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Abstract
Moraxella catarrhalis is the third common bacterial cause of otitis media, acute bronchitis, bronchopneumonia and acute exacer-

bations in chronic obstructive pulmonary disease. The emergence of M. catarrhalis strains producing β-lactamases and with high-
level resistance to macrolides and lincosamides poses a great risk to public health in the treatment of respiratory tract infections, es-
pecially in mixed infections. The increased bacterial resistance to conventional antibiotics has led to a search for alternative sources 
of antimicrobial agents for the treatment of infections. Essential oils are one natural source for the development of novel antibacterial 
therapies and complementary treatments. This study was designed to evaluate the in vitro antimicrobial efficacy of 9 essential oils 
from the Lamiaceae and Rutaceae plant families against 29 β-lactamase-producing clinical isolates and one [1] standard strain of M. 
catarrhalis using disc diffusion method. In the disc diffusion test, paraffin oil was used as diluents in 1:2 fashion with each essential 
oil, and 15 µl of each preparation was used for the test. Oregano oil had larger overall mean inhibition zone against all the 30 strains 
(65.65 mm), followed by thyme oil (62.65 mm), and peppermint oil (54.76 mm) while clary sage oil was the least active against the 
M. catarrhalis strains. This is the first report of a large scale evaluation of the in vitro antimicrobial efficacy of essential oils against 
M. catarrhalis and the results indicate that they could be used as inhalation therapy or nebulizer against respiratory tract infections 
caused by M. catarrhalis. Further studies should be carried out to ascertain the minimum inhibitory concentrations (MIC) of all the 
essential oils with high efficacy against all the M. catarrhalis strains. In addition, there is need to evaluate the toxicity of these essen-
tial oils with high antimicrobial effect using suitable bioassays.
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Introduction

M. catarrhalis was previously regarded as a commensal of the upper respiratory tract [1,2]. However, it has regained prominence 
as a pathogenic bacterium in the last 30 years. M. catarrhalis is now regarded as the third most common bacterial cause of respiratory 
tract infections after Streptococcus pneumoniae and Haemophilus influenzae [3,4]. In children, M. catarrhalis causes sinusitis, otitis media, 
pneumonia, tracheitis, preseptal and periorbital cellulitis, pericarditis, osteomyelitis, ophthalmia neonatorum, keratitis and suppurative 
arthritis [5-7]. In their review, Ioannidis et al. [8] reported 58 cases of bacteraemia caused by M. catarrhalis, 28 in infants and 30 in ado-
lescents and adults, including 5 patients with endocarditis. In addition, Yongshou [9] presented data of 40 cases of meningitis associated 
with M. catarrhalis. In adults, M. catarrhalis is a common cause of purulent tracheobronchitis, pneumonia, laryngitis and acute exacerba-
tions in chronic obstructive pulmonary disease, COPD [10-12]. M. catarrhalis has also been reported as a cause of nosocomial respiratory 
tract infections [13,14].
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There are several reports on the increasing prevalence of β-lactamase-producing strains of M. catarrhalis globally [15]. The first re-
port of β-lactamase-producing strains of M. catarrhalis was in Sweden in 1976, at a prevalence of 3.8% [16]. M. catarrhalis produce 
β-lactamases which have been designated as bro-1, bro-2 and bro-3 [11,17], but there is a probability that bro-3 may be a precursor for 
the bro-1 and/ or bro-2 [18]. Both the bro-1 and bro-2 enzymes are encoded by chromosomal genes and are phenotypically identical 
and membrane-associated [18]. Strains with bro-1 have a higher antibiotic resistance than strains with bro-2 or bro-3 [19,20]. Currently, 
over 95% of M. catarrhalis isolates are resistant to clarithromycin, erythromycin, trimethoprim, penicillin, ampicillin and amoxicillin and 
trimethoprim-sulfamethoxazole [15, 21- 24].

