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Abstract
Aim: To investigate the prevalence of tetM, tetQ, nim and blaTEM antimicrobial
resistance genes in subgingival and tongue samples of Greek subjects.

Materials and Methods: Fifty-four subjects participated in the present study.
Participants each contributed with one pooled subgingival sample from the
mesiobuccal surface of the four first molars and one sample from the tongue. Samples
were analysed using polymerase chain reaction for tetM, tetQ, nim and blaTEM genes
using the primers and conditions described previously. Subjects were stratified
according to periodontal status (health, gingivitis or periodontitis). Intake of any
antibiotic for medical or dental reasons during the previous 12 months was also
recorded (self-reported). Comparisons within and between groups were performed by
applying non-parametric tests (z-test with Bonferroni corrections).

Results: A high prevalence of tetM, tetQ and blaTEM genes was detected in both
tongue and subgingival samples (48.1–82.2%). No differences were observed across
genes between periodontally healthy, gingivitis or periodontitis cases, and no statistical
correlation was observed between the presence of the blaTEM gene and the intake of
b-lactams during the last 12 months (Fisher’s exact test, p40.05).

Conclusions: Findings from the present study suggest a high prevalence of tetM, tetQ
and blaTEM, but not nim resistance genes in subgingival and tongue samples from
Greek subjects.
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Antimicrobial resistance has become a
widespread phenomenon compromising
the efficacy of several valuable antimi-
crobial agents, sometimes with life-
threatening implications.

Misuse of several antimicrobials in
medical practice, and over-usage for
non-medical reasons, such as in agricul-
ture, fish and animal farming as growth
promoters, are among the main reasons

for the rapid growth in resistance (Marti-
nez 2008). This resistance has been
shown to be carried and transferred by
genetic material, characterized as resis-
tance genes, which have been fully des-
cribed and can be identified for many
antimicrobial agents (Cockerill 1999).

Although the contribution of dentistry
to the increasing levels of antimicrobial
resistance is currently unknown, it has
been solidly demonstrated both in the
medical and in the dental literature that
bacterial resistance in a specific country
is strongly correlated with the extent
of antimicrobial use. In countries with
‘‘loose’’ antimicrobial policies, where
access to antimicrobials does not require
a prescription, bacterial species resistant

to antimicrobials can be routinely
observed. A trend towards increasing
antimicrobial resistance has been shown
for Streptococcus pneumoniae on com-
paring Northern with Southern Eur-
opean countries (Bronzwaer et al.
2002), while an important difference in
resistance to b-lactams, clindamycin
and metronidazole concerning perio-
dontal microflora has been observed
between the Netherlands – which follow
a stricter policy – and Spain (van Win-
kelhoff et al. 2000, 2005).

Greece is considered as a country
with a lax antimicrobial policy. Accord-
ing to the report of the European Sur-
veillance of Antimicrobial Consumption
project concerning outpatient antibiotic
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use, Greece had the highest community
antibiotic use in Europe in 2003 (Ferech
et al. 2006). Most antimicrobials can be
purchased over the counter and, there-
fore, it is reasonable to assume that
antimicrobial resistance is widespread
(Goosens et al. 2005), although no data
exist concerning the extent of this phe-
nomenon in the oral cavities of Greek
subjects.

Antimicrobials are frequently pre-
scribed for periodontitis patients, usually
as adjuncts to conventional mechanical
treatment, but the extent of their usage
in Greece is currently unknown. In con-
temporary periodontology, restricted
and targeted antimicrobial prescription
is strongly encouraged by reports con-
cerning their effects on the clinical
parameters of periodontal disease. Cur-
rent evidence indicates that periodontitis
patients – especially those with aggres-
sive disease or a specific bacterial
profile – benefit clinically from the
administration of antibiotics (Herrera
et al. 2002, Haffajee et al. 2003), always
in conjunction with mechanical treat-
ment (Herrera et al. 2008). However,
an optimal antibiotic regimen appears to
require an individual microbiological
assessment, something consistent with
not being able to follow uniform anti-
biotic regimens across Europe due to the
above-mentioned differences in antimi-
crobial susceptibility between countries
(van Winkelhoff et al. 2005).

