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Abstract

Background: [t is estimated that up to 90% of head and neck infections have an odontogenic origin, which are consid@
among the most common in the oral cavity and maxillofacial region. Bacterial resistance has been 1 of the main problems related
to the treatment of this type of infection in recent years. The frequency of this resistance is increasing, which is mainly due to
patient self-medication and the mutations that bacteria present. Therefore, the objective of this study is to analyze the antimicrobial
resistance of antibiotics commonly administered for the treatment of odontogenic infections.

Method: To carry out the study, PubMed, ScienceDirect, and Scopus databases were reviewed using the keywords “odontogenic
infection”, “pharmacological treatment”, and “microbial resistance. Studies whose main objective was the pharmacological
treatment of odontogenic infections were selected. Exclusions were review-type studies, systematic reviews, or in vitro or animal
model studies. For the analysis of risk of bias, the Checklist for Analytical Cross-Sectional Studies of the Joanna Briggs Institute
was used. The search and analysis of the studies was carried out by 2 researchers independently.

Results: A total of 13 studies were included in this review. The mean age was 39.6 years; the location of the infection in the study
subjects was in the submandibular and vestibular spaces; there were periodontal, periapical, and dentoalveolar lesions; the main
microorganisms identified were Streptococcus, Staphylococcus, Prevotella, Peptostreptococcus, Clostridium, and Klebsiella;
and finally, the main microorganisms identified for bacterial resistance were penicillin, clindamycin and amoxicillin.

Conclusion: The health professional is obliged to update their knowledge to avoid such antibiotic resistance and thus provide

better patient care.
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1. Introduction

It is estimated that up to 90% of head and neck infections are
of odontogenic origin and are among the most common in the
oral cavity and maxillofacial region.!!’ Development begins
either in the tooth or 1 of its supporting structures due to caries,
periodontal disease, unsuccessful endodontic treatments, and/
or pericoronitis. Odontogenic infections can stay localized or
spread to adjacent tissues and even to distant regions.””! When
this happens, the patient may experience complications includ-
ing osteomyelitis, sepsis, and mediastinitis."!

This type of infection commonly responds favorably to
outpatient management; however, when treatment is not suc-
cessful, the condition can become severely complicated, even
compromising the patient’s life and making hospital care
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essential.¥! Even though most cases can be treated in a simple
way, it has been estimated that the mortality rate ranges from
10% to 40%.1 Among the factors that increase the probabil-
ity of complications are patient self-medication, inadequate
clinical management of antibiotics, and bacterial resistancel®;
the latter is of great importance since it currently represents a
severe public health problem. Resistance to antimicrobial ther-
apy worryingly affects the efficacy of antibiotics and leads to
increased rates of morbidity and mortality associated with this
type of infection.l®

The treatment of these infections requires extensive knowl-
edge on the part of the health professional to determine the
appropriate pharmacological scheme. Many of these patients
go to the dentist, which makes it essential for the practi-
tioner to stay up to date on the use of antibiotics to make
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appropriate decisions.”! Therefore, the objective of this study
is to analyze the antimicrobial resistance of antibiotics com-
monly administered for the treatment of odontogenic infec-
tions. To carry out the study, three databases were analyzed:
PubMed, ScienceDirect, and Scopus to identify studies that
included the pharmacological treatments used in odonto-
genic infections and their effects. This study was based on the
PRISMA criteria.

2. Materials and Methods

2.1. Research question

What is the response to antibiotic treatment in adult subjects
with odontogenic infections?

Medicine

2.2. Registration protocol
The study was registered in PROSPERO No. CRD42021265241.

2.3. Selection criteria
Inclusion criteria were:

* Clinical case studies, case series, retrospective studies.

* Studies whose main objective was the treatment of odonto-
genic infections.

* Studies whose methodology explicitly mentioned the anti-
biotic treatment administered to patients.

Exclusion criteria were:

* Studies that were reviews or systematic reviews.
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Figure 1. PRISMA flow diagram.
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¢ Studies that did not clearly mention the treatment used.
* Studies conducted on subjects under 18 years of age.
* Studies carried out on animals or in vitro.

2.4. Search strategy

For the search strategy, three databases were used: PubMed,
ScienceDirect, and Scopus. The keywords “odontogenic infec-
tion”, “pharmacological treatment”, and “microbial resistance”
were used with the Boolean operators “AND” and “OR”, and the
search was performed with the terms independently and jointly.

