  
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There is a clear lack of standardization in methodology and interpretation of the 

susceptibility testing of M. pachydermatis to antifungals (Chiavassa et al., 2014). The 

interpretation of how presence of in vitro resistance translates into clinical outcome is 

currently unknown but might be useful for better understanding of the pathogenesis of this 

yeast  (Alvarez-Perez et al, 2016; Buomino et al, 2016).    

 

3. THE NEED FOR ALTERNATIVE ANTIBACTERIALS AND ANTIMYCOTICS 

The quick emergence of methicillin resistance, as well as the rise of multidrug 

resistance strains in S. pseudintermedius is becoming a therapeutic challenge, particularly in 

veterinary medicine, severely restricting the available antimicrobial options (Hillier et 

al., 2014). 

This problem requires a careful and focused use of antimicrobials, with susceptibility 

testing being a fundamental tool, as empiric use of these drugs is becoming limited (Gold et 

al., 2014). In referral clinics, where most pyoderma infections have been treated several times 

with various antimicrobials, or even in dogs that never received antibiotics, the percentage of 

methicillin resistant or multidrug resistant S. pseudintermedius isolates is alarming (Hensel et 

al., 2016). This leads to the frequent use of second-tier antibiotics that are associated with 

serious adverse effects or development of further antimicrobial resistance (Hillier et 

al., 2014). 

In cases where no antimicrobials are available to treat these serious infections, or even 

as a first approach when there are only present few lesions, topical treatment becomes 

indispensable. Exploring this option is of extreme importance in order to reduce the use of 

antimicrobials in small animal clinical practice. 

It is for these reasons that the search for other alternatives, particularly natural ones, 

with virtually no probability of development of resistance is essential. Walking towards a 

post-antimicrobial era, it is extremely important to understand the reality of ever increasing 

bacterial resistance and start considering the value of natural products, like honey.  
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Due to the reasons stated above, namely high prevalence, antibiotic resistance and 

treatment failures, the search for alternatives becomes a pressing issue. A recent study 

addressed the use a honey-based gel in the treatment of canine OE. The study suggested that 

the product is effective when the causal agent is bacterial and/or Malassezia spp. (Maruhashi 

et al., 2016). All enrolled patients had intact tympanic membranes, and the treatment was well 

tolerated with no noticeable side-effects. This raises the question of the use of honey in the 

treatment of otitis, although care should be taken if the tympanic membrane is ruptured. In an 

experimental study with five chinchillas, manuka honey (MH) diluted at 50% caused 

ototoxicity after myringotomy with inflammatory changes of the inner ear which resulted in 

facial paralysis, head tilt and loss of hearing capacity (Aron et al., 2012). In a later study, MH 

appeared safe when diluted at 4% and applied transtympanic in 11 chinchillas during a month 

(Aron et al., 2015).  

In the following chapter we will discuss the origins and benefits of honey in medicine as 

well as why MH is an exceptional alternative to conventional topical products. 

 

4. MEDICAL HONEY 

4.1. Bees: the honey producers  

Honey has been a natural food source for human civilizations for centuries, with early 

Neolithic farmers being the first documented consumers (Roffet-Salque et al., 2015). 

According to the International Foods Standards OMS/FAO, honey is a naturally sweet 

substance produced by honey bees from the nectar of plants which the bees collect, transform 

by combining with specific substances of their own, deposit, dehydrate, store and leave in the 

honey comb to ripen and mature (Codex Alimentarius Commission FAO/OMS, 2001).  

Bees produce honey because it provides a good food source for the colony during the 

Winter. In order to produce honey, worker bees collect nectar from flower blossoms with their 

tongue and store it in the honey stomach. When the stomach is full, the bee returns to the hive 

and regurgitates the nectar directly into a processor bees’ mouth or into a honeycomb cell. A 

processor bee stores the nectar in the honey stomach. In the stomach, the nectar sucrose and 

complex sugars are converted into fructose and glucose by enzymes like invertase and 

amylase. Honey is then regurgitated into a honeycomb cell and sealed with wax. The wax 
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allows the water to evaporate which, along with the fan effect of the bees wings and the warm 

temperature inside the hive, gives honey its characteristic thick texture (Langstrom, 1853). 

Honey can be contaminated due to the treatment of hives, for example, with antibiotics 

or toxic substances. Chemical residues and pollution fallout, observed in certain regions of the 

world, can be detected in honey (Rial-Otero et al., 2007). Organic honey must be produced 

under the European directive for organic products, avoiding toxic contamination (European 

Union, 2007). It is recommend that honey used for medical purposes should be harvested 

without contamination (Feás and Estevinho, 2011). Most of the research into honey use for 

medical purposes has focused on the honey produced by the European honeybee Apis 

mellifera, although honey can also be produced by stingless bees. These species of bees 

(Apidae spp., Meliponini spp.) are found in certain areas of the world like South America and 

Australia, and include species such as Trigona carbonaria (Souza et al., 2006; Boorn et 

al., 2010). 

 

4.2. Honey composition 

Honey is an inhospitable environment for microorganisms. The antibacterial effect of 

honey is multifactorial and  includes osmotic effects due to a high sugar content in a low 

volume of water, acidity (Karabagias et al., 2014) and hydrogen peroxide activity (Molan, 

1992). 

Honey is naturally rich in simple sugars and has a lower content of proteins, amino 

acids, vitamins, antioxidants, aromatic substances, minerals and organic acids (Alqarni et 

al., 2016; da Silva et al., 2016). The floral source, components of the honey and water content 

determine the physical characteristics of each type of honey, such as color, smell, taste, 

viscosity, solubility and conservation (Escuredo et al., 2013).  

Sweetness is due to monosaccharides like fructose, glucose, sucrose and maltose which 

are the main components of the honey. Honey is composed of roughly 68% sugars and 17% 

of water, with slight variations depending on the botanical source (Escuredo et al., 2013). In 

Europe, the honey marketed for human consumption should meet the following criteria: no 

less than 60g/100g of fructose and glucose content in blossom honey, no more than 5g/100g 

of sucrose, no more than 20% moisture content, no more than 0.1g/100g of water-insoluble 
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content (European Union, 2002). Additional criteria are applied, for example, for 

conservation purposes. Minor constituents include enzymes, protein, amino acids, organic 

acids, minerals, phenolic and volatile compounds (da Silva et al., 2016).  

One of the characteristics that differentiate honey from other sweeteners is the presence 

of enzymes. These enzymes are produced by the bee during the conversion of nectar into 

honey in the nectar stomach. The most important enzymes are amylase, invertase and glucose 

oxidase. Honey contains amylase, which hydrolyses starch into short-chain sugars like 

maltose. This is called the diastase activity of the honey (Boukraa et al., 2008). Invertase 

converts sucrose from nectar into glucose and fructose. Glucose oxidase is the enzyme that 

converts glucose into gluconolactone, which in turn yields gluconic acid and hydrogen 

peroxide. Catalase converts hydrogen peroxide into water and oxygen (Bogdanov et 

al., 2008).  

Another main feature of honey is the presence of natural antioxidants, like phenolic 

compounds and flavonoids. These are biologically active substances with antioxidant and 

anti-inflammatory effects by scavenging free radicals in aerobic metabolisms (Pietta, 2000; 

Erejuwa et al., 2012; Alvarez-Suarez et al., 2013; Alqarni et al., 2016). Antioxidants, along 

with nutritional components, vary between honeys depending on the floral source. Darker 

honeys are associated with a higher content of flavonoids (Bogdanov et al., 2008; Escuredo et 

al., 2013).  

 

4.3. Medical use of honey 

The first documented use of honey for medical purposes was found in a clay tablet from 

the Sumerian civilization in Mesopotamia 2600 B.C.: "Grind to a powder river dust ... and 

then knead it in water and honey, and let oil and hot cedar oil be spread over it" (Sumerian 

clay tablet, c. 2000 B.C.). Honey was used in ancient Egypt to manage trauma wounds in 

battles and was mentioned in the first surgical papyrus: "Thou shouldst bind fresh meat upon 

[the wound] the first day, thou shouldst apply two strips of linen; and treat afterward with 

grease, honey, (and) lint every day until he recovers" (Smith surgical papyrus, 1700 BC).  

Until the first part of the 20th century, honey dressings were commonly used for 

everyday wound care of patients with traumatic wounds, surgical incision sites, burns, 
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sloughy wounds, pressure ulcers and skin grafts preservation (Postmes et al., 1993; Seckam 

and Copper, 2013). With the introduction of antibiotics, honey became less used in clinical 

practice. Lately, the emergence of antibiotic resistant bacteria renewed the interest in honey as 

a safe and wide-spectrum antibacterial product for human use (Shenoy et al., 2012; Gobin et 

al, 2018). Honey was accepted in wound healing, ulcers and superficial partial thickness 

burns treatment (Al-Waili et al., 2011; Samarghandian et al, 2017). Later a Cochrane 

systematic review stated that honey appears to heal partial thickness burns faster than 

conventional treatments and infected post-operative wounds faster than antiseptics and gauze 

although recommendations for other clinical applications could not be made due to the low 

quality of the studies (Jull et al., 2013). In veterinary medicine, the application of honey in a 

wound created under laboratory conditions in White New Zealand rabbits resulted in faster 

wound healing with increased tissue strength (Oryan et al., 2013).  

Medical grade honey means that the honey has been filtered, gamma-irradiated and 

handled under strict hygiene conditions to ensure a standardized product. Medical honey is 

sterilized by gamma-radiation to eliminate contaminating microorganisms, including spores 

of Clostridium botulinum and Bacillus subtilis (Postmes et al., 1995; Carnwath et al, 2013). 

Gamma-radiation does not affect the antibacterial effect of the honey but heat sterilization 

does (Molan and Allen, 1996). 

 

4.4. Manuka honey: its uniqueness 

Manuka honey (MH) is a monofloral dark honey derived from the manuka tree, 

Leptospermum scoparium, which grows in New Zealand and eastern Australia (Molan, 1999; 

Adams et al., 2009; Blair et al., 2009). It is important to note that not all honeys are the same. 

The antibacterial quality of the honey depends on the source of the nectar as well as when and 

how it was harvested and stored (Al-Waili, 2004; Mandal and Mandal, 2011; Gobin et al, 2018). 

Some honeys, like MH, have a very potent and well recognized antibacterial activity. The 

activity of MH is due to the same characteristics that are common to other honeys and some 

particular features that make it an unique product (Mavric et al., 2008). The antibacterial 

effect of MH is associated with methylglyoxal (Mavric et al., 2008; Jenkins et al., 2011; 

Cokcetin et al, 2016) and this component is found in much higher quantities in MH when 

compared to conventional honeys (Mavric et al., 2008). This flavonoid is the most important 
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antibacterial component in MH (Rabie et al., 2016) and is produced from the 

dihydroxyacetone found in the nectar of manuka flowers (Adams et al., 2009). Another 

important flavonoid found in MH is leptosin, also known as bee defense, a glycoside peptide 

found in the insects innate immune system (Kato et al., 2012). Other important antimicrobial 

compounds found in MH include different 1,2-dicarbonyl compounds, such as glyoxal and 3-

deoxyglucosulose (Weigel et al., 2004) and phenolic acids although their concentration is too 

low for antibacterial activity (Alvarez-Suarez et al., 2014). 

Manuka honey has been proven to be effective against bacteria (French et al., 2005; 

Boorn et al., 2010; Shenoy et al., 2012; Hillitt et al, 2017), C. albicans (Patton et al., 2006) 

and influenza virus (Watanabe et al., 2014).  The antibacterial effect of honey has been 

extensively studied and mainly focused in the pathogens implicated in wounds, burns and 

ulcers in human medicine (French et al., 2005; Boorn et al., 2010; Shenoy et al., 2012).  

Staphylococcus aureus is typically the most susceptible organism to honey and has 

proven to be susceptible to several types of honey, including MH, pasture honey and honey 

produced from stingless bees (Cooper et al., 1999; Boorn et al., 2010). MH  also has  

bactericidal activity against coagulase negative staphylococci and vancomycin-resistant 

Enterococci (French et al.,  2005; George and Cutting, 2007). Pseudomonas aeruginosa, 

which is another common pathogen present in wounds and burns proved to be susceptible to 

MH (Roberts et al., 2012; Shenoy et al., 2012). Other Gram-negative bacteria to which MH 

has antibacterial activity include Escherichia coli (Blair et al., 2009) and Actinobacter 

baumanni (George and Cutting, 2007). Cell wall-free bacteria like Ureaplasma parvum are 

also susceptible to MH (Hillitt et al, 2017).  

In veterinary medicine, a pilot study reported MH to lack complete bactericidal effect 

against one isolate of MSSP, multi-resistant P. aeruginosa, E. coli and extended-spectrum 

beta lactamase E. coli (Uri et al, 2016). Another study, reported strong antibacterial effect of a 

membrane composed of MH and pectin against one strain of MRSP, Proteus mirabilis, P. 

aeruginosa and extended-spectrum beta lactamase E. coli all obtained from a canine wound 

infections (Tramuta et al, 2016). A study with equine isolates reported in vitro efficacy of MH 

and other types of honey against MRSA, S. aureus, E. coli, Streptococcus equi subs. 

zooepidermicus, Enterococcus faecalis, Acinetobacter baumanni, methicillin-resistant 

Staphylococcus epidermidis and Staphylococcus sciuri (Carnwath et al, 2013). A later study 
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in an equine model of second intention healing suggested that MH has a beneficial effect in 

wound healing by reducing healing time (Tsang et al, 2018). 

MH is approved as a medical grade honey. Medical grade honey allows for the 

treatment of topical infections with a safe and standardized product. It can be used to treat 

antibiotic-susceptible infections in order to preserve antibiotics. It can also be used to treat 

antibiotic-resistant infections when antibiotic options are not available. It is a significant asset 

now that the battle against resistant microorganisms is increasingly pressing (Hillitt et al, 

2017; Hussain et al, 2017). 

In fact, if honey could be used to treat not only bacterial infections but also fungal 

infections, such as in cases of canine OE, it would be a great asset. The possibility of treating 

these conditions with a product that has virtually no possibility of development of 

bacterial/fungal resistance would be excellent news. The use of MH seems, therefore, to 

present a major opportunity for in canine dermatology.  

 

4.5. Should we be concerned about bacterial resistance to manuka honey? 

Antibiotic resistant bacteria have provided the leverage for research into natural 

alternatives like honey, aloe vera and tea tree oil (Boorn et al., 2010; Cataldi et al., 2015; 

Falci et al., 2015). Currently, MH is recognized as an option against infections caused by 

antibiotic resistant bacteria (Jenkins et al., 2011). 

Several studies failed to induce MH resistance in either antibiotic-susceptible or 

antibiotic-resistant bacteria. Cooper et al. (2010) demonstrated a lack of resistance after 

continuous exposure to MH up to 28 days in two reference strains (S. aureus and P. 

aeruginosa) and four clinical isolates of Escherichia coli, methicillin-resistant Staphylococcus 

aureus (MRSA), P. aeruginosa and Staphylococcus epidermitis. Another study revealed that 

resistance to honey is not acquired when S. aureus and P. aeruginosa are exposed to 

continuous sublethal concentrations (Blair et al., 2009). E. coli shows a unique transcriptional 

response when exposed to sublethal concentrations of honey, suggesting a different mode of 

action from antibiotics (Blair et al., 2009). 
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In summary, lack of resistance to MH may be due to the multifactorial antibacterial 

nature of the honey. Current findings do not rule out eventual future development of 

resistance, although it seems unlikely (Seckam and Copper, 2013; Hillitt et al, 2017). 

 

4.6. Honey-based products: a clinical option 

In human medicine, a honey-based gel (HBO, L-Mesitran® Soft, Triticum, The 

Nederlands) is licensed for the treatment of wounds, either acute or chronic like pressure, 

venous, arterial and diabetic ulcers. It is also licensed for first and second degree burns and 

colonized and postoperative surgical wounds. Oncological wounds and donor sites for skin 

grafts can also be managed with the product. Its composition includes 40% medical-grade 

honey, medical-grade hypoallergenic lanolin, propylene glycol, polyethylene glycol 4000, and 

vitamins C and E (Triticum, 2016a).  

The uses of this product in veterinary medicine has not been extensively investigated 

(Overgaauw and Kirpensteijn,  2005) but a pilot study reported favorable results for treatment 

of canine otitis externa either caused by bacteria or M. pachydermatis (Maruhashi et 

al.,  2016). Another similar product produced by the same company (L-Mesitran® Ointment 

Triticum, The Nederlands) was used in preliminary veterinary clinical trials for the treatment 

of intertrigo and wounds in dogs and “proud flesh” in horses (Jakobsson,  2011; Wijnmaalen 

and Brander,  2012). Similar indications apply for this ointment. It contains 48% medical 

grade honey, medical grade hypoallergenic lanolin, sunflower oil, cod liver oil, Calendula 

officinalis, Aloe barbadensis, vitamin C and E, and zinc oxide (Triticum, 2016b). 

The antibiotic resistance developed by S. pseudintermedius confirms the urgent need for 

non-antibiotic alternatives in the treatment of skin infections in the dog, cat, equines and 

animals used for food consumption. Honey-based products could be an asset in a clinical 

setting by providing extra benefits when compared to pure honey.  
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Honey has been used since ancient times in the treatment of infected wounds and its 

antimicrobial effect has been proven against human bacterial and fungal pathogens. The work 

in veterinary medicine is scarce and the emergence of methicillin-resistant S. 

pseudintermedius has led to interest in topical non-antibiotic based treatment options.  

 

The present doctoral thesis has as main goals:   

1- To investigate how clinicians in Portugal currently diagnose and treat skin and ear 

infections due to S. pseudintermedius and M. pachydermatitis. We aimed to evaluate 

systemic and topical treatment options including antibiotics, antifungals and medical 

honey.   

2- Characterize the antibiotic resistant profile of S. pseudintermedius isolates obtained 

from dogs with superficial bacterial folliculitis in referral practice. 

3- To determine if manuka honey (MH) and a honey-based gel (HBO) are effective 

against methicillin-resistant and methicillin-susceptible S. pseudintermedius and to 

assess for how long is necessary for S. pseudintermedius to be exposed to MH and 

HBO in order to obtain a killing effect. 

4- To determine if MH and HBO have fungicidal activity against Malassezia 

pachydermatis, and to assess for how long is necessary for M. pachydermatis to be 

exposed to MH and HBO in order to obtain a killing effect.  
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1. TREATMENT OF SELECTED CANINE DERMATOLOGICAL CONDITIONS IN 

PORTUGAL - A RESEARCH SURVEY 

 

1.1. Introduction 

Canine pyoderma, particularly superficial bacterial folliculitis (SBF), and otitis externa 

(OE) are common reasons for veterinary consultation.  

Staphylococcus pseudintermedius, although normally isolated from healthy skin, 

mucosa, and ear canals, can also act as an opportunist pathogen. It is invariably associated 

with SBF, as well as commonly found in cases of OE (Allaker et al., 1992; Kiss et al., 1997a; 

Fazakerley et al., 2009; Hillier et al., 2014).  

Malassezia pachydermatis is a normal inhabitant of canine skin and ears, although, 

when an adequate environment is created, it can also act as an opportunistic pathogen. This 

yeast commonly causes Malassezia dermatitis (MD) in dogs and is frequently associated with 

canine OE (Kiss et al., 1997; Morris, 1999; Lyskova et al., 2007). Skin infections can be 

treated with antibiotics and topical antiseptics like chlorhexidine (Beco et al, 2013; Hillier et 

al., 2014). Bacterial culture and antibiotic susceptibility testing increases the likelihood of 

prescribing the correct antibiotic (Bryan et al., 2012; Beco et al, 2013). An increase in the 

proliferation of antibiotic resistance has led to the demand for alternative treatments, for 

example with natural products, preferably to which microorganisms cannot acquire resistance. 

The widespread appearance of methicillin-resistant S. pseudintermedius (MRSP) are well 

documented, and resistance to azoles in M. pachydermatis isolates has also been reported 

(Loeffler et al., 2007; Jesus et al., 2011; Nijima et al., 2011; Bryan et al., 2012; Detwiler et 

al., 2013; Cafarchia et al., 2015). 

This study had three objectives: first, to evaluate the current practice in Portugal 

regarding diagnosis and treatment of SBF, fold dermatitis (FD) and bacterial OE caused by S. 

pseudintermedius and compare it with International Society for Companion Animals 

Infectious Diseases (ISCAID) recommendations. Secondly, to investigate the diagnostic 

methodology and treatment for dermatitis, FD and OE caused by M. pachydermatis. Finally, 

to determine if alternative topical products, namely medical honey, are used in the 

management of these conditions.  



31 
 

1.2. Material and methods 

1.2.1. Survey 

A 18-question survey (Annex I) was developed in Google Forms to interrogate 

practitioner approach to the diagnosis and management of skin and ear infections associated 

with S. pseudintermedius or M. pachydermatis in dogs. Two questions were designed to 

assess diagnostic approaches, 13 questions addressed treatment choices and, three questions 

covered participant demographics. The questions were designed to avoid bias by multiple-

choice and permitting only option would be selected (with the exception of one question). 

An e-mail was sent nationwide in October 2017 through Mailchimp® software (The 

Rocket Science Group, Atlanta, USA) with the link to the survey. It was directed to 740 

veterinary hospitals and clinics located in Portugal and was intentionally limited to only one 

survey per practice. 

 

1.3. Results 

1.3.1. Total replies 

From the total of 740 e-mails, we obtained 103 replies (a 14% response rate). Three 

surveys were incomplete and thus excluded. A total of 100 replies were considered valid.  

 

1.3.2. Demographics 

Fifty-two respondents were located in the centre of the country, 31 were from the south 

and 15 from the northern regions. One response came from the Azores and one from the 

Madeira archipelago. Thirteen percent of respondents had been in practice for less than 5 

years, 26% between 5 and 10 years, 42% between 10 and 20 years, and 19% had more than 

20 years of clinical experience.  

 

1.3.3. Use of the ISCAID guidelines 

About a third (32%) of the respondents applied the ISCAID guidelines for the diagnosis 

and treatment of SBF in practice. Most participants were not aware of the guidelines (53%) or 

did not apply them in practice (15%). 
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1.3.4. Diagnosis 

Of the four conditions surveyed, the prevalence was highest for OE. On a monthly 

basis, all clinicians diagnosed at least one case of OE (100%). Malassezia dermatitis was the 

next disease most commonly seen (81%), followed by FD (68%) and SBF (64%) (Figure 1.1). 

 

Figure 1.1. Number of superficial bacterial folliculitis (SBF), Malassezia dermatitis (MD), fold dermatitis (FD) 

and otitis externa (OE) cases observed per month. 

 

Cytology evaluation was more commonly used in cases of OE (91%), followed by MD 

(88%), SBF (83%) and FD (72%) (Figure 1.2).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Cytological evaluation for diagnosis confirmation of superficial bacterial folliculitis (SBF), 

Malassezia dermatitis (MD), fold dermatitis (FD) and otitis externa (OE).   
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1.3.5. Presence of antibiotic resistance in SBF 

All clinicians observed cases of SBF caused by antibiotic-resistant S. pseudintermedius. 

In fact, most clinicians (57%) declared an increase in the number of antibiotic-resistant cases 

seen in the last 5 years, whereas 33% did not think this was the case. Ten percent did not have 

an opinion on the prevalence of antibiotic resistance in S. pseudintermedius. 

Most clinicians treated SBF with empirical antibiotic therapy and considered only 

bacterial culture and antibiotic susceptibility testing after unsuccessful empirical treatment. 

Cases suspected at the initial stage of being aggravated by bacterial resistance were another 

reason for culture and antibiotic susceptibility, and in such cases this step was taken prior to 

treatment (Figure 1.3). 

 

 

Figure 1.3. Reasons for the use of bacterial culture and antibiotic susceptibility testing in cases of superficial 

bacterial folliculitis (SBF).  
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1.3.6. Treatment of bacterial infections 

1.3.6.1. Oral antibiotherapy 

Oral antibiotics were frequently prescribed to manage infections due to S. 

pseudintermedius (Figure 1.4).  The results showed that SBF cases are very likely to be 

treated with oral antibiotics as 100% of the participants considered prescribed them in this 

circumstance. In FD and OE, the clinician still considered prescribing oral antibiotics in 88% 

and 82% of the cases, respectively.  

 

 

Figure 1.4. Oral antibiotherapy use in superficial bacterial folliculitis (SBF), fold dermatitis (FD) and otitis 

externa (OE) due to S. pseudintermedius. 
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For the treatment of SBF, amoxicillin with clavulanic acid was considered by all the 

clinicians. Cephalexin was also very commonly used (94%), followed by enrofloxacin (67%) 

and marbofloxacin (60%). Antibiotics less commonly used were clindamycin (48%), 

cefovecin (30%), doxycycline (24%), trimethoprim-sulfamethoxazole (22%) and minocycline 

(10%) (Figure 1.5). 

 

 

 

Figure 1.5. Use of oral antibiotherapy for superficial bacterial folliculitis (SBF): amoxicillin-clavulanic acid 

(AMC); cephalexin (CF); enrofloxacin (ENR); marbofloxacin (MAR); clindamycin (DA); cefovecin (CVN); 

doxycycline (DO); trimethoprim-sulfamethoxazole (SXT) and minocycline (MH).  
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1.3.6.2. Topical therapy in bacterial infections 

Participants prescribed therapeutic baths for SBF treatment followed by skin 

disinfection. The treatment was performed with topical antibiotics (either associated with 

antifungals or glucocorticoids). Fold dermatitis was managed by disinfection of the skin 

followed by topical antibiotics. Ear cleaning was frequently prescribed, and topical treatments 

contain a combination of antibiotic, antifungal and glucocorticoids were the main choice. If 

honey-based products are considered, they would mainly be used for SBF and hardly used at 

all in the treatment of FD and OE. Other products (not specified) were also used by the 

participants (Table 1.1).  

 

Table 1.1. Topical therapy in superficial bacterial folliculitis (SBF), bacterial fold dermatitis (FD) and bacterial 

otitis externa (OE).  