The increase in β-lactamase-producing strains of M. catarrhalis poses a serious global health challenge for the treatment of communi-
ty-acquired infections, especially in mixed infections in which it has been involved in indirect pathogenicity [25]. M. catarrhalis can hinder 
antibiotic therapy of otherwise susceptible pathogens, including S. pneumoniae and H. influenzae culminating in treatment failure as their 
β-lactamase enzymes are also secreted by the outer membrane vesicles into the surrounding environment [26,27]. The major treatment 
option for patients with otitis media and exacerbation of COPD are the macrolides [7]. Recently, resistance of M. catarrhalis to macrolides 
was reported in China and Japan. In China, Liu et al. [28] demonstrated that mutations of A2982T (corresponding to A2058 in Escherichia 
coli numbering) and A2796T in the 23S rRNA gene were associated with high-level macrolide resistance in M. catarrhalis strains while 
Saito et al. [29] reported high-level resistance to the macrolides and lincosamides in an M. catarrhalis strain (NSH1) in Japan and attrib-
uted the resistance to a single A2058T mutation in at least three of the four 23S rRNA alleles.

The increased bacterial resistance to conventional antibiotics has led to a search for new antimicrobial compounds from a variety of 
natural sources for the treatment of infections. Essential oils are one alternative source for the development of novel antibacterial thera-
pies and complementary treatments [30-32]. According to Burt [30], essential oils are aromatic oily liquids obtained from the flowers, 
buds, seeds, leaves, twigs, bark, herbs, wood, fruits and roots of plants. They are mainly liquid, aromatic and exhibit pleasant odour and 
essence.

The antimicrobial effects of essential oils have been widely studied in food pathogens and have demonstrated in vitro antibacterial ac-
tivity against Listeria monocytogenes, Salmonella enterica subspecies enterica serotype Typhimurium (formerly Salmonella typhymurium), 
E. coli O157:H7, Shigella dysenteriae, Bacillus cereus and Staphylococcus aureus [33,34]. They have also been shown to have antibacterial 
activity against other bacterial species, antiviral, and anti toxigenic properties [30,35-41]. Reports also indicate that essential oils are po-
tent against some potential respiratory pathogens, including H. influenzae, Pseudomonas aeruginosa [42,43], S. pneumoniae and Klebsiella 
pneumoniae [44]. In their research, Inuonye et al. [45] evaluated a variety of essential oils on respiratory tract pathogens, and reported 
that H. influenzae, S. pneumoniae, Streptococcus pyogenes and S. aureus were susceptible to the essential oils tested, including thyme oil, 
cinnamon oil, lemon grass oil, tea tree oil and peppermint oil. Reduction of relapse frequency, maintenance of permanent ventilation and 
drainage of sinuses has been reported in experimental trials using essential oils for the treatment of respiratory infections [45].

Figure 1: Heterogeneous chemical groups present in essential oils.
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Although the pharmacological effects of essential oils and other bacterial species have been thoroughly studied, to the best of my knowl-
edge there are no earlier reports regarding the detailed study on M. catarrhalis and their sensitivity to the activity of essential oils. In ad-
dition, the emergence of M. catarrhalis strains resistant to the β-lactams, macrolides and lincosamides warrants the evaluation of essential 
oils as alternative therapeutic agents. This research was therefore, designed to evaluate the in vitro antimicrobial efficacy of essential oils 
against β-lactamase-producing clinical isolates of M. catarrhalis.