2.5. Selection of studies

For the selection of studies, a first filtering by title and abstract
was carried out to identify articles that included odontogenic
infections and their treatment. Subsequently, the selected studies
were placed in a bibliographic manager (Mendeley) to identify
repeated studies; then, an extensive review was carried out to
identify all the studies that met the established selection crite-
ria. The search was carried out by 2 evaluators independently
(Gabriela Anaid Mungarro Cornejo and Maria Verénica Cuevas
Gonziélez). In case of discrepancy, a 3" evaluator intervened
(Juan Carlos Cuevas Gonzilez).

2.6. Data extraction

The data obtained from each of the selected studies were author,
year, type of study, objective, number of study subjects, age in
years, diagnosis, location of the infection, identification of bac-
teria, main bacteria identified, type of drug and complementary
non-antibiotic treatment, antibiotic resistance, and conclusion
of the study. All the information was placed in a statistical pro-
gram for later analysis.

2.7. Analysis of results

Because of the study objective, the data were analyzed only in a
descriptive way; for the quantitative variables, measures of cen-
tral tendency and dispersion were reported; for the qualitative
variables, frequencies were reported. The SPSS.25 (IBM SPSS
Statistics for Windows, Version 25.0, IBM Corp, Armonk, NY)
program was used.

2.8. Risk of bias

Risk of bias was determined using the Joanna Briggs Institute
Checklist for Analytical Cross-Sectional Studies.!®! The evalua-
tion was carried out by 2 evaluators independently (Gabriela
Anaid Mungarro Cornejo and Maria Verénica Cuevas
Gonziélez). In case of discrepancy a 3™ evaluator intervened
(Juan Carlos Cuevas Gonzilez),

3. Results

3.1. Search strategy

According to the search strategy, 599 studies were identified.
When analyzing the initial filtering by title and abstract, 18
studies were selected. Finally, when evaluating the full text, 13
studies were selected that met the established criteria. (Fig. 1:
PRISMA flow chart).

3.2. Data description

When analyzing the extensive studies, the sample size per study
was highly variable: from 10 to 1077 study subjects. The mean
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age was 39.6 years, and the dental pieces responsible for the
etiology of these infections were mostly the mandibular molars.
When describing the location of the infection in the study sub-
jects, the most common location reported were the subman-
dibular and vestibular spaces. The periodontal, periapical, and
dentoalveolar lesions were more prevalent.

Infections of odontogenic origin are polymicrobial, so it is
not surprising that a considerable variety of microorganisms
were detected in the included studies. The most frequent were
bacteria from these groups: Streptococcus, Staphylococcus,
Prevotella, Peptostreptococcus, Clostridium, and Klebsiella. In
all the studies, antibiotic resistance tests were carried out on the
isolated microorganisms. Ceftriaxone, penicillin, clindamycin,
amoxicillin, erythromycin, metronidazole, cotrimoxazole, and
clarithromycin were among the drugs that showed resistance.

3.3. Risk of bias

A risk of bias assessment was performed using the Joanna
Briggs Institute Checklist for Analytical Cross-Sectional Studies,
which consists of eight questions directed towards the identifi-
cation of basic methodological elements such as inclusion crite-
ria, description of the study subjects, and the description of the
strategies used for the analysis of the subjects. According to the
evaluation carried out, 100% of the studies had a low risk of

bias (Table 1).

4. Discussion

Currently, bacterial resistance to antibiotics has increased. The
main reason why a dental professional will recommend anti-
microbial therapy is the presence of odontogenic infections.
Shakya et al,” reported that males are more affected than
females in a 2.45:1.00 ratio, and the most affected age group is
from 21 to 30 years old. In contrast, Blankson et al,'” in their
S-year study, reported that both sexes have the same involve-
ment in a 1:1 ratio with a mean age of 42.9 years. In our study,
the mean age of patients with odontogenic infections was 39.6
years. These data show that although odontogenic infections
can affect either sex indistinctly, the main age of presentation in
adults is between the 3™ and 4" decade of life.

