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Background and Objective: The increasing rate of resistance of microorganisms to
penicillin and other antibiotics has generated concern among health authorities in
Latin America. The present investigation determined the in vitro susceptibility of
Porphyromonas gingivalis, Fusobacterium nucleatum, black-pigmented Prevotella
spp. and Aggregatibacter actinomycetemcomitans to metronidazole, amoxicillin,
amoxicillin/clavulanic acid, clindamycin and moxifloxacin in patients with chronic
periodontitis.

Material and Methods: Subgingival plaque samples from patients with periodon-
titis were collected and cultured on selective and nonselective culture media. The
antimicrobial susceptibility of periodontopathogenic isolates was studied in
chronic periodontitis patients in Colombia. Metronidazole, amoxicillin,
amoxicillin/clavulanic acid, clindamycin and moxifloxacin were tested on all
bacterial isolates and the percentage of resistant strains was calculated.

Results: Of the 150 bacteria identified, 51 were P. gingivalis, 45 were black-
pigmented Prevotella spp., 36 were F. nucleatum and 18 were A. actinomycetem-
comitans. All the isolates were sensitive to amoxicillin/clavulanic acid and to
moxifloxacin, but exhibited variable susceptibility patterns to the other
antimicrobial agents tested.

Conclusion: The results of the present study suggest that periodontal microor-
ganisms in patients with chronic periodontitis can be resistant to the antimicrobial
agents commonly used in anti-infective periodontal therapy. We suggest that the
indiscriminate use of antimicrobials could result in the appearance of more highly
antibiotic-resistant strains of bacteria associated with periodontal diseases in our
population compared with the populations of other countries.
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These bacteria activate many host
immunoinflammatory processes and
disrupt the host mechanisms responsi-
ble for bacterial clearance. For exam-
ple, in P. gingivalis, high levels of
proteolytic activity (2) are considered
to be the most important virulence

Microorganisms stoutly considered as
etiologic agents of periodontitis
include  Porphyromonas  gingivalis,
Fusobacterium nucleatum, black-pig-
mented Prevotella spp., Aggregatibact-
er actinomycetemcomitans, Treponema
denticola and Tannerella forsythia (1).

factors.
synthesizes many toxins, such as leu-
kotoxin and cytotoxin (3). Both
P. gingivalis and A. actinomycetem-
comitans can grow intracellularly
in vivo as shown by the fact that a high
percentage of human buccal epithelial

A. actinomycetemcomitans
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cells were found to be infected with
these bacteria (4). Besides, the lipo-
polysaccharide molecule present in the
cell wall of both black-pigmented
Prevotella spp. and F. nucleatum may
contribute to alveolar bone loss either
by stimulating bone resorption or by
inhibiting bone formation (5).

Several studies have examined the
effect of different periodontal therapies
on the clinical and microbiological
parameters of periodontal diseases
(6,7). The adjunctive application of
systemically administered antibiotics
has been shown to provide a better
clinical and microbiological result in
subjects with chronic periodontitis
than no antibiotics (7-9). Metronida-
zole is one of the most commonly used
agents to treat periodontal infections
(10); however, because of the appear-
ance of tetracycline-resistant A. ac-
tinomycetemcomitans, the mixture of
metronidazole and amoxicillin may be
preferable to metronidazole alone (11).
Moreover, good results have been re-
ported with amoxicillin/clavulanic acid
(12,13), clindamycin (12) and moxi-
floxacin (14) in periodontal therapy.

Sequential and geographic changes
in antibiotic susceptibility among
anaerobes have been reported in Eur-
ope (15-18). At present, concern about
the correct empirical therapy arises
because resistance is also observed
among anaerobes previously consid-
ered as susceptible (17). Regrettably,
only limited records are available on
the subgingival microbial composition
of periodontitis subjects in Latin
America (19). The growing rate of
resistance of microorganisms to peni-
cillin and other antibiotics has gener-
ated concern among health authorities
in Latin America (20). Increased resis-
tance to antimicrobials is caused by a
number of factors, including high
antibiotic usage in this region (20).