Material and Methods
Bacterial isolates

Twenty nine (29) clinical isolates and one standard strain (NCTC 11020) of M. catarrhalis were obtained from the Centre for Research 
in Biosciences (CRIBS), School of Health and Life Science, University of the West of England (UWE), Bristol, United Kingdom. All the 29 
M. catarrhalis strains were clinical isolates from Weston General Hospital and Southmead Hospital, Bristol, United Kingdom and produce 
bro-1 and/or bro-2 beta-lactamases [20]. The isolates which were previously stored at -196°C in a liquid nitrogen were revived by in-
oculating the thawed samples directly onto blood agar and incubating aerobically at 37°C for 72 h. Purity checks were performed on the 
isolates using Gram staining technique and oxidase test [46] to confirm the presence of Gram negative diplococci showing positive oxi-
dase reaction which are consistent with M. catarrhalis. The 30 M. catarrhalis strains were then subcultured onto Mueller-Hinton agar and 
incubated aerobically at 37°C for 24 hours. Throughout the period of the research, the strains were continuously subcultured onto new 
Mueller-Hinton agar and incubated aerobically at 37°C for 24 hours weekly, and stored in the refrigerator at 4°C to avoid them reaching 
senescence stage.

Essential oils
The essential oils used for this study are presented below (Table 1). They were procured from Vitamin World Inc., USA, except Ginger 

oil and Thyme oil (procured from Sigma-Aldrich, Germany), and Coriander oil and Nutmeg oil (procured from Amphora Aromatics Ltd, 
Bristol, UK). These essential oils and their diluents are currently stored in the Microbiology Laboratory, UWE for further analysis.

S/No Name of oil Scientific name Product num-
ber

1. Clary sage Salvia sclarea B60163
2. Peppermint Mentha piperita HB60139
3. Oregano Origanum vulgare B31293
4. Rosemary Rosmarinus officinalis B60124
5. Thyme Thymus vulgaris 110253084
6. Grapefruit Citrus paradisi B29071
7. Lemon Citrus limonum B29071
8. Lime Citrus aurantifolia B29070
9. Orange Citrus aurantium dulcis B60193

Table 1: Essential oils used for the study.

Evaluation of the antimicrobial activities of the essential oils
In this preliminary study, the antimicrobial activity of the selected essential oils was determined by disc diffusion method [47]. A 

colony of each bacterial strain was first subcultured in Mueller-Hinton broth - MHB (Oxoid, UK; CM045; Lot No. 17803401) and incubated 
aerobically in Orbital incubator S150 (Stuart Scientific, UK) at 37°C for 24 hours. These were diluted with sterile phosphate buffered 
saline, 0.85% w/v (Oxoid, UK; BR0014G; Lot No. 17803401) to obtain an inoculum equivalent to 0.5 MacFarland standard (108 cfu/mL) 
by comparing with a MacFarland standard suspension (Pro-Lab Diagnostics, USA) and confirmed by reading spectrophotometrically 
(Sanyo SP50 Spectrophotometer, Gallenkamp, UK; Serial no: SP0106028) at 580 nm. Briefly, 100 μL of suspension containing 108 cfu/mL 
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of bacteria cells were spread on Petri dishes containing 20 mL of Mueller-Hinton agar - MHA (Oxoid, UK; CM0337; Lot No. 1251584) with 
hockey spreader dipped in absolute ethanol (VWR International, France) flamed and allowed to cool. Then sterile paper discs measuring 
6 mm in diameter (GE Healthcare, UK; Lot No. 4632053) were placed on the agar previously inoculated with the selected test strain using 
forceps dipped in ethanol and flamed, and were separately impregnated with 15 μL of essential oils diluted with paraffin oil in 1:2 dilution. 
Ciprofloxacin antibiotic discs - 5 μg (Oxoid, UK; GI290A) were used as positive controls while paper discs impregnated with or without the 
carrier oil (paraffin oil) were used as negative controls. Plates were sealed with parafilm “M” Laboratory film (Pechiney Plastic Packaging, 
Chicago, US) and kept for 30 minutes at room temperature to allow diffusion of the oils, and incubated aerobically at 35°C for 24 h. After 
the incubation period, the antimicrobial activity was assessed by measuring the diameter of the growth-inhibition zone in millimetres us-
ing vernier caliper (Fischer, Loughbrough, UK) for the test organisms and the controls. In areas smaller than 6 mm, the inhibitory effects 
were classified as ‘zero’. Each essential oil was tested using a full plate of MHA to avoid the interference from other oils which is likely to 
occur if more than one is done on the same plate and tests were done in duplicate.

