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Abstract

Background. The rise in antibiotic resistance of Streptococcus pyogenes
in chronic tonsillitis remains a global issue, exacerbated by irrational use
of antibacterial drugs, low patient adherence to therapy, and the spread
of resistant strains. The discrepancy between the relatively high in vitro
sensitivity of microorganisms and the reduced clinical efficacy of drugs in
vivo is of particular concern and requires an in-depth analysis of the causes
of such disparities.

Aim. The study aims to evaluate the efficacy of various groups of antibacterial
drugs in vitro and in vivo used to treat chronic tonsillitis during exacerbations.
Material and methods. Based on outpatient records and microbiological
studies, a group of patients was identified in whom S. pyogenes was the primary
significant factor in the development of chronic tonsillitis. The sensitivity of the
pathogen to commonly used antibacterial drugs was assessed using the disk-
diffusion method. Clinical efficacy of antibiotic therapy was evaluated based
on objective criteria. Additionally, isolates of S. pyogenes co-incubated with
antibacterial agents were analyzed using Raman spectroscopy.

Results. The analysis revealed discrepancies between in vitro disk-diffusion data
and clinical outcomes. According to the disk-diffusion test, 87.6% of patients
showed sensitivity to semi-synthetic penicillins, yet incomplete or absent clinical
efficacy was observed in 28.2% of cases. Slightly better results were obtained
with inhibitor-protected penicillins. Macrolides, demonstrating 88.5% efficacy in
vitro, failed to achieve full therapeutic effects in 26.6% of patients. Comparable
results were observed with cephalosporins. The lowest in vitro sensitivity of S.
pyogenes was noted for fluoroquinolones, leading to inadequate clinical efficacy
in 28.0% of patients. Raman spectroscopy enabled the assessment of sensitivity
to one of the most frequently used antibacterial agents.

Conclusions. The significant gap between laboratory and clinical data is
attributed not only to potential antibiotic resistance mechanisms (which are also
discussed) but also to the influence of internal factors that must be considered
when selecting etiotropic therapy for chronic tonsillitis during exacerbations.
Keywords: chronic tonsillitis, antibiotic resistance, clinical efficacy, Raman
spectroscopy.
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CpaBHMTENbHbIN aHAaNIU3 YYBCTBUTENIbHOCTHU
Streptococcus pyogenes n 3(peKTUBHOCTHU
aHTUOaKTepuanbHON Tepanuun Npu XPOHUYECKOM
TOH3UNNINUTE

E.C. bypeHkoB, I1.H. 3onorapeB
YYO OBO «MeguuunHckmin yHnsepcutet «PeaBus» (Camapa, Poccuitckas Pegepauus)

AHHOTaums

O6ocHoBanme. PocT aHTHOHOTUKOPE3UCTEHTHOCTH Streptococcus pyogenes
[IPY XPOHUYECKOM TOH3WJUIMTE OCTaeTCs [I0OaIbHOM Mpo6JIeMoii, ycyry-
67151eMO¥ HepallOHAIbHBIM HCII0/Ib30BaHHeM aHTHOAKTepHasIbHbIX IIperapa-
TOB, HU3KO# [IPUBEP)KEHHOCTBIO ITAIIMEeHTOB K TePAINK U PaCIIPOCTPaHEeHHeM
YCTONYMBBIX mTaMMOB. OCOGYIO TPEBOTY BBI3bIBAeT IIPOTUBOPEYHE MeXIy
OTHOCHTENIbHO BBICOKOW 4yBCTBUTEILHOCTHIO MUKPOOPTaHU3MOB in Vitro u
CHIDKEHHOM KITMHIYeCKOM 3¢ GeKTUBHOCTBIO IIPerapaTos in vivo, 4to Tpebyer
yrTyG/IeHHOTO aHAIM3a IPUYKH TaKUX PACXOXKIEHHUM.

www.innoscience.ru

Hens. MccnenoBaHue HarpaBieHo Ha OIEHKY 3¢ deKTUBHOCTH pa3iIndHbIX
TPy aHTUOAKTEePUAJIBHBIX ITPEIIApaToB in Vitro v in vivo, IpUMeHsIeMbIX JIst
JledueHHs] XPOHUIECKOT0 TOH3WUIUTA B IIeproy] 060CTpeHu .

