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Anotacija

Vispargja populacija tonsilits péc rinofaringita un vidusauss iekaisuma ir tresa biezaka
infekcija, kuras del pacienti veérSas pie otorinolaringologa. Tonsilita epizodém atkartojoties
vairakkart, akiits tonsilits pariet recidivéjosa tonsilita (RT). RT paasinajumu arstéSana lieto
antibiotikas. Paslaik ka galvenais noteicoSais faktors pacientu atlasé tonsilektomijai tiek
izmantots paasinajumu biezums p&dgjo tris gadu laika. Ja ir septinas tonsilita paasinajuma
epizodes gada laika vai piecas tonsilita paasinajuma epizodes gada laika divus gadus péc kartas,
vai tris tonsilita paasinagjuma epizodes gada laika tris gadus péc Kkartas, ir icteicama
tonsilektomija. Tonsilita recidivu etiopatogenéze nav skaidra un tiek aktivi pétita. Neefektivas
antibakterialas terapijas iemesls tiek skaidrots ar bakteriju specifiskiem rezistences
mehanismiem, biofilmu veido$anos, antibiotiku nepietiekamu koncentraciju auksléju mandelu
audos. RT samazina pacientu dzives kvalitati, ir medicinisks un finansials slogs. RT
paasinajumi var komplic@ties par paratonsilaru abscesu (PTA).

P&tijuma mérkis bija identificét RT un PTA etiologiskos agentus auksl&ju mandelu
kriptas un parenhima, noteikt patogéno bakteriju antibakterialo rezistenci un sp&ju veidot
biofilmas un izveértét to nozimi RT un PTA patogenéz€ un kliniskaja norisé.

Merka sasniegSanai tika izveidots pétijuma plans. Petjjuma tika ieklautas vairakas
sadalas. 1. sadalas uzdevums bija izvertét RT un PTA pacientus, kuriem veikta tonsilektomija.
RT grupu veidoja 99 planveida pacienti, kuriem tonsilektomija veikta planveida karta sakara ar
tonsilita recidiviem, neskatoties uz atbilstoSu antibakterialo terapiju. PTA pacientu grupu
veidoja 29 pacienti, kuriem veikta akiita tonsilektomija PTA drenazai. 2. sadalas uzdevums bija
izverteét auksléju mandelu kriptu paraugu precizako iegiiSanas metodi. Tika izveidota RT
pacientu grupa, kas sastavéja no 25 pacientiem. Saja sadala aukslgju mandelu kriptu paraugi
iegiti divos veidos un salidzinati iegitie rezultati. 3. sadalas uzdevums bija izvertét veselo
individu auksl&ju mandelu kriptu mikrobiologiskos rezultatus. Tika izveidota veselo individu
grupa un ieklauts 91 cilvéks — Medicinas fakultates studenti bez auksl&ju mandelu patologijas.
4. sadalas uzdevums bija veikt bakteriologisku novértéSanu pacientiem péc tonsilektomijas.
Grupa tika ieklauti 16 pacienti, kuriem pirms gada bija RT un tika veikta tonsilektomija. Siem
pacientiem tika veikta kliniska un bakteriologiska novértésana. Katra sadala ieklautajiem
pacientiem tika nemti auksl&ju mandelu kriptu paraugi bakteriologiskai analizei, antibakterialas
jutibas un biofilmu producéSanas sp€ju analizei. Izmeklgjumi veikti Rigas Stradina
universitates Biologijas un mikrobiologijas katedras laboratorija un Paula Stradina kliniskas

universitates slimnicas Bakteriologijas laboratorija.



Petijuma gaita tika izstradata un patentéta biopsijas adata auksléju mandelu kriptu
optimala parauga iegiiSanai. P&tijuma konstatéts, ka RT pacientiem, salidzinot ar PTA
pacientiem un veseliem individiem, bija lielaka mikroorganismu daudzveidiba aukslgju
mandelu kriptas, domingjoSais patogéns bija S. aureus. RT, PTA pacientiem tika konstateti
biofilmu veidojosie celmi, bet nozimiga antibakteriala rezistence netika konstatéta un netika
noverota saistiba starp biofilmas producéSanas fenotipu un antibakterialo jutibu. Veseliem
individiem bez auksl&ju mandelu patologijas no auksl&ju mandelu kriptam tika izdaliti kltniski
nozimigi patogéni (S. aureus, K. pneumoniae, P. aeruginosa) un jutigi biofilmu producgjosi
celmi. Veselo individu auksléju mandelu kriptas ir nozimigs patogéno bakteriju un biofilmu
producgjoso celmu rezervuars. Miisu pétijuma rezultati apliecina, ka tonsilektomija ir efektiva
bakterialas kolonizacijas noveérsanai.

Promocijas darbs tika veidots ka rakstu kopa, kas apkopo pétfjuma rezultatus.
Promocijas darba iegiitie rezultati par RT un oralo mikrobiotu ir ar starptautisku nozimi un satur
rekomendacijas izmantosanai kltniskaja praksg.

Atslégvardi: zinatnes nozare — medicina, apakSnozare — otorinolaringologija,

recidivgjoss tonsilits, paratonsilars abscess, biofilmas, antibakteriala jutiba.



Abstract

Role of Biofilms in Pathogenesis and Clinical Course
of Recurrent Tonsillitis and Peritonsillar Abscess

After nasopharyngitis and otitis media tonsillitis is the 3" most common infection that
requires patients to see an otorhinolaryngologist. When episodes of tonsillitis recur, acute
tonsillitis diagnosis turns into recurrent tonsillitis (RT). Exacerbations of RT are treated with
antibiotics. Currently, the frequency of exacerbations in the last 3 years is used as the main
determining factor in the selection of patients for elective tonsillectomy. If there are 7 episodes
of tonsillitis in a year, or 5 episodes of tonsillitis in a year for 2 consecutive years, or 3 episodes
of tonsillitis in a year for 3 consecutive years, tonsillectomy is recommended. The
etiopathogenesis of RT is not clear and is being actively studied. The reason for ineffective
antibacterial therapy is explained by specific resistance mechanisms of bacteria, formation of
biofilms, insufficient concentration of antibiotics in tonsillar tissue. RT reduces patients™ quality
of life and is a medical and a financial burden. During exacerbation of RT a peritonsillar abscess
(PTA) as a complication may develop.

Therefore, the aim of the study was to identify the etiological agents of RT and PTA in
tonsil crypts and parenchyma samples, to determine antibacterial resistance and biofilm
formation capacity of pathogenic bacteria, and to evaluate their importance in the pathogenesis
and clinical course of RT and PTA.

The study included several parts: 1% part was dedicated for evaluating RT and PTA
patients undergoing tonsillectomy. The RT group consisted of 99 patients who underwent
planned tonsillectomy due to RT despite appropriate antibacterial therapy. The PTA patient
group consisted of 29 patients who underwent acute tonsillectomy for drainage of peritonsillar
abscess. The objective of 2" part was to evaluate the most accurate method of obtaining
samples from tonsillar crypts. The study group of 25 patients with RT was created. In this part,
tonsillar crypt samples were obtained in 2 ways and the results were compared. The objective
of 3" part was to evaluate the microbiological results of tonsillar crypt sample of healthy
individuals. A group of healthy individuals without tonsillar pathology consisted of
91 participants — students of Medical Faculty of Riga Stradin$ University. In 4™ part
a bacteriological evaluation of post-tonsillectomy patients was performed. The group consisted
of 16 patients who previously had RT and had a tonsillectomy performed a year ago. These
patients were subjected to clinical and bacteriological evaluation. During each part tonsillar
crypt samples were taken for bacteriological analysis, antibacterial sensitivity and biofilm

production capacity of isolated strains was assessed. The examinations were carried out in the



laboratory of the Biology and Microbiology Department of Riga Stradin$ University and the
Laboratory of Bacteriology of the Pauls Stradins Clinical University Hospital.

During the study a biopsy needle was developed and patented for obtaining an optimal
sample of tonsillar crypts. The study found that RT patients, compared to PTA patients and
healthy individuals, had a higher diversity of microorganisms in the tonsillar crypts, the
predominant pathogen being S. aureus. Biofilm forming strains were detected in RT, PTA
patients, but no significant antibacterial resistance was detected and no relationship between
the biofilm producing phenotype and antibacterial sensitivity was observed. Clinically relevant
pathogens (S. aureus, K. pneumoniae, P. aeruginosa) and susceptible biofilm producing strains
were isolated from tonsillar crypts of healthy individuals without tonsillar pathology. The
tonsillar crypts of healthy individuals are an important reservoir of pathogenic bacteria and
biofilm producing strains. The results of our study confirm that tonsillectomy is effective in
preventing bacterial colonization.

The thesis is presented as a unifying material of peer-review publications, it summarizes
the results of the research. The obtained results on RT and oral microbiota are of international
importance and contain recommendations for use in clinical practice.

Keywords: sector — medicine, sub-sector — otorhinolaryngology, recurrent tonsillitis,

peritonsillar abscess, biofilms, antibacterial susceptibility.
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Darba izmantotie saisinajumi

Abreviatiira Nosaukums Nosaukums Nosaukums
anglu valoda latvieSu valoda latinu valoda
Ae Acinetobacter
ewoffi
Aju Acinetobacter
junii
Ajo Acinetobacter
johnsoni
A. johnsoni Acinetobacter
johnsoni
AK Amikacin Amikacins
AMP Ampicillin Ampicilins
AMS Ampicillin/sulbactam Ampicilins/sulbaktams
Ap Acinetobacter
pitti
A. pitti /Acinetobacter
pittii
AUG Amoxicillin/clavulanic acid Amoksicilins/klavulanskabe
ASO Antistreptolysin O Antistreptolizins O
BP Benzylpenicillin Benzilpenicilins
C Chloramphenicol Hloramfenikols
C. albicans Candida
albicans
CAZ Ceftazidime Ceftazidims
CD Climdamycin Klindamicins
CIP Ciprofloxacin Ciprofloksacins
CRP C-reactive protein C reaktivais proteins
CRO Ceftriaxone Ceftriaksons
CTX Cefotaxime Cefotaksims
D Nasal vestibule Deguna priekstelpa \Vestibulum nasi
E Erythromycin Eritromicins
ESBL Extended spectrum beta- Paplasinata spektra beta-
lactamase laktamaze
EUCAST European Committee on Eiropas Antimikrobialas jutibas
Antimicrobial Susceptibility  noteikSanas komisija
Testing
ETP Ertapenem Ertapenéms
FOX Cefoxitin Cefoksitins
GM Gentamicin Gentamicins
H. influenzae Haemophilus
influenzae
HIV Human immunodeficiency virus|Cilvéka imiindeficita viruss
I Intermediate resistant Jutigs paaugstinata
koncentracija
IMP Imipenem Imipenéms
J Sensitive Jutigs
K Crypt Kripta




Kp Klebsiella
pneumoniae
K. pneumoniae Klebsiella
pneumoniae
LB Luria-Bertani broth Lurija-Bertani buljons
LEU White blood cells Leikociti
LEV Levofloxacin Levofloksacins
MALDI-TOF |Matrix-assisted laser Ar matricas asistéta lazera
MS desorption/ionization time-of- | desorbcijas/jonizacijas lidojuma
flight mass spectrometry laika masas spektometrija
MEM Meropenem Meropenéms
MRSA Methicillin-resistant Meticilina rezistentais
Staphylococcus aureus Staphylococcus aureus
MSSA Methicillin-sensitive Meticilina jutigais
Staphylococcus aureus Staphylococcus aureus
NK Negative control Negativa kontrole
NOR Norfloxacin INorfloksacins
N. subflava Neisseria
subflava
OB Optical density Optiskais blivums
OBr Optical density's cut-off value |Optiska blivuma robezvertiba
P Armpit Paduse
PSKUS Pauls Stradins Clinical Paula Stradina kliniskas
University Hospital universitates slimnica
Pa Pseudomonas
aeruginosa
P. aeruginosa Pseudomonas
aeruginosa
P. intermedia Prevotella
intermedia
PTA Peritonsillar abscess Paratonsilars abscess
R Resistant Rezistents
RSU Riga Stradins University Rigas Stradina universitate
RT Recurrent tonsillitis Recidivejoss tonsilits
S Female Sieviete
Sa Staphylococcus
aureus
S. aureus Staphylococcus
aureus
S. agalactiae Streptococcus
agalactiae
S. anginosus Streptococcus
anginosus
S. dysgalactiae Streptococcus

dysgalactiae

S. epidermidis Staphylococcus
epidermidis

S. pneumoniae Streptococcus
pneumoniae




S. pyogenes Streptococcus
pyogenes

S. viridans Streptococcus
viridans

SKI Interquartile range Starpkvartilu intervals

SN Standard deviation Standartnovirze

Spp. Species Sugas

Sl Serratia
liguefaciens

S. liquefaciens Serratia
liguefaciens

SXT Trimethoprim/sulfamethoxazole[Trimetoprims/sulfametoksazols

SV International unit Starptautiska vieniba

TE Tonsillectomy Tonsilektomija

TZP Piperacillin/tazobactam Piperacilins/tazobaktams

TSB Tryptic Soy Broth Triptozes sojas buljons

V Male Virietis

v Throat Rikle
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Ievads

Recidivgjoss tonsilits (RT) ir aukslgju mandelu recidivéjoSs iekaisums, ko izraisa
parsvara vai vienigi baktérijas (Zautner et al., 2010; Cavalcanti et al., 2019; Buname et al.,
2021). Tonsilita paasinajuma epizodes raksturo paaugstinata kermena temperatiira, sapes riklé
un sapiga risana, zavas apsartums, auksléju mandelu pietikums ar vai bez aplikuma un kakla
limfadenopatija (Buname et al., 2021). Starp tonsilita paasinajumu epizodém var saglabaties
diskomforts rikle, detrita pastiprinata krasanas auksléju mandelu kriptas, halitoze un kakla
limfadenopatija (bin Abu Bakar et al., 2018). RT diagnozi nosaka kliniski, balstoties uz
anamnézes datiem (Windfuhr et al., 2016a; Sykes et al., 2020). RT diagnozi var noteikt, ja
12 ménesu perioda ir vairak neka divas atseviskas tonsilita epizodes (Burton et al., 2014).
Tonsilita paasinajumu laika arsté$ana lieto antibiotikas (Windfuhr et al., 2016a; Katkowska
etal., 2017). Tonsilektomija ir indic€ta pacientiem ar RT, ja ir septinas tonsilita paasinajuma
epizodes gada laika vai piecas tonsilita paasinajuma epizodes gada laika divus gadus p&c kartas,
vai tris tonsilita paasinajuma epizodes gada laika tris gadus péc kartas (Paradise et al., 1984;
Sykes et al., 2020).

Iekaisums no auksl&ju mandelu audiem var izplatities uz blakusesoSiem paratonsilariem
audiem un izveidot abscesu paratonsilara telpa (Windfuhr et al., 2016a; Peter Sell et al., 2023).
Paratonsilars abscess (PTA) ir tonsilita biezaka strutaina komplikacija (Klug, 2017). PTA
diagnozi nosaka, nemot véra anamnézes un pacienta apskates datus. Pacientam ar PTA
raksturigs drudzis, vienpus&jas sapes rikle, neskaidra runa, dazZreiz trisms, kakla descendgjoso
limfmezglu iesaiste iekaisuma procesa (Klug, 2017). Apskaté PTA raksturigs vienpusgjs
glotadas apsartums un palpatori blivs un sapigs pietikums paratonsilara un pieguloSo miksto
aukslgju rajona (Slouka et al., 2020). PTA visbiezak ir vienpus€js. PTA arstéSana ir
nepiecieSama antibakteriala terapija un kirurgiska arstéSana — abscesa incizija un drenaza vai
tonsilektomija aktta karta (Windfuhr et al., 2016b; Klug, 2017). V&l joprojam nav skaidri
iemesli, kade] konservativa terapija médz biit neefektiva.

RT epizodes samazina dzives kvalitati, ir finansiali zaud&umi darbnesp&jas un
medicinas izdevumu dél (Windfuhr et al., 2016b; Tzelnick et al.,, 2020). Atkartotu
antibakterialas terapijas kursu risks ir antibakterialas rezistences veicinasana. Kirurgiskas
arstéSanas un anestézijas lietoSana ir tadi potencialie riski ka asinoSana, asinu aspiracija,
blakusesos$o struktiiru ievainojums, ilgstosa briicu dzisana u.c. (Windfuhr et al., 2016b).

Nesekmigas antibakterialas terapijas iemesli ir vairaki, piemeram, griitibas identificét
tonsilitu izraisosas bakterijas, zema antibiotiku koncentracija auksléju mandelu audos, patogéna

saglabaSanas intracelulari epitélija vai makrofagiem lidzigas antigé€nprezent€josas Siinas,
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iesaistito patogénu specifiski antibakterialas rezistences mehanismi vai biofilmu veidoSanas
(Pichichero & Casey, 2007; Zautner et al., 2010; bin Abu Bakar et al., 2018). Ir veikti vairaki
pétijumi, kas raksturo RT un PTA etiologija iesaistito patogénu spektru, etiologija biezi ir
polimikrobiala (Zautner et al., 2010; Klug, 2017). Auksl&ju mandelu paraugu mikrobiologisko
analizi un etiologiska ierosinataja identificésanu apgritina liela mikroorganismu daudzveidiba
no normalas oralas mikrobiotas (Windfuhr et al., 2016a; Dickinson et al., 2020). Aukslgju
mandel@s ir lielaka mikrobiala daudzveidiba ar nozZimigam individualam atskiribam (Aas et al.,
2005; Jorgensen et al., 2015; Ivaska et al., 2020). Auksl&ju mandelu virsmu klaj normala orala
mikrobiota, kas parasti nav iesaistita auksléju mandelu iekaisumu etiologija, kaut gan
autoinfekcija ar oralo mikrobiotu ir iesp&jama (Windfuhr et al., 2016a; Haq et al., 2017). Vietas
ar augstu bakterialo kolonizaciju ir jaizveérté izdalito baktériju kliniska un etiologiska nozime
(Vaikjarv et al., 2016). Aukslgju mandelu iekaisumu etiologija prevalé auksléju mandelu
parenhima vai kriptas mito$as bakterijas, nevis virsma esosas baktérijas (Khadilkar & Ankle,
2016). Aukslgju mandelu kriptas ir Sauras, zarotas ejas auksl§ju mandelu audos.
Mikrobiologiskai analizei paraugi no auksl&ju mandelu kriptam tiek uzskatiti par precizakiem
un atbilstosakiem salidzinajuma ar auksl&ju mandelu virsmas uztriepém (Haq et al., 2017;
Dickinson et al., 2020).

RT pacientu aukslgju mandelu audos ir augsta Staphylococcus aureus (S. aureus)
prevalence, S. aureus tiek uzskatits par RT galveno etiologisko faktoru (Brook & Foote, 2006;
Zautner et al., 2010; Katkowska et al., 2017; Kostic¢ et al., 2022). Tomér nav skaidra §T patogéna
loma RT paasinajumu patogenézg, abscesu veidoSana un antibakterialas rezistences veidoSana.
Mikrobiologisko analizi apgritina S. aureus asimptomatiska n€sasana (Chmielowiec-
Korzeniowska et al., 2020). S. aureus spgj iegit plasa spektra antibakterialo rezistenci, tomer
RT pétijumos S. aureus neuzrada augstu antibakterialo rezistenci un tiek pétiti citi aizsardzibas
mehanismi, pieméram, biofilmu veidosanas (bin Abu Bakar et al., 2018; Cavalcanti et al., 2019;
Katkowska et al., 2020; Kosti¢ et al., 2022). Klebsiella pneumoniae (K. pneumoniae) noturigu
biofilmu veidoSanas sp&jas ir apstiprinatas pétijumos. Pateicoties K. pneumoniae biofilmam,
tas sp&j kolonizet elpcelus, aizdeguni, mandeles (Alasil et al., 2013; Wang et al., 2020).

Tiek uzskatits, ka RT patogenézg ir iesaistitas biofilmas veidojosas baktérijas (Kosti¢
etal., 2022). P&tijumos, izmantojot sken&joSo elektronmikroskopu, konstatéta statistiski
nozimiga biofilmu klatbiitne RT pacientu grupa salidzinajuma ar kontroles grupu, attiecigi
80 % (16/20) un 45 % (9/20) (Woo et al., 2012). Baktérijas, kas atrodas daudzslanaina,
nobriedusa  biofilma, ir pasargatas no saimniekorganisma iminas  sist€émas
aizsargmehanismiem — makrofagiem un antivielam, ka arT tas nesasniedz antibiotikas (Archer

et al., 2011; Lister & Horswill, 2014; Hamilos, 2019). Biofilmu ipasibas izskaidro patogénu
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sp&ju izdzivot auksléju mandelu audos, neskatoties uz atkartotiem antibakterialas terapijas
kursiem (Archer et al., 2011; Lister & Horswill, 2014; Moormeier & Bayles, 2017). RT
paasinajumus izskaidro ar brivo planktonisko bakteriju klatbiitni, bet hroniskos simptomus
starp tonsilita paasinadjuma epizodém, ar kriptas un biofilmu kolonijas esosam bakterijam, kuras

ilgstosi spé&j rezistét saimnickorganisma imanajai aizsargsistémai (bin Abu Bakar et al., 2018).

Péetijuma merkis
Identificét RT un PTA etiologiskos agentus auksl&ju mandelu kriptas un parenhima,
noteikt to antibakterialo rezistenci un sp&ju veidot biofilmas un izvertét to nozimi RT un PTA

patogenéz€ un kliniskaja norisg.

Darba uzdevumi

Promocijas darba mérka sasniegSanai izvirziti $adi uzdevumi:

1. Izdalit un identificet RT un PTA pacientu auksléju mandelu kriptas esoSos
mikroorganismus, izvértet izdalito S. aureus un K. pneumoniae biofilmu veidosanas
sp€ju, antibakterialo jutibu un to lomu tonsilita recidivu un PTA attistiba.

2. Salidzinat bakteriju klatbttni RT pacientu auksl&ju mandelu virsmas un aukslgju
mandelu kriptu materiala, izvertét to lomu RT etiologija.

3. Identificét un raksturot nozimigako rikles un elpcelu patogénu klatbttni veselu
individu auksléju mandelu kriptas.

4. TIzverteét un salidzinat S. aureus kolonizacijas biezumu un klinisko nozimi RT
pacientiem tonsilektomijas materiala un S. aureus nésasanu vienu gadu péc

operacijas.

Darba hipotéze
RT un PTA etiologiskie ierosinataji lokaliz&jas auksl&ju mandelu kriptas vai parenhima,
nevis mandelu virsma, un RT un PTA kliniskaja norisé biitiska nozime ir baktériju veidam un

dazadibai, to biofilmas veidoSanas sp€jai un antibakterialai rezistencei.

Darba novitate

Veikta plasa RT un PTA etiologisko ierosinataju identifikacija, izmantojot MALDI-TOF
MS un VITEK-2 Compact iekartu. Optimalai un precizai auksléju mandelu kriptu parauga
ieglisanai izgatavota, patentéta un pirmo reizi izmantota punktésanas biopsijas adata (Klagisa
etal., 2021a). Veikts veselo individu auksl&ju mandelu mikrobiotas p&tijums. lzvertéta biofilmu

veidojoso izolatu klatbiitne RT un PTA pacientiem un izvertéta to saistiba ar antibakterialo
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rezistenci. Pirmo reizi veikts RT pacientu monitorings gadu péc tonsilektomijas, izvertéta

kirurgiskas terapijas efektivitate.

Personigais ieguldijums

Darba autore veikusi visu pétijuma iesaistito veselo individu un pacientu apskati, atlasi,
konsultaciju, arstéSanu un operacijas, némusi auksléju mandelu biopsijas un ieguvusi pacientu
materialu bakteriologiskai izvértéSanai, pati personigi veikusi visu paraugu bakteriologisko
izmekl€sanu (mikroorganismu izdaliSanu un identifikaciju, antimikrobialas jutibas un biofilmu
veidosanas noteikSanu), analiz&jusi iegiitos datus un sagatavojusi materialus biopsijas adatas

patenta ieguvei (patents Nr.: LVP2020000055).

Etiskie aspekti

Petijums veikts saskana ar Helsinku deklaraciju, un p@tijumu apstiprinajusi
Rigas Stradina universitates FEtikas komiteja 2017. gada 30. novembri, atlauja
Nr. 49/30.11.2017., un 2020. gada 10. septembri, atlauja Nr. 6-1/09/22 (sk. 6. pielikumu). Visi
petijuma ieklautie pacienti un veselie brivpratigie parakstija inform&tas piekriSanas veidlapu

lidzdalibai petijuma.
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1. Materiali

Prospektiva pétijuma, ieklaujot RT un PTA pacientus un veselos individus
(sk. 1.1. attelu), veikta mediciniska apskate, apkopoti dati par vinu veselibu, auksléju mandelu
iekaisumiem, epizodém un to biezumu, lietoto antibakterialo terapiju. Veikts auksléju mandelu
mikrobiologiskais izvertgjums: identificéta mikroorganismu daudzveidiba, izvertéta to
antibakteriala jutiba un sp&ja veidot biofilmas, salidzinats aukslgju mandelu paraugu iegiiSanas
veids — ar punkcijas metodi no auksléju mandelu kriptam un iztriepe no auksléju mandelu
virsmas. [zvertéta S. aureus sastopamiba pacientiem vienu gadu péc tonsilektomijas. Auksl&ju
mandelu paraugi iegiiti Paula Stradina kliniskas universitates slimnicas (PSKUS)
Otorinolaringologijas klinika. Mikrobiologiskie p&tijumi veikti Rigas Stradina universitates
Biologijas un mikrobiologijas katedras laboratorija un PSKUS Bakteriologijas laboratorija.
RT un PTA pacienti tika ieklauti petijuma laika posma no 2018. lidz 2020. gadam, kad
sanéma terapiju PSKUS Otorinolaringologijas klinika. IeklauSanas kritériji bija $adi: RT vai
PTA diagnoze, sanemta Kkirurgiska arst€Sana (abpus€ja tonsilektomija), nav sanemta
antibakteriala terapija péd€jo Cetru nedélu laika. RT definéts atbilstosi Paradise kritérijiem ka
septinas tonsilita epizodes gada laika, piecas tonsilita epizodes gada laika divus gadus p&c kartas
vai tris tonsilita epizodes gada tris gadus p&c kartas, neskatoties uz sanemto atbilsto$o
antibakterialo terapiju (Paradise et al., 1984; Windfuhr et al., 2016a, 2016b). PTA tika
diagnosticéts kltniski, balstoties uz pacientu siidzibam un apskates datiem: paratonsilara rajona
un miksto auksl&ju vienpusgjs, palpatori blivs un sapigs piemilzums ar Zavas glotadas
hiperémiju, dazreiz triSmu, kakla limfadenopatiju, kakla sapeém, neskaidru runu, drudzi. RT un
PTA abscesa diagnoze noteikta PSKUS péc sertific€ta otorinolaringologa konsultacijas.
Visiem pacientiem ar RT tika veikta abpusgja tonsilektomija planveida karta un pedgja
tonsilita paasinajuma epizode ne agrak ka Cetras ned€las pirms operacijas. Visiem PTA
pacientiem tika veikta abpusgja tonsilektomija akiita karta tonsilita paasinajuma laika.
Pétijuma netika ieklauti pacienti ar hematologiskam slimibam (trombocitopéniju vai
koagulopatiju), primaru vai iegiitu imiindeficitu, ar dentalu infekciju, ja antibakteriala terapija
sanemta ped&jo Cetru nedelu laika vai ta uzsakta pirms auksléju mandelu parauga iegiiSanas
mikrobiologiskiem izmekl&jumiem, ja lietotas citas PTA arsté$anas metodes, pieméram, PTA
incizija un drenaza, vai bija kontrindikacijas tonsilektomijas veikSanai (kontrindikacijas
operacijai vai vispargjai anestézijai), vai pacients atteicas piedalities petijuma, nesp&ja sniegt
rakstisku informé&tu piekriSanu. Pacienti ar onkologisku slimibu, aktivu autoimiinu slimibu,
imunsupresivu lidzeklu lietosanu (prednizolons > 10 mg/diena vai lidzvertigs medikaments)

vairak neka Cetras ned€las netika ieklauti petijuma. Par pacientu blakusslimibam informacija
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ieglita no gimenes arsta nosttfjuma, jo otorinolaringologs ir sekundaras veselibas apripes
specialists, un pec sertificéta otorinolaringologa un anesteziologa konsultacijas PSKUS.
P&tijuma ieklautie veselie individi bija Rigas Stradina universitates Medicinas fakultates
studenti. Studenti iesaistiti pétijuma no 2019. gada 1. oktobra lidz 31. decembrim, kad
apmeklgja otorinolaringologijas macibu ciklu. P&tijuma icklautie studenti bija bez
blakusslimibam, bez auksl&ju mandelu patologijas, bez augs€jo elpcelu infekcijas pazimém
pétijuma norises laika un nebija sanémusi antibakterialo terapiju vismaz Cetras nedélas Iidz
dalibai pé&tijuma, balstoties uz studentu sniegto informaciju par vinu veselibas stavokli.
P&tijuma netika ieklauti studenti, kuri pirms dalibas pétijuma sanémusi antibakterialo terapiju
pedgjo Cetru nedelu laika, ar karioziem zobiem, periodonta slimibam, zobu protézém, balstoties
uz studentu sniegto informaciju par vinu veselibas stavokli, vai kuri nevélgjas piedalities

pétijuma.
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Paraugi mikrobiologiskai analizei tika iegtti $adi: ar sterilu birstiti no auksl&ju mandelu
kriptam (Kito brush, references numurs 0640, Kaltek srl, Padova, Italija) (2. un 3. sadala); ar
sterilu punktéSanas biopsijas adatu auksl&ju mandelu audu fragments ar kriptu un tas saturu
tonsilektomijas laika (1., 2., 4. sadala); ar sterilu vates kocinu no deguna priekstelpas (latiniski
vestibulum nasi), padusém un auksl&ju mandelu nisam péc tonsilektomijas (4. sadala). Auksl&ju
mandelu audu fragmenta iegiSanai p&tniecibas noliikos tika izstradata punktéSanas biopsijas
adata ar pagarinatu, liektu rokturi un aplveida asmeni, kura izméri pieméroti optimala lieluma

parauga iegiisanai (sk. 1.2. att€lu), patents Nr.: LVP2020000055 (Klagisa et al., 2021a).

