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A B S T R A C T

Infected root canal or acute apical abscess exudates can harbour several species, including Fusobacte-
rium, Porphyromonas, Prevotella, Parvimonas, Streptococcus, Treponema, Olsenella and not-yet cultivable
species. A systematic review and meta-analysis was performed to assess resistance rates to antimicro-
bial agents in clinical studies that isolated bacteria from acute endodontic infections. Electronic databases
and the grey literature were searched up to May 2015. Clinical studies in humans evaluating the anti-
microbial resistance of primary acute endodontic infection isolates were included. PRISMA guidelines
were followed. A random-effect meta-analysis was employed. The outcome was described as the pooled
resistance rates for each antimicrobial agent. Heterogeneity and sensitivity analyses were performed. Sub-
group analyses were conducted based upon report or not of the use of antibiotics prior to sampling as
an exclusion factor (subgroups A and B, respectively). Data from seven studies were extracted. Resis-
tance rates for 15 different antimicrobial agents were evaluated (range, 3.5–40.0%). Lower resistance rates
were observed for amoxicillin/clavulanic acid and amoxicillin; higher resistance rates were detected for
tetracycline. Resistance rates varied according to previous use of an antimicrobial agent as demon-
strated by the subgroup analyses. Heterogeneity was observed for the resistance profiles of penicillin G
in subgroup A and for amoxicillin, clindamycin, metronidazole and tetracycline in subgroup B. Sensitiv-
ity analyses demonstrated that resistance rates changed for metronidazole, clindamycin, tetracycline and
amoxicillin. These findings suggest that clinical isolates had low resistance to β-lactams. Further well-
designed studies are needed to clarify whether the differences in susceptibility among the antimicrobial
agents may influence clinical responses to treatment.

© 2016 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Introduction

Endodontic infections occur due to caries or dental traumawhen
opportunistic bacterial pathogens gain access to the necrotic dental
pulp or periapical tissues [1,2]. The infected root canal or acute apical
abscess can harbour several species, including species belonging to
the genera Fusobacterium, Porphyromonas, Prevotella, Parvimonas,
Streptococcus, Treponema and Olsenella spp. as well as not-yet cul-
tivable species [3,4]. Despite the broad range of species that have
been isolated in acute endodontic infections, the microbial profiles

in these communities show few shared species and a great diver-
sity among subjects [5]. Only the strict anaerobes Olsenella profusa
and the taxonDialisterE1weredetected in all of the samples analysed
by Jacinto et al [6] and Munson et al [7], respectively. However,
Tannerella forsythia, Shuttleworthia satelles and Filifactor alociswere
only detected in one sample [6]. Interactions among biofilm com-
munity members are responsible for the presence of painful
symptomatology [8,9]. Clinical signs and symptoms have been as-
sociatedwith specific bacterial species: painwith Peptostreptococcus
micros, Prevotella intermedia/nigrescens and Eubacterium spp.; ten-
derness to percussion with Porphyromonas, Peptostreptococcus
and Fusobacterium spp.; and swelling with Peptostreptococcus,
Porphyromonas and Fusobacterium spp [3].

Clinical management of an acute endodontic infection involves
root canal debridement and local drainage, whenever possible. In
specific situations, antibiotics may be prescribed as a complementary
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measure, especially for: abscesses that are associated with system-
ic involvement, including fever, malaise and lymphadenopathy;
disseminating infections resulting in cellulitis, progressive diffuse
swelling and/or trismus; and abscesses in systemically compro-
mised patients who are at an increased risk of a secondary infection
following bacteraemia [2]. The choice of antibiotic is usually based
upon previously published susceptibility, testing and clinical trials
[1]. The β-lactam antibiotics, especially penicillin, have been rec-
ommended as being the first-line antibiotics because they work well
against most causative bacteria and because penicillin has a low in-
cidence of side effects [10,11]. Clindamycin has often been
recommended in cases of allergy to penicillin or when penicillin
has not been effective [10–12]. In the latter clinical situation,
β-lactamase inhibitors such as clavulanic acid in a combination with
amoxicillin have also been indicated to extend the spectrum of cov-
erage [10,11].

