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In connection with the constant development of the spectrum of sensitivity of infectious agents, the dynamic development
of antimicrobial resistance and the view of modern medicine on rational antibacterial therapy, we consider it appropriate to study the
current state of antibacterial resistance of the microbial composition of odontogenic purulent-necrotic foci of the maxillofacial region.
The mismatch of microflora sensitivity to the prescribed antibiotic occurred in 66.7 % of cases. Most often, in postoperative surgical
wounds due to the opening of purulent-necrotic foci of the maxillofacial region, colonization of Str. mitis, S. pyogenes, S. epidermidis,
and also Pseudomonas spp. Antibacterial drugs of the Access group, to which the microbiota of the studied wounds is likely sensitive,
were found: clindamycin, ampicillin, gentamicin. The use of clindamycin as a starting antibacterial drug for the treatment of purulent-
necrotic lesions of the maxillofacial region may be appropriate not only in cases where the patient is allergic to beta-lactams.
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3BIT EMIITPUYHOI AHTUBIOTUKOTEPAIII 3 PE3YJIBTATAMHU BAKTEPIAJIOTTYHOT'O
AHAJII3Y IIPU JIIKYBAHHI OJOHTOI'EHHUX THIMHO-HEKPOTUYHUX IMPOLECIB
IEJENHO-JUIEBOI JLJIAHKA

V 3B’SI3KY 3 MOCTIHHIM PO3BUTKOM CIIEKTPY UyTAMBOCTI iHPEKUIHHUX areHTIiB, AMHAMIYHIM PO3BHTKOM aHTHMIKPOOHOT
PE3UCTEHTHOCTI Ta TONISAAOM CyYacHOI MEIUIIMHU Ha pPalliOHAIBHY aHTHOAKTEepialbHy TEpamilo, MH BBAXKAEMO IOUITBHUM
OHOBHUTH [aHI MPO MIKPOOHMH CKIIaJ OZOHTOTCHHUX THIMHO-HEKPOTWYHMX BOTHHMIN MIEJCMHO-JUIEBOI OUITHKH Ta HOro
anTHOaKTepialibHy pe3ucTeHTHiCTh. He 30iraHHs d9yTIMBOCTI MIKpOGJIOpH 10 NPU3HAUYCHOTO AHTHOIOTHKY CKialo 66,7 %
Buna/kie. Hajfyacriie y xipypriyHux paHax 3 MPHBOAY PO3KPHUTTS THIHHO-HEKPOTHYHMUX BOTHHUIL[ LIEJICITHO-TULEBOI TISTHKH
BU3HAYa€ThCs KOJIOHI3awis Str. mitis, S. pyogenes, S. epidermidis, a Takox Pseudomonas spp. AHTHOaKTepiaTbHUMU NIpenapaTaMu
rpynu Access, 10 SKHX BIpOTiIHO YyTJIMBa MiKpoOioTa HOCHI/UKyBaHMX PaH BHSBIICHI: KIIHAAMIIMH, aMITILJIIH, TeHTaMIIHH.
[Mpu3sHaueHHst KNiHAAMILHY B IKOCTi CTApPTOBOrO aHTHOAKTEPiaIbHOrO Hpenapary Uisl JiKyBaHHs THIHHO-HEKPOTHYHHX ypaXKeHb
LIENEMHO-JINIEBO] UISTHKYA MOXe OyTH JOLIIbHUM He TIJIbKY Y BUIIaZKaxX HAasBHOCTI y MallieHTa ajneprii Ha OeTa-Iakramu.

KurouoBi cjioBa: JikyBaHHS, aHTHO10TUKOTEPAITisl, KIIHIYHE JOCHIPKCHHS, KIIIHIYHI BUIIA/IKH, 3aMIAJICHHS, aHaJi3.

The study is a fragment of the research project “Improvement of diagnostics, therapeutic, orthopedic and surgical
treatment of the most common dental diseases and their complications in the population affected by military actions”, state

registration No. 0124U004521.

