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Acute tonsillitis is one of the most common infectious diseases affecting the ears, nose and throat (ENT) organs.
The difficulty in distinguishing between viral and bacterial causes affects the choice of treatment. Despite progress in
studying the disease, the lack of standardised approaches to predicting complications means personalised methods
are necessary, including those based on the microbial profile.

The aim of the study is to identify microbiological predictors of the clinical course of acute tonsillitis by analysing
the microbiota of the palatine tonsils, to determine the relationship between the bacterial profile and key clinical
signs (pain intensity and duration of the disease), and to build models for classifying forms of tonsillitis using linear
discriminant analysis.

Rapid immunochromatographic tests and bacteriological analysis of smears were used to identify the etiological
agent of acute tonsillitis. Statistical modelling methods were employed in the study, including linear discriminant
analysis. Clinical assessment was performed using the Centor scale, the Centor/Mclsaac scale, and the visual an-
alogue scale (VAS) for pain. The results of this study reveal the relationship between the clinical manifestations of
acute tonsillitis and its viral and bacterial aetiology. The characteristic taxonomic composition of the oropharyngeal
microbiota was identified, with certain groups of microorganisms proving dominant. Linear discriminant analysis en-
abled us to identify key microbiological and clinical predictors affecting the duration of the disease and pain intensity.
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Connection of the publication with planned re-
search works.

This article is part of the research project “Features
of resistance formation in representatives of opportu-
nistic flora in health and pathology” (state registration
number 0122U000035) and “Comprehensive study of
microbiota, immune system, antibacterial resistance
and clinical and laboratory indicators for diagnosis, prog-
nosis and development of therapy for human diseases”
(state registration number 0125U000121).

Introduction.

Acute tonsillitis, or sore throat, is a common infec-
tious disease characterised by local inflammation of the
tonsils and a systemic response [1]. Although precise
global incidence data are limited [2], sore throat ac-
counts for around 1.3% of all outpatient visits [3, 4].

The aetiology of tonsillitis varies: viral agents (such as
rhinovirus and adenovirus) predominate in mild cases,
while Streptococcus pyogenes and Staphylococcus au-
reus are associated with purulent complications, rheu-
matism and glomerulonepbhritis [5, 6]. The microflora of
the tonsils forms a specific biocenosis and the anatom-
ical features of the tonsils (the presence of lacunae and
crypts) favour the colonisation of opportunistic bacteria,
particularly in immunocompromised individuals [7, 8].

Disruption to the balance of microbes can lead to
acute inflammation [9]. At the same time, the lack of
standardised approaches to predicting complications
and personalising therapy means there is an increasing
need to integrate microbiological and clinical data. One
effective method of analysing such relationships is linear
discriminant analysis (LDA), which establishes relation-
ships between microbiota composition and clinical signs,
particularly the duration of the disease and pain sever-

ity [10]. Recent studies have demonstrated differences
in microbial profiles associated with different forms of
tonsillitis, particularly chronic cases [11]. Analysing the
microbiota of the palatine tonsils in combination with
LDA methods opens up new opportunities for person-
alised diagnosis and risk prediction [12, 13]. In view of
the importance of this issue, this study proposes using
linear discriminant analysis to identify potential predic-
tors of the clinical course of acute tonsillitis through a
comprehensive analysis of the microbial composition of
the palatine tonsils.

The aim of the study.

To identify microbiological predictors of the clinical
course of acute tonsillitis by analysing the microbiota of
the palatine tonsils, to determine the relationship be-
tween the bacterial profile and key clinical signs (pain
intensity and duration of the disease), and to build mod-
els for classifying forms of tonsillitis using linear discrim-
inant analysis.

Object and research methods.

The study examined 52 patients aged 17-30 years
who presented with clinical signs of acute tonsillitis.
Patients were included in the study if they met the fol-
lowing criteria: a confirmed diagnosis of acute tonsillitis
according to current clinical guidelines; an age of over 17
years; presentation within 72 hours of symptom onset;
an absence of complications; and signed informed con-
sent. The exclusion criteria were chronic or recurrent
tonsillitis; immunodeficiency (including HIV); oncologi-
cal conditions; autoimmune conditions; psychiatric con-
ditions; severe comorbidities; pregnancy or lactation;
allergy to antibiotics; resistance to basic therapy; recent
surgical interventions; or systemic therapy with gluco-
corticosteroids (GCS). Participants who refused to partic-
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ipate were also excluded. The diagnosis was made in ac-
cordance with the clinical protocol “Tonsillitis”, using the
Centor and Centor/Mclsaac scales [14]. Pain intensity
was assessed using a visual analogue scale (VAS), divided
into three categories: severe pain (7-10 cm), moderate
pain (4-6 cm) and mild pain (1-3 cm). Written informed
consent was obtained from all patients in accordance
with the protocol approved by the Ethics Committee of
the TNMU, the Declaration of Helsinki, the Council of Eu-
rope Convention, and Order No. 690 of the Ministry of
Health of Ukraine dated 23/09/2009.

The study material comprised oropharyngeal swabs,
which were taken using sterile swabs for rapid testing
and bacteriological analysis. The pathogens were iden-
tified using immunochromatographic tests for group A
streptococcus, influenza A and B viruses, adenoviruses,
SARS-CoV-2 and RSV, as well as the classical bacterio-
logical method. The rapid tests were performed by doc-
tors and evaluated visually. Bacteriological studies were
performed on nutrient media according to the type of
microorganism. Identification was carried out using
standard morphological, cultural, and biochemical char-
acteristics, in accordance with standard microbiological
methods [15].