To our knowledge, there are no
investigations that study the resistance
of periodontopathogens to adjunctive
antibiotics used in periodontal treat-
ment in Latin America. Geographical
differences in the resistance of these
microbes could impact periodontal
treatment protocols, which may enable
the establishment of specific therapeu-
tic strategies.

The aim of this study was to inves-
tigate the in vitro susceptibility of P.
gingivalis, F. nucleatum, black-pig-
mented Prevotella spp. and A. actino-
mycetemcomitans to metronidazole,
amoxicillin, amoxicillin/clavulanic
acid, clindamycin and moxifloxacin in
Colombian patients with chronic
periodontitis.

Material and methods

Subjects

Seventy-six systemically healthy Colom-
bian subjects (45 women and 31 men;
27 to 66 years of age), who attended
the dental clinics of the University of
Antioquia, were invited to participate
in this study between October 2008
and March 2009. Informed and written
consent was obtained from each
participant. The study design was
approved by the Ethics Committee on
Human Research of the University
Investigation Department of the Uni-
versity of Antioquia, according to the
Declaration of Helsinki on experimen-
tation involving human subjects.
Patients with a diagnosis of chronic
periodontitis were considered to be
candidates for the study. Exclusion
criteria included diabetes, cardiovas-
cular disease, or any other systemic
disease that could alter the course of
periodontal disease. Pregnant women,
consumption of systemic antimicrobi-
als or anti-inflammatory drugs in the
previous (6 mo) and periodontal ther-
apy during the last 6 mo also served as
exclusion criteria.

Clinical evaluation

Medical history and clinical and
radiographic examinations were con-
ducted for each patient. One of the
authors (C.A.) performed all clinical
examinations. The presence or absence
of bleeding on probing, plaque and
suppuration were recorded. Probing
depth and clinical attachment level
were measured at all approximal, buc-
cal and lingual surfaces, to the nearest
millimeter, using a calibrated standard
probe (UNC-15; Hu-Friedy, Chicago,
IL, USA). The diagnosis of chronic
periodontitis was made based on

criteria defined at the workshop
sponsored by the American Academy
of Periodontology (21).

Microbial sampling

Microbial sampling of periodontitis
patients was performed on periodontal
pockets of >5 mm. The deepest six
pockets were selected for sampling.
After removing supragingival plaque
using curets and isolating the area with
cotton pellets, paper points (Maillefer,
Ballaigues, Switzerland’ were inserted
into each periodontal pocket for 20 s.
The paper points were transferred to a
tube containing viability medium
Goteborg anaerobic (VMGA) 111 (22).
All samples were processed within 4 h
after sampling. The samples were ana-
lyzed, using microbial culture tech-
niques, to determine the presence of
periodontopathic bacteria, according
to Slots (23). Briefly, most samples
were processed at room temperature
(25°C) and incubated in CO, and
anaerobic culture systems. Brucella
blood agar medium was incubated at
35°C in an anaerobic jar for 7 d. The
Trypticicase Soy Serum Bacitracin
Vancomycin agar (TSBV) medium was
incubated in 10% CO, at 37°C for 4 d.
Presumptive identification was per-
formed according to the methods de-
scribed (23,24) and using a commercial
identification  micromethod system
(RapID ANA II; Remel, Norcross,
GA, USA) for A. actinomycetemcomi-
tans, P. gingivalis, black-pigmented
Prevotella spp. and Fusobacterium spp.
The total viable counts were defined as
the total number of colony-forming
units obtained on culture plates con-
taining nonselective media. The bacte-
rial species that grew on selective
media were enumerated and their per-
centage relative to the total viable
counts was calculated. Each patient
provided a pooled subgingival plaque
sample. Equal numbers of isolates
from each subject were used.