A crucial issue in the treatment of infectious diseases is the ongoing need to enhance methods for
identifying pathogens [3]. One of the reasons for changes in the etiological factors and features of the
epidemiology of infectious diseases is chronic concomitant systemic diseases, as well as excessive and
irrational use of antibiotics [8]. Antibiotic resistance is now recognized as one of the main problems for
humanity [6].

Antimicrobial resistance — the resistance of pathogens to antimicrobial drugs, often called a “silent
pandemic”, contributes to the proliferation of pathogens of purulent infections and their spread, creating
increased healthcare costs, a significant threat to public health, and increased mortality [10].

Odontogenic infections differ from other suppurative facial soft tissue infections in the diversity of
bacterial agents, acute development and depth of the lesion [4]. In 2022, the WHO book “The WHO AWaRe
(Access, Watch, Reserve) antibiotic book” was published, aimed at rationalizing the prescription of
antibacterial drugs and reducing the development of resistance [9]. According to this book, antibiotics are
divided into four groups — Access, Watch, Reserve, Not-recommended. Access antibiotics have a narrow
spectrum of action, lower cost, a good safety profile and generally low potential for resistance. They are
often recommended as empirical first- or second-line drugs for the treatment of common infections. Watch
antibiotics are broad-spectrum antibiotics, usually with a higher cost, which are recommended only as first-
line drugs for patients with more severe clinical manifestations or for infections where pathogens are likely
to be resistant to Access antibiotics, such as upper urinary tract infections. Reserve antibiotics are last-line
antibiotics used to treat infections with multidrug resistance.
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According to the Decree of the Ministry of Health of Ukraine No. 1513 dated 23.08.2023, the
Medical Care Standard “Rational Use of Antibacterial and Antifungal Drugs for Therapeutic and
Prophylactic Purposes” [1] was approved. Several provisions of this standard indicate mandatory points
when using antibacterial and antifungal drugs for therapeutic and prophylactic purposes, including the need
to obtain a sample of biological material for bacteriological examination to identify the causative agent of
an infectious disease before administering an antibacterial drug to a patient in all cases of prescribing
empirical antibiotic therapy in healthcare institutions providing specialized (inpatient) medical care. The
choice of a drug for empirical antibiotic therapy is based on the expected therapeutic effect against the most
likely infectious agent (depending on the anatomical localization of the focus of inflammation) and its
possible resistance to the selected antibacterial drug (data from local / regional / national AMR monitoring).
It is also necessary to take into account the conditions of occurrence of a disease of bacterial etiology
(hospital / community-acquired) and the risk of the patient having MDR (multidrug resistance), in
accordance with Appendix 1 to this Standard.

Due to with the constant development of the spectrum of sensitivity of infectious agents, the
dynamic development of antimicrobial resistance and the view of modern medicine on rational antibacterial
therapy, we consider it appropriate to investigate the frequency of coincidence between the sensitivity of
the microbial composition of odontogenic purulent-necrotic foci of the maxillofacial region (OPNFMFR)
and empirically prescribed antibacterial agents.

The purpose of the study was to establish the empirical antibiotic therapy drugs with sensitivity
indicators for the microbial flora of postoperative wounds to antibiotics in the treatment of odontogenic
purulent-necrotic foci in the maxillofacial region.

Materials and methods. The study used the retrospective analysis method. The study material was
the medical record of an inpatient (MROI) of the Department of Maxillofacial Surgery and Otolaryngology
of the Municipal Emergency and Ambulatory Hospital of the Zaporizhzhia City Council for the period
from 2022 to 2024. 199 (100 %) MROIs were analyzed, randomly selected: 17 (8.5 %) MROIs — for 2022,
52 (26.1 %) MROIs — for 2023, 130 (65.3 %) MROIs — for 2024. Out of the 199 (100.0 %) MROIs, the
results of the bacteriological examination were available in 164 (82.4 %). 35 (17.6 %) MROIs, in which
there were no results of the bacteriological examination, were excluded from the study.

The distribution of 164 (100.0 %) MROIs by year was as follows: 14 (8.5 %) MROIs were in 2022;
38 (23.2 %) —in 2023, 112 (68.3 %) — in 2024.

