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ANOTACIJA

Pamats. Helicobacter pylori (H. pylori) infekcija ir globals veselibas izaici-
najums, ipasi augo$as rezistences pret antibiotikam dél. Si infekcija ir ne tikai
nozimigs kunga véza riska faktors, bet ari sekmé citu, ar Jaundabigiem audze-
jiem nesaistitu, kunga un zarnu trakta slimibu attistibu. Tradicionalas arstésanas
shémas nereti negativi ietekmé zarnu mikrobiotu un var pasliktinat pacientu
lidzestibu, tadéjadi akcentéjot nepiecieS$amibu péc efektivakam un drosakam
terapijas alternativam.

Merki. Pétijuma galvenais mérkis bija novertét inovativus H. pylori eradi-
kacijas rezimus, kas spéj nodrosinat augstu efektivitati, vienlaikus samazinot
negativo ietekmi uz zarnu mikrobiomu un uzlabojot pacientu lidzestibu ars-
téSanas shémai. Galvena uzmaniba tika pievérsta alternativu shému izpétei un
salidzinajumam ar standarta arsté$anu, kuras pamata ir klaritromicins.

Metodes. Tika izstradati divi paraléli pétjjumi. Pirmaja (Pétjjums 1) augstu
devu amoksicilina/bismuta terapija tika salidzinata ar standarta triskar§o kla-
ritromicinu saturo$o rezimu. Pirmaja posma vértéja katra rezima efektivitati
un ar to saistito blakusparadibu spektru, ka ari ietekmi uz zarnu mikrobiotas
sastavu un rezistoma veido$anos. Otraja (Pétijums 2) pétija, ka probiotikas
Saccharomyces boulardii (S. boulardii) pievieno$ana ietekmé standarta klarit-
romicinu saturosas triskar$as terapijas efektivitati, rezima ievéro$anu un bla-
kusparadibu profilu. Saja pétijuma faktorialais dizains paredzéja Cetras arstésa-
nas shémas, kuras atskiribas bija probiotikas klatbtitne vai trikums un terapijas
ilgums. Abus randomizétos kontrolétos pétijumus istenoja plasaka GISTAR
pétijuma ietvaros, iesaistot 40 lidz 64 gadus vecus dalibniekus no visparéjas
populacijas. Pétijuma 1 pacientus péc nejausibas principa iedalija grupas, lai
sanemtu vai nu standarta klaritromicinu saturoso triskarso terapiju (klaritromi-
cins 500 mg, amoksicilins 1000 mg un esomeprazols 40 mg divas reizes diena,
kopa 14 dienas, talak “AMX/CLARI”), vai augstu devu amoksicilina/bismuta
shému (bismuta subcitrats 240 mg divas reizes diena, amoksicilins 1000 mg
tris reizes diena, esomeprazols 40 mg divas reizes diena, kopa 14 dienas, talak
“AMX/BI”). Savukart kontroles grupas dalibniekiem bija lidzigi raksturlielumi,
bet vinu H. pylori statuss nebija zinams.

Pétijuma 2 visi dalibnieki sanéma klaritromicinu saturosu triskarso terapiju
(500 mg klaritromicina, 1000 mg amoksicilina un 40 mg esomeprazola, divas
reizes diena). Pacientu randomizacija balstijas uz diviem faktoriem - S. boulardii
CNCM 1-745 pievienosanu (500 mg divreiz diena), ka arl terapijas ilgumu
(10 vai 14 dienas). Efektivitati novértéja seSus ménesus péc arsté$anas, veicot
kontroles urinvielas elptestu un analizéjot rezultatus gan “intention-to-treat”,



gan “per-protocol” grupas. Laika no 21. lidz 28. dienai péc terapijas uzsaksanas,
telefonintervijas fikséja blakusparadibas un pacientu lidzestibu.