The tetracyclines, metronidazole and
b-lactams, in addition to being used to
treat dental abscesses, are among the
most widely used agents for treating
periodontal conditions. Mechanisms of
bacterial resistance to these antibiotics
have been extensively described and
attributed to resistance genes. Concern-
ing the tetracyclines, several genetic
determinants encoding ribosomal pro-
tection, efflux pumps and enzymatic
inactivation have been described (Aminov
et al. 2001, 2002). The prevalence of
two such genes, tetM and tetQ, in the
periodontal environment has been inves-
tigated, and the literature indicates that
81–84% of bacteria carrying tetM are
not periodontal pathogens, while tetQ is
carried mainly by Prevotella and Bac-
teroides spp. (Olsvik et al. 1994, 1995,
Lacroix & Walker 1996, Manch-Citron
et al. 2000, Chung et al. 2002). Another
gene, tetW, also encoding ribosomal
protection, has also been detected in
the oral cavity as present in both patho-
genic and non-pathogenic species
(Villedieu et al. 2003). The genetic

determinants of bacterial resistance to
metronidazole have not been exten-
sively investigated in the oral environ-
ment. Nitroimidazole resistance genes
nim (A–D) carrying this property are
found in plasmids or the chromosome
and their proposed mechanism of action
is the encoding of a reductase that
cannot convert the pro-drug into active
nitroimidazoles, thus preventing the for-
mation of toxic radicals required for
antimicrobial activity (Haggoud et al.
1994, Stubbs et al. 2000). In contrast to
the limited literature concerning resis-
tance to metronidazole, several reports
describe the resistance of oral bacteria to
b-lactams. Important sources of b-lacta-
mases in the periodontal environment
are Prevotella spp., Fusobacterium
nucleatum, Eikenella corrodens and
Tannerella forsythia, but not Porphyr-
omonas gingivalis (van Winkelhoff et
al. 1997, Fosse et al. 1999, Herrera et al.
2000) and their presence also appears to
correlate with antibiotic consumption
(Herrera et al. 2000). All the above-
mentioned genetic determinants of bac-
terial resistance, when present in the
oral cavity, might affect the effective-
ness of administered antimicrobials and
in addition, due to the close bacterial
inter-relations in oral biofilms, these
determinants can be transferred between
different microbial species.

Although extensive outpatient con-
sumption of antimicrobials in Greece
leads to expectations of high resistance,
no data exist in the literature concerning
the extent of this phenomenon or the
presence of antibiotic resistance genetic
determinants in the oral cavity.

The aim of the present pilot study was
therefore to investigate the prevalence
of resistance genes tetM and tetQ, nim
and blaTEM in the oral cavities of a
Greek population.

Materials and Methods

Subject sample

A total of 54 patients from the Clinic of
the Department of Periodontology and
Implant Biology, Dental School, Aris-
totle University, Thessaloniki, Greece,
constituted the study population.

The criteria for inclusion were as
follows: absence of systemic diseases,
no history of periodontal treatment dur-
ing the last 12 months and presence of at
least 20 teeth.

Pregnant or lactating women were
excluded from the present study. Smok-

ing status (smoker, non-smoker), as
reported by patients, was also recorded.

Antibiotic intake during the last 12
months was also recorded as reported by
participants. Specifically, subjects filled
in a questionnaire concerning any anti-
biotics administered (trademark) for
medical or dental reasons, or used with-
out a prescription. Where possible,
answers were cross-checked with the
prescriptions.

Subjects were stratified according to
their periodontal status, as follows: sub-
jects were considered as periodontally
healthy cases when they displayed no
probing depth or probing attachment
level 43 mm and o20% of bleeding
sites, and as gingivitis cases when they
displayed no probing depth or probing
attachment level 43 mm and 420% of
bleeding sites, but no radiographic signs
of bone loss. Subjects were considered
as periodontitis cases (chronic or
aggressive) according to the analytical
criteria of the American Academy of
Periodontology (Armitage 1999).

The study was conducted according
to the protocol outlined by the Research
Committee, Aristotle University of
Thessaloniki, Greece, and was approved
by the Ethical Committee of the School
of Dentistry.