=
Auksléju
3 mandele
| Biopsijas
o rajons
|
A Kripta
a b

1.2. attéls. Biopsijas adatas (a) un auksleju mandeles biopsijas rajona (b) shéema

PunktgSanas adata sastav no asmena (3) un turétaja (2) ar divam dalam (A) un (B),
kas sava starpa veido 125° lenki.

legiitie paraugi tika ievietoti Amies transporta barotnés un 24 stundu laika istabas

temperatiira nogadati uz laboratoriju.
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2. Metodes

2.1. Mikroorganismu identifikacija

legiitie paraugi aerobos apstaklos tika kultivéti 36 + 1 °C 24-48 h uz Kolumbijas asins
agara, Mannita sals agara, MacConcey agara un Sabouraud dekstrozes agara barotném
(Liofilchem, Italija). Anaerobu mikroorganismu kultivé$anai izmantota Brucellas asins agara
barotne anaeroba maisinu sist€éma, kas inkubéta 36+ 1°C lidz piecam diennaktim.
Streptococcus pneumoniae kultivés$anai izmantota Kolumbijas asins agara barotne ar optohina
disku, kas inkubéta 36 +1°C 24-48 h ar CO: indikatoru. Haemophylus spp. kultivé$anai
izmantota Sokolades agara barotne, kas inkub&ta COz inkubatora 36 +1°C 24-48 h ar
oleandomicina disku. Izdalitam tirkultiram veikta krasoSana pe&c Grama un mikroskop&sana.
Mikroorganismu identifikacija veikta, izmantojot Microflex LT (Bruker Daltonics flexAnalysis
3.4 versija, Bruker Daltonics GmbH & Co. KG, Brémene, Vacija) ar matricas asistéta lazera
desorbcijas/jonizacijas lidojuma laika masas spektometra (MALDI-TOF MS) sistému vai
izmantojot iekartu VITEK-2 Compact (BioMérieux, Marcy-1 Etoile, Francija).

Normala orala mikrobiota tika definéta atbilstosi Eiropas Kliniskas mikrobiologijas un

infekcijas slimibu biedribas nostadném (Cornaglia & Courcol, 2012).

2.2. Biofilmu noteikSana, izmantojot kristalvioleto metodi

Izdalitie grampozitivie izolati tika ieséti triptozes sojas buljona (TSB) ar 1 % glikozi,
gramnegativie izolati tika ieséti Lurija-Bertani (LB) buljona, inkubéti 37 °C 16-18 h. Uzsétie
TSB un LB buljoni atSkaiditi ar sterilu TSB vai LB buljonu attieciba 1:100. Tad 150 uL
atskaidita buljona sterila manieré ar multikanalu pipeti parnesti sterila 96 bedrisu platé (Thermo
Scientific™ Nunc MicroWell 96-Well Microplates, flat bottom, Thermo Fisher Scientific,
Roskilde, Danija). Katra platé bija 11 izolati un viena negativa kontrole (sterils buljons), astonas
bedrites katram izolatam, katrs eksperiments veikts trijas platés. Uzseétas plates inkubétas
aerobos apstaklos 37 °C h. P&c inkubacijas visas plasu bedrites tika iztukSotas, neizmantojot
pipeti, saudzigi izlejot Skidrumu klinisko atkritumu maisa. Katra plates bedrite tika izskalota
tris reizes ar sterilu 250 uL 0,9 % fiziologiska skiduma. P&c mazgasanas veikta krasosana ar
kristalvioleto Skidumu, katra bedrité pievienojot 150 uL 0,1 % kristalvioleta Skiduma. P&c
15 minttém krasa tika saudzigi izlieta un katra bedrite mazgata tris reizes ar 250 uL destiléta
tdens. Beigas katrai bedritei pievienoja 150 uL. 96 % etanola. P&c tam ar mikroplates
spektrofotometru tika izmériti bedriSu optiskie blivumi (OB), izmantojot 570 nm vilna garumu
(Tecan Infinite F50, Mannedorfa, Sveice, ar Magellan™ lasitaja vadibas un datu analizes

programmatiiru V 6.6) (Reisner et al., 2006).
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2.3. Biofilmu aprékins

Tika aprékinata katra izolata OB vid&jas vértibas un izteiktas skait]os. Optiska blivuma
robezvertiba (OBr) tika definéta ka tris standartnovirzes (SN) virs negativas kontroles
vidgja OB, un ta tika aprekinata katrai platei atseviski. Izolati tika sadaliti $adi:
OB < OBr = biofilmas neveidojoss izolats, OBr < OB <2 x OBr =vajas biofilmas veidot3js,
2 x OBr < OB< 4 x OBr = mérenas biofilmas veidotajs un 4 x OBr < OB = stingras biofilmas

veidotajs (Stepanovi¢ et al., 2007).

2.4. Antibakterialas jutibas noteikSana

Antibakterialas jutibas testéSana tika veikta ar Kirby-Bauer disku diftizijas metodi.
Vienu nakti kultivétas kultiiras tika suspendétas fiziologiska Skiduma lidz 0,5 McFarland
vientbam (McFarland Densitometer DEN-1, Biosan, Latvija). Suspensijas tika vienmerigi
inokulétas uz Mueller-Hinton agara (Oxid, Lielbritanija) virsmas, izmantojot sterilu vates
kocinu. Uz inokul&tam agara barotném tika novietoti standartizeti antimikrobialo vielu noteikta
koncentracija saturo$i diski. S. aureus izolatiem izmantoti $adi diski: cefoksitins 30 pg,
ceftriaksons 30 pg, benzilpenicilins 1 SV, ampicilins 2 pg, ampicilins/sulbaktams 10 ug/10 pg,
amoksicilins/klavulanskabe 20 pug/10 pg, norfloksacins 10 pg, amikacins 30 pg, eritromicins
15 pg, klindamicins 2 pg un hloramfenikols 30 pg (Liofilchem, Italija). K. pneumoniae
un Serratia liquefaciens (S. liquefaciens) izolatiem izmantoti $adi  diski:
amoksicilins/klavulanskabe 20 pg/10 pg, piperacilins/tazobaktams 30 pg/6 ug, cefotaksims
S5ug, ceftazidims 10 pg, ertapenéms 10 pg, imipenéms 10 pg, meropenéms 10 pg,
ciprofloksacins 5 ug, gentamicins 10 pg un trimetoprims/sulfametoksazols 1,25 ng/23,75 pg
(Liofilchem, Italija). Acinetobacter spp. izolatiem izmantoti $adi diski: imipenéms 10 pg,
amikacins 30 pg, gentamicins 10 pg, trimetoprims/sulfametoksazols 1,25 pg/23,75 pg,
ciprofloksacins 5 pg un levofloksacins 5 ug (Liofilchem, Italija). Plates inkubé&tas 16-18 h,
36 + 1 °C. P&c inkubacijas tika izmérits baktériju audzes aiztures zonas diametrs ap katru no
antibiotiku diskiem atbilstosi Eiropas Antimikrobialas jutibas noteikSanas komisijas (EUCAST)
rekomendacijam Clinical breakpoints and dosing of antibiotics (Versija 10.0, Janvaris 2020)
(Anonymous, 2020).
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3. Statistiska analize

Ar Kolmogorov-Smirnov testu tika parbaudita datu atbilstiba normalsadalijumam.

Normali sadalitu datu centralas tendences raksturotas, izmantojot vid€jas vertibas ar SN,

savukart normalam sadalijumam neatbilstosi dati raksturoti, izmantojot medianas vértibas ar

starpkvartilu intervalu (SKI).

Atskiribas starp grupam tika noteiktas, izmantojot:

1)

2)

3)

4)

5)

neatkarigo izlasu Kruskal-Wallis testu (piem&ram, vecuma atSkiribas starp
pacientiem RT un PTA grupas, atSkiribas starp S. aureus cetru izolatu biofilmu
veidoSanas sp&jam);

Pearson y? testu (pieméram, sakaribas starp grampozitivu mikrobu klatbiitni un
biofilmu veidoSanas sp&ju);

Fisher eksakto testu (pieméram, sakaribas starp S. aureus, K. pneumoniae
identifikaciju birstites un punktSanas biopsijas adatas paraugos, sakaribas starp
tonsilita recidivu skaitu un blakusslimibam; tonsilita recidivu skaitu un S. aureus
klatbatni auksléju mandelu biopsijas paraugos vai K. pneumoniae klatbatni
auksl&ju mandelu biopsijas paraugos; tonsilita epizozu skaitu un S. aureus biofilmas
veidosanas pakapi vai K. pneumoniae biofilmas veidoSanas pakapi; tonsilita
epizozu skaitu un S. aureus antibakterialo rezistenci vai K. pneumoniae
antibakterialo rezistenci);

Mann-Whitney U testu (pieméram, atSkiribas starp S. aureus divu izolatu biofilmu
veidoSanas sp&jam);

McNemar testu (metozu salidzinasana, sakaribas starp K. pneumoniae un S. aureus

identifikaciju birstites un punkt€Sanas biopsijas paraugos).

Rezultatus uzskatija par statistiski ticamiem, ja biitiskuma Itmena (p) vértiba bija < 0,05.

Statistiska analize tika veikta, izmantojot IBM SPSS Statistics versiju 26 (Cikaga, IL, ASV) un
Microsoft Excel 10 (Microsoft, Redmond, Vasingtona, ASV).
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4. Rezultati

4.1. Mikroorganismu kolonizacijas, biofilmu veidoSanas un antibakterialas jutibas
analize recidivéjosa tonsilita un paratonsilara abscesa pacientiem
Petijums ir aprakstits Renatas KlagiSas, Karla Racena, Renara Broka, Artas Olgas
Balodes, Ligijas Kises un Jutas Kroicas raksta Analysis of Microorganism Colonization, Biofilm
Production, and Antibacterial Susceptibility in Recurrent Tonsillitis and Peritonsillar Abscess
Patients. International Journal of Molecular Sciences. 2022, 23, 10273.
doi.org/10.3390/ijms231810273

4.1.1. Pacientu dati

Saja petijuma tika ieklauti 128 pacienti, no tiem 29 pacientiem tika diagnosticéts PTA,
99 pacientiem — RT. P&tjjuma pacientiem laika posma no 2018. Iidz 2020. gadam tika veikta
tonsilektomija PSKUS. RT pacientu grupa tika ieklauti 26 viriesi (26 %) un 73 (74 %) sievietes
vecuma diapazona no 20 lidz 72 gadiem ar vidgjo vecumu 32,94 gadi (+ 11,19). PTA pacientu
grupa tika ieklauti 15 (52 %) viriesi un 14 (48 %) sievietes vecuma diapazona no 18 lidz
58 gadiem ar vidéjo vecumu 32,4 gadi (+ 12,2). Pacientu vecuma un dzimuma attiecibas ir

noraditas 4.1. tabula.

4.1. tabula
Peétamas populacijas raksturojums
Parametrs RT PTA p vértiba
Dzimums Viriesi, n (%) 26 (26 %) 15 (52 %) p =0,061
Sievietes, n (%) 73 (74 %) 14 (48 %) p=0,061
. _ e . 20-72, 18-58, _

Vecums Vecums (intervals, vidgjais + SN), gadi 3294+1119 | 324+ 12,2 p=0,279

Vecums (mediana, SKI), gadi 31,10 31,16 —
Laboratoriskie | CRP, mediana, mg/L 1,17 85,5 p < 0,001
raditaji LEU, mediana, x 10%L 6,52 12,97 p <0,001

SN — standartnobide; SKI — starpkvartilu intervals; CRP — C reaktivais proteins; LEU — leikociti; RT — recidivéjoss
tonsilits; PTA — paratonsilars abscess.

Saskana ar miisu datiem RT grupa domingja sievietes, savukart PTA grupa dzimumu
attieciba bija lidzsvarotaka (sk. 4.1. tabulu). Vecuma atskiribas starp pacientiem RT un PTA
grupas nebija (neatkarigo izlasu Kruskal-Wallis tests, p =0,617). Pacientiem ar PTA tika
konstatets paaugstinats leikocitu skaits (LEU) un C reaktiva proteina (CRP) Ilimenis asins
paraugos, un pacientiem ar RT bija LEU un CRP limenis normas robezas. Sis atskiribas bija

statistiski nozimigas.
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4.1.2. Izoleto mikroorganismu daudzveidiba

No 128 parbauditajiem pacientu paraugiem pozitivs kultivéSanas rezultats (vismaz
1 patogéns vai potencialais patogens) tika atklats 60 pacientiem (60,6 %) RT grupa un
24 pacientiem (82,8 %) PTA grupa (Pearson y? tests, p = 0,027). Vislielaka mikroorganismu
daudzveidiba tika konstatéta pacientiem ar RT. KultivéSanas rezultats bija negativs, t. i., tika
atrasta tikai normala orala mikrobiota 39 pacientiem (39,4 %) RT grupa un 5 pacientiem
(17,2 %) PTA grupa (sk. 1. un 2. tabulu 5. pielikuma). Neatkarigi no pacientu grupas visbiezak
izdalita patogéna baktérija bija S. aureus, kas tika izoléta ka vienigais mikroorganisms vai kopa
ar citiem potenciali patogéniem mikroorganismiem (sk. 1. un 2. tabulu 5. pielikuma). RT grupa
S. aureus tika izoléts 33 no 99 (33,3 %) gadijumiem, un PTA grupa tika izoléts 7 no 29
(24,14 %) gadijumiem. Grampozitivas baktérijas domingja, bet vismaz viena gramnegativa
baktérija tika atklata 22 no 99 (22,2 %) pacientiem RT grupa un 8 no 29 (27,6 %) pacientiem
PTA grupa. Visizplatitaka gramnegativa bakterija bija K. pneumoniae; ta tika izoléta 10 no 99
(10,1 %) RT gadijumiem un 4 no 29 (13,4 %) PTA gadijumiem (sk. 1. un 2. tabulu
5. pielikuma). Tika izolétas Candida sugas, un tas domin&ja pacientiem ar PTA, kur tas
konstatétas 14 no 29 (48,3 %) gadijumiem un parsvara ka monokultiras (Fisher tests,
p <0,001).

4.1.3. Biofilmas

Vismaz 1 biofilmu veidojoss izolats tika konstatéts 37 no 99 (37,4 %) RT un 8 no 29
(27,6 %) PTA gadijumiem (Pearson x? tests, p =0,332). Mérenas vai stingras biofilmas
veidojosi izolati tika konstatéti 16 no 37 RT gadijjumiem un 2 no 8 PTA gadijumiem. RT grupa
starp 33 S. aureus izolatiem 5 bija stingras, 8 bija mérenas un 15 bija vajas biofilmas veidotaji,
bet 5 biofilmas neveidoja vispar. PTA grupa no 7 S. aureus izolatiem 2 bija vajas biofilmas
veidotaji un 5 bija biofilmas nerazojosi izolati. RT grupa no 10 K. pneumoniae izolatiem 6 bija
vajas biofilmas veidotaji un 4 bija biofilmas neveidojosi izolati. PTA grupa no 4 K. pneumoniae
izolatiem 1 bija vaj$ biofilmas veidojoss un 3 bija biofilmas neveidojosi izolati. Visu S. aureus

un K. pneumoniae izolatu biofilmu vidgjie optiskie blivumi (OB) ir apkopoti 4.1. un 4.2. attéla.
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S. aureus izolati

Optiskais blivums (OB) 570 nm,

4.1, att€ls. S. aureus izolatu biofilmas veidosanas spéja uz mikroplatém pacientiem
ar RT un pacientiem ar PTA

Zalie stabini (1-33) apzim& RT pacientus. Sarkanie stabini (34—40) apzimé pacientus ar PTA. Stabini attélo
OB vidgjas vertibas (merits pie 570 nm vilna garuma). TSB ar 1 % glikozi izmantots ka negativa kontrole
(NK, zilais stabing). Ar horizontalam Iinijam ir atziméta OB robezvértiba (OBr) un biofilmas veido$anas limeni:
0 — biofilmas neraZotaji; 1 — vaji biofilmas razotaji; 2 — mérenas biofilmas razotaji;

3 — stingras biofilmas razotaji.
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4.2. attels. K. pneumoniae izolatu biofilmas veido$anas spéja uz mikroplatém pacientiem
ar RT un pacientiem ar PTA

Zalie stabini (1-10) apztim& RT pacientus. Sarkanie stabini (11-14) apzimé pacientus ar PTA. Stabini att€lo
OB vidgjas vertibas (méritas pie 570 nm vilna garuma). LB barotne ka negativa kontrole (NK, zilais stabins).
Ar horizontalam Iinijam ir atzim&ta robezvertiba (OBr) un biofilmas veidoSanas limeni:

0 — biofilmas nerazotaji; 1 — vajas biofilmas razotaji.

Tika konstatgta statistiski nozimiga sakariba starp grampozitivu bakteriju klatbttni un
biofilmas veidojoSo fenotipu RT grupa un PTA grupa. Ja klatesos$s ir grampozitivs mikrobs,
visticamak, biis biofilmu veidojoss fenotips (Pearson y? tests, p < 0,001). Netika konstat&tas
statistiski nozimigas sakaribas starp gramnegativiem mikrobiem, Candida spp. klatbitni,
blakusslimibam, tonsilita epizodém vai PTA slimibas vésturé un biofilmu veidojoso celmu RT
vai PTA grupa. Lai gan netika konstatetas statistiski nozimigas sakaribas starp biofilmu

veidojoso izolatu klatbiitni vai S. aureus biofilmu veidojoso izolatu klatbiitni un pacientu grupu,

PTA grupa bija mazak biofilmu veidojoso variantu, salidzinot ar RT grupu (sk. 4.2. tabulu).
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Pacientu mikrobiologisko datu salidzinajums RT un PTA grupa

4.2, tabula

Pacientu mikrobiologiskie dati RT grupa PTA grupa p vertiba
Lodali S. aureus, n (%) 33/99 (33,33 %) | 7/29 (24,14 %) | p = 0,347
bzie;ll;fsrlas K. pneumoniae, n (%) 10/99 (10,10 %) | 4/29 (13,79 %) | p = 0,519
Candida spp., n (%) 8/99 (8,08 %) | 14/29 (48,28 %) | p < 0,001
L S. aureus biofilmas, vidgjais OB 1,24 1,02 p =0,929
Biofilmas, K. pneumoniae biofilmas
vidgjais OB vidgjais OB 0,44 0,39 p=0,322
Biofilmas veidojosi izolati, n 37 8 p=0,111
.S' aEJr.eUS biofilmas veidojosi 28 7 D= 0,642
. izolati, n
Biofilmas S. aureus merenu un stingru
e , 0 0 _
veidojosi izolati biofilmu veidojosi izolati, n (%) 13/33 (39,39 %) | 2/7 (28,57 %) | p=0,691
K. pneumoniae mérenu un stingru 0 0 B
biofilmu veidojosi izolati, n
Grampozittvs mikrobs un
biofilmu veidojoss izolats p<0,001 p<0,001 B
Gramnegattvs mikrobs un _
biofilmu veidojoss izolats p=0227 p>0999 B
Sakartbas starp | 1@ SpP. Un biofilmu p>0,999 p=0,215 -
mainigajiem veidojoss izolats
2 Blakusslimibas un biofilmu _ _
pa gfupam veidojoss izolats p=0,759 p=0,540 B
ans1}1t}1 f?plzs)des un biofilmu p=0313 p=0,738 3
veidojoss izolats
PTA slimibas v&sturg un biofilmu b= 0,091 b = 0,640 3

veidojoss izolats

4.1.4. Antibakteriala jutiba

S. aureus izolati bija jutigi pret cefoksitinu, ceftriaksonu, ampicilinu/sulbaktamu,

amoksicilinu/klavulanskabi, amikacinu, eritromicinu, klindamicinu un hloramfenikolu, jutigi

pret ciprofloksacinu paaugstinata koncentracija, bet rezistenti pret benzilpenicilinu un

ampicilinu. S. aureus 1 izolats tika identificéts ka meticilina rezistentais S. aureus (MRSA), jo

bija rezistents pret cefoksitinu. S. aureus izolati, kas bija rezistenti pret benzilpenicilinu,

ampicilinu un vismaz vienu citu antibiotiku, atteloti 4.3. un 4.4. tabula kopa ar biofilmas

veidoSanas sp&ju. Rezistentie izolati parsvara bija biofilmu neveidojosi vai vajas biofilmas

razotaji. Neviens no K. pneumoniae izolatiem nebija paplasinata spektra beta-laktamazes

razotajs.
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S. aureus antibakteriala jutiba un biofilmu veidoSanas spéja

4.3. tabula

RT pacientu S. aureus izolati (n = 33) | PTA pacientu S. aureus izolati (n =7)
nevedojosi | MErenu neveidojosi | MErens
Antibiotikas | Rezistentie | vai vajas vai stingru Rezistentie| vai vajas vai stingru
N - biofilmu | .7~ © it biofilmu
izolati (n) biofilmas .y . v. | izolati(n) | biofilmas C e v
veidoiosi veidojosi veidoiosi veidojosi
izolati (n) | zolati(m) izolat izolati
BP, AMP, CIP* 20/33 12/20 8/20 5/7 4/5 1/5
BP, AMP,
CIP*, CD* 1/33 1 B B B B
CIP* 9/33 5/9 4/9 2[7 1/2 1/2
BP, AMP,
CIP*, E 1/33 - 1 - - -
CIP* E 1/33 1 - — - —
FOX, CRO, BP,
AMP, AMS, 1**/33 1 - - - -
AUG, CIP*

FOX, cefoksitins; CRO, ceftriaksons; BP, benzilpenicilins; AMP, ampicilins; AMS, ampicilins/sulbaktams; AUG,
amoksicilins/klavulanskabe; CIP, ciprofloksacins; E, eritromicins; CD, klindamicins. * Jutigs paaugstinata
koncentracija; ** MRSA; Katra antibiotiku rezistence tika noteikta atseviski.

4.4, tabula
S. aureus izolatu antibakteriala jutiba un biofilmu veido$anas sp&jas pa pacientu grupam
. .| Antibakteriala | _‘Antibakterialas
. Biofilmu veidoSanas . rezistences nav vai e
Pacientu grupa . rezistence pret X oo p vértiba
spéja rezistence tikai pret
BP un AMP . ers gens
vienu antibiotiki
Blof!lmq neveido vai 14 6 0= 0,590
ir vaja biofilma
RT grupa Merena vai stingra
eren g 9 4 p > 0,999
biofilma
Blof!lmq neveido vai 4 1 0> 0,999
ir vaja biofilma
PTA grupa Merena vai stingra
eren g 1 1 p > 0,999
biofilma
Blof!lmg neveido vai 18 7 0= 0,590
ir vaja biofilma
PTA +RT grupa Meérena vai stingra
jeren g 10 5 p > 0,999
biofilma

BP, benzilpenicilins; AMP, ampicilins. Katra antibiotiku rezistence tika noteikta atseviski.

Kopsavilkums. RT un PTA gadijuma biezak tika izdalits S. aureus, 33,3 % RT pacientu

un 24,14 % PTA pacientu. K. pneumoniae izdalija salidzino$i retak — attiecigi 10,1 % un

13,4 %. Biofilmu veidojosie izolati RT gadijuma sasniedza 37,4 % un PTA gadijuma 27,6 %.

S.aureus RT un PTA gadijuma ir jutigi pret empirisku antibakterialu terapiju, ar izteiktu jutibu

pret amoksicilinu ar klavulanskabi un klindamicininu. S. aureus 1 izolats tika identificéts ka

MRSA.
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4.2. Uz auksléju mandelu virsmas un auksléju mandelu kriptas esoSo patogéno
mikroorganismu novértéjums pacientiem ar recidivéjosSu tonsilitu

Petijums ir aprakstits Renatas KlagiSas, Jutas Kroicas un Ligijas Kises raksta S. aureus
and K. pneumoniae on the Surface and within Core of Tonsils in Adults with Recurrent
Tonsillitis. Medicina. 2021, 57(10), 1002; https://doi.org/10.3390/medicina57101002

Saja pétijuma tika ieklauti 25 picaugusi pacienti, kuriem diagnosticéts RT un kuriem no
2020. gada augusta lidz 2020. gada septembrim tika veikta tonsilektomija PSKUS. Pétijuma
ieklautie pacienti bija 4 virieS$i un 21 sieviete vecuma diapazona no 20 1idz 71 gadam ar mediano
vecumu 31 gads. No Rigas bija 17 pacienti, no Jelgavas 3 pacienti, no citam Latvijas pilsétam
(Engures, Bauskas, Salaspils, Limbaziem un Tukuma) 5 pacienti.

S. aureus tika identificéts ar birstiti nemtos paraugos 12 gadijumos un ar punkteSanas
biopsijas adatas paraugos 9 gadijumos. Fisher eksaktais tests uzradija statistiski nozimigu
sakaribu starp S. aureus identifikaciju no birstites un punkteSanas biopsijas adatas paraugos
(p =0,004). K. pneumoniae tika identificéta ar birstiti nemtos paraugos 4 gadijumos un
5 gadijumos ar punktéSanas biopsijas adatas paraugos. Fisher eksaktais tests uzradija statistiski
nozimigu sakaribu starp K. pneumoniae identifikaciju birstites un punkt€Sanas biopsijas
paraugos (p <0,001). McNemar tests, kas lietots, lai salidzinatu divu metozu precizitati,
statistiski nozimigas atskiribas neuzradija.

S. aureus, kas izdaltti no punktéSanas biopsijas adatas paraugiem, tika noteikta biofilmu
veidosanas spéja (sk. 4.5. tabulu). No 9 S. aureus izolatiem 5 bija biofilmu veidojosi, 2 izolati
bija stingru biofilmu veidotaji, 3 izolati bija vaju biofilmu veidotaji, bet 4 no 9 S. aureus
izolatiem biofilmu neveidoja.

No 5 K. pneumoniae izolatiem 4 bija vaju biofilmu veidotaji un 1 no 5 K. pneumoniae

bija biofilmu neveidojoss izolats (sk. 4.5. tabulu).

4.5, tabula

Ar punktéSanas biopsijas adatu tonsilektomijas laika iegiito S. aureus un K. pneumoniae
biofilmu veidosanas un antibakterialas jutibas raksturojums

Biofilmas Antibakteriala jutiba
Izolats Bloﬁ!ma_s Ye1d0]os1 Bloﬁll.nas_nfaveldomm BP AMP CIp E
izolati (n) izolati (n)
S. aureus 5(9) 4(9) R709) |[R70) 1909 | 0(9
K. pneumoniae 4 (5) 1(5) R5(5) | R5(B)| 0(5) |R5(5)

BP, benzilpenicilins; AMP, ampicilins; CIP, ciproflokasacins; E, eritromicins, R, rezistents; I, jutigs paaugstinata
koncentracija.
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S. aureus un K. pneumoniae izolatiem, kas identificéti punktéSanas biopsijas adatu
paraugos, tika noteikta antibakteriala jutiba. No 9 S. aureus izolatiem 7 bija rezistenti pret
benzilpenicilinu un ampicilinu; 5 no 7 izolatiem bija biofilmu veidotaji. Visi S. aureus izolati
bija jutigi uz ampicilinu/sulbaktamu, amiksicilinu/klavulanskabi, amikacinu, eritromicinu,
klindamicinu, hloramfenikolu un uz ciprofloksacinu paaugstinata koncentracija. Visi
K. pneumoniae izolati bija rezistanti uz benzilpenicilinu, ampicilinu un eritromicinu, bet jutigi
uz ampicilinu/sulbaktamu, amiksicilinu/klavulanskabi, piperacilinu/tazobaktamu, ceftazidimu,
cefotakstmu, ceftriaksonu, meropenému, imipenému, amikacinu un ciprofloksacinu.

