
prevalent metronidazole resistance mechanism among anaerobic
bacteria in Greece, as the respective genes were not detected
in a number of metronidazole non-susceptible isolates. The
possible existence of alternative resistance mechanisms has
been described,4 and this may be the situation regarding the
nim-negative metronidazole-resistant isolates reported here.

The study additionally demonstrated the presence of nim genes
among Gram-negative anaerobic species other than Bacteroides
spp. and indicated differences between species, MIC distribution
and nim gene positivity. Among fully resistant isolates (MIC ‡ 32
mg/L), nim genes were detected mainly in Prevotella spp.,
whereas among intermediate and susceptible isolates (MIC £
16 mg/L), nim genes were detected only among Bacteroides
spp. Nevertheless, as only strains isolated in a particular area
of Greece were investigated, further multicentre studies are
needed in order to reach a definite conclusion regarding this
association.

It has been reported previously that the different expression of
resistance (MIC 2 to >32 mg/L) among nim-positive isolates may
be attributed to the presence of IS elements.3,6 In our study, IS
elements were detected in two nim-positive isolates, which were
both metronidazole non-resistant (one intermediate and one sus-
ceptible). Overall, two of the three nim-positive Bacteroides spp.
were IS-positive, whereas all five nim-positive strains belonging
to species other than Bacteroides spp. were IS negative. In that
respect a possible species- or genus-specific resistance mecha-
nism may exist, as other studies also have reported the presence
of IS elements only among Bacteroides spp. isolates.3,6 An
unknown IS element, or involvement of a different nim gene
activation pathway, as previously described,4 may explain the
situation regarding the rest of the nim-positive IS-negative iso-
lates. Notwithstanding the small sample size, IS specificity
regarding nim gene type was according to previous reports, as
IS1169 was found in a nimD-positive strain and IS1168 in a
nimA-positive strain.7

In conclusion, the present study confirmed the dissemination
of nim genes among both susceptible and resistant isolates
belonging to a wide range of Gram-negative anaerobic
bacterial species, other than Bacteroides spp., and also indicated
possible differences between species, MIC distribution, nim gene
and IS element positivity, differences that need further evalu-
ation. In that respect, the importance of periodic susceptibility
testing of anaerobic bacteria is emphasized, coupled with con-
tinuous surveillance of the respective molecular resistance
mechanisms.
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Sir,
The essential oil of Melaleuca alternifolia [i.e. tea tree oil
(TTO)] has a long history of use as a topical antiseptic and
has been used in Australia as an antiseptic since the 1920s. It
is currently enjoying resurgent popularity and it is widely avail-
able in various formulations suitable for topical use.1
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TTO has a wide spectrum of antimicrobial activity against
Gram-positive and Gram-negative bacteria, both aerobic and
anaerobic, against yeasts and fungi. It is also active against clini-
cally isolated fluconazole-resistant Candida strains. The mecha-
nism of the cytotoxic effect of the TTO against bacteria and
yeasts has been reviewed recently.1 In particular, it was demon-
strated that the exposure of Escherichia coli, Staphylococcus
aureus and Candida albicans to minimum inhibitory and mini-
mum bactericidal/fungicidal concentrations of TTO inhibits
respiration and increases the permeability of bacterial cytoplas-
mic and yeast plasma membranes; in the case of E. coli and S.
aureus, TTO also caused potassium ion leakage. The observed
differences in the susceptibility of the microorganisms to TTO
may be interpreted in terms of variations in the rate of mono-
terpene penetration through the cell wall and cell membrane
structures. The antimicrobial activity of TTO has been principally
attributed to terpinen-4-ol.1 Finally, TTO is relatively non-toxic
when applied topically, even though cases of allergic contact
dermatitis have been reported.2

The objective of the study described here was to determine the
in vitro susceptibilities of Mycoplasma pneumoniae, Mycoplasma
hominis and Mycoplasma fermentans to TTO.

TTO employed in our experiments was provided by Australian
Botanical Products (Hallam, Australia). The oil complied with
ISO 4730–1996.3 When analysed by gas chromatography and
gas chromatography–mass spectrometry, the oil appeared to be
characterized by a high proportion of terpinen-4-ol (36.71%) and
g-terpinene (22.20%), and moderate levels of 1,8-cineole
(2.49%), p-cymene (2.52%), a-terpinene (10.10%) and terpino-
lene (3.53%).4 Stock solutions of TTO were prepared in fetal calf
serum (Biokrom by Bio-Spa, Milan, Italy).

Twenty-five low-passage clinically isolated strains of
M. hominis (from vagina, urethra and cervix) and one reference
strain (PG 21) of M. hominis, one clinically isolated strain of
M. pneumoniae and one reference strain (FH) of M. pneumoniae,
four low-passage strains (from vagina) and two reference strains
(PG18 and K7) of M. fermentans were investigated. Mycoplas-
mas were grown in SP-4 broth5 and maintained frozen (–80�C)
until used. The presence of arginine in SP-4 broth was avoided
for cultivation of M. fermentans; the pH of SP-4 medium was
decreased to 6.0 when used with M. hominis.

The MIC was determined by a broth microdilution assay as
described previously.6

The MIC was defined as the lowest concentration of the
essential oil that inhibited a colour change in the broth by a
given strain of mycoplasma at the time when the colour of the
control tube changed, that is when the pH of the medium
decreased from 7.5 to 7.0 (M. pneumoniae and M. fermentans)

or increased from 6.0 to 6.5 (M. hominis). The required incuba-
tion times were 24–48 h for M. hominis and M. fermentans and
3–5 days for M. pneumoniae. Further incubations were not
carried out. Standard control procedures were done as previously
described.6 Moreover, S. aureus ATCC 29213 was included as
control; the MIC of the essential oil obtained in Mueller–Hinton
broth (Beckton Dickinson & C., Sparks, MD) (MH) was
compared with that obtained in SP-4.

The results of the in vitro susceptibility tests are given in
Table 1. TTO inhibited mycoplasmas at concentrations from
0.01% to 0.12% (v/v). M. pneumoniae showed MIC values of
0.01% (v/v). M. fermentans, showed MIC90 values of 0.06%
(v/v). M. hominis was the least susceptible with MIC90 values
of 0.12% (v/v). As regards reproducibility no variations among
the results of MIC values were observed in the separate assays.
S. aureus retained its susceptibility to TTO in both MH broth and
SP-4 broth (MIC 0.12% v/v).

TTO has broad antimicrobial activity and is incorporated into
a diverse range of pharmaceutical and cosmetic products. There-
fore, TTO and products containing the oil have been evaluated
in vivo for the treatment of superficial fungal infections such as
onychomycosis and oral candidiasis, with some favourable clini-
cal outcomes. It is difficult to explain the observed differences
of MIC values among mycoplasmas, though differences in the
susceptibility might be interpreted in terms of variations in
the rate of monoterpene penetration through cell membranes;
furthermore, the cytotoxic activity might be impaired by the
fact that a more rapid growth accounts for a minor time of contact
with cell membranes.1

Appropriate studies are now needed to determine whether this
in vitro activity will translate into in vivo activity and also to
clarify the mechanism of antimycoplasmal activity, given that
mycoplasmas could be an interesting tool in order to characterize
the interaction of TTO with bacterial membranes.
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Table 1. Susceptibilities of M. hominis, M. fermentans and

M. pneumoniae to TTO

Microorganism

(no. of strains)

MIC (% v/v)

50% of strains 90% of strains range

M. hominis (26) 0.12 0.12 0.06–0.12

M. fermentans (6) 0.03 0.06 0.01–0.06

M. pneumoniae (2) – – 0.01
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