Marepuan u MeToasl. [10 [aHHBIM aMOy/IaTOPHBIM KapT ¥ MUKpPOGHOJIOruye-
CKOT'0 MCCJIeJOBAaHUSI OIIpefielleHa IPyIIIa allieHTOoB, Y KOTOPBIX S. pyogenes
ObIT OCHOBHBIM 3HAYMMBIM (HAKTOPOM Pa3BUTHSI XPOHUIECKOTO TOH3HJUIUTA.
[TpoBeneHa oLieHKa pe3uCTeHTHOCTH BO30YIUTENIS IUCKO-TU(DY3HOHHBIM Me-
TozioM. M3ydeHa kirHIYeckKast 3pGeKTUBHOCTb AaHTUOHMOTHUKOB Ha OCHOBAHUU
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00OBEeKTUBHBLIX KpUTepHeB. BEIIOIHEeHO HCccieioBaHYe H30JIATOB S. pyogenes,
COBMECTHO MHKYOHUPOBAHHBIX C aHTHOAKTepHUaJIbHBIM IIPeIapaToM MeTONOM
CIIEKTPOCKOIIMY KOMOHHAIMOHHOTO PACCesHUSL.

PesynbraThl. [IpoBefeHHbIH aHAIN3 BBHISBUJI HECOOTBETCTBUSI MEXAY
[10JIy4YeHHBIMU JAaHHBIMU JUCKO-IUPPY3MOHHOTO METOAA in Vitro u Kiu-
HUYECKHMHU pe3ynbTaTtaMu. [1o maHHBIM qucko-nud¢y3HoHHOro TecTa K
10Ty CUHTETUYECKUM [IeHUIIWIIINHAM ObIIIM YyBCTBUTENBHBI TONIBKO 87,6%
[IAMeHTOoB, IpH 3ToM B 28,2% citydaeB KIMHUYeCKUH 3bdeKT ObIT Hero-
HBIM WJIM OTCYTCTBOBAJI. HesHauuTeNIbHO, HO JTydIlyie Pe3ysbTaThl HOTyYeHbl
B CJIy4ae IPHMeHeH s HHIMOUTOPO3aIlHIIeHHBIX IIEHUIWUTHHOB. Makpou-
Iiel, feMoHcTpHpyonye 88,5% 3bdeKTUBHOCTH in Vitro, He IO3BOJISIIN [0-
cTUraTh NONHOTO 3ddeKTa oT 1edenus y 26,6% narnuenTtos. CornocraBUMbIe
pe3yJibTaThl ObIIM 110JTy4eHbl IIPY aHau3e IedanocnoprHoB. HauMensbinas

YyBCTBUTEJILHOCTD S. pyogenes in vitro BbIsiBIeHa K GTOPXUHOJIOHAM, UTO
He II03BOJISUIO IOCTUTaTh aJleKBaTHOTO KIMHUYeckoro addexra y 28,0%
nanueHToB. CIIeKTPOCKOIUSI KOMOMHAIIMOHHOTO PACCEesTHUS TI03BOJIHIIA
OIleHUTb YyBCTBUTEJIbHOCTb K OJJHOMY M3 HauboJjlee 4acTO IPUMeHseMbIX
aHTUOAKTepHAJIbHBIX IIPeraparos.

BeIBogbl. 3HauMMas pa3HUIA MEXY J1a60paTOPHBIMU U KIIMHUYeCKUMHU
JIaHHBIMU 00YCJIOBJIEHA He TOJILKO BO3MOXHOM aHTMOMOTUKOPe3UCTeHTHO-
CTbIO, MEXaHU3MBbI KOTOPOH TaK)Ke PACCMOTPEHBI, HO Y BIIUSIHUEM BHYTPEHHHUX
dakTOpOB, KOTOpBIE ClleflyeT YUYUThIBaThb I1PY BbIOOPe 3TUOTPOIIHOM Tepanu
XPOHUYECKOTO TOH3WIIUTA B IIePUOJ] 000CTpeHHsL.