When the infectious process develops, it is vitally import-
ant that adequate treatment is in place to avoid dissemination
to deep maxillofacial spaces. The dispersal of the infection
has multiple etiological factors, 2 of which are: (1) resis-
tance of the host due to the presence of systemic diseases;
and (2) bacterial resistance to the administered treatment.
The main complications include respiratory obstruction,

Risk of bias.

Author a1 02 03 04 Q7 Q@8 Riskbhias
Aneesh * * * * * * Low
Farmahan S * * * * * * Low
Nils Heim * * * * * * Low
Inderdeep Singh Walia * * * * * * Low
L6pez - Gonzalez E * * * * * * Low
Mamta Singh * * * * * * Low
Narita M * * * * * * Low
Heim N. * * * * * * Low
Adamson 00 * * * * * * Low
Plum A. * * * * * * Low
Sanchez R * * * * * * Low
Rasteniene R. * * * * * * Low
Kityamuwesi R. * * * * * * Low

Scientific papers included in the study.
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sepsis, endocarditis, and pericarditis.>¥ 1 of the most com-
mon examples related to the spread of odontogenic infection
is periapical infection. The microorganisms begin invading
the root canal and spread towards the periradicular tissues
through the apical foramen, causing an inflammatory process
that can trigger the formation of an abscess.”?! In this study,
we identified that the main localization of the odontogenic
infection was in the mandibular region, which, due to the
lack of adequate treatment, was able to advance and invade
the submaxillary spaces.?!

One of the main challenges when establishing pharmaco-
logical treatment is the polymicrobial characteristic of the
odontogenic infections in which aerobic and anaerobic micro-
organisms have been described. According to the study carried
out by Sebastian et al,''! the most frequent aerobic microor-
ganism in odontogenic infections was Streptococcus viridians in
34.9% of cases, and the most frequent anaerobic microorgan-
ism was Peptostreptococci in 61.1%. They reported that amox-
icillin with metronidazole is the standard treatment for this
type of infection; however, they observed a resistance of 95%
in aerobic microorganisms and 86% resistance for anaerobic
microorganisms. In contrast, Lopez-Gonzilez et al'?! reported
that anaerobic microorganisms have the greatest presence in
odontogenic infections - mainly gram-positive bacilli - which
showed resistance to clindamycin in 33.3% of cases. In the pres-
ent study, the aerobic microorganism with the highest frequency
was Streptococcus; within the anaerobic microorganism it was
Prevotella. The main antibiotics related to bacterial resistance
are ceftriaxone, penicillin, clindamycin, and amoxicillin, among
others (Table 2).

There are multiple methods by which bacteria generate
resistance to drugs. Among the most prominent mechanisms is
intrinsic resistance, which is characterized by the presence of
enzymes that destroy the drug and prevent intracellular drug
binding. The presence of mutations located in the 23S ribosomal
gene modifies the binding site of antibiotics (inhibiting tran-
scription and translation); however, resistance is due to the bio-
film. The biofilm formation is carried out naturally by quorum
sensing, which is when increased cell density increases antibiotic
resistance because molecules have a reduced ability to diffuse
through the matrix of the biofilm and finally the efflux pump.
The block membrane channels are characterized by their ability
to alter the entry of the antibiotic into cells and to prevent mul-
ticomponent pumps. 314

Bacterial infections previously treated successfully with anti-
biotics have lost sensitivity as a result of their indiscriminate
use.l'>1¢1 In the United States, 10% of the antibiotics prescribed
are authorized by dentists - 50% of which could be considered
an inappropriate or unnecessary prescription.l'” It is essential
that dentists keep up to date on the diagnosis of dental infec-
tions in order to achieve early detection of bacterial infections
and proper management of the antibiotics. Access to recent
information is vital for the practitioners to be aware of the most
effective current antibiotic schemes based on the etiology of the
infection.

5. Limitations

One of the main limitations of the study is that scientific litera-
ture on this topic is sparse. Therefore, it is essential that bacte-
rial resistance to antibiotics is regarded as a health priority to
avoid further complications.
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6. Conclusions

Antibiotic resistance - an increasing health problem - has high-
lighted an urgent need for the implementation of strategies by
the World Health Organization focused on reducing the pro-
gression of antimicrobial resistance. However, it is the health
professional’s responsibility and obligation to update his/her
knowledge to avoid such antibiotic resistance and thus provide
better patient care.
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