Pétijuma 1. tika analizéts zarnu mikrobiotas sastavs un ta izmainas, izman-
tojot pacienta fe¢u paraugus, kas bija nemti pirms eradikacijas terapijas un sesus
ménesus péc tas. Mikroorganismu sastava izmainu noteik$anai tika izmantota
Shotgun metagenomiska sekvenésana, kas veikta ar DNBSEQ-G400 platformu
(MGIL, Kina).

Rezultati. Pétijuma 1 piedalijas 483 H. pylori pozitivi pacienti. AMX/CLARI
grupai bija augstaks eradikacijas limenis per-protocol analizé salidzinajuma ar
AMX/BI (88,4% pret 77,0%, p < 0,001), neuzradot atskiribas lidzestiba. Terapijai
raksturigas nevélamas blakusparadibas ievérojami retak novéroja AMX/BI grupa
(56,9% pret 40,0%, p < 0,01). Mikrobiotas analizé atklaja batisku antimikrobialas
rezistences génu skaita pieaugumu AMX/CLARI grupa, salidzinot ar kontroli
(p = 0,05). Tomér alfa un beta dazadiba seSus ménesus péc terapijas gandriz
pilniba atgriezas sakotnéja stavokli. Pétijuma 2, kura piedalijas 404 dalibnieki,
10 dienu probiotiku terapijas gadijuma tika konstatéts augstaks eradikacijas li-
menis (70,8% pret 54,6%, p = 0,022), bet 14 dienu terapijas gadijuma tas netika
registréts. Kombinéjot probiotiku apaksgrupas, tajas bija nenozimigi augstaka
efektivitate per-protocol analizé (90,6% pret 85,0%, p = 0,183). S. boulardii klat-
bitne samazinaja nevélamo blakusparadibu biezumu (p = 0,033), ipasi caurejas
gadijumus (p = 0,032) 14 dienu rezima. Tomér péc Bonferroni korekcijas pie-
méro$anas atskiriba starp testiem vairs nebija nozimiga.

Secinajumi. Augstu devu amoksicilina/bismuta terapija ir saistita ar ze-
maku nevélamo blakusparadibu biezumu, salidzinot ar standarta klaritromicinu
saturoo triskarso terapiju, tomér §is terapijas shémas relativi zema efektivitate
neattaisno tas rutinas lietosanu. Nepieciesama turpmaka izpéte, lai modificétu
augstas devas amoksicilina/bismuta saturo$u rezimu efektivitates uzlaboganai.

Pétijuma rezultati neatbalsta ieteikumu plasi pievienot S. boulardii H. pylori
eradikacijas shémam, jo efektivitate butiski neuzlabojas. Tomér tendence uz
augstaku efektivitati 10 dienu intention-to-treat arstéSanas grupa un samazinats
nevélamo blakusparadibu skaits 14 dienu per-protocol grupa pamato turpmaku
izpéti lielakos pétijumos.

Standarta klaritromicinu saturo$a terapija ievérojami paaugstinaja rezistenci
pret antibiotikam zarnu mikrobioma, un §i ietekme saglabajas vismaz se$us
ménesus. Sis atklajums liecina, ka, planojot H. pylori eradikaciju populacijas
méroga, prieksroka jadod citam terapijam - it ipasi gadijumos, kad runa ir par
profilaktisku arstésanu veselai populacijai. Pirms jaunu, uz antibiotikam balstitu
arstésanas rezimu jevie$anas (pieméram, kunga véza profilaksé) ir jaizvérté to
ilgtermina ietekme uz zarnu rezistoma veido$anos.
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IEVADS