The emergence of antibiotic-resistant bacterial strains has in-
creased, especially due to excessive and incorrect use of these
particular agents [13]. Gomes et al reported an increase in resis-
tance among anaerobic bacteria isolated from primary endodontic
infections over a 9-year period in a Brazilian population [14]. Ra-
tional prescription of antimicrobial agents must be based on the
resistance patterns of the micro-organisms, the characteristics of
the patient (immunosuppression, previously reported allergy) and
the drug’s characteristics (cost, effectiveness, adverse effects). From
a microbiological viewpoint, it requires a comprehensive analysis
of the resistance profiles among microbial isolates from endodon-
tic infections. Recently, Moraes et al performed a systematic review
to describe the presence of resistance genes to antimicrobial agents
in oral environments such as saliva, dental biofilm and endodon-
tic infections [15]. However, there is a lack of information regarding
whether the microbial isolates from endodontic infections express-
ing these virulence factors are conveyed as resistance to antimicrobial
agents.

Therefore, the aim of this systematic review and meta-analysis
was to depict the antimicrobial resistance profiles of bacterial iso-
lates from primary acute endodontic infections as reported in the
current literature.

2. Materials and methods

2.1. Focused patient, intervention, comparison and outcome (PICO)
question

A systematic reviewwas performed using the checklist items re-
ported by the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) [16]. The following focused question was
developed in accordance with the recognised PICO format: ‘What
are the resistance rates to antimicrobial agents in studies that have
isolated bacteria from those patients with acute endodontic
infections?’

2.2. Eligibility criteria

Clinical studies evaluating the antimicrobial resistance of bac-
terial isolates in primary acute endodontic infections in humans by
disk diffusion or Etest (bioMérieux, Marcy-l’Étoile, France) methods
were included in the survey.

2.3. Search strategy and information sources

Electronic searches were performed in PubMed, the Cochrane
Library (all results), ISIWeb of Knowledge, Scopus, LILACS, OpenGrey,
SciELO, the CAPES database, the Grey Literature Report, Curtin Uni-
versity, GreyNet International and the Grey Literature Dentistry
Database. Hand-searching was independently and extensively

performed by two authors (PML and FM) of the reference sections
of the selected studies and the available systematic reviews. No lan-
guage restriction was applied to the search, except for ISI Web of
Knowledge. The search comprised those articles published from the
inception of the database up toMay 2015. Fig. 1 describes the search
strategies that were adopted in the study for the PubMed data-
base. This strategy was also employed and adapted for the other
databases.

The following limits were used for the ISI Web of Knowledge da-
tabase: Database (Web of Science™ Core Collection, Biological
Abstracts® and the SciELO Citation Index); Areas of Research (Den-
tistry and Oral Surgery Medicine, Infectious Diseases, Pharmacology
Pharmacy, Microbiology); Document Type (article); and Language
(English, Portuguese and Spanish).

2.4. Study selection and data collection processes

Following title review and abstract selection, full-text articles were
revised based upon the following inclusion criteria: clinical studies
in humans that evaluated the antimicrobial resistance of bacterial
isolates in primary acute endodontic infections by disk diffusion or
Etest methods. Exclusion criteria comprised: (i) studies that did not
specify the cause of the odontogenic abscess or the odontogenic in-
fection (whether endodontic or not) or that did not specify the
microbial susceptibility results for each source of infection; (ii)
studies that did not specify whether the endodontic infection was
acute or chronic; and (iii) studies that did not report the method
used to evaluate antimicrobial resistance or if another method was
used. After reading the included articles, an independent manual
search was performed by two of the authors (PML and FM) in the
reference section and for the authors of the selected articles.

Data regarding the research group, number of subjects in-
cluded in the study, description of the recruitment, antibiotic
exposure as an exclusion criteria, sample size, methods for sample
size determination, conflicts of interest, microbial source/sampling,
methods used to measure outcomes, antimicrobial agents tested,
statistical analysis, number of bacterial strains and number of re-
sistant strains were collected from all of the studies.