The distribution of 164 (100.0 %) MROIs by localization of the purulent process of the
maxillofacial region was as follows:

— in the submandibular region — 92 (56.0 %) cases,

— in the intermuscular adiposus tissue spaces of the floor of the mouth unilaterally — 17 (10.3 %),

— in the intermuscular adiposus tissue spaces of the floor of the mouth bilaterally — 14 (8.5 %),

— in the intermuscular adiposus tissue spaces of the face unilaterally (diffuse phlegmon (cellulitis)
of the face) — 12 (7.4 %),

—in the adiposus tissue of the pterygoid space — 10 (6.1 %),

— in the submasseteric adiposus tissue — 9 (5.5 %),

— in the adiposus tissue of the submental region — 5 (3.1 %),

— in the adiposus tissue of the peripharynx space — 2 (1.2 %),

— in the adiposus tissue of the parotid-masticatory region — 2 (1.2 %),

— in the adiposus tissue of the orbital tissue — 1 (0.6 %).

Among the archival material included in the analysis, 71.0 % (n=116) of the MROIs were men,
29.0 % (n=48) were women; the average age of the patients was 41+1.7 years (median age — 45.5); the
youngest patient was 18 years old, the oldest — 83 years old.

Statistical analysis was performed using the methods of comparing percentages (proportions) using
the Student's t test, risk analysis, and comparing frequencies using the 2 test.

Results of the study and their discussion. According to 164 (100.0 %) MROIs, all patients with
purulent-necrotic processes of the cellular spaces of the maxillofacial region were hospitalized urgently for
emergency indications. During hospitalization, a clinical examination was performed. After establishing a
clinical diagnosis, the patient underwent preoperative preparation, including antibacterial prophylaxis:
intravenous administration of cefazolin 2.0 g 30 min before surgery.

Material collection for bacteriological examination.

Surgery was performed within 2 hours from the moment of the patient's hospitalization. All
interventions were performed, depending on the volume and depth of the revision of the anatomical spaces,
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under endotracheal anesthesia with mechanical ventilation, or under intravenous anesthesia. According to
the surgical protocol of the studied MKSh, after opening and draining the purulent focus, swabs were taken
from different areas of the wound with a sterile turunda in a special transport tube after washing the wound
with a stream of saline solution.

Antibacterial therapy and bacteriological examination results

In the postoperative period, patients were prescribed intravenous antibiotics until sufficient
recovery of swallowing function; all patients were switched to oral antibiotics in the early postoperative
period.

According to the medical prescription sheets of the 2022 MROIs, most often in the postoperative
period, patients with odontogenic phlegmons of the cellular spaces of the maxillofacial region were
prescribed ceftriaxone 1.0x2 per day intravenously: 12 cases out of 14, which amounted to 85.7 % of the
analyzed MROIs for 2022. In 2 (14.3 %) cases, cefixime and ciprofloxacin were prescribed, due to the
intake of these drugs prior to hospitalization. Out of the 12 (100.0 %) MROIs, where ceftriaxone was
prescribed, the sensitivity of the microflora to the antibiotic concurred in 4 cases, which amounted to
33.3 %. Thus, the mismatch of the sensitivity of the microflora to the prescribed antibiotic amounted to
66.7 % (p=0.09) cases. Sensitivity of the flora was also detected to ampicillin in 4 (33.3 %) cases,
gentamicin in 5 (35.7 %) and clindamycin in 12 (85.7 %), p=0.02.

Out of the 14 (100.0 %) examined MROIs for 2022, the growth of staphylococcal flora was
determined in 50.0 % (n=7) of patients: in 85.7 % (n=6) of them, the growth of Staphylococcus epidermidis
(p=0.01) was obtained, which accounted for 42.8 % of the microflora described in the ICRCs for 2022, and
in 14.3 % (n=1) — Staphylococcus haemoliticus, which accounted for 7.1 % of the microflora described in
the MROIs for 2022.

The growth of streptococci was detected in 42.8 % (n=6) of the MROIs: Streptococcus mitis — in
83.3 % (n=5), p<0.01, Streptococcus pyogenes — in 16.7 % (n=1), which respectively accounted for 35.7 %
and 7.1 % of the identified flora in the MROIs for 2022. In 85.7 % of cases of staphylococcal flora growth,
methicillin resistance (MRSE+) was detected, which may be triggered by inappropriate antibiotic therapy.