Type of topical therapy  Frequency of prescription 

 Never <25% 25-50% 50-75% 75-100% 

Superficial bacterial folliculitis      

Therapeutic baths 0 4 18 14 64 

Skin disinfection 9 8 15 12 56 

Product with antibiotic, antifungal and 

glucocorticoid 
43 31 15 8 3 

Product with only antibiotic 43 32 11 7 7 

Honey-based products 67 23 6 3 1 

Other products 69 17 6 4 4 

 

Bacterial fold dermatitis 
 

Skin disinfection 0 3 2 15 80 

Product with antibiotic, antifungal and 

glucocorticoid 
29 26 8 21 16 

Product with only antibiotic 34 25 7 20 14 

Honey-based product 80 12 2 3 3 

Other products 72 12 1 8 7 

 

Bacterial otitis externa 
     

Ear cleaning 3 0 6 4 87 

Product with antibiotic, antifungal and 

glucocorticoid 
2 8 6 23 61 

Product with only antibiotic 54 24 10 9 3 

Honey-based product 92 6 2 0 0 

Other products 74 14 7 2 3 
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1.3.7. Treatment of Malassezia infections 

1.3.7.1. Oral antifungals 

For the treatment of generalized MD, oral antifungals were used by 85% of the 

clinicians. Concerning Malassezia FD and OE, oral antifungals were prescribed by 70% and 

59% of the clinicians, respectively (Figure 1.6).  

 

 

 

Figure 1.6. Oral antifungal use in generalized Malassezia dermatitis (MD), Malassezia fold dermatitis (FD) and 

Malassezia otitis externa (OE) cases. 
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1.3.7.2. Topical therapy in Malassezia infections 

Topical treatment of generalized MD was performed with bathing and skin disinfection, 

and with products containing only antifungals. Malassezia FD was managed with skin 

disinfection followed by application of products containing antibiotic and antifungal agents 

and glucocorticoids. Ear cleaning followed by use of products with antibiotic and antifungal 

effect and glucocorticoid content was the treatment adopted for OE. Honey-based products 

are hardly used for any of the diseases caused by Malassezia. Other products that were not 

specified were also used by the clinicians (Table 2).  

 

 

Table 1.2. Use of topical therapy in Malassezia dermatitis (MD), fold dermatitis (FD) and otitis externa (OE). 

Type of topical therapy Frequency of prescription 

 Never <25% 25-50% 50-75% 75-100% 

Generalized Malassezia dermatitis      

Therapeutic baths 0 1 7 5 87 

Skin disinfection 20 12 7 12 49 

Product with antibiotic, antifungal and 

glucocorticoid 
53 21 13 10 3 

Product with only antifungal 36 17 19 12 16 

Honey-based product 96 3 0 1 0 

Other products 78 6 3 7 6 

 

Malassezia fold dermatitis 
     

Skin disinfection 1 2 6 7 84 

Product with antibiotic, antifungal and 

glucocorticoid 
29 20 17 16 18 

Product with only antifungal 34 18 25 10 13 

Honey-based product 90 6 2 1 1 

Other products 74 11 5 5 5 

 

Malassezia otitis externa 
     

Ear cleaning 4 1 3 8 84 

Product with antibiotic, antifungal and 

glucocorticoid 
7 6 12 15 59 

Product with only antifungal 61 12 9 10 8 

Honey-based product 95 2 2 0 1 

Other products 80 9 3 0 8 
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1.4. Discussion 

This study showed that largely oral antibiotics were used for the treatment of SBF, FD 

and OE. Diagnostic approach is another issue, in veterinarians´ failure to use of appropriate 

diagnostic tests for the conditions considered in the survey. 

The majority of clinicians who collaborated in this survey were experienced in small 

animal practice and had been working for over 10 years. The conditions considered were 

observed routinely by the practitioners. This is in accordance with previous literature which 

states that SBF is a common disease and also one of the main reasons for antimicrobial 

prescription in small animal practice (Rantala et al., 2004; Baker et al., 2012). Otitis externa 

is also a common cause for consultation (August, 1988; O'Neill et al., 2014; Perry et 

al., 2017). Malassezia dermatitis is another frequent disease and is normally associated with 

an underlying cause, such as atopic dermatitis (Bond et al., 1996; Machado et al., 2011). Skin 

fold dermatitis is also very common, particularly in brachycephalic dogs and breeds with 

excessive skin folds (Beco et al., 2013). Lately, brachycephalic breeds have become very 

common in Portugal, exemplified most clearly by the French Bulldog, and this might be the 

reason for the high prevalence of FD observed by the clinicians in this study.  

In general, the survey demonstrated that cytology could be more thoroughly used by 

clinicians for diagnostic purposes. In fact, only approximately a quarter of the clinicians 

performed it in every case of SBF. Cytology is a simple, inexpensive, and reliable diagnostic 

test that can easily be performed in a consultation by the clinician (Beco et al., 2013). 

Unfortunately, 12% of the clinicians never used this diagnostic tool for generalized MD, 

which is surprising, bearing in mind that adhesive cellophane testing is the most suitable test 

for diagnosis of MD (Bensignor et al., 2002). Otic cytology allows discrimination between 

bacteria and Malassezia yeasts, as the appearance and odour of ear exudate cannot be used to 

reach a reliable diagnosis (Kiss et al., 1997a; Angus, 2004).  

Clinicians always considered the use of oral antibiotherapy in SBF cases. Overall, 

clinicians preferred to begin therapy with oral antibiotics, empirically, and if clinical 

improvement was not observed, they resorted to bacterial culture and susceptibility testing. 

When bacterial resistance is suspected, the clinicians will also perform culture and 

susceptibility testing. There are situations when bacterial culture is particularly important, 

mainly in cases of apparent antimicrobial resistance (Hillier et al., 2014).  
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However, the number of clinicians who never used bacterial culture, never tested for 

antibiotic susceptibility, or only use culture for diagnostic purposes is surprising. In fact, most 

of the participants had diagnosed cases SBF with antibiotic resistance to S. pseudintermedius 

and had recognized an increase of antibiotic resistance in the last five years. The problem of 

their diminishing effectiveness is therefore escalating. In Portugal, methicillin and multidrug 

resistant S. pseudintermedius were reported for the first time in 2010 and in other papers 

thereafter (Pomba et al., 2010; Couto et al., 2011; Couto et al., 2014; Beça et al., 2015).  

Bacterial FD and bacterial OE were also largely treated with oral antibiotics, which 

adds further concern. Exposure to antibiotics has been associated with the development of 

resistance by S. pseudintermedius isolates, either from skin lesions or from OE (Weese et al., 

2012; Hillier et al., 2014; Ludwig et al., 2016; Zur et al., 2016).  

This survey showed that amoxicillin-clavulanic acid and cephalexin were the most 

frequently prescribed antibiotics for SBF treatment, followed by enrofloxacin and 

marbofloxacin. Other antibiotics such as clindamycin, trimethoprim-sulfamethoxazole, 

cefovecin, doxycycline, and minocycline were less frequently used. This is in accordance 

with official data: penicillins, first and second generation cephalosporins, and 

fluoroquinolones are the most prescribed antibiotics in small animal practice. Macrolides and 

tetracyclines are less often used, as well as sulphonamides and lincosamides (DGAV, 2015). 

A 16-year study in Portugal documented an increase in S. pseudintermedius resistance against 

oxacillin, ampicillin, amoxicillin, penicillin, cefovecin, cefalexin, enrofloxacin, clindamycin 

and trimethoprim-sulfamethoxazole. Cephalosporins have been putatively implicated in the 

development of MRSP (Couto et al., 2016). Another study reports misuse of antimicrobials 

such as fluoroquinolones, macrolides, and third generation cephalosporins, demonstrating 

correlation with MRSP colonization (Rota et al., 2013). Based on the results of this survey, 

we recommend that fluoroquinolones should be used with more caution. Clinicians 

principally use antibiotics in the treatment of SBF, FD, and OE, in spite of the conservative 

recommendations of the ISCAID guidelines. The guidelines developed by ISCAID are a great 

asset to help the clinician recognise the signs of canine SBF, choose the correct diagnostic 

tools, and determine the most appropriate topical or systemic antimicrobial therapy (Hillier et 

al, 2014). In reality, most of the practitioners do not follow or are not aware of the ISCAID 

guidelines, although the reasons are not explained in this survey. 
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In general, clinicians recommended the application of therapeutic baths and skin 

disinfection in cases of bacterial or Malassezia infections. The use of antibiotic and 

antimycotic based-products was also frequent, in contrast to honey-based products which 

were rarely applied.  

According to our findings, topical treatment with honey-based products is seldom 

prescribed. The efficacy of a honey-based gel was also confirmed for the treatment of 

bacterial and/or Malassezia OE and canine intertrigo (Jakobsson, 2011; Maruhashi et al., 

2016). The same product has been proven to be effective against MSSP and MRSP originated 

from SBF cases. The product also eradicated M. pachydermatis originated from OE (Oliveira 

et al., 2018). Medical honey or honey-based products are potential treatments for the diseases 

considered in this study and could be used more often in Portugal.  

 

4.5. Conclusion 

This survey contributed to the understanding on how Portuguese clinicians are 

diagnosing and treating superficial bacterial folliculitis, Malassezia dermatitis, fold dermatitis 

and, otitis. It uncovered a lack of awareness of the ISCAID guidelines, an increasing 

perception of antibiotic-resistant S. pseudintermedius, potential overuse of antibiotics and, 

lack of antibiotic-free products. Educational actions should be undertaken to increase 

awareness about the correct use of antibiotics to avoid promulgating bacterial resistance in 

our country.  

 

 

  



42 
 

 

 

 

 

CHAPTER II 
 

MULTIDRUG RESISTANT Staphylococcus pseudintermedius ISOLATED 

FROM SUPERFICIAL BACTERIAL FOLLICULITIS IN DOGS FROM 

PORTUGAL AND SPAIN 

 

 

  



43 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



44 
 

 

 

 

 

 

 

 

 

 

 

 

THE CONTENT OF THIS CHAPTER WAS PUBLISHED IN: 

Oliveira, A.M.P.; Devesa, J.S.P.; Hill, P.B. and Poeta, P. (2018). Multidrug resistant 

Staphylococcus pseudintermedius isolated from superficial bacterial folliculitis in dogs from 

Portugal and Spain. Early Stage Research Journal. 3(1): 1-10.   



45 
 

  



46 
 

2. MULTIDRUG RESISTANT Staphylococcus pseudintermedius ISOLATED FROM 

SUPERFICIAL BACTERIAL FOLLICULITIS IN DOGS FROM PORTUGAL AND 

SPAIN 

 

2.1. Introduction 

In the nineties, most infections caused by Staphylococcus pseudintermedius in dogs 

were effectively treated with empiric antibiotherapy with beta-lactams, macrolides or 

potentiated sulphonamides antibiotics (White, 1996; Ganiere et al., 2005). At least in Europe, 

multidrug resistance was extremely rare (Lloyd et al., 1996; Guardabassi et al., 2004; Rantala 

et al., 2004). Between 1987 and 1995, resistance to cephalexin, amoxicillin-clavulanic acid, 

oxacillin/methicillin and enrofloxacin had never been reported in the UK (Lloyd et al., 1996). 

The first multidrug resistant (MDR) methicillin resistant Staphylococcus 

pseudintermedius (MRSP) isolates were reported at a dermatology referral centre in Germany 

in 2005 (Loeffler et al., 2007). Multidrug resistance is considered as resistance to three or 

more classes of antibiotics (Coombs et al., 2004; Schwarz et al., 2010).  

Two MRSP strains developed simultaneously in Europe and USA with different 

resistant patterns. MRSP isolates were first reported in 1999 in North America and throughout 

Europe between 2005 and 2006, and are actually recognized as having a worldwide 

distribution (Gortel et al., 1999; Loeffler et al., 2007; Schwarz et al., 2008; Perreten et al., 

2010; Onuma et al., 2012). The North America strain is still susceptible to chloramphenicol, 

rifampicin and amikacin. Regarding the predominant MRSP strain in Europe, resistance to 

beta-lactams, aminoglycosides, macrolides, lincosamides, tetracyclines, chloramphenicol, 

trimethoprim and fluoroquinolones is normally observed, although susceptibility to amikacin, 

fusidic acid, minocycline, rifampicin, vancomycin, teicoplanin and linezolid is still 

maintained (Perreten et al., 2010; Frank et al., 2012). This demonstrates the importance of 

recognizing MRSP isolates susceptibility in order to apply effective antibiotherapy.  

The aim of the present work was to evaluate the MDR profile of 60 S. pseudintermedius 

isolates from two referral veterinary hospitals in Portugal and Spain.  
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2.2. Material and methods 

2.2.1. Characterization of the isolates 

Sixty S. pseudintermedius isolates, previously collected from dogs with superficial 

bacterial folliculitis (SBF) presented to the Dermatology Service of the Faculty of Veterinary 

Medicine at Universidade Lusófona de Humanidades e Tecnologias and Universitat 

Autònoma de Barcelona, were used in this study. These isolates were collected between 

January and December of 2014. Isolates were stored in a mixture of glycerol 30% (Scharlab 

S.L., Barcelona, Spain) and nutrient broth at -80˚C. All media used were supplied by Oxoid 

(Oxoid, Hampshire, UK) unless stated otherwise.  

The isolates were previously characterized as Gram-positive cocci, catalase and 

coagulase positive. They were also purposely chosen as MRSP (30/60) and methicillin 

resistant Staphylococcus pseudintermedius (MSSP, 30/60) after disk diffusion susceptibility 

test to oxacillin by the Kirby-Bauer technique following the Clinical Laboratory Standards 

Institute (CLSI) guidelines (CLSI, 2013). 

A multiplex PCR (polymerase chain reaction) of 16S rRNA (Staphylococcus genus 

specific), nuc (Staphylococcus aureus species specific) and mecA (a determinant of 

methicillin-resistance) genes was used for identification of the isolates (National Food 

Institute, 2009). The isolates were then identified as S. pseudintermedius by polymerase chain 

reaction-restriction fragment length polymorphism assay, as described by Bannoehr and 

collaborators (Bannoehr et al., 2009). 

 

2.2.2. Antibiotic-Susceptibility Testing  

Antibiotic susceptibility testing was performed in accordance with the Kirby-Bauer 

methodology described in the CLSI guidelines (CLSI, 2013). Antibiotics were chosen based 

on the recommendation of the Working Group of the International Society for Companion 

Animal Infectious Diseases (ISCAID) guidelines for the treatment of SBF (Hillier et al., 

2014). The inhibition halos were interpreted as susceptible or resistant using the 

recommended diameters by the CLSI guidelines and, if not available, by the European 

Committee on Antimicrobial Susceptibility Testing (CLSI, 2013; EUCAST, 2017). The 

following antibiotic disks were tested: oxacillin (1µg), amoxicillin-clavulanic acid (20/10µg), 
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cefalothin (30µg), clindamycin (2µg), erythromycin (15µg), trimethoprim-sulfamethoxazole 

(1.25/23.75 µg), tetracycline (30µg), minocycline (30µg), enrofloxacin (5µg), pradofloxacin 

(5µg; Mast Diagnostics, UK), chloramphenicol (30µg), rifampicin (5µg), gentamicin (10UI; 

Bio-Rad, France) and amikacin (30µg). Staphylococcus aureus (Culti-Loops™, ATCC® 

29213™, Thermo-Fisher™, USA) strain was used as the quality control recommended by the 

CLSI. Isolates were classified as MDR or non-MDR according to the number of classes to 

which they were resistant (Coombs et al., 2004; Schwarz et al., 2010). The following 

antibiotics were used to determine the MDR pattern: oxacillin (beta-lactam class), 

clindamycin (lincosamide class), erythromycin (macrolide class), trimethoprim-

sulfamethoxazole (sulphonamide class) tetracycline (tetracycline class), enrofloxacin 

(fluoroquinolone class), chloramphenicol (phenicol class), rifampicin (ansamycin class) and 

gentamicin (aminoglycoside class) (Table 2.1).  

  

Table 2.1. Antibiotic classification according to the Working Group of the International Society for Companion 

Animal Infectious Diseases (ISCAID) guidelines. 

FIRST-TIER ANTIBIOTICS  SECOND-TIER ANTIBIOTICS 

Amoxicillin-clavulanic acid  Tetracycline 

Cefalothin  Minocycline 

Clindamycin  Enrofloxacin 

Erythromycin  Pradofloxacin 

Trimethoprim-sulfamethoxazole  Chloramphenicol 

  Rifampicin 

  Amikacin 

  Gentamicin 

 

2.2.3. Statistical analysis 

Statistical analysis was performed with Statistical Package for the Social Sciences 16.0 

(IBM SPSS Chicago, IL). 

 

2.3. Results 

2.3.1. Identification of MRSP and MSSP isolates 

All isolates were identified as S. pseudintermedius. The mecA gene was present in all 

MRSP isolates and absent in MSSP isolates, confirming the oxacillin-resistance phenotype. 



49 
 

From the total of 60 isolates, 38 were of Portuguese origin (19 MSSP/ 19 MSRP) and 22 

originated from Spain (11 MSSP/ 11 MRSP).  

 

2.3.2. Antibiotic susceptibility testing 

All MRSP isolates displayed resistance to amoxicillin-clavulanic acid. Isolates also 

exhibited resistance to clindamycin and erythromycin. High level of resistance was observed 

against trimethoprim-sulfamethoxazole, tetracycline, gentamicin, cefalothin, enrofloxacin, 

chloramphenicol, pradofloxacin and minocycline. Low level of resistance was observed for, 

amikacin and rifampicin. Within the MSSP group, all isolates were susceptible to amoxicillin-

clavulanic acid, cefalothin and rifampicin. A high number of isolates exhibited resistance to 

tetracycline, minocycline, clindamycin and erythromycin (Figure 2.1).   

 

 

* Statistically significant differences between MSSP and MRSP groups (P<0.05). 

 
Figure 2.1. Relative frequency (%) of antibiotic resistance in the MRSP and MSSP group. First-tier antibiotics: 

AMC, Amoxicillin-clavulanic acid; CF, Cefalothin; CM, Clindamycin; E, Erythromycin; SXT, Trimethoprim-

sulfamethoxazole. Second-tier antibiotics:  TE, Tetracycline; GM, Gentamicin; ENR, Enrofloxacin; CLOR, 

Chloramphenicol; P, Pradofloxacin; MH, Minocycline; RA, Rifampicin; AK, Amikacin.  

 

 

 

Overall, resistance to oxacillin was associated with resistance to other antibiotics, 

except for minocycline (P=0.796), rifampicin (P=0.492) and amikacin (P=1.000). Out of 60 
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isolates, 11 were only susceptible to rifampicin and/or amikacin, and none of them to 

chloramphenicol.  

Within the tetracycline class, 12 isolates (11 MRSP and 1 MSSP) were susceptible to 

minocycline but resistant to tetracycline (12/44; P=0.000); amongst the fluoroquinolone class, 

only 2 (1 MSSP and 1 MRSP) enrofloxacin-resistant isolates were pradofloxacin susceptible 

(2/27; P=0.000). Within the aminoglycoside group, 24 gentamicin-resistant isolates (all 

MRSP) were amikacin susceptible (24/27; P=0.085). 

Most isolates were MDR (63%, 38/60). All non-MDR isolates belonged to the MSSP 

group. Methicillin resistance was associated with multidrug resistance to other classes of 

antibiotics (P=0.0001) (Table 2.2).  

 

Table 2.2. Association between multidrug resistance and methicillin resistance. 

 MDR  Non-MDR 

MRSP  79% (30/38)  0% (0/22) 

MSSP 21% (8/38)  100% (22/22) 

 

MSSP (methicillin susceptible Staphylococcus pseudintermedius), MRSP (methicillin resistant Staphylococcus 

pseudintermedius) and MDR (multidrug resistance). 

 

2.4. Discussion 

This study demonstrates the presence of MDR S. pseudintermedius isolates in 

dermatology referral patients from the Iberian Peninsula. Multidrug resistance was associated 

with the presence of methicillin resistance. The percentage of MDR isolates was extremely 

high within the MRSP isolates obtained in this study, however, multidrug resistance was also 

observed in MSSP isolates. The presence of these MDR patterns has become a clinical 

challenge for veterinarians, since it reduces the number of antibiotic alternatives for the 

successful treatment of canine SBF. This is in accordance with other studies reported in 

Germany, UK and other European countries (Loeffler et al., 2007; Holm et al., 2002; 

Nienhoff et al., 2011). In Portugal, multidrug resistance has also been detected in colonization 

and infection cases in dogs (Couto et al., 2014). 

Since the first report in 2005, there has been increased incidence of MRSP across 

Europe (Loeffler et al., 2007; Perreten et al., 2010). In Spain, MRSP has been reported in 

healthy dogs with isolates being resistant to beta-lactams, tetracycline, macrolides, 
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lincosamides, aminoglycosides, trimethoprim-sulfamethoxazole and, in some cases, to 

fluoroquinolones (Gómez-Sanz et al, 2011). More recently, a human infection caused by S. 

pseudintermedius originating in dogs has been described (Lozano et al, 2017). Cases of 

MRSP have been described since 2010 and a trend towards multidrug resistance has been 

suggested (Pomba et al, 2010; Couto et al, 2011; Couto et al, 2014; Beça et al, 2015; Couto et 

al, 2016). 

Nowadays, it is recommended to follow the guidelines for the diagnosis and 

antimicrobial therapy of SBF developed by the ISCAID. These guidelines provide updated 

information for adequate treatment of canine SBF and rational use of antibiotics (Hillier et al., 

2014). 

Staphylococcus pseudintermedius is the most common bacterial pathogen associated 

with canine SBF (Bannoehr et al., 2007). Treatment of these infections typically involves 

administration of broad-spectrum antibiotics, such as beta-lactams, clindamycin, 

erythromycin or potentiated sulphonamides (Hillier et al., 2014). This study demonstrates the 

presence of high levels of resistance to first line antibiotics, often used empirically, which 

significantly limits treatment options by the veterinarian, particularly in MRSP isolates. In 

fact, only one MRSP isolate was susceptible to trimethoprim-sulfamethoxazole. However, 

MSSP isolates were also resistant to first line antibiotics, such as clindamycin, erythromycin 

and trimethoprim-sulfamethoxazole. This is one of the reasons why bacterial culture and 

susceptibility testing should always be performed in case of lack of clinical response after two 

weeks of appropriate empirical antibiotherapy (Hillier et al., 2014). 

Based on the resistance profile to oxacillin, the representative antibiotic for the beta-

lactam class, the isolates were divided into two groups: MRSP and MSSP. It is important to 

evaluate the susceptibility to the oxacillin disk in S. pseudintermedius isolates, since it is an 

indicator of resistance mediated by the mecA gene, when its detection by PCR, the gold 

standard method, is not possible. The link between MDR and MRSP has been reported (Holm 

et al., 2002; Ganiere et al., 2005; Nienhoff et al., 2011). In this study a clear association was 

observed between MRSP and multidrug resistance. Resistance to methicillin causes a major 

impact on treatment using beta-lactam class antibiotics, which are administrated empirically 

for the treatment of staphylococcal infections. Although some MRSP displayed susceptibility 

to cefalothin, according to the CLSI recommendations and the ISCAID guidelines, they 

should be considered and reported as resistant, as methicillin resistance confers resistance to 
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virtually every beta-lactam antibiotic, with the exception of anti-MRSA cephalosporins (Jones 

et al., 2007; Bemis et al., 2009; Magiorakos et al., 2012; Papich, 2013). 

Lincosamides and macrolides are considered good antibiotic choices for the treatment 

of canine SBF caused by staphylococci due to its good oral absorption, distribution in tissues 

and high intracellular concentration (Ganiere et al., 2005; Hillier et al., 2014). However, 

especially in recurrent infections, their use is limited by a high level of resistance, particularly 

when there is cross-resistance between the two antibiotics (Ganiere et al., 2005). The 

interpretation of susceptibility to lincosamides should be considered carefully since cross-

resistance with macrolides can occur. The presence of cross-resistance should be considered 

when the isolate demonstrates in vitro resistance to erythromycin and susceptibility to 

clindamycin (Steward et al., 2005; Perreten et al., 2010). 

Potentiated sulphonamides are first line antibiotics frequently used in the treatment of 

canine SBF (Dowling, 1996; Hillier et al., 2014). The use of potentiated sulphonamides as 

first line antibiotics is limited by the relatively high incidence of resistance and potential side 

effects (Trepanier, 2004; Jones et al., 2007). 

Since tetracycline is only the marker for resistance to the tetracycline class, doxycycline 

is usually the administered antibiotic. Even though minocycline is not licensed for use in 

dogs, results of the current study suggest that minocycline could have been used to treat 12 

patients which were tetracycline-resistant (Maaland et al., 2014). Therefore, in addition to its 

use being recommended in the ISCAID guidelines, minocycline represents a useful 

alternative.  

Fluoroquinolones, particularly in MSSP isolates in which a high susceptibility rate is 

observed, can be administered for staphylococcal infections. The association between the use 

of quinolones and carbapenems and an increased risk for MRSA is reported in a large hospital 

study among hospitalized people (Ascioglu et al., 2014).  

Chloramphenicol is rarely used in the treatment of S. pseudintermedius infections as it 

may cause severe adverse effects, particularly in humans (Short et al., 2014). Susceptibility in 

MSSP isolates was still observed, although resistance to this antibiotic is common in Europe, 

due to the expression of the chloramphenicol acetyltransferase (Schwarz et al., 1995; Ganiere 

et al., 2005; Kadlec et al., 2012). Isolates resistant to chloramphenicol are still susceptible to 
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florfenicol, a derivative of chloramphenicol, so it may be a safer option (Schwarz et al., 2000; 

Kehrenberg et al., 2004; Ganiere et al., 2005). 

Resistance to rifampicin is normally rare and the presence of resistant isolates can be 

associated with previous administration of this antibiotic, since mutations for resistance can 

persist for months (Perreten et al., 2010, Kadlec et al., 2011). Even when the isolate displays 

susceptibility, the administration of rifampicin as monotherapy or in combination with 

another antibiotic to treat MDR-MRSP infections, can result in high levels of resistance 

(Kadlec et al., 2011). 