Nebija statistiski nozimigas sakaribas starp tonsilita recidivu skaitu un blakusslimibam
(Fisher eksaktais tests, p = 0,542); tonsilita recidivu skaitu un S. aureus klatbiitni auksl&ju
mandelu biopsijas paraugos (Fisher eksaktais tests, p = 0,260) vai K. pneumoniae klatbiitni
auksl&ju mandelu biopsijas paraugos (Fisher eksaktais tests, p > 0,999); tonsilita epizozu skaitu
un S. aureus biofilmas veidoSanas pakapi (Fisher eksaktais tests, p = 0,238) vai K. pneumoniae
biofilmas veidoSanas pakapi (Fisher eksaktais tests, p = 0,617); tonsilita epizozu skaitu un
S. aureus antibakterialo rezistenci (Fisher eksaktais tests, p=0,294) vai K. pneumoniae
antibakterialo rezistenci (Fisher eksaktais tests, p > 0,999) (sk. 4.6. tabulu).

4.6. tabula
Pétamas pacientu grupas raksturojums
s © ) © < o 8~ S

el 2 | _|§ |58 |8 Ez £g|B:| B¢
a|3|E| & r | E| 2| | 2| &S| 88| 2T | %2
z |2 |’ .E ﬁ -g Y 'g_ g | 28 O e

|l e P82 218|282 2&
1 |31 |S |Riga + + - 3 R
2 |27 |S |Engure + + + - — 1 R
3 |30 |S |Bauska + - + + 1 R
4 130 |S |Riga + — + — — 3 R
5 120 |S |Jelgava + - - - -
6 (64 |S |Jelgava — + — — —
7 |31 |S |Riga — - - - —
8 |26 |S |Riga + + + — — 1 R
9 132 |S |Riga + - - - —
10 |36 |S |Riga + + + - - 0 R
11 |31 |S |Riga + - - - -
12 |26 |S |Salaspils + + + - - 1 R
13 |31 |V |Riga + - — - + 0 R
14 |25 |S |Riga + - - + + 1 R
15 |71 |S |Riga + + - - -
16 |61 |S |Jelgava + — — — —
17 |55 |V |Riga - - - + + 1
18 |34 |S |Limbazi + - - - -
19 |22 |S |Riga + + + — — 0
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4.6. tabulas turpinajums

S 5} .('U 8 -2 I o 8 —~ 8 ,LIT
<|E|E| 2 S| % | 5|8 Ez|lfz| 8BS 8¢
a|l3a|E 2 E|l || 5| | 55| 8g|2<| g2
Z| 3|5 2, = o = o 5 S = D 4" o <

> 1A ] « < = a o = o & = o ;_n:

= % n N> Y 8 v 82 S&
20 |55 |S |Riga — — _ _ _

21 |40 |S |Riga + - — _ _

22 |38 |V |Tukums + + + + + 0 1
23 |27 |V |Riga + + + - - 0

24 |41 |S |Riga + + — — —

25 |58 |S |Riga + + — _ _

RT, recidivgjosa tonsilita epiozedes pe&d&jos 3 gados; 0, biofilmu neveidojoss izolats; 1, vaju biofilmu veidojoss
izolats; 2, vid&ju biofilmu veidojoss izolats; 3, stingru biofilmu veidojoss izolats; R, rezistents; BP, bezilpenicilins;
AMP, ampicilins; E, eritromicins.

Tonsilektomijas operacijas materials tika nosttiti histopatologiskai izmeklSanai.
Visiem pacientiem histopatologiska izmekl&juma slédziens bija hronisks nespecifisks tonsilits.
Kopsavilkums. No auksl&ju mandelu virsmas ieglitais materials ir ar zemaku ticamibu,
jo ir bagatigi kontamin&ts ar oralo mikrobiotu. Biezakie RT ierosinataji S. aureus un
K. pneumoniae tika izdaliti gan no auksl&ju mandelu virsmas, gan no auksl&ju mandelu kriptam.
No kriptam izdalitas grampozitivas (5 no 9) un gramnegativas (4 no 5) bakterijas bija biofilmas

veidojosie izolati.

4.3. No veselu individu auksleju mandelu kriptam iegiito patogéno mikroorganismu
biofilmu veidoSanas, antibakterialas jutibas novertejums

Petijums ir aprakstits Renatas Viksnes, Karla Racena, Renara Broka, Artas Olgas
Balodes, Ligijas Kises un Jutas Kroicas raksta In Vitro Assessment of Biofilm Production,
Antibacterial Resistance of Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter spp. Obtained from Tonsillar Crypts of Healthy Adults.
Microorganisms. 2023; 11(2):258. https://doi.org/10.3390/microorganisms11020258

4.3.1. Pacientu dati

P&tfjuma grupa tika ieklautas 52 sievietes (57 %) un 39 viriesi (43 %) vecuma no 19 lidz

29 gadiem (vidg&ji 21,2 + 1,41 gads, medianais vecums 21 gads).
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4.3.2. Izoleto mikroorganismu daudzveidiba

No 91 dalibnieka paraugiem pozitivs kultivéSanas rezultats (vismaz 1 patogéns vai

potencialais patogéns) tika konstatéts 54 dalibnieku paraugos (59,3 %) (sk. 4.7. tabulu).

4.7. tabula

Mikroorganismi, kas izoleti no 91 vesela individa auksleju mandelu kriptam

Izoletu bakteriju kombinacijas

Skaits (n)

Normala orala mikrobiota

37

S. aureus + normala orala mikrobiota

20

S. aureus

[EEY
»

S. aureus + A. junii

S. aureus + K. pneumoniae

S. aureus + Candida spp. + S. viridans

S. aureus + K. pneumoniae + S. liquefaciens + normala orala mikrobiota

K. pneumoniae

P. aeruginosa

A. pittii

A. johnsonii

S. liquefaciens

S. dysgalactiae

A. ewofii + normala orala mikrobiota

RlRrlRrR|INN O R|R[RN

Kultivésanas rezultats bija negativs, t.i., bija tikai normala orala mikrobiota,

37 dalibnieku paraugos (40,7 %) (sk. 4.7. tabulu). Visbiezak izoléta patogéna bakterija bija

S. aureus, kas tika izoléta ka vienigais mikroorganisms vai kopa ar citiem potenciali

patogéniem mikroorganismiem 41 dalibnieka parauga (45 %) (sk. 4.7. tabulu). Domingja

grampozitivas bakterijas, bet vismaz 1 gramnegativa bakterija tika konstatéta 16 paraugos

(17,6 %). Starp gramnegativajam bakterijam K. pneumoniae bija visizplatitaka, un ta tika

izolgta 7 paraugos.

4.3.3. Biofilmas

Biofilmu veidoSanas sp&ja tika noverota 41 S. aureus izolatam un 15 gramnegativu

baktériju izolatiem. S. aureus parsvara bija biofilmas veidojosi varianti: 25 no 41 (61 %)

S. aureus izolata bija vidg&ji vai spécigi biofilmas veidotaji, un 14 no 41 (34,1 %) S. aureus

izolata bija vaji biofilmas veidotaji, bet 2 no 41 (4,9 %) biofilmas neveidoja (sk. 4.3. attelu).
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S.aureus izolati

4.3. att€ls. S. aureus 41 izolata biofilmas veidoSanas spéja uz mikroplatém

Stabini attélo OB vidgjas vertibas (méritas pie 570 nm vilna garuma). TSB ar 1 % glikozi izmantots ka negativa
kontrole (NK). Numurs apzimé dalibnieku; burti norada izolatu: Sa — Staphylococcus aureus. Ar horizontalam
Iinijam ir atzZim&ta robezvertiba (OBr) un biofilmas veidosanas Itmeni: 0 — biofilmas nerazotaji;

1 — vaji biofilmas razotaji; 2 — mérenas biofilmas razotaji; 3 — stingras biofilmas razotaji.

Gramnegativo bakteriju vidi 6 no 15 (40 %) baktérijam bija vid&as vai spécigas
biofilmas razotajas un 6 no 15 (40 %) izolatiem bija vaji biofilmas razotaji, bet 3 no 15 (20 %)

izolatiem biofilmas neveidoja (sk. 4.4. attelu).
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Gramnegativu baktériju izolati

4.4. attels. Gramnegativu baktériju 15 izolatu biofilmas raZo$anas spéja uz mikroplatém

Stabini att€lo OB vidgjas vertibas (meritas pie 570 nm vilpa garuma). LB barotne izmantota ka negativa kontrole
(NK). Numurs apzimé dalibnieku; burti norada izolatu: Kp — Klebsiella pneumoniae; Aju — Acinetobacter junii;
Ajo — Acinetobacter johnsoni; SI — Serratia liquefaciens; Ap — Acinetobacter pitti; Pa — Pseudomonas
aeruginosa; Ae — Acinetobacter ewoffi. Robezvertiba (OBr) un biofilmas razoSanas limeni ir atZim&ti ar
horizontalam Iiijam: 0 — biofilmas nerazotaji; 1 — vaji biofilmas razotaji;

2 — m@reni biofilmas razotaji; 3 — spe&cigi biofilmas razotaji.

Pétijuma dalibnieku mikrobiologisko datu kopsavilkums ir paradits 4.8. tabula. Bija
statistiski nozimiga saistiba starp grampozitivu bakterijas klatbiitni un biofilmas veidoSanas
fenotipu. Ja ir grampozitivs mikrobs, visticamak, bis biofilmas veidojosais fenotips

(Pearson 2 tests, p < 0,001) (sk. 4.8. tabulu).
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4.8. tabula

Pétijuma dalibnieku mikrobiologisko datu apkopojums

Mikrobiologiskie dati Rezultats p vértiba
Tikai normala orala mikrobiota, n (%) 37191 (40,7 %) -
Izdali$anas I
L Grampozitivi izolati, n 43 -
biezums
Gramnegativi izolati, n 17 -
Biofilma, vidgjais |S. aureus biofilmas, vidgjais OB 1,89 —
OB Gramnegativu mikrobu biofilmas, vidgjais OB 0,95 -
Biofilmu veidojosi izolati, n 51 -
Biofilmu veidojosi S. aureus biofilmu veidojosi izolati, n 39 -
celmi Gramnegativu mikrobu biofilmu veidojosi izolati, n 12 -
Stingru un mérenu biofilmu veidojosi izolati, n 31 -
Sakaribas starp Grampozittvs mikrobs un biofilmu veidojoss izolats — p <0,001
mainigajiem Gramnegativs mikrobs un biofilmu veidojoSs izolats - p = 0,808

4.3.4. Antibakteriala jutiba

Parbauditie S. aureus izolati bija jutigi pret cefoksitinu, ceftriaksonu,
ampicilinu/sulbaktamu, amoksicilinu/klavulanskabi, norfloksacinu, amikacinu, klindamicinu,
hloramfenikolu, bet rezistenti pret benzilpenicilinu un ampicilinu 75,6 % un eritromicinu
14,6 % gadijumu (sk. 4.9. tabulu). No izol&tajiem S. aureus izolatiem 1 bija MRSA, jo bija

rezistents pret cefoksitinu.

4.9. tabula

Antibakteriala rezistence starp S. aureus izolatiem, kas izoléti no veseliem individiem

Antibakteriala rezistence (%0)

Izz’r:;“i FOX |CRO| BP |AMP|AMS|AUG|NOR| AK | E | CD | C

S. aureus 41 24 | 24 | 756 | 756 | 24 | 24 | 24 | 24 | 146 0 4,9

FOX, cefoksitins; CRO, ceftriaksons; BP, benzilpenicilins; AMP, ampicilins; AMS, ampicilins/sulbaktams;
AUG, amoksicilins/klavulanskabe; NOR, norfloksacins; AK, amikacins; E, eritromicins; CD, klindamicins;
C, hloramfenikols.

Izolats

Gramnegativas bakterijas bija jutigas pret visam parbauditajam antibiotikam
(sk. 4.10. tabulu). Tikai 1 Acinetobacter junii izolats bija rezistents pret amikacinu. Neviens no
izolétajiem K. pneumoniae variantiem nebija paplasinata spektra beta-laktamazes (ESBL)
razotajs. Netika konstat€tas statistiski nozimigas korelacijas starp antibakterialo jutibu un

biofilmas veidoSanas sp&ju.
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4.10. tabula

Antibakteriala rezistence starp K. pneumoniae, P. aeruginosa, Serratia liquefaciens un
Acinetobacter spp., kas izoléti no veseliem individiem

Antibakteriala rezistence (%0)
Izolati Izz)rgiti AUG|TZP |CTX|CAZ|ETP|IMP | MEM | CIP | GM | SXT |AK|LEV
K. pneumoniae 7 0 0 0 0 0 0 0 0 0 0 | -] -
P. aeruginosa 2 - 0 - 0 - 0 0 0 — - | 0| -
,SAF;:Fifetobacter 5 S A A A B 0 0 0o |20l o
S. liquefaciens 1 0 0 0 0 0 0 0 0 0 0 | -] -

AUG, amoksicilins/klavulanskabe; TZP, piperacilins/tazobaktams; CTX, cefotaksims; CAZ, ceftazidims; ETP,
ertapenéms; IMP, imipenéms; MEM, meropenéms; CIP, Cciprofloksacins; GM, gentamicins; SXT,
trimetoprims/sulfametoksazols; AK, amikacins; LEV, levofloksacins.

Kopsavilkums. Veselu cilvéku auksl&ju mandeles kolonizgé parsvara grampozitivie
mikroorganismi, S. aureus 45 % gadijumu. Kolonizé ari gramnegativie mikroorganismi,
pieméram, K. pneumoniae 7 %, Acinetobacter spp. 5,5%. Sie ierosinataji var bit
oportiinistiskas infekcijas etiologija. Pieradits, ka 95 % no identific&tajiem S. aureus ir biofilmu
veidojosie izolati. Biofilmas ir veselu cilveku audus kolonizgjoSo patogéno baktériju dabiski
eksistgjosa forma. Gramnegativas bakterijas biofilmas veidoja ievérojami retak. Visas izdalitas

bakterijas no veselu cilvéku auksléju mandelém bija jutigas pret antibiotikam.

4.4. Staphylococcus aureus kolonizacijas novertéjums pacientiem,

kuriem veikta tonsilektomija recidivéjoSa tonsilita del

Petijums ir aprakstits Renatas KlagiSas, Karla Racena, Renara Broka, Ligijas Kises un
Jutas Kroi¢as raksta Evaluation of Staphylococcus aureus Colonization in Adult
Patients Undergoing Tonsillectomy for Recurrent Tonsillitis. Pathogens. 2022, 11, 427.
https://doi.org/10.3390/pathogens11040427

Petfjuma tika ieklauti 16 pacienti, no kuriem 8 bija sievietes un 8 viriesi vecuma no 21
lidz 50 gadiem ar vid&jo vecumu 29 gadi (+ 7,23). Riga dzivoja 7 pacienti, pargjie — citas
Latvijas pilsétas.

No aukslgju mandelu kriptam visbiezak izdalita baktérija bija S. aureus, kas bija
vienigais izdalitais mikroorganisms 6 pacientiem un kopa ar normalo oralo mikrobiotu vai
citiem potenciali patogéniem mikroorganismiem 10 pacientiem. Tika izol&ti 16 S. aureus izolati
un parbauditas biofilmas veidoSanas sp€jas, un 15 no 16 bija biofilmas veidojosi izolati. Turklat
1 no izolatiem bija stingras biofilmas veidotajs, 5 N016 izolatiem bija mérenas un 9 no 16 bija

vajas biofilmas veidotajs, un 1 S. aureus izolats biofilmu neveidoja (sk. 4.11. tabulu).
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Gadu péc tonsilektomijas 8 S. aureus izolati tika izdaliti 6 no 16 pacientiem — kultiiras
no zavas 3 no 16 pacientiem, no deguna priekstelpas 4 no 16 pacientiem un no padusu
paraugiem 1 no 16 pacientiem. No zavas paraugiem 1 no 3 bija stingru biofilmu razotajs un
2 no 3 S. aureus izolati bija vajas biofilmas razotaji. No deguna priekstelpas paraugiem 1 no 4
bija mérenas biofilmas razotajs, 1 no 4 bija vajas biofilmas razotajs un 2 no 4 S. aureus izolati
biofilmu neveidoja. No padusu paraugiem 1 S. aureus izolats biofilmu neveidoja. Tikai
1 pacientam bija S. aureus zavas, deguna un padusu paraugos, un tas bija vajas biofilmas
razotajs (sk. 4.11. tabulu).

S. aureus tika izoléts tikai tonsilektomijas laika 10 pacientiem. Sajos gadijumos
S. aureus bija RT izraisitajs. Péc tonsilektomijas S. aureus bija zava vai deguna priekstelpa, bet
S. aureus celmiem tika konstatétas dazadas biofilmas veidoganas pakapes 4 pacientiem. Sajos
gadijumos pacientiem bija nosliece uz S. aureus kolonizaciju. S. aureus ar vienadu biofilmas
razoSanas sp&ju tika izol€ts no auksléju mandelém tonsilektomijas laika un 1 gadu péc
tonsilektomijas no Zavas, deguna prickstelpas un padusem 2 pacientiem. Sajos gadijumos

S. aureus bija dala no pacientu mikrobiotas (sk. 4.11. tabulu).

4.11. tabula
Pacientu raksturojums un mikrobiologisko izmekléjumu rezultati
tonsilektomijas laika un gadu pec tas
S. aureus biofilmas
Nr. Mikroorganismi TE laika Péc TE Interpretacija
. . _ Deguna
Kriptas Zava e Paduses
priekstelpa
1 |S. aureus + orala mikrobiota |1K vaja 0 0 0 Izraisitajs
2 S. aureus 2K vaja 0 2D mérena |0 NOSIIG.}C? iz
kolonizaciju
3 |S. aureus + Candida spp. 3K vdja 3Z 0 0 NOSI'G.}C? iz
stingra kolonizaciju
4 |S. aureus + orala mikrobiota |4K vaja 47 vaja |0 0 Normala orala
mikrobiota
5 |S. aureus + orala mikrobiota |5K vaja 57 vaja |5D vaja 5P vija Normala orala
mikrobiota
6 |S.aureus + S. epidermidis 6K mérena |0 0 0 Izraisitajs
7 |S. aureus + orala mikrobiota |7Kstingra |0 0 0 Izraisitajs
8 S. aureus 8K mérena |0 0 0 Izraisitajs
g |S:aureus+S.pneumoniae+ o o g 0 0 Izraisitajs
orala mikrobiota
S. aureus + K. pneumoniae +
10 |Candida spp. + orala 10K vaja 0 0 0 Izraisitajs
mikrobiota
LD Nosliece uz
11 |S. aureus 11K mérena |0 biofilmas 0 L
nav kolonizaciju
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4.11. tabulas turpinajums

S. aureus biofilmas
Nr. Mikroorganismi TE laika Pec TE Interpretacija
. . _ Deguna
Kriptas Zava e Paduses
priekstelpa
12 |S. aureus 12K vaja 0 0 0 Izraisitajs
S. aureus + N. subflava +
H. influenzae + S. anginosus . R
13 + P intermedia + orala 13K vaja 0 0 0 Izraisitajs
mikrobiota
14 |S. aureus 14K mérena |0 0 0 Izraisitajs
1= 15D .
15 |>-@ureustorala 15K mérena |0 biofilmas |0 Nosliece uz
mikrobiota + S. agalactiae nav kolonizaciju
16K
16 |S. aureus biofilmas 0 0 0 Izraisitajs
nav

TE, tonsilektomija; K, kriptas; Z, zava; D, deguna dobums; P, paduses.

4.5. attela paradita 11 S. aureus izolatu biofilmas veidoSanas 96 bedriSu mikroplates.

Kristalvioleta absorbcija ir proporcionala adhé&zijas Sinam un biofilmas koncentracijai.

S. aureus izolati

| J L

3K 4K 6K 11D

) L

1SD 16K 8K

15K 12K
b S {1 R Fr T -2
E SN e N,

T

 J
Izteikta Vaja Merena Nenovéro Meérena  Vaja

4.5, attels. S. aureus izolatu biofilmas veidoSana 96 bedriSu mikroplate

Plate 11 izolati un negativa kontrole (sterils buljons) ar 8 iedobem katram izolatam. Krasosana veikta
ar kristalvioleto, kas atskir izteiktu (3Z, 7K), mérenu (6K, 8K, 15K), vaju (3K, 4K, 12K)
biofilmas veidosanas pakapi un biofilmas veidoSanos nenovéro (11D, 15D, 16K).
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Kristalvioleta krasa, kas pievienota Stinam, kuras veido biofilmas uz mikroplatém, tika
mérita kvantitativi. Baktériju biofilmas optiskais blivums (OB) tika mérits pie 570 nm vilna
garuma ar mikroplates spektrofotometru. Katra izolata OB vértiba bija izteikts ka skaitlis. Visas

izdaltto izolatu biofilmu vid&jas OB vertibas ir apkopotas 4.6. attéla.

w
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S. aureus izolati

4.6. att€ls. S. aureus 24 izolatu biofilmas veidoSanas sp€ja uz mikroplatéem

Stabini att€lo OB vidgjas vertibas (merttas pie vilna garuma 570 nm). TSB ar 1 % glikozi ka negativa kontrole
(NK). Robezvertiba (OBr) un biofilmu veidosanas pakapes ir atzZimétas ar horizontalam Iinijam: 0 — biofilmas
nerazotaji; 1 — vaji biofilmas razotaji; 2 — merenas biofilmas razotaji; 3 — stingras biofilmas razotaji. Atskiribas
starp S. aureus izolatu biofilmu veidosanas sp&jam bija analiz&tas, izmantojot Mann-Whitney U testu 2 izolatu
analizei un Kruskal-Wallis testu 4 izolatu analizei, un ir atzimétas p vértibas. S. aureus izolata kods — numurs
apzimé pacientu un burts — parauga iegiiSanas vietu (K — kriptas; Z — rikle; D — deguna priekstelpa; P — paduses).

Pret benzilpenicilinu un ampicilinu bija rezistenti 14 izolati. Ka MRSA tika identificéts
1 izolats, jo bija rezistents pret cefoksitinu. Visi izolati bija jutigi pret ciprofloksacinu
paaugstinata koncentracija, savukart 1 izolats bija arT jutigs pret klindamicinu paaugstinata

koncentracija (sk. 4.12. tabulu).
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4.12. tabula

Antibiotiku rezistence starp S. aureus, kas izoléti no pacientiem ar RT

Antibiotikas

FOX |CRO| BP |AMP|AMS |AUG |[CIP|AK | E |CD| C

1K J J R R J J I J J J [
2K J J J J J J I J J J [
2D J J R R J J I J J J [
3K J J R R J J I J J J [
3Z J J J J J J I J J J [
R R R R R R I J J J [

J J R R J J I J J J [

J J R R J J I J J J [

J J J J J J I J J J [

J J J J J J I J J J [

J J J J J J I J J J [

S. aureus J J R R J J I J J J [
izolati 7K J J R R J J I J J J [
8K J J R R J J I J J J [
9K J J R R J J I J J J [
10K | J J R R J J I J J J [
J J J J J J I J J J [

J J J J J J I J J J [

J J R R J J I J J J [

J J R R J J I J J |

J J J J J J I J J J |

J J R R J J I J J J [

J J R R J J I J J J |
16K | J J J J J J I J J J [

FOX, cefoksitins; CRO, ceftriaksons; BP, benzilpenicilins; AMP, ampicilins; AMS, ampicilins/sulbaktams;
AUG, amoksicilins/klavulanskabe; CIP, ciprofloksacins; AK, amikacins; E, eritromicins; CD, klindamicins;
C, hloramfenikols. J, jutigs; R, rezistents; I, jutigs paaugstinata koncentracija.

Kopsavilkums. No aukslgju mandelu kriptam izdalitie S. aureus bija ar augstaku
biofilmas veidoSanas kapacitati salidzinajuma ar izolatiem no citam kermena vietam. Gadu péc
tonsilektomijas S. aureus netika izdalits 10 no 16 pacientiem. Tonsilektomija ievérojami

samazina S. aureus nésasanu un ir efektiva RT arstéSanas metode.
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5. Diskusija

Pasaulé plasi tiek pétiti RT patogenézes mehanismi, tiek veikti pétjjumi gan
mikrobiologijas, gan imunologijas joma, meklgjot objektivus biomarkierus, lai identificétu
pacientus ar RT. Pasreizéjas RT diagnostikas metodes balstas tikai uz klinisko ainu un
mikrobiologiskiem izmekl&jumiem, kuri neatspogulo situaciju mandelaudos. Sobrid galvenais
iz8kiroSais faktors, izskatot indikacijas tonsilektomijai, tiek izmantots tonsilitu biezums
ieprieksgjo tris gadu laika (Paradise kritériji). Objektivu biomarkieru neesamibas dél griitibas
ir kliniskaja praksé, pieméram, paiet 1-3 gadi, lidz noteikta RT diagnoze un lemts par
tonsilektomijas nepieciesamibu, ka arT zinatné RT pacientu pétijuma ieklausanas kriteriji
balstas anamnézes datos, ierakstos mediciniskaja dokumentacija.

Veicot literatiiras analizi, secinajam, ka ir vairaki petijumi, kuros salidzinati RT pacientu
un veselo individu dati, bet nozimigas atskiribas netika atrastas, un veikti plasi mikrobiologiski
PTA pétijumi, bet bez salidzinosas grupas. Promocijas darba tade] tika pétitas tris grupas: RT,
PTA pacienti un veselie individi.

RT patogenéze nav pilniba skaidra, tomér zinams, ka taja iesaistitas baktérijas ar
antibiotiku tolerances mehanismiem. Miisu darba ar punkté$anas biopsijas adatu tika iegtiti RT
un PTA pacientu mandelaudu paraugi, izvairoties no normalas oralas mikrobiotas, un veikta to
bakteriologiska testé$ana objektivu markieru atraSanai.

Izaicinosa ir bakteriologiska izmekl€Sana no vietam ar augstu kolonizaciju, pozitivs
kultivésanas rezultats bija 60 (60,6 %) RT pacientiem, 24 (82,8 %) PTA pacientiem un
54 (59,3 %) veseliem individiem. P&tamajas grupas bija plasa mikroorganismu daudzveidiba,
domingja grampozitivi mikroorganismi un visbiezak izdalita patogéna bakterija bija S. aureus,
vienigi PTA grupai konstatgja augstu Candida spp. izdalisanas biezumu. S. aureus izolatiem
plaSa antibakteriala rezistence netika konstatéta neviena no p&tamajam grupam, bet izteiktas
biofilmu veidoSanas sp€ja noveroja S. aureus izolatiem no veselo individu mandelaudiem.
Jadoma, ka glotadu biofilmas ir dabiskas baktériju pastavéSanas forma un neliecina par
tonsilopatiju atSkiriba no pétijjumiem par biofilmam, kas saistitas ar mediciniskajam protézém
vai sveskermeniem.

Antibakteriala testéSana veikta atbilstoSi EUCAST standartiem, izolati testéti uz
daudziem antibiotikiem, lai raksturotu izolatu antibakterialo rezistenci, neskatoties uz to, ka
kliniskaja praksé RT terapija tadus antibiotikus nelieto, pieméram, S. aureus gadijuma
cefoksitins, lai raksturotu rezistenci pret meticilinu, un gramnegativu bakteriju gadijuma

meropenéms, lai lemtu par turpmako test€Sanu uz karbapenemazem.
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5.1. Mikroorganismu kolonizacijas, biofilmu veidoSanas un antibakterialas

jutibas analize recidivéjosa tonsilita un paratonsilara abscesa pacientiem

RT un PTA ir slimibas ar dazadu klinisko ainu, slimibas gaitu un prognozém. Abam
slimibam ir kopigas iezimes, pirmkKart, tas ir biezi sastopamas otorinolaringologa praksg,
otrkart, to etiologiskais faktors visbiezak ir baktérijas, un, treSkart, antibakterialas terapijas
neefektivitates gadijuma abas slimibas var veiksmigi arstét kirurgiski. Veiksmigas arstéSanas
plans abam infekciju slimibam var biit saistits ar lidzigu etiologiju (Zautner et al., 2010).

Streptococcus pyogenes (S. pyogenes) ir biezakais akiita bakteriala tonsilita ierosinatajs
imiinkompetentiem pieaugusajiem. Ir pienemts, ka ir akiita tonsilita viens etiologiskais faktors,
bet RT etiologija ir multifaktoriala divu un vairaku baktériju sugu klatbiitne (Babaiwa, 2013;
Katkowska et al., 2017). Masu pétijuma tika novérots, ka pacientiem ar RT bija licla
mikroorganismu dazadiba, domingja polikultiiras. Sada atrade ir novérota arf citam slimibam,
pieméram, gingivita slimibu gadijumos (Jorgensen et al., 2015).