The overall percentage resistance to a specific antimicrobial agent
was calculated for each study, regardless of the bacterial species
tested. The overall percentage resistance for each tested antimi-
crobial agent was the average between the total number of resistant
strains and the total number of tested strains. Strains that had an
intermediate profile were considered susceptible to the antimicro-
bial agent. According to the National Committee for Clinical
Laboratory Standards (NCCLS) [17], the ‘intermediate’ category in-
cluded isolates with minimum inhibitory concentrations (MICs) of
an antimicrobial agent that approach usually attainable blood and
tissue levels and for which response rates may be lower than that

Fig. 1. Search strategy adopted for the study, presenting the MeSH keywords and
search terms for antimicrobial activity and the resistance of bacterial isolates from
acute endodontic infections, as performed in the PubMed database and adapted for
other databases.
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of susceptible isolates. It implies clinical efficacy in body sites where
the drug is physiologically concentrated or when a higher than
normal dosage of a drug is used. It also includes a buffer zone, which
would have prevented small, uncontrolled, technical factors from
causing major discrepancies in the interpretations, especially for
those drugs with narrow pharmacotoxicity margins.

2.5. Statistical methods for the meta-analysis

Statistical analysis was performed to evaluate the resistance pro-
files of the clinical isolates from primary acute endodontic infections
to the antimicrobial agents using ComprehensiveMeta-Analysis soft-
ware v.3.3.070 (Biostat, Englewood, NJ).

A random-effect meta-analysis model was used to estimate the
combined effect. The outcome was described as the pooled resis-
tance rates for each antimicrobial agent and was shown using a
Forest plot. The degree of heterogeneity was analysed by χ2 test and
the I2 statistic, including all of the selected studies for the meta-
analysis. A sensitivity analysis was performed by removing those
studies with the greatest sample size [18,19] to evaluate the ro-
bustness of the results. A subgroup analysis was performed based

on the report or not of the use of antibiotics prior to collection as
an exclusion factor in the original study. Subgroup A comprised
studies that reported the previous use of antimicrobial agents as
an exclusion factor [20,21], and Subgroup B included those studies
that did not report the previous use of an antimicrobial agent as
an exclusion factor [12,18,19,22,23].

3. Results

The results of the search strategy are presented in Fig. 2. The final
results of the search in The Cochrane Library, ISI Web of Knowl-
edge, Medline database (via PubMed) and Scopus yielded 1, 11, 15
and 24 publications, respectively. Several studies were shared inmore
than one database (Medline vs. ISI Web of Knowledge, 6; Medline
vs. Scopus, 15; and Scopus vs. ISI Web of Knowledge, 9). Imple-
menting the inclusion and exclusion criteria, 6 studies were included
and 20 studies were excluded. One additional study was consid-
ered relevant by hand-searching.

Information about the selected studies is shown in Tables 1–4.
The studies were performed over different time periods (2002–
2014) and the samples were collected in Japan, the USA, Brazil and

Fig. 2. Flow diagram of the search strategy developed to identify studies related to the antimicrobial resistance of bacterial isolates from acute endodontic infections.
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European countries. No selected study mentioned having con-
ducted a sample size calculation; no study described how
recruitment was conducted. Two selected papers reported no con-
flicts of interest [19,20]. Samples were collected from the root canals
(symptomatic) and apical swellings. The vast majority of studies had
not adopted previous exposure to antimicrobial agents as an ex-
clusion criterion. Descriptive statistics were reported in all
publications.

Data from seven studies were extracted [12,18–23]. A total of 15
different antimicrobial agents were evaluated in the selected studies,
as follows: penicillin; amoxicillin; amoxicillin/clavulanic acid (AMC);
ampicillin; piperacillin/tazobactam (TZP); clindamycin; metroni-
dazole; erythromycin; azithromycin; cefaclor; cefazolin; cefoxitin;
vancomycin; imipenem; and tetracycline. Results of the meta-
analysis are shown in Fig. 3. The data are summarised in Table 5.

The overall resistance rates ranged from 3.5% to 40.0% for micro-
organisms isolated from acute endodontic infections (Table 5). After
the sensitivity analysis excluding the study of Kuriyama et al [18],
the overall resistance rates were 9.5%, 23.2%, 25.4% and 64% of iso-
lates for metronidazole, erythromycin, clindamycin and tetracycline,

respectively. After the sensitivity analysis excluding the study of
Poeschel et al [19], the overall resistance rates were 4.9%, 4.3% and
12.9% of isolates to amoxicillin, AMC and penicillin G, respectively.

Subgroup analysis showed that the resistance rates ranged from
6.9% to 82.9% for studies that reported previous use of antimicro-
bial agents as an exclusion factor in the original study. However, they
ranged from 1.4% to 21.7% for studies that did not report or did not
employ previous use of antimicrobial agents as an exclusion factor.