Témas aktualitate

Pastaviga Helicobacter pylori (H. pylori) infekcija ir nozimigs riska faktors
virknei kunga-zarnu trakta slimibu, ka ari traucéjumiem arpus kunga-zarnu
trakta. Tai ir ipasi liela nozime kunga kancerogenézes daudzpakapju procesa
[1, 2]. H. pylori izplatiba pasaulé ievérojami varié - dazadas populacijas ta
svarstas no 20% lidz 90%, bet vidéji sasniedz aptuveni 44% [3, 4]. Jauzsver, ka
infekcijas prevalence pieaug lidz ar vecumu, vidéji sasniedzot 32,6% bérnu vida
un 48,6% pieauguso populacija. Si tendence galvenokart skaidrojama ar dazadu
paaudzu atskirigas ekspozicijas ietekmi [3, 5]. H. pylori infekcija ir iesaistita
90% ne-kardijas kunga véza gadijumu [6]. Saskana ar GLOBOCAN datiem,
2022. gada registréti vairak neka 968 000 jaunu kunga véza gadijjumu un gandriz
660 000 naves gadijumi, kas padara $o vézi par piekto izplatitako vézi un piekto
biezako ar vézi saistitas mirstibas céloni pasaulé. Dazas Dienvidaustrumazijas
un Vidusazijas valstis tas ir visbiezak sastopamais vézis un galvenais onkolo-
gisko saslim$anu mirstibas iemesls viriesiem [7].

Kioto Globala Konsensa Zinojuma [Kyoto Global Consensus Report]
iesaka H. pylori infekcijas eradikaciju pirms pirmsvéza izmainu rasanas [8].
Eiropa H. pylori eradikacijas galvena arstéSanas stratégija (ar daziem iznému-
miem) lidz $im lielakoties ir bijusi 14 dienu standarta triskarsa terapija, kuras
pamata ir klaritromicins [9]. Jaunakie Eiropas H. pylori arstésanas registra dati
liecina, ka ari paslaik popularaka sakotnéja terapija galvenokart balstas uz tris-
kar§u shému ar amoksicilinu un klaritromicinu (39% pirmas izvéles arstésanas
gadijumu), lai gan daudzviet Eiropas Savieniba empiriskai pirmas izvéles arsté-
$anai to nevajadzétu ieteikt. Si pieeja uzrada nepietiekamu eradikacijas efekti-
vitati - tikai 81,5% [9]. Minéta tendence var liecinat vai nu par nepietiekamu
izpratni par atjaunotajiem ieteikumiem, vai ari par ierobezotu piekluvi efekti-
vakiem eradikacijas rezZimiem, kas pienemamibas zina neatpaliek no standarta
klaritromicinu saturo$as triskarsas terapijas.

Pieaugosa H. pylori antibakterialas rezistences izplatiba un attiecigi sama-
zinats arstéSanas efektivitates raditajs ir nopietns globals izaicinajums [10, 11].
Reagéjot uz So problému, Mastrihtas/Florences VI vadlinijas (Maastricht/
Florence VI Consensus Report) ir atbalstits 14 dienu arstésanas ilgums (lidz
§im 2005. gada ieteica 7 dienas, bet 2010. gada - 10 dienas), lai uzlabotu tera-
pijas panakumu limeni [1, 12]. Tomér standarta triskar$a terapija nereti izraisa
nevélamas blakusparadibas, tostarp caureju un sliktu dasu, savukart arsté$anas



ilguma palielina$ana rada vél smagakas un ilgsto$akas nevélamas reakcijas
[13, 14].