Antimicrobial susceptibility testing

Selected colonies of P. gingivalis,
black-pigmented  Prevotella  spp.,
A. actinomycetemcomitans and Fuso-
bacterium spp. from pure cultures were



used to test susceptibility to metroni-
dazole, amoxicillin, amoxicillin/clavul-
anic acid, clindamycin and
moxifloxacin (E-test®; AB Biodisk,
Solna, Sweden). Briefly, viable colonies
were homogenized in 0.85% saline, and
the turbidity was adjusted to MacFar-
land 1.0 standard (3 x 10% colony-
forming units/mL). Using a sterile glass
rod, 0.1 mL of the inoculum was spread
over Brucella blood agar plates (BD,
Sparks, MD, USA) and dried for
15 min at room temperature. E-test
strips were gently placed on the agar
surface and incubated under anaerobic
conditions for 4 d. The elliptic zone of
inhibition was examined after 96 h of
incubation. The reading at the inter-
section of the bacterial zone of inhibi-
tion and the E-strip represented the
minimum inhibitory concentration
(MIC) of the organism. The MIC
breakpoints were interpreted according
to the guidelines of the Clinical Labo-
ratory Standards Institute (25).

Statistical analysis

Descriptive analyses were carried out
(mean, standard deviation, frequency
of detection) for clinical and microbi-
ological parameters. A statistical pro-
gram was used for all the statistical
analyses (Statistical Package for the
Social Sciences, version 15; SPSS,
Chicago, 1L, USA).

Results

A total of 45 women (59.2%) and 31
men (40.8%) with chronic periodonti-
tis were studied (age: 46 + 8.08 years),
of whom 21.05% (16 subjects) were
current smokers. Table 1 describes the
clinical characteristics of the patients.
From the 76 study patients a total of
150 bacterial colonies could be clearly
identified (Table 2): P. gingivalis (51/
150), black-pigmented Prevotella spp.
(45/150), F. nucleatum (36/150) and
A. actinomycetemcomitans  (18/150).
Table 3 lists the results of the suscep-
tibility ~ testing to metronidazole,
amoxicillin, amoxicillin/clavulanic
acid, clindamycin and moxifloxacin.
All the isolates were sensitive to
amoxicillin/clavulanic acid and to
moxifloxacin but exhibited variable
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Table 1. Clinical data at sampled sites:
probing depth (PD), clinical attachment le-
vel (CAL), percentage of sites with bleeding
on probing (BOP), percentage of sites with
plaque (Pl) and percentage of sites with
suppuration (SUP)

Clinical parameter Mean = SD
PD (mm + SD) 3.4 + 1.48
CAL (mm =+ SD) 43 + 1.99
% BOP (mm + SD) 77 + 21

% Pl (mm £ SD) 56 + 28

% SUP (mm =+ SD) 43 + 3.1

mm, millimeter; SD, standard deviation.

susceptibility patterns to the other
antimicrobial agents tested. In total,
25.49%, 23.52% and 21.56% of the
P. gingivalis isolates were resistant to
amoxicillin, clindamycin and metroni-
dazole, respectively. By contrast,
16.66% of the strains of F. nucleatum
were amoxicillin-resistant, and 36.11%
and 25% of the isolates were resistant
to clindamycin and metronidazole,
respectively. Black-pigmented Prevo-
tella spp. were resistant to amoxicillin,
clindamycin and metronidazole (35.55%,
22.22% and 26.66%, respectively).
The antibiotics least effective against
A. actinomycetemcomitans were amox-
icillin, metronidazole and clindamycin
(77.77%, 88.88% and 83.33% of
resistance respectively). The MIC val-
ues (range, and the MICsy and MICy,,
values, namely the MIC values at
which 50% and 90% of isolates were
inhibited, respectively) of metronida-
zole, amoxicillin, amoxicillin/clavulan-
ic acid, clindamycin and moxifloxacin
are given in Table 3.