Misu pétijuma Streptococcus spp. izdaliSanas biezums bija zems, RT gadijuma tika
izdalits viens streptokoku izolats, bet PTA gadijuma — tris streptokoku izolati. S. pyogenes
izolati bija izdaliti kopa ar citiem mikroorganismiem Cetriem pacientiem ar RT, bet netika
izdaliti nevienam pacientam ar PTA. Ar1 citos petijumos RT pacientiem ir konstatéts zems
streptokoku (1,7-5 %) izolacijas biezums, ir pieradits, ka uz auksléju mandelu virsmas tie
satopami biezak neka mandelaudos (Syryto et al., 2007; Alasil et al., 2013). RT patogenéze
S. pyogenes loma ir parveértéta vai samazinajusies gadu gaita (Lindroos, 2000; Zautner et al.,
2010; Kosti¢ et al., 2022). RT un PTA pacientiem atro streptokoku testu izmantoSana un
antistreptolizina O (ASO) noteikSana nav lietderiga sakara ar zemu S. pyogenes ipatsvaru.
Mikroorganismu izdaliSanas biezums atkarigs no parauga iegtiSanas veida. Zautner et al. (2010)
petijuma tika analiz&tas auksleju mandelu $tinu suspensijas un konstatets, ka S. aureus prevalé
pacientiem ar RT (57,7 %), bet S. pyogenes — pacientiem ar PTA (20,2 %) (Zautner et al., 2010).
Vaikjdrv et al. (2016) pétijuma tika atspogulots, ka PTA abscesa gadijuma auksl&ju mandelu
nisu biopsijas ir labaks materials mikrobiologiskai analizei neka PTA strutu materials, jo viena
materiala tie atklaj vairak bakteriju (Vaikjarv et al., 2016). Streptococcus spp. bija biezakais
patogéns gan auksl&ju mandelu nisu biopsiju, gan strutu paraugos, bet Staphylococcus spp. bija
biezakais patogéns auksléju mandelu niSu biopsiju paraugos, strutu paraugos stafilokokus
nekonstatgja vispar (Vaikjarv et al., 2016). Misu pétijuma izvélgjamies auksléju mandelu
Kriptu biopsijas, lai iegtitais materials butu informativs un RT un PTA grupas biitu savstarpgji

salidzinamas.
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Miisu pétijuma Streptococcus anginosus (S. anginosus) bija atklats tikai RT pacientiem,
bet nevienam PTA pacientam. Cits pétijums pieradija, ka S. anginosus grupas baktgrijas
sastopamas biezak pacientiem ar PTA atkartoSanos neka pacientiem ar PTA izarstéSanos.
Pétijuma autori S. anginosus grupas baktérijas klatbiitni saista ar PTA atjaunoSanos
(Wikstén et al., 2017).

Misu pétijuma tika konstatéts augsts Candida spp. biezums. RT pacientiem Candida
spp. bija izolétas 8,08 % (n = 8) gadijumu, bet PTA pacientiem 48,23 % (n = 14) gadijumu.
Citos pétijumos bija konstatéts zemaks Candida spp. izdaliSanas biezums. Katkowska et al.
(2017) pétijuma konstatéja Candida spp. RT pacientu mandelaudu paraugos 2,5 % gadijumu,
auksl&ju mandelu virsmas paraugos 8,3 % gadijumu, iztriepe no zavas pirms tonsilektomijas
9,3 % gadijumu (Katkowska et al., 2017). Zautner et al. (2010) sava pétijuma zinoja, ka RT
pacientu mandelaudos Candida spp. sastopama 12,8 % gadijumu, bet PTA pacientiem — 4,9 %
gadijumu (Zautner et al., 2010). Slouka et al. (2020) zinoja, ka PTA strutu aspiratos 2,3 %
gadfjumu konstatétas Candida spp. (Slouka et al., 2020). Miisu pétijuma rezultati Iidzinas
rezultatiem, ko Jokinen et al. (1976) aprakstijis sava pétijuma, kur 147 pacientiem ar hronisku
tonsilitu Candida albicans (C. albicans) konstatéta 41,4 % gadijumu, bet veseliem individiem
C. albicans izdaliSanas biezums bija 51,5 % (Jokinen et al., 1976). Sakara ar tik augstu
izdaliSanas biezumu tika noveértéta arl séniSu patogenitate, izmantojot paraugu histologisku
izmekléSanu. Histologiska izvertésana netika atklatas séniSu patogenitates pazimes, jo sénites
bija atrodamas tikai auksl&ju mandelu kriptas, bez granulomatoza iekaisuma ap tiem (Jokinen
et al., 1976). Cita p&tijuma novertets auksléju mandelu mikobioms starp individiem ar cilvéka
imiindeficita virusu (HIV) un individiem bez ta (Fukui et al., 2018). Aukslgju mandelu
mikobioms butiski neatskiras starp individiem ar HIV un individiem bez HIV infekcijas (Fukui
et al., 2018). Balstoties uz miisu p&tijuma rezultatiem, varam secinat, ka Candida spp. varétu
bit mikrobiologiskais indikators PTA grupa. Candida spp. var biit procesa hroniskas norises
indikators, kad, pirmkart, jaatrisina pamatprobléma, kas var bt bakteriala vai strukturala, un,
otrkart, butu apsverama antifungala terapija tikai tad, ja pamatprobléma nepadodas
antibakterialai terapijai.

Saja pétijuma gramnegativi mikroorganismi neiengma nozimigu lomu. K. pneumoniae
ir pazistama ka stingru biofilmu veidotaja (Wang et al.,, 2020), bet misu pé&tijuma
K. pneumoniae bija ne tikai reti konstatéta, bet uzradija ari zemas biofilmu veidoSanas spgjas.
Neviens no K. pneumoniae izdalitajiem celmiem nebija stingru biofilmu veidotajs. Ir zinams,
ka Haemophilus influenzae (H. influenzae) var tikt izdalita no mandelaudiem, bet misu

pétijuma H. influenzae tika izdalita tikai divos gadijumos RT pacientu grupa. Netika konstatcta
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statistiski nozimiga saistiba starp gramnegativu mikroorganismu un biofilmu producgjosa
celma klatbiitni mandelaudos nedz pacientiem ar RT, nedz pacientiem ar PTA.

Pacientiem ar PTA A grupas Streptococcus spp. bija biezak izdalits ziema un pavasari
neka vasara (Klug, 2017). Sezonalas atSkiribas miisu pétijuma netika konstattas. Tadi
iekaisuma raditaji ka leikociti, CRP bija statistiski nozimigi paaugstinati PTA pacientiem,
salidzinot ar RT pacientiem. PTA pacienti tika ieklauti petijjuma akiita ickaisuma stadija, tas
izskaidro augstos iekaisuma raditajus.

S. aureus izolati uzradija rezistenci pret benzilpenicilinu un ampicilinu, kas ir novérots
arT citos pétijumos. Pieméram, Katkowska et al. (2017) pétijuma RT pacientu S. aureus izolati
bija rezistenti pret penicilinu 79 % gadijumu un pret ampicilinu 63,2 % gadijumu, bet viens
S. aureus izolats bija MRSA (Katkowska et al., 2017). P&tijjuma nenovérojam sakaribu starp
antibakterialo rezistenci un biofilmu veidoSanas intensitati. Lai gan vairakos p&tijumos
apgalvots, ka intensiva biofilmu veidoSanas ir saistama ar izteiktaku antibakterialo rezistenci,
Ma et al. (2019) sava pétijuma demonstréja, ka palielinata biofilmu veidoSanas rezultgjas ar
pretéju efektu, antibakteriala tolerance samazinas (Ma et al., 2019). Miasu pétijjuma dati
neapstiprina hipotézi, ka PTA pacientu uzs€jumos doming biofilmu veidojosie izolati. Tiesi
otradi, PTA pacientu uzs€jumos no septiniem S. aureus izolatiem divi bija vaju biofilmu
veidotaji, bet pieci bija biofilmu neveidojosi izolati. Sie rezultati liecina, ka izdalitie S. aureus
varétu bt savvalas tipa izolati, nevis endogénas infekcijas ierosinataji.

Biofilmas tiek raksturotas ka baktériju kopiena, ko apnem paSu razota arpussiinu
poliméru vielas matrica (Forson et al., 2020). Tiek veikti p&tijumi, lai izprastu mijiedarbibu
starp mikroorganismiem biofilmas. Mijiedarbiba starp C. albicans un Staphylococcus spp.
acimredzot ir savstarpgji sinergiska, un par to tiek zinots arvien vairak (Schnurr et al., 2021).
Petijumu dati liecina, ka séniSu Stinas sp&j modulét antibiotiku darbibu un bakterijas var
ietekmét antifungalo aktivitati jauktas séniSu un bakteriju biofilmas (Adam et al., 2002).
Prostaglandins E2, ko izdala C. albicans, veicina S. aureus augSanu jauktas biofilmas (Krause
et al., 2015). Auksl&ju mandelu hronisks iekaisums var tikt skaidrots ar baktériju kopienas

aizsargajoSo mijiedarbibu un lielu mikroorganismu daudzveidibu.

5.2. Uz auksleju mandelu virsmas un auksléju mandelu kriptas esoSo patogeno
mikroorganismu novértéjums pacientiem ar recidivéjoSu tonsilitu

Mikroorganismu sastopamibas biezums uz auksl&ju mandelu virsmas, auksl&ju mandelu
kriptas un mandelaudos, iegiito kultiiru rezultatu precizitate ir analizéta daudzos pétijumos
(Brook et al., 1980; Lindroos, 2000; Khadilkar & Ankle, 2016; Sarkar et al., 2017; Dickinson

et al., 2020). Preciza tonsilita ierosinataja identifikacija lauj uzlabot antibakterialas terapijas
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izvéli, un iesp&jams izvairities no planveida tonsilektomijas (Sarkar et al., 2017). Pétijuma liela
uzmaniba tika veltita S. aureus analizei, jo tas bija visbiezak izdalitais patogéns. Arl citos
pétijumos pieradits, ka S. aureus ir biitiska loma RT patogenézg, jo S. aureus sp&j uzturéties
gan glotadas biofilmas, gan pastavét intracelulari (Zautner et al., 2010; Zautner, 2012; Stepinska
et al., 2014; Cavalcanti et al., 2019). K. pneumoniae noturigu biofilmu veidoSanas spgjas ir
apstiprinatas pétijjumos. Pateicoties K. pneumoniae biofilmam, tas sp&j kolonizét elpcelus,
aizdeguni, mandeles (Alasil et al., 2013; Wang et al., 2020). Sarkar et al. (2017) sava p&tijuma
konstat&ja, ka S. aureus, A grupas pB-hemolitiskie streptokoki un Klebsiella spp. ir biezakie
izolati paraugos gan no aukslé&ju mandelu virsmas, gan mandelaudu biopsijas, ar augstaku
min€to mikroorganismu klatbiitni mandelaudos (Sarkar et al., 2017). Miisu pétijuma tika
pieradits, ka S. aureus bija biezak sastopams paraugos, kas iegiti no auksléju mandelu kriptam

ar birstiti, bet K. pneumoniae — mandelaudos, kas iegiiti ar punktéSanas biopsijas adatu.

5.3. No veselu individu auksléju mandelu kriptam iegito patogéno mikroorganismu
biofilmu veidoSanas, antibakterialas jutibas novértéjums

Mutes dobuma un 11kI€ ir daudzas niSas bakteriju kolonizacijai. Ta ka auksl&ju mandelu
infekcija, visticamak, rodas no baktérijam, kas atrodas auksl&ju mandelu kriptas vai parenhima,
nevis no tam, kas atrodas uz virsmas, més pétijam auksléju mandelu kriptu mikrobiotu ka
visnozimigako c€loni tonsilopatijas attistiba (Khadilkar & Ankle, 2016; de Martin et al., 2021).
Veselo individu pétijuma més izol€jam un analiz€jam nozimigus rikles un elpcelu patogénus —
S. aureus, K. pneumoniae, Pseudomonas aeruginosa (P. aeruginosa) un Acinetobacter spp.
(Hamilos, 2019; Zaatout, 2021).

Staphylococcus spp. primara ekologiska nisa ir nasis, tom&r mutes dobums ir nozimigs
So baktériju rezervuars, un daziem pieauguSajiem pacientiem noveéro mutes dobuma
kolonizaciju (Kearney et al., 2020). Albrich & Harbarth (2008) p&tijuma organisma citu rajonu,
iznemot degunu (angliski extranasal), kolonizacijas vietas bija saistitas ar pastavigu S. aureus
nésasanu (Albrich & Harbarth, 2008). P&tijuma, ko Amerikas Savienotas Valstis veica Hansons
et al. (2018), tika zinots, ka 6,2 % pieauguso S. aureus nésaja tikai deguna priekstelpa, 18,6 %
tikai rikles mutes dala (latiniski oropharynx) un 19,8 % abas vietas (Hanson et al., 2018). Ir
zinots, ka studentu populacijas S. aureus mutes dobuma nésataju skaits sasniedz no 17 lidz
48 procentiem (Smith et al., 2003; Blomqyvist et al., 2015). Veseliem Zviedrijas zobarstniecibas
studentiem S. aureus izplatiba bija 44,6 %; starp tiem MRSA netika atklats (Blomgvist et al.,
2015). Konstatéts, ka veselibas apripes darbiniekiem MRSA ir 23,7 % (Albrich & Harbarth,
2008). Citu autoru petfjumos minéts, ka MRSA izplatiba veseliem nésatajiem svarstas no 1,5

lidz 26 % (Petti & Polimeni, 2011; Roberts et al., 2011; Laheij et al., 2012). Misu pétijuma
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iesaistitiem veseliem individiem S. aureus bija visizplatitakais izol€tais patogéns; tas tika
izoléts 45 % gadijumu, un MRSA tika izolets 1,1 % gadijumu, kas atbilst iepriek§ veikto
pétijumu rezultatiem.

Jeong et al. (2007) pétijuma K. pneumoniae tika izoléts no RT pacientu auksléju
mandelu serdes paraugiem 6,7 % gadijumu, bet no auksléju mandelu hipertrofijas pacientu —
1,5% gadijumu (Jeong et al., 2007). Masu iegiitie dati paradija, ka K. pneumoniae bija
sastopams ar1 veselu cilvéku auksl&ju mandelu kriptas 7,7 % gadijumu.

Vairakos pétijumos ir analizéta ekstracelulara vai intracelulara P. aeruginosa loma
periodontalu vai plausu slimibu izcelsmé (Mirzaei et al., 2020; Li et al., 2021). Citi p&tijumi ir
zinojusi par 1,4-3,8 % P. aeruginosa izplatibu RT pacientu aukslgju mandelu paraugos
(Loganathan et al., 2006; Jeong et al., 2007; Al Ahmary et al., 2012) un 0,9 % izplatibu auksl&ju
mandelu paraugos pacientiem ar auksl&ju mandelu hipertrofiju (Jeong et al., 2007). Miisu
pétijums paradija, ka P. aeruginosa bija sastopama 2,2 % gadijumu veselu individu auksl&ju
mandelu kriptas. Starp Acinetobacter izolatiem Acinetobacter baumannii netika atklats.
Patogéna izolacijas no aukslgju mandelu paraugiem daudzveidiba un izplatiba var atSkirties
atkariba no paraugu nemsanas metodes, pieméram, mandelu virsmas uztriepes var biit mazak
informativas neka mandelu kriptu materials (Klagisa et al., 2021b).

Auksleju mandelu kriptas ir piemérota vieta biofilmas veidosanai. Auksléju mandelu
kriptas sp&j uzkrat detritu, un ta mineralizacija izraisa tonsilolitu veidosanos (Ferguson et al.,
2014). Tonsilolitiem raksturigas dinamiskas biofilmas, kas lidzigas dentalam biofilmam
(Stoodley et al., 2009). Misu pétijums paradija, ka veseliem cilvékiem 61 % S. aureus izolatu
un 40 % gramnegativo bakteriju izolatu piemita mérenas vai izteiktas biofilmas veidoSanas
sp€jas. Petijums apstiprinaja, ka biofilmas veidoSanas ir dala no normala baktériju dzivesveida
un ka biofilmas var pastavét veselu individu auksl&ju mandelés. Penesyan et al. (2021) pétijuma
biofilma tika aprakstita ka galvenais mikrobu dzivesveids; biofilmas veic svarigu funkciju,
mikrobiem nodro$inot aizsargajoSu vidi, kura tiek generéta genotipiska un fenotipiska
daudzveidiba (Penesyan et al., 2021). Slimiem un veseliem individiem biofilmas ipasibas var
atskirties. Chervinets et al. (2021) zinoja, ka periodontita pacientu mutes dobuma mikrobiotai
bija lielaka sp&ja piekerties glotadas Sunam neka veseliem cilvékiem, ka ari novéroja
pastiprinatu sp&ju veidot biofilmas un uzradit patogénas ipasibas (Chervinets et al., 2021).

Etiologiska agenta lokalizacija biofilmas var veicinat rezistenci pret antibiotikam.
Antibiotiku rezistence ir S. aureus galvena probléma, Ipasi MRSA. Ir zinots par picaugosu
MRSA izplatibu veseliem n€satajiem, zobarstniecibas studentu deguna paraugos sastopams lidz
21 % (Roberts et al., 2011). Mazak zinama ir MRS A izplatiba mutes dobuma. Tika parbauditas

subgingivalas vietas un méles virsma, un MRSA netika atklata (Koukos et al., 2015). Misu

43



petijums auksl&ju mandelu paraugos atklaja vienu (1,1 %) MRSA izolatu. Veseliem individiem
bija augsts S. aureus izolatu skaits ar rezistenci pret benzilpenicilinu un ampicilinu, tomer
neviens izolats nebija rezistents pret klindamicinu. Dati, kas iegtiti par S. aureus antibakterialo
rezistenci, atbilst Katkowska et al. (2017) pétijuma rezultatiem (Katkowska et al., 2017).
Klindamicinu plasi izmanto zobarstnieciba, un daudzas klinikas ir aizstajusas ar to penicilinus
(oksacilinu un meticilinu); klindamicins tiek noteikts arT alergijas pret beta-laktamiem gadijuma
(Blomgyvist et al., 2015).

Ir 1zvirzita hipotéze, ka infekciozajiem izolatiem ir atSkirigs virulences arsenals neka
tiem izolatiem, kas kolonizé veselus individus (Blomqvist et al., 2015). Tomér p&tijumi nav
pieradijusi, piem&ram, ka S. aureus izolati, kas izdaliti no infekcijas skarta mutes dobuma un
infekcijam neskarta mutes dobuma, parstav dazadas fenotipisko un genotipisko Tpasibu
apaksgrupas (Blomqvist et al., 2015). Tap&c ir secinats, ka klasiskas oporttnistiskas infekcijas
attistas saimnieka un mikroorganisma nesabalans€tas mijiedarbibas rezultata un ka infekcijas
slimiba turpinas tik ilgi, kamér pastav iminkompromitéts stavoklis (Blomqvist et al., 2015).

VEletos izcelt dazas ST petijuma stipras puses. M&s izmantojam birstites ka alternativu,
neinvazivu metodi auksléju mandelu paraugu savakSanai, izvairoties no nepiecieSamibas
izmantot traumatisku metodi, lai ieglitu mandelaudu paraugus. Tapéc pétijuma vargjam ieklaut

veselus individus bez auksléju mandelu slimibu pazimém.

5.4. Staphylococcus aureus kolonizacijas noveértéjums pieaugusajiem pacientiem,

kuriem tiek veikta tonsilektomija recidivéjosa tonsilita del

S. aureus kolonizacijas domingjosa ekologiska nisa ir deguna priekstelpa, citas kermena
vietas, kas var tikt kolonizétas, ir paduses, cirksni, rikle (Peacock et al., 2001). Samazinot
S.aureus né&sasanu deguna priekstelpa, izmantojot topiskos antibakterialos Iidzeklus,
samazinas S. aureus nésasana ari citas vietas (Reagan, 1991). S. aureus viegli spgj atkartoti
kolonizet deguna priekstelpu, rikli un citas kermena vietas daZzus mé&neSus péc antibakterialas
terapijas (Mody et al., 2003; Coates et al., 2009). S. aureus nésatajiem infekciju biezums ir
augstaks neka pacientiem, kuri nav S. aureus n€sataji. N&sataji parasti ir infic€ti ar to pasu
celmu, ar ko bija kolonizéti (Lister & Horswill, 2014). Misu pétijuma vienu gadu péc
tonsilektomijas RT pacientiem tika novértéta S. aureus klatbutne rikle, padusés,
deguna priekstelpa.

S. aureus n&sasanu ietekme gan bakteriali, gan saimniekorganisma faktori. Stafilokoku
infekcijas galvenie riska faktori ir vecums, blakusslimibas vai imtindeficits, genétiskie faktori,
tieSs kontakts ar veselibas apriipes iestadi vai hospitalizacija (Chmielowiec-Korzeniowska

et al., 2020). Pacienti, kuri ieklauti $aja p&tijuma, bija jauni individi (vidgjais vecums 29 gadi)
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bez tadiem S. aureus riska faktoriem ka HIV infekcija, insulinatkarigs cukura diabé&ts, pastaviga
peritoneala vai hemodialize, intravenozo narkotiku lietoSana (Peacock et al., 2001; Chang et al.,
2021; Ding et al., 2021; Wu et al., 2021). ArT citos p&tijumos, kuros analiz&ti tonsilektomijas
pacienti, vid€jais vecums bija 28 gadi (Witsell et al., 2008; Senska et al., 2015).

Pétijuma uzmaniba tika veltita izdalito S. aureus izolatu veidotas biofilmas
noveértéSanai. S. aureus izolatiem, kas izdaliti no auksléju mandelu kriptam, noverotas
izteiktakas biofilmas, salidzinot ar S. aureus izolatiem, kas izdaliti no citam kermena dalam.
Biofilmas veidojoSie S. aureus izolati galvenokart tika izdaliti no auksl&ju mandelu kriptam un
bija jutigi pret lielako dalu testéto antibiotiku. S. aureus izdalitais viens variants tika identificéts
ka MRSA, jo uzradija rezistenci pret cefoksitinu. MRSA bija vajas biofilmas razojoss izolats.
MRSA tika izol&ts no 25 gadus vecas sievietes bez blakusslimibam, kura slimoja ar RT, p&dgjo
triju gadu laika bija piecas tonsilita epizodes. P&c tonsilektomijas MRSA vairs nekonstatgja.
MRSA RT pacientiem atklats ari citos pétijumos. Katkowska et al. (2017, 2020) pétijumos
Polija MRSA izolats tika izdalits no auksléju mandelém vienam no 118 pieaugusajiem un
diviem no 73 bérniem, kuriem veikta tonsilektomija (Katkowska et al., 2017, 2020). Biofilmu
veidoSanas un antibakteriala rezistence MRSA un meticilina jutigais S. aureus (MSSA) ir
neskaidrs (Senobar Tahaei et al., 2021). Vides faktori, pieméram, temperattira, pH, glikozes
limenis, barotnes sastavs u. C., ietekmé bakteriju biofilmu veidoSanos. Tadel Sie faktori janem
vera biofilmu pétijumos. Lai dazadu pétijumu rezultati biitu savstarp€ji salidzinami, vides
faktoriem un biofilmu analizes metodei jabut vienadai vai loti lidzigai (Liu et al., 2020). Ir
nozimigi analizét S. aureus kolonizaciju, lai izprastu to ierosinatas infekciju slimibas. Pétijuma
tika noveértéti RT pacienti un mikrobiologiskas testéSanas rezultati vienu gadu péc
tonsilektomijas. Miisu pétijuma 10 pacientiem gadu péc tonsilektomijas S. aureus netika
konstatéts, tadeél varam secinat, ka tonsilektomija novérS bakterialu kolonizaciju viena

gada perioda.

5.5. Darba kritiskais vertejums

Cilveku aukslgju mandelu virsma un kriptas satur lielu patogénu dazadibu un ir augsta
koncentracija. RT epizodes atkartojas, neskatoties uz efektivu konservativo terapiju akita
perioda, ka arT var komplicéties par PTA. P&tijuma stipras puses ir, ka pirmo reizi RT un PTA
pacientu auksl&ju mandelu paraugi mikrobiologiskai analizei tika iegti tonsilektomijas laika
ar biopsijas adatu, izslédzot oralas mikrobiotas ietekmi. Veselo individu paraugi, lai izvairitos
no invazivu manipulaciju veikSanas, tika iegiiti ar birstiti no auksléju mandelu kriptam.

Materiala nemsanas atskiribas ierobezoja triju pétijjuma grupu savstarp&jo salidzinasanu.
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Japiemin, ka veselie individi bija statistiski nozimigi jaunaki, salidzinot ar RT, PTA pacientiem,
vidgjais vecums attiecigi 21 gads un 32 gadi. Pieejama literatlira nav datu par mikrobiotas
atSkirtbam pieaugusajiem $ada vecuma diapazona. Pirmo reizi tika identific€ti bakterialie
faktori, kuri varétu dot ieguldjjumu skaidrojumam, kadel atkartojas tonsilita paasinajuma
epizodes un dazos gadijumos attistas smaga komplikacija — PTA. P&étfjums nodro$ina viena
gada izsekojamibas periodu kirurgiski arstétiem RT pacientiem. P&tjjuma tika izvértéta
tonsilektomijas ietekme uz mikrobiotas klatblitni un S. aureus né&sasanu. Pacientu grupas
lielumu ietekm@ja vairaki faktori, pieméram, p&coperacijas pacientu ierobezotas iespéjas
ierasties no dazadam Latvijas pilsétam uz atkartotu viziti Riga. PTA pacientu izlases lielumu
ietekmé&ja PTA dazadas arstéSanas metodes (pacienti, kuriem PTA arstéSana lietoja abscesa
inciziju, drenazu un terapiju ambulatori, netika ieklauti p&tijuma).

Bakteriju identifikacijai tika izmantotas laboratorijas iekartas VITEK-2 Compact vai
MALDI-TOF MS sisteéma. Bakteriju biofilmu veidoSanos laboratorijas apstaklos ietekme dazadi
faktori, piem&ram, temperatiira, pH, glikozes Itmenis, barotnes veids. P&tljuma tika izmantota
kristalvioleta metode, kas adaptéta péc Stepanovi¢ et al., jo ta ir vienkarSa, specifiska,
ekonomiski izdeviga un biezi tiek lietota stafilokoku biofilmu kvantitativai noteikSanai
(Stepanovi¢ et al., 2007). Svarigi, ka So metodi var viegli atkartot citi pétnieki un pé&tijumu
rezultatus var salidzinat. Turpmakajos pétijumos ieteicams analizét bakteriju genétiskos
faktorus, kam ir nozimiga loma biofilmas veidogana. Sada informacija lautu precizak noteikt

bakteriju lomu RT kliniskaja norisé un terapijas izvele.

5.6. Darba noslédzosa rindkopa

Pirmo reizi auksl&ju mandelu kriptu parauga iegtiSanai tika izmantota punkteSanas
biopsijas adata, lai izslégtu virspus€jo oralas mikrobiotas baktériju klatbttni. Punktésanas
biopsijas adata tika patent€ta.

Petijuma tika izdalitas un identificétas RT un PTA pacientu auksl&ju mandelu kriptas
koloniz&josas baktgrijas, tika izveértétas to ipasibas, kuram varétu biit ietekme uz tonsilita
paasinajuma atkartoSanos un komplikaciju rasanos. Izverteéta bakteriju biofilmu veidoSanas
sp€ja un tas saistiba ar antibakterialo rezistenci, kas ietekm& RT un PTA terapijas izvéli.

Tika pieradits, ka pretgji pastavosajiem uzskatiem S. pyogenes nav prevalgjosais RT un
PTA ierosinatajs, 1idz ar to butu japarskata streptokoku atro testu un ASO noteikSanas
nepiecieSamiba Siem pacientiem. Izplatitakais RT ierosinatajs pétitaja populacija bija S. aureus
(33,3 %, n=33/99). PTA pacientu materiala 48,28 % gadijumu (n = 14/29) tika identificéta
Candida spp. Iesp&jams, ka Candida spp. klatbiitne var kalpot ka indikators PTA attistibai. Tika
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atrasts apstiprinajums ar1 izvirzitajai hipotézei, ka RT un PTA gadijuma auksléju mandelu
kriptas esoSiem mikroorganismiem piemit izteikta biofilmu veidoSanas spgja, kas nodroSina
hroniskas infekcijas klatbutni ar iesp&jamu reaktivaciju. Antibakterialas rezistences pétijumi
liecindja, ka RT un PTA terapijai rekomendétas antibiotikas — benzilpenicilins un ampicilins —
bija mazefektivas, jo baktérijas uzradija rezistenci. RT un PTA etiologiskie agenti bija jutigi
pret amoksicilinu ar klavulanskabi un klindamicinu.