The study observed heterogeneity in the resistance rates for pen-
icillin G (Q-value = 9.479; P = 0.002) among the studies that reported
previous use of antimicrobial agents as an exclusion factor (sub-
group A). The same behaviour was not observed for AMC (Q-
value = 3.011; P = 0.083). In subgroup A, heterogeneity analysis was
not performed for clindamycin, erythromycin, metronidazole, tet-
racycline and amoxicillin because only one study included them
(Fig. 3A). Heterogeneity was also observed for amoxicillin (Q-
value = 9.809; P = 0.02), clindamycin (Q-value = 43.906; P = 0.000),
metronidazole (Q-value = 15.536; P = 0.001) and tetracycline (Q-
value = 33.7; P = 0.000) among those studies that had not reported
the previous use of antimicrobial agents as being an exclusion factor

Table 1
Study aims and characteristics of the samples in the included studies.

Author, year Aims Participants Antibiotic exposure as
exclusion criterion

Sample
sizea

Khemaleelakul et al,
2002 [22]

To determine the bacterial composition of the microbiota from
acute endodontic abscesses/cellulitis; to determine the
antimicrobial susceptibility of bacteria by Etest

17 patients (age 6–45 years) No 118

Jacinto et al, 2003 [23] To investigate the correlation between the composition of
bacterial flora isolated from infected root canals of teeth with
apical periodontitis and with the presence of clinical signs and
symptoms; to test the antibiotic susceptibility of five anaerobic
bacteria most commonly found in the root canals of symptomatic
teeth

48 patients (age 13–63 years) No 66

Kuriyama et al, 2005 [18] To determine whether treatment of dentoalveolar infection was
influenced by the choice of antibiotic and the presence of
penicillin-resistant bacteria; to determine any correlation between
the presence of antibiotic resistance within the infection and a
history of previous antibiotic therapy

112 patients (age 17–81 years) No 410

Ozbek et al, 2006 [21] To identify micro-organisms in root canals with periapical
abscesses and their antimicrobial susceptibility profiles and to
revise the antimicrobial treatment protocols

30 patients:
14 males (mean age 31.8 years)
16 females (mean age 33.8 years)

Yes (3 months) 156

Skucaite et al, 2010 [12] To evaluate the susceptibilities of endodontic pathogens isolated
from teeth with symptomatic apical periodontitis to the most
commonly prescribed antibiotics

58 patients (age 20–73 years) No 66

Poeschl et al, 2011 [19] To evaluate the actual bacterial resistance rates against the most
commonly used antibiotics and to assess the clinical impact of the
findings

89 patients (age 8–85 years) No 122

Montagner et al, 2014 [20] To detect the cfxA/cfxA2 gene through molecular methods and to
observe its expression through the MIC and the degradation of a
lactamase substrate

20 patients (average age not
mentioned)

Yes (3 months) 29

MIC, minimum inhibitory concentration.
a Number of bacterial strains tested for antimicrobial susceptibility.

Table 2
Other information in the included studies.

Author, year Microbial source/sampling Method used to
measure outcome

Antimicrobial agents

Khemaleelakul et al, 2002 [22] Tissue swelling/aspiration Etest Penicillin; amoxicillin; amoxicillin/clavulanic acid; clindamycin; metronidazole
Jacinto et al, 2003 [23] Root canal/paper points Etest Penicillin; amoxicillin; amoxicillin/clavulanic acid; clindamycin; metronidazole;

erythromycin; cefaclor; azithromycin
Kuriyama et al, 2005 [18] Root canal/swab

Tissue swelling/aspiration
Disk diffusion Penicillin; clindamycin; metronidazole; erythromycin; tetracycline

Ozbek et al, 2006 [21] Root canal/paper points Oxoid disks and Etest Penicillin; amoxicillin/clavulanic acid; clindamycin; erythromycin; tetracycline;
cefazolin; imipenem; metronidazole; cefoxitin; piperacillin/tazobactam

Skucaite et al, 2010 [12] Root canal/paper points
Tissue swelling/aspiration

Etest Penicillin; amoxicillin; amoxicillin/clavulanic acid; clindamycin; metronidazole;
erythromycin; tetracycline; ampicillin; vancomycin