Aminoglycosides can be used in the treatment of staphylococcal infection, if no other 

safer alternatives are available. Against resistant isolates, amikacin is more active than 

gentamicin and resistance is less likely to occur, which was verified in this study as amikacin 

could have potentially been used to treat most of the gentamicin-resistant patients (Papich, 

2013). Inactivation by aminoglycoside modifying enzymes is the main resistance mechanism 

to aminoglycosides (Perreten et al., 2010; Gold et al., 2014). These antibiotics are not 

routinely used in the treatment of staphylococcal infections, particularly due to their 

nephrotoxic and ototoxic effects and the inconvenience of parenteral administration (Hillier et 

al., 2014). Their administration should be avoided in animals with renal insufficiency and in 

healthy animal monitoring of renal function, according to International Renal Interest Society 

guidelines for prevention of aminoglycoside-induced acute kidney injury is advised 

(International Renal Interest Society, 2015). However, with the increasing prevalence of 

MRSP, their use is becoming a necessary alternative and they are recommended in the 

ISCAID guidelines when no other safer alternatives are present (Hillier et al., 2014). 

Ideally, second choice antibiotics like fluoroquinolones should only be used in MRSP 

infection cases (Hillier et al., 2014). In general, higher susceptibility rates were associated 

with minocycline, amikacin and rifampicin, but side-effects can deem their use unacceptable 

in certain patients. MRSP were less likely to be susceptible to doxycycline, enrofloxacin, 

pradofloxacin and gentamicin.  
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2.5. Conclusion 

Although this study was performed in a limited number of animals, the isolates were 

recovered from dogs attending referral consultation and, therefore, these data further supports 

the fact that first line antibiotics are extremely limited to treat these patients.  

The association between MRSP and the presence of MDR was evident and it was also 

observed in MSSP isolates. 

This problem requires a prudent, targeted use of antibiotics and the development of 

novel topical treatments to control infections caused by MDR S. pseudintermedius. 

Additionally, bacterial culture to identify the bacteria and sensitivity testing are essential tools 

to determine the most appropriate treatment plan, which can include antibiotics with potential 

severe side-effects. 
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CHAPTER III 
 

IN VITRO EFFICACY OF MANUKA HONEY AGAINST Staphylococcus 

pseudintermedius AND Malassezia pachydermatis 
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3. IN VITRO EFFICACY OF MANUKA HONEY AGAINST Staphylococcus 

pseudintermedius AND Malassezia pachydermatis 

 

3.1. Introduction 

Honey is a natural product with an interesting source of nutrients and it is known for its 

beneficial effects in human health. It has long been used in human medicine but evidence for 

its benefits are really just starting to be shown (Carter et al., 2016). Manuka honey (MH) is 

produced by the European honey bee (Apis mellifera) foraging on pollen from the 

Leptospermum scoparium tree and has a proven antibacterial efficacy against many types of 

bacteria commonly involved in skin infections (Alvarez-Suarez et al., 2014). In general, 

honey has antibacterial properties, an autolytic debriding action, is anti-inflammatory and 

enhances healing (Jull et al., 2015). The use of honey has been increasing, especially in those 

cases where conventional antibiotic therapy is failing (French et al., 2005). Nowadays, honey 

intended for medical purposes is sterilized by gamma-radiation and produced under standard 

conditions to ensure safety and efficacy (Postmes et al. 1995). Another advantage associated 

with honey use is the apparent lack of bacterial resistance development (Cooper et al., 2010). 

In general, honey has hydrogen peroxide in its composition produced by the enzyme glucose 

oxidase. The hydrogen peroxide against pathogens but can be inactivated by enzyme catalases 

present in the wounds. Catalase converts hydrogen peroxide into water and oxygen 

(Bogadnov et al., 2008, Honnegowda et al., 2015). Interestingly, MH does not contain 

hydrogen peroxide, which is seen as a main advantage when compared with other types of 

honey. The antimicrobial activity of MH is maintained even in the presence of catalases 

(Mavric et al., 2008). Honey is also well known for its antifungal properties, with activity 

reported against several species of yeasts and dermatophytes, like Candida albicans and 

Cryptococcus neoformans (Boorn et al., 2010; Feás and Estevinho, 2011). It has also been 

documented to have effects against several Aspergillus species and Rhodotorula spp. (Moussa 

et al., 2012; Pradeep and Dhananjay, 2012).  

Staphylococcus pseudintermedius is the most common bacteria implicated in canine 

folliculitis and otitis externa (OE) constituting a common cause for antibiotic prescription 

(Lyskova et al., 2007). Previous reports of chronic or recurrent cases of pyoderma, in which 

previous antibiotherapy has been attempted, frequently report high levels of methicillin-
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resistant Staphylococcus pseudintermedius (MRSP) which can become a treatment challenge 

(Loeffler et al., 2007). 

Malassezia dermatitis and otitis are commonly associated with allergic diseases, 

keratinization disorders, bacterial skin infections and long-term glucocorticoid administration 

(Plant et al., 1992). Clinical signs include severe pruritus, oily seborrhea, erythema and a 

malodorous brownish ear discharge (Bond et al., 2010). In practice, Malassezia dermatitis and 

otitis is managed with topical or systemic antimycotics like imidazoles, terbinafine and 

nystatin (Mueller et al., 2012). 

The aim of this study was to evaluate the bactericidal and antifungal activity of MH 

against S. pseudintermedius and M. pachydermatis. 

 

3.2. Materials and methods  

3.2.1. Collection and identification of the isolates 

A total of 60 S. pseudintermedius isolates, 30 methicillin-susceptible (MSSP) and 30 

methicillin-resistant (MRSP) were included in this study. These isolates had been previously 

isolated from dogs with superficial pyoderma. Polymerase chain reaction was performed for 

species identification and detection of the mecA gene (Bannoehr et al., 2009; National Food 

Institute, 2015). Antibiotic susceptibility was tested according to the Clinical Laboratory 

Standards Institute (CLSI) for Kirby-Bauer disk methodology (CLSI, 2013). Isolates were 

tested for resistance to oxacillin, clindamycin, erythromycin, trimethoprim-sulfamethoxazole, 

tetracycline, enrofloxacin, chloramphenicol, rifampicin and gentamicin. The isolates were 

classified as multidrug resistant (MDR) if resistant to ≥ 3 classes of antibiotics and non-

multidrug resistant (non-MDR) if resistant to 2 or less classes of antibiotics (Schwarz et al., 

2008). Twenty M. pachydermatis isolates, also previously collected from dogs with 

Malassezia otitis externa were also used in this study. Yeast identification was based on 

macroscopic and microscopic characteristics and ability to grow in Sabouraud glucose agar 

with chloramphenicol (SGC) (Kaneko et al., 2007). All media were obtained from Oxoid 

(Oxoid, Hampshire, UK). Staphylococcus isolates were stored at -80˚C in a mixture of 

glycerol 30% (Scharlab S.L., Barcelona, Spain) and nutrient broth and Malassezia isolates at -

20˚C in a mixture of 10% glycerol and milk broth until further analysis. 
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3.2.2. Determination of minimum bactericidal and fungicidal concentrations 

3.2.2.1. Product preparation 

The product used in this experiment was medical grade MH (Activon tube, Advancis 

Medical, UK) and we confirmed its sterility by culturing 10 µL in 5% Sheep Blood agar and 

MacConkey agar followed by incubation for 24 h at 37˚C under aerobic conditions. 

Manuka honey was tested undiluted and diluted at 80%, 40%, 30%, 20%, 15%, 10%, 

7.5%, 5%, 3.7% and 2.5% w/v in nutrient broth for S. pseudintermedius and in Sabouraud 

broth for M. pachydermatis isolates.  

Synthesized honey was used to mimic the high osmolality and pH of honey and 

prepared by mixing 1.5 g sucrose, 7.5 g maltose, 40.5 g D-fructose and 33.5 g D-glucose (all 

products supplied by Sigma-Aldrich, St Louis, USA) in 17 mL of sterile deionized water. The 

solution was dissolved by heating at 56°C in a water bath, and sterilized by autoclaving at 

120°C for 20 minutes (Feás et al., 2013). Concentrations of synthesized honey matched those 

of MH.  

An initial stock solution of the disinfectant, chlorhexidine digluconate (Sigma-Aldrich, 

St Louis, USA) was used as positive control against both microorganisms. The chlorhexidine 

solution was prepared in distilled water in a concentration of 1% w/v and 2-fold serial 

dilutions (1.28-0.0025% w/v) were prepared for testing (Valentine et al., 2012). 

 

3.2.2.2. Inoculum preparation 

3.2.2.2.1. Staphylococcus pseudintermedius 

The isolates were cultured overnight at 37ºC and diluted in sterile saline to an optical 

density of 0.05 at 600 nm (CLSI, 2013). Bacterial count was performed according to the 

spread plate protocol (Wise, 2006). 

 

3.2.2.2.2. Malassezia pachydermatis 

The yeasts were inoculated on SGC agar and incubated for 3 days at 37ºC. Colonies 

were suspended in sterile saline, homogenized and centrifuged at 448 rpm for 10 minutes. The 
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pellet was diluted in sterile saline and adjusted at 570 nm to an optical density of 0.8 as 

recommended (Young et al., 2012).  

 

3.2.2.3. Microbroth dilution assay protocol 

3.2.2.3.1. Staphylococcus pseudintermedius 

Microbroth dilution assay was performed according to the CLSI guidelines (CLSI, 

2013). First, bacterial suspensions were diluted 1:10 in nutrient broth. Plates with 96-well 

microtiter and round bottom wells (Deltalab, Barcelona, Spain) containing 90 µL of 

progressive dilutions of the products were inoculated with 10 µL of the bacterial suspension 

and slowly agitated for 10 minutes at 100 rpm. To prevent drying, the plates were covered 

with a lid and incubated at 37°C for 20 hours in aerobic atmosphere. Minimum bactericidal 

concentration (MBC) was determined by subculturing 10 µL of each well in Muller Hinton 

agar and subsequently incubated at 37ºC for 24 hours. Plates with visible colony growth were 

considered to correspond to bacteriostatic activity, while those with no growth were 

considered as representing bactericidal activity. The MBC was considered as the lowest 

concentration where growth was not detected with the unaided eye. S. aureus ATCC® 

29213™ (Scharlab S.L., Barcelona, Spain) was used as growth control. 

Positive plate controls (growth-wells with isolates) and negative controls (wells with 

only MH at all concentrations and nutrient broth) were included in all plates. All experiments 

were performed in duplicate. 

 

3.2.2.3.2. Malassezia pachydermatis 

For M. pachydermatis the experiment was performed as previously described for S. 

pseudintermedius, with the exception of minimum fungicidal concentration (MFC) 

determination, in which 10 µL of each well was subcultured in SGC agar and incubated at 

37ºC for 3 days.  

 

3.2.3. Catalase treatment of MH 

In order to determine hydrogen peroxide activity, MH was treated with catalase. Bovine 

liver catalase (Sigma-Aldrich; St Louis, MO, USA) diluted to a ratio of 1000 units/ml was 
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added to the MH dilutions and incubated for 1 h at 37˚C. MBC was determined according to 

previous methodology.  

 

3.2.4. Time-kill assay for S. pseudintermedius and M. pachydermatis 

 

A time-kill assay was performed based on “Standard Guide for Assessment of 

Antimicrobial Activity Using a Time-Kill Procedure” by the American Society for Testing 

and Materials (ASTM, 2016). The aim was to evaluate the efficacy of undiluted and diluted 

MH at 40% in sterile saline against 10 S. pseudintermedius (5 MSSP and 5 MRSP) and 10 M. 

pachydermatis isolates after exposure to different time points.   

 

3.2.4.1. Product and inoculum preparation 

Manuka honey was tested undiluted and diluted at 40% w/v in sterile saline shortly 

before testing. Manuka was tested undiluted based on the clinical application of the product 

and MBC and MFC results (40% w/v). The inoculum was prepared for both microorganisms 

as previously stated. 

 

3.2.4.2. Time-kill assay 

A time-kill assay was performed using 15 mL conical tubes (Deltalab, Barcelona, 

Spain) with each tube representing a time point: 1 hour (T1), 4 hours (T4), 8 hours (T8), 12 

hours (T12) and 24 hours (T24). Contact times were determined based on previous published 

studies for honey (Boorn et al., 2010; Shenoy et al., 2012). 

For each microorganism, at each time point and for both MH concentrations, 5 tubes 

were used. To each tube filled with 1 mL of testing product was added 10 µL of bacterial 

suspension, followed by mixing and vortexing for 1 min at 1200 rpm. The tubes were 

incubated at 37ºC and, at each designated time, neutralization was performed by adding 9 mL 

of sterile saline, followed by homogenization through vortexing and tube inversion. The 

neutralization process stops the honey’s action by dilution with saline. The surviving 

microorganisms were counted at each time point, by spreading 10 µL of the solution in Muller 

Hinton agar followed by incubation at 37ºC for 24 hours. For M. pachydermatis the inoculum 

obtained after the neutralization process was cultured in SGC agar and incubated at 37ºC for 3 
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days. 

3.2.4.3. Controls 

For each microorganism, the initial number of controls was established as recommend 

by the ASTM guidelines: 10 µL of bacterial suspension was added to 1 mL of saline, vortexed 

and immediately cultured in growth agar (ASTM, 2016). Positive control (chlorhexidine at 

0.1% w/v) was also included in the experiment (Shenoy et al., 2012). Other controls included 

S. aureus ATCC® 29213™ (growth control) and tubes with testing substances and saline 

(sterility control).  

 

3.2.4.4. Percent reduction calculation 

The reduction of the viable microorganisms at each time was calculated based on the 

following formula: percent reduction (PR) = (IP - T/IP) x 100 (IP, number of viable 

microorganisms in the initial population; T, number of viable microorganisms in MH at each 

time point). 

 

3.2.5. Statistical analysis 

Data were analysed using Statistical Package for Social Sciences (IBM SPSS Chicago, 

IL) for Windows. Means were compared with nonparametric tests (Mann-Whitney and 

Wilcoxon tests).  
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3.3. Results 

3.3.1. Bactericidal effect of MH against S. pseudintermedius 

Manuka honey had a bactericidal effect against S. pseudintermedius, with an MBC of 

20% and ranging between 15-20% w/v. Most isolates revealed an MBC of 15% w/v (49/60 

isolates) (Table 3.1). The MBC mean was 15.9% w/v (SD±1.9). After treatment with catalase, 

the MBC values were maintained.  

 

 

Table 3.1. Minimum bactericidal concentration (MBC) with the percentage of dead S. pseudintermedius isolates 

for each manuka honey (MH) dilution. 

Product concentration % death 

2.5% w/v 0 

3.7% w/v 0 

5% w/v 0 

7.5% w/v 0 

10% w/v 0 

15% w/v 82% 

20% w/v 100% 

40% w/v 100% 

80% w/v 100% 

Undiluted 100% 

MH, manuka honey; w/v, weight/volume. 
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3.3.2. Susceptibility of MRSP, MSSP and MDR isolates to MH 

When the susceptibility of MSSP and MRSP isolates to MH were compared, the MBCs 

were 16.2% w/v and 15.7% w/v, respectively (Table 3.2). Comparison between susceptibility 

of MSSP and MRSP to MH showed no difference between groups (P=0.321). 

 

Table 3.2. Minimum bactericidal concentration (MBC) of manuka honey (MH) for methicillin-susceptible 

(MSSP) and methicillin-resistant S. pseudintermedius (MRSP). The last line shows MBC mean and standard 

deviation (SD) for each group.  

 
MSSP (n=30) MRSP (n=30) 

MBC 15% (n=49) 87% (26/30) 77% (23/30) 

MBC 20% (n=11) 13% (4/30) 23% (7/30) 

MBC mean ±SD 16.2±2.2 15.7±1.7 

MBC, minimum bactericidal concentration; SD, standard deviation; MSSP, methicillin-susceptible S. 

pseudintermedius; MRSP, methicillin-resistant S. pseudintermedius. 

 

When the isolates were divided into MDR and non-MDR categories, the MBCs were 

15.8% w/v and 16.1% w/v, respectively (Table 3.3). Comparison between susceptibility of 

MDR and non-MDR isolates to MH showed no difference between groups (P=0.507).  

 

 

Table 3.3. Minimum bactericidal concentration (MBC) of manuka honey (MH) for multidrug (MDR) and non-

multidrug resistant (non-MDR) S. pseudintermedius. The last line shows MBC mean and standard deviation 

(SD) for each group. 

 MDR (n=38) non-MDR (n=22) 

MBC 15% (n=49) 84% (32/38) 77% (17/22) 

MBC 20% (n=11) 16% (6/38) 23% (5/22) 

MBC mean ±SD 15.8% ± 1.8 16.1% ± 2.1 

MBC, minimum bactericidal concentration; SD, standard deviation; MDR, multidrug resistant; non-MDR, non-

multidrug resistant. 
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3.3.3. Fungicidal effect of MH against M. pachydermatis 

Manuka honey also had a fungicidal effect against M. pachydermatis. The minimum 

concentration was established at 40% w/v and ranged between 20-40% w/v, with most 

isolates revealing an MFC of 40% w/v (15/20 isolates) (Table 3.4). 

 

Table 3.4. Minimum fungicidal concentration (MFC) with the number of dead M. pachydermatis isolates for 

each manuka honey (MH) dilution. 

Product concentration % death 

2.5% w/v 0 

3.7% w/v 0 

5% w/v 0 

7.5% w/v 0 

10% w/v 0 

15% w/v 0 

20% w/v 20% 

40% w/v 100% 

80% w/v 100% 

Undiluted 100% 

MH, manuka honey; w/v, weight/volume. 

 

3.3.4. Comparison between MH activity against S. pseudintermedius and M. 

pachydermatis 

The MBC mean for S. pseudintermedius was 15.9% w/v (SD±1.9). The MFC mean for 

M. pachydermatis was 35.5% w/v (SD±8.2). Statistical analysis revealed a difference between 

means (P=0.001) suggesting that MH needs to be more concentrated in order to kill M. 

pachydermatis when compared to the concentration needed to kill S. pseudintermedius.   
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3.3.5. Time-kill assay  

In general, results of the time-kill assay show that viability of S. pseudintermedius and 

M. pachydermatis decreases with time. Both microorganisms were unable to survive after 4 

hours of exposure to undiluted MH. Diluted MH still allowed M. pachydermatis survival after 

12 hours of contact time (Tables 3.5 and 3.6). 

 

Table 3.5. Percentage of reductions of S. pseudintermedius isolates at different times versus control.  

Product Time points 

S. pseudintermedius T1 T4 T8 T12 T24 

Undiluted MH 98.24% 99.31% 100% 100% 100% 

MH 40% w/v 97.94% 99.86% 100% 100% 100% 

MH, manuka honey; w/v, weight/volume; T1, 1 hour; T4, 4 hours; T8, 8 hours; T12, 12 hours; T24, 24 hours of 

contact time. 

 

 

Table 3.6. Percentage of reductions of M. pachydermatis isolates at different times versus control. 

Product Time points 

M. pachydermatis T1 T4 T8 T12 T24 

Undiluted MH 99.57% 99.95% 100% 100% 100% 

MH 40% w/v 99.55% 99.75% 99.88% 99.94% 100% 

MH, manuka honey; w/v, weight/volume; T1, 1 hour; T4, 4 hours; T8, 8 hours; T12, 12 hours; T24, 24 hours of 

contact time. 

 

3.4. Discussion 

This work documents the bactericidal effect of MH against S. pseudintermedius and 

fungicidal effect against M. pachydermatis. Our work also demonstrates that MRSP and 

MSSP, as well as MDR and non-MDR isolates, are equally susceptible to the effects of MH. 

Finally, we document the time necessary to obtain a killing effect against both 

microorganisms.  
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Manuka honey is a medical honey originated from New Zealand used for wound 

treatment (Davis, 2005). Several articles have proved its efficacy against a number of 

staphylococci isolates including S. aureus, coagulase negative staphylococci, Staphylococcus 

epidermitis and Staphylococcus xylosus (French et al., 2005; Boorn et al., 2010; Boateng and 

Diunase, 2015). Our study documents the efficacy of MH against MSSP and MRSP, revealing 

an MBC of 20% w/v. Manuka honey impairs cellular division of S. aureus (Henriques et 

al.,  2010) and has been reported to be effective against S. aureus with an MBC of 25% w/v 

and 24% w/v (Tan et al., 2009; Stobberingh and Vandersanden, 2010). Depending on the 

bacteria species, different MBC values are obtained, with Stenotrophomonas maltophilia 

displaying the lower MBC (11.25% w/v) and Proteus mirabilis, Shigella flexneri and 

Enterobacter cloacae, the highest MBC value (≥25% w/v). 

The lack of hydrogen peroxide in MH is confirmed in this work. The bactericidal effect 

is attributed to phytochemicals, in special flavonoids. Methylglyoxal and other compounds, 

such as, 3-deoxyglucosulose and glyoxal, have been identified in MH and may also be 

responsible for its antimicrobial activity since they are involved in the non-peroxide 

antibacterial activity (Oelschlaegel et al., 2012). These compounds present marked 

antibacterial effects plus anti-inflammatory action in wound healing (Mavric et al., 2008; 

Kwakman and Zaat, 2012; Alvarez-Suarez et al., 2013). Other studies that evaluated the MH 

antimicrobial activity have determined that the other major flavonoids present in MH are 

pinocembrin and pinobanksin and chrysin, while 8-methoxykaempferol, luteolin, quercetin, 

kaempferol, isorhamnetin and galangin are present in lower concentrations (Alvarez-Suarez et 

al., 2014). The antibacterial effect of MH is also associated with leptosin (aka bee defensin), 

which is a peptide found in the insects’ innate immune system, and to which the 

myeloperoxidase activity inhibition is attributed (Kato et al., 2012). Considering that MH is 

active against MRSP and MDR Staphylococcus pseudintermedius, its application could be 

extremely useful in the treatment of antibiotic resistant skin infections. Honey is being further 

recognized as a valuable treatment against antibiotic resistant infections. French et al (2005) 

reported that MH is active against antibiotic resistant coagulase-negative staphylococci. Other 

studies have demonstrated similar susceptibility to honey in methicillin-susceptible 

Staphylococcus aureus (MSSA) and methicillin-resistant Staphylococcus aureus (MRSA) 

(Cooper et al., 2002; Boorn et al., 2010). In fact, an in vitro study documented the ability of 

MH to restore MRSA susceptibility to oxacillin by down regulating the mecR1 gene (Jenkins 
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and Cooper, 2012). Our work suggests that MH should be in close contact with the infection 

site without being removed, for example, by the licking behavior of the dog. For instance, it 

could be beneficial for the treatment of infected wounds or deep pyoderma if the animal is 

restricted from licking the area or if the area is covered with a bandage. We recommend future 

clinical trials to assess the efficacy of undiluted MH against cases of pyoderma and infected 

wounds with antibiotic resistant infections.  

Manuka honey tested by Dryden et al. (2014) revealed a longer contact time (> 24 h) for 

a complete bactericidal activity. In our study, a complete bactericidal effect against MSSP and 

MRSP was noticed after 4h, which might be justifiable by the source of the MH. The specific 

plant nectar source has been implicated in the variability in the bactericidal effect of MH 

(Dryden et al., 2014). Likely, the species tested in this study (S. pseudintermedius) doesn’t 

justify the result obtained since we also used a S. aureus ATCC reference. This isolate was 

completely eliminated between 4 and 8 hours of contact time. In other words, the bactericidal 

effect of our MH was similar for MSSP, MRSP and the S. aureus reference. 

We demonstrated that MH decreases the number of S. pseudintermedius by 98.24% 

after 1 hour of exposure. This is in agreement with a previous work with MSSA and MRSA 

(Postmes et al., 1995). This effect was also observed with stingless bee honey diluted at 20% 

w/v, against a reference S. aureus isolate. After a contact time of 1 hour, it was observed a 

reduction of viability between 90-99.9%, which is within the range of what was observed in 

the same period of time in our study. In the same study, table honey revealed a decrease in 

viability below 90%. Stingless bee honeys demonstrated a quicker bactericidal effect when in 

comparison with Apis mellifera honeys (Boorn et al., 2010). To the author’s knowledge there 

are no time-kill studies reported using M. pachydermatis isolates. In our study, a complete 

antifungal effect was observed after 4 hours of exposure for undiluted MH and after 12h for 

MH diluted at 40%. A few studies with fungal microorganisms have been reported. For a C. 

albicans reference isolate, a reduction of viability of less than 90% was observed for 3 

different stingless bee honeys (Tetragonisca angustula, Melipona quadrifasciata and Trigona 

carbonaria) after an hour of exposure. T. carbonaria honey revealed a limited antifungal 

activity (Boorn et al., 2010). Our results demonstrate a quicker decrease of number of colony 

forming units, however this may be due to the type of honey, dilution and the microorganism 

itself. A time-kill assay with MH against filamentous fungi isolates was performed with 

dilutions of 40%, 60% and 80% and evaluated at 0, 5 min, 15 min, 30 min, 1 h, 1.5 h, 3 h, 6 h, 
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12 h, and 24 h. The majority of isolates tested displayed a reduction in number of colonies 

after the 3-hour time point, which is in accordance with our results (Yabes et al., 2017). When 

comparing the 2 microorganisms, it is possible to conclude that M. pachydermatis needs a 

longer period of exposure for complete antifungal activity if used diluted at 40% w/v when 

compared to S. pseudintermedius. 

 

3.5. Conclusion 

This work provides in vitro data that can be used for future clinical trials involving 

cutaneous infections with S. pseudintermedius. The clinical trial can encompass conditions 

like pyoderma, traumatic and post-surgical (infected) wounds, burns and impetigo. In vitro 

studies cannot predict the final outcome of a clinical situation since other factors, such as the 

presence of exudate in the lesions, may interfere with the efficacy of the treatment. Our work 

also suggests that a prolonged time between MH and the lesion might be more effective. 

Finally, our data propose that manuka honey should also be considered for antibiotic resistant 

cases. A more efficient use of non-antibiotic topical therapy can potentially decrease the use 

of antibiotics and, therefore, reduce the probability of further development of resistance in 

both S. pseudintermedius and commensal microbiotic. 
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CHAPTER IV 
 

IN VITRO EFFICACY OF A HONEY-BASED GEL AGAINST CANINE 

CLINICAL ISOLATES OF Staphylococcus pseudintermedius AND 

Malassezia pachydermatis 
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4. IN VITRO EFFICACY OF A HONEY-BASED GEL AGAINST CANINE CLINICAL 

ISOLATES OF Staphylococcus pseudintermedius AND Malassezia pachydermatis 

 

4.1. Introduction 

Staphylococcus pseudintermedius (formerly S. intermedius) is the most common 

pathogen causing canine pyoderma (Bannoehr et al., 2007; Morris et al., 2006). Methicillin-

resistant S. pseudintermedius (MRSP) was first reported in North America followed by 

emergence in Europe and Asia (Gortel et al., 1999; Loeffler et al., 2007; Onuma et al., 2012). 