Data analysis was performed using Microsoft Office
2016 (Microsoft, USA) and Python (Colab.research).
Quialitative indicators were presented as percentages.
The classification of clinical forms of the disease was car-
ried out using linear discriminant analysis (LDA) [16]. This
was done according to duration (Duration_1:class 1-1-5
days; class 2 — 6-9 days) and pain intensity (Pain_1_2_3:
class 1 — 7-10; class 2 — 4-6; class 3 — 1-3). The statis-
tical significance of the differences was checked using a
t-test for two groups and an ANOVA for three groups.
The following predictors were used to build models:
rapid test results, Centor scale score, smoking status and
bacterial composition of smears. The model includes the
following synthetic indicators: Strep_balance: the loga-
rithmic ratio of a- to B-haemolytic streptococci (higher
values indicate a predominance of B-haemolytic forms);
and Pathogen_ratio: the proportion of pathogenic bac-
teria among all isolates (higher values favour a bacte-
rial aetiology). For the two-class model (duration), one
discriminant function (LD1) was constructed which ex-
plains 100% of the variance. For the three-class model
(pain), two functions were constructed (LD1: 85.2%;

(1.9%). Immunochromatographic tests revealed that
9.6% of patients (5 people) had a positive streptococ-
cal result, 67.3% (35 people) had a positive viral test re-
sult and 23.1% (12 people) had a negative result for all
tested viruses and bacteria. Of the viral agents detect-
ed, adenoviruses predominated at 25.0% (13 patients),
followed by respiratory syncytial virus (RSV) at 17.3% (9
patients), influenza A and B viruses at 15.4% (8 patients),
and SARS-CoV-2 at 9.6% (5 patients). The virological test
was negative in 32.7% (17 patients).

A bacteriological examination of oropharyngeal
swabs confirmed the presence of B-haemolytic strepto-
coccus in six patients (11.5%) of the individuals exam-
ined (n=52) (fig. 1).

In general, both Gram-positive (e.g. Streptococ-
cus, Staphylococcus, Corynebacterium and Rothia) and
Gram-negative (e.g. Neisseria, Moraxella, Haemophi-
lus, Klebsiella, Serratia and Enterobacter) microbiota,
as well as Candida fungi, were found in the samples.
a-hemolytic Streptococcus spp. (76.9%), which formed
the main bacterial population of the oropharynx, dom-
inated. S. aureus was present in 32.7% of patients and
coagulase-negative staphylococci in 7.7%. y-hemolytic
(17.3%) and B-hemolytic (11.5%) forms of Streptococcus
spp. were also found. The most common Gram-negative
bacteria were Neisseria spp. (40.4%), and the most com-
mon Gram-positive bacteria were Corynebacterium spp.
(28.9%). Other genera, including Rothia, Moraxella, Hae-
mophilus, Klebsiella, Serratia, Enterobacter and Candida
fungi, were detected in fewer than 10% of cases.

Linear discriminant analysis (LDA) was used to eval-
uate the relationship between tonsillar microbiota and
the clinical symptoms of acute tonsillitis. This was con-
ducted after confirming significant intergroup differenc-
es using a t-test (p<0.001). The resulting model demon-
strated a satisfactory classification accuracy of 75%. For
patients with a short disease duration (class 1), the re-
spective values were 0.73, 0.80 and 0.76 (fig. 2).

For the group with a longer course (class 2), the
corresponding indicators were 0.78, 0.70 and 0.74.
The most informative predictors in the model were the
streptococcal imbalance index (Strep_balance) at 3.876,
streptococcal positivity (Strep_Test) at 3.095, the B-hae-
molytic streptococcal level at 0.920, the Centor score at
0.886, and the viral infection test result (Viral_Test) at
0.387. Particular attention should be paid to the Strep_

LD2: 14.8%). The effectiveness
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Figure 1 — Spectrum of microorganisms detected in patients with acute tonsillitis.
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Figure 2 — Univariate LDA distribution for classification by disease duration.
Notes: LD1 (single discriminant function) — 100% of the variance. Class 1:

Class 2: long-term course (6-9 days).

LDA: Discriminant function space
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Figure 3 — Two-dimensional LDA space for pain intensity classification.
Notes: LD1: 87.4% of variance, LD2: 12.6% of variance, Class 1: Severe pain (7-10 cm), Class 2: Moderate

pain (4—-6 cm), Class 3: Mild pain (1-3 cm).
balance indicator, which contributed most to the model,
highlighting the important role of streptococcal microbi-
al balance in disease progression.

Preliminary analysis (ANOVA) showed significant dif-
ferences between groups for classification by pain inten-
sity (p<0.001). The LDA model achieved an accuracy of
55%, indicating the difficulty of differentiating between
levels of pain syndrome. In the severe pain group (class
1), the respective accuracy, sensitivity and F1-measure
were 0.50, 0.67 and 0.57 (fig. 3).

Patients with moderate pain (class 2) had a less
successful classification, with the corresponding values
being 0.50, 0.33 and 0.40.The best results were ob-
served in patients with mild pain (class 3): 0.62, 0.67
and 0.64. The most significant predictors were: Strep_
balance (1.446), Centor_Score (1.075), Pathogen_ratio
(0.578), Haemophilus spp. level (0.468) and B-hemolytic
streptococci (0.430). The results confirm an association

showed an accuracy of 75%
and for pain — 55%, indicating
potential but also the need for
further research.

The limited sample size
(n=52) is a factor that may af-
fect the generalizability of the results. Further studies in
larger cohorts using in-depth microbiome analysis meth-
ods are needed to confirm and expand the identified re-
lationships.

Conclusions.

Patients with acute tonsillitis showed signs of a
moderate to high risk of streptococcal infection (Centor
score 23), but a rapid test confirmed the presence of be-
ta-haemolytic streptococcus in only 9.6% of cases, and a
bacteriological examination in 11.5%. Meanwhile, a viral
aetiology was established in 67.3% of patients.

The identified differences emphasise the need for
careful differential diagnosis and a reasoned approach
to prescribing antibiotic therapy. Oropharyngeal micro-
biocenosis was dominated by a-haemolytic streptococci
(76.9%), indicating their physiological role. The coexis-
tence of ten key bacterial genera, which can modulate
the course of the disease, was also identified.

2 3
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The linear discriminant analysis method demon-
strated high accuracy (F1-score: 0.74-0.76) in predicting
disease duration based on the streptococcal dysbiosis
index (Strep_balance) and clinical indicators, as well as
moderate efficiency (F1-score: 0.40-0.64) in classifying
pain intensity. Further improvement of the model is re-
quired for the latter.

Prospects for further research.

