
© International Academy of Periodontology

Journal of the International Academy of Periodontology 2011 13/1: 11–16

Correspondence to: Prof. Dr. Nicola U. Zitzmann, Depart-
ment of Periodontology, Endodontology and Cariology, 
School of Dentistry, University Basel, Hebelstrasse 3, CH-
4056 Basel, Switzerland.  Email:  n.zitzmann@unibas.ch

Additive or Synergistic Antimicrobial Effects 
of Amoxicillin and Metronidazole on Whole 
Plaque Samples: A Preliminary Report
Clemens Walter1,2, Eva M. Kulik3, Roland Weiger1, Nicola U. 
Zitzmann1 and Tuomas Waltimo3

1Department of Periodontology, Endodontology and Cariology, 
School of Dentistry, University Basel, Switzerland; 2Department of 
Oral Surgery, School of Dentistry, University of Birmingham, United 
Kingdom; 3Institute for Preventive Dentistry and Oral Microbiology, 
School of Dentistry, University Basel, Switzerland

Abstract

Objective: In vitro data on the susceptibility of oral bacteria to the combination of met-
ronidazole and amoxicillin is limited. The aim of this preliminary study was to determine 
the susceptibility of whole subgingival plaque samples to amoxicillin and metronidazole 
and to their combination.  Methods: Prior to any treatment procedures subgingival 
plaque samples from patients with severe generalized periodontitis were taken. Appro-
priate dilutions were plated on Columbia blood agar supplemented with the following 
agents: 3 µg/mL amoxicillin, 8 µg/mL amoxicillin, 8 µg/mL metronidazole, 16 µg/mL 
metronidazole, 3 µg/mL amoxicillin plus 8 µg/mL metronidazole or 8 µg/mL amoxicil-
lin plus 16 µg/mL metronidazole. All plates were incubated anaerobically at 36°C for 
14 days and the colony forming units (CFU) were determined.  Results: Both applied 
metronidazole concentrations were able to decrease the CFU counts by approximately 
one order of magnitude in a log10 scale. Amoxicillin 3 µg/mL revealed a reduction of 
2.4 log10 CFU, whereas 50% of the samples did not grow on the plates supplemented 
with 8 µg/mL of amoxicillin. There was no anaerobic bacterial growth on agar plates 
supplemented with the combination of amoxicillin and metronidazole even at the lower 
antibiotic concentrations.  Conclusion: Susceptibility screening of subgingival samples to 
metronidazole and amoxicillin and to their combination seems to offer a rational basis 
for the selection of adjunctive antibiotic therapy
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Introduction

Periodontal diseases are multifactorial biofilm-associated 
infections. A distinct differentiation between aggressive 
and chronic forms is difficult (Meyer et al., 2004), even 
on the basis of  microbiological findings (Mombelli et al., 
2002; Ximenez-Fyvie et al., 2006; Schacher et al., 2007). 
Hence, the diagnosis of  “aggressive periodontitis” is 
primarily based on clinical and radiological character-
istics, on patient’s age, and on findings derived during 
clinical follow-up. Due to the infection-induced nature 
of  periodontal diseases, antimicrobial therapies based 
on microbiological examinations may improve the treat-

ment outcome of  advanced and/or aggressive forms 
of  periodontitis.

First attempts to control periodontal diseases with 
the adjunctive use of  antibiotics included systemic ad-
ministration of  tetracyclines, amoxicillin with or without 
clavulanic acid, clindamycin and metronidazole (Listgar-
ten et al., 1978; Lekovic et al., 1983; Gordon et al., 1985; 
Magnusson et al., 1989). Another adjunctive treatment 
approach was topical administration of  various antibiot-
ics or antiseptics (Lindhe et al., 1979; Needleman and 
Watts, 1989; Stabholz et al., 2000). Two decades ago, 
the combination of  metronidazole and amoxicillin - so 
called “van Winkelhoff-Cocktail” - was introduced as 
an adjunctive systemic therapy for periodontitis treat-
ment (Van Winkelhoff  et al., 1989). This regimen was 
specifically designed for treatment of  diseases associated 
with Aggregatibacter (Actinobaccillus) actinomycetemcomitans, 
for which a synergistic in vitro effect between the two 
substances or their metabolites has been reported 
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(Pavicic et al., 1994a; Pavicic et al., 1994b). Clinical stud-
ies on aggressive forms of  periodontitis have revealed 
improved outcomes within observation periods up to 
five years, provided that the adjunctive treatment with 
the combination of  amoxicillin and metronidazole was 
strictly combined with mechanical biofilm removal 
(Buchmann et al., 2002; Guerrero et al., 2005; Kaner et al., 
2007a; Kaner et al., 2007b). Moreover, improved clinical 
advantages of  this regimen were found in a placebo-
controlled study comparing the antibiotic combination 
to the agents alone, again as adjunctive to mechanical, 
non-surgical periodontal treatment (Rooney et al., 2002). 
In this report, the treatment outcomes of  subjects with 
advanced chronic periodontal disease were independent 
from the initial microbiological findings. Recently, this 
strategy of  combining amoxicillin and metronidazole 
was used for the treatment of  generalized “aggressive 
periodontitis” without targeting against specific micro-
organisms (Guerrero et al., 2005).