Treatment of pyoderma caused by MRSP can be challenging due to the limitations in 

antibiotic choices, because many of these isolates are also multidrug-resistant (Hillier et al., 

2014). Guidelines have been published for the diagnosis and treatment of folliculitis which 

support the use of antibiotics and/or topical antibacterial therapy depending on several factors, 

which include extent of the lesions, and bacterial culture and susceptibility testing results 

(Hillier et al., 2014). Topical therapy can be used as a sole treatment or in combination with 

systemic antibiotics allowing a reduction in duration of antibiotherapy (de Jaham, 2003; 

Loeffler et al., 2011). Malassezia pachydermatis is a nonlipid-dependent yeast that inhabits 

the skin and ears of the dog and an important etiological agent of canine otitis externa (OE) 

(Bond et al., 1995; Kiss et al., 1997a; Crespo et al., 2002). Otitis caused by Malassezia is 

normally managed with topical therapy (Kiss et al., 1997b; Bensignor et al., 2006; Hensel et 

al., 2009).  

Honey has been used from ancient times to treat several types of infected wounds 

including traumatic, venous and diabetic ulcers (Al-Waili et al., 2011; Jull et al., 2013). 

Recently, medical research has identified bactericidal, bacteriostatic, antiviral, antioxidant and 

anti-inflammatory activities of honey (Cooper et al., 1999; Lusby et al., 2005; Bardy et al., 

2008; Kassim et al., 2010; Erejuwa et al., 2012). The antibacterial effect of honey is in part 

due to its hydrogen peroxide (H2O2) activity, which can be inhibited through conversion into 

water and oxygen by the presence of catalases (Molan, 1992; Chelikani et al., 2004). 

Catalases are antioxidant enzymes normally present in tissues and chronic wounds and confer 

protection against oxidative damage (Honnegowda et al., 2015). L-Mesitran® Soft, (HBO, 

Triticum; Maastricht, the Netherlands) is a honey-based gel composed of 40% medical-grade 

honey (HO) which is marketed for the treatment of superficial and acute wounds, superficial 
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and partial thickness burns, chronic wounds, acute and postoperative surgical wounds 

(Triticum, 2016a). Preliminary veterinary clinical data of cases treated with HBO suggests 

efficacy in the treatment of canine intertrigo and otitis; in vitro documentation of 

antimicrobial activity is limited (Maruhashi et al., 2016; Jakobsson, 2011).  

The objectives of the present study were to evaluate the in vitro bactericidal efficacy of 

HBO against S. pseudintermedius isolates from canine pyoderma and to compare 

susceptibility of both methicillin-susceptible and methicillin-resistant isolates. Additionally, 

we assessed the in vitro antifungal properties of HBO against M. pachydermatis using canine 

clinical isolates from cases of Malassezia otitis. 

 

4.2. Materials and methods 

4.2.1. Microbial isolation and identification 

Sixty S. pseudintermedius isolates were collected from dogs with pyoderma. PCR 

(polymerase chain reaction) was used for speciation and detection of the mecA gene using a 

published method (Bannoehr et al., 2009). Oxacillin susceptibility was determined by the 

Kirby–Bauer technique following the Clinical Laboratory Standards Institute (CLSI) 

guidelines (CLSI, 2013). The isolates were divided into MRSP (30 of 60) and methicillin-

sensitive S. pseudintermedius (MSSP) (30 of 60). Isolates were stored at -80°C in a mixture of 

glycerol 30% (Scharlab S.L.; Barcelona, Spain) and nutrient broth until further analysis. Ten 

M. pachydermatis isolates were collected from canine ears with a diagnosis of Malassezia 

otitis. The isolates were identified based on colony macroscopic characteristics and 

microscopic cell characteristics after Gram staining. The isolates were stored at -20°C 

containing 10% glycerol in milk broth until further analysis. All media used were supplied by 

Oxoid (Oxoid; Hampshire, UK) unless stated otherwise. 

 

4.2.2. Product preparation 

The tested products were HBO and the honey that composes the product (HO) and 

provided by the manufacturer. HBO is composed of 40% HO after gamma-sterilization. Other 

components of HBO include medical-grade hypoallergenic lanolin, propylene glycol, 

polyethylene glycol 4000, and vitamins C and E. HBO was tested in undiluted form, followed 

by serial dilutions in nutrient broth, which resulted in final concentrations of 20%, 10%, 5% 
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and 2.5% w/v of HO content respectively (Patton et al., 2006; Sherlock et al., 2010; Feás et 

al., 2013). HO was tested undiluted and diluted to 40% w/v in nutrient broth in order to match 

the concentration present in HBO. Further serial dilutions at 20%, 10%, 5% and 2.5% w/v 

were prepared. All solutions were prepared shortly before testing to ensure H2O2 activity. HO 

was handled aseptically in dark containers in order to prevent degradation of peroxide activity 

due to light exposure. Products were initially tested for sterility by culturing 10 µL of 

undiluted product on 5% Sheep Blood agar and MacConkey agar during 24 h at 37°C under 

aerobic conditions. 

Synthesized honey was used as a control to mimic the high osmolality and acidity of the 

honey (Özbalci et al., 2013). Laboratory honey was prepared by mixing 1.5 g sucrose, 7.5 g 

maltose, 40.5 g D-fructose and 33.5 g D-glucose (Sigma-Aldrich; St Louis, MO, USA) in 17 

mL sterile deionized water. The solution was dissolved by briefly heating at 56°C in a water 

bath and autoclaved at 120°C for 20 min (Feás et al., 2013). The concentrations of laboratory 

honey used in the experiment were undiluted, 40%, 20%, 10%, 5% and 2.5% w/v. 

Triclosan was used as a positive control against S. pseudintermedius. An initial stock 

solution of triclosan (Irgasan, Sigma-Aldrich) was prepared in 40% dimethyl sulfoxide/water 

(DMSO 90%, Neogen; Lexington, KY, USA) with a concentration of 1 g/L. The solution was 

further diluted in nutrient broth (0.32–0.0003% w/v). Clotrimazole (Canesten 10 g/L solution, 

Bayer Portugal SA; Barcelona, Spain) was used as a positive control against M. 

pachydermatis after dilution in Sabouraud’s broth (0.5–0.0078% w/v). 

 

4.2.3. Well-diffusion assay for S. pseudintermedius 

Well-diffusion assay was carried out as described previously with minor modifications 

(al Somal et al., 1994; Patton et al., 2006; Sherlock et al., 2010). The isolates were diluted in 

saline to an optical density of 0.15 at 600 nm (previously determined to be approximately 1 x 

107 colony forming units per mL). Muller-Hinton agar plates were inoculated with sterile 

cotton swabs, after being immersed in the bacterial suspensions and left to stand for 10 min. 

After inoculation, four wells were cut into the agar with an 8 mm biopsy punch and filled with 

80 µL of each of the honey products. Plates were incubated overnight at 37°C. The diameter 

of the inhibition halos, including the diameter of the well, was measured using a ruler. 
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4.2.4. Microbroth dilution assay 

4.2.4.1. Staphylococcus pseudintermedius 

Microbroth dilution assay was performed following CLSI guidelines (CLSI, 2013). 

Briefly, 96-well microtitre plates with round bottom wells (Deltalab S.L., Spain) containing 

90 µL of progressive dilutions of the products, were inoculated with 10 µL of bacterial 

suspension (final inoculum 1-5 x 104 colony forming units per well) and incubated at 37°C for 

20 h in aerobic atmosphere. Positive and negative controls were included on all plates/lines 

including: one well with broth and the micro-organism being tested; one well with honey 

product and broth; and one well with only nutrient broth. For minimum bactericidal 

concentration (MBC) determination, 10 µL of each well was subcultured in Muller-Hinton 

agar and incubated at 37°C for 24 h. Due to the colour and density of HBO, it was not 

possible to read the minimum inhibitory concentration results in microtitre plates; therefore, 

subculture agar plates were deemed necessary to allow the determination of MBC. Plates with 

no growth were recorded as representing bactericidal activity. The MBC was recorded as the 

lowest concentration where growth was not detected with the unaided eye. All experiments 

were performed in duplicate. S. aureus ATCC® 29213™ (Scharlab S.L., Barcelona, Spain) 

was used as growth control.  

 

4.2.4.2. Malassezia pachydermatis 

In order to determine the minimum fungicidal concentration (MFC), the isolates were 

tested using a similar protocol to that used for S. pseudintermedius. A 96-well microtitre 

plate, containing 90 µL progressive dilutions of the products, was inoculated with 10 µL of 

the cell suspension (final inoculum 1-5 x 105 colony forming units per well). The plates were 

incubated at 37°C for 24 h. MFC was determined by subculturing 10 µL of each well in 

Sabouraud’s chloramphenicol agar followed by incubation at 37°C for three days. Positive 

and negative controls were included on all plates. The experiment was performed in duplicate. 

 

4.2.5. Catalase-treatment of products 

Activity of H2O2 against the S. pseudintermedius isolates was determined by treating 

both products with catalase. Diluted catalase (Bovine liver catalase, Sigma-Aldrich) was 
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added (1,000 units/mL) to the dilutions of both products described previously and incubated 

for 1 h at 37°C. Microbroth assay for MBC determination was then repeated as described 

previously. 

 

4.2.6. Time-kill assay 

Time-kill assay was based on the Standard Guide for Assessment of Antimicrobial 

Activity Using a Time-Kill Procedure (American Society for Testing and Materials 

International, 2016). The efficacy of undiluted HBO was assessed against 10 S. 

pseudintermedius (five MSSP and five MRSP) and 10 M. pachydermatis isolates. The time-

kill protocol was performed at 1 h (T1), 4 h (T4), 8 h (T8), 12 h (T12) and 24 h (T24), with 

contact times determined based on previously published studies for honey (Boorn et al., 2010; 

Shenoy et al., 2012). In short, 10 µL of S. pseudintermedius or M. pachydermatis suspension 

was added to 1 mL of product, followed by mixing and vortexing for 1 min at 161 g and 

incubation at 37°C. At each designated time, 9 mL of sterile saline was added to each testing 

tube suspension, in order to neutralize the action of HBO. Micro-organism counts at each time 

point were determined by spreading 10 µL of the solution onto Muller-Hinton agar, followed 

by incubation at 37°C for 24 h for S. pseudintermedius. For M. pachydermatis the inoculum 

was cultured in Sabouraud’s chloramphenicol and incubated at 37°C for three days. Positive 

growth and negative controls were included. The Initial Population (IP) was determined by 

adding the same volume of inoculum suspension to a dilution blank containing the same 

volume as used for HBO testing followed by neutralization, culture and incubation as 

described before. The calculation of percentage of reduction was performed using the 

following formula: percentage reduction (PR) = (IP–T/IP) x 100 (IP number of viable micro-

organisms in the initial population, T number of viable micro-organisms in HBO at each time 

point). 

 

4.2.7. Statistical analysis 

Data were analyzed using Statistical Package for Social Sciences, v25 (IBM SPSS; 

Chicago, IL, USA) for Windows. 
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4.3. Results 

4.3.1. Results for well-diffusion assay 

Partial growth inhibition of S. pseudintermedius was observed with HBO at 

concentrations of 40% and 20%, and HO in pure form and at 40% (Table 4.1). No inhibition 

was seen for HBO or HO at lower concentrations or with the synthesized honey. 

 

Table 4.1. Comparison of zones of inhibition of growth of canine Staphylococci isolates in honey-based gel 

(HBO) and medical-grade honey (HO). 

Composition of honey 

products 

Mean zone of 

inhibition (mm) 
SD P-value 

HBO 40% 

HBO 20% 

34.30 

24.75 

2.39 

3.87 
P = 0.001 

HO undiluted 

HO 40% 

37.48 

30.85 

4.01 

2.20 
P = 0.001 

HBO 40% 

HO 40% 

34.30 

30.85 

2.39 

2.20 
P = 0.5 

SD, standard deviation. 

 

4.3.2. Minimum bactericidal concentration results for S. pseudintermedius 

For both HBO and HO, the MBC ranged between 5 and 20% w/v (Table 4.2). Sixteen 

isolates had a significantly lower MBC for HBO compared to HO (P = 0.003). No statistical 

difference was observed in MBC values between MSSP and MRSP isolates for any of the 

products tested (HBO, P = 0.757; HO, P = 0.743). Following incubation with catalase, there 

was no change in MBC values for HBO (P = 0.072). However, with HO, the MBC increased 

in 58 of 60 (97%) of the isolates (P = 0.015). 

 

Table 4.2. Minimum bactericidal concentration (MBC) of HBO and HO with the percentage of dead isolates of 

S. pseudintermedius for each dilution.  

Product concentration HBO HO 

2.5% w/v 0 0 

5% w/v 12 13 

10% w/v 83 62 

20% w/v 5 25 

40% w/v 100 100 

Undiluted N/A 100 
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HBO, honey-based gel; HO, medical-grade honey; N/A, not applicable. 

4.3.3. Minimum fungicidal concentration results for M. pachydermatis 

The MFC for HBO ranged between 5 and 10% (Table 4.3). For HO, the MFC varied 

between 20 and 40%, apart from two isolates that had MFCs greater than 40%. 

 

Table 4.3. Minimum fungicidal concentration (MFC) of HBO and HO with the percentage of dead isolates of M. 

pachydermatis for each dilution. 

 

Product concentration HBO HO 

2.5% w/v 0 0 

5% w/v 20 0 

10% w/v 80 0 

20% w/v 100 40 

40% w/v 100 40 

Undiluted  N/A 20 

HBO, honey-based gel; HO, medical-grade honey; N/A, not applicable. 

 

4.3.4. Time-kill assay 

Exposure of S. pseudintermedius and M. pachydermatis to pure HBO decreased 

viability and none of the microorganisms were able to survive after 4 h of exposure to the 

product (Table 4.4). 

 

Table 4.4. Percentage of reductions of S. pseudintermedius and M. pachydermatis at different times. 

 

Product Time points 

Undiluted honey-based 

gel 
T1 (1 h) T4 (4 h) T8 (8 h) 

T12(12 

h) 

T24(24 

h) 

S. pseudintermedius 98.24% 99.31% 100% 100% 100% 

M. pachydermatis 99.57% 99.95% 100% 100% 100% 
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4.4. Discussion 

This study documents the antibacterial effect of a honey-based product against S. 

pseudintermedius, the most common agent causing canine pyoderma (Bannoehr et al., 2007; 

Frank et al., 2012). This product also was effective against M. pachydermatis which, along 

with S. pseudintermedius, frequently causes canine OE (Maruhashi et al., 2016). The present 

work also shows that MSSP and MRSP isolates are equally susceptible to HBO. Bactericidal 

effect was observed at 20% w/v and no difference was seen between MSSP and MRSP 

isolates. The results obtained for HBO are in agreement with a previous study performed with 

a small number of methicillin-susceptible and -resistant Staphylococcus aureus isolates of 

human origin (Stobberingh et al., 2010). 

Our results suggest that HBO has a higher antibacterial activity when compared with 

HO. This is likely due to the presence of other components in the gel, such as medical-grade 

hypoallergenic lanolin, propylene glycol, polyethylene glycol 4000, and vitamins C and E. 

This work does not evaluate the antibacterial effect of each component, but it is likely that 

other components contribute to the enhanced antibacterial effect of the gel. Propylene glycol 

is widely used as an excipient, whereas it also has antibacterial activity against S. aureus, 

Streptococcus mutans, Enterococcus faecalis and Escherichia coli (Ballesteros et al., 1993; 

Nalawade et al., 2015). Vitamin C is an antioxidant and can improve healing in partial-

thickness burns when mixed with honey, vitamin E and polyethylene glycol 4000 

(Subrahmanyam, 1996). 

The activity of H2O2 is one of the most important components in honey and can be 

inhibited by the presence of catalases (Molan, 1992). Catalase enzymes convert H2O2 into 

water and oxygen (Chelikani et al., 2004). Catalases are antioxidant enzymes that are part of 

the natural defense against oxidative damage and are often found in tissue and chronic 

wounds, potentially rendering H2O2 inactive (Honnegowda et al., 2015). Activity of H2O2 can 

be determined by testing the honey with catalase and observing a decrease in the bactericidal 

effect. This work shows that HBO’s antibacterial effect is not dependent on H2O2. In contrast, 

HO alone was affected by catalase activity, resulting in an increase of the MBC. Our data 

suggest that during HBO preparation H2O2 is lost. It is known that H2O2 activity in honey 

decreases when honey is diluted, or with time due to degradation (Molan, 1992; Irish et al., 

2011). A bactericidal effect independent of H2O2 is an advantage, because antibacterial 
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activity will be less affected by the catalases present in wounds and fluids (Mavric et al., 

2008). 

The discrepancy between MBC and inhibition halos might be due to the denser and 

stickier texture of HBO compared to HO, which probably affected the diffusion of the product 

in the agar plate. A similar study demonstrated that microbroth assay results had greater 

sensitivity when compared with well- and disk-diffusion assays for manuka honey (Patton et 

al., 2006). 

Time-kill tests are commonly used for the determination of bactericidal and antifungal 

effects. They can easily demonstrate the antimicrobial or antifungal effect of a product and 

evaluate it over time (Pfaller et al., 2004). Our results demonstrate the effectiveness of HBO 

in killing S. pseudintermedius and M. pachydermatis isolates as quickly as after 1 h of 

exposure. A complete bactericidal and antifungal effect for both micro-organisms was 

observed after 4 h of exposure time. The biocidal activity of HBO was tested using a biocidal 

activity assay in five S. pseudintermedius isolates collected from canine ears (Maruhashi et 

al., 2016). That study concluded that HBO had a biocidal activity but the time necessary for 

killing effect was not determined. Another study with a similar product demonstrated its 

effectiveness against Candida albicans (L-Mesitran® gel containing 48% of medical honey 

from Triticum). In the same study, yeast growth was reported within the first hour, followed 

by absent growth at 24 and 48 h. This study also reports its effectiveness in women with 

candidiasis vaginitis. A decrease or absence of the micro-organism and inflammatory cells 

was noticed microscopically after seven days of treatment (Boon, 2002). To the best of the 

authors’ knowledge, there are no time-kill studies using HBO against S. pseudintermedius and 

M. pachydermatis. 

Several studies have demonstrated the bactericidal effect of honey in the treatment of 

chronic ulcers, wounds, partial-thickness burns and post-surgical infection sites in human 

medicine (Bardy et al., 2008; Al-Waili et al., 2011; Vandamme et al., 2013). Studies in 

animals are much more limited; a pilot study reported the efficacy of the application of HBO 

for the treatment of 13 surface pyoderma lesions in dogs in which 85% healing occurred after 

14 days. The only adverse effect was pruritus after application in two dogs (Jakobsson, 2011). 

Considering our results, the application of HBO in superficial and deep pyoderma lesions 

seems to be a viable treatment option, particularly in focal lesions and in cases where no other 

antibacterial option is available. 
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HBO revealed fungicidal activity in all M. pachydermatis isolates. The MFC observed 

was 10% which suggests that the product can be diluted and still maintain antifungal activity. 

The gel had been previously reported to be effective in the management of canine otitis due to 

Malassezia. In a clinical trial, 15 dogs with bacterial and/or yeast otitis were treated daily with 

application of the product for 21 days. At the end of the study, 90% of the dogs were deemed 

to be clinically cured and there was a decrease in the number of micro-organisms on 

cytological samples (Maruhashi et al., 2016). The proprietary honey content in the gel may 

not be the only ingredient active against M. pachydermatis. Propylene glycol is reported to be 

beneficial in the control of seborrhoeic dermatitis of the scalp due to M. furfur, formerly 

Pityrosporum orbiculare or P. ovale (Faergemann, 1988). Vitamin E is not an antimycotic 

agent, although one study reported low levels of vitamin E in individuals affected with 

seborrhoeic dermatitis due to Pityrosporum yeasts, when compared to normal controls 

(Ippolito et al., 1989). To the best of the authors’ knowledge, lanolin and polyethylene glycol 

have not been reported as antimycotics against Malassezia yeasts. Antifungal effects of 

lanolin, polyethylene glycol and vitamins, or the combination of all ingredients, cannot be 

ruled out in the present work. 

 

4.5. Conclusion 

The results of our study demonstrate that HBO is effective in vitro at killing S. 

pseudintermedius and M. pachydermatis; further studies are needed to describe the detailed 

mechanisms of action of the product against both pathogens with a larger number of isolates, 

as well as to further document the in vivo effectiveness of the product in the treatment of 

clinical cases of canine pyoderma and otitis externa.  
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S. pseudintermedius and M. pachydermatis are important causes of skin and ear 

diseases in veterinary dermatology. S. pseudintermedius is the leading cause of canine 

superficial folliculitis but is also frequently encountered in otitis, fold dermatitis, deep 

pyoderma and post-surgical sites infections (Devriese et al., 2005; Lyskova et al., 2007; Beco 

et al., 2013; Bloom, 2014; Hillier et al., 2014; Diribe et al., 2015; Couto et al., 2016). 

Malassezia pachydermatis causes otitis and generalized and localized dermatitis in the dog 

(Plant et al., 1992; Morris, 1999). Patients with atopic dermatitis frequently develop these 

infections and many times concurrently. For example, an atopic dog can present with otitis 

externa caused by M. pachydermatis and bacterial folliculitis caused by S. pseudintermedius. 

Despite the management of atopic dermatitis, infections need to be treated with appropriate 

antibacterial and/or antimycotic therapy (Olivry et al., 2010). Generalized Malassezia 

dermatitis followed by fold dermatitis and superficial folliculitis are very commonly 

diagnosed in general practice. Our survey demonstrated that otitis was very commonly 

diagnosed with all clinicians diagnosing at least a case of otitis per month regardless the 

location of the clinic or the years in practice. 

In the first study, we documented that MRSP is diagnosed by clinicians in first opinion 

practice in Portugal. In the second study, we demonstrated that MDR and MRSP represent a 

challenge regarding antimicrobial therapy. MRSP isolates were resistant to first choice 

antibiotics, which include beta-lactams, lincosamides and potentiated sulfonamides, 

antibiotics classified as first-tier by the ISCAID guidelines due to their efficacy and safety 

(Hillier et al., 2014). If S. pseudintermedius is resistant to these antibiotics, the clinician is 

advised to use second-tier options, which include fluoroquinolones, rifampicin, tetracyclines, 

chloramphenicol or aminoglycosides which can potentially have serious side-effects (Hillier 

et al., 2014). This study demonstrated that all MRSP isolates, except for one, needed a 

second-tier antibiotic for treatment of bacterial superficial folliculitis. Within second-tier 

antibiotics, eleven isolates exhibited susceptibility only to rifampicin and/or amikacin and 

none to chloramphenicol. This is a major concern, due to the risk of hepatotoxicity and 

nephrotoxicity, which can be life-threatening in some patients (Frank and Loeffler, 2012; 

Bajwa et al., 2013). The use of other drugs, like linezolid, teicoplanin, vancomycin, regardless 

of susceptibility, is discouraged, as these drugs should be ‘reserved for the treatment of 

serious MRSA infections in humans’ (Hillier et al., 2014).  
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Observing the results of our survey, some first-tier antimicrobials, such as clindamycin 

and trimethoprim-sulfamethoxazole are clearly being disregarded in favor of 

fluoroquinolones. The excessive use of third generation cephalosporins and fluoroquinolones 

in small animal practice is documented (Watson and Madison, 2001; Murphy et al., 2012; 

Buckland et al, 2016 Hardefeldt et al., 2017). Fluoroquinolones should be used cautiously as 

they are considered a risk factor for MRSA in both humans and dogs (Taconelli et al., 2008). 

Fluoroquinolones and third generation cephalosporins can also select for extended-spectrum 

beta lactamase E. coli in humans and animals (Snow et al., 2012; Tinelli et al., 2012). 

Fluoroquinolones should be reserved for cases with documented resistance to first-tier 

antibiotics. Recently, exposure to multiple antibiotics (mainly beta-lactams) and concurrent 

immunomodulatory therapy, have been associated with pyoderma caused by MRSP (Hensel 

et al., 2016). In another recent study, Couto et al. (2016) suggested that cephalosporins may 

select for MRSP isolates. 

Another problem associated with MRSP is the zoonotic risk (Somayaii et al., 2016). 

The presence of MRSP and MDR is a pressing matter as its prevalence is rapidly increasing in 

the last few years in Europe (Jones et al., 2007; Ludwig et al., 2016; Zur et al., 2016; 

Wegener et al, 2018). Clinicians are exposed daily to this microorganism and a survey found 

that MSSP and MRSP can be isolated amongst veterinary professionals (Beça et al., 2015; 

Espadale et al, 2018; Worthing et al, 2018a). In fact, it is recognized nowadays as an 

emerging zoonotic agent (Somayaji et al., 2016; Lozano et al, 2017). Reports of human 

infections with MRSP are being more frequently described in the literature and are most 

likely underestimated (van Hoovels et al., 2006; Stegmann et al., 2010; Kuan et al., 2016). 

Clinical cases of infection and carriage of MRSP are described in owners of dogs with 

pyoderma and veterinary staff working in clinical practice, although the exact factors that lead 

to infection are unknown (Morris et al., 2010; Kuan et al., 2016; Espadale et al, 2018; 

Worthing et al, 2018a). An additional problem, is the fact that animals can act as reservoirs of 

MDR and methicillin-resistant staphylococci which can potentially disseminate human clones 

to other animals and humans (Couto et al., 2016). For this reason, effective treatment of 

canine folliculitis and otitis is imperative for public health protection. Certainly, the 

implementation of strict hygiene strategies and education of owners and others in contact with 

dogs infected by MRSP is important to limit the transmission of nosocomial infections 

(British Small Animal Veterinary Association, 2014). 
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The general lack of awareness or non-application of the guidelines recommended by 

the ISCAID was raised in our survey. In fact, the omission of performing culture and 

susceptibility in cases of superficial bacterial folliculitis is illustrated as most of the clinicians 

consider to perform this diagnostic tool after unsuccessful empirical antibiotherapy. Certainly, 

it has been demonstrated that treatment failure after empirical therapy is possible (Jones et al., 

2007). In our point of view, cytology could also be more frequently applied by the clinician 

for all the conditions covered in this study. The second study shows the importance of 

bacterial culture and susceptibility in order to choose the right antibiotic for the treatment of 

MRSP. In sum, antibiotic resistant folliculitis caused by S. pseudintermedius may represent a 

clinical challenge. The lack of antibiotic choices or, unacceptable side-effects along with the 

risk for public health, deemed other effective, safe and cost-effective treatments.  