Discussion

In this study, we investigated the anti-
biotic susceptibility of the subgingival
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microflora from patients with un-
treated chronic periodontitis living in
Colombia. To our knowledge there are
no studies in the dental literature
investigating the problem of antibiotic
resistance in the periodontal microflora
in Latin America. The rationale for
studying patient populations from
Colombia is that recent evidence shows
a much higher use of antibiotics in
Latin America (20) in comparison with
other countries (26,27). Information
from the present study may have
therapeutic implications for the treat-
ment of nonoral infections caused by
oral pathogens. Dissemination of
periodontal pathogens to other body
sites frequently occurs and may cause
serious diseases such as brain ab-
scesses, lung infections, endocarditis
and soft tissue infections (28). For
these reasons, the study of the suscep-
tibility of the subgingival microbiota in
a particular country becomes pertinent
to identify its possible impact on out-
comes after treatment (28).

In the present study, the black-pig-
mented anaerobe, P. gingivalis, was
highly susceptible to amoxicillin/
clavulanic acid and moxifloxacin
(Table 3). This is in accordance with
other studies which show that this
bacterium is highly susceptible to these
antibiotics (29-33). However, in our
study, 25.49%, 23.52% and 21.56% of
the isolates were resistant to amoxicil-
lin, clindamycin and metronidazole,
respectively. This is in agreement with
other investigations that detected anti-
biotic resistance, albeit lower, in sub-
gingival P. gingivalis isolates and in
isolates from odontogenic and peri-
odontal abscesses (34,35). With this
perspective, it is significant that
P. gingivalis has recently been shown

Table 2. Frequency distribution (%) of a total of 150 identified bacterial colonies being

sampled from 76 subjects

Microorganisms Strains Percentage
Porphyromonas gingivalis 51 34
Black-pigmented Prevotella spp. 45 30
(Prevotella intermedial
Prevotella nigrescens = 34;
Prevotella melaninogenica = 11)
Fusobacterium nucleatum 36 24
Aggregatibacter actinomycetemcomitans 18 12
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Table 3. In vitro susceptibility and percentage of resistant isolates to five antimicrobial agents®

MIC (ug/mL)°

Microorganism (no. of strains) Range MICs, MICy, Percentage resistant
Porphyromonas gingivalis (n = 51)
Amoxicillin 0.016 > 256 0.125 > 256 25.49
Amoxicillin/clavulanic acid < 0.016-0.064 < 0.016 < 0.016 0
Clindamycin 0.08 > 16 8 > 16 23.52
Metronidazole 0.08 > 16 0.256 > 16 21.56
Moxifloxacin 0.006-0.032 0.023 0.032 0
Prevotella intermedia/nigrescens (n = 34)
Amoxicillin 0.016-32 0.064 32 35.55
Amoxicillin/clavulanic acid 0.016-1 0.023 0.094 0
Clindamycin 0.06-32 0.12 > 16 22.22
Metronidazole 0.08 > 16 0.256 > 16 26.66
Moxifloxacin 0.002-0.5 0.064 0.25 0
Prevotella melaninogenica (n = 11)
Amoxicillin 0.016-32 0.064 32 35.55
Amoxicillin/clavulanic acid 0.016-1 0.023 0.094 0
Clindamycin 0.06-32 0.12 > 16 22.22
Metronidazole 0.08 > 16 0.256 > 16 26.66
Moxifloxacin 0.064-0.38 0.125 0.25 0
Fusobacterium nucleatum (n = 36)
Amoxicillin 0.016 > 256 0.125 > 256 16.66
Amoxicillin/clavulanic acid 0.016-1 0.023 0.094 0
Clindamycin 0.08 > 16 8 216 36.11
Metronidazole 0.08 > 16 0.256 > 16 25
Moxifloxacin 0.002-0.5 0.064 0.25 0
A. actinomycetemcomitans (n = 18)
Amoxicillin 0.064-32 0.25 32 71.77
Amoxicillin/clavulanic acid 0.02-0.75 0.25 0.5 0
Clindamycin 0.016 > 256 0.125 > 256 83.33
Metronidazole 1.5 > 256 6 > 256 88.88
Moxifloxacin 0.19-0.5 0.38 0.5 0