Pirmo reizi tika veikts plass veselo individu auksl&ju mandelu mikrobiotas p&tijums. No
veselu individu auksl&ju mandelu materiala 45 % individu tika izdalits S. aureus. Turklat 95 %
gadijumu (n = 39/41) tie bija biofilmu veidojosie izolati. Veselu individu gadijuma nenovéroja
saistibu starp biofilmas producg€sanas sp&ju un antibakterialo rezistenci. Gan S. aureus izolati,
gan citas biezak izolétas bakterijas, K. pneumoniae un P. aeruginosa, bija jutigas pret lielako
dalu antibiotiku.

Pirmo reizi tika izvertéta kirurgiskas un antibakterialas arsté$anas efektivitate vienu
gadu péc tonsilektomijas. Uzs€jumi no zavas, deguna dobuma un padusém liecinaja, ka
S. aureus tika izol&ts retak. S. aureus un to biofilmas veidoSanas sp&jas noteikSana ir veids, ka

identificet S. aureus nésatajus.
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Secinajumi
RT pacientu auksl&ju mandelu kriptas ir licla mikroorganismu daudzveidiba. S. aureus ir
visizplatitakais patogéns, kas izolets no RT pacientu auksl&ju mandelu kriptam, ar izteiktu
biofilmu veido$anas sp&ju. K. pneumoniae biofilmas veido$anas pakape bija nenozimiga.
No PTA pacientu auksl&ju mandelu kriptam izdalitie bakt&riju izolati biofilmas veido retak.
S. aureus RT un PTA gadijuma ir jutigi pret empirisku antibakterialu terapiju, ar izteiktu
jutibu pret amoksicilinu ar klavulanskabi un klindamicinu.
RT pacientu aukslégju mandelu virsmas paraugos ir lielaka baktériju daudzveidiba
saltdzinajuma ar kriptu biopsiju materialu. Auksl&ju mandelu kriptu biopsija ar biopsijas
adatu precizak atspogulo RT ierosinatajus, jo izsledz oralas mikrobiotas klatbtitni. No
auksl&ju mandelu kriptam izdalitie S. aureus ir biofilmas veidojosie izolati.
Veselu individu auksléju mandeles kolonize S. aureus, K. pneumoniae, P. aeruginosa un
Acinetobacter spp u.c. baktérijas. S. aureus ir biofilmu veidojoSie izolati. Auksl&ju
mandelu kriptas ir nozimigs biofilmu producgjo$o patogéno bakteriju rezervuars, kam var
biit nozime oportinistisko tonsilitu etiologija.
No aukslgju mandelu kriptam izdalitie S. aureus bija biofilmu veidojoSie izolati
saltdzinajuma ar S. aureus, kuri izdaliti no deguna dobuma un padusém. Vienu gadu p&c
tonsilektomijas RT pacientiem S. aureus klatbiitne samazinajas. Tonsilektomija ir efektiva

arst€Sanas metode, kura novers bakterialo kolonizaciju.
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Abstract: Background: Despite the widespread use of antibiotics to treat infected tonsils, episodes
of tonsillitis tend to recur and turn into recurrent tonsillitis (RT) or are complicated by peritonsillar
abscesses (PTAs). The treatment of RT and PTAs remains surgical, and tonsillectomies are still relevant.
Materials and methods: In a prospective, controlled study, we analyzed the bacteria of the tonsillar
crypts of 99 patients with RT and 29 patients with a PTA. We performed the biofilm formation and
antibacterial susceptibility testing of strains isolated from study patients. We compared the results
obtained between patient groups with the aim to identify any differences that may contribute to
ongoing symptoms of RT or that may play a role in developing PTAs. Results: The greatest diversity
of microorganisms was found in patients with RT. Gram-positive bacteria were predominant in both
groups. Candida species were predominant in patients with a PTA (48.3% of cases). Irrespective of
patient group, the most commonly isolated pathogenic bacterium was S. aureus (in 33.3% of RT cases
and in 24.14% of PTA cases). The most prevalent Gram-negative bacterium was K. pneumoniae (in
10.1% of RT cases and in 13.4% of PTA cases). At least one biofilm-producing strain was found in
37.4% of RT cases and in 27.6% of PTA cases. Moderate or strong biofilm producers were detected in
16 out of 37 cases of RT and in 2 out of 8 PTA cases. There was a statistically significant association
found between the presence of Gram-positive bacteria and a biofilm-formation phenotype in the
RT group and PTA group (Pearson x> test, p < 0.001). S. aureus and K. pneumoniae strains were
sensitive to commonly used antibiotics. One S. aureus isolate was identified as MRSA. Conclusions:
S. aureus is the most common pathogen isolated from patients with RT, and Candida spp. are the
most common pathogens isolated from patients with a PTA. S. aureus isolates are susceptible to most
antibiotics. Patients with RT more commonly have biofilm-producing strains, but patients with a
PTA more commonly have biofilm non-producer strains. K. pneumoniae does not play a major role in
biofilm production.

Keywords: biofilm; recurrent tonsillitis; peritonsillar abscess

1. Introduction

Recurrent tonsillitis (RT) is the repetitive inflammation of the palatine tonsils predomi-
nantly, or even exclusively, caused by bacteria [1,2]. Episodes of tonsillitis are characterized
by fever, sore throat, odynophagia, congested tonsils with or without exudate, and cervical
lymphadenopathy [1]. RT can be diagnosed clinically on an anamnestic report [3]. It can be
considered when more than two distinct episodes of tonsillitis are encountered within a
12-month period [4]. Episodes of tonsillitis are treated with antibiotics [3,5]. Tonsillectomy
is recommended for patients with RT who have experienced at least seven attack episodes
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per year in the preceding one year, five episodes per year in the preceding two years, or
three episodes per year in the preceding three years despite adequate antibiotic therapy [6].

Inflammation from the palatine tonsil can be transmitted to adjacent peritonsillar
tissue and form an abscess in peritonsillar space [3]. A peritonsillar abscess (PTA) is the
most common purulent complication of acute tonsillitis. The diagnosis of PTA is based
on medical history combined with a general clinical assessment. A patient with a PTA
typically presents with fever, a sore throat, unclear speech, sometimes trismus, or a reaction
of the descending lymph nodes. Clinically, redness and arching of the palpably stiff and
markedly painful soft palate are found [7]. A peritonsillar abscess is typically unilateral. A
PTA requires antibiotics and surgical management—incision and drainage or immediate
tonsillectomy must be performed [8].

The surgical removal of tonsils or tonsillectomy remains a common operation. For
example, in Germany, in 2013, a total of 84,332 patients underwent extracapsular tonsillec-
tomies, and approximately 12,000 surgical procedures in terms of abscess tonsillectomies
or incision and drainage were performed for patients with a PTA [8]. Episodes of tonsillitis
decrease the quality of life and are a financial burden due to school or work absences and
health care costs [8]. The disadvantages of antibiotic therapy are the promotion of bacte-
rial resistance and the surgical procedures that expose patients to surgical and anesthetic
risks [8].

The explanations of unsuccessful antibiotic therapy are, for example, difficulty in
identifying causative bacteria, low concentrations of the antibiotics in the tonsillar tissue,
or the specific antibiotic resistance patterns of the involved pathogenic bacteria or biofilm
formation [9,10]. Several studies have been conducted to elucidate the spectra of pathogens
involved in RT and PTAs [2]. Several pathogens with varying proportions are implicated in
tonsil infections, including group A beta hemolytic Streptococcus; alpha hemolytic Strepto-
coccus, Hemophilus influenzae; Staphylococcus aureus; Enterococcus spp.; Klebsiella pneumoniae;
Moraxella catarrhalis; Corynebacterium spp.; and anaerobes, such as Peptostreptococci, Fusobac-
terium, Veillonella, and Prevotella [3]. A microbiological analysis of tonsils is challenging
due to the difficulties in distinguishing between commensal and pathogenic germs, great
diversity, and differences in the normal microbiota between patients [3,11]. In previous
studies, the tonsils were found to have the greatest microbial diversity, which varied sig-
nificantly among subjects [12,13]. As cultures are obtained from an area that is normally
heavily colonized, the etiological relevance of each bacterium is raised [14]. The tonsillar
surface is colonized by a normal oral microbiota, which is not usually implicated in tonsil
infections [15]. However, autoinfection via the normal flora of the mouth and the pharynx
is also possible [3]. Tonsillar infection may stem from bacteria within tonsillar crypts or
the parenchyma rather than from those on the surface [16]. Crypts are narrow passages
that penetrate the tonsils. Therefore, samples from tonsillar crypts are considered more
appropriate for microbiological testing than tonsillar surface swabbing [11,15,17].

Studies have been performed comparing the results of microbiological analyses be-
tween patients with recurrent tonsillitis and healthy subjects, but little differences were
found between the study participants [18-21]. There are many studies that analyze the
microbiological results of PTAs without comparisons with other patient groups [7,22-25].
Not so many studies concerning RT and PTA are available, and the reason for the lack of
success of conservative therapeutic approaches is not well understood [2].

Studies show a high prevalence of S. aureus in tonsillar samples from patients with
recurrent tonsillitis [2,26]. S. aureus is considered the main etiological factor of RT. However,
the role of this pathogen in the pathogenesis of RT exacerbation, in the formation of
abscesses, and in the resistance to antibacterial therapy, is unclear. As S. aureus does not
show a high antibacterial resistance in RT, other protective mechanisms, such as biofilm-
formation, should be considered. Biofilm-formation is thought to be associated with
antibiotic tolerance [10]. In a previous study, scanning electron microscopy showed that
biofilms were present in 80% (16/20) of the recurrent tonsillitis group and in 45% (9/20) of
the control group [27]. The presence of biofilms was significantly higher in the recurrent
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tonsillitis group, which suggests that biofilms are associated with recurrent tonsillitis [27].
The localization of the causative agents in biofilms could contribute to functional antibiotic
resistance despite the absence of specific resistance mechanisms [2]. The primary problem
in the treatment of patients with RT is usually difficulty in the effective eradication of the
pathogen rather than its antibiotic resistance. K. pneumoniae is known to be a potent biofilm
producer and has been isolated from tonsillar tissues [28,29].

In this study, emphasis is placed on the biological functions of bacteria in the tonsillar
crypts of patients with RT and patients with a PTA. We provide a comprehensive analysis
of the variety of isolated strains, S. aureus and K. pneunioniae biofilm formation, and an-
tibacterial susceptibility with the aim of identifying any differences that may contribute to
ongoing symptoms of RT or that may play a role in the development of PTAs.

2. Results
2.1. Patient Data

The age and gender ratios of the 99 patients with RT and the 29 patients with a PTA
are listed in Table 1. According to our data, female patients predominated in the RT group,
whereas the gender ratio was more balanced in the PTA group (Table 1). The RT group
comprised 73 females (74%) and 26 males (26%), and the PTA group comprised 14 females
(48%) and 15 males (52%). There was no age difference between the patients in the RT and
PTA groups (independent-samples Kruskal-Wallis test, p = 0.617). The patients with a PTA
showed increased white blood cell counts (WBCs) and C-reactive protein (CRP) levels in
blood samples, and the patients with RT had WBCs and CRP levels within the normal
range. These differences were highly significant.

Table 1. General characteristics of the study population.

Characteristics RT PTA p-Value
Male, 1 (%) 26 (26%) 15 (52%) p=0.061
Gender
Female, n (%) 73 (74%) 14 (48%) p=0.061
A Age (between, mean =+ SD), years 20-72,32.94 £ 11.19 18-58,32.4 +£12.2 p=0.279
ge
Age (median, IQR), years 31,10 31,16
= CRP, median, mg/L 1.17 85.5 p <0.001
Laboratory findings
WBC, median, x10°/L 6.52 1297 p <0.001
Primary arterial hypertension () 9 1 p=0.454
Cardiologic diseases (1) 5 0 p =0.587
Comorbidities Type 2 diabetes mellitus (1) 1 0 p>0.999
Bronchial asthma (1) 5 1 p>0.999
Chronic gastritis or gastroesophageal 17 1 p=0188

reflux disease (1)

2.2. Diversity of Isolated Microorganisms

Of the 128 patient samples examined, a positive cultivation finding (at least 1 pathogen
or potential pathogen) was detected in 60 patients (60.6%) in the RT group and in 24 patients
(82.8%) in the PTA group (Pearson X2 test, p = 0.027). However, the greatest diversity of
microorganisms was found in the patients with RT. The cultivation finding was negative;
i.e., only common oropharyngeal microbiotas were cultivated in 39 patients (39.4%) in the
RT group and in 5 patients (17.2%) in the PTA group (Tables S1 and S2). Irrespective of
patient group, the most commonly isolated pathogenic bacterium was S. aureus, which
was isolated as the only microorganism or co-isolated with other potentially pathogenic
microorganisms (Tables S1 and S2). In the RT group, S. aureus was isolated in 33.3% (33/99)
of cases, and, in the PTA group, it was isolated in 24.14% (7/29) of cases. Gram-positive
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bacteria were predominant, but at least one Gram-negative bacterium was detected in
22.2% (22/99) of patients in the RT group and in 27.6% (8/29) of patients in the PTA group.
The most prevalent Gram-negative bacterium was K. pneumoniae; it was isolated in 10.1%
(10/99) of RT cases and in 13.4% (4/29) of PTA cases (Tables S1 and S2). Moreover, Candida
species were isolated, and they were predominant in patients with a PTA, where they were
found in 48.3% (14/29) of cases and mostly as monocultures (Fisher's test, p < 0.001).

2.3. Biofilm Growth and Associations

At least one biofilm-producing strain was found in 37.4% (37/99) of cases of RT and
in 27.6% (8/29) of cases of PTA (Pearson X2 test, p = 0.332). Moderate or strong biofilm
producers were detected in 16 out of 37 cases of RT and in 2 out of 8 cases of PTA. In the
RT group, among the 33 S. aureus isolates, 5 were strong, 8 were moderate, and 15 were
weak biofilm producers, but 5 were biofilm non-producers. In the PTA group, among
the 7 S. aureus isolates, 2 were weak biofilm producers, and 5 were biofilm non-producers.
In the RT group, among the 10 K. pneumoniae isolates, 6 were weak biofilm producers,
and 4 were biofilm non-producers. In the PTA group, among the 4 K. pneumoniae isolates,
1 was a weak biofilm producer, and 3 were biofilm non-producers. The biofilm mean
optical densities (ODs) of all isolated S. aureus and K. pneumoniae strains are summarized in
Figures 1 and 2.
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Figure 1. Biofilm-production capability on a microtiter plate of S. aureus strains from patients with
RT (1-33 green bars) and patients with a PTA (34-40 red bars). Bars represent mean values of OD
(measured at wavelength of 570 nm). Trypticase soy broth with 1% glucose was used as a negative
control (NC, blue bar). The cut-off value (ODc) and biofilm-production-capacity levels are marked
with horizontal lines.
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Figure 2. Biofilm-production capability on a microtiter plate of K. pneumoniae strains from patients
with RT (1-10 green bars) and patients with a PTA (11-14 red bars). Bars represent mean values of
OD (measured at wavelength of 570 nm). Luria-Bertani medium was used as a negative control
(NG, blue bar). The cut-off value (ODc) and biofilm-production-capacity levels are marked with
horizontal lines.
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There was a statistically significant association found between the presence of Gram-
positive bacteria and a biofilm-formation phenotype in the RT group and PTA group. If
a Gram-positive microbe was present, there would most likely be a biofilm-formation
phenotype (Pearson X2 test, p < 0.001). There were no significant associations found
between Gram-negative microbes, Candida spp., comorbidities, episodes of tonsillitis, or
PTAs in medical history and a biofilm-producing strain in the RT or PTA group. There was
a tendency for the PTA group to have fewer biofilm-forming strains in comparison with
the RT group, although statistically significant associations were not found between the
presence of biofilm-producing strains or the presence of S. aureus biofilm-producing strains
and patient group (Table 2).

Table 2. Comparison of patients” microbiological data in the RT and PTA groups.

Patients” Microbiological Data RT Group PTA Group p-Values
S. aureus, n (%) 33/99 (33.33%) 7/29 (24.14%) p=0.347
Isolation rate K. pneumoniae, n (%) 10/99 (10.10%) 4/29 (13.79%) p=0519
Candida spp., n (%) 8/99 (8.08%) 14/29 (48.28%) p <0.001
T S. aureus biofilms, mean OD 1.24 1.02 p=0.929
K. pneumoniae biofilms, mean OD 0.44 0.39 p=0.322
Biofilm-producing strains, n 37 8 p=0.111
S. aureus biofilm-producing strains, n 28 7 p=0.642

Biofilm-producing 5 qyreus moderate and strong biofilm

. 0 =
strains prodNicers, (%) 13/33 (39.39) 2/7 (28.57%) p=0.691
K. pneumoniae moderate and strong biofilm 0 0
producers, n
Gram-positive microbe and
biofilm-producing strain psi 0l pl0L
Gram-negative microbe and _
biofilm-producing strain pele gl
Associations
between variables Candida spp. and biofilm-producing strain p>0.999 p=0.215
by study groups Comorbidities and biofilm-producing strain ~ p =0.759 p=10.540
Episodes of tonsillitis and _ _
biofilm-producing strain p=0la p=0758
PTA in medical history and p=0.091 p=0.640

biofilm-producing strain

2.4. Antibacterial Susceptibility

S. aureus and K. pneumoniae strains are sensitive to commonly used antibiotics. One
S. aureus isolate was identified as MRSA, which is resistant to benzylpenicillin, ampicillin,
cefoxitin, ceftriaxone, ampicillin-sulbactam, and amoxicillin with clavulanic acid, but
has intermediate resistance to ciprofloxacin. S. aureus strains resistant to benzylpenicillin,
ampicillin, and at least one other antibiotic, are shown in Tables 3 and 4 together with the
biofilm-production capacity. Resistant strains are predominantly non-biofilm producers
or weak biofilm producers. None of the K. pneunoniae isolates were extended-spectrum
beta-lactamase producers.
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Table 3. Antibiotic-susceptibility and biofilm-production-ability patterns of S. aureus strains.

S. aureus Strains (n = 33) of Patients with RT S. aureus Strains (n = 7) of Patients with a PTA
Antibiotics 3 Non- and Moderate and F Non- and Moderate and
G sliesilstsa::t) Weak Biofilm  Strong Biofilm SRt:s.ISt::lt) Weak Biofilm  Strong Biofilm
LaL0s Producers (1) Producers (1) ams Producers Producers
P, AMP, CIP * 20/33 12/20 8/20 5/7 4/5 1/5
P, AMP, CIP *,CD * 1/33 1
CIP* 9/33 5/9 4/9 2/7 1/2 1/2
P, AMP, CIP* E 1/33 1
CIP%E 1/33 1
FOX, CRO, P, AMP, 1%/33 1

AMS, AUG, CIP *

Note: *, intermediate resistance; **, MRSA; FOX, cefoxitin; CRO, ceftriaxone; P, benzylpenicillin; AMP, ampi-
cillin; AMS, ampicillin-sulbactam; AUG, amoxicillin-clavulanic acid; CIP, ciprofloxacin; E, erythromycin; CD,
clindamycin. Each antibiotic resistance was determined separately.

Table 4. Antibiotic-susceptibility and biofilm-production-ability patterns of S. aureus strains by

patient group.
Antibiotic No Antibiotic Resistance
Patient Group Biofilm Formation Resistance (or Antibiotic Resistance p-Value
(P, AMP) to One Antibiotic)
RT group Non- or weak biofilm producer 14 6 p=0.590
Moderate/strong biofilm producer 4 p>0.999
PTA group Non- or weak biofilm producer 4 1 p>0.999
Moderate/strong biofilm producer 1 1 p>0.999
PTA + RT group Non- or weak biofilm producer 18 7 p=0.590
Moderate/strong biofilm producer 10 5 p>0.999

Note: P, benzylpenicillin; AMP, ampicillin. Each antibiotic resistance was determined separately.

3. Discussion

RT and PTAs are diseases with different clinical symptoms, disease courses, and
prognoses. The common features of both diseases are as follows: they frequently occur
among otolaryngology patients; their causative agent is most often a bacterium; and in
cases of the ineffectiveness of antibacterial therapy, both diseases can be treated surgically.
Comparably successful treatment regimens for both infections could be due to their similar
etiologies [2].

Streptococcus pyogenes is the most common bacterial origin of acute tonsillitis in im-
munocompetent adults. While acute tonsillitis is postulated to only have one etiological
factor, RT seems to have a multispecies etiology [5,30]. In our study, patients with RT had a
great diversity of microorganisms, and polycultures were predominant. A similar finding
has also been observed for other diseases. In comparison with healthy controls, increased
microbial diversity is also associated with tuberculosis, cystic fibrosis, and gingivitis [12].

In our study, the isolation rate of Streptococcus spp. was low. Seventeen isolates of
streptococci were identified in RT cases, and three were identified in PTA cases. Streptococcus
pyogenes strains were co-isolated in four patients with RT, and none were isolated in patients
with a PTA. Other studies have also reported a low isolation rate (1.7-5%) of streptococci
in patients with RT; streptococci have been found to be less prevalent in the tonsillar core
(1.7%) [29,31] than on the tonsillar surface. S. pyogenes in the RT pathogenesis has most
likely been overrated or, alternatively, decreased in recent years [2,32].

The isolation rate of microorganisms varies depending on the approaches used for
material collection. In a report by Zautner et al., S. aureus was prevalent in patients with
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RT (57.7%), but S. pyogenes was prevalent in patients with a PTA (in 20.2% of tonsillar cell
suspensions) [2]. In a study conducted by Vaikjarv et al., it was demonstrated that tonsillar
fossa biopsy specimens were better materials for microbiological analyses than abscess pus
samples, because they revealed more bacteria per culture [14]. Streptococcus spp. were the
most common bacteria found in tonsillar fossa biopsy specimens and pus samples, but
Staphylococcus spp. were also found in tonsillar fossa biopsy specimens, and staphylococci
were not found in any pus cultures [14]. We chose to analyze biopsy samples to make the
RT and PTA patient groups more comparable and inoculations more informative.

In our study, four Streptococcus anginosus isolates were found in the RT group, and none
were found in the PTA group. In contrast, in another study, bacteria from the Streptococcus
anginosus group were detected in the patient samples of the PTA renewal group more often
than in those of the PTA recovery group, and the authors concluded that bacteria in the
Streptococcus anginosus group appear to predict the renewal of PTA symptoms [33].

On the contrary, our study showed a high rate of Candida spp. They were isolated in
8.08% (1 = 8) of patients with RT and in 48.23% (n = 14) of patients with a PTA. Several pub-
lications have claimed a lower isolation rate of Candida spp. In a report by Katkowska et al.,
Candida spp. were found in tonsillar core samples from patients with RT at a rate of 2.5%,
in tonsillar surface samples at a rate of 8.3%, and in throat samples at a rate of 9.3% before
tonsillectomy [5]. Zautner et al. reported Candida spp. in the tonsillar tissues of patients
with RT at a rate of 12.8%, but, in patients with a PTA, this rate was 4.9% [2]. Slouka et al.
reported yeasts in 2.3% of PTA pus aspirates [7]. Our study results are in agreement with
those of a study conducted by Jokinen et al. [34], wherein fungal cultures of the tonsils of
147 patients with chronic tonsillitis revealed Candida albicans in 41.4% of cases; in the control
group of healthy individuals, the rate of Candida albicans was 51-5% (34). The pathogenicity
of the fungi was investigated in each case by histological means. The histological investiga-
tions revealed no evidence of pathogenicity in these organisms because they were found in
the tonsillar crypts, and no granulomatous inflammation was seen surrounding them [34].
Another publication compared the palatine tonsil mycobiomes between individuals with
human immunodeficiency virus (HIV) and those without it [35]. It was found that, between
the individuals with HIV and those without it, in contrast to the bacteriomes, the palatine
tonsil mycobiomes did not differ significantly between the two groups [35]. The role of
Candida spp. in the tonsillar inflammatory process cannot be convincingly judged based on
the results of our study, and it should be clarified in future studies.

In the scope of the present study, Gram-negative microorganisms were not the most
important. K. pneumoniae is known to be a potent biofilm producer [28]. In our study, not
only did K. pneumoniae have a low incidence, but it also showed low biofilm-producing
ability. None of the K. pneumoniae isolates were a strong biofilm producer. H. influenzae is
known to be more frequently isolated from the tonsillar core. In our study, it was isolated
from two patients with RT, indicating that it is much less prominent than previously
described. There was no statistically significant association between the presence of Gram-
negative microbes and the presence of biofilm-producing strains in tonsillar tissues, in
patients with RT, or in patients with a PTA.

In our study, the median age at the time of PTA occurrence was 31 years, which is in
accordance with the results of other studies where patients were 29-34 years old [36,37].
In a previous study, an older population (over 40 years of age) with PTA was found to
present with significantly lower rates of aerobic bacteria and a tendency toward higher
rates of anaerobic growth; the authors clarified the need for prompt and aggressive surgical
and antibiotic treatment for older patients with a PTA [38]. Group A streptococcus spp.
was significantly more frequently recovered from patients with a PTA in the winter and
spring than in the summer [22]. No seasonal differences were observed in our study.
Blood of patients with PTA had higher WBCs and CRP levels compared to the blood
samples of patients with RT. Patients with PTA were included in the study during the
acute inflammation stage, which explains the high inflammatory parameters. Patients with
RT had WBCs and CRP levels within normal range, but WBCs were at the lower limit of
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normal range. RT patients may have changes in peripheral blood samples. Other studies
had analyzed cytokine production, T and B lymphocytes, and the neutrophil-lymphocyte
ratio in blood samples of patients with RT to draw reliable conclusions [39,40].

S. aureus isolates showed resistance to benzylpenicillin and ampicillin, which is consis-
tent with the results of other studies. In a study conducted by Katkowska et al., S. aureus
isolates from patients with RT showed resistance to penicillin in 79% of cases and to ampi-
cillin in 63.2% of cases; only one S. aureus isolate was MRSA [5]. In our study, we did not
observe associations between antibiotic resistance and biofilm-formation intensity. Even
though several studies have claimed that intensive biofilm formation is associated with
increased antibiotic tolerance, Ma et al. demonstrated that increased biofilm formation
had the opposite effect and resulted in less antibiotic tolerance [41]. Our study data do not
support the hypothesis that patients with a PTA are more likely to have strong biofilm-
producing strains than other strains. On the contrary, in the PTA group, among the seven
S. aureus isolates, two were weak biofilm producers, and five were biofilm non-producers.
These findings suggest that S. aureus isolates could be wild-type strains and not an endoge-
nous infection in the PTA group. Patients with RT who have PTAs in their medical history
are more likely to have a biofilm-producing phenotype (p = 0.091). It is likely that, if a
larger number of patients were included in this study, then the association would have
been confirmed.

A biofilm is described as a bacterial community wrapped in a self-produced matrix of
extracellular polymeric substances [42]. Studies have been carried out on the interactions
between microorganisms. Interactions between C. albicans and Staphylococcus spp. are
apparently synergistic or mutualistic, and they are increasingly reported [43]. The findings
suggest that fungal cells can modulate the action of antibiotics and that bacteria can
affect antifungal activity in mixed fungal-bacterial biofilms [44]. Prostaglandin E2 from
Candida albicans stimulates the growth of S. aureus in mixed biofilms [45]. A chronic
inflammatory process in palatine tonsils could be explained by the protected status of a
bacterial community and a great variety of microorganisms.

4. Materials and Methods

A total of 128 patients were enrolled in this prospective, monocentric study. A total of
29 patients were diagnosed with PTAs, and 99 patients had RT. Study patients underwent
tonsillectomy in Pauls Stradins Clinical University Hospital in the period of 2018-2020.

The inclusion criteria were as follows: a diagnosis of PTA or RT, bilateral tonsillectomy
received as surgical treatment, and no antibacterial therapy for at least 4 weeks. RT was
defined as at least seven attack episodes per year in the preceding one year, five episodes
per year in the preceding two years, or three episodes per year in the preceding three
years despite adequate antibiotic therapy. PTA was defined clinically by redness and
arching of the palpably stiff and markedly painful soft palate and fever, a sore throat,
unclear speech, sometimes trismus, and a reaction of the descending lymph nodes. All
RT patients underwent scheduled tonsillectomy, with the last episode of tonsillitis being
more than 4 weeks ago. All PTA patients underwent immediate tonsillectomy under acute
infection stage.

