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ARTICLE INFO ABSTRACT

Keywords: Objective: This study summarized evidence on the efficacy and safety of essential oils (EOs) in the treatment of
Tea tree oil topical infections.
Clinical trial Design and setting: Systematic review of clinical trials conducted and reported in accordance with the Preferred
Aromatherapy Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guideline. Electronic databases of the
Alternative therapy Cochrane, PubMed, EMBASE, Web of Science, and Scopus were searched from inception to November 2018.
Intervention: Essential oil of any type, standard treatment and placebo.
Main outcome measures: Outcomes of the study include total acne count, acne severity index, reduction in total
acne surface area, number of non-inflammatory acne lesions and inflammatory acne lesions, microbial cure rate,
microbial decolonization rate, and new microbial emergence.
Results: Non-significant but higher proportion of MRSA was cleared in EOs group (69% [95%CI: 34%, 96%])
compared to routine care (45% [95%CI: 36%, 53%]). Essential oils significantly lowered level of new MRSA
emergence (9% [95% CI: 5%, 14%], 2 = 86.59%) compared to routine care (53% [95%CIL: 30%, 75%],
I? = 86.59%). Four of the five studies on acne treatment showed equal or superior efficacy of EOs and the
remaining one showed inferior efficacy to a control. In treatment of topical fungal infections, efficacy of essential
oils were non-inferior compared to a standard treatment but superior to a placebo.
Conclusion: Essential oils could be considered as alternative treatment for acne, decolonization of MRSA, and
topical fungal infections, yet the low quality and heterogeneity among the studies calls for further studies.

1. Introduction Asteraceae (Echinops kebericho), Umbelliferae (Carum nigrum), Zingi-
beraceae (Zingiber officinale).® Their use in dermatology, cosmetic pro-

Essential oils (EOs) are one of the most common natural products ducts and popularity as self-care natural medicine products is recently
used for various medical purposes since early human being."* Common increasing.” Combined with their popular use in dermatology, their
EO-producing plant families include Lamiaceae (Ocimum citratus), easy availability, and the emergence of antimicrobial resistance, com-
Poaceae (Cymbopogon citratus), Verbenaceae (Aloysia citriodora), mercial EOs are increasingly an option for therapy.® Essential oils are

Abbreviations: ASI, acne severity index; CFU, colony forming unit; EO, essential oil; ICU, intensive care unit; JBS, Johnson's baby soft wash; LFCO, lactobacillus-
fermented Chamaecyparis obtusa; MRSA, Methicilin resistant Staphylococcus aureus; TLC, Total acne lesions count; TTO, Tea tree oil
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considered a means of treatment for resistant and difficult-to-treat
strains which synergize the antimicrobial activity of conventional an-
timicrobial agents when combined with conventional antimicrobial
agents.® This synergistic activity was attributed to the membrane dis-
ruption property of the EOs.” Their antimicrobial efficacy study in
humans particularly have shown promising results as in mouth wash for
oral mal-odour,® reduced gingival inflammation and dental plaque®'°
and acute external otitis.

Of the 98 EOs recommended for dermatological use, 88 are en-
dorsed for treating skin infections of which 73 are used for bacterial
infections, 49 specifically for acne, 34 for fungal infections, and 16 for
viral infections as outlined by Orchard and Vuuren (201 7).° The review
described the details of commercial EOs use as potential antimicrobials
to treat skin diseases and focuses on in vitro antimicrobial activities. To
date, several clinical studies have been conducted to evaluate the effi-
cacy of these EOs.'"'® Except for dental infection,'* there is no sys-
tematic review summarizing the clinical studies conducted on anti-in-
fective use of EOs. The studies are worth summarizing to direct future
studies and establish evidence-based medicine. The aim of the current
study was to synthesize the findings of clinical studies/trials on EOs
that have been conducted to treat topical infections.

2. Methods
2.1. Study design

This systematic review of clinical trials was conducted using best
available evidence and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA)
guideline. PRISMA checklist was used to ensure inclusion of relevant
information. The protocol was registered in the International
Prospective Registry of Systematic review with registration number
(PROSPERO = 2018 CRD42018106478)."°

2.2. Search strategy

Electronic databases of the Cochrane, PubMed, EMBASE, Web of
Science, and Scopus were searched from inception to November 2018.
The search syntax was developed based on guidance from the Cochrane
handbook in Table 1. Other sources including Google Scholar, the meta
register of controlled trials, bibliography of retrieved publications, and
conference proceedings were also searched.