Further research should aim to expand the sample
size and validate the models in different clinical groups
by studying the dynamics of the microbiome during

treatment.
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MIKPOBIOTOTNYHI MPEAUKTOPU KNIHIYHOTIO MNEPEBITY TOCTPOIO TOH3UNITY:
3ACTOCYBAHHA NIHINHOTO AUCKPUMIHAHTHOIO AHANI3Y

TepHONiNbCbKUIA HALiOHANIbHUIA MeaUYHUIA yHiBepcuTeT imeHi |.fl. TopbaueBcbKoro
MiHicTepcTBa oxopoHu 300poB’a YKpaiHu (m. TepHoninb, YKpaiHa)
natakravec7 @gmail.com

lfocmpuli moH3unim € 00HUM 3 HalinowupeHiwux HpeKyiliHux 3axeoprosaHb JIOP-opeaHie. CKnadHicmb
dudgpepeHyiauii mixc 8ipycHoro ma bakmepiasbHO emiosoziero 8nausae Ha subip nikysaHHA. llonpu npoepec y
8UBYEHHI X80p0obU, 8BIOCYyMHicmb cmaHAapmu308aHUX Nioxo0ie 00 MpPo2HO3y8aAHHS YCKAAOHEHb 3yMOB/IE nompeby
8 MepPCcoHAnNI308aHUX MEMOOAX, 30KPEMA i3 ypaxy8aHHAM MiKpobHO20 rnpoginto.

Mema 0ocniowceHHa — sussumu MikpobiosnoziyHi npeduKkmopu KniHiYHo20 nepebiey 20cmpoz2o MoH3uaimy
WAAXOM aHanizy Mikpobiomu nioHebiHHUX Mu20asuKie, 3'acyeamu 830EM038°30K MiX bakmepianbHUM npoginem
ma KA4Yo08UMU KAIHIYHUMU 03HAKamu (iHmeHcueHicmio 6osto (i mpueanicmio xeopobu), a makoxc nobydysamu
modeni Knacugikauii popm moH3unimy 3a 00rnomozoro AiHiliHo2o OUCKPUMIHAHMHO20 aHANI3Y.

/[1ns suaeneHHa emionoziyHo20 aeeHMa 20CMPo20 MOH3UIMY 3aCMOCo8Y8aU WEUOKI iMyHOXpoMamozpagiuHi
mecmu ma 6akmepionoziyHuli aHani3 maskie. Y 00cnionceHHi 8UKOpUCMO8Y8aAUCs Memodu CMamucmu4yHo20
MOOentoBaHHS, 30Kpema AiHilHUl OuckpumiHaHmHuli aHani3. KniHiyHa oyiHka nposodusnacs ma wkasoto Cen-
tor, @ makoxc ii modugpikauiero Centor/Mclsaac ouiHka iHmeHcusHocmi 6omt0 3a wkKanow BALL. Pesynemamu
Uyb02o 00CniOHeHHA PO3KPUBAIOMb B30EMO38'A30K MIHC KAIHIMHUMU MPOABAMU 20CMpPo20 MOH3UAImy ma
lioeo e8ipycHo-bakmepianbHoO emionozieto. byno i0eHMugikosaHo xapakmepHuli MaKCOHOMIYHUL CKaad
MiKpobiomu pomozasomkKu, 0e nesHi 2pynu MiKpoopaaHi3mie 8UussuUCa OOMIHYYUMU. 30CMOCY8AHHSA AiHIiliHo20
OUCKPUMIHOHMHO20 QaHani3y 00380/UA0 BUABUMU K/AOY08I MIiKpPObiono2iyHi ma KaiHiYHi npedukmopu, wo

8r/UBaOMb HA MPUBAICMb 30X80PHOBAHHA MA iIHMEHCUBHICMb 601608020 cu;—tdpomy.

Knrwouoei cnoea: imyHoxpomamoepagiyHi mecmu, cmpenmokoKku 2pynu A, sipycu, wkana Centor, ¢hopmu
MOH3uUnimy, npedukmopu, AiHiliHul QUCKpUMIHGHMHUU aHani3.

38’A30K nyb6aikauii 3 nnaHoBMMM HayKOBO-goOCNig-
HUMU poboTamu.

MpeacTtaBneHuii maTtepian € GparmeHTOM HayKOBOTrO
OOCNIAXKEHHA B paMKaX iHiLiaTMBHMUX HayKOBO-AOC/IA-
HUX pobiT «OcobnmBocTi GopMyBaHHA PE3UCTEHTHOCTI
Yy NpeacTaBHUKIB YMOBHO-NATOreHHoi ¢paopn B ymoBax
3p0pos’a i natonorii» (Homep AeprkaBHOI peecTpaLii
0122U000035) Ta «KomnnekcHe AOCAiAKEHHA MiKpO6i-
OTW, IMYHHOT CUCTEMMU, aHTUOAKTEPiaIbHOT PE3UCTEHTHO-
CTi | KNiHiKo-nabopaTopHUX NOKa3HMKIB ANA AiarHOCTU-
KW, NPOTrHO3yBaHHA Ta PO3p0obKM Tepanii 3axBoptoBaHb
noguHn» (Homep aepykaBHoi peecTpauii0125U000121).

Bcryn.

foCcTpWit TOH3UAIT (aHriHa) — NowunpeHe iHpeKuinHe
3aXBOPIOBAHHA, WO CYNPOBOAKYETbCA JIOKANbHUM 3a-
naseHHsm nigHebiHHUX MUrg4aNuKiB i cMCTeMHOW pe-
akKuieto opraHiamy [1]. Xo4ya TOYHi AaHi Npo rnobanbHy
3aXBOPIOBaHiCTb obmexkeHi [2], 6inb y ropai cTaHOBUTb
61un3bKo 1,3 % ycix ambynaTtopHUx 3BepHeHb [3, 4].

ETionoria ToH3uUNiTy BapiabenbHa: BipycHi areHTu (pu-
HOBIpYC, aAeHOBIPYC) NepeBaKatoTb NPY JIerKoMy nepe-
6iry, Toai Ak Streptococcus pyogenes i Staphylococcus
aureus acoujiloTbCA 3 THIMHUMW YCKNAQHEHHAMM, peB-
MaTU3MoM i rnomepynoHedpuTom [5, 6]. Mikpodnopa
MUTAANUKIB dopmMmye cneundidyHuii bioueHos, a aHaTo-

Mi4Hi 0cOBAMBOCTI (HAABHICTb NIaKyH | KPUNT) CNPUAIOTL
KOJIOHi3aL,ii yMOBHO-NaTOreHHMMM bakTepiamu, ocobau-
BO 33 YMOB oc/1abnieHHs imyHiTeTty [7, 8].