Papildus tam, ka H. pylori klast arvien rezistentaka pret standarta
antibiotikam, tostarp klaritromicinu un fluorhinoloniem [15], antibiotikas var
veicinat kopéjo rezistento baktériju skaita pieaugumu zarnas [16]. Rezistence
pret antibiotikam var veidoties, pateicoties dazadiem mehanismiem - ar viena
nukleotida polimorfismu (single-nucleotide polymorphisms jeb SNP) vai iegus-
tot antimikrobialo rezistenci veicino$us génus (resistance-conferring genes jeb
ARG) [17-19]. ARG starp baktérijam var tikt parnesti, izmantojot mobilos
genétiskos elementus, bakteriofagus un dabiskas transformacijas cela [20, 21].
Makrolidu grupai raksturigie rezistences mehanismi ir eflukss, meérka ribo-
somalas RNS modifikacija un zalu enzimatiska inaktivacija [22, 23]. Pétjjumi
rada, ka lidz $im visizplatitakais rezistences mehanisms ir bijusi ribosomala
metiléSana [24], ko visbiezak izraisa erm (eritromicina ribosomu metilazes)
géni (kodé 23S rRNS metiltransferazes), un mph géni (kodé no GTP atkarigas
makrolidu 2’-fosfotransferazes) [22, 23, 25]. Ribosomala mérka metilésana
var izraisit krustenisko rezistenci pret makrolidiem, linkozamidiem un strep-
tograminu B (MLSB fenotips). V&l viens svarigs iegiitas rezistences veicinatajs
ir antibiotiku eflukss, kas samazina zalu intracelularo uzkrasanos. Balstoties uz
strukturalajam un funkcionalajam iezimém, transportétaji tiek iedaliti piecas
“virssaimés™: galvena veicinataju virssaime (major facilitator superfamily jeb
MES), ATP saistoso kasesu virssaime (ATP-binding cassette jeb ABC), maza
multirezistences virssaime (small multidrug resistance jeb SMR), rezistences—
nodulacijas-$tnu daliSanas virssaime (resistance-nodulation-cell division jeb
RND) un multi-zalu/toksisko savienojumu ekstrazijas virssaime (multidrug and
toxic compound extrusion superfamily jeb MATE) [24, 26, 27]. Tapat baktérijas
aizsargajas pret metalu, pieméram, cinka, vara un dzelzs, toksisku iedarbibu,
klastot izturigas pret vairakiem medikamentiem un metaliem [28]. Rezistences
mehanismu daudzveidiba izraisa rezistences fenotipu dazadibu un samazina

Antimikrobiala rezistence paslaik tiek uzskatita par vienu no biutiskakajiem
izaicinajumiem veselibas apripes sistéma. Paredzams, ka lidz 2050. gadam mir-
stiba no infekcijas slimibam antimikrobialas rezistences dél parsniegs mirstibu
no laundabigiem audzéjiem. Misu paaudzes prioritate ir tadu efektivu terapiju
izstrade, kas neizraisitu ilgtermina negativas izmainas mikrobioma [30].

Eiropa joprojam plasi izmantots klaritromicinu saturo$s triskarSais era-
dikacijas rezims, kaut ari vadlinijas neiesaka to lietot teritorijas ar augstu
H. pylori rezistences limeni [9, 12]. Klaritromicina un metronidazola lieto§ana
veicina rezistentu enterokoku (Enterococci) un enterobaktériju (Enterobacteria)
celmu veidosanos, savukart amoksicilins $adu risku nepalielina [9]. Tadgjadi
lielu amoksicilina devu lieto$ana var klat par vienu no iespéjamam metodém
rezistences riska samazinaganai. Sa rezima terapeitiskas efektivitates pieaugumu



var panakt, pievienojot bismutu saturo$us arstésanas lidzeklus [15, 16, 31]. Ir
novérots, ka bismuta preparati paaugstina eradikacijas efektivitati, parvarot
H. pylori rezistenci, turklat tie nav saistiti ar mikrobioma rezistences izraisi$anu,
ka ari nopietnam blakusparadibam [6].

Bismuta loma eradikacijas terapija klast arvien nozimigaka, jo nesen tika
ieviesta fikséta kapsulas kombinacija, kas satur bismuta savienojumus kopa ar
antibiotikam [32]. Pétijjumi rada, ka bismuta pievieno$ana standarta triskarsajai
terapijai var paaugstinat eradikacijas limeni, ipasi, ja baktérijas ir rezistentas [16].
Kungl bismuts reagé ar kunga skabi, veidojot parsvara bismuta oksihlorida no-
gulsnes. Lai gan §1 viela ir ]oti aktiva, ta ir ipasi efektiva ka neskisto$s pretmik-
robu lidzeklis. Savukart paaugstinats pH palidz stabilizét amoksicilinu [33].

