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Abstract

Periapical periodontitis usually results from microbial infection, with these microor-
ganisms occasionally migrating to the root canal, which can lead to further, potentially 
life-threatening, complications. Here, the susceptibility of 27 bacterial strains to various 
antimicrobial agents was evaluated. These strains comprised 13 species; 16 of the strains 
were clinical isolates from periapical lesions. Each strain was inoculated onto blood agar 
plates containing one of the antimicrobial agents. The plates were incubated anaerobi-
cally at 37°C for 96 hr and the minimal inhibitory concentrations (MICs) determined. 
Ten strains required an MIC of 32 μg/ml or greater for amoxicillin, 6 for cefmetazole, 
and 5 for cefcapene among β-lactam antibiotics; 8 strains required an MIC of 32 μg/ml 
or greater for clindamycin, 4 for azithromycin, and 11 for clarithromycin among macro-
lide antibiotics; 3 strains required an MIC of 32 μg/ml or greater for ciprofloxacin and 2 
for ofloxacin among fluoroquinolones. The effect of cefcapene on 5 strains was evaluated 
after biofilm formation to investigate the relationship between biofilm formation and 
susceptibility. All strains showed a decrease in susceptibility after biofilm formation. The 
results revealed that several antimicrobial agents commonly used in a clinical setting, 
including amoxicillin, cefmetazole, and clindamycin, are potentially effective in the treat-
ment of orofacial odontogenic infections. The development of resistant strains, however, 
means that this can no longer be guaranteed. In addition, azithromycin, ciprofloxacin, 
and ofloxacin were more effective than the 3 β-lactam antibiotics tested. These results 
suggest that sensitivity testing is needed if odontogenic infections are to be treated safely 
and effectively.
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Introduction

Most cases of periapical periodontitis are 
due to microbial infection7,21,34), and in many 
instances multiple species of bacteria are pres-
ent1,14,24,40). Traditional methods have shown 
that the predominant causative strains are 
either Gram-positive cocci or Gram-negative 
rods5,33). Recent improvements in molecular 
techniques, however, have enabled the detec-
tion of fastidious microorganisms such as 
Treponema and Dialister species31). In addition, 
the causative microorganisms of periodontitis 
can invade surrounding tissue. Apical peri-
odontitis can sometimes lead to severe com-
plications such as cellulitis and fascial plane 
infections, and even mortality8,12,29). Treating 
such complications typically involves extract-
ing the infected tooth, followed by surgical 
incision, drainage, and administration of 
empirically selected antimicrobial agents. 
Safe antimicrobial agents effective against 
diverse bacterial species are necessary in a 
clinical setting13) as most odontogenic infec-
tions are multispecies41). Many antimicrobial 
agents have been identified since the discov-
ery of penicillin, and numerous bacterial 
strains resistant to those drugs have arisen3). 
Although frequently used in a clinical setting, 
penicillin has been reported to have a failure 
rate of 21%, leading the authors of that study 
to recommend regular antimicrobial suscep-
tibility testing where complications are 
present9).

Several species of bacteria produce an 
extracellular polymeric substance as part of 
the process of biofilm formation6), which has 
been linked to an increase in bacterial patho-
genicity and resistance to chemotherapy4,23,27). 
Biofilm has been noted on the cementum 
and dentin of teeth in cases of apical peri-
odontitis19,25). Completely removing bacterial 
biofilm from periapical lesions can be diffi-
cult because of the complicated anatomy in 
the vicinity of the tooth apex15). Residual bio-
film, in particular, has been implicated in 
complications following root canal surgery19).

The purpose of this study was to investigate 
the effectiveness of commonly used antimi-

crobial agents in the treatment of orofacial 
odontogenic infections by evaluating the sus-
ceptibility of microorganisms detected from 
apical periodontitis lesions to 8 such drugs. 
The efficacy of cefcapene against 5 species 
associated with biofilm formation was also 
determined.