Lately, topical therapy for the treatment of infections caused by S. pseudintermedius 

has been rewarded with new insights (Uri et al., 2016). Depending on the clinical case, topical 

treatment can be used as sole therapy (Loeffler et al., 2011) or to reduce the time of 

antibiotherapy (de Jaham, 2003). Topical treatment can be seen as a last resource in cases of 

S. pseudintermedius resistant to all available antibiotics or when antibiotherapy is not 

tolerated by the patient. However, new trends in antibiotic use recommend topical treatment 

with non-antibiotic based products as a first line treatment to treat superficial bacterial 

infections in companion animals (Uri et al., 2016). 

Honey has been used to treat infected wounds in people for centuries. However, not 

until recently and due to the emergence of antibiotic resistant pathogens, has the antibacterial 

activity of honey has been thoroughly investigated (Irish et al., 2011; Seckam and Copper, 

2013; Horn, 2013). In future studies, it will be interesting to evaluate if sub-inhibitory 

concentrations of MH can down-regulate the mecA gene. MH has been reported to down-

regulate the mecR1 gene which resulted in restored oxacillin susceptibility to MRSA (Jenkins 

and Cooper, 2012). If S. pseudintermedius resistance to beta-lactams is reversed would be a 

major asset in the treatment of canine superficial bacterial folliculitis. Another major 

advantage would be interference with biofilm. S. pseudintermedius can be a biofilm producer 

(Futagawa-Saito et al., 2006; Singh et al., 2013; Stefanetti et al, 2017; Arima et al, 2018), but 

it is unknown if the disturbance of biofilm, in cases of infection, would count positively in the 

treatment outcome of the patient, either with folliculitis, otitis or infected wounds (Singh et 

al., 2013). MH has been shown to inhibit MRSA biofilms at concentrations that can be 
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clinically achieved (Merckoll et al., 2009; Cooper et al., 2011; Lu et al, 2014). This is a 

critical factor as biofilms are associated with antibiotic resistance and recurrent infections 

(Venkatesan et al., 2015; Hall and Mah, 2017). Therefore, determining the interference of 

MH in S. pseudintermedius biofilms could be an interesting option. 

In the present work, we also evaluated the antibacterial effect of a gel composed of 

40% medical honey (HBO) and the honey that is within it (HO). Our results shows that HBO 

has a stronger antibacterial effect when compared to HO. Biocidal activity of HBO has been 

previously reported for three MSSP and two MRSP isolates originating from canine otitis 

(Maruhashi et al, 2016). The present work, confirms that HBO is active against S. 

pseudintermedius both MRSP and MSSP with a higher number of isolates. For the first time, 

it is shown that the honey that is within HBO is active against MRSP and MSSP. Finally, we 

could observe that HBO has a lower MBC compared to HO suggesting that one or more 

components of the formulation also have antibacterial effects against S. pseudintermedius.  

After the publication of our work, a study reported biocidal efficacy of HBO against MRSA 

ST22 and MRSP ST71 (Maruhashi et al, 2018).  Based on the author’s clinical experience, 

HBO is easier to apply to the skin due to its thicker consistency. Potentially, it would be 

worth investigating owner compliance towards this product. Owners consider ease of 

application and cosmetic appearance important characteristics in a topical product (Bensignor 

and Fabries, 2018).  

HBO and MH showed activity against MSSP, MRSP and M. pachydermatis. Since 

most skin lesions produce organic fluids, is important to know how many times a product can 

be diluted before it becomes inactive. S. pseudintermedius exhibited a MBC of 20% when 

tested against both products. Which suggests that the products can be diluted without losing 

the bactericidal activity. For M. pachydermatis, the MFC varied according to the product 

(MFC of 40% for MH and MFC of 10% for HBO). Of course, MBC and MFC values are not 

direct indicators of the clinical efficacy. Laboratory conditions, for example, cannot ascertain 

the influence of organic challenge of body fluids, variable bacterial load, pH and other factors 

like the patient’s immune system (Al-Waili, 2004; Menke et al., 2007; Mphande et al., 2007; 

Guo and DiPietro, 2010; Boateng and Diunase, 2015). Nevertheless, there is a major 

advantage if a product is active against both microorganisms, avoiding prescrition of an 

antibiotic and an antifungal. Moreover, clinicians might find useful if the product can be 
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applied both to the skin and ear canal. Potentially this might enhance owner compliance by 

simplifying procedure and lowering the cost of the treatment.  

Time-kill tests are frequently used for determining bactericidal and antifungal effects 

and are a tool for obtaining information about the dynamic interaction between the 

microorganism and the antimicrobial agent (Pfaller et al., 2004). A complete bactericidal and 

antifungal effect was observed with HBO after 4h of exposure. Regarding MH, its complete 

antibacterial effect was noticed in S. pseudintermedius isolates after 4h of exposure, undiluted 

or diluted at 40% w/v. A partial killing effect of MH was observed after 1h of exposure. A 

previous pilot study tested the effect of MH against one isolate of MSSP, MRSP and M. 

pachydermatis and reported a decrease in colonies forming units after 3 and 10 minutes of 

contact time (Uri et al, 2016). Another study, tested a membrane composed of MH and pectin 

and reported a strong bactericidal effect after 1h against one clinical isolate of MRSP 

(Tramuta et al., 2016). In fact, honey has a slow killing effect and times are variable 

according to the type and concentration of honey (Shenoy et al., 2012; Carnwath et al, 2013; 

Dryden et al., 2014). For example, the bactericidal effect for S. aureus was observed within 2 

hours of contact time and 30 minutes of contact time for a medical grade honey mixture 

resulting from various types of honey and a novel engineered honey, respectively (Dryden et 

al., 2014). A polyfloral honey from India was tested against five P. aeruginosa isolates in 

concentrations of 20%, 25% and 50% displaying a bactericidal effect after 24 hours of 

exposure. For concentrations of 75% and 100% bactericidal effect was observed after 12 

hours. Survival rates after 4, 8, 12 and 24 hours were 22.3%, 5.2%, 1.1%, and 0% 

respectively (Shenoy et al., 2012). Killing time might also differ between different species of 

bacteria. Microorganisms such as Enterococcus spp., E. coli and Pseudomonas aeruginosa, 

might have different survival times and need additional time of exposure (Boorn et al., 2010; 

Henriques et al., 2011; Shenoy et al., 2012; Dryden et al, 2014).  

For M. pachydermatis, a complete antifungal effect was also observed after 4h of 

exposure to HBO and pure MH. If MH is diluted at 40% it is necessary to have a longer 

exposure time. Although the reason is not depicted in this work, it is probably related to 

protection of the capsule and wall which are both present in this microorganism (Ashbee and 

Bond, 2010; Weiler et al., 2013). Candida spp. isolates tested against a honey mixture and an 

engineered honey needed a higher concentration and exposure time for observation of 

antifungal activity, when in comparison to the time necessary to kill bacteria  (Dryden et al., 
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2014). This work documents for the first time that HBO is active against S. pseudintermedius 

and M. pachydermatis within 1 hour with a complete effectiveness after 4h of exposure.  

Certainly, it would be interesting to perform future studies in order to determine the exact 

killing time for HBO or MH that would kill different types of microorganisms implicated in 

skin and wound infections in the dog.  

Laboratory assays are the starting point for clinical trials to prove efficacy and safety 

of medicinal products used in practice. Taking in account our results, the next step is a 

randomized, blinded clinical trial to test HBO and MH in the treatment of surface, superficial 

and deep canine pyoderma and otitis externa caused by S. pseudintermedius. Another clinical 

trial could aim to treat burns and wounds, either traumatic or post-surgical. Information about 

the concentration needed to kill each microorganism is crucial to decide, for example, the 

amount of product that should be applied in a wound. It is also important to decide for the 

time necessary for killing activity of the product. For example, the researcher might consider 

the use of a protective bandage in order to guarantee the contact time. We believe the 

information collected in this work allows for better clinical study designs.  

However, sometimes the practitioner cannot wait for the publication of such clinical 

trials, which naturally take time to perform. The clinician might, therefore, consider 

prescribing treatments based on laboratory studies, small open trials, retrospective studies 

and/or peers experience. Based on our results, we suggest that HBO and MH be used in 

practice for the treatment of canine folliculitis and Malassezia dermatitis. However, clinical 

trials should be performed to assure it. Depending on the individual clinical case, products can 

be used either alone or associated with systemic antibiotics or antimycotics. The choice of 

solely using honey treatment or in association with systemic antibiotics would be dependent 

on the severity of lesions, practicability for the application of the product, owner compliance 

and cost. If antibiotics are less frequently used, it will potentially contribute to slower 

development of antibioresistance by S. pseudintermedius. Further laboratory work could be 

performed in order to evaluate the contribution of the products reversing MRSP to MSSP and 

inhibition of S. pseudintermedius biofilm formation. This can potentially add clinical value to 

these products, as natural products active against antibiotic resistant bacteria can be a major 

clinical asset against antibiotic resistant infections.  
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In summary, it was our aim to evaluate the in vitro efficacy of two honey products 

against MSSP, MRSP and M. pachydermatis which are commonly seen in small animal 

practice. The time-kill assays provided further insights about the activity against these 

pathogens. We hope to contribute for rational use of antibiotics and antimycotics in veterinary 

dermatology.   
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Honey is a natural product known to humankind for centuries. It can be a food source or a 

natural alternative in the treatment of many skin lesions. With the development of resistance 

to antibiotics by many bacteria honey became a more valuable option. This work led to the 

following conclusions:    

• Portuguese clinicians seldom use honey as a topical treatment for skin and ears despite 

the recognition of antibiotic resistances by S. pseudintermedius in clinical practice.  

• Multidrug-resistant S. pseudintermedius can be a challenge. Antibiotic choices left to 

treat these animals are few and, in some cases, limited to antibiotics with potential 

severe side-effects.  

• Medical grade manuka honey is effective against M. pachydermatis and S. 

pseudintermedius regardless of methicillin resistance. The killing effect is still noticed 

after dilution of the honey.  

• A honey-based gel is active in vitro against both methicillin susceptible and resistant 

S. pseudintermedius and M. pachydermatis. The activity of the gel is partly due to the 

honey component, although other ingredients contribute towards the overall 

antibacterial effect. Even after dilution the product maintains effectiveness.  

• Both products are active in killing S. pseudintermedius and M. pachydermatis after 

one hour of exposure. A complete killing effect against both microorganisms is 

observed after four hours of contact time.  

 

  



101 
 

  



102 
 

 

 

 

 

REFERENCES 
  



103 
 

  



104 
 

Abouelkhair, M.A; Bemis, D.A.; Giannone, R.J.; Frank, L.A. and Kania, S.A. (2018). 

Characterization of a leukocidin identified in Staphylococcus pseudintermedius. PLoS 

One, 13(9):e0204450. 

Adams, C.J.; Manley-Harris, M. and Molan, P.C. (2009). The origin of methylglyoxal in New 

Zealand manuka (Leptospermum scoparium) honey. Carbohydrate Research, 344(8): 

1050-1053. 

Al-Fattani, M.A. and Douglas, L.J. (2004). Penetration of Candida biofilms by antifungal 

agents. Antimicrobial Agents and Chemotherapy, 48(9): 3291–3297. 

Al-Waili, N. (2004). Investigating the antimicrobial activity of natural honey and its effects 

on the pathogenic bacterial infections of surgical wounds and conjunctiva. Journal of 

Medical Food, 7(2): 210–222. 

Al-Waili, N.; Salom, K. and Al-Ghamdi, A.A. (2011). Honey for wound healing, ulcers, and 

burns; data supporting its use in clinical practice. Scientific World Journal, 11: 766–

787. 

Allaker, R.P.; Lloyd, D.H. and Simpson, A.I. (1992). Occurrence of Staphylococcus 

intermedius on the hair and skin of normal dogs. Research in Veterinary Science, 52(2): 

174–176. 

Alqarni, A.S.; Owayss, A.A. and Mahmoud, A.A. (2016). Physicochemical characteristics, 

total phenols and pigments of national and international honeys in Saudi Arabia. 

Arabian Journal of Chemistry, 9(1): 114–120. 

Álvarez-Pérez, S.; García, M.E.; Peláez, T. and Blanco, J.L. (2016). Genotyping and 

antifungal susceptibility testing of multiple Malassezia pachydermatis isolates from 

otitis and dermatitis cases in pets: is it really worth the effort? Medical Mycology, 

54(1):72-79. 

Alvarez-Suarez, J.; Giampieri, F.; Battino, M. (2013). Honey as a source of dietary 

antioxidants: structures, bioavailability and evidence of protective effects against human 

chronic diseases. Current Medicinal Chemistry, 20(5): 621–638. 

Alvarez-Suarez, J.; Gasparrini, M.; Forbes-Hernández, T., Mazzoni, L. and Giampieri, F. 

(2014). The composition and biological activity of honey: a focus on manuka honey. 

Foods, 3(3): 420–432. 

American Society for Testing and Materials International. (2016). Standard Guide for 

Assessment of Antimicriobial Activity Using a Time-Kill Procedure. ASTM 

International, West Conshohocken, PA. Available at: https://www.astm.org. Accessed 



105 
 

Jun 12, 2016. 

Angus, J.C. (2004) Otic cytology in health and disease. Veterinary Clinics of North America - 

Small Animal Practice, 34(2): 411–424.  

Arima, S.; Ochi, H.; Mitsuhashi, M.; Kibe, R.; Takahashi, K. and Kataoka, Y. (2018). 

Staphylococcus pseudintermedius biofilms secrete factors that induce inflammatory 

reactions in vitro. Letters in Applied Microbiology, 67(3):214-219. 

Aron, M.; Akinpelu, O.V.; Dorion, D. and Daniel, S. (2012). Otologic safety of manuka 

honey. Journal of Otolaryngology - Head & Neck Surgery = Le Journal D’oto-rhino-

laryngologie et de Chirurgie Cervico-faciale, 41 Suppl 1: S21-30. 

Aron, M.; Akinpelu, O.V.; Gasbarrino, K. and Daniel, S.J. (2015). Safety of transtympanic 

application of 4 % manuka honey in a chinchilla animal model. Europena Archives of 

Oto-Rhino-Laryngology, 272(3):537-42. 

Ascioglu, S.; Samore, M.H. and Lipsitch, M. (2014). A new approach to the analysis of 

antibiotic resistance data from hospitals. Microbial Drug Resistance, 20(6): 583–90. 

Ashbee, H.R. and Bond, R. (2010). Malassezia Species and Immunity: Host-Pathogen 

Interactions. In: Boekhout, T.; Guého-Kellermann, E.; Mayser, P., et al, eds. Malassezia 

and the skin – Science and clinical practice. 1st ed. Berlin Heidelberg: Springer-Verlag, 

pp. 144-146. 

August, J.R. (1988). Otitis externa. A disease of multifactorial etiology. The Veterinary 

clinics of North America: Small animal practice, 18: 731–742.  

Baillon, H. (1889). Traité de botanique médicale cryptogamique. Paris: Octave Doin, pp 234-

235. 

Bajwa, J.; Charach, M. and Duclos, D. (2013). Adverse effects of rifampicin in dogs and 

serum alanine aminotransferase monitoring recommendations based on a retrospective 

study of 344 dogs. Veterinary Dermatology, 24(6): 570-575. 

Baker, S.A.; Van-Balen, J.; Lu, B.; Hillier, A. and Hoet, A.E. (2012). Antimicrobial drug use 

in dogs prior to admission to a veterinary teaching hospital. Journal of the American 

Veterinary Medical Association, 241(2): 210-217.  

Ballesteros, S.A.; Chirife, J. and Bozzini, J.P. (1993). Specific solute effects on 

Staphylococcus aureus cells subjected to reduced water activity. International Journal 

of Food Microbiology, 20(2): 51–66.  

Bannoehr, J.; Ben Zakour, N.L.; Waller, A.S.; Guardabassi, L.; Thoday, K.L.; van den Broek, 

A.H.M. and Fitzgerald, J.R. (2007). Population genetic structure of the Staphylococcus 



106 
 

intermedius group: Insights into agr diversification and the emergence of methicillin-

resistant strains. Journal of Bacteriology, 189(23): 8685–8692.  

Bannoehr, J.; Franco, A.; Iurescia, M.; Battisti, A. and Fitzgerald, J.R. (2009). Molecular 

diagnostic identification of Staphylococcus pseudintermedius. Journal of Clinical 

Microbiology, 47(2): 469–471.  

Bannoehr, J. and Guardabassi, L. (2012). Staphylococcus pseudintermedius in the dog: 

taxonomy, diagnostics, ecology, epidemiology and pathogenicity. Veterinary 

Dermatology, 23(4): 253–266. 

Bardy, J.; Slevin, N.J.; Mais, K.L. and Molassiotis, A. (2008). A systematic review of honey 

uses and its potential value within oncology care. Journal of Clinical Nursing, 17(19): 

2604–2623.  

Basson, N.J. and Grobler, S.R. (2008). Antimicrobial activity of two South African honeys 

produced from indigenous Leucospermum cordifolium and Erica species on selected 

micro-organisms. BMC Complementary and Alternative Medicine, 8: 41. 

Beça, N.; Bessa, L.J.; Mendes, Â.; Santos, J.; Leite-Martins, L.; Matos, A.J. and da Costa, 

P.M. (2015). Coagulase-positive Staphylococcus: prevalence and antimicrobial 

resistance. Journal of the American Animal Hospital Association, 51(6): 365-371. 

Beco, L.; Guaguère, E.; Méndez, C.L.; Noli, C.; Nuttall, T. and Vroom, M. (2013). Suggested 

guidelines for using systemic antimicrobials in bacterial skin infections: part 1- 

diagnosis based on clinical presentation, cytology and culture. Veterinary Record, 

172(3): 72–78. 

Bemis, D.A.; Jones, R.D.; Frank, L.A. and Kania, S.A. (2009). Evaluation of susceptibility 

test breakpoints used to predict mecA-mediated resistance in Staphylococcus 

pseudintermedius isolated from dogs. Journal of Veterinary Diagnostic Investigation, 

21(1): 53-58. 

Ben Zakour, N.L.; Beatson, S.A.; van den Broek, A.H.; Thoday, K.L. and Fitzgerald, J.R. 

(2012). Comparative genomics of the Staphylococcus intermedius group of animal 

pathogens. Frontiers in Cellular and Infection Microbiology, 2: 44. 

Bensignor, E.; Jankowski, F.; Seewald, W.; Touati, F.; Deville, M. and Guillot, J. (2002). 

Comparison of two sampling techniques to assess quantity and distribution of 

Malassezia yeasts on the skin of Basset Hounds. Veterinary Dermatology, 13(5): 237-

241.  



107 
 

Bensignor, E. and Grandemange, E. (2006). Comparison of an antifungal agent with a mixture 

of antifungal, antibiotic and corticosteroid agents for the treatment of Malassezia 

species otitis in dogs. Veterinary Record, 158(6): 193-195. 

Bensignor, E. and Fabries, L. (2018). Use of antipruritic and rehydrating foams on localized 

lesions od atopic dogs: a small-scale pilot and comparative double-blinded study. 

Veterinary Dermatology, 29(5): 446-e150.  

Bernardo, F.M.; Martins, H.M. and Martins, M.L. (1998). A survey of mycotic otitis externa 

of dogs in Lisbon. Revista Iberoamericana de Micologia, 15(3): 163–165. 

Blair, S.E.; Cokcetin, N.N.; Harry, E.J. and Carter, D.A. (2009). The unusual antibacterial 

activity of medical-grade Leptospermum honey: antibacterial spectrum, resistance and 

transcriptome analysis. European Journal of Clinical Microbiology & Infectious 

Diseases, 28(10): 1199–1208. 

Bloom, P. (2014). Canine superficial bacterial folliculitis: Current understanding of its 

etiology, diagnosis and treatment. The Veterinary Journal, 199(2): 217–222. 

Boatengm, J. and Diunase, K.N. (2015). Comparing the antibacterial and functional properties 

of Cameroonian and manuka honeys for potential wound healing - Have we come full 

cycle in dealing with antibiotic resistance? Molecules, 20(9): 16068–16084. 

Bogdanov, S.; Jurendic, T.; Sieber, R. and Gallmann, P. (2008). Honey for nutrition and 

health: A review. Journal of the American College of Nutrition, 27(6): 677–689. 

Bond, R.; Saijonmaa-Koulumies, L.E. and Lloyd, D.H. (1995). Population sizes and 

frequency of Malassezia pachydermatis at skin and mucosal sites on healthy dogs. 

Journal of Small Animal Practice, 36(4): 147-150. 

Bond, R.; Ferguson, E.A.; Curtis, C.F.; Craig, J.M. and Lloyd, D.G. (1996). Factors 

associated with elevated cutaneous Malassezia pachydermatis populations in dogs with 

pruritic skin disease. Journal of Small Animal Practice, 37(3): 103–107. 

Bond, R. (2010). Superficial veterinary mycoses. Clinics in Dermatology, 28(2): 226–236. 

Bond, R.; Guillot, J. and Cabañes, F.J. (2010). Malassezia yeasts in animal diseases. In: 

Boekhout, T.; Guého-Kellermann, E.; Mayser, P., et al, eds. Malassezia and the skin – 

Science and clinical practice. 1st ed. Berlin Heidelberg: Springer-Verlag, pp. 271–300. 

Bond, R. and Loeffler, A. (2012). What’s happened to Staphylococcus intermedius? 

Taxonomic revision and emergence of multi-drug resistance. Journal of Small Animal 

Practice, 53(3): 147:154. 



108 
 

Boon, M. (2002). Honingzalf blijkt aantrekklijk voor vaginaal gebruik: het vaginale uitstrijkje 

als toets. [Honey cream proves attractive for vaginal use: the vaginal smear as a test] 

Available at 

http://www.klinion.nl/files/files/Mesitran%20article%20Vaginal%20use%20Mesitran.p

df?phpMyAdmin=e45916cab41b966193627d0ad8837577. Accessed Jan 22, 2018. 

Boorn, K.L.; Khor, Y.Y.; Sweetman, E.; Tan, F.; Heard, T.A. and Hammer, K.A. (2010). 

Antimicrobial activity of honey from the stingless bee Trigona carbonaria determined 

by agar diffusion, agar dilution, broth microdilution and time-kill methodology. Journal 

of Applied Microbiology, 108(5): 1534–1543.  

Borgers, M.; Cauwenbergh, G.; Van de Ven, M.A.; del Palacio Hernanz, A. and Degreef, H. 

(1987). Pityriasis versicolor and Pityrosporum ovale. Morphogenetic and ultrastructural 

considerations. International Journal of Dermatology, 26(9): 586–589. 

Boukraa, L.; Benbareck, H. and Moussa, A. (2008). Synergistic action of starch and honey 

against Candida albicans in correlation with diastase number. Brazilian Journal of 

Microbiology, 39(1): 40–43. 

Breathnach, R.M.; Baker, K.P.; Quinn, P.J.; Mcgeady, T.A.; Aherne, C.M. and Jones, B.R. 

(2005). Clinical, immunological and histopathological findings in a subpopulation of 

dogs with pododermatitis. Veterinary Dermatology, 16(6): 364–372. 

British Small Animal Veterinary Association. (2014). Methicillin-resistant staphylococci. 

Methicillin-resistant Staphylococcus aureus (MRSA). Available at: 

https://www.bsava.com. Accessed Apr 1, 2016. 

Brotherton, J. (1967). Lack of swelling and shrinking of Pityrosporum ovale in media of 

different osmotic pressures and its relationship with survival in the relatively dry 

conditions of the scalp. Journal of General Microbiology, 48(2): 305–308. 

Bryan, J.; Frank, L.A.; Rohrbach, B.W.; Burgette, L.J.; Cain, C.L. and Bemis, D.A. (2012). 

Treatment outcome of dogs with methicillin-resistant and methicillin-susceptible 

Staphylococcus pseudintermedius pyoderma. Veterinary Dermatology, 23(4): 361-368.  

Buckland, E.L.; O'Neill, D.; Summers, J.; Mateus, A.; Church, D.; Redmond, L. and Brodbelt, 

D. (2016). Characterisation of antimicrobial usage in cats and dogs attending UK 

primary 

care companion animal veterinary practices. Veterinary Record, 179(19):489. 

Bumroongthai, K.; Chetanachan, P.; Niyomtham, W.; Yurayart, C. and Prapasarakul, N. 

(2016). Biofilm production and antifungal susceptibility of co-cultured Malassezia 



109 
 

pachydermatis and Candida parapsilosis isolated from canine seborrheic dermatitis. 

Medical Mycology, 54(5):544-9. 

Buommino, E.; Nocera, F.P.; Parisi, A.; Rizzo, A.; Donnarumma, G.; Mallardo, K.; Fiorito, 

F.; 

Baroni, A. and De Martino, L. (2016). Correlation between genetic variability and 

virulence factors in clinical strains of Malassezia pachydermatis of animal origin. The 

New Microbiologica, 39(3):216-223. 

Cabañes, F.J.; Vega, S. and Castellá, G. (2011). Malassezia cuniculi sp. nov., a novel yeast 

species isolated from rabbit skin. Medical Mycology, 49(1): 40–48. 

Cafarchia, C.; Gallo, S.; Capelli, G. and Otranto, D. (2005). Occurrence and population size 

of Malassezia spp. in the external ear canal of dogs and cats both healthy and with 

otitis. Mycopathologia, 160(2): 143–149. 

Cafarchia, C.; Gallo, S.; Danesi, P.; Capelli, G.; Paradies, P.; Traversa, D.; Gasser, R.B. and 

Otranto, D. (2008). Assessing the relationship between Malassezia and leishmaniasis in 

dogs with or without skin lesions. Acta Tropica, 107(1): 25–29. 

Cafarchia, C. and Otranto, D. (2004). Association between phospholipase production by 

Malassezia pachydermatis and skin lesions. Journal of Clinical Microbiology, 42(10): 

4868–4869. 