“For anaerobic bacteria, the susceptibility and resistance breakpoint concentrations were as follows (25). Amoxicillin/clavulanic acid,
< 4 mg/L (amoxicillin) and < 2 mg/L (clavulanic acid) and > 16 mg/L (amoxicillin) and > 8 mg/L (clavulanic acid), respectively; metro-
nidazole, < 2 and > 8 mg/L, respectively; clindamycin, < 2 and > 8 mg/L, respectively; moxifloxacin, < 2 and > 8 mg/L, respectively. In
the case of Aggregatibacter actinomycetemcomitans, the interpretive criteria for the HACEK group were applied for amoxicillin/clavulanic
acid, whereas for metronidazole those for anaerobes were used. As no interpretive criteria exist for clindamycin, the interpretive criteria for
anaerobes were applied (25).

® MICs, and MICy, indicate the MIC values at which 50% and 90% of isolates were inhibited, respectively.

to be capable of the conjugal transfer
of chromosomal and plasmid DNA,
which would provide a useful way to
transfer resistance determinants (36).
In our study, F. nucleatum was
100% susceptible to amoxicillin/cla-
vulanic acid and moxifloxacin (Ta-
ble 3). This is in accordance with
previous reports (33,37). Although
penicillin resistance remains uncom-
mon among Fusobacterium (38), in our
hands, 16.66% of strains of F. nuclea-
tum were amoxicillin resistant. This
is in agreement with the results of
Mosca et al. (17) who found resistance
in 12.5% of F. nucleatum strains.
According to King et al. (39), B-lacta-
mases the readily identified
mechanism of resistance. By contrast,

were

36.11% and 25% of the isolates were
not susceptible to clindamycin and
metronidazole, respectively. Lakhssassi
et al. (37) and van Winkelhoff et al.
(40) reported resistances 33% and
20%, respectively of F. nucleatum to
clindamicy and metronidazole, which
was lower than reported in our study.
However, other researchers (17), in-
vestigating periodontal samples from
patients living in a selected area of
southern Italy, showed that all the
strains of F. nucleatum analyzed were
susceptible to metronidazole.

Similarly to F. nucleatum, black-
pigmented Prevotella spp. were also
very susceptible to amoxicillin/cla-
vulanic acid and moxifloxacin, and
35.55%, 22.22% and 26.66% of black-

pigmented Prevotella spp. were resis-
tant to amoxicillin, clindamycin and
metronidazole, respectively (Table 3).
Amoxicillin/clavulanic acid, moxiflox-
acin, metronidazole and clindamycin
are generally regarded as highly effec-
tive against black-pigmented Prevotella
spp. (29,34,40,41). However, similarly
to the present study, resistance to
amoxicillin, metronidazole and clinda-
mycin were reported in previous stud-
ies (35,37). Interestingly, we detected a
relatively high resistance to these anti-
biotics compared with findings from
other parts of the world (37,42). Black-
pigmented Prevotella spp. are known
to produce P-lactamases (43). This
may explain, in part, the resistance to
amoxicillin of the Prevotella spp. in



this study, as all isolates were suscep-
tible to amoxicillin/clavulanic acid.
By contrast, as reported by other
researchers (34), the proportion of
isolates with antibiotic resistance could
be mainly attributed to the varying
degree of antibiotic use in different
countries.