Materials and Methods

1. Bacterial strains
A total of 27 strains were used, of which 16 

were clinical isolates obtained from 10 apical 
periodontitis lesions in 10 patients during 
root end surgery as described in a previous 
study (Table 1)10). Three strains were obtained 
from the American Type Culture Collection 
(Vienna, VA, USA) and 8 from the culture 
collection of the Department of Microbiology 
at Tokyo Dental College (Tokyo, Japan). All 
strains were maintained on blood agar plates 
consisted of tryptic soy agar (BBL, Cock-
eysville, MD, USA), 5 μg/ml hemin (Sigma-
Aldrich Japan, Tokyo, Japan), 0.5 μg/ml 
menadione (Sigma-Aldrich Japan), and 10% 
defibrinated horse blood (Nippon Biotest 
Laboratories, Tokyo, Japan). The plates were 
incubated at 37°C in an anaerobic chamber 
(Hirasawa, Tokyo, Japan) under an atmo-
sphere of 10% CO2, 10% H2, and 80% N2.

2. Antibiotics
The following antimicrobial agents were 

used: cefmetazole (sodium salt, Sigma-Aldrich 
Japan); clindamycin phosphate (MP Bio 
Japan, Tokyo, Japan); ofloxacin (LKT Labora-
tories, St. Paul, MN, USA); and amoxicillin 
trihydrate, azithromycin, clarithromycin, cip-
rofloxacin hydrochloride monohydrate, and 
cefcapene pivoxil hydrochloride hydrate (all 
from Wako Pure Chemical Industries, Osaka, 
Japan). Stock solutions were made by dissolv-
ing each antibiotic in purified water or etha-
nol; 4-fold serial dilutions of each stock were 
prepared, and each solution was filter-steril-
ized (pore size, 0.22 μm; Millipore, Bedford, 
MA, USA). Solutions were added to blood 
agar to yield final antibiotic concentrations of 
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from 32 to 0.0019 μg/ml.

3. Susceptibility testing
Antibiotic susceptibility was determined as 

described previously2). Briefly, cells from 3-day 
cultures of each strain on blood agar plates 
were suspended at approximately 107 cells/ml 
in tryptic soy broth (BBL, Becton Dickinson, 
Franklin Lakes, NJ, USA) supplemented with 
5 μg/ml hemin and 0.5 μg/ml menadione 
(TS broth). Aliquots (10 μl) of each cell sus-
pension were inoculated in duplicate onto 
blood agar plates containing various dilutions 

of antibiotics. The plates were incubated at 
37°C under anaerobic conditions as described 
earlier; most strains were very slow-growing 
and required 72 hr to achieve sufficient 
growth. The minimal inhibitory concentra-
tion (MIC: the lowest concentration of each 
antibiotic required to suppress colony forma-
tion) was determined after 96 hr of growth in 
all strains. Table 2–4 shows the MICs obtained. 
Resistance to antimicrobial agents was deter-
mined according to the criteria of the Euro-
pean Committee on Antimicrobial Suscepti-
bility Testing (EUCAST)37) as far as the break-