KirroueBrble c10Ba: XpOHUYECKUHM TOH3UIIUT, aHTUOMOTUKOPE3UCTEHTHOCTD,
KIIMHUYEeCKUH 3G deKT, CIIeKTPOCKOITUSI KOMOMHAIIMOHHOT'O PacCesHUsL.
KoH}muKT HHTEpecoB: He 3asiBileH.
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m INTRODUCTION

hronic tonsillitis remains one of the prevalent chronic

diseases among active population [1]. Viruses, bacteria
(Streptococcus pyogenes, Staphylococcus aureus, Haemophilus
influenzae, Streptococcus pneumoniae) and some fungi are
well known as potential causative agents maintaining the
inflammatory reaction in the tonsils, combined with the
action of other exogenous and endogenous adverse factors [2].
Streptococcus pyogenes (S. pyogenes) plays the leading role in
the development of chronic tonsillitis. Being an extracellular
pathogen, it persists in tonsillar tissue by expressing a broad
spectrum of virulence proteins that modify immune cell
response mechanisms [3].

Antibacterial drugs form the base of treatment of chronic
tonsillitis. Their efficiency depends on the structure of the
main substance, dosage, frequency of administration, paths
and duration of administration as well as characteristics of
pathogens showing susceptibility to them [4, 5]. According
to the effective clinical recommendations for the diagnostics
and treatment of chronic tonsillitis, upon finding the S.
Pyogenes in the tonsillar tissue, the drugs of choice for
the conservative treatment are the f-lactams!. According
to study data, S. pyogenes retains high susceptibility to
inhibitor combinations and synthetic penicillins, with
resistance rates not exceeding 1%. Nevertheless, the
frequency of unsatisfactory clinical outcomes remains
significantly higher even with properly administered
antibacterial therapy, representing a persistent challenge
in clinical pharmacology that warrants comprehensive
evaluation [6].

m AIM

To assess both in vitro susceptibility of S. pyogenes and
clinical efficacy of the most commonly used antibacterial
agents for treating chronic tonsillitis (simple and grade I
toxic-allergic form).

m MATERIAL AND METHODS

Random sampling was used to form a group of 144
patients from three urban districts of the city of Samara,
registered in follow-up care by the end of 2020 with simple
and grade I toxic-allergic forms of chronic tonsillitis. The
form of disease was established as per patient records
according to the classification of B.S. Preobrazhensky (1954)
and V.T. Palchun (1977). There were 76 male (52.8%) and
68 female (47.2%) participants of the study. According to the
WHO age criteria (2016), the patients were divided into two
groups: Group 1 (n= 86), young patients (age 18-44); Group
2 (n= 58), middle age patients (age 45-59). The exclusion
criteria were absence of a confirmed chronic tonsillitis
according to patient record data; availability of objective
signs of the toxic-allergic form of grade II chronic tonsillitis
(decompensated form); history of low compliance with or
refusal from intercurrent therapy; history of self-treatment.
The groups had statistically significant differences in the
duration of the disease: in Group 1 patients, it was 7.8+2.9
years, and in Group 2 patients, 14.1+2.7 years.