A. actinomycetemcomitans was the
least antibiotic-susceptible  species,
with amoxicillin/clavulanic acid and
moxifloxacin being the most effective
antibiotics (Table 3). The high suscep-
tibility of 4. actinomycetemcomitans to
these two antibiotics is corroborated
by the results of other studies
(29,33,34,44). We also found that the
least-effective antibiotics were amoxi-
cillin, metronidazole and clindamycin.
This is in line with the studies of van
Winkelhoff ez al. (40) and Kulik ez al.
(29), where 33.3%, 72% and 82% of
the A. actinomycetemcomitans isolates
were resistant to amoxicillin, metroni-
dazole and clindamycin, respectively.
As noted, once again the antibiotic-
resistance values found in our study
were higher. It is important to note
that even if we did not study tetra-
cycline, 100% of subgingival A. ac-
tinomycetemcomitans isolated from
Spanish patients grew on tetracycline-
containing agar plates vs. 0% isolated
from Dutch patients (40), probably
because of the higher antibiotic use in
Spain (45). It is known that the hy-
droxy metabolite of metronidazole is
three to four times more active against
A. actinomycetemcomitans and that it
acts synergistically with amoxicillin
against this pathogen (46). For this
reason, metronidazole, in combination
with amoxicillin, has been shown to be
effective in the treatment of A. actino-
mycetemcomitans-associated periodon-
tal disease (47). However, the MICy,
value (of > 256 pg/mL) of the Spanish
A. actinomycetemcomitans,  reported
by van Winkelhoff ez al. (40) indicates
that the clinical efficacy of this combi-
nation therapy may not be as effective
in Spain as it is in other European
countries. Similar situations could
occur in Latin America.

Earlier studies, comparing different
European populations with different
levels of antibiotic consumption, pro-
vide evidence that supports the view
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that standard guidelines for antimi-
crobial use in the treatment of peri-
odontal infections should not be
recommended, as major differences in
the antimicrobial profile of major
periodontal pathogens were found
(34,40). The level of resistance varies
between countries, which can be
attributed to the different use of anti-
biotics (12,20). Among European
countries, Switzerland is the country
with the lowest antibiotic consumption
per capita (48), which may partly ex-
plain why antibiotic resistance did not
increase among isolates from the Basel
area.

TOur results suggest that moxifloxa-
cin has potent antibacterial activity
against periodontal pathogens, which is
comparable with that of amoxycillin/
clavulanic acid and higher than that of
clindamycin, metronidazole and amox-
icillin. This could be explained by the
fact that moxifloxacin and amoxycillin/
clavulanic acid are not frequently used
in the treatment of dental and medical
infections because they are not included
in the National Health Plan in Colom-
bia. Additionally, moxifloxacin is new
in our market and it has a reduced pro-
pensity to promote the development of
resistance (49). Moreover, the high
resistance of periodontopathogens to
clindamycin, metronidazole and amox-
icillin, observed in the present study,
deserves special attention, because these
antibiotics are frequently used as
adjunctive antibiotics in periodontal
treatment (9). One concern for the
researchers in this study was that Sed-
lacek & Walker (50) demonstrated that
a significantly higher amount of drug is
required to have an inhibitory effect in
the biofilm than in planktonically
grown bacteria of the same strain. This
must be taken into account when anti-
biotics are used as adjunctive to peri-
odontal therapy, mainly in populations
with a high resistance to antibiotics.

The prevalence of multidrug resis-
tance continues to increase among
many pathogens, largely because of the
overuse and misuse of antimicrobial
agents (20). Such use not only adds to
the cost of medical care, but also
needlessly exposes the patient to po-
tential toxicity and risks that promote
the development and spread of anti-
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microbial resistance in healthcare
facilities (51). Surveillance of antimi-
crobial resistance is crucial for pro-
viding information on the degree of,
and trends in, resistance, and for
monitoring the result of interventions
(52). Local observation data are deci-
sive and should be utilized to direct
clinical supervision, modernize treat-
ment procedures, instruct prescribers
and conduct infection-control policies
(52).

Conclusions

The present investigation confirms that
periodontal microorganisms in patients
with chronic periodontitis can be
resistant to antimicrobial agents com-
monly used in anti-infective periodon-
tal therapy. The indiscriminate use of
antimicrobials could result in the
appearance of more highly antibiotic-
resistant strains associated with peri-
odontal diseases in our population
compared with populations of other
countries. Our results also support the
notion that the use of antibiotics must
be based on susceptibility testing, in-
stead of a unique adjunctive antimi-
crobial regimen. These results could
impact periodontal treatment, mainly
with regard to the selection of adjunc-
tive systemic antibiotics in Latin
American populations. Further studies
are needed to investigate these geo-
graphical variations in the antimicro-
bial drug resistance of the periodontal
microflora in Latin America.
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