Table　1　Strains used in this study

Strain Source

Actinomyces naeslundii 1598 Culture collectiona

Actinomyces viscosus TDC 107 Reference 10

Actinomyces sp. TDC 108 Reference 10

Campylobacter rectus 67 Culture collectiona

Campylobacter rectus 640 Culture collectiona

Fusobacterium nucleatum TDC 81 Reference 10

Fusobacterium nucleatum TDC 82 Reference 10

Fusobacterium nucleatum TDC 84 Reference 10

Fusobacterium nucleatum TDC 85 Reference 10

Fusobacterium nucleatum TDC 100 Reference 10

Fusobacterium nucleatum #20 Culture collectiona

Haemophilus sp. TDC 124 Reference 10

Klebsiella pneumoniae TDC 116 Reference 10

Klebsiella pneumoniae TDC 120 Reference 10

Porphyromonas gingivalis  ATCC 33277 American Type Culture Collection

Porphyromonas gingivalis  W83 American Type Culture Collection

Porphyromonas gingivalis  OT-6 Culture collectiona

Porphyromonas gingivalis  1312 Culture collectiona

Porphyromonas gingivalis  16-1 Culture collectiona

Porphyromonas endodontalis ATCC 35406 American Type Culture Collection

Propionibacterium acnes TDC 62 Reference 10

Propionibacterium acnes TDC 95 Reference 10

Propionibacterium acnes TDC 103 Reference 10

Propionibacterium acnes TDC 121 Reference 10

Staphylococcus hominis TDC 54 Reference 10

Streptococcus faecalis Culture collectiona

Veillonella atypica TDC 96 Reference 10

aDepartment of Microbiology, Tokyo Dental College
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points for those species are listed, in which 
case whether the MIC was above or under the 
breakpoint given is indicated in the table.

4. Susceptibility of biofilm to cefcapene
Actinomyces viscosus TDC 107, Propionibacte-

rium acnes TDC 95, Fusobacterium nucleatum 
TDC 84, F. nucleatum TDC 100, and Klebsiella 
pneumoniae TDC 116, all of which showed 
strong biofilm-forming activity in an earlier 
study by this group30), were used to investigate 

biofilm susceptibility to antimicrobial therapy. 
Cefcapene was selected because it is fre-
quently used to treat odontogenic infections. 
The susceptibility of biofilm-forming bacte-
rial strains to cefcapene was assessed as 
described previously35) with minor modifica-
tion. Briefly, each microorganism was pre-
cultured and inoculated onto 96-well cell cul-
ture plates containing 200 μl TS broth per 
well. After 24 hr incubation under anaerobic 
conditions, the medium in each well was 

Table　2　Susceptibilities (μg/ml) of oral microorganisms (n=1, except where noted) to 
selected β -lactams

Cefmetazole 
MIC (μg/ml) 

Cefcapene 
MIC (μg/ml) 

Amoxicillin 
MIC (μg/ml)

Staphylococcus hominis TDC 54 >32 32 >32*

Streptococcus faecalis >32 >32 32*

Actinomyces naeslundii 1598 0.5 0.5 0.5§

Actinomyces viscosus TDC 107 0.031 0.125 0.5§

Actinomyces sp. TDC 108 0.5 0.125 0.125§

Propionibacterium acnes TDC 62 0.5 0.125 0.125§

Propionibacterium acnes TDC 95 0.5 0.125 2§

Propionibacterium acnes TDC 103 0.5 0.125 0.5§

Propionibacterium acnes TDC 121 0.5 0.5 2§

Veillonella atypica TDC 96 >32 8 8*

Fusobacterium nucleatum TDC 81 32 8 32*

Fusobacterium nucleatum TDC 82 0.125 0.125 0.125§

Fusobacterium nucleatum TDC 84 0.5 0.5 >32*

Fusobacterium nucleatum TDC 85 8 0.5 32*

Fusobacterium nucleatum TDC 100 >32 32 >32*

Fusobacterium nucleatum #20 0.5 0.5 8*

Campylobacter rectus 67 >32 32 >32

Campylobacter rectus 640 0.5 8 32

Haemophilus sp. TDC 124 0.5 0.125 2§

Klebsiella pneumoniae TDC 116 2 32 >32*

Klebsiella pneumoniae TDC 120 0.5 8 >32*

Porphyromonas endodontalis ATCC 35406 0.125 0.031 0.125§

Porphyromonas gingivalis W83 0.5 0.125 0.125§

Porphyromonas gingivalis OT-6 0.125 0.125 0.125§

Porphyromonas gingivalis 1312 0.5 2 0.5§

Porphyromonas gingivalis 16-1 0.125 0.5 0.125§

Porphyromonas gingivalis ATCC 33277 0.5 0.125 0.5§

MIC levels above or under breakpoint are shown in * and § , respectively.
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removed and the well washed with sterile 
phosphate-buffered saline (pH 7.2, PBS). 
After visually confirming biofilm formation, 
200 μl fresh TS broth containing an antimi-
crobial agent at 10, 100, 1,000, or 10,000 times 
the MIC was added and the cells incubated 
for another 24 hr. After the final incubation, 
the live cells in each well were counted by 
using the BacTiter-Glo Microbial Cell Viabil-
ity Assay (Promega, Tokyo, Japan). The antibi-
otic concentration at which the bacterial 
count did not exceed that in TS broth without 

antimicrobial agents was defined as the MIC.