MopyLeHHs MiKpOHbHOro 6anaHcy MoXKe CNPUYNHUTK
PO3BMTOK rocTporo 3anaseHHs [9]. BogHouyac, yepes Big-
CYTHICTb CTaHAAPTU30BaAHNX NiAXOAIB A0 NPOrHO3YBaHHA
YCKNaAHeHb Ta iHAMBIAyani3auii Tepanii, 3pocTae noTpe-
6a B iHTerpauii MiKpo6ioNoriYHMUX Ta KAIHIYHUX AaHUX.
OfHMM i3 edeKTUBHUX METOAiB aHani3y TakMx B3aeMo-
3B'A3KIB € NIHIMHUIN AUCKPUMIHAHTHMIA aHani3 (LDA),
O [03BO/AE BCTAHOBAOBATM 3B’A3KM MIiXK CKNaLOM
MiKpO6ioTK Ta KNiHIYHMMM O3HaKamM, 30Kpema TpuBa-
NiCTIO 3aXBOpPIOBaAHHA i BUparkeHicTio 6oto [10]. CyyacHi
OOCNIAXKEHHA AEMOHCTPYOTb BiAMIHHOCTI MiKpobHOoro
npodinto npu pisHMx popmax nepebiry TOH3UAITY, OCO-
6AMBO Yy XPOHiIYHMX BUNaakax [11]. AHani3 mikpobioTu
nigHe6iHHUX MUrOANVKIB, Yy NOEAHAHHI 3 MeTogamu LDA,
BiAKPWBAE HOBI MOXNMBOCTI A/1A NEPCOHaNI30BaHOI Aja-
FHOCTMKM Ta NPOrHo3yBaHHA pusukis [12, 13]. 3 ornsay
Ha aKTyasbHiCTb Npobnemu, y AOCNiAXKEHH] 3aNPONOHO-
BaHO 3aCTOCYBaHHA NiHIMHOIO AMCKPMMIHAHTHOrO aHani-
3y 4NA BUABNEHHA NOTEHUIMHUX NPEeANKTOPIB KNiHIYHO-
ro nepebiry rocTporo TOH3UAITY WASXOM KOMMJIEKCHOro
aHanisy mikpobHoro cknaay nigHebiHHNUX MUTAANMUKIB.
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Merta gocnigKeHHs.

BuaBuTM MikpobionoriyHi npeguKTopu KAiHIYHOrO
nepebiry rocTporo TOH3UAITY WAAXOM aHanily Mikpobi-
OTW NiAHEBIHHMX MUTAANMUKIB, 3’ACyBaTU B3aEMO3B'A30K
Mix 6akTepianbHUM npodinem Ta KAOYOBUMM KAIHIYHK-
MW O3HaKamu (iHTEHCMBHICTIO 6010 M TPUBANICTIO XBO-
pobu), a Takox nobyaysatu mogaeni knacudikauii popm
TOH3UANITY 33 AOMNOMOrO0 NiHINHOrO AUCKPUMIHAHTHOIO
aHanisy.

O6’€eKT i meToAU AOCNiAXKEHHSA.

Y pocnigskeHHi obctexkeHo 52 nauieHTis Bikom 17-30
POKiB i3 KAIHIYHMMW O3HAKamK FOCTPOro 3ananeHHA
NigHeB6iHHUX MUTAANUKIB. BKAOYEHHS A0 AOCNIAMKEHHA
34iMCHIOBANN 33 TaKMMU KPUTEPISMU: NiATBEPAKEHWNN
[LiarHO3 rOCTPOro TOH3UAITY 3FiAHO 3 YAHHUMU KTiHIYHK-
MW pekomMeHAaLifAmMK, BiK NoHas 17 pokiB, 3BepHEHHA
NPOTAroM 72 roAuH Bif, MOYaTKy CUMNTOMIB, BiACYTHICTb
yCKNnafHeHb, nignucaHa iHpopmosaHa 3roga. Kputepia-
MW BUKIIOYEHHS ByN: XPOHIYHNI abo peuunamnByounii
TOH3UAIT, iMyHoaediumMTn (B T.4. BI/1), oHKonaTonoris,
ABTOIMYHHI, NCUXIYHI, TAXKKI CYNyTHI 3aXBOPIOBAHHA, Ba-
riTHiCTb/NaKrauis, anepria Ha aHTUBIOTUKM, PE3UCTEHT-
HicTb A0 6a30Boi Tepanii, HeAaBHi XipypriyHi BTpy4YaHHA
abo cucTemHa Tepanis rtoKokopTuKocTupoigamum (MKC),
a TaKOX BigMOBa BiA y4acTi. [liarHO3 BCTAaHOB/OBAM
BiANOBIAHO A0 KAIHIYHOrO NPOTOKOAY «TOH3UAIT» i3
3actocyBaHHaM wkan Centor ta Centor/Mclsaac [14].
IHTEHCUBHICTb 60110 OLHIOBANW 3a Bi3yasibHO-aHaA0ro-
BOO WKasnoto (BALL) 3 noainom Ha TpU KNacu: CUAbHUIA
6inb (7-10 cm), nomipHuii (4—6 cm), cnabkuin (1-3 cm).
Yci nauieHTH Haganm nMcbMoBy iHGOPMOBaHY 3roay Bia-
noBigHO A0 NPOTOKOY, 3aTBEPAKEHOrO ETUYHUM KOMi-
TeTom THMY, lTenbciHcbKOi aeknapauy,ii, KonseHuii Pagmn
€sponu Ta Hakazy MO3 Ykpainm Ne 690 Big 23.09.20009.

