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Abstract

Research on insects and their bacterial communities provides valuable information on potential interaction
between the host and their symbiotic bacteria. The aim of the present study was to evaluate antimicrobial
activity of essential oils against Staphylococcus spp. isolated from spiders. Spiders samples were
investigated microbiologically and Staphylococcus isolates were confirmed with MALDI TOF MS
Biotyper. Antimicrobial activity of Satureja hortensis L., Pimpinella anisum L., Rosmarinus
officinalis L., Salvia officinalis L. and Ocimum basilicum L. essential oils was detected. Altogether
five Staphylococcus species were identified: S. capitis, S. epidermidis, S. haemolyticus, S. warneri and S.
xylosus. All bacterial strains were resistant of ciprofloxacin, levofloxacin, amikacin and gentamicin. S.
haemoliticus was the most resistant against essential oils of Rosmarinus officinalis L., Salvia officinalis L.
S. warneri and S. xylosus were the most sensitive against antimicrobial action of the applied EOs.
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1. Introduction Research on insects and their bacterial

communities has been undertaken to gain insights
The few studies on microorganisms associated into the potential interaction of the hosts and their
with spiders concentrated on the medical symbiotic bacteria [6-8]. Studies have shown that

importance of spiders as vectors of potentially symbiotic bacteria affected the fitness of host or

human pathogenic bacteria were published. The conferred benefits to their hosts in most of the
emphasis of the previous studies has been put on ~ insects and members of Arachnoidea [9-11].
the general internal and external bacterial ~ Spiders are regarded as natural enemies of
community of the spider [1,2], human serum and agricultural pests, and studies have shown that the
blood after presumed spider bites [3] and the genera Wolbachia, Rickettsia, Cardinium, and
presence of pathogenic bacteria associated with ~ Spiroplasma were found with high incidence in
venom and fangs [4]. spiders [12-14].

Members of the genus Staphylococcus are
common colonizers of the skin in mammals and
birds [15]. Two main groups are distinguished by
* Corresponding author: Miroslava Kacaniova, their ability to coagulate blood: coagulase-positive
+421376414494, miroslava.kacaniova@gmail.com staphylococci, with the most important species
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being Staphylococcus aureus, and coagulase-
negative staphylococci, which comprise most
species including Staphylococcus epidermidis.
Humans are colonized by many different
staphylococcal species. Some, such as S.
epidermidis or Staphylococcus hominis, are found
on virtually all body parts. Some others have more
distinct preferences, such as Staphylococcus
auricularis, which is found mostly in the ear canal
[15]. In general, the largest densities of
staphylococci are found in sweat glands and on
mucous membranes surrounding body openings.
The essential oils were found to show the
antimicrobial effect on Staphylococcus, including
MRSA and MSSA, and the effect was more
expressed than on Gram-negative bacteria [16-18].
The aim of the present study was to evaluate
antimicrobial activity of essential oils against
Staphylococcus spp. isolated from spiders.

2. Materials and methods

Microorganisms

Five strains of staphylococci were tested in this
study, including S. capitis, S. epidermidis, S.
haemolyticus, S. warneriand S. xylosus.  All
tested strains were collected from the spiders
collected from chicken farm in Slovakia. All
bacterial strains of Staphylococcus were identified
with mass spectrometry MALDI TOF MS
Biotyper with score higher than 2.20. The
bacterial suspensions were cultured in Muller
Hinton broth (MHB, Oxoid, Basingstoke, United
Kingdom) at 37 °C for 24 h.

Antibiotic susceptibility testing

All isolated bacterial strains of staphylococci were
used for antimicrobial susceptibility testing.
A amount of 100ul of bacterial suspension in
physiological solution with 0.5 McF° density from
MHB agar was spread with sterile L-rods onto
Mueller Hinton agar (Oxoid, UK). Disc diffusion
methods was applied and the following antibiotics
discs (Oxoid, UK) were used: ciprofloxacin CPR
(10ug), levofloxacin LVX (10ug), amikacin AMK
(10pg), gentamicin GEN (10pg), tetracycline TET
(10pg) and tigecycline TGC (10pg). Inoculated
agars were incubated at 35+2°C for 16-20 h
according to the EUCAST [19]. Interpretation of
inhibition zones were done in line with the
EUCAST breakpoints [20].
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Detection of antimicrobial activity with disc
diffusion method

Antimicrobial activity of Satureja hortensis L.,
Pimpinella anisum L., Rosmarinus
officinalis L., Salvia officinalis L. and Ocimum
basilicum L. essential oils was detected.