Clinical sampling and recordings

Two clinical samples were collected
from each patient: a pooled subgingival
plaque sample from the mesiobuccal
surface of the four first molars (or pre-
molars when molars were missing)
taken with sterile Gracey curettes, and
a sample collected from the dorsal sur-
face of the tongue with a sterile micro-
biological loop, after applying three
consecutive strokes. All samples were
immediately placed in 200ml of TE
buffer (Tris HCL 10 mM, EDTA
1 mM, pH 7.5) and stored at � 201C,
until assayed.

The following parameters were
recorded by the same calibrated exam-
iner (D. S.) at sampling sites, using a
manual Williams probe (POW, Hu-Friedy,
Chicago, IL, USA).

(a) Probing depth.
(b) Clinical attachment level.
(c) Bleeding on probing.
(d) Presence or absence of plaque

(Hygiene Index).

Sampling always preceded clinical
recordings.
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Polymerase chain reaction (PCR)

First of all, the PCR was performed for
the detection of the 16S ribosomal RNA
gene, in order to verify that the clinical
samples contained quality bacterial DNA
(Goncharoff et al. 1993, Manch-Citron et
al. 2000). Samples were further analysed
by PCR for the presence of genes encod-
ing resistance to tetracycline (tetQ and
tetM), imidazoles (nim) and b-lactams
(blaTEM). The final volume of the reac-
tion mixture for each PCR assay was
50ml, containing 5ml of DNA sample,
200mM of each deoxynucleotide tripho-
sphate, 5ml of 1X Standard Taq Reaction
Buffer (10 mM Tris-HCl, 50 mM KCl,
1.5 mM MgCl2, pH 8.3), 0.5mM of each
primer, 2.5 U Taq DNA Polymerase
(New England Biolabs Inc., Ipswich,
MA, USA) and distilled water. A Peltier
Thermal Cycler (PTC-100, Peltier Ther-
mal Cycler, MJ Research, Waltham, MA,
USA) was used for PCR.

16S rRNA

The sequences of the 16S rRNA primers
were 50-CAG GAT TAG ATA CCC
TGG TAG TCC ACG C-30 and 50-
GAC GGG CGG TGT GTA CAA
GGC CCG GGA ACG-30, as described
by Goncharoff et al. (1993). PCR para-
meters included an initial denaturation
step at 951C for 5 min. and 34 cycles of
denaturation at 941C for 1 min., anneal-
ing at 551C for 1 min. and elongation at
721C for 34 s, followed by a final elon-
gation step at 721C for 3 min.

tetQ

The sequences of the tetQ primers were
50-GGC TTC TAC GAC ATC TAT TA-
30 and 50-CAT CAA CAT TTA TCT
CTC TG-30, as described by Lacroix &
Walker (1996). PCR parameters
included an initial denaturation step at
951C for 5 min. and 37 cycles of dena-
turation at 941C for 30 s, annealing at
501C for 1 min. and elongation at 721C
for 2 min. and 40 s.

tetM

The sequences of the tetM primers were
50-GAC ACG CCA GGA CAT ATG
G-30 and 50-TGC TTT CCT CTT GTT
CGA G-30, as described by Lacroix &
Walker (1995). PCR parameters in-
cluded an initial denaturation step at
951C for 5 min. and 37 cycles of dena-
turation at 941C for 30 s, annealing at

551C for 1 min. and elongation at 721C
for 1 min. and 30 s.

nim

The sequences of the nim primers were
50-ATG TTC AGA GAA ATG CGG
CGT AAG CG-30 and 50-GCT TCC
TTG CCT GTC ATG TGC TC-30, as
described by Trinh & Reysset (1996).
PCR parameters included an initial de-
naturation step at 941C for 10 min. and 32
cycles of denaturation at 941C for 30 s,
annealing at 621C for 1 min. and elonga-
tion at 721C for 1 min., followed by a
final elongation step at 721C for 10 min.

blaTEM

The sequences of the blaTEM primers
were 50-ATG AGT ATT CAA CAT
TTC CG-30 and 50-CCA ATG CTT
AAT CAG TGA GG-30, as described
by Arlet et al. (1995). PCR parameters
included an initial denaturation step at
941C for 4 min. and 35 cycles of dena-
turation at 941C for 1 min., annealing at
551C for 1 min. and elongation at 721C
for 1 min., followed by a final elonga-
tion step at 721C for 7 min.