In both groups, standard microbiological (culture) testing
was performed of palatine tonsil exudate and posterior
pharyngeal wall mucosa for aerobic and facultative
anaerobic microorganisms. The evaluation of the results
only considered etiologically significant pathogenic
microorganisms and their diagnostically significant
growth (over 104 CFU/swab or CFU/mL or CFU/g). The
concomitant microflora (below 104 CFU/swab or CFU/
mL or CFU/g) was disregarded. For patients with S.
pyogenes identified as the primary pathogen, its antibiotic
susceptibility was assessed using the Kirby-Bauer disk
diffusion method in vitro?. The tested antibiotics included:
semi-synthetic peniccilins, inhibitor-protected penicillins,
macrolides, cephalosporins, fluoroquinolones (all commonly
used to treat chronic tonsillitis). The results were interpreted
using the values of measured inhibition zone diameters of

1 Chronic tonsillitis. Clinical recommendations. 2024. URL: https://diseases.medelement.com/disease/84-2024/18329 (Last retrieved: 15.03.2025)
2Russian national recommendations. Identification of microorganism susceptibility to antimicrobial agents. Rev. 2024-02. Smolensk: MAKMAH, SSMU, 2024. 192 p.
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microbial growth (<19 mm, antibiotic-resistant; 20-27 mm,
intermediate; >28 mm, antibiotic-sensitive).

For patients with S. pyogenes identified as the primary
pathogen, a retrospective analysis of clinical efficiency of
antibacterial therapy in the acute stages was performed based
on the criteria of objective assessment of the inflammatory
process of the oropharyngeal cavity (V.T. Palchun, A.I.
Kryukov, 2001) using historical data of patient records.

Additionally, in patients (n=113) with chronic tonsillitis,
sensitivity of S. pyogenes to Amoxiclav was assessed
by Raman scattering spectroscopy (RS). The method is
well known and used successfully to test the validity of
medications. Amoxiclav was chosen at the most frequently
prescribed drug to treat exacerbations of chronic tonsillitis,
according to the patient records, in the Cmax dosage as per
prescribing label, viz. included 105.4 mcg/ml of amoxicillin
and 28.5 mcg/ml of clavulanic acid. The spectroscopy is
performed in a set of samples of oral fluid and phosphate-
buffer saline as solvents with added suspension of S.
Pyogenes, compliant with concentration of 0.5 of the
McFarland standard, and, later, the antibiotic in the desired
dosage. The samples were incubated in a thermostat at 37 °C
for 2, 4, 6 hours, following which RS was performed. The
method was implemented using a set of equipment forming
a test model with a spectrometer. The analysis of spectra was
performed in four zones: 1155 cm'!, 1525 cm!, 1033 cm’!
and 1611 cm; their final processing was done in Wolfram
Mathematica 9.

Statistical methods

Statistical processing of obtained data was performed in
the Statistica for Windows 7.0 software suite. The methods of
descriptive statistics were used for a general characterization
of the obtained data. For group mean comparisons, Student’s
t-test was used. Correlation analysis was performed to assess
relationships between quantitative variables. The strength
and direction of linear associations were determined using
Pearson’s correlation coefficient (for normally distributed
data) or Spearman’s rank correlation (for non-parametric
data). Normality was evaluated with the Shapiro-Wilk test.
Statistical significance was set at p<0.05.

m RESULTS

The main pathogen of chronic tonsillitis in 113 patients of
both groups was S. pyogenes. It was identified as the etiologically
significant pathogen in 82.5% patients in Group 1 and in 72.4%
patients of Group 2. In 12.8% patients of Group 1 and in 19.0%
patients of Group 2, this microorganism was plated with other
significant pathogens, e.g. Streptococcus pneumoniae and/
or Staphylococcus aureus. At the same time, in Group 2 in a
credibly larger number of cases (Group 1: 19.0% vs. Group 2:
4.7%, p<0.001) presence of Candida spp. was identified.