Martepianom gJocnifrKeHHs 6ynn masku 3 poTo-
TNOTKK, BigibpaHi cTepuUAbHUMM TaMMOHaMWU ONS EKC-
npec-TecTiB Ta GaKTepionoriyHoro aHanisy. BussneHHa
30yAHMWKIB 34iMCHIOBANN 33 A4OMNOMOFOK iMyHOXpOMa-
TorpadiyHmx TectiB (Ha Streptococcus rpynu A, Bipycu
rpuny A/B, ageHosipycu, SARS-CoV-2, RSV), a Takox
KNacu4HUM b6aKTepionorivHMm metogom. Ekcnpec-tectu
NPOBOAMAM NiKapi, @ pe3yabTaT OLiHIOBAAN Bi3yasbHO.
bakTepionoriyHe AOCNIOKEHHA NPOBOAUAM HA MOMXMB-
HUX CepenoBULLAX, BiAMOBIAHO A0 TUMNY MIKPOOpPraHis-
MmiB. loeHTUdIKauito 34iMcHIOBAAM 3a CTaHOAAPTHUMM
MOPHONOTFIYHUMUK, KYAbTYPaNnbHUMKU Ta BioXiMiyHMMMK
03HaKaMM 3rigHO 3i CTaHAAPTHUMM MiKpobionoriYHMMMK

Ons aHanisy gaHux BuKopuctaHo Microsoft Office
2016 (Microsoft, USA) Ta Python (Colab.research). AkicHi
NOKa3HMKKM Nogasanu y BigcoTkax. Knacuoikauito KaiHiu-
HUX PopM 3axBOplOBaHHA 3a TpuBanicTio (Duration_1:
Knac 1 — 1-5 gHiB; knac 2 — 6-9 AHiB) Ta iHTEHCMBHICTIO
6onto (Pain_1_2 3: knac 1 — 7-10, knac 2 — 4—6, Knac
3 — 1-3 3gilicHI0BaNM 32 4ONOMOrOLO NiHIMHOIO AUCKPU-
MiHaHTHOro aHanisy (LDA) [16]. CTaTUCTUYHY 3HAYYLLiCTb
BigMiHHOCTEl nepesipanuM 3a t-tectom (gns asox rpyn)
Ta ANOVA (ana Tpbox rpyn). Ana nobyaosu moaenem
6yN0 BMKOPUCTAHO TaKi NMPeguKTOpU: Pe3ynbTaTh eKc-
npec-TecTiB, OLiHKA 3a WKanot Centor, cTaTyC KypiHHA,
bakTepianbHUI CKAag Mmaskie. [Jo mopeni BKAOYEHO
CMHTETUYHI NoKasHMKK: Strep_balance — norapudmiu-
He CniBBigHOWEHHA O- A0 B-reMoNiTUYHUX CTPEnTOKO-
KiB (BULLi 3HAYEHHA — nepeBaKaHHA PB-reMoNiTUYHUX
¢dopm); Pathogen_ratio — yacTka naToreHHux GaKTepii
cepeg, ycix BUAINEHUX (BMCOKi 3HAYEHHS — Ha KOPUCTb
6akTepianbHOI eTionorii). na moaeni 3 4BOMa Kaacamu
(TpmBanicTb) NO6YAOBAHO OAHY ANCKPUMIHAHTHY QYHK-
uito (LD1), ska nosicHtoe 100 % aucnepcii. Ana mogeni 3
TpboMa Kiacamu (6inb) — aBi yHKu,i (LD1: 85,2 %, LD2:
14,8 %). EGeKTUBHICTb MOogenel OuiHoBaNAM 33 TOYHICTIO
(precision), wytausicTio (recall) i F1-mipoto. Pe3synbtaTtn
BBaXa/sM CTaTUCTMYHO 3Hauywmmu npm p<0,05.

Pe3ynbTati aocnigeHHs Ta ix 06roBopeHHs.

3a pesynbratamu isnKanbHOro ob6CTEXEHHA naLi-
€HTIB i3 CMUMNTOMAMM FOCTPOrO TOH3UAITY Bys10 BCTAaHOB-
NeHo, Wwo y binbwocti 3 HUX (59,6%, 31 ocoba) ouiHKa
3a WwKanoto Centor ctaHoBuna 3 6anun. Y 23,1% (12 ocib)
3adikcoBaHo 2 6anu, y 15,4% (8 oci6) — 4 6ann, a anwe
B ogHoro nauieHta (1,9%) — 1 6an. 3rigHO 3 pe3ynbra-
Tamu imyHoxpomatorpadiyHmx Tectis — 9,6% navieHTiB
(5 oci6) mann NO3UTUBHUIA CTPENTOKOKOBUIA pe3ynbTar,
67,3% (35 ocib) — No3UTUBHMI BipyCHUIA TecT, Toai AK
y 23,1% (12 ocib) pe3ynbtaT 6yB HEraTMBHUM ANS BCiX
npoTecToBaHUX BipyciB i bakTepin. Cepen BUABNEHMX Bi-
PYCHUX areHTiB nepeBakaau ageHosipycn — 25,0% (13
0cib), pecnipaTopHo-cuHUMTIaNnbHWIA Bipyc (RSV) —17,3%
(9 ocib), a Takos Bipycu rpuny Tuny A/B—15,4% (8 oci6),
COVID-19 — 9,6 (5 oci6 ) y 32,7 (17 oci6) — Bipyconoriu-
HUI TecT 6yB HEraTUBHUM.

bakTepionoriyHe A0CNigKeHHA Ma3KiB POTOMNOTKM
NiATBEPAMNO HAABHICTb B-reMoniTMYHOrO CTPEenTOKO-
Ka y 6 nauieHTiB (11,5%) 3 ycix obcTexkeHux ocib (n=52)
(puc. 1).

3aranom y 3paskax 6yno BMABNEHO NpeacTaBHUKIB

15 AK rpamnosuTuBHOI (Streptococcus, Staphylococcus,
metozmkamm [15]. Corynebacterium, Rothia), Tak
Candida spp. i: 1,9 i rpamHeratuBHOi Mmikpodno-
Enterobgeterspp. W 1,9 pu  (Neisseria,  Moraxella,
KIEbSIe”ag:;Z;?;ZZJE El 9'3 Haemophilus, Klebsiella,
s woreelia 5B, —"57 Serratia,  Enterobacter), ~a
-2 Koaeynaso-nezamuei Staphylococcus spp. — 7,7 TakoX rpubu poay Candida.
g Staphylococcus aureus 32,7 JomiHyBanm O-reMoNITUYHI
] Haemophilus spp. :— 5,7 Streptococcus spp. (76,9 %),
= Neisseria spp. | 40,4 AKi popmyBann OCHOBHY bak-
= Comebacg";fj’z ;’;Z' 7,7 - TepianbHy MoONynAUil0 pPOTO-
y-hemolytic Streptococcus spp. P— 17,3 l‘/'IOTKVI.O S. au'reu.s BMABNIEHO
a-hemolytic Streptococcus spp. 76,9 y 32,7 % nauieHTiB, Koaryna-
B-hemolytic Streptococcus spp. !—- 11,5 30-HeraTuBsHI CTad)I]'IOKOKVI -y
f : . o