The exclusion criteria were as follows: hematologic system diseases (thrombocy-
topenia or coagulopathy), primary or acquired immunodeficiency, antibacterial therapy
received in the last 4 weeks or the initiation of antibacterial treatment prior to material
collection, outpatient treatment, other methods of PTA treatment such as incision and
drainage, and failure to perform tonsillectomy (contraindications for surgery or general
anesthesia) or to obtain written informed consent. Patients with active solid or hematologi-
cal malignancy, active autoimmune disease, usage of immunosuppressive agents prior to
admission (prednisone > 10 mg/day or equivalent) more than 4 weeks, and solid organ
transplant, were excluded.
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Pediatric patients were not excluded from the study since only adult patients (18 years
old or older) are treated at Pauls Stradins Clinical University Hospital. Pediatric patients
receive medical treatment at the Children’s Clinical University Hospital in Riga, Latvia.

After tonsillectomy, a histological analysis of the specimens from all patients was
routinely performed to verify the clinical diagnosis.

The study protocol was approved by the local Ethics Committee of Riga Stradins
University (document No. 49/30.11.2017.), and all of the data were collected according
to the guidelines on data protection and confidentiality. Written informed consent was
obtained from all subjects before the study.

4.1. Sample Collection

Samples for microbiological testing were obtained from tonsillar crypts with a punch-
biopsy needle perioperatively [17,46]. The samples contained specimens of affected tonsillar
tissue in the case of a PTA.

4.2. Isolation of Microorganisms and Microbiological Investigation

Punch-biopsy samples of tonsillar crypts were taken, placed in Amies transport media,
and transported at room temperature within 24 h to the laboratory. The samples were
cultivated on Columbia blood agar, Mannitol salt agar, MacConcey agar, and Sabouraud
dextrose agar plates at 36 &= 1 °C for 24-48 h aerobically. A brucella blood agar plate in
an anaerobic pouch system, incubated at 36 4- 1 °C for up to five days, was used for the
cultivation of anaerobes. A Columbia can blood agar plate with an optochin disc incubated
in a CO, incubator at 36 = 1 °C for 2448 h was used for the cultivation of Streptococcus
pneumoniae, and a chocolate agar plate with an oleandomycin disc incubated in an CO,
incubator at 36 & 1 °C for 24-48 h was used for the cultivation of Haemophylus spp.

We took note of the common oropharyngeal microbiota as described by the European
Society of Clinical Microbiology and Infectious Diseases [47]. The identification of the
considered pathogens was performed using a Microflex LT (Bruker Daltonics flexAnalysis
version 3.4, Bruker Daltonics GmbH & Co. KG, Bremen, Germany) matrix-assisted laser
desorption ionization-time-of-flight mass spectrometer (MALDI-TOF MS) system.

Susceptibility testing and the evaluation of the results were performed using the disc
diffusion method, and the evaluation of the results was carried out according to European
Committee on Antimicrobial Susceptibility Testing (EUCAST) standard actual EUCAST
version [48].

4.3. Biofilm Growth Using Cristal Violet Assay

Isolated Gram-positive strains were suspended in trypticase soy broth (TSB) sup-
plemented with additional 1% glucose, and Gram-negative strains were suspended in
Luria-Bertani (LB) broth for incubation at 37 °C for 16-18 h. Inoculated broths were diluted
with sterile TSB or LB broths in a ratio of 1:100. Then, 150 uL of the diluted suspension was
transferred with a multichannel pipette in sterile 96-well plates (Thermo Scientific™ Nunc
MicroWell 96-Well Microplates, flat bottom, Thermo Fisher Scientific, Roskilde, Denmark).
Each plate contained 11 strains, and the negative control (uninoculated broth) contained
8 wells per strain; each experiment was performed in triplicate. The inoculated plates were
cultivated aerobically at 37 °C for 48 h. After incubation, all wells were emptied by gently
throwing out the liquid in a clinical waste bag without the use of a pipette. Each well was
rinsed 3 times with sterile 250 uL 0.9% saline. After washing, staining was performed by
adding 150 uL of 0.1% crystal violet per well. After 15 min, the color was removed by
gently throwing out the color, and each well was washed 3 times with 250 uL distilled
water. At the end, 150 pL of 96% ethanol was added to each well. Afterwards, the optical
densities (ODs) of the wells were measured at a 570 nm wavelength with a microplate
spectrophotometer (Tecan Infinite F50, Mannedorf, Switzerland, with Magellan™ reader
control and data analysis software V 6.6) [49].
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4.4. Biofilm Calculation

The OD values for each strain were averaged and are expressed as numbers. The
cut-off value (ODc) was defined as three standard deviations (SDs) above the mean OD of
the negative control, and it was separately calculated for each plate. Strains were divided as
follows: OD < ODc = no biofilm producer, ODc < OD < 2 x ODc = weak biofilm producer,
2 x ODc < OD < 4 x ODc = moderate biofilm producer, and 4 x ODc < OD = strong
biofilm producer [50].

4.5. Statistical Analysis

A statistical analysis was performed using IBM SPSS Statistics version 26 (Chicago, IL,
USA) and Microsoft Excel 10. For all of the hypotheses tested, a p-value of less than 0.05
indicated statistical significance.

5. Conclusions
5.1. Conclusions

S. aureus is the most common pathogen isolated from patients with RT, and Candida
spp. are the most common pathogens isolated from patients with a PTA.

S. aureus isolates associated with RT and PTAs are susceptible to most antibiotics.

Patients with RT more commonly have biofilm-producing strains, but patients with a
PTA have biofilm-non-producer strains as causative agents.

K. pneumoniae does not play a major role in biofilm production.

5.2. Strengths and Limitations

Several limitations should be addressed. Firstly, we analyzed microorganisms sep-
arately, and it would be desirable to analyze their interactions, as well as the functional
aspects of the biofilm. Secondly, further studies are necessary to evaluate the role of Candida
spp. S. aureus surface proteins and to genotype the pathogenesis of tonsillitis.

6. Patents

Klagisa, R.; Kroica, J.; Kise, L. Punch Biopsy Needle. Patent No: LVP2020000055. In
Izgudrojumi, Precu Zimes un Dizain-paraugi. Patent Office of the Republic of Latvia, Riga,
Latvia, 2021; Volume 5, p. 315.
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Abstract: Background and Objectives: Recurrent tonsillitis is an infection of the palatine tonsils. Samples
for microbiological testing are usually obtained from the inflamed surface of the tonsils. Colonizing
the surface bacteria does not always correlate with pathogens causing recurrent tonsillitis and
there is no consensus or this in research studies. The aim of the study was to compare whether
Staphylococcus aureus (S. aureus) and Klebsiella pneumoniae (K. pneumoniae) differ when isolated from the
tonsillar surface or tonsillar crypts in patients with recurrent tonsillitis. Materials and Methods: a case
series study was conducted at a tertiary referral center among 25 patients diagnosed with recurrent
tonsillitis. An evaluation of S. aureus and K. pneumoniae incidence, biofilm formation and antibacterial
susceptibility was performed. Results: There was a statistically significant association between surface
and punch biopsy samples for S. aureus (Fisher’s Exact test p = 0.004) and K. pneumoniae (Fisher’s
Exact test p < 0.001). A McNemar test did not reveal a statistically significant association. Although
the antibacterial resistance profile was not broad, five out of nine S. aureus isolates were biofilm
producers and four out of five K. pneumoniae isolates were biofilm producers. Conclusions: Surface
and core cultures of tonsils are comparable with a differing incidence between the surface and the
punch biopsy cultures for S. aureus and K. pneumoniae. A larger quantity of bacteria exist in surface
samples suggesting that a biopsy sample may be less challenging in evaluating recurrent tonsillitis.
We recommend that antibacterial susceptibility results are considered alongside the biofilm-forming
potential of isolated bacteria.

Keywords: Klebsiella pneumoniae; Staphylococcus aureus; surface and core; tonsillitis

1. Introduction

Recurrent tonsillitis is an infection of the palatine tonsils, which is characterized by
recurrent episodes of tonsillitis, resulting in continuous discomfort in the throat, collections
of debris in the palatine crypts, halitosis and cervical lymphadenopathy. Acute symptoms
(episodes of tonsillitis) are induced by bacteria released from tonsillar crypts [1] Chronic
symptoms are caused by bacteria sheltered within the tonsillar crypts leading to prolonged
interaction with the host’s immune system [1].

Samples for microbiological testing are usually obtained from the inflamed surface
of the tonsils by rotating sterile cotton wool swabs over the surface, avoiding any other
part of the oropharynx [2]. Only superficial microorganisms that are highly variable are
analyzed and contamination with the normal oral microbiota cannot be ruled out [3].
Colonizing surface bacteria do not always correlate with pathogens causing recurrent
tonsillitis and there is no consensus for this in research studies [2,4,5]. Patients” microbiota
can be affected by recent hospitalization or travelling, concomitant diseases or the use of
antibiotics. The living environment of patients is important due to variable microbiological
changes associated with urban and rural living environments. The study by Khadilkar
and Ankle (2016) showed that anaerobic organisms known to inhabit the surface were
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also present at the core of tonsils and the same antibiotics were efficient against both the
surface and core bacteria [5]. The time frame for the acquisition of clinical specimens is
limited due to pathogenic microorganisms being present on the surface of tonsils only
during exacerbations of tonsillitis. It is not possible to obtain the contents of crypts with a
cotton swab. Crypts are narrow passages that penetrate the tonsils. There are microbes in
the depth of the crypts. It is recommended to take the clinical specimen from the upper
pole of the palatine tonsil, where the largest crypt (crypta magna in Latin) is located and
where the most common complication, peritonsillar abscess, occurs [6]. Tonsillar infection
may stem from bacteria within tonsillar crypts or parenchyma rather than from those on
the surface [5].

The objective of this study is to compare whether Staphylococcus aureus (S. aureus)
and Klebsiella pneumoniae (K. pneumoniae) differ when isolated from the tonsillar surface or
tonsillar crypts in patients with recurrent tonsillitis.

2. Materials and Methods

Case series study was performed in Pauls Stradins Clinical University Hospital
(PSCUH) in Riga, Latvia, from August 2020 to September 2020. The study protocol was ap-
proved by the Ethics Committee of Riga Stradins University (document No. 49/30.11.2017.).
Written informed consent was obtained from all subjects before the study. Those with
recent antibacterial treatment or those who had failed to give consent were excluded. There
was no control group as the samples were taken from patients with a known history of
recurrent tonsilitis that were referred to the Otorhinolaryngology Department of PSCUH
for scheduled tonsillectomy. A brush sample from uninflamed tonsillar surface was taken
prior to surgery and a punch biopsy of tonsillar crypts was performed during surgery in
25 adults undergoing tonsillectomy for recurrent tonsillitis.

For research purposes, the punch biopsy needle was designed with a prolonged and
curved handle and a circular blade for tonsillar crypt biopsy (patent number: LVP2020000055) [7].

The brush samples and punch biopsy samples were inoculated on mannitol salt agar
and MacConkey agar for S. aureus un K. pneumoniae to be isolated. The isolated bacteria
were identified using VITEK-2 Compact (bioMériux, France).

Microtiter-plate method was used for in vitro cultivation and quantification of bacte-
rial biofilms [8]. The optical density of the layer of adherent biofilm formed in the microtiter-
plate was measured using a microtiter-plate reader (Tecan Infinite F50, Mannedorf, Switzer-
land, with Magellan™ reader control and data analysis software V 6.6).

Antibacterial susceptibility tests were performed, and the results were evaluated
in accordance with the recommendations of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) ‘Clinical breakpoints and dosing of antibiotics” (Ver-
sion 10.0, January 2020) [9]. Overnight cultures were suspended in physiological saline
to 0.5 McFarland units (McFarland Densitometer DEN-1, Biosan, Latvia). The suspen-
sion was inoculated on Mueller-Hinton agar (Oxid, UK). Selected antibiotics were placed
on the inoculated plates and included ceftazidime 10 pg, ampicillin 10 pg, cefotaxime
5 ug, meropenem 10 ug, imipenem 10 pg, amikacin 30 pg, ciprofloxacin 5 pug, chloram-
phenicol 30 g, amoxicillin + clavulanic acid 30 pg, and piperacillin + tazobactam 36 ug
(Liofilchem, Italy).

3. Results

Twenty-five patients were included in this study that comprised of four male and
21 female patients. They were aged between 20 and 71 years, with a median age of 31 at the
time of data collection. Seventeen patients were from Riga, three patients from Jelgava, and
five patients from other cities (Engure, Bauska, Salaspils, Limbazi and Tukums) in Latvia.

Sixteen patients had concomitant diseases: one patient had bronchial asthma; one pa-
tient had a renal abscess and nephrectomy in their medical history; one patient had
psoriasis; one patient had pheochromocytoma; three patients had primary arterial hyper-
tension (PAH); one patient had migraine and cystitis in their medical history; one patient
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had gastritis; one patient had gastroesophageal reflux disease (GERD); one patient had
GERD and dysregulation of glucose metabolism; one patient had PAH, Graves’ disease
and myocarditis in their medical history; one patient had PAH and uterine fibroids; one pa-
tient had GERD, Lyme disease and gout; one patient had tick-borne encephalitis in their
medical history; one patient had polyarthritis and hepatitis; and nine patients denied any
concomitant diseases.

Twenty-one patients had had recurrent episodes of tonsillitis during the past 3 years,
four patients had recurrent episodes of tonsillitis during childhood and had chronic dis-
comfort in the throat, tonsilloliths and halitosis, as adults. Two patients had peritonsillar
abscess and one patient had peritonsillitis in their medical history. Four patients had
had cryptolysis with radiofrequency, three patients had had cryotherapy before surgery.
The most recent antibacterial treatment was received 1 week and 2 years before surgery,
with a median time of 6 months. Four patients were abroad 3 weeks to 2 months before the
scheduled tonsillectomy. Ten patients were hospitalized (one in January 2020, two in 2018,
four in 2017, one in 2016, one in 2013, one in 2008), one patient worked in the hospital as
medical staff member, and one patient worked at a cattle breeding farm.

C-reactive protein was tested in 18 patients and was between 0.1 and 6 mg/L with
a median of 0.82 mg/L. The white blood cell count was tested in 25 patients and was
between 3080 and 9150, with a median of 5760. Five patients had anti-streptolysin O tested,
which obtained the measurements 68.1, 277, 96.29, 44.95 and 90 Tu/mL. The rheumatoid
factor was tested in six patients, which obtained the measurements 19, 7.8, 11.06, 19, 6.9,
and 3. The erythrocyte sedimentation rate was tested in 14 patients, and was measured as
2 and 25 with a median of 3.

S. aureus was isolated from brush samples of 12 patients and from the punch biopsy
specimens of nine patients (Table 1). Fisher’s Exact test revealed a statistically significant
association between S. aureus isolation from brush and punch biopsy samples (p = 0.004).
K. pneumoniae was isolated from the brush samples of four patients from the punch biopsy
specimens of five patients (Table 1). Fisher’s Exact test revealed a statistically significant as-
sociation between K. pneumoniae isolation from brush and punch biopsy samples (p < 0.001).
A McNemar test did not reveal a statistically significant association.

Table 1. Growth of S. aureus and K. pneumoniae from brush and punch biopsy samples.

Brush Only  Punch Only Both Brush Total ~ Punch Total Test, p Value
Fisher’s Exact McNemar test,
S.aureus 4 1 8 12 (25) 9 (25) test, p = 0.004 p=0375
; Fisher’s Exact McNemar test,
K.pneumoniae 0 1 4 4 (25) 5(25) test, p < 0.001 p>0.999

S. aureus isolates detected in punch biopsy were tested for their biofilm-producing
ability (Table 2). Five out of nine S. aureus isolates were biofilm producers, two isolates were
strong biofilm producers, three isolates were weak biofilm producers, but four out of nine
S. aureus isolates did not produce a biofilm. Four out of five K. pneumoniae isolates were
weak biofilm producers and one out of five K. pneumoniae isolates were biofilm non-
producers.

Table 2. Biofilm production and antibacterial susceptibility profile of S. aureus and K. pneumoniae isolates obtained with
punch biopsy from tonsils of patients undergoing tonsillectomy.

Biofilm Production Antibacterial Susceptibility
Biofilm Biofilm Non Benzylpenicillin ~ Ampicillin Ciprofloxacin Erythromycin
Producers Producers
S.aureus 5(9) 409 R7(9) R7(9) 19(9) 0(9)
K.pneumoniae 4 (5) 1(5) R 5 (5) R 5 (5) 0(5) R 5 (5)
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S. aureus and K. pneumoniae isolates detected in punch biopsy samples were tested for
antibacterial susceptibility. Seven out of nine S. aureus isolates were resistant to benzylpeni-
cillin and ampicillin; five out of seven were biofilm producers. All S. aureus isolates were
intermediate to ciprofloxacin, and sensitive to ampicillin-sulbactam, amoxicillin-clavulanic
acid, amikacin, erythromycin, clindamycin, and chloramphenicol. All K. pneumoniae iso-
lates were resistant to benzylpenicillin, ampicillin and erythromycin, but sensitive to
ampicillin-sulbactam, amoxicillin-clavulanic acid, piperacillin-tazobactam, ceftazidime,
cefotaxime, ceftriaxone, meropenem, imipenem, amikacin and ciprofloxacin.

There were no significant associations between recurrent episodes of tonsillitis and
concomitant diseases (Fisher’s exact test, p = 0.542); recurrent episodes of tonsillitis and
the presence of S. aureus in punch biopsy samples (Fisher’s exact test, p = 0.260), or the
presence of K. pneumoniae in punch biopsy samples (Fisher’s exact test, p > 0.999); recurrent
episodes of tonsillitis and biofilm production of S. aureus (Fisher’s exact test, p = 0.238),
or biofilm production of K. pneumoniae (Fisher’s exact test, p = 0.617); and recurrent episodes
of tonsillitis and resistance of S. aureus (Fisher’s exact test, p = 0.294), or the resistance of
K. pneumoniae (Fisher’s exact test, p > 0.999) (Table 3.).

Table 3. Characteristics of the study population. Note: PAH, primary arterial hypertension; GERD, gastroesophageal
reflux disease; DGM, dysregulation of glucose metabolism; RT, recurrent episodes of tonsillitis during the past 3 years; SA,
S. aureus; KP, K. pneumoniae; 0, biofilm nonproducer; 1, weak producer; 2, moderate producer; 3, strong producer; R,
resistance; BP, benzylpenicillin; AMP, ampicillin; E, erythromycin.

SA KP
Concomitant SA SA KP KP SA KP % ¢
. g% bev e Diseases RT Brush Punch Brush Punch Biofilm Biofilm ﬁ;‘iﬁg (g;s;slt\:;cg)
1 31 9 Riga  Bronchial asthma = + + + - - 3 R
Renal abscess,
2 | 27 9 Engure nephrectomy + + + - - 1 R
3 30 9 Bauska Psoriasis + - - + + 1 R
4 30 ¢ Riga  Pheochromocytom: + - + - - 3 R
5 20 9 Jelgava + - - - -
6 64 9 Jelgava PAH - + - - -
7 31 ¢ Riga - - - - -
SHIF26 ¢ Riga * * + - - 1 R
9 32 9 Riga  Migraine, cystitis  + - - - -
TORRS6 RS Riga + + + - - 0 R
1 31 ¢ Riga + - - - -
12 26 9 Salaspil + + + - - 1 R
13 31 d Riga Gastritis + - - - + 0 R
14 | 25 | '@ Riga GERD, DGM = - < ar i 1 R
PAH, Graves’
15 7L Q Riga disease, + + - - -
myocarditis
PAH, uterine
16 61 ¢ Jelgava fbroids + - - - -
17 55 & Riga S.ERD' e, - + + 1
isease, gout
18 34 ¢ Limbazi + - - - -
19 22 ¢ Riga + + + - s 0
20055 S Riga PAH - - - - -
21 40 ¢ Riga + - - - -
22 38 J Tukums TICk-borfl? + + + + + 0 1
encephalitis
23 27 & Riga PAH + + + - - 0
: Polyarthritis,
24 41 9 Riga thatitis + - - -
25 58 9 Riga GERD + + - - -
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Tonsillectomy specimens were sent for routine histopathological examination. The
histopathological evaluation reports were reviewed and the diagnosis was chronic nonspe-
cific tonsillitis in all patients.

4. Discussion

The median age of patients in this study was 31; they were older compared to previous
studies, in which patients were predominantly adolescents aged 11 to 20 (44%), followed
by children (41%) [5], with the median age being 24 [3]. This study was carried out in
Pauls Stradins Clinical University Hospital where only adult patients (>18 years old) were
admitted, therefore explaining the differences in patients’ age. Our study, like other studies
before [3,5] had predominantly female participants. In a study by Khadilkar and Ankle,
which included 100 patients of chronic tonsillitis, female predominance was explained with
an increased health awareness in women [5].

The microbiota of patients and the S. aureus carriage can be affected by factors such as
working on a farm, recent hospitalization or travelling, concomitant diseases and use of
antibiotics. At the time of sampling, patients did not receive antibacterial treatment.

The histories of patients’ concomitant diseases were taken and cross referenced with
medical records prior to surgery. At the time of surgery, no exacerbations of chronical
illnesses were noted. Some patients’ medical histories showed infectious diseases such as
renal abscesses, tick-borne encephalitis, Lyme disease, cystitis, hepatitis, and myocarditis in
the past. Inflammatory markers (white blood cell count, C-reactive protein, and erythrocyte
sedimentation rate) were within normal range. The specific onset of concomitant diseases
in relation to recurrent tonsillitis was not clear due to the lack of specific medical records of
such nature and patients’ failure to recall their medical history.

An incidence of surface and core isolates was observed, and an accuracy of culture
findings was compared in many studies [2,3,5,10,11]. The accurate identification of the bac-
terial organism responsible for an infected tonsil might improve culture-directed antibiotic
therapy and obviate the need for elective tonsillectomy [11]. In our study we analyzed
S. aureus as studies proved that S. aureus persisted within mucosal biofilms, even intracellu-
larly [12-15]. K. pneumoniae is well known for its biofilm-forming potential. K. pneumoniae
biofilms can lead to colonization in the respiratory tract, nasopharynx, tonsils [16,17].
In a study by Sarkar et al. (2017), S. aureus, group A beta-hemolytic streptococci, and
Klebsiella spp. were the most common isolates from both surface and core samples with
a higher incidence in core samples [11]. Sarkar et al. (2017) concluded that the routine
culture of surface swab specimens in patients with recurrent tonsillitis was neither reliable
nor valid and recommended core sampling using fine needle aspiration as the diagnostic
method of choice [11]. In the current study, the growth of S. aureus was more common in
brush samples, whereas K. pneumoniae was isolated more frequently from punch biopsy
samples.

For punch biopsy isolates we provided biofilm growth testing and antimicrobial
susceptibility testing. Although the antibacterial resistance profile was not broad, the
biofilm growth testing revealed that five out of nine S. aureus isolates and four out of five
K. pneumoniae isolates were biofilm producers. Microorganisms in biofilms were distinc-
tively more resistant to antimicrobial agents and environmental insults and were therefore
more difficult to eradicate [1].

5. Strengths and Limitations

The punch biopsy needle was developed specifically to obtain the core samples of
the tonsils. The report provides the results of the microbiological testing of S. aureus
and K. pneumoniae on the surface and within the core of tonsils in adults with recurrent
tonsillitis. Microbiological testing provides information of biofilm forming ability of
identified bacteria.

However, several limitations should be addressed. Firstly, the small number of cases
observed during the study period could cause bias. Due to the relatively small sample
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size, we focused mainly on the presence of S. aureus and K. pneunioniae in tonsillar samples
obtained in different ways. Further studies, including those with a larger study group,
a control group, an increased bacterial spectrum with biofilm formation and antibacterial
susceptibility tests would be necessary to draw more reliable conclusions in terms of
tonsillitis. Additionally, a histopathological study of punch biopsy samples would be
useful to measure the presence of inflammatory cells and perform a cell count of them.
Then, these variables could be compared with the presence of bacteria.

6. Conclusions

There was a statistically significant association between the surface and punch biopsy
samples for S. aureus and K. pneumoniae. The surface and core cultures of tonsils were
comparable with a differing incidence between the surface and punch biopsy cultures
for S. aureus and K. pneumoniae. A larger quantity of bacteria existed in surface samples
suggesting that a biopsy sample may be less challenging in evaluating recurrent tonsillitis.
We recommend that antibacterial susceptibility results are considered alongside the biofilm
forming potentials of isolated bacteria.

7. Patents
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Abstract: Background and Objective: Tonsillar crypts can be considered a reservoir for a variety of

bacterial species. Some bacterial species can be considered part of the normal oropharyngeal micro-

biota. The roles of other pathogens, for example, the so-called non-oral and respiratory pathogens

Staphylococcus aureus, Klebsiella, Pseudomonas, and Acinetobacter spp., which have strong virulence

factors, biofilm production capacity, and the ability to initiate infectious diseases, are unclear. The

purpose of this study was to detect the presence of S. aureus, K. pneumoniae, P. aeruginosa, and Acineto-

bacter spp. within the tonsillar crypts of healthy individuals, and to analyze the pathogens’ biofilm

fxr;edc;(t?sr production and antibacterial resistances. Results: Only common oropharyngeal microbiota were
cultivated from 37 participant samples (40.7%). The most commonly isolated pathogenic bacterium
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1. Introduction

All mucosal surfaces of the human body are colonized by a plethora of bacterial
communities [1]. Different oral structures and tissues are colonized by distinct microbial
Copyright: © 2023 by the authors.  communities [2]. Oral microbiota have been shown to be functionally connected to infec-
Licensee MDPI, Basel, Switzerland.  tious and inflammation-related diseases [3]. The palatine tonsils are mucosa-associated and
This article is an open access article  jmmunocompetent lymphoid organs localized on the lateral wall of the oropharynx [3].
distributed under the terms and  They are continuously exposed to bacteria from saliva, inhaled air, ingested food, and the
conditions of the Creative Commons  ajrway surface liquids of the respiratory tract, and play an essential role in the human
Attribution (CC BY) license (httpsi// jmmune defense system via surveillance, detection, and the initiation of an immune re-

creativecommons.org/licenses/by/ gponse [4]. Both the surface of the tonsils and the extensive tubular tonsillar crypts are
40/).
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important colonization sites for many pathogenic and commensal microorganisms [5]. Ton-
sillar infections may stem from bacteria within the tonsillar crypts or the parenchyma, rather
than from those on the surface [6]. The microbiota of the palatine tonsils play an important
role in health through the etiology of infection and the carriage of adventitious pathogens.

The oropharyngeal microbiome has been extensively characterized through cultivation
and culture-independent molecular methods [1-3]. Oropharyngeal bacterial communities
are dominated by six major phyla, Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria,
Spirochetes, and Fusobacteria, representing 96% of all taxa found in the oropharynx [1,2,7].
Less dominant taxa are highly specific to both individuals and body habitats [8]. In
the oral cavity, most habitats are dominated by Streptococcus, and these are followed in
abundance by Haemophilus in the buccal mucosa, Actinomyces in the supragingival plaque,
and Prevotella in the subgingival plaque [8]. Less dominant taxa, species that pose a modest
degree of risk, and various clinically important pathogens which are generally considered
non-oral bacteria, such as Gram-negative enteric rods, enterococci, and staphylococci,
are highly important [9]. Disease states are often associated with a disruption of the
microbial community, frequently resulting in one or a few pathogenic organisms emerging.
Staphylococcus (S.) aureus is of particular interest as the cause of methicillin-resistant S. aureus
(MRSA) infections, as are the respiratory bacterial pathogens Klebsiella (K.) pneumoniae,
Pseudomonas (P.) aeruginosa, and Acinetobacter spp., which are potent biofilm producers
([9-11], p. 2). The pathogens mentioned above are among the ESKAPE pathogen group
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter species) and have been declared critical priority
pathogens by the World Health Organization due to their increasing levels of resistance to
commonly used antibiotics [12].

Knowledge regarding biofilms has significantly increased over the years, from the
attachment of biofilms to artificial surfaces to mucosal biofilms. Studies have revealed that
mucosal biofilms exist in both healthy and diseased individuals, and that the presence
of a mucosal biofilm is not always associated with disease [13]. Biofilms may exist in the
palatine tonsils of healthy adults due to cryptic tissue structure, a temperature lower than
physiological body temperature, and direct, repeated exposure to respiratory bacterial
pathogens [10]. Signs that differentiate between “healthy” and “pathological” biofilms are
currently being sought [10].

Biofilms play a role in the process of chronic and recurrent infections due to certain
important pathology-associated features of biofilms, including enhanced resistance to
antibiotic treatments and increased host defense [14]. Biofilm-associated bacteria can be up
to 1000 times more resistant to antimicrobial agents relative to planktonic bacteria [10,13].
Mucosal biofilm has been implicated in relation to recurrent tonsillitis [15].

Based on our hypothesis that tonsillar crypts are richly colonized and covered with
bacterial biofilm even in the absence of disease, the aim of this study was to detect the
presence of the so-called non-oral and respiratory pathogens S. aureus, K. pneumoniae,
P. aeruginosa, and Acinetobacter spp. within the tonsillar crypts of healthy medical students,
and to analyze the pathogens’ biofilm production and antibacterial resistance. Medical
students are present in medical institutions more often than the general public, so there is a
higher likelihood of them being carriers of pathogenic strains.