For each set of samples analysed by
PCR a negative and a positive control
were used. The products of the DNA
amplification were electrophoresed
through a 1% agarose gel, stained with
ethidium bromide, exposed under UV
light and photographed. A 100 bp DNA
ladder (New England Biolabs Inc.) was
also loaded on agarose gel as a mole-
cular weight standard. The amplified
fragment sizes were 625 bp for 16S
rRNA, 754 bp for tetQ, 397 bp for tetM,
458 bp for nim and 858 bp for blaTEM.

The electrophoresis for each PCR
product was carried out twice in order
to test the reproducibility of the method.

Statistical analysis

The statistical analysis of the data was
carried out with the statistical packages
SPSS (14.0 version) and Instats

(Graphpad Inc., San Diego, CA, USA).
Differences in the prevalence of inves-

tigated genes were sought among perio-
dontally healthy, gingivitis and period-
ontitis subjects, both for tongue and pla-
que samples, by applying the z-test for
proportions adjusted with Bonferroni cor-
rections. The same test was applied in
order to determine differences within
each group (periodontally healthy, gingi-
vitis and periodontitis subjects). The

experiment was set to have at least 80%
power to detect changes of 25% with a
significance level (a) of 0.05 (two tailed).

Correlation between antibiotic intake
and the presence of resistance genes
both in plaque and in the tongue was
sought with Fisher exact test with a
significance level of 0.05.

For clinical parameters, indicators of
descriptive statistics were used, such as
mean and standard deviation for each
group, with the patient as the observa-
tional unit. Differences in the clinical
parameters were sought by applying
one-way analysis of variance and the
Tukey–Kramer multiple comparisons
test, with a significance level of 0.05.

Results

Demographic data for participants and
clinical parameters are presented in
Table 1. According to the findings of
the present study, 51.85% of subjects
reported systemic antibiotic intake for
various medical reasons during the pre-
vious 12 months (Table 1). One subject
reported intake of doxycycline, two sub-
jects of metronidazole and the remaining
25 subjects (� 50%) reported intake of
b-lactamic antibiotics during the previous
12 months. The statistical correlation
between antibiotic intake (self-reported)
for this specific class of antibiotics was
sought, but no correlation was observed
between intake of any b-lactam during
the previous 12 months and the presence
of the blaTEM gene both in subgingival
and in tongue samples (Fisher’s exact
test, p40.05).

In the present study, nim genes were
not detected in any subgingival or tongue
sample analysed and therefore this gene
was excluded from further statistical
analysis. In contrast, a high prevalence
of tetM, tetQ and blaTEM resistance genes
was observed in both subgingival and
tongue samples (Table 2).

When comparing the prevalence of
these genes between subjects with dif-
ferent periodontal conditions (Table 2),
no differences were observed for the
same gene for both subgingival and
tongue samples (pairwise comparisons
with Bonferroni corrections, p40.05).

When comparing the prevalence of
the investigated genes within the same
periodontal status group for both sub-
gingival and tongue samples, no differ-
ences were observed within the
periodontally healthy, the gingivitis or
the periodontitis groups (pairwise com-
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parisons with Bonferroni corrections,
p40.05).

Discussion

The present pilot study investigated the
prevalence of resistance genes tetM,
tetQ, nim and blaTEM in the oral cavity
of a group of Greek subjects.

These genes were selected for several
reasons. With regard to the tetracy-
clines, both tetM and tetQ are known
to provide ribosomal protection, there-
fore altering the protein target of this
class of antimicrobials on the 30S ribo-
somal subunit of bacteria (Roberts 1996,
Aminov et al. 2001, Chopra & Roberts
2001). The high prevalence of these
genes – especially tetM – observed in
the present study is in agreement with
previous reports showing their frequent
occurrence in many different Gram-
positive or Gram-negative bacterial gen-
era in the oral cavity (Olsvik et al. 1994,
1995, Lacroix & Walker 1995, 1996,
Villedieu et al. 2003). The source of tet
genes in the present study, even in
subjects who did not report previous
exposure to the tetracyclines, is
unknown. Greece has complied with
European Community legislative refer-
ences for application of tetracycline,
chlortetracycline and oxytetracycline as
food additives in poultry (Castanon
2007), but it is known that these sub-
stances have been widely used for non-
antimicrobial purposes and therefore the
presence of tetracycline resistance genes