Poeschl et al, 2011 [19] Tissue swelling/swabbing
or aspiration

Disk diffusion Penicillin; amoxicillin; amoxicillin/clavulanic acid; clindamycin; erythromycin

Montagner et al, 2014 [20] Root canal/paper points Etest, Nitrocefin test Penicillin; amoxicillin; amoxicillin/clavulanic acid
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(subgroup B). Penicillin G (Q-value = 3.519; P = 0.172), penicillin V
(Q-value = 3.161; P = 0.075), AMC (Q-value = 1.683; P = 0.641) and
erythromycin (Q-value = 6.204; P = 0.102) did not show heteroge-
neity among resistance rates in the articles belonging to subgroup
B that did not report the previous use of antimicrobial agents as
being an exclusion factor (Fig. 3B).

A random-effect meta-analysis model was not performed for
cefaclor, tetracycline, cefazolin, ampicillin, azithromycin, vancomy-
cin, imipenem, cefoxitin and TZP because they were mentioned in
only a single study [21]. The resistance rates to these antimicro-
bial agents are shown in Table 4.

4. Discussion

In the present study, a comprehensive systematic reviewwas con-
ducted to identify, evaluate and synthesise all of the clinical studies
that met the specified eligibility criteria in order to determine: ‘What
are the resistance rates to antimicrobial agents in studies that iso-
lated bacteria from patients with primary acute endodontic
infections?’ Although themajority of clinical isolates have been found
to be susceptible to the antimicrobial agents that are usually pre-
scribed, there was a wide range of antibiotic resistance among them.
The resistance rates varied according to the previous use of an an-
timicrobial agent.

The currently employed methods to determine the susceptibil-
ity profiles of clinical isolates are regulated by standard protocols
that employ a cultivation-based approach [17,24]. Only articles that
employed the disk diffusion and Etestmethodswere selected because
they included patterns that allow for a comparison according to
NCCLS and European Committee on Antimicrobial Susceptibility
Testing (EUCAST) guidelines. Continuous monitoring of microbial
susceptibility over time should be encouraged, but there are few
reports in the current literature that describe the shift in antimi-
crobial resistance in bacteria isolated from endodontic infections
[14]. There is a need for constantly revising the literature in order
to obtain proper data that may guide and support the clinical choices
of adjunctive systemic antimicrobial therapy. Use of statistical
methods, as performed in the meta-analysis, may provide a quan-
titative synthesis of the data regarding the susceptibility rates of
clinical isolates from patients with primary acute endodontic
infections.

Despite the strict selection criteria, evaluation of the studies
showed few factors that connected them. For example, several
species were isolated and tested for their antimicrobial suscepti-
bility. Furthermore, the included articles did not test the same set
of antimicrobial agents for susceptibility of all of the isolates. The
little amount of shared information in the studies did not allow for
the determination through a meta-analysis of the resistance

Table 3
Genera of tested bacteria that were reported in each included study.

Author, year Bacterial genera

Khemaleelakul et al, 2002 [22] Bacteroides, Clostridium, Eubacterium, Fusobacterium, Peptostreptococcus, Porphyromonas, Prevotella, Veillonella, Propionibacterium,
Actinomyces, Gemella, Streptococcus, Corynebacterium, Eikenella, Lactobacillus, Staphylococcus

Jacinto et al, 2003 [23] Fusobacterium, Peptostreptococcus, Streptococcus, Prevotella, Gemella, Actinomyces, Veillonella, Clostridium, Propionibacterium,
Eggerthella, Staphylococcus, Eubacterium, Enterococcus, Campylobacter, Bifidobacterium, Bacteroides, Tissierella, Lactobacillus,
Porphyromonas

Kuriyama et al, 2005 [18] Prevotella, Peptostreptococcus, Streptococcus, Fusobacterium, Eubacterium, Actinomyces, Eikenella, Veillonella, Propionibacterium,
Porphyromonas, Capnocytophaga, Clostridium, unspecified, strictly anaerobic Gram-negative bacillus, unidentified CO2-dependent
Gram-positive coccus

Ozbek et al, 2006 [21] Staphylococcus, Streptococcus, Corynebacterium, Neisseria, Acinetobacter, Escherichia, Pseudomonas, Enterobacter, Klebsiella,
Peptostreptococcus, Actinomyces, Eubacterium,Mobiluncus, Erysipelothrix, Fusobacterium, Prevotella, Bacteroides, Porphyromonas

Skucaite et al, 2010 [12] Streptococcus, Enterococcus, Prevotella, Bacteroides, Anaerococcus, Peptostreptococcus, Tissierella, Eikenella
Poeschl et al, 2011 [19] Streptococcus, Staphylococcus, Prevotella, Peptostreptococcus, Bacteroides, Fusobacterium, Eikenella, Lactobacillus, Corynebacterium,

Enterococcus, Enterobacteriaceae
Montagner et al, 2014 [20] Prevotella, Porphyromonas, Parvimonas

Table 4
Number of resistant strains for each antibiotic in the included studies.