Uz bismutu balstitas terapijas arvien plasak izmanto gan standarta cetrkarso
rezimu sastava, gan kombinacija ar citam shémam - pieméram, triskarsajam
terapijam, kuru pamata ir klaritromicins, lai uzlabotu efektivitati un noveérstu
H. pylori rezistences problému. Uzskata, ka §im terapijam ir minimala ietekme
uz zarnu rezistomu [34]. Misu pétijuma $is faktors tika nemts véra, izvéloties
bismutu saturo$u kombinaciju. Iepriekséjie pétijumi pieradijusi, ka bismuts ne-
izraisa ilgtermina ietekmi uz E. coli rezistenci [35, 36].

Turklat daudzos pétijumos ir dokumentéta dazadu probiotiku efektivitate
H. pylori nomaksana, kas tiek panakta gan ar imunologiskiem, gan neimunolo-
giskiem mehanismiem. Tie ietver saimnieka imtinas atbildes reakcijas modula-
ciju un tie$u ietekmi uz baktériju proliferaciju [37]. Pieméram, ir pieradits, ka
Saccharomyces boulardii (S. boulardii) spé&j kavét H. pylori adhéziju uz kunga
glotadas, kas ir skaidrojams ar $o probiotiku neiraminidazes aktivitati [37, 38].

Kopsavilkuma var secinat, ka S. boulardii efektivitate H. pylori eradikacija
ir atSkiriga, tomér vairakos pétijjumos tika konstatéti méreni uzlabojumi eradi-
kacijas raditajos un blakusparadibu biezuma, jo pasi caurejas, samazinasanas.

Pétijuma meérkis

Si doktorantiiras pétijuma eksperimentala aspekta mérkis bija identificét un
novertét H. pylori izskau$anas shému, kas efektivi lidzsvaro augstu efektivitati ar
minimalu ilgtermina ietekmi uz zarnu mikrobiomu. Pétijuma mérkis bija izstra-
dat arstésanas pieeju, kas samazina nevélamas blakusparadibas un uzlabo ars-
tésanas shémas ievéro$anu no pacieta puses. Lai to panaktu, més veicam divus
paralélus pétijjumus, kam bija lidziga metodologija, kura salidzinatas dazadas
H. pylori izskausanas shémas, katru definéjot péc atskirigam ipasibam.



Zinatniska hipoteze

Augstas devas amoksicilina/bismuta rezima izmanto$ana vai tradicionalas

makrolidu saturosas triskar$as terapijas modifikacija, pievienojot probiotiku
S. boulardii, H. pylori eradikacijas terapija:

1.

Bow

uzlabo arstésanas rezultatus, samazinot nevélamo blakusparadibu skaitu;
uzlabo eradikacijas efektivitati;

uzlabo arstésanas noteikumu ievéro$anu;

ne-makrolidu, augstas devas amoksicilina/bismuta rezima izmantoSana
saglaba zarnu mikrobioma veselibu, neradot ilgtermina izmainas un sama-
zinot rezistomu veido$anas risku.

Zinatniskie uzdevumi

L.

Noveértét H. pylori ne-makrolidu augstas devas amoksicilina/bismuta shémas
vai modificétas tradicionalas makrolidus saturosas triskarsas shémas ar un
bez S. boulardii pievieno$anas, koncentréjoties uz visparéjiem izskausanas
panakumu raditajiem.

Noveértét ar pétitajam H. pylori izskau$anas shémam saistito nevélamo
notikumu biezZumu un smagumu, tostarp S. boulardii pievieno$anas ietekmi.
Noteikt H. pylori izskau$anas shému ievéro$anu no pacientu puses un iden-
tificét faktorus, kas ietekmé arsté$anas protokolu ievérosanu.

Salidzinat H. pylori eradikacijas rezimu ietekmi uz zarnu mikrobiomu,
novertéjot augstas devas amoksicilina/bismuta saturosa rezima ilgtermina
ietekmi salidzinajuma ar standarta triskar$u terapiju, kuras pamata ir kla-
ritromicins.

Veicinat sabiedribas veselibas vadliniju izstradi, nosakot H. pylori eradi-
kacijas stratégijas, kas optimizé efektivitati, vienlaikus samazinot negativo
ietekmi uz zarnu mikrobioma veselibu un pacientu labsajitu.