A suspension of the tested microorganism (0.1 ml
of 10° cfu/ml) was spread onto Mueller Hinton
Agar (MHA, Oxoid, Basingstoke, United
Kingdom). Filter paper discs (6 mm in diameter)
were impregnated with 15 pl of the essential oils
placed on the inoculated agars. The agars were
kept at 4°C for 2 h, and later were incubated
aerobically at 37°C for 24 h. The diameters of the
inhibition zones were measured in mm. All the
tests were performed in triplicate.

Determination  of  minimum
concentration

The minimum inhibitory concentration (MIC) was
tested as described previously by Ka¢aniova et al.
[21].

inhibitory

3. Results and discussion

Although several endosymbionts have been
reported to be widely distributed in spider species,
little information is available about the interaction
between of those and the spider hosts. In our
study, the microbiota and antibiotic resistance of
isolated staphylococci were detected. The results
on antibiotic resistance of Staphylococcus isolated
from spiders are shown Table 1. All bacterial
strains  were  resistant to  ciprofloxacin,
levofloxacin, amikacin, gentamicin but were
sensitive of tetracycline and tigecycline.
Staphylococcus species are some of the most
frequently isolated pathogens from community-
and healthcare-associated infections, and rapid,
reliable identification to the species level is
important for guiding therapy, distinguishing true
bacteremia from contamination, and identifying
potential sources of infection [22,23].

Several studies have shown that the methicillin-
resistant staphylococci have started to gain
resistance to many widely used antibiotics

(quinolone,  macrolide  group  antibiotics,
aminoglycosides, tetracycline, trimethoprim-
sulphamethoxazole, clindamycin,

chloramphenicol) [24-27]. Also our results on
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Staphylococcus isolates from spiders show that the

resistant staphylococci are widely distributed.

Table 1. Antibiotic susceptibility of Staphylococcus isolated from spiders

Antibiotics used 10 pg

Bacterial strains CPR LVX AMK GEN TET TGC
Staphylococcus capitis R R R R S S
S. epidermidis R R R R S S
S. haemolyticus R R R R S S
S. warneri R R R R S S
S. xylosus R R R R S S

Legend to antimicrobial drug abbreviation: ciprofloxacin CPR (10pg), levofloxacin LVX (10pug),
amikacin AMK (10pg), gentamicin GEN (10pg), tetracycline TET (10pg), tigecycline TGC (10pg)

Many EOs are well known to have antimicrobial
properties, so they are considered a promising
alternative for disinfection in the food industry.
However, not all EOs are highly effective
antimicrobials. To prevent the emergence of
antimicrobial-resistant ~ strains,  antimicrobial
treatments using EOs should be based on the
rotation and combination of different EOs (or
combinations of different active compounds that
produce a synergistic lethal effect) or with other
biocides. Several EO-based combined treatments
have been proposed as an antimicrobial strategy
against S. aureus. Blends of oregano, basil and
bergamot have shown a synergistic bactericidal
effect [28], whereas an additive bactericidal effect

was detected for mixtures of cinnamon and clove
[29]. Combinations of clove and rosemary [30] or
thyme and anise [31] have been also tested, but
the efficacy did not significantly increase with
respect to the application of these EOs
individually.

Antimicrobial activity of five essential oils with
disc diffusion method and minimal inhibition
concentration against Staphylococcus are shown in
Table 2 and Table 3. S. haemoliticus was the most
resistant against essential oils of Rosmarinus
officinalis L., Salvia officinalis L. S.
warneriand S. xylosus were the most to
antimicrobial activities of all essential oils tested.