Statistical analysis
The essential oils were assayed individually in duplicate for their antimicrobial activity against each strain of M. catarrhalis. The data 

presented in bar charts with error-bars are mean values ± standard deviation calculated from duplicate determinations and were de-
signed using GraphPad Prism statistical software version 5.00 (GraphPad Software Incorporated, USA).

Results
The antimicrobial efficacy of 20 M. catarrhalis strains were evaluated using a modified disc diffusion method with the zone of inhibi-

tion indicating the strength of activity of each oil. All the clinical isolates had bro-1 gene, except A10, A11, and E10 that had bro-2 gene. 
The bro gene status of the standard strain (NCTC 11020) was unknown. The minimum zone of inhibition was taken as the size of the 
paper disc (6 mm) and zone sizes smaller than 6 mm were converted to zero millimetre (0 mm) in the graphs  while the largest zone of 
inhibition was taken as the size of the Petri-dish (90 mm) .

The essential oils from plants of Lamiaceae/Labiatae family (except sage oil) exhibited large zone sizes of inhibition against all the M. 
catarrhalis strains tested (Figure 2A and 2B). Among the five species, oregano oil had the largest mean zone of inhibition (52.40 - 87.90 
mm), followed by thyme oil (45.58 - 87.90 mm) and peppermint oil (39.95 - 87.90 mm) while sage had the smallest zones of inhibition. 
Oregano oil was had high inhibition zones against A3, A6, E12 and E26 strains; thyme oil (A3, E26, C2 and NCTC 11020); peppermint oil 
(A3, E6, C2, and NCTC 11020) while rosemary oil had large inhibition zones against A6, E6, E26 and C2 strains. Sage oil had large inhibi-
tion zones against A6 and E26 strains, but was unable to inhibit the growth of A2, A3, A4, A12, E2, E3, E5, E6, E8, E10, E25, E29, C1, C2 and 
NCTC 11020 strains.

Figure 2A: Zone sizes by disc diffusion of essential oils from plants of Lamiaceae/Labiatae family against M. catarrhalis strains. 
*The disc diffusion test was done in duplicates and plates were incubated at 35ºC for 24 hours. The values presented are means ± 
standard deviation of two different experiments and the size of paper disc was 6mm.
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Figure 2B: Zone sizes by disc diffusion of essential oil from plants of Limiaceae/Labiatae family against M. catarrhalis strains. *The disc diffu-
sion test was done in duplicates and plates were incubated at 35ºC for 24 hours. The values presented are means ± standard deviation of two 
different experiments. Size of paper disc = 6mm.

Figure 3: Typical agar plates showing the inhibition zones exhibited by Rosemary oil against different isolates of M. catarrhalis.

Figure 4: Zone sizes by disc diffusion of essential oils from plants of Rutaceae family against M. catarrhalis strains.*The disc diffusion test 
was done in duplicates and plates were incubated at 350C for 24 hours. The values presented are means ± standard deviation of two different 
experiments. Size of paper disc = 6mm.
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Figure 6: Typical agar plates showing the inhibition zones exhibited by Lime oil against different isolates of M. catarrhalis.

Figure 5: Typical agar plates showing the inhibition zones exhibited by Lemon oil against different isolates of M. catarrhalis.

The essential oils from Rutaceae plant family were mainly from the Citrus genera (Figure 4). The lime oil had large inhibition zones 
against all the bacterial strains with a mean inhibition zones of 9.5 - 37 mm. Both lemon oil and grape fruit oil also inhibited most of the 
strains but had no inhibition against E17 strain. Although orange oil had smaller zones of inhibition (11.00 - 24.43 mm), it inhibited all 
the bacterial strains tested.