2.3. Selection of papers, inclusion and exclusion criteria

Two reviewers (SD and AM) independently performed a literature
search and examined relevant studies and then sequentially screened
their titles and abstracts for eligibility. Full-text articles were examined
using predefined eligibility criteria for inclusion. A screening guide was
used to ensure that all review authors reliably apply the selection cri-
teria. All clinical studies with parallel or cross-over design investigating
EOs effectiveness in topical infectious were included. In vitro anti-
microbial activity studies, studies on non-infectious skin disease con-
ditions, and studies as mouth wash were excluded.

Table 1
Search syntax used.
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2.4. Methodological quality assessment

Cochrane risk-of-bias tool was used to assess randomized controlled
studies while the Newcastle-Ottawa quality assessment score (NOS) was
used for non-randomized studies. The bias was graded as low, high or
unclear.

2.5. Outcome, intervention, data extraction and management

Data on methods, participants, interventions, and outcomes were
retrieved. Outcomes of the study included total acne count, acne se-
verity index, reduction in total acne surface area, number of non-in-
flammatory acne lesions and inflammatory acne lesions, microbial cure
rate, microbial decolonization rate and new microbial emergence.
Adverse events were considered secondary outcomes. Intervention of
the study included essential oil of any type, standard treatment, and
placebo. For each dichotomous outcome the number of participants
experiencing the event and the number of patients randomized in each
treatment group were extracted.

2.6. Statistical analyses

Analyses were performed using STATA version 13.0 (Statacorp, LP,
college station, TX). Odds ratios (OR) and 95% confidence intervals (CI)
were pooled using the metan command. Heterogeneity was assessed
using 12 statistic and Chi square test. Random-effects model (REM) was
employed using DerSimonian and Laird method.'® The subgroup ana-
lysis was done based on the type of intervention.

3. Results
3.1. Characteristics of included studies

A total of 1060 articles were identified of which 883 articles re-
mained after de-duplications. Titles and abstracts screening reduced the
number of articles to 849. With further screening for inclusion and
exclusion criteria, 33 remained for full-texts examination. Fifteen arti-
cles were further excluded based on the predefined inclusion/exclusion
criteria. The reasons for exclusion were: dental infection, review arti-
cles, study protocols, in vitro study, Spanish language article, head lice
infestation, and duplicate publication. Finally, eighteen articles were
included among which were five studies on acne,'”~>! five on methicilin
resistant S. aureus (MRSA) decolonization®”° and eight on topical
fungal infections."®?”>* A PRISMA flow diagram depicted number of
studies retrieved, screened, excluded and included in the study (Fig. 1).

3.2. Risk of bias assessment of included studies

The quality of included studies ranges from low to moderate in
accordance with authors’ risk of bias assessment, Figs. 2 and 3,.

3.3. Essential oils in the treatment of acne

Five studies enrolled a total of 256 participants in clinical trials.
Two studies were placebo controlled,'”'® one placebo and standard
treatment controlled,?! one standard treatment controlled'® and the

Search

[Essential 0il]OR [Volatile 0il]OR [Aromatherapy]OR [alternative treatment]

AW N

1 AND 2 AND 3

Mycosis OR dermatitis OR furuncles OR cellulitis OR ecthyma, erysipelas OR erythrasma OR acne OR impetigo OR actinomycosis OR boils OR carbuncles OR dandruff
[Clinical trial] OR [Randomized controlled trial] OR [Clinical study] OR [Controlled trial] OR [Prospective study]
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CINAHL
July-October, 2018
173 Citation(s)

PubMed
July-October, 2018
794 Citation(s)

Scopus
July-October, 2018
15 Citation(s)

Others
July-October, 2018
9 Citation(s)

N/

883 Non-Duplicate
Citations Screened

Inclusion/Exclusion
Criteria Applied

33 Articles Retrieved

Inclusion/Exclusion
Criteria Applied

18 Articles Included

849 Articles Excluded
After Title/Abstract Screen

15 Articles Excluded
After Full Text Screen

0 Articles Excluded
During Data Extraction

Fig. 1. Flow diagram of retrieved, screened, included and excluded studies.

other one was uncontrolled.”® The standards were Lactobacillus-fer-
mented Chamaecyparis obtusa (LFCO)'? and benzoyl peroxide 10% lo-
tion.?! Three studies used Melaleuca alternifolia (tea tree oil (TTO))
while the others used Ocimum gratissimum and copaiba EOs. The pri-
mary outcomes included acne surface area reduction, total lesion count,
acne severity index, inflammatory acne lesion, non-inflammatory acne
lesion and reduction in investigator’s global assessment (IGA). Efficacy
was determined using total numbers of facial acne lesions (TLC),*° IGA
score”® histopathological changes,'® TLC and ASL'® reduction in the
total surface,'” product activity (reciprocal value of the number of days
taken to achieve a 50% reduction in lesion count).?! The characteristic
of included studies and summary of the finding is presented in Table 2.