O 10 20 30 40 50 e 70 s oo| /7% Cepea Streptococcus
Spp. TAKOX BWUABNEHO Y-re-

YactoTa BuasneHHs,% . .
2 monitTnuHi - dopmmn  (17,3%)
PUCYHOK 1 — CneKTp MiKpOOpraHiamiB, BUABNIEHUX Y NALEHTIB 3 rOCTPUM TOH3UNITOM. Ta B-reN\oniquHi (11,5%),
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Cepef, rpamHeraTMBHUX b6ak-

LDA: Discriminant function space

Tepin HannowupeHiwmmm
6ynn Neisseria spp. (40,4%),

p T
@ Classl
® Class2

a cepen  rPamMnoO3UTUMBHUX
- Corynebacterium spp.
(28,9%). IHwWi poan, BKAO-

yatounm  Rothia, Moraxella, o.02
Haemophilus, Klebsiella,
Serratia, Enterobacter i rpuéu
poay Candida , mann yacToTy
BUABMEHHA MeHW HiXK y 10 %
BMMNaAKiB.

¢
o
[ ]
[ ]
[
o
)

Ona ouiHKM 3B’A3KYy MiX
MiKpOb6iOTO MUTAANNKIB i KAi-
HIYHMMW MpOABaMM TOCTPOrO
TOH3UAITY 3aCTOCOBAHO JiHIN-

—0.02

. » T -0.04
HUW OUCKPUMIHAHTHWIM aHani3

(LDA), nonepegHbo niaTBep-

OMBLUM  3HauyLW,i MiXKrpynosi 33 5
BiAMIHHOCTI 32 A0MOMOrot
t-tecty (p<0,001). OTpumaHa
MoZeNb nokasasna 3a40BiNbHY
TOYHICTb Knacudikauii — 75%.
Y naujieHTiB i3 KOPOTKMM ne-

-1 0 1 2 3
LD1

PuUcyHOK 2 — OgHoBUMipHUIA po3nogin LDA ana kKnacudikauii 3a TpMBanicTio 3aXBOPIOBAHHSA.

Mpumitku: LD1 (eanHa anckpumiHaHTHa dyHKLiA) — 100% aucnepcii; Knac 1 (Class 1) — kopoTkoTpusa-
i nepeb6ir (1-5 gHis), Knac 2 (Class 2) — tpusanuii nepebir (6-9 gHis).

LDA: Discriminant function space

pebirom 3axBoptoBaHHA (Kaac
1) TouHicTb (precision) cknana

o ® Class1
d ® Class2

T

0,73, uytamsicTb (recall) — 0,80, 2 s
a F1-mipa — 0,76 (puc. 2). »
Ona rpynu 3 TpuBaniwum

) Classﬂ

nepebirom (knac 2) signo- °
BilHIi MOKA3HWKM CTAHOBWUAN

0,78, 0,70 i 0,74. HanbinbL 0 T

..‘ e o R '

[ e © ° -~ ‘.

iHGOPMATUBHUMMN NPEOUKTO- o
pamu y mogeni BUABUIUCA: 3 ® o

iHOeKc pucbanaHcy cTpenTo-
KOKiB (Strep_balance) — 3,876,
NO3UTUBHICTb CTpenTrecTy -2

(Strep_Test) — 3,095, piseHb °
B-remMoniTMYHUX CTPENTOKOKIB <

— 0,920, ouiHKa 3a LWKanow -3
Centor — 0,886 Ta pesynbrart °

TecTy Ha BipycHy iHdeKuUito
(Viral_Test) — 0,387. Ocobnusy
yBary cnig, 3BepHyTM Ha MOKas-
HUK Strep_balance, akuii mas
HaMBINbLWNI BHECOK Y MOAENb,
O BKA3ye Ha BaAXK/MBY POJib
MiKpObHHOro 6asiaHcy CTPENTOKOKIB y nepebiry 3axsopto-
BaHHA.

Ons Knacudikauii 3a iHTeHcMBHICTIO 6ot none-
peaHin aHaniz (ANOVA) nokasaB 3Hauylli BigMiHHOCTI
MiX rpynamu (p<0,001). TouHicTb mogeni LDA cTaHoBK-
na 55%, Wwo cBig4YnTb NPO CKNaAHICTb AndepeHuiaLii 3a
piBHem 60/1b0BOrO CMHAPOMY. Y rpyni 3 CUIbHUM Bonem
(knac 1) TouHicTb, yyTamBicTb i F1-mipa AopiBHIOBaAM
0,50, 0,67 0,57 sBignosigHo (puc. 3).

MeHw Bgany Knacudikauito oTpMmaHO AaA naui-
€HTIB i3 NOMipHUM 6onem (Knac 2): BiANOBiAHI 3HaUeH-
HA ctaHoBuam 0,50, 0,33 i 0,40. Hankpalli pe3synbtatu
cnocrtepirannca y nauieHTiB 3i cnabkum 6onem (knac 3):
0,62, 0,67 i 0,64. Halibinbl 3HaYyLWMMK NpeauKTopa-
mu 6ynun: Strep_balance — 1,446, Centor_Score — 1,075,
iHOEKC naToreHHoro HaBaHTaXeHHa (Pathogen_ratio)
— 0,578, piseHb Haemophilus spp. — 0,468 Ta B-remoni-
TUYHI cTpenTokoku — 0,430. Pe3ynbTatv NiATBEPANKYHOTb

-3 -2

-1 0 1 2 3 4
LD1

PucyHok 3 — iBoBumipHuii npoctip LDA ana knacudikauii 3a iHTeHcUBHicTio 6ot0.

Mpumitku: LD1 - 87,4% ancnepcii; LD2 — 12,6% ancnepcii; knac 1 (Class 1) — cunbHuii 6inb (7-10 6anis 3a
BALL); knac 2 (Class 2) — nomipHuit (4-6 6anis); knac 3 (Class 3) — cnabkuit (1-3 6ann).