Whenever antibiotics are administrated as an adjunc-
tive periodontal treatment, existing or possibly develop-
ing resistance of  the associated microflora should be 
carefully considered. In vitro findings have suggested that 
there are remarkable differences in resistance profiles of  
certain oral bacterial species (Van Winkelhoff  et al., 2005; 
Lakhssassi et al., 2005). Recent findings in microbiologi-
cal susceptibility testing have indicated the rationale of  
the examination of  mixed microbial cultures instead of, 
or in addition to, the individual disease-associated strains 
(Karbach et al., 2007). Such in vitro data about bacterial 
susceptibility to the combination of  amoxicillin and 
metronidazole is hitherto scarce.

The aim of  the present preliminary study was to 
determine the susceptibility of  whole subgingival plaque 
samples to amoxicillin and metronidazole and to their 
combination.

Materials and methods
Patients and sampling
Four generally healthy patients with severe generalized 
chronic or aggressive periodontitis were recruited from 
the pool of  patients from the Department of  Period-
ontology, Endodontology and Cariology at the School 
of  Dental Medicine, University of  Basel, Switzerland. 
Diagnosis was based on clinical and radiographic find-
ings, related to age and the severity of  destruction (Table 
1, Figure 1a-b, Armitage, 1999). Clinical measurements 
of  probing pocket depth and attachment level were 
performed with the probe PCPUNC-15 (Hu-Friedy, 
Chicago, IL, USA). All recruited patients (one female 
and three males with a mean age of  40.8 years) were cur-
rent or former heavy smokers and had neither received 
any earlier periodontal treatment nor systemic or topical 
antibiotics one year prior to the sampling. The female 
patient was not pregnant.

Subgingival plaque samples were taken for antibiotic 
resistance analysis. At least the two deepest periodontal 
pockets with bleeding on probing were selected for 
microbiological sampling. Supragingival plaque was 
removed, the sampling site was isolated using cotton 
rolls and gently dried with air. A sterile paper point was 
inserted to the bottom of  the pocket, left in place for 
20 s and placed in 0.5 ml of  thioglycolate broth (bi-
oMérieux, Genf, Switzerland; Casas et al., 2007).

Microbiological procedures
Immediately after sampling, pooled paper points were 
vortexed for one minute and serially diluted in thioglyco-
late broth. For the determination of  the total anaerobic 
bacterial count, 100 mL of  the dilutions were plated on 
Columbia blood agar plates (Columbia Agar Base [BBL 
Becton Dickinson, Allschwil, Switzerland] enriched 
with 4 mg/L hemin, 1 mg/L menadione, and 50 ml/L 
human blood). 

For quantification of  the proportion of  microorgan-
isms resistant to either amoxicillin and/or metronida-
zole, Columbia blood agar plates supplemented with the 
following concentrations of  the respective antimicrobial 
agent were used: 3 mg/mL amoxicillin (Fluka, Buchs, 
Switzerland), 8 mg/mL amoxicillin, 8 mg/mL metro-
nidazole (Fluka), 16 mg/mL metronidazole, 3 mg/mL 
amoxicillin plus 8 mg/mL metronidazole or 8 mg/mL 
amoxicillin plus 16 mg/mL metronidazole. The con-
centrations of  the antibiotics were adopted from van 
Winkelhoff  et al. (2000) and/or the Clinical Laboratory 
and Standards Institute (2007). All plates were incubated 
anaerobically (10%  CO2, 10%  H2, 80%  N2) at 36°C 
for 14 days and the colony forming units (CFUs) were 
determined.

Results
Microbial findings
Microbiological data are presented in Table 2. The 
total anaerobic plaque count (CFU) ranged from 3.1 
x 106 to 7.2 x 107 among the plaque samples, and the 
percentage of  black-pigmented bacteria ranged from 
40 to 80%. All samples showed a decrease of  bacte-
rial growth on agar by approximately 1 log with both 
concentrations of  the antibiotic agent (8 mg/mL and 
16 mg/mL). All agar plates supplemented with 3 mg/
mL amoxicillin showed a reduced bacterial growth by 
log 2.4, whereas two out of  four samples revealed no 
growth on the plates supplemented with 8 mg/mL of  
amoxicillin (Table 2). On agar plates supplemented with 
the combination of  amoxicillin and metronidazole, no 
anaerobic bacterial growth was detected even at lower 
antibiotic concentrations.
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 Figure 1. Patient N° 2 was diagnosed with generalized aggressive periodontitis due to extensive bone loss at the 
age of 32 years. a) Clinical intraoral photographs; b) Full-mouth periapical radiographs

Figure 1a.