Results

1.   Susceptibilities of tested microorganisms 
to β-lactams
The MICs of the 3 β-lactam antibiotics 

against 27 bacterial strains associated with 
periapical periodontitis are listed in Table 2. 
Specifically, an MIC of ≥32 μg/ml was 
required for amoxicillin against 10 of the 27 

Table　3　Susceptibilities (μg/ml) of oral microorganisms (n=1, except where noted) to clin-
damycin and selected macrolides

Clindamycin 
MIC (μg/ml) 

Azithromycin 
MIC (μg/ml) 

Clarithromycin 
MIC (μg/ml)

Staphylococcus hominis TDC 54 >32* 32* >32*

Streptococcus faecalis 32 2 0.5

Actinomyces naeslundii 1598 32 0.5 0.5

Actinomyces viscosus TDC 107 2 0.125 0.031

Actinomyces sp. TDC 108 2 0.125 0.125

Propionibacterium acnes TDC 62 0.5§ 0.125 0.031

Propionibacterium acnes TDC 95 8* 0.125 8

Propionibacterium acnes TDC 103 2§ 0.5 0.125

Propionibacterium acnes TDC 121 8* 8 0.125

Veillonella atypica TDC 96 8* 8 32

Fusobacterium nucleatum TDC 81 >32* 8 >32

Fusobacterium nucleatum TDC 82 2§ 2 32

Fusobacterium nucleatum TDC 84 2§ 2 32

Fusobacterium nucleatum TDC 85 8* 8 32

Fusobacterium nucleatum TDC 100 2§ 0.5 32

Fusobacterium nucleatum #20 0.5§ 2 >32

Campylobacter rectus 67 >32 32 >32

Campylobacter rectus 640 8 0.5 2

Haemophilus sp. TDC 124 32 0.5§ 0.031§

Klebsiella pneumoniae TDC 116 >32 32 >32

Klebsiella pneumoniae TDC 120 >32 32 >32

Porphyromonas endodontalis ATCC 35406 0.031§ 0.5 0.125

Porphyromonas gingivalis W83 0.125§ 2 0.125

Porphyromonas gingivalis OT-6 0.5§ 2 0.125

Porphyromonas gingivalis 1312 8* 0.125 0.125

Porphyromonas gingivalis 16-1 0.125§ 2 0.125

Porphyromonas gingivalis ATCC 33277 0.125§ 0.5 0.125

MIC levels above or under breakpoint are shown in * and § , respectively.
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strains tested, for cefmetazole against 6, and 
for cefcapene against 5. An MIC of ≥32 μg/
ml was required for all 3 β-lactam antibiotics 
tested against Staphylococcus hominis and Strep-
tococcus faecalis, 2 of the 6 strains of F. nuclea-
tum; 10 strains were found to be resistant to 
amoxicillin among the 25 strains for which 
the breakpoint was listed. High MICs of 
amoxicillin were required in 2 strains each of 
Campylobacter rectus and K. pneumoniae. All 5 
Porphyromonas gingivalis strains tested were 
sensitive to amoxicillin.

2.  Susceptibilities of tested microorganisms 
to clindamycin and macrolides
Clindamycin required an MIC of ≥32 μg/

ml in 8 of the 27 bacterial strains tested; 
azithromycin an MIC of ≥32 μg/ml in 4; and 
clarithromycin an MIC of ≥32 μg/ml in 11 
(Table 3). All 3 macrolides tested required an 
MIC of 32 μg/ml or greater for S. hominis, 1 of 
the 2 strains of C. rectus, or K. pneumoniae. 
Clarithromycin required an MIC of ≥32 μg/
ml for all tested strains of F. nucleatum, of 
which 7 were also resistant to clindamycin. 