Cafarchia, C.; Figueredo, L.A.; Iatta, R., Colao ,V., Montagna, M.T. and Otranto, D. (2012a). 

In vitro evaluation of Malassezia pachydermatis susceptibility to azole compounds 

using E-test and CLSI microdilution methods. Medical Mycology, 50(8): 795–801 

Cafarchia C, Figueredo LA, Iatta R, Montagna MT, Otranto D. (2012b). In vitro antifungal 

susceptibility of Malassezia pachydermatis from dogs with and without skin lesions. 

Veterinary Microbiology, 155: 395–398. 

Cafarchia, C.; Iatta, R.; Immediato, D.; Puttilli, M.R. and Otranto, D. (2015). Azole 

susceptibility of Malassezia pachydermatis and Malassezia furfur and tentative 

epidemiological cut-off values. Medical Mycology, 53(7): 743-748.  

Cain, C.L.; Morris, D.O.; O’Shea, K. and Rankin, S.C. (2011). Genotypic relatedness and 

phenotypic characterization of Staphylococcus schleiferi subspecies in clinical samples 

from dogs. American Journal of Veterinary Research, 72(1): 96–102. 

Canonico, B.; Candiracci, M.; Citterio, B.; Curci, R.; Squarzoni, S.; Mazzoni, A.; Papa, S. and 

Piatti, E. (2014). Honey flavonoids inhibit Candida albicans morphogenesis by 



110 
 

affecting DNA behavior and mitochondrial function. Future Microbiology, 9(4), 445–

456. 

Carnwath, R.; Graham, E.M.; Reynolds, K. and Pollock, P.J. (2013). The antimicrobial 

activity of honey against common equine wound bacterial isolates. Veterinary Journal, 

199(1); 110–114. 

Carter, D.A.; Blair, S.E.; Cokcetin, N.N.; Bouzo, D.; Brooks, P.; Schothauer, R. and Harry, 

E.J. (2016). Therapeutic manuka honey: no longer so alternative. Frontiers in 

Microbiology, 7: 569. 

Cataldi, V.; Di Bartolomeo, S.; Di Campli, E.; Nostro, A.; Cellini, L. and Di Giulio, M. 

(2015). In vitro activity of Aloe vera inner gel against microorganisms grown in 

planktonic and sessile phases. International Journal of Immunopathology and 

Pharmacology, 28(4): 595–602. 

Chelikani, P.; Fita, I. and Loewen, P.C. (2004). Diversity of structures and properties among 

catalases. Cellular and Molecular Life Sciences, 61(2): 192–208. 

Chen, C.G.; Yang, Y.L.; Tseng, K.Y.; Shih, H.I.; Liou, C.H.; Lin, C.C. and Lo, H.J. (2009). 

Rep1p negatively regulating MDR1 efflux pump involved in drug resistance in Candida 

albicans. Fungal Genetics and Biology, 46(9): 714–720. 

Chiavassa, E.; Tizzani, P. and Peano, A. (2014). In vitro antifungal susceptibility of 

Malassezia pachydermatis strains isolated from dogs with chronic and acute otitis 

externa. Mycopathologia, 178(3-4): 315–319. 

CLSI. (2013). Performance standards for antimicrobial disk and dilution susceptibility tests 

for bacteria isolated from animals: approved standards – 4th ed. CLSI document VET01-

A4. Wayne, PA: Clinical and Laboratory Standards Institute. 

Codex Alimentarius Commission FAO/OMS. (2001). Revised Codex Standard for Honey, 

Standards and Standard Methods. Codex Alimentarius Commission FAOOMS 11, 7. 

Cokcetin, N.N.; Pappalardo, M.; Campbell, L.T.; Brooks, P.; Carter, D.A. and Blair, S.E. and 

Harry, E.J. (2016). The Antibacterial Activity of Australian Leptospermum Honey 

Correlates with Methylglyoxal Levels. PLoS One, 11(12):e0167780. 

Combs, G.W.; Nimmo, G.R.; Bell, J.M.; Huygens, F.; O’brien, F.G.; Malkowski, M.J.; 

Pearson, J.C.; Stephens, A.J.; Giffard, P.M. and Australian Group for Antimicrobial 

Resistance. (2004). Genetic diversity among community methicillin-resistant 

Staphylococcus aureus strains causing outpatient infections in Australia. Journal of 

Clinical Microbiology, 42(10): 4735-4743. 



111 
 

Cooper, R.A.; Molan, P.C. and Harding, K.G. (1999). Antibacterial activity of honey against 

strains of Staphylococcus aureus from infected wounds. Journal of the Royal Society of 

Medicine, 92(6): 283–285.  

Cooper, R.A.; Molan, P.C. and Harding, K.G. (2002). The sensitivity to honey of Gram-

positive cocci of clinical significance isolated from wounds. Journal of Applied 

Microbiology, 93(5): 857–863. 

Cooper, R.A.; Jenkins, L.; Henriques, A.F.; Duggan, R.S. and Burton, N.F. (2010). Absence 

of bacterial resistance to medical-grade manuka honey. European Journal of Clinical 

Microbiology and Infectious Diseases, 29(10); 1237–1241. 

Cooper, R.A.; Jenkins, L. and Rowlands, R.S. (2011). Inhibition of biofilms through the use 

of manuka honey. Wounds UK, 7(1): 24–32. 

Coutinho, S.D. and Paula, C.R. (2000). Proteinase, phospholipase, hyaluronidase and 

chondroitin-sulphatase production by Malassezia pachydermatis. Medical Mycology, 

38(1): 73–76. 

Couto, N.; Pomba, C.; Moodley, A. and Guardabassi, n L. (2011). Prevalence of methicillin-

resistant staphylococci among dogs and cats at a veterinary teaching hospital in 

Portugal. Veterinary Record, 169(3): 72. 

Couto, N.; Belas, A.; Couto, I.; Perreten, V. and Pomba, C. (2014). Genetic relatedness, 

antimicrobial and biocide susceptibility comparative analysis of methicillin-resistant 

and -susceptible Staphylococcus pseudintermedius from Portugal. Microbial Drug 

Resistance, 20(4): 364-371. 

Couto, N.; Monchique, C.; Belas, A.; Marques, C.; Gama, L.T. and Pomba, C. (2016). Trends 

and molecular mechanisms of antimicrobial resistance in clinical staphlococci isolated 

from companion animals over a 16 year period. Journal of Antimicrobial 

Chemotherapy, 71(6): 1479-1487. 

Crespo, M.J.; Abarca, M.L. and Cabañes, F.J. (2000). Atypical lipid-dependent Malassezia 

species isolated from dogs with otitis externa. Journal of Clinical Microbiology, 38(6): 

2383–2385. 

Crespo, M.J.; Abarca, M.L. and Cabañes, F.J. (2002). Occurrence of Malassezia spp. in the 

external ear canals of dogs and cats with and without otitis externa. Medical Mycology, 

40(2): 115-121. 

Van Cutsem, J.; Van Gerven, F.; Fransen, J.; Schrooten, P. and Janssen, P.A. (1990). The in 

vitro antifungal activity of ketoconazole, zinc pyrithione, and selenium sulfide against 



112 
 

Pityrosporum and their efficacy as a shampoo in the treatment of experimental 

pityrosporosis in guinea pigs. Journal of the American Academy of Dermatology, 22(6 

Pt 1): 993–998. 

Davis, C. (2005). The use of Australian honey in moist wound management. A report for the 

rural industries research and development corporation, Australian Government 

Department of Agriculture, Fisheries and Forestry. Available from: 

https://rirdc.infoservices.com.au/downloads/05-159.pdf. Accessed Mar 14 2016. 

Detwiler, A.; Bloom, P.; Petersen, A. and Rosser, E.J. Jr. (2013). Multi-drug and methicillin 

resistance of staphylococci from canine patients at a veterinary teaching hospital (2006-

2011). Veterinary Quarterly, 33(2): 60-67.  

Devriese, L.A.; Vancanneyt, M.; Baele, M.; Vaneechoutte, M., De Graef, E.; Snauwaert, C.; 

Cleenwerck, I.; Dawyndt, P.; Swings, J.; Decostere, A.; Haesebrouck, F. (2005). 

Staphylococcus pseudintermedius sp. nov., a coagulase-positive species from animals. 

International Journal of Systematic and Evolutionary Microbiology, 55(Pt 4): 1569–

1573. 

Devriese, L.A.; Hermans, K.; Baele, M. and Haesebrouck, F. (2009). Staphylococcus 

pseudintermedius versus Staphylococcus intermedius. Veterinary Microbiology, 133(1-

2): 206–207. 

DGAV. (2015). Sales of veterinary antimicrobial agents in 30 European countries in 2015, 

Seventh ESVAC report. Available at: https://www.dgv.min-agricultura.pt/. Accessed 

Jan 15, 2018. 

Diribe, O.; Thomas, S.; AbuOun, M.; Fitzpatrick, N. and La Ragione, R. (2015). Genotypic 

relatedness and characterization of Staphylococcus pseudintermedius associated with 

post-operative surgical infections in dogs. Journal of Medical Microbiology, 64(9): 

1074–1081. 

Dowling, P.M. (1996). Antimicrobial therapy of skin and ear infections. Canadian Veterinary 

Journal, 37(11): 695–699. 

Dryden, M.; Lockyer, G.; Saeed, K. and Cooke, J. (2014). Engineered honey: In vitro 

antimicrobial activity of a novel topical wound care treatment. Journal of Global 

Antimicrobial Resistance, 2(3): 168-172. 

Dufait, R. (1983). Pityrosporum canis as the cause of canine chronic dermatitis. Veterinary 

Medicine Small Animal Clinician, 78: 1055–1057. 



113 
 

van Duijkeren, E.; Catry, B.; Greko, C.; Moreno, M.A.; Pomba, M.C.; Pyörälä, S.; Ruzauskas, 

M.; Sanders, P.; Threlfall, E.J.; Torren-Edo, J.; Törneke, K. and Scientific Advisory 

Group on Antimicrobials (SAGAM). (2011a). Review on methicillin-resistant 

Staphylococcus pseudintermedius. The Journal of Antimicrobial Chemotherapy, 66(12): 

2705–2714. 

Van Duijkeren, E.; Kampuis, M.; van der Mije I.C.; Laarhoven L.M.; Duim, B.; Wagenaar 

J.A. and Houwers D.J. (2011b). Transmission of methicillin-resistant Staphylococcus 

pseudintermedius between infected dogs and cats and contact pets, humans and the 

environment in households and veterinary clinics. Veterinary Microbiology, 150(3-4): 

338-43. 

Erejuwa, O.O.; Sulaiman, S.A.; Ab Wahab, M.S. (2012). Honey: A novel antioxidant. 

Molecules, 17(4): 4400–4423.  

Escuredo, O.; Míguez, M.; Fernández-González, M. and Carmen Seijo, M. (2013). Nutritional 

value and antioxidant activity of honeys produced in a European Atlantic area. Food 

Chemistry, 138(2-3): 851–856. 

Espadale, E.; Pinchbeck, G.; Williams, N.J.; Timofte, D.; McIntyre, K.M. and Schmidt, V.M. 

(2018). Are the Hands of Veterinary Staff a Reservoir for Antimicrobial-Resistant 

Bacteria? A Randomized Study to Evaluate Two Hand Hygiene Rubs in a Veterinary 

Hospital. Microbial Drug Resistant, doi: 10.1089/mdr.2018.0183. [Epub ahead of 

print]. 

European Committee on Antimicrobial Susceptibility Testing (EUCAST). (2017). Available 

from: http://www.eucast.org/. Accessed Jan 8, 2015. 

European Medicines Agency (EMA). (1996). Chlorhexidine: Summary report - Committee 

for Veterinary Medicinal Products. Available at: https://www.ema.europa.eu. Accessed 

May 12, 2016.  

European Union. (2002). Council Directive 2001/110/EC relating to honey - Annex II. 

Official Journal of the European Communities, 10–11. 

European Union. (2007). Council Regulation (EC) No 834/2007 on organic production and 

labelling of organic products. Official Journal of the European Communities, L189, 1–

23 

Faergemann, J. (1988). Propylene glycol in the treatment of seborrheic dermatitis of the scalp: 

a double-blind study. Cutis, 42(1): 69–71. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Espadale%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30332336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Espadale%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30332336
https://www.ncbi.nlm.nih.gov/pubmed/?term=McIntyre%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=30332336
https://www.ncbi.nlm.nih.gov/pubmed/?term=McIntyre%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=30332336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=30332336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=30332336


114 
 

Falci, S.P.; Teixeira, M.A.; Chagas, P.F.; Martinez, B.B.; Loyola, A.B.; Ferreira, L.M. and 

Veiga, D.F. (2015). Antimicrobial activity of Melaleuca sp. oil against clinical isolates 

of antibiotics resistant Staphylococcus aureus. Acta Cirurgica Brasileira, 30(6): 401–

406. 

Fazakerley, J.; Nuttall, T.; Sales, D.; Schmidt, V.; Carter, S.D.; Hart, C.A. and McEwan, N.A. 

(2009). Staphylococcal colonization of mucosal and lesional skin sites in atopic and 

healthy dogs. Veterinary Dermatology, 20(3): 179–184. 

Feás, X. and Estevinho, M.L. (2011). A survey of the in vitro antifungal activity of heather 

(Erica sp.) organic honey. Journal of Medicinal Food, 14: 1284–1288. 

Feás, X.; Iglesias, A.; Rodrigues, S. and Estevinho, L.M. (2013). Effect of Erica sp. honey 

against microorganisms of clinical importance: study of the factors underlying this 

biological activity. Molecules, 18(4): 4233–4246.  

Figueredo, L.A.; Cafarchia, C. and Otranto, D. (2013). Antifungal susceptibility of 

Malassezia pachydermatis biofilm. Medical Mycology, 51(8): 863–867. 

Fitzgerald, J.R. (2009). The Staphylococcus intermedius group of bacterial pathogens: Species 

re-classification, pathogenesis and the emergence of methicillin resistance. Veterinary 

Dermatology, 20(5-6) 490–495. 

Fortin, M. and Higgins, R. (2001). Mixed infection associated with a group B Streptococcus 

in a dog. The Canadian Veterinary Journal, 42(9): 730. 

Frank, L.A.; Kania, S.A.; Hnilica, K.A.; Wilkes, R.P. and Bemis, D.A. (2003). Isolation of 

Staphylococcus schleiferi from dogs with pyoderma. Journal of the American 

Veterinary Medical Association, 222(4): 451–454. 

Frank, L.A. and Loeffler, A. (2012). Methicillin-resistant Staphylococcus pseudintermedius: 

Clinical challenge and treatment options. Veterinary Dermatology, 23(4): 283-291.  

French, V.M.; Cooper, R.A. and Molan, P.C. (2005). The antibacterial activity of honey 

against coagulase-negative staphylococci. Journal of Antimicrobial Chemotherapy, 

56(1), 228–231. 

Futagawa-Saito, K.; Ba-Thein, W.; Sakurai, N. and Fukuyasu, T. (2006). Prevalence of 

virulence factors in Staphylococcus intermedius isolates from dogs and pigeons. BMC 

Veterinary Research, 2: 4. 

Gaitanis, G.; Magiatis, P.; Hantschke, M.; Bassukas, I.D. and Velegraki, A. (2012). The 

Malassezia genus in skin and systemic diseases. Clinical Microbiology Reviews, 25(1): 

106–141. 



115 
 

Ganiere, J.P.; Medaille, C. and Mangion, C. (2005). Antimicrobial drug susceptibility of 

Staphylococcus intermedius clinical isolates from canine pyoderma. Journal of 

Veterinary Medicine. B, Infectious Diseases and Veterinary Public Health, 52(1): 25–

31. 

George, N.M. and Cutting, K.F. (2007). Antibacterial honey (MedihoneyTM): in-vitro activity 

against clinical isolates of MRSA, vancomycin-resistant Enterococci, and other 

multiresistant Gram-negative organisms including Pseudomonas aeruginosa. Wounds: 

a Compendium of Clinical Research and Practice, 19(9): 231–236. 

Ghibaudo, G. and Graziano, L. (2002). Efficacy and tolerability of Zincoseb ® shampoo 

against canine keratoseborrhoeic disorders. ICF Bulletin. Availabre at www.Icfpet.com. 

Accessed Nov 16, 2015. 

Gobin, I.; Crnković, G.; Magdalenić, M.; Begić, G.; Babić, A.; Lušić, D. and Vučković, D. 

(2018). Antibacterial potential of Croatian honey against antibiotic resistant pathogenic 

bacteria. Medinski Glasnic (Zenica). 15(2):139-144. 

Gold, R.M.; Cohen, N.D. and Lawhon, S.D. (2014). Amikacin resistance in Staphylococcus 

pseudintermedius isolated from dogs. Journal of Clinical Microbiology, 52(10): 3641–

3646. 

Gómez-Sanz, E.; Torres, C.; Lozano, C.; Sáenz, Y. and Zaragaza, M. (2011). Detection and 

characterization of methicillin-resistant Staphylococcus pseudintermedius in healthy 

dogs in La Rioja, Spain. Comp Immunol Microbiol Infect Dis, 34(5): 447–453.  

Goodacre, R.; Harvey, R.; Howell, S.A.; Greenham, L.W. and Noble, W.C. (1997). An 

epidemiological study of Staphylococcus intermedius strains isolated from dogs, their 

owners and veterinary surgeons. Journal of Analytical and Applied Pyrolysis, 44(1): 

49–64. 

Gortel, K.; Campbell, K.L.; Kakoma, I.; Whittem, T., Schaeffer, D.J. and Weisiger, R.M. 

(1999). Methicillin resistance among staphylococci isolated from dogs. American 

Journal of Veterinary Research, 60(2): 1526–1530. 

Griffeth, G.C.; Morris, D.O.; Abraham, J.L.; Shofer, F.S. and Rankin, S.C. (2008). Screening 

for skin carriage of methicillin-resistant coagulase-positive staphylococci and 

Staphylococcus schleiferi in dogs with healthy and inflamed skin. Veterinary 

Dermatology, 19(3): 142–149. 



116 
 

Guardabassi, L.; Loeber, M.E. and Jacobson, A. (2004). Transmission of multiple 

antimicrobial-resistant Staphylococcus intermedius between dogs affected by deep 

pyoderma and their owners. Veterinary Microbiology, 98(1): 23–27. 

Guo, S. and DiPietro, L.A. (2010). Factors affecting wound healing. Journal of Dental 

Research, 89(3): 219–229. 

Gupta, A.; Kohli, Y.; Li, A.; Faergemann, J. and Summerbell, R.C. (2000). In vitro 

susceptibility of the seven Malassezia species to ketoconazole, voriconazole, 

itraconazole and terbinafine. British Journal of Dermatology, 142(4): 758–765. 

Hajek, V. (1976). Staphylococcus intermedius, a new species isolated from animals. 

International Journal of Systematic and Evolutionary Bacteriology, 26(4): 401–408. 

Hall, C.W. and Mah, T. (2017) Molecular mechanisms of biofilm-based antibiotic resistance 

and tolerance in pathogenic bacteria. FEMS Microbiology Review, 41(3):276-301. 

Han, J.I.; Rhim, H.; Yang, C. and Park, H.M. (2018). Molecular characteristics of new clonal 

complexes of Staphylococcus pseudintermedius from clinically normal dogs. Veterinary 

Quaterly, 38(1):14-20. 

Hardefeldt, L.Y.; Holloway, S.; Trott, D.J.; Shipstone, M.; Barrs, V.R.; Malik, R.; Burrows, 

M.; Armstrong, S.; Browning, G.F. and Stevenson, M. (2017). Antimicrobial 

Prescribing in Dogs and Cats in Australia: Results of the Australasian Infectious 

Disease Advisory Panel Survey. Journal Veterinary Internal Medicine, 31(4):1100-

1107. 

Harvey, R.; Marples, R. and Noble, W. (1994). Nasal carriage of Staphylococcus intermedius 

in humans in contact with dogs. Microbial Ecology in Health and Disease, 7(4): 225–

227. 

Hay, R. and Midgley, G. (2010). Introduction: Malassezia yeasts from a historical 

perspective. In Malassezia and the skin (eds T. Boekhout, E. Gueho, P. Mayser & A. 

Velegraki), 1st edit. Springer, Berlin, pp. 1–16. 

Henriques, A.F.; Jenkins, R.E.; Burton, N.F. and Cooper, R.A. (2010). The intracellular 

effects of manuka honey on Staphylococcus aureus. European Journal of Clinical 

Microbiology and Infectious Diseases, 29(1): 45–50. 

Henriques, A.F.; Jenkins, R.E.; Burton, N.F. and Cooper, R.A. (2011). The effect of manuka 

honey on the structure of Pseudomonas aeruginosa. European Journal of Clinical 

Microbiology & Infectious Diseases, 30(2), 167-171. 



117 
 

Hensel, P.; Austel, M.; Wooley, R.E.; Keys, D and Ritchie, B.W. (2009). In vitro and in vivo 

evaluation of a potentiated miconazole aural solution in chronic Malassezia otitis 

externa in dogs. Veterinary Dermatology, 20(5-6): 429-434. 

Hensel, N.; Zabel, S. and Hensel, P. (2016). Prior antibacterial drug exposure in dogs with 

methicillin-resistant Staphylococcus pseudintermedius (MRSP) pyoderma. Veterinary 

Dermatology, 27(2), 72-8e20. 

Hillier, A.; Lloyd, D.H.; Weese, J.S.; Blondeau, J.M.; Boothe, D.; Breitschwerdt, E.; 

Guardabassi, L.; Papich, M.G.; Rankin, S.; Turnidge, J.D. and Sykes, J.E. (2014). 

Guidelines for the diagnosis and antimicrobial therapy of canine superficial bacterial 

folliculitis (Antimicrobial Guidelines Working Group of the International Society for 

Companion Animal Infectious Diseases). Veterinary Dermatology, 25(3): 163–175. 

Hillitt, K.L.; Jenkins, R.E.; Spiller, O.B. and Beeton, M.L. (2017). Antimicrobial activity of 

Manuka honey against antibiotic-resistant strains of the cell wall-free bacteria 

Ureaplasma parvum and Ureaplasma urealyticum. Letters in Applied Microbiology, 

64(3):198-202. 

Hoekstra, K.A. and Paulton, R.J. (2002). Clinical prevalence and antimicrobial susceptibility 

of Staphylococcus aureus and Staph. intermedius in dogs. Journal of Applied 

Microbiology, 93(3): 406–413. 

Holm, B.R.; Petersson, U.; Mörner, A.; Bergström, K.; Franklin, A. and Greko, C. (2002). 

Antimicrobial resistance in staphylococci from canine pyoderma: a prospective study of 

first-time and recurrent cases in Sweden. Veterinary Record, 151(20): 600–605. 

Honnegowda, T.M.; Kumar, P.; Padmanabha, U.; Sharan, A.; Singh, R.; Prasad, H.K. and 

Rao, P. (2015). Effects of limited access dressing in chronic wounds: A biochemical 

and histological study. Indian Journal of Plastic Surgery, 48(1): 22-28.  

van Hoovels, L.; Vankeerberghen, A.; Boel, A.; Van Vaerenbergh, K. and De Beenhouwer, 

H. (2006). First case of Staphylococcus pseudintermedius infection in a human. Journal 

of Clinical Microbiology, 44(12): 4609–4612. 

Horn, H. (2013). Honig in der Medizin. Deutsche Medizinische Wochenschrift, 138(51/52): 

2647–2652.  

Hussain, M.B.;  Hannan, A.; Absar, M. and Butt, N. (2017). In-vitro susceptibility of 

methicilin-resistant Staphylococus aureus to honey. Complementary therapies in 

medical practice, 27: 57-60.  

International Renal Interest Society. (2015). IRIS Treatment Recommendations for CKD. 



118 
 

Available from: http://www.iris-kidney.com/. Accessed Mar 4, 2016. 

Intorre, L.; Vanni, M.; Di Bello, D.; Pretti, C.; Meucci, V.; Tognetti, R.; Soldani, G.; Cardini, 

G. and Jousson, O. (2007). Antimicrobial susceptibility and mechanism of resistance to 

fluoroquinolones in Staphylococcus intermedius and Staphylococcus schleiferi. Journal 

of Veterinary Pharmacology Therapy, 30(5): 464–469. 

Ippolito, F.; Passi, S.; Caprilli, F.; Di Carlo, A.; Morrone, A., Picardo, M., Valenzano, L. 

(1989). Seborrhea-like dermatitis in the acquired immunodeficiency syndrome. Clinical, 

histological, and microbiological aspects and biochemical findings. Gioranale Italiano 

di Dermatologia e Venereologia, 124(9): 381–388. 

Irish, J.; Blair, S. and Carter, D.A. (2011). The antibacterial activity of honey derived from 

Australian flora. PLoS One, 6(3): e18229.  

de Jaham, C. (2003). Effects of an ethyl lactate shampoo in conjunction with a systemic 

antibiotic in the treatment of canine superficial bacterial pyoderma in an open-label, 

nonplacebo-controlled study. Veterinary Therapeuthics, 4(1): 94–100. 

Jakobsson, Z. (2011). Pilotstudie för att utvärdera effekten av L-Mesitran Honungsbaserad 

sårsalva – vid behandling av yt-pyodermi hos hund. [Pilot study to evaluate the effect of 

L-Mesitran Honeybased wound ointment - in the treatment of surface pyoderma in 

dogs.] Fakulteten för Veterinärmedicin och husdjursvetenskap; Uppsala, Sweden. 

Available at https://stud.epsilon.slu.se/2224/1/jakobsson_z_110131.pdf Accessed Jan 

22, 2018. 

Jenkins, R.; Burton, N. and Cooper, R. (2011). Manuka honey inhibits cell division in 

methicillin-resistant Staphylococcus aureus. Journal of Antimicrobial Chemotherapy, 

66(11): 2536–2542. 

Jenkins, R.E. and Cooper, R. (2012). Synergy between oxacillin and manuka honey sensitizes 

methicillin-resistant Staphylococcus aureus to oxacillin. Journal of Antimicrobial 

Chemotherapy, 67(6): 1405–1407 

Jesus, F.P.; Lautert, C.; Zanette, R.A.; Mahl, D.L.; Azevedo, M.I.; Machado, M.L.; Dutra, V., 

Botton, S.A.; Alves, S.H. and Santurio, J.M. (2011). In vitro susceptibility of 

fluconazole-susceptible and -resistant isolates of Malassezia pachydermatis against 

azoles. Veterinary Microbiology, 152(1-2): 161–164. 