Figure 1b.

Table 1. Profile of study patients and clinical characteristics.

BOP, bleeding on probing; GAgP, generalized aggressive periodontitis; GChP, generalized chronic periodontitis

Patient Age Periodontal 
diagnosis

Smoking status Number of 
teeth

Number of sites with PPD 
≥ 6 mm

Number of 
sites with BOP+

1 45 GAgP Former smoker
30 pack years

29 165 174

2 32 GAgP Current smoker
15 pack years

29 92 133

3 38 GAgP Current smoker
17 pack years

25 69 96

4 48 GChP Current smoker
30 pack years

27 25 46

BPB, black-pigmented bacteria; CFU, colony forming units

Table 2. Microbiological characteristics and results of the antibiotic susceptibility analyses.

Bacterial growth on 
agar plates
(control)

Bacterial growth on agar plates supplemented with different concentrations of metronidazole 
or amoxicillin

Patient CFU % BPB CFU
amoxicillin

3 mg/mL

CFU
amoxicillin

8 mg/mL

CFU
metronida-

zole
8 mg/mL 

CFU
metronida-

zole
16 mg/mL

CFU
amoxicillin 3 mg/mL 

+metronidazole 
8 mg/mL 

CFU
amoxicillin 8 mg/mL 

+ metronidazole 
16 mg/mL

1 4.0 x 107 40 9.0 x 104 - 6.0 x 106 1.5 x 107 - -
2 1.0 x 107 50 8.0 x 103 1.0 x 104 6.0 x 105 6.0 x 105 - -
3 3.1 x 106 40 8.4 x 104 - 6.0 x 105 1.3 x 106 - -
4 7.2 x 107 80 4.0 x 105 3.0 x 105 1.3 x 106 1.5 x 106 - -
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Discussion

The present preliminary study using subgingival plaque 
samples demonstrated reduced bacterial growth in the 
presence of  low concentrations of  metronidazole or 
amoxicillin, while higher amoxicillin concentrations 
inhibited bacterial growth in two out of  four samples. 
Interestingly, the combination of  metronidazole and 
amoxicillin was effective against microorganisms in all 
subgingival plaque samples at lower antibiotic concen-
trations. This in vitro observation suggests an additive 
or synergistic mode of  action for these agents, which 
is likely to be beneficial for infection control, as dem-
onstrated by recent clinical studies (van Winkelhoff  et 
al., 1989; Buchmann et al., 2002; Rooney et al., 2002; 
Guerrero et al., 2005; Kaner et al., 2007a; Kaner et al., 
2007b). It may be hypothesized that the targeted use of  
this additive/synergistic effect, which is either based on 
growth inhibition or on bacteriocidal effects, may offer 
a strategy against the development and/or the control 
of  resistant strains.

The introduced method testing microbial suscep-
tibility to a frequently administrated combination of  
antibiotics is a novel approach, which enlightens the 
capacity of  additive and/or synergistic effects between 
the two substances. A synergistic effect of  two anti-
biotics needs to be evaluated on a species level, and 
was documented for Aggregatibacter actinomycetemcomitans 
(Pavicic et al., 1994a; Pavicic et al., 1994b). The authors 
suggested a higher rate of  metronidazole uptake by 
bacterial cells simultaneously incubated with amoxicil-
lin. Resistance of  anaerobic bacteria to metronidazole 
hardly ever occurred (Seifert and Dalhoff, 2010). In 
the current material, bacterial growth was detected in 
all four subgingival plaque samples, which is indicative 
of  metronidazole-resistant strains and emphasizes the 
need for susceptibility testing in selected patients with 
infections involving anaerobic bacteria. The results of  
the current study should be, however, interpreted with 
caution due to the limited number of  subjects included, 
and the lack of  specific bacterial strain characterisation. 
However, the mixed subgingival plaque samples used 
here represented the expected general characteristics 
in terms of  relative proportions of  back-pigmented 
anaerobes in the total culturable flora.

This preliminary study was restricted to current 
or former heavy smokers, who have an increased risk 
for the onset and progression of  periodontal diseases 
(Warnakulasuriya et al., 2010). Cigarette smoking is likely 
to affect the composition of  the oral microflora due to 
a decrease in oxygen tension in periodontal pockets, 
and may promotes a selection of  anaerobic bacteria 
(Hanioka et al., 2000). However, the literature has been 
indecisive as to whether a specific smoking-associated 
microbial profile exists (van Winkelhoff  et al., 2001; van 
der Velden et al., 2003). Interestingly, recent evidence 

from a randomized controlled trial suggests a benefit 
of  adjunctive antimicrobial therapy with metronidazole 
and amoxicillin in the non-surgical periodontal treat-
ment of  smokers with chronic periodontitis (Matarazzo 
et al., 2008).