Author, year No. of bacterial
strains tested

No. of resistant strains

PCG PCV AMX AMC CLI MTZ ERY TET CEZ CCL AMP VAN IPM CFX TZP

Khemaleelakul et al, 2002 [22] 118 – 23 18 0 13 – – – – – – – – – –
58 – – – – – 7 – – – – – – – – –

Jacinto et al, 2003 [23] 66 7 – 0 0 3 3 7 – – 0 – – – – –
Kuriyama et al, 2005 [18] 410 – 53 – – 13 82 96 36 – – – – – – –
Ozbek et al, 2006 [21]a 156 74 – – – 57 – – – – – – – – – –

76 – – – 17 – 15 39 63 23 – – – – – –
70 – – – – – – – – – – – – 3 14 7

Skucaite et al, 2010 [12] 66 – – – – – – – – – – 21 0 – – –
65 1 – – – 14 – – – – – – – – – –
53 – – 0 – – – 15 21 – – – – – – –
10 – – – 0 – – – – – – – – – – –
9 – – – – – 5 – – – – – – – – –

Poeschl et al, 2011 [19] 122 – – 11 2 – – – – – – – – – – –
107 – – – – 23 – – – – – – – – – –
103 10 – – – – – – – – – – – – – –
76 – – – – – – 17 – – – – – – – –

Montagner et al, 2014 [20]a 29 4 – 2 2 – – – – – – – – – – –

PCG, penicillin G; PCV, penicillin V; AMX, amoxicillin; AMC, amoxicillin/clavulanic acid; CLI, clindamycin; MTZ, metronidazole; ERY, erythromycin; TET, tetracycline; CEZ,
cefazolin; CCL, cefaclor; AMP, ampicillin; VAN, vancomycin; IPM, imipenem; CFX, cefoxitin; TZP, piperacillin/tazobactam.
–, not tested.

a Original studies that reported prior use of antibiotics as an exclusion criterion.
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profiles for each species/genera. The overall resistance percent-
ages for a specific antimicrobial agent were calculated for each study,
regardless of the species that were tested.

For primary acute endodontic infections, the overall resistance rates
varied according to the antimicrobial agent. The bacterial strains were
highly susceptible to AMCand amoxicillin. Higher resistance rateswere
observed for tetracycline. Intermediate values were observed for pen-
icillinG, clindamycin, penicillin V,metronidazole and erythromycin. The
resultswere in accordancewith clinical recommendationswhich suggest
antibiotics of the β-lactam group, especially amoxicillin and AMC, as

being the first choice for the management of acute endodontic infec-
tions owing to their efficacy, safety, and convenience for administration
and access [10,25,26]. The low susceptibility rates for tetracyclinewere
probably associatedwith intrinsic resistance among theanaerobic strains
aswell as secondary resistance due to its broad use andmisuse [27,28].
For the past two decades, themost commonly used antibiotics in peri-
odontal treatment have been the tetracyclines [29,30]. Thewidespread
emergence of tetracycline resistance in medically important bacteria
has limited the use of tetracycline in the treatment of medical infec-
tions [31]. In the oral cavity, tetracycline resistance has increased over

Fig. 3. (A) Forest plot for the antimicrobial resistance profiles of clinical isolates from primary acute endodontic infections for each antimicrobial agent, according to data
from those studies that reported prior use of antibiotics as an exclusion factor. Heterogeneity test results: Penicillin G (Q-value = 9.479; P = 0.002); amoxicillin/clavulanic
acid (AMC) (Q-value = 3.011; P = 0.083). (B) Forest plot for the antimicrobial resistance profiles of clinical isolates from primary acute endodontic infections for each anti-
microbial agent, according to data from those studies that did not report prior use of antibiotics as an exclusion criterion. Heterogeneity test results: Amoxicillin
(Q-value = 9.809; P = 0.02); penicillin G (Q-value = 3.519; P = 0.172); clindamycin (Q-value = 43.906; P = 0.000); penicillin V (Q-value = 3.161; P = 0.075); metronidazole
(Q-value = 15.536; P = 0.001); erythromycin (Q-value = 6.204; P = 0.102); AMC (Q-value = 1.683; P = 0.641); tetracycline (Q-value = 33.7; P = 0.000). CI, confidence interval.