2. Materials and Methods

A total of 91 healthy students from the Medical Faculty of Riga Stradins University
were included in a prospective cohort study from 1 October 2019 to 31 December 2019. The
healthy individuals were fifth-semester Medical Faculty students for whom otolaryngology
was the first clinical subject taught at the hospital, and they had not yet been exposed to
patients. The inclusion criteria were absence of tonsillar pathologies or upper respiratory
tract infections at the time of data collection, no comorbidities, and no antibacterial therapy
for at least 4 weeks. Those who received antibacterial therapy in the last 4 weeks, had
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unhealthy oral conditions (including tooth decay and periodontal disease), had prosthetic
devices within the oral cavity, or who failed to give consent were excluded.

The study protocol was approved by the local ethics committee of Riga Stradins
University (document no. 49/30.11.2017), and all the data were collected according to the
relevant guidelines on data protection and confidentiality. Written informed consent was
obtained from all subjects before the study.

2.1. Sample Collection

Samples for microbiological testing were obtained from tonsillar crypts using a brush
(Kito brush, reference number 0640, Kaltek srl, Padova, Italy).

2.2. Isolation of Microorganisms and Microbiological Investigation

Material from tonsillar crypts were taken, placed, and transported in AMIES transport
medium at room temperature within 24 h and cultivated on two Columbia blood agar plates
with and without optochin disk, Brucella blood agar, Chocolate agar with oleandomycin
disc, Mannitol salt agar, MacConkey agar, and Sabouraud dextrose agar plates. Columbia
blood agar, Mannitol salt agar, MacConkey agar, and Sabouraud dextrose agar plates were
incubated at 36 &= 1 °C for 2448 h aerobically. A Brucella blood agar plate was incubated
in a BD GasPak™EZ pouch system at 36 + 1 °C for up to five days. A Columbia blood
agar plate with an optochin disc incubated in a CO, incubator at 36 & 1 °C for 24-48 h
was used for the cultivation of Streptococcus pneumoniae. A Chocolate agar plate with an
oleandomycin disc incubated in a CO; incubator at 36 + 1 °C for 24-48 h was used for the
cultivation of Haemophylus spp. We took note of the common oropharyngeal microbiota as
described by the European Society of Clinical Microbiology and Infectious Diseases [16].
Microorganisms that are not part of the common oropharyngeal microbiota were considered
as potential pathogens. The identification of the considered pathogens was performed
using a Microflex LT (Bruker Daltonics flex Analysis version 3.4, Bruker Daltonics GmbH &
Co. KG, Bremen, Germany) matrix-assisted laser desorption ionization-time-of-flight mass
spectrometer (MALDI-TOF MS) system.

2.3. Antibacterial Susceptibility Testing

Susceptibility testing was performed by the Kirby—Bauer disk diffusion method.
Overnight cultures were suspended in physiological saline to 0.5 McFarland units (McFar-
land Densitometer DEN-1, Biosan, Latvia). The suspension was inoculated on Mueller—
Hinton agar (Oxid, UK). Selected antibiotics were placed on the inoculated plates. For
S. aureus strains, cefoxitin 30 ug, ceftriaxone 30 ug, benzylpenicillin 1iu, ampicillin 2 pg,
ampicillin-sulbactam 10/10 pg, amoxicillin-clavulanic acid 20/10 pg, norfloxacin 10 pug,
amikacin 30 pg, erythromycin 15 pg, clindamycin 2 pg, and chloramphenicol 30 pg were
applied (Liofilchem, Italy). For K. pneumoniae and Serratia liquefaciens strains, amoxicillin—
clavulanic acid 20/10 pg, piperacillin-tazobactam 30/6 ug, cefotaxime 5 pug, ceftazidime
10 ug, ertapenem 10 pg, imipenem 10 ug, meropenem 10 pg, ciprofloxacin 5 ug, gentamicin
10 pg, and trimethoprim/sulfamethoxazole 1.25/23.75 pg were applied (Liofilchem, Italy).
For Acinetobacter spp., piperacillin-tazobactam 30/6 ng, ceftazidime 10 pg, imipenem
10 ug, meropenem 10 ug, ciprofloxacin 5 pg, and amikacin 30 ug were applied (Liofilchem,
Italy). For Acinetobacter spp., imipenem 10 pg, amikacin 30 pg, gentamicin 10 pg, trimetho-
prim/sulfamethoxazole 1.25/23.75 pg, ciprofloxacin 5 pg, and levofloxacin 5 ug were
applied (Liofilchem, Italy). The size of the zone of inhibition around the disk was measured
after 16-20 h of incubation. The evaluation of the results was carried out according to the
European Committee on Antimicrobial Susceptibility Testing (EUCAST) standard, actual
EUCAST version [17].
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2.4. Biofilm Growth Using Crystal Violet Assay

Isolated Gram-positive strains were suspended in trypticase soy broth (TSB) sup-
plemented with additional 1% glucose, and Gram-negative strains were suspended in
Luria-Bertani (LB) broth for incubation at 37 °C for 16-18 h. Inoculated broths were diluted
with sterile TSB or LB broths at a ratio of 1:100. Then, 150 uL measures of the diluted sus-
pensions were transferred with a multichannel pipette into sterile 96-well plates (Thermo
Scientific™ Nunc MicroWell 96-Well Microplates, flat bottom, Thermo Fisher Scientific,
Roskilde, Denmark). Each plate contained 11 strains, and the negative control (uninoc-
ulated broth) contained 8 wells per strain; each experiment was performed in triplicate.
The inoculated plates were cultivated aerobically at 37 °C for 48 h. After incubation, all
wells were emptied by gently throwing out the liquid into a clinical waste bag without the
use of a pipette. Each well was rinsed three times with sterile 250 uL 0.9% saline. After
washing, staining was performed by adding 150 uL of 0.1% crystal violet per well. After
15 min, the color was removed by gently throwing out the color, and each well was washed
three times with 250 pL distilled water. Finally, 150 pL of 96% ethanol was added to each
well. Afterwards, the optical densities (ODs) of the wells were measured at a wavelength of
570 nm using a microplate spectrophotometer (Tecan Infinite F50, Mannedorf, Switzerland,
with Magellan™ reader control and data analysis software V 6.6) [18].

2.5. Biofilm Calculation

The OD values for each strain were averaged and expressed as numbers. The cut-off
value (ODc) was defined as three standard deviations above the mean OD of the negative
control and was separately calculated for each plate. Strains were divided as follows:
OD < ODc = biofilm nonproducer, ODc < OD < 2 x ODc = weak biofilm producer,
2 x ODc < OD < 4 x ODc = moderate biofilm producer, and 4 x ODc < OD = strong
biofilm producer [19].

2.6. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 26 (Chicago, IL,
USA) and Microsoft Excel 10 (Microsoft, Redmond, WA, USA). For all of the hypotheses
tested, a p-value of less than 0.05 indicated statistical significance.

3. Results
3.1. Patient Data

The study group included 52 females (57%) and 39 males (43%) aged between 19 and
29 years (mean, 21.2 + 1.41 years, median, 21 years).

3.2. Diversity of Isolated Microorganisms

Of the 91 participant samples examined, a positive cultivation finding (at least one
pathogen or potential pathogen) was detected in 54 participant samples (59.3%) (Table 1).
The cultivation finding was negative, i.e., only common oropharyngeal microbiota were
cultivated, in 37 participant samples (40.7%) (Table 1). The most commonly isolated
pathogenic bacterium was S. aureus, which was isolated as the only microorganism or
co-isolated with other potentially pathogenic microorganisms in 41 participant samples
(45%) (Table 1). Gram-positive bacteria were predominant, but at least one Gram-negative
bacterium was detected in 16 samples (17.6%). Among the Gram-negative bacteria,
K. pneumoniae was the most common, and it was isolated in seven samples.
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Table 1. Microorganisms isolated from tonsillar crypts of 91 healthy individuals.

Combinations of Isolated Strains Count (n)
Normal oral microbiota 37
S. aureus + normal oral microbiota 20
S. aureus 16

S. aureus + Acinetobacter junii

S. aureus + K. pneumoniae

S. aureus + Candida spp. + Streptococcus viridans

S. aureus + K. pneumoniae + Serratia liquefaciens + normal oral microbiota

K. pneumoniae

P. aeruginosa

Acinetobacter pittii

Acinetobacter johnsonii

Serratia liquefaciens

Streptococcus dysgalactiae

=== NN A ===

Acinetobacter ewofii + normal oral microbiota

3.3. Biofilm Growth and Associations

Forty-one (41) S. aureus strains and fifteen strains of Gram-negative bacteria were tested
for biofilm production. S. aureus strains were predominantly biofilm producers: 25 out of 41
(61%) S. aureus strains were moderate or strong biofilm producers, and 14 out of 41 (34.1%)
S. aureus strains were weak biofilm producers, but 2 out of 41 (4.9%) S. aureus strains were
biofilm nonproducers (Figure 1). Among the Gram-negative bacteria, 6 out of 15 (40%)
strains were moderate or strong biofilm producers and 6 out of 15 (40%) strains were weak
biofilm producers, but 3 out of 15 (20%) strains were biofilm nonproducers (Figure 2).
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Figure 1. Biofilm production capability on microtiter plate of 41 S. aureus strains. Bars represent
mean values of OD (measured at wavelength of 570 nm). Trypticase soy broth with 1% glucose as a
negative control (NC). The number designates the participant; the letters indicate the strain isolated:
SA—Staphylococcus aureus. The cut-off value (ODc) and biofilm production capacity levels are marked
with horizontal lines: 0—biofilm nonproducers; 1—weak biofilm producers; 2—moderate biofilm
producers; 3—strong biofilm producers.
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Figure 2. Biofilm production capability on microtiter plates of 15 strains of Gram-negative bacteria.
Bars represent mean values of OD (measured at wavelength of 570 nm). Luria-Bertani medium as
a negative control (NC). The number designates the participant; the letters indicate the strain iso-
lated: KP—Klebsiella pneumoniae; A.ju—A.junii; A jo—Acinetobacter johnsoni; SL—Serratia liquefaciens;
AP—Acinetobacter pitti; PA—Pseudomonas aeruginosa; and AE—Acinetobacter ewoffi. The cut-off value
(ODc) and biofilm production capacity levels are marked with horizontal lines: 0—biofilm nonpro-
ducers; 1—weak biofilm producers; 2—moderate biofilm producers; 3—strong biofilm producers.

A summary of the study participants’” microbiological data is shown in Table 2. There
was a statistically significant association found between the presence of Gram-positive
bacteria and a biofilm-formation phenotype. If a Gram-positive microbe was present,
there would most likely be a biofilm-formation phenotype (Pearson x2 test, p < 0.001)
(Table 2).

Table 2. Summary of microbiological data of study participants.

Participants’ Microbiological Data Results p-Values
Normal oral microbiota only, n (%) 37/91 (40.7%)
Isolation rate Gram-positive strains, n 43
Gram-negative strains, n 17
S. aureus biofilms, mean OD 1.89
Biofilms, mean OD - -
Gram-negative microbe, mean OD 0.95
Biofilm-producing strains, n 51
BiaAlincpioauinig st S. aureus biofilm-producing strains, n 39
Gram-negative microbe biofilm-producing strains, n 12
Strong and moderate biofilm producers, n 31
Associations Gram-positive microbe and biofilm-producing strain p <0.001
between variables Gram-negative microbe and biofilm-producing strain p = 0.808

3.4. Antibacterial Susceptibility

The tested S. aureus, K. pneumoniae, P. aeruginosa, and Acinetobacter spp. strains were
sensitive to commonly used antibiotics, for example, amoxicillin-clavulanic acid, clin-
damycin, or ciprofloxacin (Tables 3 and 4). Gram-negative rods were sensitive to all
antibiotics tested (Table 4). Only one Acinetobacter junii strain was resistant to amikacin.
One of the isolated S. aureus strains was methicillin-resistant S. aureus (MRSA), which was
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resistant to cefoxitin. It was a strong biofilm producer. None of the isolated K. pneumnoniae
strains were extended-spectrum beta-lactamase (ESBL) producers. No statistically signifi-
cant correlations were noted between the antibiotic susceptibility pattern and the biofilm
production capacity.

Table 3. Antibiotic resistance among S. aureus strains isolated from healthy subjects.

Antibiotic Resistance (%)
Strains (n) FOX CRO P AMP AMS AUG NOR AK E CD C
S. aureus 41 24 24 75.6 75.6 24 24 24 24 14.6 0 49

FOX, cefoxitin; CRO, ceftriaxone; P, benzylpenicillin, AMP, ampicillin; AMS, ampicillin-sulbactam;
AUG, amoxicillin-clavulanic acid; NOR, norfloxacin; AK, amikacin; E, erythromycin; CD, clindamycin;
C, chloramphenicol.

Table 4. Antibiotic resistance among K. pneumoniae, P. aeruginosa, Serratia liquefaciens, and Acinetobacter
spp. strains isolated from healthy subjects.

Antibiotic Resistance (%)
Strains (n) AUG TZP CTX CAZ ETP IMP MEM cIp GM SXT AK LEV

K. pneumoniae 7: 0 0 0 0 0 0 0 0 0 0
P. aeruginosa 2 0 0 0 0 0 0
Acinetobacter spp. 5 0 0 0 0 20 0

Serratia liquefaciens 1 0 0 0 0 0 0 0 0 0 0

AUG, Amoxicillin—clavulanic acid; TZP, Piperacillin—tazobactam; CTX, Cefotaxime; CAZ, Ceftazidime;
ETP, Ertapenem; IMP, Imipenem; MEM, Meropenem; CIP, Ciprofloxacin; GM, Gentamicin; SXT, Trimethoprim-
sulfamethoxazole; AK, Amikacin; LEV, Levofloxacin.

4. Discussion

The oropharynx provides heterogeneous niches for bacterial colonization. Since
tonsillar infection may stem from bacteria within tonsillar crypts or the parenchyma rather
than from those on the surface, we focused on the microbiota in tonsillar crypts as the
most critical region for the development of tonsillopathies [1,6]. In our study of healthy
individuals, we isolated and analyzed such non-oral and respiratory pathogens as S. aureus,
K. pneumoniae, P. aeruginosa, and Acinetobacter spp. [9,10].

The primary ecological niche for Staphylococcus is the nostrils; nevertheless, the oral
cavity comprises a significant reservoir for these bacteria, and some adults exhibit exclusive
oral colonization [20]. In a study by Albrich and Harbarth, the colonization of extranasal
sites was associated with the persistent carriage of S. aureus [21]. In a study carried out in
the USA by Hanson and colleagues, it was reported that 6.2% of adults carried S. aureus only
in the anterior nares, 18.6% only in the oropharynx, and 19.8% in both sites [22]. A carrier
rate in the oral cavity from 17 to 48% has been reported within student populations [23,24].
Healthy Swedish dental students had an S. aureus prevalence of 44.6%; no MRSA was
detected among them [24]. Healthcare workers were found to carry MRSA at a rate of
23.7% [21]. The prevalence of MRSA in healthy carriers has been reported to range from
1.5 to 26% [25-27]. In our study, S. aureus was the most common pathogen isolated; it was
isolated in 45% of cases, and MRSA was isolated in 1.1% of cases, which is in accordance
with previous studies.

In a study by Jeong and colleagues, K. pneumoniae was isolated from the tonsillar
core samples of recurrent tonsillitis patients in 6.7% of cases, and from those of tonsillar
hypertrophy patients in 1.5% of cases [28]. Our study showed that K. pneumoniae was
present in the tonsillar crypt specimens of healthy subjects in 7.7% of cases.

Several studies have analyzed the role of extracellular or intracellular P. aeruginosa in
the origins of periodontal or pulmonary diseases [29,30]. In one study, P. aeruginosa was the
third most common pathogen after E. faecalis and S. aureus in human buccal and gingival
epithelial cells obtained from subjects with periodontitis and periodontally healthy subjects;

85



3. pielikuma turpinajums

Microorganisms 2023, 11, 258 8of11

no difference was observed in the prevalence of P. aeruginosa between periodontitis and
periodontally healthy subjects or between the types of epithelial cells [31]. In another, P.
aeruginosa was detected at high mean prevalence and counts in the subgingival microbiota
and was closely related to periodontal inflammation and tissue destruction [32]. Other
studies have reported a 1.4-3.8% prevalence of P. aeruginosa in the tonsillar samples of
recurrent tonsillitis patients [28,33,34], and a 0.9% prevalence in the tonsillar samples of
tonsillar hypertrophy patients [28]. Our study showed that P. aeruginosa was present in
the tonsillar crypt specimens of healthy subjects in 2.2% of cases. Among Acinetobacter
strains, Acinetobacter baumannii was not detected. The variety and prevalence of pathogen
isolation from tonsil samples may vary depending on the sampling method; for example,
tonsil surface swabs may be less informative than tonsil crypt material [35].

Tonsillar crypts are a suitable site for biofilm formation. Tonsillar crypts are able to
collect debris, and the mineralization of this debris leads to tonsillolith formation [36].
Tonsilloliths possess dynamic biofilms similar to dental biofilms [37]. Our study showed
that in healthy subjects, 61% of S. aureus strains and 40% of Gram-negative bacteria strains
were moderate or strong biofilm producers. Our study confirms that biofilm formation is a
normal bacterial lifestyle, and that biofilms can exist in the tonsils of healthy individuals. In
the study by Penesyan and colleagues, biofilm was described as a main microbial lifestyle;
biofilms perform an important function for microbes by providing a protective environment
in which genotypic and phenotypic diversity is generated before being released [38]. Biofilm
characteristics may differ between diseased and healthy individuals. Chervinets and
colleagues reported that the microbiota of the oral cavities of patients with periodontitis had
a greater ability to adhere to the cells of the mucous membrane than those of healthy people,
while their ability to form biofilms and exhibit pathogenic properties was enhanced [39].

The localization of the causative agents in biofilms may contribute to antibiotic re-
sistance. Antibiotic resistance is a major concern regarding S. aureus, especially MRSA.
An increasing prevalence of MRSA in healthy carriers has been reported, amounting up
to 21% in the nasal samples of dental students [25]. The prevalence of MRSA in the oral
cavity is less known; subgingival sites and tongue surfaces were tested in a previous study,
and no MRSA was detected [40]. Our study revealed one (1.1%) MRSA isolate from tonsil
specimens. An important finding in this study was the high rate of benzylpenicillin- and
ampicillin-resistant S. aureus strains isolated from healthy individuals; however, no isolates
were resistant to clindamycin. The data that were obtained about S. aureus antibacterial
resistance are in accordance with the study by Katkowska et al. [41]. Clindamycin is widely
used in dentistry, and many clinics have substituted it for common penicillins (oxacillin
and methicillin); clindamycin is prescribed in the case of allergy to beta-lactams [24].

It has been hypothesized that infectious strains have different virulence arsenals
than those colonizing healthy individuals [24]. However, some studies have failed to
show, for example, that S. aureus strains isolated from oral infections and noninfected
controls represent different subgroups of phenotypic and genotypic characteristics [24].
It has therefore been suggested that classical opportunistic infections develop due to an
imbalance within the host-parasite relationship, and that the infectious disease persists as
long as the compromised condition prevails [24].

We would like to highlight certain strengths of the present study. We used tonsil
brushes as an alternative, noninvasive method for collecting tonsil specimens, eliminating
the need to traumatize tonsils in order to collect tonsil tissue. Therefore, in our study, we
included healthy individuals without any signs of palatine tonsil disease. The limitations
of this study were the absence of a comparison group, a small number of Gram-negative
bacterial strains analyzed, and in vitro biofilm formation. The environmental factors
(for example, temperature, pH, glucose level, type of media) influence bacterial biofilm
production. We created the best possible conditions for bacterial growth and biofilm
formation in vitro as described by Stepanovic¢ et al. [19]. However, complex in vivo models
for biofilm studies are superior and encouraged. In further studies, it is recommended
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to analyze bacterial genetic factors as well, as they also play an important role in biofilm
formation and would be useful for such an analysis.

5. Conclusions

Biofilm is a commonly observed feature that seems to be a naturally existing form of
pathogenic bacteria colonizing human tissue. S. aureus, K. pneumoniae, P. aeruginosa, and
Acinetobacter spp. occasionally occur in the tonsillar crypts of healthy individuals, and,
therefore, it is most likely that S. aureus, K. pneumoniae, P. aeruginosa, and Acinetobacter spp.
in opportunistic tonsillar infections originate from the tonsillar crypt microbiota.
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Abstract: Background and objectives: Staphylococcus aureus (S. aureus) is often recovered from the
pharynx. However, the role of this pathogen in the etiology of tonsillar inflammation is still unclear
and complicated due to frequent carriage of S. aureus. The aim of the study was to evaluate the
frequency and the clinical importance of S. aureus colonization and biofilm production ability in
patients with recurrent tonsillitis (RT) using patient samples from tonsillar crypts during tonsillectomy,
and from the throat, nasal cavity, and armpits after tonsillectomy. Materials and Methods: A case
series study was carried out at a tertiary referral center among 16 patients diagnosed with RT who
were undergoing tonsillectomy. Samples from tonsillar crypts were obtained during tonsillectomy,
and samples from the throat, nasal cavity, and armpit were obtained a year after surgery. An
evaluation of S. aureus incidence, biofilm formation, and antibacterial susceptibility was performed.
Results: During tonsillectomy, 16 strains of S. aureus were isolated from 16 patients, while 15/16 S.
aureus strains were biofilm producers. A year after tonsillectomy, 8 S. aureus strains were isolated
from 6 out of 16 patients, while 6/8 S. aureus strains were biofilm producers. After tonsillectomy,
3 patients showed S. aureus in throat culture. Conclusions: In 10/16 cases S. aureus was the causative
agent of RT, in 4/16 cases patients had a predisposition to colonization of S. aureus, and in 2/16 cases
S. aureus was a part of the patients” oral microbiome. Tonsillectomy results in less frequent isolation
of S. aureus strains.

Keywords: biofilm; carrier; colonization; recurrent tonsillitis; Staphylococcus aureus

1. Introduction

The ecological niche of Staphylococcus aureus (S. aureus) in humans is the anterior
nares, however it can be frequently isolated from the throat, palatine tonsils, and skin [1].
Approximately 20-25% of the healthy adult population have become persistently colonized
by S. aureus, 60% intermittently, while 20-30% of population are non-carriers [2]. Hanson
et al. (2018) reported that in the USA, from 177 adults, 6.2% carried S. aureus only in the
anterior nares, 18.6% only in the oropharynx, and 19.8% in both sites [3]. They found
out that the prevalence of oropharyngeal carriage was higher in urban (47.3%) than rural
(27.9%) environments [3]. Chmielowiec-Korzeniowska et al.’s (2020) study demonstrated
that every third adult (32%) in Poland was an asymptomatic carrier of S. aureus, and S.
aureus was recovered from the pharynx more often than from the nose or skin [2].

Previous studies have shown that there is a strong causal connection between S. aureus
nasal carriage and increased risk of nosocomial infection in dialysis patients and in those
undergoing surgery [1,4]. S. aureus is an etiological factor of such purulent infections as
furuncles, abscesses, osteomyelitis, and sepsis. However, the role of this pathogen in the
etiology of tonsillar inflammation is still unclear and complicated due to frequent carriage of
S. aureus. Aside from S. aureus, other aerobic and anaerobic pathogens are also implicated
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in tonsil infections, for example alpha and beta hemolytic Streptococcus (group A, C),
Hemophilus influenzae, Haemophilus parainfluenzae, Enterococcus spp., Klebsiella pneumoniae,
Corynebacterium spp., Peptostreptococci, Fusobacteria, Bacteroides, and Veillonella [5-7]. Oral
microbiota, which are potential pathogens, may make it difficult to identify the causative
agent of tonsillitis. Researchers claim that routine culture of surface swab specimens in
patients with recurrent tonsillitis (RT) is not reliable and recommend core sampling as the
diagnostic method of choice [6,8,9].

Regardless of the widespread use of antibiotics to treat infected tonsils, episodes of
tonsillitis tend to recur and form a condition known as recurrent tonsillitis (RT). Episodes
of tonsillitis decrease quality of life and are a financial burden due to absences in school or
work and health care costs [6]. RT can be treated with tonsillectomy in those patients in
whom at least five or more attack episodes occur in a year [5,10]. If less than three episodes
are observed up to the time of first presentation, the indication for surgery cannot be made
until at least six episodes occur within the observation period [10].

Importantly, S. aureus strains can acquire broad antibacterial resistance. Parts of
S. aureus strains isolated from patients with RT were considered multidrug-resistant and
methicillin-resistant (MRSA) [11,12]. In the Netherlands, healthcare workers who are MRSA
carriers achieved successful MRSA eradication only after tonsillectomy [13]. Antibiotic
resistance can be explained by inadequate penetration of antibiotics into the tonsillar core,
the protection of bacteria within epithelial cells and macrophage-like cells, the resistance
of strains to the typical antibiotic treatments due to repeated antibiotic courses, and the
prevalence of biofilm-producing bacteria (5,6). According to Brook and Foote’s (2006) study,
S. aureus strains are more often found in the tonsillar core than on the tonsillar surface [14].
S. aureus persistence in tonsillar tissues is still a matter of discussion and requires further
research [15].

The ability of S. aureus to produce multilayered, mature biofilms may contribute to
the survival of S. aureus in tonsillar tissue and play an important role in the persistence
of chronic infection [16-18]. Growth in biofilm provides a defense against host immune
responses, can impede the access of macrophages, and can increase the tolerance to antibi-
otics [16,17]. Biofilm-associated antibiotic tolerance is a transient state in which normally
susceptible bacteria enter homeostasis, which decreases sensitivity [19]. When these cells
disperse and re-enter a plankton state, they regain normal antibiotic sensitivity [19]. In
this study, we investigated the biofilm formation ability of S. aureus compared to biofilm
production among strains and used it as a screening method to evaluate the clinical role of
S. aureus in each study patient with RT. Samples from tonsillar crypts were obtained with
punch biopsy needles, which is a novel technique for tonsillar sampling.

The objectives here were to evaluate the frequency and clinical importance of S. aureus
colonization and biofilm production ability in patients with RT using patient samples from
tonsillar crypts during tonsillectomy, and from the throat, nasal cavity, and armpits after
tonsillectomy.

2. Results

The study group included 8 females and 8 males aged between 21 and 50 years, with
a mean age of 29 years (+7.23). Seven patients lived in Riga, with the rest living in other
cities in Latvia (Table 1).

During the past 3 years, 16 patients had from 2 to 7 recurrent episodes of tonsillitis.
Three patients had a peritonsillar abscess in their medical history. Two patients had
cryptolysis with radiofrequency, while 3 patients had cryotherapy before surgery. The last
antibacterial treatment was received no earlier than 1 month before surgery. Three patients
were hospitalized (1 patient in January 2018, 2 patients in 2017).

From tonsillar crypts the most commonly isolated bacteria was S. aureus, being the
only microorganism in 6 patients and co-isolated with oral flora or with other potentially
pathogenic microorganisms in 10 patients. Regarding S. aureus, 16 strains were isolated and
tested for biofilm production, with 15/16 strains being biofilm producers. Furthermore, 1
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of the strains was a strong biofilm producer, 5/16 strains were moderate, 9/16 were weak,
and 1 strain of S. aureus did not produce a biofilm (Table 1).

Table 1. Patient characteristics and results of microbiological testing during and one year after
tonsillectomy.

1 M 35 Bauska S. aureus + oral flora 1C weak 0 0 0 Causative
agent
: 2N Predisposition
2 M 21 Saulkrasti S. aureus 2C weak 0 Odarate 0 to colonization
3 F 27 Jurmala S. aureus + Candida spp. ~ 3C weak 3T strong 0 0 Predxspu‘)sm‘on
to colonization
Part of
4 F 25 Riga S. aureus + oral flora 4Cweak 4T weak 0 0 patients’ oral
microbiome
5A Part of
5 M 23 Babite S. aureus + oral flora 5C weak 5Tweak 5N weak el patients’ oral
microbiome
; S. aureus+ Staphylococcus 6C Causative
GE M 20 Riga epidermidis moderate 0 0 L agent
7 F 35 Marupe S. aureus + oral flora 7C strong 0 0 0 Causative
agent
8§ M 24 Salaspils S. aureus 8¢ 0 0 0 Causative
moderate agent
9 F 3 Riga S. aureus + Streptococcus 9C weak 0 0 0 Causative
pneumoniae + oral flora agent
S. aureus + Klebsiella Causative
TORNSHEN 31 Riga pneumoniae + Candida 10C weak 0 0 0
agent
spp. + oral flora
y 11C 1IN non— Predisposition
M35 Riga S. aureus moderate 0 producer 0 to colonization
12 M 24 Riga S. aureus 12C weak 0 0 0 Caultdlive
agent
S. aureus + Neisseria
subflava + Haemophilus Caxisative
13 M 33 Saulkrasti influenzae + Streptococcus  13C weak 0 0 0
; agent
anginosus + Prevotella
intermedia + oral flora
14 F 23 Orolnieki S. aureus e 0 0 0 Causative
moderate agent
5 F 31 Rezekne S. aureus + oral ﬂor§ + 15C 0 15N non— 0 Pred:spt}sxt!on
Streptococcus agalactine  moderate producer to colonization
6 F 28 Riga S. aureus s B 0 0 Causative
producer agent

Note: M—male; F—female; TE—tonsillectomy; C—tonsillar crypts; T—throat; N—nasal cavity; A—armpits.