in the environment is to be expected. It
has been shown that natural environ-
ments represent reservoirs of antibiotic
resistance genes and an abundance of tet
genes has been detected in production
animals (Aminov et al. 2001) and water
reservoirs near animals farms (Peak et
al. 2007). Alarmingly, it has also
recently been reported that contamina-
tion of rivers by quinolones results in
enhanced presence of qnr resistance
genes in waterborne bacteria (Cattoir
et al. 2008). Unfortunately, these data
suggest that the periodontal microflora,
because of overuse, might have become
increasingly resistant to the tetracy-
clines as already shown by Walker
between 1980–1985 and 1991–1995
(Walker 1996).

Bacterial resistance to metronidazole
has been less extensively observed.
Resistant strains of Helicobacter pylori
have been described and their presence
correlated with the previous administra-
tion of metronidazole (Banatvala et al.
1994). In the present study, the sequence
common to the four nim genes was not
detected in any of the subgingival or
tongue samples analysed. Carriage of
these genes is probably not the only
mechanism of resistance to the imida-
zoles and they have been detected in
resistant Bacteroides, Prevotella, Por-
phyromonas and Fusobacterium spp.
strains from hospitalized patients in
Greece (Katsandri et al. 2006). It has
been reported that resistance to metro-
nidazole in Gram-negative anaerobes is

considered low in subgingival samples.
Listgarten et al. (1993) have reported
that 0–2% of these anaerobes from
patients with refractory periodontitis
are resistant to metronidazole, but it is
not known whether this property is due
to nim genes, and Feres et al. (2002)
reported that the 30–50% resistant to
metronidazole strains from periodontitis
patients are mainly Gram-positive aero-
bic or facultative species, while major
anaerobic periodontal pathogens appear
to be susceptible to this antibiotic.

In contrast, a high prevalence of the
blaTEM gene, thus to the DNA sequence
responding to the whole mature TEM
b-lactamase, has been observed in the
present study (Table 2). TEM b-lacta-
mases are widespread in Gram-negative
bacteria and their emerging mutants,
characterized as ‘‘extended-spectrum’’
b-lactamases or ESBLs, are known to
attack several b-lactamic antibiotics
(Livermore 1995, Bradford 2001).
Although 50% of the subjects reported
systemic intake of a b-lactam during the
last 12 months, no statistical correlation
was observed between the presence of
the blaTEM gene and the systemic intake
of these antibiotics (Fisher’s exact test,
p40.05).

The approach used in the present
study did not identify the bacterial
source of these resistance genes. It has
been shown previously that high rates of
conjugation frequently exist within bio-
films and in model dental plaque (Haus-
ner & Wuertz 1999, Roberts et al. 1999,

Table 2. Prevalence of antibiotic resistance genes in subgingival and tongue samples according to periodontal conditions

Diagnosis tetQ tetM blaTEM nim

plaque tongue plaque tongue plaque tongue plaque tongue
% (positive/all) % (positive/all) % (positive/all) % (positive/all) % (positive/all) % (positive/all)

Health 76.5 (13/17) 85.7 (12/14) 82.4 (14/17) 100 (14/14) 47.1 (8/17) 71.4 (10/14) ND ND
Gingivitis 69.2 (9/13) 72.7 (8/11) 76.9 (10/13) 72.7 (8/11) 46.2 (6/13) 72.7 (8/11) ND ND
Periodontitis 66.7 (16/24) 75 (15/20) 70.8 (17/24) 75 (15/20) 50 (12/24) 70 (14/20) ND ND
Total 70.4 (38/54) 77.8 (35/45) 75.9 (41/54) 82.2 (37/45) 48.1 (26/54) 71.1 (32/45) ND ND

ND, not detected.