Table 5
The pooled resistance rate, as determined by data extracted from the included studies.

Antibiotic Overall data Studies that reported previous
use of ATBs as exclusion
criterion (subgroup A)a

Studies that did not report/employ
previous use of ATBs as exclusion
criterion (subgroup B)a

%RESb CI nRES/nc %RESb CI nRES/nc %RESb CI nRES/nc

AMC 3.5 0.8–14.2 21/421 14.8 4.6–38.6 19/105 1.4 0.5–3.9 2/316
Amoxicillin 7.7 3.6–15.5 31/388 6.9 1.7–23.8 2/29 7.4 3.0–17.2 29/359
Penicillin G 12.3 3.6–34.6 100/458 29.1 7.0–68.9 78/185 7.9 4.0–15.0 18/357
Clindamycin 13.1 5.6–27.5 123/919 36.5 29.4–44.4 57/156 10.2 4.4–21.8 66/756
Penicillin V 15.5 10.2–22.8 76/528 – – – 15.5 10.2–22.8 76/528
Metronidazole 17.5 10.5–27.9 112/619 19.7 12.3–30.2 15/76 17.0 7.7–33.3 97/543
Erythromycin 26.0 16.2–38.9 174/681 51.3 40.2–62.3 39/76 21.7 16.2–28.3 135/605
Tetracycline 40.0 6.2–87.0 120/539 82.9 72.7–89.8 63/76 19.9 3.6–61.9 57/463

ATB, antibiotics; CI, confidence interval; AMC, amoxicillin/clavulanic acid.
a Subgroup A [20,21]; subgroup B [12,18,19,22,23].
b %RES = percentage of resistant strains (pooled values).
c nRES/n, number of resistant strains/total number of strains.
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the past several years [32]. Some investigators have reported that this
may be one of the reasons for the reduced effects of tetracyclines as
an adjuvant measure for the treatment of periodontitis [33–36].

Despite the differences in laboratorial susceptibility patterns ob-
served for the antimicrobial agents, it was not possible to determine
whether they influence clinical responses to treatment. It should
be emphasised that acute endodontic infections are polymicrobial
with very high interindividual variability.

The involvement of species in a mixed consortium promotes a
broad range of relationships among them, modulating their patho-
genicity as additive or synergistic pathogenic effects [2,4]. The control
of endodontic infections does not have the species as a main target.
Eradication of some components of the microbial community may
lead to its disturbance and the remaining members may not be able
to survive without cross-interactions [4]. The ecological interfer-
ence that is promoted by the local approach (such as root canal
treatment and surgical drainage) might overcome the resistance to
antimicrobial agents as demonstrated by some of the community
members and lead to death of the resistant strain. However, Flynn
et al reported in a prospective study that penicillin treatment failure
was not predicted by pre-admission, timing, anatomic or preoper-
ative clinical variables in a sample of 37 subjects admitted for severe
odontogenic infections [37]. The authors observed that 6 of 24 sub-
jects had penicillin treatment failure, and penicillin-resistant bacteria
were detected in all of the patients who had no response to the an-
timicrobial treatment. Therefore, further studies with large sample
sizes should be conducted to determine the relationship between
the presence of resistant strains and the outcomes of the pro-
posed treatment.