According to patient record data, treatment of exacerbations
of chronic tonsillitis of the simple and grade I toxic-allergic
forms mediated by S. pyogenes, various antibiotics were used.
Most frequently, the following were prescribed: inhibitor-
protected penicillins, macrolides, cephalosporins, semi-
synthetic penicillins, in some cases, fluoroquinolones. The
analysis of clinical efficiency of the use of those groups of
antibacterial agents in the treatment of exacerbations showed
various results (Fig. 1).

www.innoscience.ru

Fluoroquinolones

16,0% 72,0%
12,0%
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Cephalosporins 14,6% 70,8%
14,6%
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Macrolides 14,1% 73.4%
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Inhibitor prot.e.ct.ed 13.3% 76,1%
penicillins 10,60%
. . )
Seml-syr?th(-?tlc 13,0% 71.8%
penicillins 15,2%
Good effect m Incomplete effect m No effect

Figure 1. Clinical efficacy of antibacterial agents in the treatment of
exacerbations of chronic tonsillitis (simple and toxic-allergic grade |
forms) in patients.

PucyHok 1. [Nokazamenu knuHu4eckol aghgpekmusHocmu
mepanuu obocmpeHul XPOHUYECKO20 MOoH3uAIuma npocmodl u
MOKCUKo-annepaudeckol | cmeneHu ¢popM paznuyHbIMU BUdaMu
aHmubakmepuasbHbIX Npenapamos y nayueHmos.

Regardless of the type of the antibacterial drug, 78 (69.0%)
patients did not reach a positive clinical effect or it was
incomplete and required adjustment of the scheme of therapy
(increase of course duration, change of average daily dose,
replacement or addition of a second antibacterial drug). Among
the patients in whom a good clinical effect was reached in the
treatment of exacerbation, no statistically significant variations
were identified that would relate to the selection of a specific
antibacterial drug.

The results of the disk-diffusion method of assessment of
sensitivity of S. pyogenes to various types of antibacterial drugs
in vitro did not identify a single completely resistant strain.
At the same time, data was obtained indicating intermediate
values of measured inhibition zone diameters of microbial
growth of S. pyogenes, which was likely mediated by the active
process of formation of antibiotic resistance (Fig. 2).

The results of the correlation analysis showed the presence
of a moderate positive connection (r=0.607) between the
results of the intermediate sensitivity in vitro and the data on
incomplete or lacking clinical effect in vivo (Fig. 3).

The RS data showed that in the cases of sensitivity of
S. pyogenes to Amoxiclav in the predominant number
of samples, within the first two hours of incubation
disappearance of linear values characterizing the lysis of
the etiological pathogen is found. At the same time, in some
patients, disappearance if linear values was identified only
after six hours of incubation.

m DISCUSSION

Chronic tonsillitis, particularly its toxic-allergic forms,
remains a challenging clinical condition, largely due to the
growing problem of antibiotic resistance. The results of this
study provide direct confirmation of this hypothesis.

Semi-synthetic penicillins (amoxicillin and ampicillin) are
traditionally prescribed in exacerbations of chronic tonsillitis
due to their affordable price and good bioavailability.
However, as the disk-diffusion test showed, in 12.4%
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Intermediate antibiotic resistance in vitro
m Incomplete clinical effect

Figure 2. Susceptibility of S. pyogenes to various antibacterial
agents in patients with chronic tonsillitis (simple and toxic-allergic
grade | forms) in vitro.

PucyHok 2. Mokasamenu 4yscmBumesnbHocmu S. pyogenes

K pasnuyHbiM BuOaM aHmubakmepuasbHbIX npenapamos y
nayueHmoB C XPOHUYECKUM MOH3W11UmomM npocmoli U MOKCUKO-
annepau4yeckol | cmeneHu ¢opM in vitro.

patients, intermediate values of inhibition of bacterial growth
of S. pyogenes were found, which indicates formation of
resistance. The phenomenon may be explained by the
necessity of performing a lengthy course of therapy with
semi-synthetic penicillins with possible dosage adjustment
and resulting low compliance of patients with the therapy
regime. As little as 8% of patients are capable of keeping this
regime [7]. Besides, bacterial internalization into mucosal
epithelial cells renders them inaccessible to -lactams [8].
Despite rare in vitro penicillin resistance (less than 5%),
clinical treatment failure is typically attributed to biological
and behavioral factors [9].