According to the data obtained from the analysis of 38 (100.0 %) MROIs in 2023,
amoxicillin+clavulanic acid was prescribed as a “starting antibiotic” in 60.5 % (n=23) cases (p=0.01),
ceftriaxone —in 36.8 % (n=14), clarithromycin — 2.6 % (n=1); metronidazole was prescribed as a combined
antibacterial therapy in 57.9 % (n=22) MROlIs.

Growth of streptococcal flora was obtained in 65.7 % (n=25) cases (p=0.005): in 80.0 % (n=20) of
them Streptococcus mitis was detected (p<0.01), in 8.0 % (n=2) — Streptococcus pyogenes, in 12.0 % (n=3)
— Streptococcus pneumoniae.

The growth of Staphylococcae was determined in the results presented in 7.9 % (n=3) of the 2023
ICSA: the Staphylococcaceae family were represented by Staphylococcus epidermidis strains. In addition,
the following microorganisms were isolated: Enterococcus durans — in 5.3 % (n=2), Delftia acidovorans,
Klebsiella pneumoniae, Enterococcus faecalis, Acinetobacter lwoftii, Burkholderia cenocepacia,
Pseudomonas putida — in 2.6 % (n=1) of each strain.

According to the MROIs, flora sensitivity was detected to ampicillin in 34.2 % (n=13) cases, to
gentamicin in 10.5 % (n=4), and to clindamycin in 55.2 % (n=21), p=0.06.

Analysis of 112 (100.0 %) MROIs in 2024 showed that amoxicillin + clavulanic acid was
prescribed as the “starting antibiotic” in 96.4 % (n=108) of MROIs (p<0.01), lincomycin, spiramycin and
cefazolin in 0.8 % (n=1) each. After determining the antibacterial sensitivity, the antibiotic was changed to
azithromycin in 1.8 % (n=2) of MROIs, to lincomycin, cefepime, linezolid, cefotaxime, meropenem,
cefixime, levofloxacin in 0.9 % (n=1) of MROIs. Metronidazole as a combined antibacterial therapy was
prescribed in 75.9 % (n=85) of MROIs (p<0.01).

Microbial flora identified in 112 (100.0 %) MROIs in 2024 was represented by the following
strains: Streptococcus mitis — in 20.5 % (n=23) MROIs, Streptococcus pyogenes — in 8.0 % (n=9),
Staphylococcus epidermidis — in 21.4 % (n=24), Staphylococcus haemoliticus — 0.9 % (n=1),
Staphylococcus aureus — in 1.8 % (n=2), Enterobacter durans — 2.7 % (n=3), Enterobacter cloacae — 1.8 %
(n=2), Enterobacter faecalis — 3.6 % (n=4), Klebsiella pneumoniae — 1.8 % (n=2), Moraxella osloensis and
Candida albicans — in 0.9 % (n=1) each. In 20.5 % (n=23) of the results of the bacteriological study
identified contamination with Pseudomonas substrains, half of which (10.3 %) were Pseudomonas
aeruginosa.

The sensitivity of the flora was detected to *ampicillin — in 34.8 % (n=39) cases, to *gentamicin —
in 16.0 % (n=4), *p=0.013, to clindamycin — in 57.1 %21 (n=64), (*p=0.013, *p<0.01).
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Fig. 1. Frequency of detection of strains of microorganisms from surgical wounds of (31.7 %) in surgical wounds
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of the maxillofacial region. The antibiotics to which the sensitivity of the cultured flora was determined
and the frequency of their determination in 164 (100.0 %) MROIs are shown in Fig. 2.
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Fig. 2. Frequency of susceptibility testing to some antibacterial agents. third — 21.9 % (n=36).