One year after tonsillectomy, 8 S. aureus strains were isolated from 6 out of 16 patients—
from throat cultures in 3/16 patients, from nasal samples in 4/16 patients, and from armpit

92



4. pielikuma turpinajums

Pathogens 2022, 11, 427 40f 10

samples in 1/16 patients. From throat samples, 1/3 was a strong biofilm producer and 2/3
strains of S. aureus were weak biofilm producers. From nasal samples, 1/4 was a moderate
biofilm producer, 1/4 was a weak biofilm producer, and 2/4 strains of S. aureus did not
produce a biofilm. From armpit samples, 1 strain of S. aureus did not produce biofilm. Only
one patient had S. aureus in the throat, nasal, and armpit samples, and was a weak biofilm
producer (Table 1).

S. aureus strains were isolated in 10 patients only during tonsillectomy; in these cases S.
aureus was a causative agent of RT. Four patients had S. aureus in the throat or nasal cavity
after tonsillectomy, but S. aureus isolates showed different degrees of biofilm formation.
In these cases, patients had predisposition to S. aureus colonization. In 2 patients, S.
aureus with the same biofilm production capacity was isolated from palatine tonsils during
tonsillectomy and 1 year after tonsillectomy from the throat, nasal cavity, and axilla. In
these cases, S. aureus was a part of the patients’ microbiome (Table 1).

Figure 1 illustrates the biofilm formation of 11 S. aureus isolates in a 96-well flat-bottom
microtiter plate. The crystal violet absorption is proportional to the adhesion cells and
concentration of biofilm.

Negative
control S.aureus isolates
A

L - L r ) m ’ JL = ¥ Jf v
Strong Weak Moderate Biofilm Moderate Weak
biofilm biofilm biofilm non - biofilm  biofilm

producers producers  producer producers producers producer

Figure 1. The biofilm formation of S. aureus isolates in a 96-well flat-bottom microtiter plate. The
plate contained 11 strains and the negative control (NC) at 8 wells per strain. Staining was performed
with crystal violet dye, differentiating strong (3T, 7C), moderate (6C, 8C, 15C), and weak biofilm
producers (3C, 4C, 12C) and biofilm non-producers (11N, 15N, 16C). S.aureus isolate code — the
number designates the patient and the letter - the carriage site (C—tonsillar crypts; T—throat; N—
nasal cavity).

The crystal violet dye attached to the cells forming biofilms on microtiter plates was
quantified. The optical density (OD) of the bacterial biofilm was measured at 570 nm
wavelength with a microplate spectrophotometer. The OD values for each strain were
expressed as a number. All mean OD values of isolated strain biofilms are summarized in
Figure 2.
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Figure 2. Biofilm production capability on microtiter plates of 24 isolates of S. aureus. Bars represent
mean values of OD (measured at a wavelength of 570 nm). Trypticase soy broth with 1% glucose as a
negative control (NC). The cut-off value (ODc) and biofilm production capacity levels are marked
with horizontal lines. Differences between suspect S. aureus strain capability in biofilm formation were
analyzed using Mann-Whitney U test for two-strain analysis and Kruskal-Wallis test for four-strain
analysis, and are expressed as p-values. S.aureus strain code-the number designates the patient and
the letter - the carriage site (C—tonsillar crypts; T—throat; N—nasal cavity; A—armpits).

Fourteen isolates were resistant to benzylpenicillin and ampicillin. One isolate was
identified as MRSA, which was resistant to benzylpenicillin, ampicillin, cefoxitin, ceftriax-
one, ampicillin-sulbactam, and amoxicillin with clavulanic acid, but intermediate resistance
to ciprofloxacin. Allisolates showed intermediate resistance to ciprofloxacin, while 1 isolate
also showed intermediate resistance to clindamycin (Table 2).

Table 2. Antibiotic resistance among S. aureus strains isolated from patients with RT.

Antibiotics
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W R B 0|7 B || B B F B B0 v vz R B0 R =R
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L2 RVRI NI RVS1 NP1 HV] RVRI NI VI RVPI NI NV o) RVR1 RV ] NV ROL1 RV R RpIRTI RV RI RTINS NI RERIN o}
(ncnmm~mmwmmmmwmmmmmmmmmmm8
1921 K921 Rp1 RVp1 K9] V] RV1 KU1 RVR1 RV51 KV p) NV 1 KO1 ROP1 VL1 RA1 NV NV RV KO VLI ROPIREPINV K |

1921 K921 MR RVp] KV] NV o1 KOp1 RV Np1 K51 KV 2] NV ] KO1 ROR1 NP1 RVP1 KV NV 1 B~ HOPI HOAI ROPI NI V]

FOX, cefoxitin; CRO, ceftriaxone; P, benzylpenicillin; AMP, ampicillin; AMS, ampicillin-sulbactam; AUG,
amoxicillin-clavulanic acid; CIP, ciprofloxacin; AK, amikacin; E, erythromycin; CD, clindamycin; C, chloram-
phenicol. S, sensitive; R, resistant; I, intermediate. S.aureus strain code-the number designates the patient and the
letter-the carriage site (C—tonsillar crypts; T—throat; N—nasal cavity; A—armpits). Coloring: S.aureus strain code
colors correspond to the optical density bars of the same isolates in Figure 2; greyish-antibiotics; rosy-resistant;
yellowish-intermediate.
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3. Discussion

The anterior nares represent the dominant ecological niche, while other sites that
can be colonized include the axilla, perineum, and pharynx [4]. Elimination of the nasal
carriage by topical antibiotics generally leads to loss of carriage in these areas [20]. S. aureus
readily recolonizes the nose, throat, and other sites within several months after antibiotic
treatment [21,22]. In S. aureus carriers, infection rates are higher than in non-carriers, and
patients are usually infected by the same strains with which they are colonized [17]. In our
study, infected palatine tonsils were removed surgically, and the presence of S. aureus in
the pharynx, axilla, and nares was assessed 1 year after tonsillectomy.

There are host and bacterial factors that can influence the carriage of S. aureus. The main
predisposing factors to staphylococcal infection development include age, the presence
of chronic diseases or immunodeficiency, genetics, direct contact with healthcare settings,
and hospitalization [2]. Patients enrolled in the study were young individuals (mean age
29 years) without high carriage rate host factors such as HIV infection, insulin-dependent
diabetes, continuous ambulatory peritoneal dialysis and hemodialysis, or intravenous drug
use [4,23-25]. The mean age of our study patients was consistent with the data from other
studies, in which tonsillectomy patients were 28 years old [26,27].

We are aware of the disadvantages of routine surface sampling of tonsils. Tonsillar
core and tonsillar crypt samples are more favorable for culturing [6,8]. Crypts are narrow
passages that penetrate the palatine tonsils. It is not possible to obtain the contents of crypts
with a cotton swab. In our study, samples from the palatine tonsils were obtained with
a punch biopsy needle, which is suitable for the width and depth of the crypts to obtain
optimal size samples [28].

Biofilm formation is one of the bacterial factors that is distinctive for the adhesive
phenotype of bacteria [4]. Bacteria in biofilm state present differential metabolic and
physiological functions, often rendering them more virulent and resistant to antibiotics [29].
Neopane and co-authors (2018) showed that biofilm-producing S. aureus isolated from
wounds was more resistant to various antimicrobials than the biofilm non-producers [30].

A broad range of assays for biofilm quantification in microtiter plates have been de-
scribed [31,32]. We used the crystal violet assay adapted from Stepanovic et al. (2007)
because it is reliable, cost-effective, straightforward, and is commonly used for the quan-
tification of biofilm production by staphylococci [33]. It is also important that this method
can be easily performed by other investigators. Because both living and dead cells, as
well as the matrix, are stained by the crystal violet dye, this method is poorly suited for
differentiation between living and dead cells, and susceptibility testing of biofilms cannot
be performed [31]. The drawbacks of the method do not affect the research question be-
ing investigated in our study. However, other methods such as flow cell systems would
increase data reliability and would allow more detailed biofilm investigations, specifically
in dynamic conditions.

In our study, emphasis was placed on the biofilm formation ability of S. aureus isolated
strains. S. aureus strains isolated from the tonsillar crypts, as compared to isolates collected
from other body sites had greater capacity to produce biofilms. Biofilm-producing S. aureus
strains were mostly isolated from tonsillar crypts and were susceptible to the majority
of tested antibiotics. Only one isolate was identified as MRSA, which showed a wider
spectrum of resistance and was a weak biofilm producer. The isolate was obtained from a
25-year-old female without co-morbidities, with 5 episodes of tonsillitis per year for the
last 3 years. After tonsillectomy the MRSA strain was eradicated. MRSA strains were
detected in RT patients in other studies also. In the study conducted by Katkowska et al.,
the MRSA strain was isolated from the tonsils in one out of 118 adult patients and in two
out of 73 children qualified for tonsillectomy in Poland [7,12]. The role of biofilm formation
and the antimicrobial resistance of MRSA and methicillin-susceptible S. aureus (MSSA) are
unclear [34]. The environmental factors (temperature, pH, glucose level, type of media, and
others) influence bacterial biofilm production. Therefore, these factors should be accounted
for in biofilm research. To compare the results from different studies, one should use
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similar or even the same biofilm method and environmental factors [35]. Our study results
showed that in 10 patients tonsillectomy resulted in no growth of S. aureus strains a year
later; therefore, tonsillectomy could prevent bacterial colonization within a one year period.
However, to prove such phenomena, this should be investigated in bigger cohorts.

Our study underlines the immense importance of studying S. aureus colonization to
understand the pathology of staphylococcal disease. Current efforts to interrupt carriage
rely on the use of antibiotics, but the development of efficacious antibiofilm S. aureus
therapies is a new and necessary perspective.

4. Strengths and Limitations

The study provides a one year follow-up period for surgically treated patients with
recurrent tonsillitis. Furthermore, this study provides evaluations of the outcomes and the
effects of tonsillectomy on the results of microbiological testing.

However, several limitations should be mentioned. Firstly, the small number of cases
observed during the study period could cause bias. Further studies, including those with a
larger study group, a control group, an increased bacterial spectrum with biofilm formation,
antibacterial susceptibility, and bacterial genotyping, would be necessary to draw reliable
conclusions regarding tonsillitis.

5. Materials and Methods

A case series study was performed in Pauls Stradins Clinical University Hospital in
Riga, Latvia. The study lasted from 2018 to 2020. The study was approved by the local ethics
committee of Riga Stradins University (document No. 49/30 November 2017). Written
consent was obtained from every patient. The exclusion criterion was recent (less than
a month ago) antibacterial treatment. A control group was not applied. Patient medical
history information was gathered from patients and via their medical records by a general
practitioner and anesthesiologist before elective tonsillectomy.

5.1. Isolation of Microorganisms and Antibacterial Susceptibility Testing

Samples from tonsillar crypts were obtained with a punch biopsy needle from 16 adults
undergoing tonsillectomy for RT. For research purposes, the punch biopsy needle was
designed with a prolonged and curved handle and a circular blade for tonsillar crypt biopsy
(patent number: LVP2020000055) [28]. Swab samples from the throat, nasal cavity, and
armpit were obtained a year later to assess S. aureus carriage. Materials were transported
with universal transport media (AMIES) at room temperature within 24-48 h.

The obtained materials were inoculated in blood agar, chocolate agar (with test discs
loaded with oleandomycin in a CO,-enriched atmosphere), CAN agar (with optochin disk
test), Brucella blood agar, mannitol salt agar, MacConkey agar, and Saburo agar plates
and incubated under aerobic conditions for 48 h at 36 = 2 °C temperature. The isolated
microorganisms underwent the macro- and microscopic evaluations. The isolated bacteria
were identified by Gram staining using a VITEK-2 Compact device (bioMériux, Marcy
1’Etoile, France).

Disk diffusion antimicrobial susceptibility tests were performed and the results were
evaluated according to the recommendations of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST), Clinical Breakpoints and Dosing of Antibiotics (Version 10.0,
January 2020) [36].

5.2. Biofilm Growth Using Cristal Violet Assay

A crystal violet assay adapted from Stepanovic et al. (2007) was used for the in vitro
cultivation and quantification of bacterial biofilms [33]. Isolated S. aureus strains were
suspended in trypticase soy broth (TSB) supplemented with an additional 1% glucose
for incubation at 37 °C for 16-18 h. Inoculated broths were diluted with un-inoculated
TSB at a ratio of 1:100. Then, 150 uL of diluted suspension was transferred using a multi-
channel pipette into a sterile 96-well plate (Thermo Scientific™ Nunc MicroWell 96-Well
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Microplates (flat-bottomed), Thermo Fisher Scientific, Roskilde, Denmark). Each plate
contained 11 strains and the negative control (sterile broth) at 8 wells per strain, and each
experiment was performed in triplicate. The inoculated plates were cultivated aerobically
at 37 °C for 48 h. After incubation, all wells were emptied by throwing out the liquid in a
clinical waste bag without using a pipette. Each well was rinsed 3 times with 250 uL 0.9%
saline. After washing, staining was performed by adding 150 uL of 0.1% crystal violet per
well. After 15 minutes, the color was removed by throwing it out and each well was washed
3 times with 250 uL distilled water. At the end, 150 pL of 96% ethanol was added to each
well. Afterwards, the optical density (OD) of wells was measured at 570 nm wavelength
with a microplate spectrophotometer (Tecan Infinite F50, Mannedorf, Switzerland, with
Magellan™ reader control and data analysis software V 6.6) [37].

5.3. Biofilm Calculation

The OD values for each strain were averaged and expressed as a number. The cut-off
value (ODc) was defined as three standard deviations above the mean OD of the negative
control and was separately calculated for each experiment. Strains were divided as follows:
OD < ODc = no biofilm producer, ODc < OD < 2 x ODc = weak biofilm producer,
2 x ODc < OD < 4 x ODc = moderate biofilm producer, 4 x ODc < OD = strong biofilm
producer [25].

5.4. Data Analysis

Data analysis was performed using SPSS software (IBM SPSS Statistics version 26) and
Microsoft Excel 10.5.5. Assessment of Outcomes
Outcomes were categorized as:

(1) A causative agent of RT—S. aureus strains were isolated only in tonsillar crypts, while
no S. aureus was recovered from any site after tonsillectomy;

(2) Predisposition to colonization—S. aureus strains were isolated during and also after
tonsillectomy, but S. aureus strains from one individual showed different phenotypes
in their biofilm formation profiles;

(3) Parts of patients’ oral microbiomes—S. aureus strains were isolated during and also
after tonsillectomy, but S. aureus strains showed no phenotypical changes in biofilm
formation.

6. Conclusions

S. aureus is a common cause of recurrent tonsillitis in our cohort population. Tonsil-
lectomy results in less frequent isolation of S. aureus strains. Isolation of S. aureus from
multiple sites and the determination of the biofilm production capacity of isolated strains
is a way of distinguishing carriers of S. aureus.

7. Patents

Klagisa, R.; Kroica, J.; Kise, L. Punch Biopsy Needle. Patent No: LVP2020000055. In
Izgudrojumi, Precu Zimes un Dizain-paraugi. Patent Office of the Republic of Latvia, Riga,
Latvia, 2021; Volume 5, pp. 315.
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5. pielikums

Recidivéjosa tonsilita un peritonsilara abscesa pacientu izdalito mikroorganismu dazadiba

Mikroorganismi, kas izoleti no 99 RT pacientu auksléju mandelu kriptam

1. tabula

Izolatu kombinacijas

Skaits
(n=99)

Normala orala mikrobiota

39

Staphylococcus aureus

H
o

Staphylococcus aureus + normala orala mikrobiota

Staphylococcus aureus + Candida spp.

Staphylococcus aureus + Lactobacillus paracasei

Staphylococcus aureus + Streptococcus parasanguinis

Staphylococcus aureus + Staphylococcus epidermidis

Staphylococcus aureus + Haemophilus influenzae

Staphylococcus aureus + Klebsiella pneumoniae

Staphylococcus aureus + Klebsiella oxytoca

Staphylococcus aureus + Streptococcus agalactiae + normala orala mikrobiota

Staphylococcus aureus + Klebsiella pneumoniae + Candida spp. + normala orala
mikrobiota

Staphylococcus aureus + Streptococcus pneumoniae + normala orala mikrobiota

Staphylococcus aureus + Prevotella intermedius + Streptococcus
oralis + normala orala mikrobiota

R Y S N N I I R R R

Staphylococcus aureus + Streptococcus anginosus + Neisseria subflava + Haemophilus

influenzae + Prevotella intermedius + normala orala mikrobiota

Staphylococcus pseudintermedius

Staphylococcus capitis + Aggregatibacter aphrophilus

Streptococcus parasanguinis

Streptococcus anginosus

Streptococcus anginosus + normala orala mikrobiota

Streptococcus anginosus + Candida spp.

Streptococcus pyogenes + Streptococcus pneumoniae

Streptococcus pyogenes + Morganella morganii

Streptococcus oralis + normala orala mikrobiota

Streptococcus oralis + Streptococcus mitis + normala orala mikrobiota

Escherichia coli

Escherichia coli + Staphylococcus epidermidis

Klebsiella pneumoniae

Klebsiella pneumoniae + Streptococcus pyogenes

Klebsiella pneumoniae + Candida spp.

Klebsiella pneumoniae + Streptococcus pyogenes + Candida spp. + normala orala
mikrobiota

Serratia rubidea

Burkholderia gladioli

Pseudomonas aeruginosa

Candida spp.

Candida spp. + normala orala mikrobiota
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5. pielikuma turpinajums

2. tabula
Mikroorganismi, kas izoleti no 29 PTA pacientu auksléju mandelu kriptam
Izolatu kombinacijas (ﬁkzalzt;)

Normala orala mikrobiota 5
Staphylococcus aureus 1
Staphylococcus aureus + normala orala mikrobiota 1
Staphylococcus aureus + Staphylococcus capitis 1
Staphylococcus aureus + Staphylococcus epidermidis 1
Staphylococcus aureus + Candida spp. 1
Staphylococcus aureus + Escherichia coli + Candida spp. 1
Staphylococcus aureus + Streptococcus oralis + Streptococcus mitis + Streptococcus 1
sinensis + normala orala mikrobiota

Staphylococcus epidermidis 1
Klebsiella pneumoniae 2
Klebsiella pneumoniae + Candida spp. 2
Klebsiella oxytoca + Candida spp. + normala orala mikrobiota 1
Acinetobacter ewoffi + normala orala mikrobiota 1
Bacillus cereus + Prevotella intermedius 1
Candida spp. 5
Candida spp. + normala orala mikrobiota 3
Candida spp. + Actinomyces 1
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Rigas Stradina universitates Petijjumu etikas komitejas atlauja

Veidlapa Nr. E-9 (2)
RSU ETIKAS KOMITEJAS LEMUMS NR. 49 /30.11.2017.

Riga, Dzirciema iela 16, LV-1007
Tel. 67061596

6. pielikums

Komitejas sastavs Kvalifikacija Nodarbosanas
1. Profesors Olafs Bruvers Dr .theo. teologs
2. Profesore Vija Sile Dr.phil. filozofs
3. Asoc.prof. Santa Purvina Dr.med. farmakologs
4. Asoc.prof. Voldemars Arnis Dr.biol. rehabilitologs
5. Profesore Regina Kleina Dr.med. patalogs
6. Profesors Guntars Pupelis Dr.med. kirurgs
7. Asoc.prof. Viesturs Liguts Dr.med. toksikologs
8. Docente Iveta Jankovska Dr.med.
9. Docents Kristaps Circenis Dr.med.
Pieteikuma iesniedzéjs: Dr. Renata Klagisa
Medicinas fakultate, Doktorantiira
Pétijuma nosaukums: “Hroniska tonsilita agrinas diagnostikas iesp&jas.”
IesniegSanas datums: 30.11.2017.
Pétijuma protokols: Izskatot augstak minéta pétjjuma pieteikuma materialus

(protokolu) ir redzams, ka pétijuma mérkis tiek sasniegts veicot ar pacientiem, bez kada
apdraudgjuma veselibai, drosibai un dzivibai, objektivu izmekléSanu, anamnézes datu ievaksanu

un operacijas materialu izvertésanu, iegiito datu apstradi un analizi, ka arT izsakot prieksSlikumus.

Personu (pacientu, dalibnieku) fizisko datu aizsardziba, inform&ta brivpratiga piedaliSanas un
konfidencialitate ir ievérota un nodrosinata. Lidz ar to pieteikums atbilst pétfjuma &tikas
prasibam.

Izskaidrosanas formulars: ir

PiekriSana piedalities pétijjuma: ir

Komitejas lemums: piekrist pétijumam

Komitejas prie sédétﬁjs}afs Braivers Tituls: Dr. miss., prof.

Paraksts
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6. pielikuma turpinajums

Veidlapa Nr. E-9(3)

APSTIPRINATA

ar Rigas Stradipa universitites rektora

2018. gada 26. septembra rikojumu Nr. 5-1/238/2018

Rigas Stradina universitates
Pétijumu &tikas komitejas

LEMUMS
Riga
10.09.2020. Nr.6-1/09/ 22
Komitejas sastavs Kvalifikacija Nodarbosanas
1 Profesors Olafs Bruvers Dr.theo. teologs
2 Asoc.prof. Santa Purvina Dr.med. farmakologs
3 Asoc.prof. Voldemars Arnis Dr.biol. rehabilitologs
4 Profesore Regina Kleina Dr.med. patalogs
6 Asoc.prof. Viesturs Liguts Dr.med. toksikologs
7 Docente Iveta Jankovska Dr.med. ortodonts
8 Docents Kristaps Circenis Dr.med. docetajs
Pieteikuma iesniedzéjs/i: Renita Klagisa
Doktorantiira

Pétijuma / pétnieciskd darba “Biofilmas veidoSanas spgja un tds saistiba ar

nosaukums: antibakterialo jutibu hroniska tonsilita pacientiem”.
IesniegSanas datums: 02.02. 2020.

Pétijuma protokols:

Izskatot augstak mingta pétijuma pieteikuma materialus (protokolu) ir redzams, ka pétijuma
merkis tiek sasniegts veicot pacientu mediciniskas dokumentacijas (slimibas véstures, vai
kliniska gadijuma, citi izmekl&jumu dati) izpéti, iegiito datu apstradi un analizi, ka arf izsakot
priekslikumus. Personu (pacientu, dalibnieku) datu izmantosana, glabasana, aizsardziba,
anonimitate un konfidencialitate ir ievérota un nodrosinata. Lidz ar to pieteikums atbilst
pétijuma &tikas prasibam.

Komitejas 1émums: piekrist pétijumam

Komitejas priek$sédétajs Olafs Brivers £ B Tituls: Dr. miss., prof.
Paraksts Sk 00 :

1. Bénina
67061596
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Anketa pacienta datu uzskaitei petijjuma ietvaros

7. pielikums

Parauga panemsanas

Tonsilita Lietota Ieprieks lietota veids. vieta
Nr. | Vecums | Dzimums | recidivu | antibakteriala arstésana, g ’
. . veikSanas
bieZums terapija efekts d
atums
1.
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8. pielikums

PiekriSanas veidlapa dalibai pétijuma

Pétijums: Biofilmu nozime recidivéjoSa tonsilita un paratonsilara abscesa patogenézé un
kliniskaja norise

Pétijuma ilgums
Jusu piedaliSanas petijuma sastaves no vienreizgjas apskates.

Procediiras

Ja Jiis piekritat piedalities petijuma,
e Ar Jums runas arsts, lai iegiitu nepieciesamo personas un klinisko informaciju;
e JUs izmekIgEs arsts;
e Laboratoriski tiks analiz&ts Jtisu operacijas materials.

Jius varat tikt ieklauts pétijjuma, ja esat hospitalizets ar auksl&ju mandelu slimibu, kuras del tiek
planota kirurgiska arstésana — tonsilektomija.

Risks un neértibas (diskomforts)
Pacientiem, kuri piedalisies p&tijuma, nav paredzamas diskomforta situacijas.

leguvumi
e Operacijas materiala mikrobiologiska analize.
e Zinatniski pamatoti ieteikumi recidiv€josa tonsilita agrinai diagnostikai p&c petijuma
pabeigsanas.

Konfidencialitate

Petijuma iegitie dati tiks glabati konfidenciali un netiks doti nevienam, kas nav iesaistits p&tijjuma.
Petijuma informacija tiks glabata saskana ar likumu. Visiem pétjjuma iesaistitiem darbiniekiem ir
prasiba neatklat Jusu personibu. Informacija par Jums netiks nodota citdm ar pétijumu nesaistitam
personam bez Jusu atlaujas.

Apliecinajums, ka nemtais materials netiks izmantots citiem noliikiem, ka noradits pétijuma
Pétfjuma laika nemtais materials tiks izmantots tikai tiem noliikiem, kas nepiecieSami projekta ietvaros
noritosai izp&tei.

Tiesibas atteikties vai partraukt piedaliSanos pétijjuma

Jusu piedali$anas petijuma ir pilnigi brivpratiga. Ja Jus esat piekritis/-usi peétijumam, Jums ir tiesibas
jebkura bridi atteikties no dalibas pettjuma. Jiisu Iémums piedalities vai atteikties no dalibas p&tijuma
neietekmes Jisu mediciniskas apripes kvalitati vai attiecibas ar Jusu arstu.

Jautajumi vai bazas
Jums vajadz€tu uzdot jautajumus arstam par jebkuru neskaidribu, kas saistita ar So p&tjjumu. Jums ir
tiesibas uzdot jautajumus par petijuma norisi dr. R. Klagisai, prof. L. Kisei, prof. J. Kroicai.

Institucionals apstiprinajums

So projektu ir apstiprinajusi Rigas Stradina universitate un Paula Stradina kliniska universitates
slimnica.
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8. pielikuma turpinajums

Es ar savu parakstu apliecinu, ka:

1.

Esmu sanémis/-usi un iepazinies/-usies ar rakstisku informaciju par pétnieciska projekta
“Biofilmu nozime recidivéjosa tonsilita un paratonsilara abscesa patogenézé un kliniskaja
norisé” (turpmak — Pétijums) mérki un saturu. Uz visiem jautajumiem esmu sanémis/-usi
izsmeloSas atbildes.

Esmu sanémis/-usi un iepazinies/-usies ar informaciju par manu personas datu apstrades
tiesisko pamatu, meérki, apjomu, glabasanas ilgumu un iznicinaSanu, ka ari esoSo un
iespejamiem personas datu saneémejiem.

Esmu informéts/-a, ka jebkura mani identificéjosa informacija biis konfidenciila un mana
personas datu apstrade tiks veikta atbilstoSi labas prakses principiem un saskana ar speka
esoSo normativo aktu prasibam.

Piekritu Petijjuma diagnostikas pakalpojumu rezultata iegiito personas datu apstradei un
uzglabasanai, kas nepiecieS$ama Pétljuma mérka sasniegSanai, t. Sk., ka mani personas dati
tiek nodoti sertificetiem medicinas specialistiem zinatnes un pétniecibas nolikiem.

Esmu informéts/-a, ka jebkura bridi bez paskaidrojumiem varu partraukt piedaliSanos
Pétijuma un tas neietekmés manu turpmako arsteSanu.

Esmu informéts/-a, ka man ir tiesibas jebkura bridi labot, papildinat vai partraukt manu
personas datu apstradi vai jautat par personas datu iznicinaSanu, ka ari man ir tiesibas iegiit
visu informaciju, kas ir savakta par maniem personas datiem.

Personas datu apstrade péc Pétijuma beigam (vajadzigo atzimet):

Es PIEKRITU, Es NEPIEKRITU,

ka Petljuma ietvaros savaktie un/vai iegiitie personas dati turpmak glabasies ar1
RSU Biologijas un mikrobiologijas katedras laboratorija un var tikt izmantoti

ar mandelu slimibam saistitos pétijumos — bez ierobeZojuma;

(pacienta paraksts un atSifrgjums) Datums

Pétijuma iesaistitais arsts:
Apstiprinu, ka esmu inform&jis pacientu par So p&tijumu
(paraksts un at$ifr&jums / spiedogs):

Datums

Piezime. Parakstitas kopijas pa vienai janodod projekta vaditajam, pacientam un jaievieto slimibas
vesture.
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