Transition to penicillins combined with inhibitors such as
amoxicillin or clavulanic acid provided improved results of
treatment of patients with chronic tonsillitis. Their clinical
inefficiency, according to the results of the study, was 10.6%,
which is slightly lower than that of semi-synthetic analogues.
Clavulanic acid inhibits most #-lactamases, however, it is
not efficient against strains with modified penicillin-binding
proteins [10]. This correlates with the data of another study,
in which the reasons of resistance included modification
of targets or hyper-production of enzymes. In order to
prevent the activation of such a mechanism of resistance,
prescription of such inhibitor-protected penicillins require
strict supervision [11].

Paradoxical results were seen in the analysis of macrolides.
With the sensitivity of 88.5% in vitro, their clinical efficiency
was only 73.4%. These results may be explained by several
factors. First, since 2007 the intake of macrolides in Russia
grew by 50%, which directly correlates with the spreading
of resistance via studied mechanisms of erm-mediated
modification of targets [12]. Second, the cross-resistance
within a class lowers the efficiency of all macrolides, even
if in vitro sensitivity remains high [13]. It is to be noted that
in outpatient practice, this group of antibacterial agents is
prescribed for their convenience (a short period of intake with
a modest number of side effects).

246

Figure 3. Comparative analysis of intermediate inhibition
zones for S. pyogenes in vitro and absent or incomplete clinical
effects of antibacterial agents in the treatment of chronic
tonsillitis exacerbations (simple and toxic-allergic grade | forms)
in patients.

PucyHok 3. CpaBHUmerbHbie 0aHHble MeX0y nokasamensMu
NpoMeXymoYHbIX 30H nodasneHusi pocma S. pyogenes in vitro
u omcymcmBsyoWUM USIU HENOJIHBIM KITUHUYECKUM 3¢hhekmom
0m NpUMeHeHUs Pa3fuyHbIX BUOOB aHmMubakmepuasabHbIX
npenapamoB npu feyeHuu obocmpeHull XpoHUYECcKo20
moH3unauma npocmoi u moKcuko-aanepaudeckol | cmeneHu
¢opM y nayueHmos.

Cephalosporins showed a level of inefficiency comparable
with inhibitor-protected penicillins (14.6%). The limit to
their use is related with the prevalence of strains producing
extended spectrum B-lactamases (ESBL) [14]. At the same
time, cephalosporins of third generation remain medications of
choice in exacerbated infections since they retain their activity
against most strains of streptococci.

Fluoroquinolones, despite their low clinical efficiency,
demonstrate the intermediate area of growth inhibition for
15.3% strains. Their limited efficiency against S. pyogenes
is related to the fact that fluoroquinolones are more active
against gram-negative bacteria, whereas gram-positive bacteria
develop resistance via mutation in the gyrA/parC genes and
activation of efflux pumps. This renders their use in chronic
tonsillitis less justified, especially in the regions with high
levels of intake of fluoroquinolones [15].

m CONCLUSION

Thus, the sensitivity analysis of pathogens isolated
from chronic tonsillitis patients revealed no strains of
S. pyogenes fully resistant to the antibiotics used for this
condition. The obtained values of sensitivity of S. pyogenes
in vitro are higher than the values of clinical efficiency in
vivo for the group of semi-synthetic penicillins by 18.0%;
inhibitor-protected penicillins, by 14.9%; cephalosporins, by
19.2%; fluoroquinolones, by 15.0%; macrolides, by 17.1%,
respectively. Currently, inhibitor-protected penicillins and
cephalosporines may remain first-line medications for the
therapy of chronic tonsillitis, while the use of macrolides
and fluoroquinolones in the cases of streptococcus infections
should be restricted reserving them for cases of confirmed
sensitivity. Raman spectroscopy proved to be an effective
rapid method for personalized susceptibility testing and may
find wide application in clinical practice. »=
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II1ee u3y1eHre 1 peleHye BOIIPOCOB, CBA3aHHBIX C TOYHOCTBIO U Z[O6pOCOBeCTHOCTI)IO
mobo#i 9acTu paboThl.
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