The culture technique used in the current inves-
tigation may have some shortcomings: (i) restricted 
to growth of  viable bacteria, (ii) strict sampling and 
transport conditions essential, (iii) specific laboratory 
equipment and experienced personnel required for 
bacterial culturing, (iv) time needed for bacterial growth 
on appropriate media, (v) specific pathogens in the 
subgingival plaque may not be detected. However, the 
main advantage of  the technique used is the probability 
of  an analysis of  bacterial resistance against the com-
bination of  antibiotics, in particular against amoxicillin 
and metronidazole. The diversity of  the oral microflora, 
reaching up to 700 different bacterial species (Kazor et 
al., 2003), makes it impossible to analyze every single 
bacterial strain regarding a genetic profile encoding for 
antibiotic resistance. In addition, the molecular mecha-
nisms of  bacterial resistance to antibiotics are quite far 
from being completely understood. Therefore, the an-
tibiotic susceptibility of  a subgingival plaque sample or 
of  putative periodontal pathogens needs to be analyzed 
by conventional culture techniques (Armitage, 2003).

A major concern of  the presented approach is the 
natural biofilm association of  the subgingival bacterial 
samples analysed. A biofilm is a difficult therapeutic 
target because of  its three-dimensional structure, which 
protects the bacteria from the host response as well as 
from antimicrobial agents (Socransky and Haffajee, 
2002; Eick and Pfister, 2004). The methodology of  
the present report allowed the interactions between 
culturable microorganisms, but no attempt was made 
to mimic other characteristics of  the subgingival plaque. 
Different results may be expected when a biofilm of  
mixed microbial samples is formed on an appropriate 
substrate prior to their susceptibility testing. However, 
such an approach is currently not available. The chosen 
methodology aims to provide an approach for clinically 
relevant susceptibility testing.

According to the contemporary understanding of  
the pathogenesis, periodontal diseases are caused by 
an opportunistic infection with a conglomerate of  
potentially periopathogenic microorganisms organized 
in the subgingival biofilm. A number of  different test 
methods and procedures are available for qualitative 
and quantitative microbiological diagnostics of  putative 
periopathogens. However, the pathogenic potential of  
a certain putative periodontal pathogen against the host 
can hitherto not be determined. Moreover, major indi-
vidual differences in the immune response are caused 
by a number of  acquired or genetic factors. Although 
specific bacteria have a periopathogenic potential or 
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may initiate periodontal inflammation, it is still difficult 
to determine the microbiota responsible for the onset 
and progression of  disease in the individual subject. 
Thus, in the diagnosis and therapy of  periodontal dis-
eases, microbiological identification and susceptibility 
testing of  single disease-associated strains may be of  
limited value (Mombelli et al., 2002; Sanz et al., 2004). 
Instead or in addition to the conventional approach of  
microbiological diagnostics, susceptibility testing of  the 
entire subgingival plaque sample may offer additional 
valuable information for the choice of  the antibiotic to 
be administered adjunctively.

Improved therapy outcomes indicate that patients 
with periodontal diseases - particularly those with highly 
destructive forms (aggressive and/or advanced) - may 
profit from an adjunctive antibiotic therapy using amoxi-
cillin and metronidazole (Guerrero et al., 2005; Kaner et 
al., 2007a). However, due to the increased use of  antibi-
otics and the alarming development of  resistant strains, 
antibiotics should be administered with care, and test-
ing the susceptibility of  a given individual’s microflora 
may have an increasing importance (Walker, 1996; Van 
Winkelhoff  et al. 2005; Lakhssassi et al., 2005; Walter 
and Weiger, 2006). Therefore, microbial testing can not 
be recommended for routine dental practise. However, 
some patients, in particular those in need of  adjunctive 
antimicrobial therapy, may profit from the information 
about potential therapeutic targets (Armitage, 2003). 
Susceptibility testing of  whole subgingival samples to 
metronidazole and amoxicillin and to their combination 
seems to offer a rational diagnostic tool to the selection 
of  adjunctive antibiotic therapy. In the event of  an un-
favorable response, i.e. bacterial growth on agar plates 
supplemented with amoxicillin and metronidazole, 
another antibiotic has to be tested and subsequently 
applied for adjunctive antimicrobial therapy.

The current report about susceptibility analyses of  
subgingival plaque samples was initiated as a proof-of-
principle study. The microbial results derived from the 
audit of  four cases may indicate a potential benefit for 
further analysis in a larger clinical microbiological trial.
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