Jones, R.D.; Kania, S.A.; Rohrbach, B.W.; Frank, L.A. and Bemis, D.A. (2007). Prevalence 

of oxacillin- and multidrug-resistant staphylococci in clinical samples from dogs: 1,772 

samples (2001-2005). Journal of the American Veterinary Medical Association, 230(2): 



119 
 

221–227. 

Jull, A.B.; Walker, N. and Deshpande, S. (2013). Honey as a topical treatment for wounds. 

Cochrane Database of Systematic Reviews; 2: CD005083.  

Juntachai, W.; Oura, T.; Murayama, S.Y. and Kajiwara S. (2009). The lipolytic enzymes 

activities of Malassezia species. Journal of Medical and Veterinary Mycology, 47(5): 

477–484. 

Kadlec, K.; van Duijkeren, E.; Wagenaar, J.A. and Schwarz, S. (2011). Molecular basis of 

rifampicin resistance in methicillin-resistant Staphylococcus pseudintermedius isolates 

from dogs. Journal of Antimicrobial Chemotherapy, 66(6): 1236–1242. 

Kadlec, K. and Schwarz, S. (2012). Antimicrobial resistance of Staphylococcus 

pseudintermedius. Veterinary Dermatology, 23(4): 276-282. 

Kaneko, T.; Makimura, K.; Abe, M.; Shiota, R.; Nakamura, Y.; Kano, R.; Hasegawa, A.; 

Sugita, T.; Shibuya, S.; Watanabe, S.; Yamaguchi, H.; Abe, S. and Okamura, N. (2007). 

Revised culture-based system for identification of Malassezia species. Journal of 

Clinical Microbiology, 45(11): 3737–3742. 

Karabagias, I.K.; Badeka, A.; Kontakos, S.; Karabournioti, S. and Kontominas, M.G. (2014). 

Characterisation and classification of Greek pine honeys according to their geographical 

origin based on volatiles, physicochemical parameters and chemometrics. Food 

Chemistry, 146(1): 548–557. 

Kassim, M.; Achoui, M.; Mustafa, M.R.; Mohd, M.A. and Yusoff, K.M. (2010). Ellagic acid, 

phenolic acids, and flavonoids in Malaysian honey extracts demonstrate in vitro anti-

inflammatory activity. Nutrition Research, 30(9): 650–659. 

Kato, Y.; Umeda, N.; Maeda, A.; Matsumoto, D.; Kitamoto, N. and Kikuzaki, H. (2012). 

Identification of a novel glycoside, leptosin, as a chemical marker of manuka honey. 

Journal of Agricultural and Food Chemistry, 60(13): 3418–3423. 

Kehrenberg, C. and Schwarz, S. (2004). fexA, a novel Staphylococcus lentus gene encoding 

resistance to florfenicol and chloramphenicol. Antimicrobial Agents Chemotherapy, 

48(02): 615-618. 

Kiss, G.; Radványi, S.; Szigeti, G.; Lukáts, B. and Nagy, G. (1997a). New combination for 

the therapy of canine otitis externa. I. Microbiology of otitis externa. Journal of Small 

Animal Practice, 38(2): 51-56. 

Kiss, G.; Radványi, S.; Szigeti, G.; Lukáts, B. and Nagy, G. (1997b) New combination for the 

therapy of canine otitis externa. II. Efficacy in vitro and in vivo. Journal of Small 



120 
 

Animal Practice 1997b, 38(2): 57-60. 

Koburger, T.; Hübner, N.O.; Braun, M.; Siebert, J. and Kramer, A. (2010). Standardized 

comparison of antiseptic efficacy of triclosan, PVP-iodine, octenidine dihydrochloride, 

polyhexanide and chlorhexidine digluconate. Journal of Antimicrobial Chemotherapy, 

65(8): 1712–1719. 

Korbelik, J.; Singh, A.; Rousseau, J.and Weese, J.S. Analysis of the otic mycobiota in dogs 

with otitis externa compared to healthy individuals. Veterinary Dermatology, 29(5):417-

e138. 

Kuan, E.C.; Yoon, A.J.; Vijayan, T.; Humphries, R.M. and Suh, J.D. (2016). Canine 

Staphylococcus pseudintermedius sinonasal infection in human hosts. International 

Forum of Allergy & Rhinology, 6(7): 710-715. 

Kwakman, P.H. and Zaat, S.A. (2012). Antibacterial components of honey. International 

Union of Biochemistry and Molecular Biology, 64(1): 48–55. 

Langstrom,  L.L. (1853).  Langstroth on hive and the honey-bee, a bee-keeper’s manual. 

Northampton, Massachusetts, Hopkins, Bridgman & Company. 

Lloyd, D.H.; Lamport, A.I. and Feeney, C. (1996). Sensitivity to antibiotics amongst 

cutaneous and mucosal isolates of canine pathogenic staphylococci in the UK, 1980-96. 

Veterinary Dermatology, 7(3): 171–175. 

Loeffler, A; Linek, M.; Moodley, A.; Guardabassi, L.; Sung, J.M.; Winkler, M.; Weiss, R. 

and Lloyd, D.H. (2007) First report of multiresistant, mecA-positive Staphylococcus 

intermedius in Europe: 12 cases from a veterinary dermatology referral clinic in 

Germany. Veterinary Dermatology, 18(6): 412–421. 

Loeffler,  A.; Cobb, M.A. and Bond, R. (2011). Comparison of a chlorhexidine and a benzoyl 

peroxide shampoo as sole treatment in canine superficial pyoderma. Veterinary Record, 

169(10): 249. 

Lozano, C.; Rezusta, A.; Ferrer, I.; Pérez-Laguna, V.; Zarazaga, M.; Ruiz-Ripa, L.; Revillo, 

M.J. and Torres, C. (2017). Staphylococcus pseudintermedius human infection cases in 

Spain: dog-to-human transmission. Vector Borne and Zoonotic Diseases, 17(4): 268-

270. 

LSPN (2015) LPSN - List of Prokaryotic names with Standing in Nomenclature. 47. 

Available at: https://www.bacterio.net/. Accessed Mar 22, 2017. 

Lu, J.; Turnbull, L.; Burke, C.M.; Liu, M.; Carter, D.A.; Schlothauer, R.C.; Whitchurch, C. 

and Harry, E.J. (2014). Manuka-type honeys can eradicate biofilms produced by 



121 
 

Staphylococcus aureus strains with different biofilm-forming abilities. Peers Journal, 

25(2): e326. 

Ludwig, C.; de Jong, A.; Moyaert, H.; El Garch, J.; Janes, R.; Klein, U.; Morrissey, I.; Thiry, 

J. and Youala, M. (2016). Antimicrobial susceptibility monitoring of dermatological 

bacterial pathogens isolated from diseased dogs and cats across Europe (ComPath 

results). Journal of Applied Microbiology, 121(5): 1254-1267.  

Lusby, P.E.; Coombes, A.L. and Wilkinson, J.M. (2005). Bactericidal activity of different 

honeys against pathogenic bacteria. Arch Med Res, 36(5): 464–467. 

Lyskova, P.; Vydrzalova, M. and Mazurova, J. (2007). Identification and antimicrobial 

susceptibility of bacteria and yeasts isolated from healthy dogs and dogs with otitis 

externa. Journal of Veterinary Medicine Series A: Physiology Pathology Clinical 

Medicine, 54(10): 559–563. 

Maaland, M.G.; Guardabassi, L. and Papich, M.G. (2014). Minocycline pharmacokinetics and 

pharmacodynamics in dogs: Dosage recommendations for treatment of methicillin-

resistant Staphylococcus pseudintermedius infections. Veterinary Dermatology, 25(3): 

182-190. 

Maali, Y.; Badiou, C.; Martins-Simões, P.; Hodille, E.; Bes, M.; Vandenesch, F.; Lina, G.; 

Diot, A.; Laurent, F. and Trouillet-Assant, S. (2018). Understanding the Virulence of 

Staphylococcus pseudintermedius: A Major Role of Pore-Forming Toxins. Frontieres in 

Cellular and Infectious Microbiology, 28;8:221. 

Machado, M.L.; Ferreiro, L.; Ferreira, R.R.; Corbellini, L.G.; Deville, M.; Berthelemy, M. 

and Guillot, J. (2011). Malassezia dermatitis in dogs in Brazil: Diagnosis, evaluation of 

clinical signs and molecular identification. Veterinary Dermatology, 22(1), 46–52. 

Magiorakos, A.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; 

Harbarth, S.; Hindler, J.F.; Kahlmeter, G.; Olsson-Lijequist, B.; Paterson, D.L.; Rice, 

L.B.; Stelling, J.; Struelens, M.J.; Vatopoulos, A.; Weber, J.T. and Monnet, D.L. 

(2012). Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: 

an international expert proposal for interim standard definitions for acquired resistance. 

Clinical Microbiology and Infection, 18(3): 268–281. 

Makimura, K.; Tamura, Y.; Kudo, M.; Uchida, K.; Saito, H. and Yamaguchi, H. (2000). 

Species identification and strain typing of Malassezia species stock strains and clinical 

isolates based on the DNA sequences of nuclear ribosomal internal transcribed spacer 1 

regions. Journal of Medical Microbiology, 49(1): 29–35. 



122 
 

Mandal, M.D. and Mandal, S. (2011). Honey: Its medicinal property and antibacterial 

activity. Asian Pacific Journal of Tropical Biomedicine, 1(2): 154–160. 

Maruhashi, E.; Braz, B.S.; Nunes, T.; Pomba, C.; Belas, A.; Duarte-Correia, J.G. and 

Lourenço, A.M. (2016). Efficacy of medical honey in the management of canine otitis 

externa – a pilot study. Veterinary Dermatology, 27: 93-e27.  

Maruhashi, E.;  Belas, A.; Marconi, C.; Rodrigues, A.C. and Pomba, C. (2018). Anti-

staphylococcal biocidal efficacy of a medical grede honey formulation against 

methicillin-resistant Staphylococcus aureus ST22 and methicillin-resistant 

Staphylococcus pseudintermedius ST71 major-risk lineages. Proceeedings of 30th 

European Veterinary Dermatology Congress. Dubrovnik, Croatia: 141. 

Matousek, J.L.; Campbell, K.L.; Kakoma, I.; Solter, P.F. and Schaeffer, D.J. (2003). 

Evaluation of the effect of pH on in vitro growth of Malassezia pachydermatis. 

Canadian Journal of Veterinary Research, 67(1), 56–59. 

Mauldin, E.A.; Scott, D.W.; Miller, W.H. and Smith, C.A. (1997). Malassezia dermatitis in 

the dog: a retrospective histopathological and immunopathological study of 86 cases 

(1990-95). Veterinary Dermatology, 8(3): 191–202. 

Mavric, E.; Wittmann, S.; Barth, G. and Henle, T. (2008). Identification and quantification of 

methylglyoxal as the dominant antibacterial constituent of Manuka (Leptospermum 

scoparium) honeys from New Zealand. Molecular Nutriton Food Research, 52(4): 483–

489.  

McEwan, N.A.; Mellor, D. and Kalna, G. (2006), Adherence by Staphylococcus intermedius 

to canine corneocytes: A preliminary study comparing noninflamed and inflamed atopic 

canine skin. Veterinary Dermatology, 17(2): 151–154. 

Medleau, L.; long, R.E.; Brown, J. and Miller, W.H. (1986). Frequency and antimicrobial 

susceptibility of Staphylococcus species isolated from canine pyodermas. American 

Journal of Veterinary Research, 47(2): 229–231. 

Menke, N.B.; Ward, K.R.; Witten, T.M.; Bonchev, D.G. and Diegelmann, R.F. (2007). 

Impaired wound healing. Clinics in Dermatology, 25(1), 19–25. 

Merckoll, P.; Jonassen, T.Ø.; Vad, M.E.; Jeansson, S.L. and Melby, K.K. (2009). Bacteria, 

biofilm and honey: a study of the effects of honey on ‘planktonic’ and biofilm-

embedded chronic wound bacteria. Scandinavian Journal of Infectious Diseases, 41(5): 

341–347. 



123 
 

Mirhendi, H.; Makimura, K.; Zomorodian, K.; Yamada, T.; Sugita, T. and Yamaguchi, H. 

(2005). A simple PCR-RFLP method for identification and differentiation of 11 

Malassezia species. Journal of Microbiological Methods 61(2), 281–284 

Mohapatra, D.P.; Thakur, V. and Brar, S.K. (2011). Antibacterial efficacy of raw and 

processed honey. Biotechnology Research International, 2011: 917505. 

Molan, P.C. (1992). The antibacterial activity of honey: 1. The nature of the antibacterial 

activity. Bee World, 73(1): 5–28.  

Molan, P.C. (1999) Why honey is effective as a medicine. 1. Its use in modern medicine. Bee 

World, 80(2): 80-92. 

Molan, P.C. and Allen, K.L. (1996). The effect of gamma-irradiation on the antibacterial 

activity of honey. Journal of pharmacy and pharmacology, 48(11): 1206–1209. 

Molan, P.C. (2009). Debridement of wounds with honey. Journal of Wound Technology, 5: 

12–17. 

Morris, D.O. (1999). Malassezia dermatitis and otitis. Veterinary Clinics of North America: 

Small Animal Practice, 29(6): 1303–1310.  

Morris, D.O.; Rook, K.A.; Shofer, F.S. and Rankin, S.C. (2006). Screening of Staphylococcus 

aureus, Staphylococcus intermedius, and Staphylococcus schleiferi isolates obtained 

from small companion animals for antimicrobial resistance: a retrospective review of 

749 isolates (2003-2004). Veterinary Dermatology, 17(5): 332–337.  

Morris, D.O.; Boston, R.C.; O’Shea, K. and Rankin, S.C. (2010). The prevalence of carriage 

of methicillin-resistant staphylococci by veterinary dermatology practice staff and their 

respective pets. Veterinary Dermatology, 21(4): 400–407. 

Morrissey, I.; Oggioni, M.R.; Knight, D.; Curiao, T.; Coque, T.; Kalkanci, A.; Martinez, J.L. 

and BIOHYPO Consortium. (2014). Evaluation of epidemiological cut-off values 

indicates that biocide resistant subpopulations are uncommon in natural isolates of 

clinically-relevant microorganisms. PLoS One, 9(1), e86669.  

Moussa, A.; Noureddine, D.; Saad, A.; Abdelmelek, M. and Abdelkader, B. (2012). 

Antifungal activity of four honeys of different types from Algeria against pathogenic 

yeast: Candida albicans and Rhodotorula sp. Asian Pacific Journal of Tropical 

Biomedicine, 2(7): 554–557. 

Mphande, A.N.; Killowe, C.; Phalira, S.; Jones, H.W. and Harrison, W.J. (2007). Effects of 

honey and sugar dressings on wound healing. Journal of Wound Care, 16(7): 317–319. 



124 
 

Mueller, R.S.; Bergvall, K.; Bensignor, E. and Bond, R. (2012). A review of topical therapy 

for skin infections with bacteria and yeast. Veterinary Dermatology, 23(4): 330-341. 

Murphy, C.P.; Reid-Smith, R.J.; Boerlin, P.; Weese, J.S.; Prescott, J.F.; Janecko, N. and 

McEwen SA. (2012). Out-patient antimicrobial drug use in dogs and cats for new 

disease events from community companion animal practices in Ontario. Canadian 

Veterinary Journal, 53(3):291-8. 

Nakano, Y.; Wada, M.; Tani, H.; Sasai, K. and Baba, E. (2005). Effects of beta-thujaplicin on 

anti-Malassezia pachydermatis remedy for canine otitis externa. Journal of Veterinary 

Medical Science/ Japanese Society of Veterinary Science, 67(12): 1243–1247. 

Nalawade, T.M., Bhat, K. and Sogi, S.H. (2015). Bactericidal activity of propylene glycol, 

glycerine, polyethylene glycol 400, and polyethylene glycol 1000 against selected 

microorganisms. Journal of International Society of Preventive & Community Dentistry, 

5(2): 114-119. 

Nascente, P.S.; Meinerz, A.R.M.; Faria, R.O.; Schuch, L.F.D.; Meireles, M.C.A.; Mello, 

J.R.B. (2009). CLSI broth microdilution method for testing susceptibility of Malassezia 

pachydermatis to thiabendazole. Brazilian Journal of Microbiology, 40(2): 222–226. 

National Food Institute (2009). EU Community Reference Laboratory in Antibiotic 

Resistance. Denmark. Available from: http://www.food.dtu.dk/english. Accessed Mar 

14, 2015. 

Nienhoff, U.; Kadlec, K.; Chaberny, I.F.; Verspohl, J.; Gerlach, G.F.; Kreienbrock, L.; 

Schwarz, S.; Simon, D. and Nolte, I. (2011). Methicillin-resistant Staphylococcus 

pseudintermedius among dogs admitted to a small animal hospital. Veterinary 

Microbiology, 150(1–2): 191–197. 

Nijima, M.; Kano, R.; Nagata, M.; Hasegawa, A. and Kamata, H. (2011). An azole-resistant 

isolate of Malassezia pachydermatis. Veterinary Microbiology, 149(1-2): 288–290. 

Oelschlaegel, S.; Gruner, M.; Wang, P.N.; Boettcher, A.; Koelling-Speer, I. and Speer, K. 

(2012). Classification and characterization of manuka honeys based on phenolic 

compounds and methylglyoxal. Journal of Agricultural and Food Chemistry, 60(29): 

7229−7237.  

Oliveira, A.M.; Devesa, J.S. and Hill, P.B. (2018). In vitro efficacy of a honey‐based gel 

against canine clinical isolates of Staphylococcus pseudintermedius and Malassezia 

pachydermatis. Veterinary Dermatology, 29(3): 180-e65. 



125 
 

Olivry, T.; DeBoer, D.J.; Favrot, C.; Jackson, H.A.; Mueller, R.S.; Nuttall, T.; Prélaud, P. and 

International Task Force on Canine Atopic Dermatitis. (2010). Treatment of canine 

atopic dermatitis: 2010 clinical practice guidelines from the International Task Force on 

Canine Atopic Dermatitis. Veterinary dermatology, 21(3): 233–248. 

Olson, M.E.; Ceri, H.; Morck, D.W.; Buret, A.G. and Read, R.R. (2002). Biofilm bacteria: 

Formation and comparative susceptibility to antibiotics. Canadian Journal of 

Veterinary Research, 66(2): 86–92. 

Oryan, A. and Zaker, S.R. (1998). Effects of topical application of honey on cutaneous wound 

healing in rabbits. Zentralblatt Veterinarmedizin, 45(3):181-8. 

O’Neill, D.G.; Church, D.B.; McGreevy, P.D.; Thomson, P.C. and Brodbelt, D.C. (2014). 

Prevalence of disorders recorded in dogs attending primary-care veterinary practices in 

England. PloS One, 9(3): e90501.  

Onuma, K.; Tanabe, T. and Sato, H. (2012). Antimicrobial resistance of Staphylococcus 

pseudintermedius isolates from healthy dogs and dogs affected with pyoderma in Japan. 

Veterinary Dermatology, 23(1): 17–22.  

Overgaauw, P.A. and Kirpensteijn, J. (2006). Honey in treatment of skin wounds. Tijdschr 

Diergeneeskd, 130(4): 115-116. 

Özbalci, B.; Boyaci, İ.H.; Topcu, A.; Kadılar, C. and Tamer, U. (2013). Rapid analysis of 

sugars in honey by processing Raman spectrum using chemometric methods and 

artificial neural networks. Food Chemistry, 136(3-4): 1444–1452. 

Packer, J.M.; Irish, J.; Herbert, B.R.; Hill, C.; Padula, M.; Blair, S.E.; Carter, D.A. and Harry, 

E.J. (2012). Specific non-peroxide antibacterial effect of manuka honey on the 

Staphylococcus aureus proteome. International Journal of Antimicrobial Agents, 40(1): 

43–50. 

Papich, M.G. (2013). Antibiotic treatment of resistant infections in small animals. Veterinary 

Clinics of North America. Small Animal Practice, 43(5): 1091–1107.  

Patton, T.; Barrett, J.; Brennan, J. and Moran, N. (2006). Use of a spectrophotometric 

bioassay for determination of microbial sensitivity to manuka honey. Journal of 

Microbiological Methods, 64(1): 84–95.  

Paul, N.C.; Damborg, P. and Guardabassi, L. (2014). Dam-to-offspring transmission and 

persistence of Staphylococcus pseudintermedius clones within dog families. Veterinary 

Dermatology, 25(1): 3-e2.  



126 
 

Peano, A.; Beccati, M.; Chiavassa, E. and Pasquetti, M. (2012). Evaluation of the antifungal 

susceptibility of Malassezia pachydermatis to clotrimazole, miconazole and 

thiabendazole using a modified CLSI M27-A3 microdilution method. Veterinary 

Dermatology, 23(2): 131-135. 

Penna, B.; Varges, R.; Medeiros, L.; Martins, G.M.; Martins, R.R. and Lilenbaum, W. (2010). 

Species distribution and antimicrobial susceptibility of staphylococci isolated from 

canine otitis externa. Veterinary Dermatology, 21(3): 292–296. 

Perreten, V.; Kadlec, K.; Schwarz, S.; Grönlund Andersson, U.; Finn, M.; Greko, C.; 

Moodley, A.; Kania, S.A.; Frank, L.A., Bemis, D.A.; Franco, A.; Iurescia, M.; Battisti, 

A.; Duim, B.; Wagenaar, J.A.; van Duijkeren, E.; Weese, J.S.; Fitzgerald, J.R.; Rossano, 

A. and Guardabassi, L. (2010). Clonal spread of methicillin-resistant Staphylococcus 

pseudintermedius in Europe and North America: an international multicentre study. 

Journal of Antimicrobial Chemotherapy, 65(6): 1145–1154. 

Perry, L.R.; MacLennan, B.; Korven, R. and Rawlings, T.A. (2017). Epidemiological study of 

dogs with otitis externa in Cape Breton, Nova Scotia. The Canadian Veterinary Journal 

= La Revue Veterinaire Canadienne, 58: 168–174. 

Pfaller, M.A.; Sheehan, D.J. and Rex, J.H. (2004). Determination of fungicidal activities 

against yeasts and molds: lessons learned from bactericidal testing and the need for 

standardization. Clinical Microbiology Reviews, 17(2): 268-280. 

Pfaller, M.A.; Diekema, D.J.; Gibbs, D.L.; Newell, V.A.; Barton, R.; Bijie, H.; Bille, J.; 

Chang, S.C.; da Luz Martins, M.; Duse, A.; Dzierzanowska, D.; Ellis, 

D.; Finquelievich, J.; Gould, I.; Gur, D.; Hoosen, A.; Lee, K.; Mallatova, N.; Mallie, 

M.; Peng, N.G.; Petrikos, G.; Santiago, A.; Trupl, J.; VanDen Abeele, A.M.; Wadula, 

J.; Zaidi, M.; Global Antifungal Surveillance Group. (2010). Geographic variation in 

the frequency of isolation and fluconazole and voriconazole susceptibilities of Candida 

glabrata: An assessment from the ARTEMIS DISK Global Antifungal Surveillance 

Program. Diagnostic Microbiology and Infectious Disease, 67(2): 162–171. 

Pietta, P.G. (2000). Flavonoids as antioxidants. Journal of Natural Products, 63(7): 1035–

1042. 

Pinchbeck, L.R.; Cole, L.K.; Hillier, A.; Kowalski, J.J.; Rajala-Schultz, P.J.; Bannerman, T.L. 

and York, S. (2006). Genotypic relatedness of staphylococcal strains isolated from 

pustules and carriage sites in dogs with superficial bacterial folliculitis. American 

Journal of Veterinary Research, 67(8) 1337–1346. 



127 
 

Pipicelli, G. and Tatti, P. (2009). Therapeutic properties of honey. Health, 1(2): 281–283. 

Plant, J.D.; Rosenkrantz, W.S. and Griffin, C.E. (1992). Factors associated with and 

prevalence of high Malassezia pachydermatis numbers on dog skin. Journal of the 

American Veterinary Medical Association, 201(6): 879–882. 

Pomba, C.; Couto. N. and Moodley, A. (2010). Treatment of a lower urinary tract infection in 

a cat caused by a multi-drug methicillin-resistant Staphylococcus pseudintermedius and 

Enterococcus faecalis. Journal of Feline Medicine and Surgery, 12(10): 802-806. 

Postmes, T.; van de Bogaard, A.E. and Hazen, M. (1993). Honey for wounds, ulcers and skin 

graft preservation. Lancet, 341(8847): 756–757. 

Postmes, T.; van den Bogaard, A.E. and Hazen, M. (1995). The sterilization of honey with 

cobalt 60 gamma radiation: a study of honey spiked with spores of Clostridium 

botulinum and Bacillus subtilis. Experientia, 51(9-10): 986–989. 

Power, H.T.; Ihrke, P.J.; Stannard, A.A. and Backus, K.Q. (1992). Use of etretinate for 

treatment of primary keratinization disorders (idiopathic seborrhea) in cocker spaniels, 

west highland white terriers, and basset hounds. Journal of the American Veterinary 

Medical Association, 201(3): 419–429. 

Pradeep, P.R. and Dhananjay, D.S. (2012). In vitro effect of honey on Aspergillus species 

isolated from different clinical infections. Journal of Pure and Applied Microbiology, 6: 

1363–1367. 

Raabe, P.; Mayser, P. and Weiss, R. (1998). Demonstration of Malassezia furfur and M. 

sympodialis together with M. pachydermatis in veterinary specimens. Mycoses, 41(11-

12), 493–500. 

Rabie, E.; Serem, J.C.; Oberholzer, H.M.; Gaspar, A.R.M. and Bester, M.J. (2016). How 

methylglyoxal kills bacteria: An ultrastructural study. Ultrastructural pathology, 40(2): 

107–111. 

Rantala, M.; Lahti, E.; Kuhalampi, J.; Kuhalampi, J.; Pesonen, S.; Jarvinen, A-K.; Saijonmaa-

Koulumies, L. and Honkanen-Buzalski, T. (2004). Antimicrobial resistance in 

Staphylococcus spp., Escherichia coli and Enterococcus spp. in dogs given antibiotics 

for chronic dermatological disorders, compared with non-treated control dogs. Acta 

Veterinaria Scandinavica, 45(1): 37–45. 