3B’A30K MiK BakTepiasibHMM Npodinem Ta KAIHIYHUMM
NPOABaMW roCTPOro TOH3UAITY, 30KPeMa iHTEHCUBHICTIO
6o0nt0 i TpMBanicTio 3axBoptoBaHHA. Obuasi moaeni ni-
HIHOTO AMCKPMMiIHAHTHOrO aHanisy (LDA) 3acBigumau,
WO HariHboOpMaTUBHILLMM NpeauKTopomM byna 3miHHa
Strep_balance, wo nigkpecntoe KAw4oBy ponb cTpen-
TOKOKOBOFO KOMMNOHEHTY MiKpo6iomy. TaKoX Barommmm
BMABUANCA KNiHIYHI OLiHKM 33 wkanoto Centor. OTpuma-
Hi AaHi cBiguaThb, WO KNiHivHi wKanu (Centor, FeverPAIN)
Ta OGi3nKanbHi cMMNTOMKM MatoTb OBMeEXKEHY MpPOrHoc-
TUYHY LLIHHICTb, WO Y3roAKy€eTbCA 3 BUCHOBKamM Little et
al., ne AUC mopeneii cknana auwe =0,61 [17]. Ue nia-
CU/IHOE AOUiNIbHICTb BKAKOYEHHA MiKPOBIOMHUX NpeauK-
TOPiB A0 KANiHIYHOT OuiHKK. JocnigxeHHA Bourumeau et
al. aeMoHcTpyeE, Wwo 3miHK mikpobiomy nia, Yac BipycHMX
iHpeKuin anxanbHUX Wwnaxis (3okpema SARS-CoV-2) mo-
KyTb OyTM Mapkepamu TaxkocTi [18]. Hawi pesynbratu
TAKOX MiATBEPANKYHOTb NMPOrHOCTUYHE 3HAYEHHA MOKa3-

ISSN 2077-4214. Bichuk npo6nem 6ionorii i megnuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

355



MIKPOBIONOTIA / MICROBIOLOGY

HuKa Viral_Test, akuit go3Bonsie andepeHLitoBaTn Bipy-
CHy eTionorito. Y poborti Anderson Ta Paterek Haroso-
LIYETbCS HA HEOobXigHOCTI NOEAHAHHSA KiHIYHOT OLLiHKK
3 mikpobionoriuHMmu Tectamm [19]. Came Takuii niaxig,
peanizoBaHO y Hawin poboTi. Mogenb LDA ans Tpusa-
NOCTi NoKasana TouHicTb 75%, a ansa 6onto — 55%, wo
CBiAYMTb NPO NOTEHLian, ane h Npo noTpeby NoganbLmx
LOCNiAXKEeHb.

ObmexkeHn po3mip BUBIpKKM (N=52) € YNHHUKOM,
O MOXKe BMN/IMBATM Ha y3araibHeHHA pe3ynbTatis. Aan
NiATBEPAXKEHHA Ta PO3LWMPEHHA BUABMEHUX B3aEMO-
3B’A3KiB HeobXigHi NoAanblui AOCAIAMKEHHA HA BiNbLUNX
KOropTax i3 3acTOCYBaHHAM MOMMBAEHUX METOAIB Mi-

BusasneHi BigMiHHOCTI nigKpecntooTb HeobXigHiCTb
peTenbHoi AndepeHLiiHOT AiarHOCTUKM Ta 0b6rpyHTOBa-
HOro niaxoAy A0 MpPM3HA4YeHHs aHTMbBioTMKoTepanii. Y
MiKpObioLLeHO3i POTOMMOTKN AOMIHYBAM O-TeMONITUYHI
CTPENTOKOKM (76,9%), Wwo cBig4MTb Npo ixHto disionoriy-
Hy posib. BuaBneHo KomnnekcHe cnisicHyBaHHA 10 kAto-
4yoBMX BaKTepiasibHUX POAIB, AKI MOXYTb MOAYAOBaTU
nepebir 3axBOpOBaHHS.

MeToa, NiHIMHOTO AWCKPMMIHAHTHOrO aHanisy no-
Kas3aB: BMCOKY ToYHicTb (F1-score 0,74-0,76) y nporHo-
3yBaHHi TPUBA/NIOCTi 3aXBOPIOBAHHA Ha OCHOBI iHAEKCY
ancbiosy ctpenTokokis (Strep_balance) Ta KniHiyHMX no-

KpobiomHoro aHanisy.

BucHoBKM.

Y NaujieHTiB i3 rOCTPMM TOH3MNITOM nNepeBaXkanu
O3HaKM cepefHboro abo BMCOKOFO PU3MKY CTPENTOKO-
KoBoOi iHdeKuii (ouiHKa 3a wKanow Centor >3), oaHaK
eKcnpec-TecT NiATBEPAMB HAABHICTb B-remMosliTMyHOro
CTpenToKoKa nuwe y 9,6%, a baktepionoriyHe gochni-
oxeHHAa —y 11,5% sunagkis. BogHouac BipycHa eTiono-
rina Oyna BcTaHOB/eHa Y 67,3% nauieHTiB.

Ka3HUKiB Ta MoMipHy edekTuBHicTb (F1-score 0,40-0,64)
ONA Knacudikauii iHTeHcMBHOCTI 60110, WO NoTpebye no-
[aNblIOro BAOCKOHANIEHHA MOAENI.

MepcnekTMBM NOAANBLUUX AOCNIAKEHD.

Moaanbli 4OCNIAXKEHHA MatoTb BYTM cCNpAMOBAHI Ha
po3WKnpeHHs BUBIPKK Ta BanigaLito moaenen Ha pisHUX
KNiHIYHUX rpynax, BUBYEHHSA AMHAMIKM Mikpobiomy nig
4ac NikyBaHHA.
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MIKPOBIONOTIYHI NPEANKTOPU KNIHIYHOTO NEPEBITY TOCTPOIO TOH3UANITY: 3BACTOCYBAHHA NI-
HINHOIO AUCKPUMIHAHTHOTO AHANI3Y

Kpaseub H. .

Pe3tome. [OCTpUIA TOH3UAIT — NoWMpPeEHe iHbEKLiHe 3aXBOPIOBaAHHA 3i CKAagHoto eTionorieto. MNopyweHHA Mmi-
KpobHoro 6anaHcy nigHebiHHUX MUrOaNMKiB MOXKe BNAMBaTU Ha nepebir xsopobu. LDA-aHani3 BiAKPMBAE MOXK-
NIMBOCTI AnA iHTerpauii MiKpoBioMHUMX i KAIHIYHUX AaHUX 3 meTol NobyaoBM NMepcoHanizoBaHUX NPOrHOCTUYHMUX
moaeneu.