According to the medical prescription sheets in the MROIs from 2022-2024, in the postoperative
period, patients with odontogenic phlegmons of the cellular spaces of the maxillofacial region were most
often prescribed amoxicillin + clavulanic acid — 79.9 % (n=131) p < 0.05, metronidazole (in combination
with other antibacterial drugs) — in 65.2 % (n=107), ceftriaxone — in 15.8 % (n=26) cases. Such drugs as
cefixime and ciprofloxacin — in 1.2 % (n=2) cases, clarithromycin, lincomycin, spiramycin, cefazolin,
levofloxacin — in 0.6 % (n=1) each.

Thus, amoxicillin+clavulanic acid (79.9 %) and ceftriaxone (15.8 %) were prescribed as the main
empirical antibacterial agent; metronidazole (65.2 %) was always used as the second antibiotic. Therefore,
we calculated the probability of no coincidence between the empirically prescribed antibiotic and the
laboratory data on the sensitivity of microflora for amoxicillint+clavulanic acid (there is symmetrical
sensitivity with ampicillin) and ceftriaxone.

For ceftriaxone, the probability index (p) was 0.3, indicating the probability that every third patient
who was determined to be sensitive to ceftriaxone received another antibiotic. With amoxicillin +
clavulanic acid (calculated by sensitivity to ampicillin), on the contrary, in every 4 (p=0.4) patients who
received amoxicillin + clavulanic acid, the microflora was not sensitive to it.

According to 164 (100.0 %) prescription sheets, the coincidence of the sensitivity of the cultured
flora with the prescription of amoxicillin + clavulanic acid (amoxicillin) was found in 26.8 % (n=44)
patients, ceftriaxone — 6.7 % (n=11).

Amoxicillin is the most commonly used antibiotic in dental practice, probably due to its safety and
broad spectrum of activity. Data from O. Camps-Font and H. Sabado-Bundé showed that postoperative use
of amoxicillin may be the most effective strategy for reducing surgical site infection after extraction of
mandibular third molars, followed by preoperative metronidazole and a combination of amoxicillin and
clavulanic acid administered both preoperatively and postoperatively [2]. The most effective antibiotic in
reducing the risk of post-operative inflammation was preoperative clindamycin, followed by preoperative
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azithromycin, while preoperative amoxicillin ranked third and amoxicillin and clavulanic acid administered
both preoperatively and postoperatively ranked fourth [5].

Although penicillin remains the antibiotic of choice for mild to moderate odontogenic infections
in immunocompetent patients, several authors recommend against its use as initial therapy for more serious
infections possibly associated with penicillin-resistant oral anaerobes [7].

According to the 2023 Standard of Care for the Rational Use of Antibacterial and Antifungal Drugs
for Therapeutic and Prophylactic Purposes, the combination of metronidazole with protected penicillins or
lincosamides is not recommended [1].

The choice of drug for empirical antibiotic therapy is based on the expected therapeutic effect against
the most likely infectious agent (depending on the anatomical localization of the focus of inflammation) and
its possible resistance to the selected antibacterial drug (data from local/regional/national AMR monitoring).
It is also necessary to take into account the conditions of occurrence of the disease of bacterial etiology
(hospital/community-acquired) and the risk of the patient having MDR.

According to the data obtained in our study, most often in surgical wounds due to the drainage of
purulent-necrotic foci of the maxillofacial area, colonization with Str. mitis, S. pyogenes, S. epidermidis,
and also Pseudomonas spp. is determined. The antibacterial drugs of the Access group, to which the
microbiota of the studied wounds is likely sensitive, were found to be: clindamycin, ampicillin, gentamicin.

In our opinion, the appointment of clindamycin as a starting antibacterial drug for the treatment of
purulent-necrotic lesions of the adipose tissue of the maxillofacial region may be appropriate not only in
cases where the patient is allergic to beta-lactams, given its availability, spectrum of action, and osteotropic
properties (close etiological relationship of these diseases with inflammatory conditions of the jaws).

Conclusions

1. Most often in the postoperative period, patients with odontogenic purulent-necrotic foci of the
cellular spaces of the maxillofacial region were prescribed amoxicillin + clavulanic acid (79.9 %) p <0.05,
metronidazole (65.2 %), ceftriaxone (15.8 %).