Rème, C.A.; Schroeder, H. and Briggs, M. (2005). Efficacy of an ammonium lactate-

piroctone olamine shampoo for the management of dry scaly seborrheic disorders in 

dogs. In 20th ESVD-ECVD Congress. Chalkidiki, Greece. 



128 
 

Rial-Otero, R.; Gaspar, E.M.; Moura, I. and Capelo, J.L. (2007). Chromatographic-based 

methods for pesticide determination in honey: An overview. Talanta, 71(2): 503–514. 

Roberts, A.E.; Maddocks, S.E. and Cooper, R.A. (2012). Manuka honey is bactericidal 

against Pseudomonas aeruginosa and results in differential expression of oprF and 

algD. Microbiology, 158(Pt 12): 3005–3013. 

Roffet-Salque, M.; Regert, M.; Evershed, R.P.; Outram, A.K.; Cramp, L.J.; Decavallas, O.; 

Dunne, J.; Gerbault, P.; Mileto, S.; Mirabaud, S.; et al.,  (2015) Widespread exploitation 

of the honeybee by early Neolithic farmers. Nature, 527(7577): 226-230. 

Rondeau, C.; Chevet, G.; Blanc, D.S.; Gbaguidi-Haore, H.; Decalonne, M.; Dos Santos, S.; 

Quentin, R. and van der Mee-Marquet, N. (2016). Current molecular epidemiology of 

methicillin-resistant Staphylococcus aureus in elderly French people: troublesome 

clones on the horizon. Frontiers in Microbiology, 7: 31. 

Rota, A.; Milani, C.; Corrò, M.; Drigo, I. and Börjesson, S. (2013). Misuse of antimicrobials 

and selection of methicillin-resistant Staphylococcus pseudintermedius strains in 

breeding kennels: genetic characterization of bacteria after a two-year interval. 

Reproduction in Domestic Animals, 48(1): 1-6.  

Rougier, S.; Borell, D.; Pheulpin, S.; Woehrlé, F. and Boisramé, B. (2005). A comparative 

study of two antimicrobial/anti-inflammatory formulations in the treatment of canine 

otitis externa. Veterinary Dermatology, 16(5): 299–307. 

Saijonmaa-Koulumies, L.E. and Lloyd, D.H. (2002). Colonization of neonatal puppies by 

Staphylococcus intermedius. Veterinary Dermatology, 13(3): 123–130. 

Samarghandian, S.; Farkhondeh, T. and Samini, F. (2017). Honey and Health: A Review of 

Recent Clinical Research. Pharmacognosy Research, 9(2):121-127. 

Sanguinetti, M.; Posteraro, B. and Lass-Flörl, C. (2015). Antifungal drug resistance among 

Candida species: mechanisms and clinical impact. Mycoses, 58(Suppl 2): 2–13., 

Schwarz, S.; Werckenthin, C.; Pinter, L.; Kent, L.E. and Noble, W.C. (1995). 

Chloramphenicol resistance in Staphylococcus intermedius from a single veterinary 

centre: evidence for plasmid and chromosomal location of the resistance genes. 

Veterinary Microbiology, 43(2-3): 151-159. 

Schwarz, S.; Werckenthin, C. and Kehrenberg, C. (2000). Identification of a plasmid-borne 

chloramphenicol-florfenicol resistance gene in Staphylococcus sciuri. Antimicrobial 

Agents and Chemotherapy, 44(9): 2530-2533. 



129 
 

Schwarz, S.; Kadlec, K. and Strommenger, B. (2008). Methicillin-resistant Staphylococcus 

aureus and Staphylococcus pseudintermedius detected in the BfT-GermVet monitoring 

programme 2004-2006 in Germany. Journal of Antimicrobial Chemotherapy, 61(2), 

282–285. 

Schwarz, S.; Silley, P.; Simjee, S.; Woodford, N.; van Duijkeren, E.; Johnson, A.P. and 

Gaastra, W. (2010). Editorial: Assessing the antimicrobial susceptibility of bacteria 

obtained from animals. Journal of Antimicrobial Chemotherapy, 65(4): 601–604.  

Seckam, A. and Copper, R. (2013). Understanding how honey impacts on wounds: an update 

on recent research findings. Wounds International, 4(8): 20–24. 

Shenoy, V.P.; Ballal, M.; Shivananda, P. and Bairy, I. (2012). Honey as an antimicrobial 

agent against Pseudomonas aeruginosa isolated from infected wounds. Journal of 

Global Infectious Diseases, 4(2): 102–105.  

Sherlock, O.; Dolan, A.; Athman, R.; Power, A.; Gethin, G.; Cowman, S. and Humphreys, H. 

(2010). Comparison of the antimicrobial activity of Ulmo honey from Chile and 

Manuka honey against methicillin-resistant Staphylococcus aureus, Escherichia coli 

and Pseudomonas aeruginosa. BMC Complementary Alternative Medicine, 10: 47. 

Shiau, A.L. and Wu, C.L. (1998). The inhibitory effect of Staphylococcus epidermidis slime 

on the phagocytosis of murine peritoneal macrophages is interferon-independent. 

Microbiology and Immunology, 42(1): 33–40. 

Short, J.; Zabel, S.; Cook, C. and Schmeitzel, L. (2014). Adverse events associated with 

chloramphenicol use in dogs: a retrospective study (2007-2013). Veterinary Record, 

175(21):537. 

da Silva, P.M.; Gauche, C.; Gonzaga, L.V.; Costa, A.C.O. and Fett, R. (2016). Honey: 

Chemical composition, stability and authenticity. Food Chemistry, 196(1): 309–323. 

Simou, C.; Thoday, K.L.; Forsythe, P.J. and Hill, P.B. (2005). Adherence of Staphylococcus 

intermedius to corneocytes of healthy and atopic dogs: Effect of pyoderma, pruritus 

score, treatment and gender. Veterinary Dermatology, 16(6): 385–391. 

Singh, A.; Walker, M.; Rousseau, J. and Weese, J.S. (2013). Characterization of the biofilm 

forming ability of Staphylococcus pseudintermedius from dogs. BMC Veterinary 

Research, 9: 93. 

Smith, K.; Gemmell, C.G. and Hunter, I.S. (2008). The association between biocide tolerance 

and the presence or absence of qac genes among hospital-acquired and community-

acquired MRSA isolates. Journal of Antimicrobial Chemotherapy, 61(1): 78–84. 



130 
 

Snow, M.J. and Manley-Harris, M. (2004). On the nature of non-peroxide antibacterial 

activity in New Zealand manuka honey. Food Chemistry, 84(1): 145–147. 

Snow, L.C.; Warner, R.G.; Cheney, T.; Wearing, H.; Stokes, M.; Harris, K.; Teale, C.J. and 

Coldham, N.G. (2012). Risk factors associated with extended spectrum beta-lactamase 

Escherichia coli (CTX-M) on dairy farms in North West England and North Wales. 

Preventative Veterinary Medicine, 106(3-4):225-34. 

al Somal N, Coley KE, Molan PC, et al. Susceptibility of Helicobacter pylori to the 

antibacterial activity of manuka honey. J R Soc Med 1994; 87: 9–12. 

Somayaii, R.; Priyantha, M.A.; Rubin, J.E. and Church, D. (2016). Human infections due to 

Staphylococcus pseudintermedius, an emerging zoonosis of canine origin - report of 24 

cases. Diagnostic Microbiology and Infeccious Diseases, 85(4):471-6. 

Souza, B.; Roubik, D.; Barth, O.; Heard, T.,; Enríquez, E.; Carvalho, C.; Villas-Bôas, J.; 

Marchini, L.; Locatelli, J.; Persano-Oddo, L.; Almeida-Muradian, L.; Bogdanov, S. and 

Vit, P. (2006). Composition of stingless bee honey: Setting quality standards. 

Interciencia, 31(12), 867–875. 

Stefanetti, V.; Bietta, A.; Pascucci, L.; Marenzoni, M.L.; Coletti, M.; Franciosini, M.P.; 

Passamonti, F. and Casagrande Proietti, P. (2017). Investigation of the antibiotic 

resistance and biofilm formation of Staphylococcus pseudintermedius strains isolated 

from canine pyoderma. Veterinaria Italiana, 53(4):289-296. 

Stegmann, R.; Burnens, A.; Maranta, C.A. and Perreten, V. (2010). Human infection 

associated with methicillin-resistant Staphylococcus pseudintermedius ST71. Journal of 

Antimicrobial Chemotherapy, 65(9): 2047–2048. 

Steward, C.D.; Raney, P.M.; Morrell, A.K.; Williams, P.P.; McDougal, L.K.; Jevitt, L.; 

McGowan, J.E. Jr. and Tenover, F.C. (2005). Testing for induction of clindamycin 

resistance in erythromycin-resistant isolates of Staphylococcus aureus. Journal of 

Clinical Microbiology, 43(4): 1716–1721. 

Stobberingh, E; Vandersanden, G. (2010). The anti-bacterial activity of honey-based 

ointments against resistant S. aureus and P. aeruginosa. L-Mesitran Clinical Data File, 

3rd edition; p. 11–15. Available at http://theraskin.gr/wp-

content/uploads/2016/01/Annual-report-2010.pdf. Accessed Jan 22, 2018. 

Subrahmanyam, N. (1996). Addition of antioxidants and polyethylene glycol 4000 enhances 

the healing property of honey in burns. Annals of Burns and Fire Disasters, IX(2): 93–

95.  



131 
 

Swift, J.A. and Dunbar, S.F. (1965). Ultrastructure of Pityrosporum ovale and Pityrosporum 

canis. Nature, 206(989): 1174–1175.  

Tacconelli, E.; De Angelis, G.; Cataldo, M.A.; Pozzi, E. and Cauda, R. (2008). Does 

antibiotic 

exposure increase the risk of methicillin-resistant Staphylococcus aureus (MRSA) 

isolation? A systematic review and meta-analysis. Journal Antimicrobial 

Chemotherapy, 61(1):26-38. 

Tan, H.T.; Rahman, R.A.; Gan, S.H.; Halim, A.S.; Hassan, S.A.; Sulaiman, S.A. and Kirnpal-

Kaur, B. (2009). The antibacterial properties of Malaysian tualang honey against wound 

and enteric microorganisms in comparison to manuka honey. BMC Complementary and 

Alternative Medicine, 9: 34. 

Teramoto, H.; Kumeda, Y.; Yokoigawa, K.; Hosomi, K.; Kozaki, S.; Mukamoto, M. and 

Kohda, T. (2015). Genotyping and characterisation of the secretory lipolytic enzymes of 

Malassezia pachydermatis isolates collected dogs. Veterinary Record Open, 2(2): 

e000124. 

Tinelli, M.; Cataldo, M.A.; Mantengoli, E.; Cadeddu, C.; Cunietti, E.; Luzzaro, F.; Rossolini, 

G.M. and Tacconelli, E. (2012). Epidemiology and genetic characteristics of extended-

spectrum β-lactamase-producing Gram-negative bacteria causing urinary tract infections 

in long-term care facilities. Journal Antimicrobial Chemotherapy, 67(12):2982-7. 

Tramuta, C.; Nebbia, P.; Robino, P.; Giusto, G.; Gandini, M.; Chiado-Cutin, S. and Grego, E. 

(2017). Antibacterial activities of Manuka and Honeydew-based membranes against 

bacteria that cause wound infections in animals. Schweizer Archiv fur Tierheilkund,  

159(2): 117-121. 

Trepanier, L.A. (2004). Idiosyncratic toxicity associated with potentiated sulfonamides in the 

dog. Journal of Veterinary Pharmacology and Therapeutics, 27(3): 129-138. 

Triticum. (2016a). L-Mesitran Soft Indications. L-Mesitran Soft. Available at: https://l-

mesitran.com/. Accessed Jan 22, 2018. 

Triticum. (2016b). L-Mesitran Ointment Indications. L-Mesitran Ointment. Available at: 

https://l-mesitran.com/. Accessed Jan 22, 2018. 

Tsang, A.S.; dart A.J.; Christina, W.D. and Jeffcott, L. (2018). Mechanisms of action of 

Manuka honey in an equine model of second intention wound healing: current thoughts 

and future directions. Medical Research Archives, 6(7),  available at: 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Antibacterial+activities+of+Manuka+and+Honeydew-based+membranes+against+bact%C3%A9ria+that+cause+wound+infections+in+animals
https://www.ncbi.nlm.nih.gov/pubmed/?term=Antibacterial+activities+of+Manuka+and+Honeydew-based+membranes+against+bact%C3%A9ria+that+cause+wound+infections+in+animals


132 
 

<https://journals.ke-i.org/index.php/mra/article/view/1816>. Date accessed: 27 August 

2018. 

Uchida, Y.; Mizutani, M.; Kubo, T.; Nakade, T. and Otomo, K. (1992). Otitis externa induced 

with Malassezia pachydermatis in dogs and the efficacy of pimaricin. Journal of 

Veterinary Medical Science/Japanese Society of Veterinary Science, 54(4): 611–614. 

Uri, M.; Buckley, L.M.; Marriage, L.; McEwan, N. and Schmidt, V.M. (2016). A pilot study 

comparing in vitro efficacy of topical preparations against veterinary pathogens. 

Veterinary Dermatology, 27(3): 152-e39. 

Valentine, B.K.; Dew, W.; Yu, A. and Weese, J.S. (2012). In vitro evaluation of topical 

biocide and antimicrobial susceptibility of Staphylococcus pseudintermedius from dogs. 

Veterinary Dermatology, 23(6): 493-e95. 

Vandamme, L.; Heyneman, A.; Hoeksema, H.; Verbelen, J. and Monstrey, S. (2013). Honey 

in modern wound care: a systematic review. Burns, 39(8): 1514–1525. 

Vanni, M.; Tognetti, R.; Pretti, C.; Crema, F.; Soldani, G.; Meucci, V. and Intorre, L. (2009). 

Antimicrobial susceptibility of Staphylococcus intermedius and Staphylococcus 

schleiferi isolated from dogs. Research in Veterinary Science, 87(2): 192–195. 

Venkatesan, N.; Perumal, G. and Doble, M. (2015). Bacterial resistance in biofilm-associated 

bacteria. Future Microbiology, 10(11): 1743–1750.  

Wasfi, R.; Elkhatib, W.F. and Khairalla, A.S. (2016). Effects of selected Egyptian honeys on 

the cellular ultrastructure and the gene expression profile of Escherichia coli. PloS one, 

11(3): e0150984. 

Watanabe, K.; Rahmasari, R.; Matsunaga, A.; Haruyama, T. and Kobayashi, N. (2014). Anti-

influenza viral effects of honey in vitro: potent high activity of manuka honey. Archives 

of Medical Research, 45(5), 359–365. 

Watson, A.D. and Maddison, J.E. (2011). Systemic antibacterial drug use in dogs in Australia.  

Australian Veterinary Journal, 79(11):740-6. 

Wegener, A.; Broens, E.M.; Zomer, A.; Spaninks, M.; Wegenaar, J.A. and Duim, B. (2018). 

Comparative genotics of phenotypic antimicrobial resistances in methicillin-resistant 

Staphylococcus pseudintermedius of canine origin. Veterinary Microbiology, 225: 125-

131. 

Weidman, F.D. (1925). Exfoliative dermatitis in the Indian rhinoceros (Rhinoceros 

unicornis), with description of a new species: Pityrosporum pachydermatis, In: H. Fox 

https://journals.ke-i.org/index.php/mra/article/view/1816
https://journals.ke-i.org/index.php/mra/article/view/1816


133 
 

(Ed.), Report of the Laboratory and Museum of Comparative Pathology of the 

Zoological society of Philadelphia, pp. 36-44. 

Weigel, K.U.; Opitz, T. and Henle, T. (2004). Studies on the occurrence and formation of 1,2-

dicarbonyls in honey. European Food Research and Technology, 218(2), 147–151. 

Weiler, C.B.; de Jesus, F.P.; Nardi, G.H.; Loreto, E.S.; Santurio, J.M.; Coutinho, S.D. and 

Alves, S.H. (2013). Susceptibility variation of Malassezia pachydermatis to antifungal 

agents according to isolate source. Brazilian Journal of Microbiology, 44(1), 175–178. 

Weese, J.S.; Poma, R.; James, F.; Buenviaje, G.; Foster, R. and Slavic, D. (2009). 

Staphylococcus pseudintermedius necrotizing fasciitis in a dog. Canadian Veterinary 

Journal/ La Revue Vétérinaire Canadienne, 50(6), 655–656. 

Weese, J.S.; Faires, M.C.; Frank, L.A.; Reynolds, L.M. and Battisti, A. (2012). Factors 

associated with methicillin-resistant versus methicillin-susceptible Staphylococcus 

pseudintermedius infection in dogs. Journal of the American Veterinary Medical 

Association, 240(12): 1450-1455.  

White, S.D. (1996). Systemic treatment of bacterial skin infections of dogs and cats. 

Veterinary Dermatology, 7(3): 133–143. 

Wijnmaalen, S. and Brander, A. (2012). Treatment of equine proud flesh. Available at 

https://l-mesitran.com/sites/l-mesitran.com/files/brander-

_treatment_of_proud_flesh_2011.pdf. Accessed Mai 8, 2017. 

Wise, K. (2006). Preparing spread plates protocols. In: American Society for Microbiology. 

Avaliable from: http://www.asmscience.org/content/education/protocol/protocol.3085. 

Accessed Mar 20, 2015. 

Windahl, U.; Bengtsson, B.; Nyman, A.-K. and Holst, B.S. (2015). The distribution of 

pathogens and their antimicrobial susceptibility patterns among canine surgical wound 

infections in Sweden in relation to different risk factors. Acta veterinaria Scandinavica, 

57(1): 11. 



134 
 

Worthing, K.A.; Brown, J.; Gerber, L.; Trott, D.J.; Abraham, S. and Norris, J.M. (2018a). 

Methicillin-resistant staphylococci amongst veterinary personnel, personnel-owned 

pets, patients and the hospital environment of two small animal veterinary hospitals. 

Veterinary Microbiology, 223:79-85. 

Worthing, K.A.; Schwendener, S.; Perreten, V.; Saputra, S.; Coombs, G.W.; Pang, S.; Davies, 

M.R.; Abraham, S.; Trott, D.J. and Norris, J.M. (2018b). Characterization of 

Staphylococcal Cassette Chromosome mec Elements from Methicillin- 

Resistant Staphylococcus pseudintermedius Infections in Australian Animals. mSphere, 

3(6). pii: e00491-18. 

Yabes, J.M.; White, B.K.; Murray, C.K.; Sanchez, C.J.; Mende, K.; Beckius, M.L.; Zera, 

W.C.; Wenke, J.C. and Akers, K.S. (2017). In vitro activity of manuka honey and 

polyhexamethylene biguanide on filamentous fungi and toxicity to human cell lines. 

Medical Mycology, 55(3): 334-343. 

Yazici, C.; Köse, K.; Utaş, S.; Tanrikulu, E. and Taşlidere, N. (2016). A novel approach in 

psoriasis: first usage of known protein oxidation markers to prove oxidative stress. 

Archives of Dermatological Research, 308(3) 207–212.  

Young, R.; Buckley, L.; McEwan, N. and Nuttall, T. (2012). Comparative in vitro efficacy of 

antimicrobial shampoos: a pilot study. Veterinary Dermatology, 23(1): 36-40. 

Yurayart, C.; Nuchnoul, N.; Moolkum, P.; Jirasuksiri, S.; Niyomtham, W.; Chindamporn, A.; 

Kajiwara, S. and Prapasarakul, N. (2013). Antifungal agent susceptibilities and 

interpretation of Malassezia pachydermatis and Candida parapsilosis isolated from 

dogs with and without seborrheic dermatitis skin. Medical mycology, 51(7): 721–730. 

Zur, G.; Gurevich, B. and Elad, D. (2016). Prior antimicrobial use as a risk factor for 

resistance in selected Staphylococcus pseudintermedius isolates from the skin and ears 

of dogs. Veterinary Dermatology, 27(6): 468-e125.  

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Worthing%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=30173756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Worthing%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=30173756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerber%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30173756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerber%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30173756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trott%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=30173756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trott%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=30173756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norris%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=30173756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norris%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=30173756


135 
 

  



136 
 

 

 

 

 

ANNEX I 
 

 

  



137 
 

  



138 
 

 

 

 

 

Exmo(a). Colega,  

O questionário destina-se ao estudo académico sobre o tratamento da piodermite superficial, dermatite por 

Malassezia e otites no cão em Portugal. As respostas são anónimas.  

Os meus sinceros agradecimentos pela sua colaboração, 

 

Ana Oliveira,  

Diplomada pelo Colégio Europeu de Dermatologia Veterinária 

Faculdade de Medicina Veterinária da Universidade Lusófona 

 

 

1. Qual o número de casos que observa mensalmente de: 

 

 

 

 

 

 

 

2. Recorre a citologia para confirmação de diagnóstico? 

 

 

 

 

 

 

ANTIBIOTERAPIA ORAL 

3. Que tipo de tratamento usa nas seguintes doenças? 

 

 

 

 

 

 Raramente 
1-5 

casos 

5-10 

casos 

10-20 

casos 

Mais de 

20 casos 

Piodermite generalizada      

Dermatite por Malassezia      

Dermatite de pregas de pele      

Otite externa      

 Nunca 
Menos 50% 

casos 

Mais 50% 

casos 
Sempre 

Piodermite generalizada     

Dermatite por Malassezia     

Dermatite de pregas de pele     

Otite externa     

 
Antibiótico 

oral 

Tratamento 

tópico 

Combinação de antibiótico oral 

e tratamento tópico 

Piodermite generalizada    

Piodermite das pregas    

Otite bacteriana externa    

Questionário 

“Tratamento de infeções de pele e ouvidos do cão” 
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4. Usa antibioterapia oral no tratamento das seguintes doenças? 

 

 

 

 

5. Recorre à cultura e antibiograma antes de iniciar o tratamento de piodermite generalizada? (pode 

selecionar mais do que uma opção) 

□    Nunca 

□    Sempre 

□    Somente nos casos que preciso de confirmar a minha suspeita de piodermite 

□    Somente nos casos que suspeito de resistência aos antibióticos 

□   Somente nos casos em que a antibioterapia empírica não se revelou eficaz 

 

6. Com que frequência usa os seguintes antibióticos no tratamento de piodermite? 

 Nunca <25% 25-50% 50-75% 75-100% 

Amoxicilina-ácido clavulânico      

Cefalexina      

Clindamicina      

Trimetoprim-sulfametoxazol      

Cefovecina      

Doxiciclina      

Minociclina      

Enrofloxacina      

Marbofloxacina      

 

7. Na sua opinião, qual a percentagem de casos de piodermite bacteriana que apresentam resistência a 

antibióticos? 

□    0% 

□    <25% 

□    25-50% 

□   50-75%  

□   75-100% 

 

 

 

 

 Nunca < 25% casos 
25-50% 

casos 

50-75% 

casos 

75-100% 

casos 

Piodermite generalizada      

Piodermite das pregas      

Otite bacteriana externa      
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8. Nos últimos 5 anos tem observado um aumento no número de casos de resistências a antibióticos? 

□    Sim 

□    Não 

□    Não tenho opinião 

 

TRATAMENTO TÓPICO 

9. Que tratamento tópico aplica em piodermite bacteriana generalizada? 

 Nunca <25% 25-50% 50-75% 75-100% 

Banho terapêutico      

Desinfecção das lesões      

Preparado com antibiótico, 

antifúngico e glucocorticóide 
    

 

Antibiótico tópico      

Produto à base de mel      

Outro tratamento não especificado      

 

10. Que tratamento aplica em piodermite das pregas? 

 Nunca <25% 25-50% 50-75% 75-100% 

Desinfecção local      

Preparado com antibiótico, 

antifúngico e glucocorticóide 
    

 

Antibiótico tópico      

Produto à base de mel      

Outro tratamento não especificado      

 

11. Que tratamento aplica em otite externa bacteriana? 

 Nunca <25% 25-50% 50-75% 75-100% 

Limpeza auricular      

Preparado com antibiótico, 

antifúngico e glucocorticóide 
    

 

Produto auricular somente com 

antibiótico 
    

 

Produto à base de mel      

Outro tratamento não especificado      
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TRATAMENTO DE MALASSEZIA 

12. Prescreve antifúngicos orais no tratamento das seguintes doenças? 

 Nunca <25% 25-50% 50-75% 75-100% 

Dermatite generalizada por Malassezia      

Dermatite das pregas por Malassezia      

Otite externa por Malassezia      

 

13. Que tratamento aplica em dermatite generalizada por Malassezia? 

 Nunca <25% 25-50% 50-75% 75-100% 

Banho terapêutico      

Desinfecção das lesões      

Preparado com antibiótico, 

antifúngico e glucocorticóide 
    

 

Antifúngico tópico      

Produto à base de mel      

Outro tratamento não especificado      

 

14. Que tratamento aplica em dermatite das pregas por Malassezia? 

 Nunca <25% 25-50% 50-75% 75-100% 

Desinfecção local      

Preparado com antibiótico, 

antifúngico e glucocorticóide 
    

 

Pomada somente com antifúngico      

Produto à base de mel      

Outro tratamento não especificado      

 

 

15. Que tratamento aplica em otite externa por Malassezia? 

 Nunca <25% 25-50% 50-75% 75-100% 

Limpeza auricular      

Preparado com antibiótico, 

antifúngico e glucocorticóide 
    

 

Produto auricular somente com 

antifúngico 
    

 

Produto à base de mel      

Outro tratamento não especificado      
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PESSOAL 

16. Em que área do país exerce? 

□    Norte 

□    Centro 

□    Sul 

□    Arquipélago dos Açores 

□    Arquipélago da Madeira 

 

17. Há quanto tempo exerce Clínica de Pequenos Animais 

□    Há menos de 5 anos 

□    Entre 5 e 10 anos 

□    Entre 10 e 20 anos 

□    Há mais de 20 anos 

 

18. Aplica na prática clínica as guidelines para diagnóstico e tratamento de foliculite superficial bacteriana 

formuladas pela International Society for Companion Animal Infectious Diseases? 

□    Sim 

□    Não 

□    Desconheço 
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