MeToto gocnigKeHHs 6yno BUABUTU MiKpObBioNnoriyHi NnpeamMKTopu KniHiyHOro nepebiry rocTporo TOH3UAITY
LNAXOM aHani3y ckaagy mikpobiotn nigHebiHHMX MUTAANMKIB, BCTAHOBUTM 3B’A30K MiXK BaKTepiasibHUM npodinem
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i KNHOYOBMMM KNiHIYHMMM NpoABaMM (TPMBANICTIO XBOPOOU Ta iHTEHCMBHICTIO 60A10), @ TakoXK NobyayBaTH NPOrHoC-
TUYHI MoZeni 3a ONOMOTO0 NiHIMHOMO AUCKPUMIHAHTHOTO aHanisy.

Y pocnigeHHi BMKopucTaHo wkanan Centor/Meclsaac, BALL, imyHoxpomaTtorpadiyHi Tectu — ona BUABAEHHSA
Streptococcus pyogenes i BipyCHWX areHTiB, bakTepionoriyHuii nocis (n=52) — ans ineHTndikawii MikpobioTn, a Takox
MeToA, NiHIMHOro ANCKPMMIHAHTHOrO aHanisy (LDA) — ana nobyanosu mogenei knacudikadii.

BcTaHOBNEHO TUMOBMI TAaKCOHOMIYHWMIA nNpodinb MiKpPo6ioTM POTOrNOTKU. [OMIHYBAHHA O-FeMONITUYHUX
Streptococcus spp. Ta 3HayHa TaKCOHOMIYHA Pi3HOMAHITHICTb CBiAYaTb NMPO BaXK/MBY PO/ib MiKpobHOro H6anaHcy
y naToreHesi 3axBoptoBaHHA. Y BiNbWOCTI NaujieHTIB cnocTepiranacs BMCOKa OLiHKa 3a wkanoto Centor (3 6anmn —
y 59,6%). BogHouac anwe y 9,61% (5 ocib) 6y NO3NTUBHMUI pe3ynbTaT eKCnpec-TeCTy Ha CTPENTOKOK rpynu A, a
y 11,5% (6 ocib) — niaTBEpAKEHO HaABHICTL B-reMoniTUYHOro Streptococcus 3a pesynbTaTammu 6aKkTepioNoriyHoro
AocniaxKeHHs. BuasneHHaA BipycHoi eTionorii 6yno 3HaYHo vacTiwmnm (67,3%), Wo NiAKPeCcatoe CKNAAHICTb TOYHOrO
KNiHIYHOro NPOrHo3yBaHHA 6e3 3a1y4eHHs MikpobiosoriyHMx meTogiB. OcobanBOI MPOrHOCTUYHOI LiHHOCTI HabyB
iHTerpanbHUIM NokasHuK Strep_balance (p<0,001). Mogenb LDA npogemoHcTpyBana BUCOKY eDEKTUBHICTb Y KNacu-
dikauii dopm xBopobu 3a TpusanicTio (F1-score: 0,74—-0,76; accuracy: 75%).

3anyyeHHs Anwe KAiHIYHUX WKan (Centor) Ta pesynbTaTiB eKCNpec-TecTiB A03BO/IAE OPIEHTOBHO OLHUTU PUSKK
bakKTepianbHOT iHeKL,i, NpoTe He 3aMiHIOE MiKpobionoriyHoro aHanisy. OTpMmaHi AaHi NiATBEPAKYOTb AOLINBHICTb
BK/IIOYEHHS MIKPOBIOMHOrO aHani3y A0 KNiHIYHOT NPaKTUKK A5 NepCoHaNi30BaHOro NiaxoAy A0 BeAEHHS MalieHTIB
i3 FOCTPUM TOH3UAITOM.

Kntouosi cnosa: imyHoxpomatorpadiyHi TectTn, CTpenToKokM rpynu A, BipycHa iHdekuia, wkana Centor, dopmu
TOH3UNITY, NPEANKTOPU, NiHIMHUIA ANCKPUMIHAHTHWUI aHani3.

MICROBIOLOGICAL PREDICTORS OF CLINICAL COURSE OF ACUTE TONSILLITIS: APPLICATION OF LINEAR
DISCRIMINANT ANALYSIS

Kravets N. Y.

Abstract. Acute tonsillitis is a common infectious disease with a complex etiology. Disturbances in the microbial
balance of the palatine tonsils can affect the course of the disease. LDA analysis opens up opportunities for the
integration of microbiomic and clinical data to build personalised prognostic models.

The aim of the study was to identify microbiological predictors of the clinical course of acute tonsillitis by
analysing the composition of the palatine tonsil microbiota, to establish the relationship between the bacterial
profile and key clinical manifestations (duration of illness and pain intensity), and to build prognostic models using
linear discriminant analysis. The study used the Centor/Mclsaac, VAS scales, immunochromatographic tests to
detect Streptococcus pyogenes and viral agents, bacteriological culture (n=52) to identify the microbiota, and the
linear discriminant analysis (LDA) method to build classification models.

A typical taxonomic profile of the oropharyngeal microbiota was established. The dominance of a-haemolytic
Streptococcus spp. and significant taxonomic diversity indicate an important role of microbial balance in the
pathogenesis of the disease. Most patients had a high Centor score (3 points in 59.6%). At the same time, only
9.61% (5 patients) had a positive rapid test result for group A streptococcus, and 11.5% (6 patients) had the
presence of B-haemolytic Streptococcus confirmed by bacteriological examination. The detection of viral etiology
was much more frequent (67.3%), which emphasises the difficulty of accurate clinical prognosis without the use of
microbiological methods. The integral index Strep_balance was of particular prognostic value (p<0.001). The LDA
model demonstrated high efficiency in classifying disease forms by duration (F1-score: 0.74-0.76; accuracy: 75%).

The use of only clinical scales (Centor) and rapid test results allows for a rough assessment of the risk of bacterial
infection, but does not replace microbiological analysis. The data obtained confirm the feasibility of including
microbiological analysis in clinical practice for a personalised approach to the management of patients with acute
tonsillitis.

Key words: immunochromatographic tests, group A streptococci, viral infection, Centor scale, forms of tonsillitis,
predictors, linear discriminant analysis.
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