Table　4　Susceptibilities (μg/ml) of oral microorganisms (n=1, except 
where noted) to fluoroquinolones

Ciprofloxacin 
MIC (μg/ml) 

Ofloxacin 
MIC (μg/ml)

Staphylococcus hominis TDC 54 0.125§ 2§

Streptococcus faecalis 2§ 2

Actinomyces naeslundii 1598 2 2

Actinomyces viscosus TDC 107 8 8

Actinomyces sp. TDC 108 2 2

Propionibacterium acnes TDC 62 0.5 2

Propionibacterium acnes TDC 95 2 8

Propionibacterium acnes TDC 103 0.5 2

Propionibacterium acnes TDC 121 0.5 2

Veillonella atypica TDC 96 0.5 0.5

Fusobacterium nucleatum TDC 81 2 2

Fusobacterium nucleatum TDC 82 2 2

Fusobacterium nucleatum TDC 84 2 2

Fusobacterium nucleatum TDC 85 2 2

Fusobacterium nucleatum TDC 100 >32 2

Fusobacterium nucleatum #20 2 2

Campylobacter rectus 67 0.125§ 2

Campylobacter rectus 640 32* >32*

Haemophilus sp. TDC 124 32* 32*

Klebsiella pneumoniae TDC 116 0.125§ 0.5§

Klebsiella pneumoniae TDC 120 0.125§ 0.5§

Porphyromonas endodontalis ATCC 35406 2 2

Porphyromonas gingivalis W83 2 0.5

Porphyromonas gingivalis OT-6 2 0.5

Porphyromonas gingivalis 1312 2 2

Porphyromonas gingivalis 16-1 2 0.5

Porphyromonas gingivalis ATCC 33277 2 0.5

MIC levels above or under breakpoint are shown in * and § , respectively.
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The MIC of clindamycin for S. faecalis was 
32 μg/ml. In contrast, the MICs of all 3 mac-
rolides tested were low for all 5 P. gingivalis 
strains.

3.  Susceptibilities of tested microorganisms 
to fluoroquinolones
The majority of tested strains showed high 

susceptibility to fluoroquinolones, with MICs 
ranging from 0.125 to 2 μg/ml (Table 4). Spe-
cifically, only 2 strains were resistant to cipro-
floxacin, and 2 were resistant to ofloxacin 
among the 7 and 5 strains for which the break-
points were listed, respectively. Each of the 
two fluoroquinolones tested required an MIC 
of ≥32 μg/ml for Haemophilus species and 1 
strain of C. rectus, while ciprofloxacin required 
the same for 1 strain of F. nucleatum.

4.  Influence of biofilm formation on antibi-
otic susceptibility
The MICs required for cefcapene (Table 5) 

against all 5 strains of biofilm tested were 
higher than those required for their plank-
tonic equivalents. Specifically, all strains 
showed a 10–10,000-fold decrease in suscepti-
bility to cefcapene after biofilm formation.

Discussion

Most orofacial odontogenic infections such 
as cellulitis are treated by surgical incision, 
extraction of the tooth involved, and adminis-

tration of a broad-spectrum antimicrobial 
agent13,26). Penicillin and clindamycin have 
been used widely as the first choice in treating 
odontogenic infections. The frequent use of 
such antimicrobial agents, however, carries 
the potential risk of increased microbial resis-
tance. Investigating this presumption was one 
aim of the present study, where a number of 
strains showed an increase in the MIC against 
the antibiotics targeted. For amoxicillin, an 
MIC of ≥32 μg/ml was required for 37% of 
the strains tested, including several low-sus-
ceptibility strains of F. nucleatum, C. rectus, and 
K. pneumoniae. In one previous report, only 7 
to 8% of microorganisms isolated from odon-
togenic infections were resistant to penicil-
lin28), whereas samples from 43 patients (55%) 
in another study yielded at least one penicil-
lin-resistant isolate20). Thus, the proportion of 
microorganisms in which an MIC of 32 μg/ml 
was required for amoxicillin was higher in the 
present study than in previous reports. In 
addition, S. faecalis, which is frequently iso-
lated from cases of apical periodontitis, was 
resistant to amoxicillin, as were 3 of 5 strains 
of F. nucleatum. In contrast, F. nucleatum has 
previously been reported to be sensitive to 
amoxicillin16), with MICs in the range of 0.05 
to 0.094 μg/ml38), <0.016 to 4 μg/ml39), and 
0.016 to 64 μg/ml22). The differences in sus-
ceptibility among these reports may reflect 
variation among the species tested and the 
geographic area from which they were iso-
lated; further analysis of more strains is 