Table 2 Antimicrobial activity of EOs against Staphylococcus spp. detected with disc diffusion method in mm

Inhibition zone (mm)

Satureja Pimpinella Rosmarinus Salvia Ocimum
Bacterial strains hortensis L. anisum L. officinalis L. officinalis L. basilicum
Staphylococcus capitis 7.33+£1.15 7.67+0.58 5.67+0.58 5.67+0.58 6.33+0.58
S. epidermidis 9.33+0.58 8.33+0.58 7.67+0.58 6.33+0.58 7.33+0.58
S. haemolyticus 4.33+0.58 5.33+0.58 3.66+0.58 3.33+0.58 5.67+0.58
S. warneri 12.33+0.58  11.67+1.53 12.33+2.08 12.00+1.73 11.67+1.53
S. xylosus 11.6741.15  11.67+1.15 12.00+£1.73 11.67+0.58 12.00+1.00

Table 3 Antimicrobial activity of EOs against Staphylococcus spp. detected with minimum inhibitory concentration
method

Minimum inhibitory concentration (MI1C50)

Satureja Pimpinella Rosmarinus Salvia Ocimum
Bacterial strains hortensis L. anisum L. officinalis L.  officinalis L. basilicum
Staphylococcus capitis 25.00 25.00 50.00 50.00 50.00
S. epidermidis 25.00 25.00 50.00 50.00 50.00
S. haemolyticus 50.00 50.00 100.00 100.00 50.00
S. warneri 6.25 12.50 6.25 6.25 12.50
S. xylosus 12.50 12.50 6.25 12.50 6.25
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Jarrar et al., 2010 found [32] synergistic activity
of rosemary in combination with cefuroxime
reflected by changes in the MIC values of the
MRSAs (FIC index range for synergism, 0.56 to
1.00). Although the level of antibiotic potentiation
was low, the potentiation is likely to have been
much more pronounced if pure compounds were
used.

The antibacterial activities in vitro of the aqueous,
50% (v/v) methanol, acetone and petroleum ether
extracts of Pimpinella anisum (L) fruits were
studied by Akhtar et al., 2008. Only aqueous and
50% (v/v) methanol extract exhibited fair
antibacterial activity against all the test bacteria -
Staphylococcus aureus (MTCC 96), Streptococcus
pyogenes (MTCC 442), Escherchia coli (MTCC
723) and Klebsiella pneumoniae (MTCC 109)
[33].

The essential oil of S. hortensis L. showed
antifungal activity against phytopathogenic fungi
[34] and against food spoilage fungi [35]. The
dominant component of this oil is carvacrol,
which is capable of inhibiting aflatoxin production
by A. parasiticus [36] and A. flavus in a liquid
medium and tomato paste [37,38]. The same
authors suggested that the carvacrol could be
useful in controlling aflatoxin contamination of
susceptible crops. Weak antimicrobial activity of
sage, rosemary, eucalyptus, melissa, lavender and
thyme essential oils, sage was found against
Staphylococcus aureus, Bacillus subtilis, E. coli
and Pseudomonas aeruginosa [39-41). In another
study [42], the EOs had significant antibacterial
effect against Staph. aureus and B. subtilis with
MIC ranging from 1.25 to 2.5 ul.ml™ for Staph.
aureus and 0.15 to 2.5 pl.mI™ for B. subtilis..

4. Conclusions

This study confirms that the essential oil of
Satureja hortensis L., Pimpinella
anisum L., Rosmarinus  officinalis L., Salvia
officinalis L. and Ocimum basilicum L. possess

moderate antimicrobial effect against
staphylococci  resistant  to  ciprofloxacin,
levofloxacin, amikacin and gentamicin. S.

haemoliticus was the most resistant against
antimicrobial ~ action ~ of  essential  oils
of Rosmarinus officinalis L., Salvia
officinalis L.. S. warneri and S. xylosus were the
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the most susceptible against antimicrobial

activities of all essential oils tested.
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