Four of the five studies demonstrated effectiveness of EO in acne
treatment and the remaining study demonstrated effectiveness but was
inferior to the control. In the uncontrolled study significant improve-
ment were found when baseline and end-of-treatment values were
compared.”® Essential oils showed better efficacy compared to placebo
in two of the included studies.'®'° Of the included studies, one iden-
tified a base with better product activity as alcohol and cetomacrogol
blend bases (hydrophilic).?’ One study revealed LFCO as rapid and
effective for treating acne lesions compared to TTO where

histopathological findings correlated well with the clinical acne grade
and treatment response.'’ The effectiveness of the EOs could be at-
tributed to their antibacterial and anti-inflammatory effect.>* The in
vitro antibacterial activity of different EOs were observed against acne-
associated bacteria like Propionibacterium acnes and Staphylococcus epi-
dermidis.>®> Both antibacterial and anti-inflammatory activities are
considerably important in acne therapy. Treatment approaches where
antibacterial effects and anti-inflammatory effect were addressed by
one component would be future alternative approaches. Evidence-
based review of botanicals for dermatologic use reported that TTO
could be potentially used in acne treatment'? yet the included studies
were of low quality.®® Essential oils could be a future preferred alter-
native provided the limitations in the included studies are addressed.”

3.4. Essential oils in decolonization of methicilin resistant Staphylococcus
aureus

Five studies enrolled and evaluated 620 participants®*>%226:37 of
which four were randomized controlled trials*>***%*” and the re-
maining, an uncontrolled trial.>®> Two studies used routine care (2%
mupirocin ointment and+ triclosan body wash or mupirocin 2%,

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias) -
!

1 1 1
0% 25% 50% 75%  100%

[ Low risk of bias

[ ] unclear risk of bias

[l High risk of bias

Fig. 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all included studies.
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Fig. 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

chlorhexidine gluconate 4% soap, silver sulfadiazine 1% cream)* as
control. In two other studies, the saline gauze®® and JBS*> were the
controls. The primary outcomes included number of patients cleared of
MRSA and with new MRSA. The characteristic of the included studies
was summarized in Table 3. Essential oils showed significantly better
efficacy in decolonization of MRSA compared to routine care. Control of
MRSA within health-care settings and populations poses a problem and
is managed by mupirocin.*® Mupirocin and chlorhexidine gluconate are
current standard agents for MRSA decolonization.>® MRSA strains have
developed resistance to mupirocin,*®*' and chlorhexidine gluconate **
which call for the search for new treatments.

Meta-analysis showed the proportion of MRSA cleared in the whole
intervention was 55% (95%CI: 35%, 75%), I = 88.16%). Though non-
significant a higher proportion of MRSA was cleared in EOs (TTO)
group compared to routine care (Fig. 4).

The proportion of new MRSA developed was 21% ([95%CI: 9%,
36%], I2 = 86.59%) in the whole intervention type. Subgroup analysis
showed significantly lower level of new MRSA occurrence in the TTO
group compared to routine care, Fig. 5. Dryden et al., 2004 showed
significantly lower proportion of number of patients with MRSA in TTO
(49% [95%CL: 38%, 60%]) compared to standard care (78% [95%CI:
68%, 86%]).