Discussion

In studies involving use of essential oils, the comparison of results generated with previous studies may be difficult due to some limi-
tations. This is because unlike conventional antibiotics that has known and specific concentrations and chemical compositions in every 
batch produced, the compositions of plant essential oils vary according to local conditions, soil composition and extraction techniques 
[48]. Moreover, the results obtained may differ because of the method used to assess the antimicrobial activity as there are currently no 
standard breakpoints for assessing sensitivity of essential oils. In contrast, the antibiogram assay of conventional antibiotics are compa-
rable due to the standard breakpoints on methodology, antibiotic concentrations, inhibition zones, and minimum inhibitory concentra-
tions are already available from regulatory organisations, including Clinical and Laboratory Standards Institute (CLSI), British Society for 
Antimicrobial Chemotherapy (BSAC) and European Committee on Antimicrobial Susceptibility Testing (EUCAST). Furthermore, the man-
ufacturers of essential oils tested did not report both their concentrations and chemical compositions, and this study did not determine 
the chemical constituents of the essential oils. However, care will be applied in comparing the results generated with previous reports.
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In this study, antimicrobial efficacy of 9 essential oils against β-lactamase-producing clinical isolates of M. catarrhalis was evaluated. 
The antimicrobial efficacy of the essential oils was evaluated using a disc diffusion method and the zones of inhibitions were recorded. 
The essential oils were diluted with carrier oil (paraffin) to reduce the concentration of the oils as usually recommended by the manufac-
turers. In addition, carrier oil was used to mimic the traditional use of these essences in aromatherapy. Different solvents and emulsifiers 
have been used in different studies, including ethanol, Tween-20, Tween-80, methanol and dimethyl sulphoxide,  acetone in combination 
with Tween-80, and polyethylene glycol [30,49], but it has been shown that Tween-80 and ethanol [50], and dimethyl sulphoxide [51] 
reduces the antimicrobial activity of essential oils.  This is true as Tween-80 has been used routinely as neutraliser for phenolic disinfec-
tants [30]. To the best of my knowledge, this is the first study that involved the use of carrier oils as diluents.

	 The essential oils inhibited all the M. catarrhalis strains tested, although there were variations in the zones of inhibition between 
each essential oil and bacterial strains. The active chemical components present in essential oils such as thymol (thyme oil), carvacrol 
(oregano oil), menthol (peppermint oil), and cinnamaldehyde (cinnamon) have been shown to cause disruption of the cellular membrane, 
inhibition of ATPase activity, and release of intracellular ATP and other constituents of several microorganisms such as E. coli, E. coli 
O157:H7, L. monocytogenes, Lactobacillus sakei, P. aeruginosa, and S. aureus [52-54] Of the families of essential oils evaluated, essential 
oils from the Lamiaceae (Figures 2A and 2B) had the largest inhibition zones against the different strains of M. catarrhalis; oregano oil 
had the largest mean zones of inhibition (52.40 - 87.90 mm), followed by thyme oil (45.58 - 87.90 mm) and peppermint oil (39.95 - 87.90 
mm) while sage had the smallest inhibition zones. The inhibition zones of oregano oil in this study is similar to previous report by Dorman 
and Deans [55] who demonstrated that oregano had inhibitory activity to Moraxella spp. NCIB 10762 (31.4±1.9 mm).

Cetin and colleagues also reported that oregano oil was active to A. Iwoffi BC 2819 (39 mm), A. faecalis BC 0452 (52 mm), B. subtilis BC 
5211 (72 mm), P. aeruginosa BC 4372 (54 mm), P. aeruginosa ATCC 9027 (50 mm), S. pyogenes ATCC176 (54 mm) and E. coli BC 2326 (38 
mm) [56]. In addition, Burt and Reinders [57] reported a zone of inhibition of 24.3±2.1 mm against E. coli. The essential oils of Origanum 
spp. mainly contain monoterpenes; carvacrol, thymol, terpinene-4-ol and linalool in varying proportions [52, 56, 58-60]). The antimicro-
bial activity of oregano oil could be attributed to the presence of these bioactive compounds [48, 60-65]. For instance, Dorman and Deans 
[55] demonstrated that carvacrol is active against Moraxella spp. (26.6.3±0.1 mm), A. calcoacetica (45±1.3 mm), A. faecalis (21.8±1.6 
mm), K. pneumoniae (23.6±0.1 mm), E. coli (29.2±0.2 mm), M. luteus (26.6±0.5 mm) and P. aeruginosa (26.0±0.4 mm). Consequently, the 
antimicrobial efficacy of oregano oil is high. Although there may be differences in the chemical compositions of the essential oils that they 
used in their study as well as the disc diffusion test, this present study agrees with their findings.