2. Statistically, the sensitivity of the isolated strains was determined to clindamycin (74.4 %), p
<0.01, ampicillin (48.2 %) and ceftriaxone (21.9 %).

3. Statistical analysis showed that every third patient who was determined to be sensitive to
ceftriaxone probably received another antibiotic (p=0.3), and the microflora of every fourth (p=0.4) patient
who received amoxicillin + clavulanic acid was probably not sensitive to it.

In the future, we plan to conduct studies on anaerobic microorganisms in postoperative wounds as
microbial factors that may have resistance to the indicated antibacterial drugs and change the pattern of
antibacterial sensitivity and the course of the studied infections. We also plan to study the quantitative and
qualitative composition of the microflora of purulent-necrotic foci of the maxillofacial region and treatment
methods during the studied years.

References

1. Pro zatverdzhennya Standartu medychnoyi dopomohy «Ratsionalne zastosuvannya antybakterialnykh i antyfunhalnykh
preparativ z likuvalnoyu ta profilaktychnoyu metoyu»: nakaz MOZ Ukrayiny vid 23.08.2023 Ne 1513. [Internet]. Dostupno na:
https://moz.gov.ua/uk/decrees/nakaz-moz-ukraini-vid-23082023--1513-pro-zatverdzhennja-standartu-medichnoi-dopomogi-
racionalne-zastosuvannja-antibakterialnih-i-antifungalnih-preparativ-z-likuvalnoju-ta-profilaktichnoju-metoju. [in Ukrainian].
2. Camps-Font O, Sébado-Bundé H, Toledano-Serrabona J, Valmaseda-de-la-Rosa N, Figueiredo R, Valmaseda-Castellon E.
Antibiotic prophylaxis in the prevention of dry socket and surgical site infection after lower third molar extraction: a network meta-
analysis. Int J Oral Maxillofac Surg. 2024 Jan;53(1):57-67. doi: 10.1016/.ijom.2023.08.001.
3. Cohen R, Grimprel E, Rybak A, Hau I, Madhi F, Ouldali N, Raymond J. The principles of curative antibiotic treatments. Infect
Dis Now. 2023 Nov;53(8S):104780. doi: 10.1016/j.idnow.2023.104780.
4. Hoerter JE, Malkin BD. Odontogenic Orofacial Space Infections. [Updated 2023 Jul 12]. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK589648.
5. Lodi G, Azzi L, Varoni EM, Pentenero M, Del Fabbro M, Carrassi A, Sardella A, Manfredi M. Antibiotics to prevent
complications  following tooth extractions. Cochrane Database Syst Rev. 2021 Feb 24;2(2):CD003811.
doi: 10.1002/14651858.CD003811.pub3.
6. Majumder MAA, Rahman S, Cohall D, Bharatha A, Singh K, Haque M, Gittens-St Hilaire M. Antimicrobial Stewardship:
Fighting Antimicrobial Resistance and Protecting Global Public Health. Infect Drug Resist. 2020 Dec 29;13:4713-4738.
doi: 10.2147/IDR.S290835.
7. Nix NL, Zusman NT, Diizgiines N. Odontogenic Infections Resistant to Empiric Therapy, Opportunistic Prevotella, and
Metronidazole: A Clinical Case Series and Review of the Literature. Oral. 2025; 5(1):17. https://doi.org/10.3390/0ral5010017.
8. Skikevych MG, Voloshyna LI, Starchenko II. Clinical and morphological characteristics of the course of purulent sialadenitis
against the background of endocrine pathology. World of medicine and biology. 2024. Ne 3 (89). 159-162. doi: 10.26724/2079-
8334-2024-3-89-159-163.
9. The WHO AWaRe (Access, Watch, Reserve) antibiotic book. Geneva: World Health Organization; 2022. Licence: CC BY-NC-
SA 3.0 IGO.
10. Vitiello A, Sabbatucci M, Salzano A, Zovi A. The importance of antibiotic treatment duration in antimicrobial resistance. Eur
J Clin Microbiol Infect Dis. 2024;43(8):1673-1675. doi:10.1007/s10096-024-04867-y.

Crarts Hamiinua 4.07.2024 p.

51