Table　5　Inhibition of cefcapene against biofilm formation

Strain MIC 
(μg/ml) 

Growtha of biofilm at log MIC

0 1 2 3 4

A. viscosus TDC 107 0.125 + + + + +

P. acnes TDC 95 0.125 + + + − −

F. nucleatum TDC 84 0.5 + + + − −

F. nucleatum TDC 100 32 + + − − −

K. pneumoniae TDC 116 32 + − − − −

a+, mass of biofilm was greater than control; −, mass of biofilm was 
lower than control
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required. In addition, strains frequently iso-
lated from odontogenic infections such as S. 
faecalis and F. nucleatum were more resistant to 
amoxicillin than to cefmetazole or cefcapene. 
The high rate of resistance to amoxicillin 
observed in the present study was likely due to 
the frequent use of this antimicrobial, which 
suggests a considerable risk of treatment fail-
ure with this agent. Cefcapene is a 3rd-gener-
ation cephalosporin. The bioavailability of 
drugs of this group was reported to be less 
than 50% when administered orally11). The 
high rate of resistance to and low bioavailabil-
ity of cefcapene with oral administration indi-
cate that this agent is inappropriate for oral 
administration in the treatment of orofacial 
odontogenic infections.

In contrast, an MIC of ≥32 μg/ml was 
required for clindamycin, azithromycin, and 
clarithromycin in 8, 4, and 11 strains, respec-
tively. In particular, the number of strains with 
MICs of ≥32 μg/ml to azithromycin was less 
than half that to either clindamycin or clar-
ithromycin, indicating azithromycin as the 
most promising agent against microbiota in 
periapical lesions among the macrolide anti-
biotics tested. Also noteworthy is the result 
that clarithromycin showed an MIC of 
≥32 μg/ml for all F. nucleatum strains tested.

Among fluoroquinolones, only ciprofloxa-
cin and ofloxacin required an MIC of ≥32 
μg/ml for 3 and 2 strains, respectively, which 
was far lower than with β-lactams, clindamy-
cin, or macrolides. This indicates that cipro-
floxacin and ofloxacin are promising against 
odontogenic infections caused by the major-
ity of organisms tested here. In a previous 
report, 85% of isolates from odontogenic 
infections were sensitive to levofloxacin32). 
Together, these results suggest that fluoroqui-
nolones are an appropriate choice in treating 
odontogenic infections, although overuse 
should be avoided to prevent the develop-
ment of resistant strains.

Antimicrobial resistance was 10 to 10,000 
times higher after biofilm formation than 
when the microbes were present as plank-
tonic bacteria, suggesting that treating odon-
togenic infections at conventional doses is 

ineffective after biofilm formation. Biofilms 
have been observed in periapical lesions19,25) 
and increased MICs after biofilm formation 
have been reported17,18,36). These findings sug-
gest that eradicating biofilm by tooth extrac-
tion or debridement before treatment with an 
antimicrobial agent improves clinical outcome.

In conclusion, the present results indicate 
that amoxicillin, cefmetazole, and clindamy-
cin are still likely to be effective in the treat-
ment of periapical periodontitis. However, 
these microbial agents, and amoxicillin in 
particular, carry the considerable risk of clini-
cal treatment failure due to an increase in the 
number of resistant strains. Overall, azithro-
mycin, ciprofloxacin, and ofloxacin were 
more effective than β-lactam antibiotics. In 
addition, the present results indicate that sus-
ceptibility testing of bacteria isolated from 
odontogenic lesions is important in selecting 
appropriate antimicrobial agents, and that 
the antibiotic used has to be chosen on an 
individual patient basis.
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