The result of this study is also in tandem with that of Dorman and Dean [55] who also demonstrated that thyme oil and its active 
component (thymol) was active against  Moraxella spp. NCB10762 (29.0±5.6 mm and 39.1±0.9 mm). Rota et al. [41] reported that thyme 
oil had inhibitory activity against S. enterica subspecies enterica serotype Typhimurium, S. enterica subsp. enterica serotype Enteritidis, Y. 
enterocolitica, S. flexneri, L. monocytogenes and S. aureus.  In addition, Inuoye et al. [45] and Vladimir-Knežević et al. [32] demonstrated 
that thyme oil is antibacterial against respiratory tract pathogens, including H. influenzae, S. pneumoniae, N. meningitidis and S. pyogenes. 
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Peppermint oil also exhibited strong antibacterial activity against all the strains tested; this agrees well with findings that peppermint 
oil is active against respiratory tract pathogens [45]. Hili et al. [51], Iscan et a.l [74] and Yadegarinia et al. [75] also observed that pep-
permint oil essential oil exhibited antimicrobial activity against both S. aureus and E. coli strains. The large inhibition zones found in pep-
permint oil could be attributed to the high content of menthol present in it [76-78]. Essential oils rich in compounds such as, menthone, 
piperitone oxide, carvone and linalool are widely reported to possess high level of antimicrobial activity [79]. While this study revealed 
that peppermint oil had antimicrobial activity against S. pneumoniae and E. coli, Prabuseenivasan et al. [80] reported no such activity. This 
variation in the antimicrobial activity could be attributed to several factors such as genotype, stage of maturity, cultivation peculiarities, 
soil composition and climate differences in various geographical locations. 

In the Rutaceae family, lime oil and lemon oil had large inhibition zones (Figure 4) with overall mean inhibition zones against all the 
Moraxella strains as 29.5 mm and 23.33 mm, respectively. This is similiar to that of Yadav et al. [81] who reported that lime and lemon oil 
had moderate activity against S. aureus, Pseudomonas spp. and E. coli. This is also in agreement with Prabu seenivasan et al. [80], who 
demonstrated that lime and lemon oils had excellent inhibitory activity against S. aureus, B. subtilis, K. pneumoniae, P. vulgaris, P. aerugi-
nosa and E. coli.  Javed et al. [82] also demonstrated that essential oils from lime and lemon oils had larger inhibition zones compared to 
orange oil. There are several reports on the antimicrobial activity of essential oils from the plants of Citrus genera [83-86]. The antimicro-
bial activity of essential oils from Citrus spp. is as a result of dl-limonene which is the major constituent [86-89].

Conclusion

In conclusion, oregano oils, thyme oils, peppermint oil, rosemary oils, lime oil, and lemon oil have shown high in vitro antimicrobial 
efficacy against M. catarrhalis strains. The susceptibility of the strains tested is a function of the type of oil. The E6 strain had the highest 
susceptibility, followed by A3, and E26 while the least susceptible was E29 strain. This is the first report of a large scale evaluation of the 
antimicrobial efficacy of essential oils against M. catarrhalis. In addition, it is the first report that involved the use of carrier oils as diluents 
in the disc diffusion method of determining the antibacterial activity of essential oils.  The results of this study indicate that essential oils 
could be used as inhalation therapy or nebuliser against respiratory tract infections caused by M. catarrhalis, but further work is needed 
to determine the minimal exposure time for efficacy, applicability, and the toxicity.
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