3.5. Essential oils in the treatment of topical fungal infections

Eight studies enrolled a total of 631 participants with fungal in-
fections for evaluation of EOs effectiveness."**” % Three'>?*>! en-
rolled participants with dandruff, two with tinea pedis,*®,32 one with
pityriasis,® one with toenail onychomycosis,>® and one with seborrheic
dermatitis.”” The treatment outcomes of EOs were compared to stan-
dard treatment of 2% ketoconazole,'>** 2% butanafine,®® and pla-
cebo.?” %32 The characteristics of included studies were summarized in
Table 4. Essential oils showed equal or non-inferior efficacy to standard
treatment and better efficacy to a placebo in treating topical fungal
infections. Essential oils improved clinical symptoms in all of the

included studies and conversion to negative cultures. This study in-
cluded three or more additional studies yet no conclusive evidence was
generated as result of significant heterogeneity and different oper-
ationalization of the same outcome. The finding merits future studies
with improved quality, standardized formulation, strength, clearly
formulated primary outcomes, and duration of follow up. Future studies
should primarily generate a standard formulation and focus on clearly
defined outcome(s).

4. Summary and conclusion

This review demonstrated the clinical use of EOs in the treatment of
topical infectious. A total of eighteen clinical trials were retrieved, of
which five were in the treatment of acne, five in MRSA decolonization
and eight in the treatment of topical fungal infections, which revealed
EOs as promising and deserve further investigation. Considerable het-
erogeneity amongst the included studies gave a lesson for future studies
to be standardized. Heterogeneity in the studies come from differences
in outcome variables, duration of treatment, dosage strength, differ-
ences in controls used, type of EOs, characteristics of the patients in the
study, and geographical origin of EOs. Outcomes varied among the
studies; even the same primary outcome variables had been differently
operationalized. Some of the studies involved no controls at all and/or
used different controls; some used placebo as controls while others used
standard treatment. Geographical variation could result in differences
in the constituents of EO both qualitatively and quantitatively, which
affect the clinical outcome.

Tea tree oil is commonly studied, characterized, and an interna-
tional standard has been formulated.*®> The origin of the plant, Aus-
tralia, could have contributed to its intensive study because of available
technologies while most EOs from developing countries were less fre-
quently studied. It is noteworthy that the clinical utilization of EOs
requires more in-depth studies as EOs contain multi-components and
single active component not identified. The studies have to focus on
identifying the most active component(s). The increasing popularity of
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Caelli et al., 2001
Edmondson et al., 2011
Lee et al.,, 2014

Dryden et al., 2014 —_—

Subtotal (12 = 91.01%, p = 0.00)
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%

ES (95% Cl) Weight
0.33 (0.15, 0.58) 15.42

—_—m1.00 (0.74, 1.00) 14.19
0.88 (0.64, 0.97) 15.66
0.42 (0.33, 0.51) 19.63

—— 0.69 (0.34, 0.96) 64.91

RC

Caelli et al., 2001

Dryden et al., 2014 —_—

Subtotal (IA2 = .%, p =.) O

Heterogeneity between groups: p = 0.184

0.13 (0.04, 0.38) 15.42
0.49 (0.40, 0.58) 19.66
0.45 (0.36, 0.53) 35.09

Overall (12 = 88.16%, p = 0.00); <> 0.55 (0.35, 0.75) 100.00

Fig. 4. Proportion of MRSA cleared, essential oil TT O versus routine care.

EOs and the prevalence of EO-based self-care practices targeting a wide
variety of ailments in the United States and developing countries alert
healthcare professionals to address concerns about the agents’ safety
and efficacy. Proper literature evaluation requires the ability to discern
the quality of EO, the safety of administration, and validity of its use.* A
prescription with EOs could reduce and reserve future over-use of

antibiotics.**

In conclusion, this review analyzed data from clinical trials con-
ducted in human with topical infections. Based on the review, EOs
could be considered alternatives for the decolonization of MRSA, acne
treatment, and topical fungal infections. The low quality and hetero-
geneity among the studies necessitate further studies.

%

Study ES (95% Cl) Weight
T
|
TTO I
I
|
Caelli et al., 2001 r 0.40 (0.20, 0.64) 18.57
I
Blackwood et al., 2013 —_— : 0.09 (0.06, 0.14) 31.43
I
Subtotal (12 =.%, p=.) <> : 0.09 (0.05, 0.14) 50.00
I
I
I
I
RC :
I
Caelli et al., 2001 | 0.53 (0.30, 0.75) 18.57
I
I
I
I
|
I
I
Placebo :
I
Blackwood et al., 2013 —_—— : 0.11 (0.08, 0.16) 31.44
I
I
I
I
I
I
I
Heterogeneity between groups: p = 0.001 ]
Overall ("2 = 86.59%, p = 0.00); <> 0.21 (0.09, 0.36) 100.00

Fig. 5. Proportion of new MRSA emergence in EO (TTO) versus placebo versus routine care.
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