Table 1. Demographic data and clinical parameters of subject sample

Diagnosis Male Female Age
range

Smokers Non-
smokers

Antibiotic
intake during

last year

Probing
depth (mm)

(mean � SD)

Probing attachment
level (mm)

(mean � SD)

Bleeding
on probing

(mean � SD)

Hygiene index
(mean � SD)

Periodontal
health

6 11 19–48 6 11 8 1.82 � 0.82 (a) 2 � 0.82 (a) 0.1 � 0.3 (a,b) 0.11 � 0.31 (a)

Gingivitis 4 9 22–61 6 7 5 1.83 � 0.24 (b) 1.92 � 0.28 (b) 0.55 � 0.16 (a) 0.37 � 0.12 (b)
Chronic
periodontitis

9 15 35–76 16 8 15 3.48 � 0.87 (a,b) 4.35 � 1.19 (a,b) 0.67 � 0.35 (b) 0.77 � 0.41 (a,b)

Total 19 35 19–76 28 26 28

Values followed by the same letter differ statistically significantly (ANOVA with Tukey–Kramer Multiple Comparisons test, po0.05).
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2001). In addition, this phenomenon
was recently observed in vivo, when a
transposon conferring resistance to dox-
ycycline was transferred between two
streptococci species in a patient under-
going antibiotic treatment (Warburton
et al. 2007). Therefore, when present,
as observed in the present study, these
resistance genes might be transferred
from non-pathogenic to pathogenic spe-
cies in the complex oral ecosystem and
further disseminate resistance.

Although the role of dentistry in the
development of resistance is largely
unclear (Haas et al. 1998), data from
the present pilot study are indicative of
the extent of resistance in the oral cavity
in a country with widespread outpatient
antibiotic consumption. These genetic
determinants are essential elements of
this property and their presence might
compromise the clinical effectiveness of
popular classes of antibiotics for treating
oral infections. Therefore, dentists
should be aware of this phenomenon
and follow appropriate prescription poli-
cies as suggested by the medical com-
munity (Scheld 2003). These policies
revolve around the objectives of only
prescribing antimicrobial therapy when
it is beneficial and using agents with
optimal activity against suspected
pathogens. In periodontology, several
authors have extensively reported and
described the value of bacterial testing
before adjunctive antibiotic treatment to
select the most specific antibiotics
(Mombelli 2005, van Winkelhoff 2005,
van Winkelhoff & Winkel 2005, Haffa-
jee 2006). The strategy for selection of
specific antibiotics in the treatment of
periodontal disease should also include,
in addition to identification of perio-
dontal pathogens, knowledge of the
pharmacological characteristics of var-
ious agents that affect their concentra-
tion in gingival crevicular fluid (AAP
2004). The combination of this knowl-
edge with the relation of achievable
antibiotic concentrations in GCF to
known minimum inhibitory concentra-
tions for various pathogens has been
shown to be a more efficient strategy
for selecting antibiotics, under the con-
straints of the biofilm structure (Beikler
et al. 2004).

The findings from the present study,
which indicate a high prevalence of
resistance genes in the oral cavity in a
country with extensive antibiotic con-
sumption, also suggest that bacterial
testing and guided antimicrobial pre-
scription for periodontal patients, in

addition to reducing the risk of the
development and dissemination of anti-
biotic resistance, might also enhance
clinical benefits for periodontal patients.
In addition to the above-mentioned para-
meters, which should be taken into con-
sideration when prescribing systemic
antibiotics in periodontology, informa-
tion concerning the presence of genetic
determinants of bacterial resistance
might also assist in selecting an effective
and specific antimicrobial agent.

In conclusion, data from the present
study suggest a high prevalence of tetM,
tetQ and blaTEM, but not nim genes in
the oral cavity of Greek subjects.
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Clinical Relevance

Scientific rationale for study: Resis-
tance to antimicrobials is a wide-
spread phenomenon, influenced by
the antimicrobial policy of each
country. Data concerning the preva-
lence of resistance genes could affect
the strictness of the prescription policy

of dental professionals as well as
assist them in educating the public in
prudent use of antimicrobials.
Principal findings: A high preva-
lence of resistance genes to the
tetracyclines and to b-lactamic anti-
biotics, but not to metronidazole, was

observed in both subgingival and
tongue samples from Greek subjects.
Practical implications: The high pre-
valence of the resistance genes inves-
tigated might affect the efficacy of
these classes of antibiotics for treat-
ing oral infections.
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