Previous use of antimicrobial agents is a variable that must be
considered in the data analysis. Skucaite et al evaluated the sus-
ceptibility of endodontic pathogens to antibiotics in patients with
symptomatic apical periodontitis who had previous use of an an-
timicrobial agent [12]. According to the results, no correlation was
found between microbial susceptibility to antibiotics and previ-
ous antibiotic intake. However, Kuriyama et al showed that penicillin-
resistant bacteria were isolated more frequently from patients who
had received penicillin before sampling [18]. There was no signif-
icant correlation between the prevalence of erythromycin-resistant
bacteria and previous administration of erythromycin. Therefore,
a subgroup analysis was performed regarding the results to deter-
mine the effects of previous use of antibiotics. It was observed that
the resistance rates were different when comparing studies that re-
ported previous use of antimicrobial agents as an exclusion criterion
(subgroup A). Articles that did not report previous use of antimi-
crobial agents as an exclusion criterion comprised subgroup B. These
differences could be related to diverse factors: the small number
of studies; the reduced number of bacterial strains that were tested
in each study; the fact that the resistance rates were obtained from
a pool of bacteria; and the fact that the correlation between the prev-
alence of resistant bacteria and previous use of antibiotics appeared
to occur for some agents, but not for others. In addition, there was
a limitation of memory bias, since patients could not remember
exactly what drugs they had used in the past 3months. These results
emphasise the need to analyse the data reported in articles and to
consider the previous use or not of antibiotics, since the resis-
tance rates differed between the subgroups. However, independent
of the differences among the subgroups A and B and the overall data,
the general profiles of resistance remained the same: lower rates
of resistance for amoxicillin and AMC; higher rates of resistance for
the tetracyclines; and intermediate rates for the other antimicro-
bial agents that were tested.

In parallel, a heterogeneity analysis was performed for specific
antimicrobial agents, depending on the subgroup of the studies.
There was heterogeneity among the resistance profiles for penicil-
lin G for the studies that excluded previous use an antimicrobial

agent (subgroup A) and for amoxicillin, clindamycin, metronida-
zole and tetracycline among the studies that did not exclude this
use (subgroup B). These findings can be associated with several bac-
terial species that were tested and for the different sites of sampling.
Despite being concomitant infections, matched samples taken from
the root canal and abscess aspirates from the same subject had dis-
crepancies between the bacterial community profiles [5].
Furthermore, the microbial profiles of the acute endodontic infec-
tion samples were unique for each subject and did not show any
clustering behaviour from the samples that were collected among
patients [5,38]. Despite the assessment of a specific group of end-
odontic infections, the microbiomewasmodulated by its geographic
location [39–41]. It was not possible to perform a region-based anal-
ysis because the samples were collected from six different countries
(Thailand, Brazil, UK, Turkey, Lithuania and Austria). Only the results
reported by Jacinto et al [23] and Montagner et al [20] belonged
to the same geographic location (Brazil).

Sensitivity analyses were performed excluding those studies with
the largest sample sizes [18,19] to evaluate whether the findings
were dependent on arbitrary or unclear decisions. The overall re-
sistance rates to erythromycin, AMC and penicillin G were similar
when the studies were included in the meta-analysis. However, the
overall resistance rates to metronidazole, clindamycin, tetracy-
cline and amoxicillin were different when these studies were
included in the meta-analysis. Although different, it was not pos-
sible to determine whether the difference influenced the clinical
response to treatment, as discussed previously.

The results of this systematic review andmeta-analysis are limited
by several factors, as previously discussed. They are also associ-
ated with the limitations that were imposed by bacterial recovery
from the complex microbial communities. It should be emphasised
that available cultivation methods have not yet been able to allow
for the laboratorial growth and isolation of several micro-organisms.
Furthermore, the results obtained through susceptibility testing rep-
resented a single micro-organism or a select group of micro-
organisms that were isolated from the infected site. The virulence
of the strains might have been modulated by their isolation in the
culture medium, especially due to the lack of interaction among the
several micro-organisms that were also present in the odonto-
genic infection. There was also a lack of data on the specific number
of strains that were tested for each sample in the articles. The tested
isolates may or may not have represented all of the microbial com-
munity that was active in the infected site. As culturing and testing
of slow-growing oral bacteria can take up to 2 weeks, therapeutic
decisions still have to be based on previous reports from the liter-
ature, as has been summarised in the present study.

5. Conclusion

This systematic review and meta-analysis allowed for depict-
ing the resistance profiles to antimicrobial agents in bacteria isolated
from acute endodontic infections. AMC and amoxicillin showed the
lowest in vitro rates for bacterial resistance among the strains. The
resistance rates for the antimicrobial agents varied according to
the previous use of an antimicrobial agent. There was a lack of in-
formation regarding the association between the resistance profiles
of the bacterial isolates and clinical outcomes.
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