Péetijuma novitate

1.

Sis pétijums ir dala no inovativa GISTAR pétijuma - plasa méroga
populacijas pétijuma, kura apvienotas nejausinatas izlases veida kontroléta
pétijuma prieksrocibas ar plasakiem populacijas limena atklajumiem par
H. pylori eradikaciju un tas potencialo lomu kunga véza profilakse.

Sis pétijums ir pirmais visaptverosais novértéjums par augstu amoksicilina
devu kombinacija ar bismutu ka pirmas izvéles arstésanas metodi H. pylori
eradikacijai kaukazie$u populacija.

Tas fokuséjas uz ilgtermina ietekmi uz rezistomu: atskiriba no iepriekséjiem
pétijumiem, kuros galvenokart tika vértétas istermina mikrobioma un rezis-
toma izmainas, misu pétijums pagarina novéro$anas periodu lidz sesiem
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ménesiem, sniedzot ieskatu par dazadu eradikacijas rezimu ilgstosu ietekmi
uz zarnu rezistomu.

Sis ir pirmais plaga méroga randomizétais kontrolétais pétijums Eiropa, kura
salidzinats nevélamo blakusparadibu biezums dazados arstéSanas rezimos,
parbaudot arsté$anas komponentu un ilguma ietekmi.

Pétijuma ir integréti modernakie bioinformatikas paiplaini jeb konvejieri
(pieméram, StaG-mwc, Kraken2, Bracken, AmrPlusPlus) un visaptverosas
statistiskas korekcijas, lai nodro$inatu datu precizitati, mazinatu novirzes un
sniegtu ticamus secinajumus.

Petijuma rezultatu starptautiska atzisana

Atklajumi par klaritromicina lieto$anas ietekmi uz rezistentu celmu rasanos

zarnu mikrobioma 2024. gada tika publicéti zurnala Gut. Sis Zurnals ir ipasi
ievérojams ar Mastrihtas vadliniju publicé$anu, kuras tiek uzskatitas par vienam
no autoritativakajam H. pylori arsté$anas un ar to saistito pétjjumu joma.
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LITERATURAS PARSKATS

leskats H. pylori arstéSanas vésturé

H. pylori atklasana, ko 1982. gada veica Marsals un Vorens, bija nozimigs
pavérsiens kunga un zarnu trakta slimibu patogenézes izpratné [39]. Velak,
1989. gada baktérija Campylobacter pylori tika pardévéta par Helicobacter pylori,
un lidz 1990. gadam cilvéku patologijas tika atklatas citas Helicobacter sugas.
Taja pasa gada pirmais kliniskais pétijums apstiprinaja, ka H. pylori izskau$ana
var izarstét divpadsmitpirkstu zarnas ¢alu. Epidemiologiski 1991. gada tika
konstatéts, ka H. pylori ir kunga véZa riska faktors. So atklajumu rezultata tika
izveidota gastritu klasifikacija péc Sidnejas sistémas [40, 41].

Minétie secinajumi kluva par pamatu eksperimentalas H. pylori vakcinas
pétijumiem un atklajumam, ka kunga glotadas limfoido audu (MALT) limfomu
var izarstét, izskauzot H. pylori. Rezultata Pasaules Veselibas organizacija (PVO)
1994. gada pasludinaja H. pylori par I klases kancerogénu [42].

1996. gada gastritu klasifikacijas Sidnejas sistéma tika atjauninata, un
Mastrihtas I konsensa zinojuma bija noteiktas starptautiskas arsté$anas vadli-
nijas, tostarp septinu dienu triskarsa H. pylori terapija. Kliniskajos pétijumos
1999. gada uz protonu stkna inhibitoru (PSI) balstita triskarsa terapija pieradija
augstu efektivitati, klastot par pasaules standartu peptiskas ¢tlas slimibas arsté-
$ana. Tomeér no 2000. gada pieaugosa H. pylori rezistence pret klaritromicinu un
levofloksacinu veicinaja Cetrkarsas terapijas ieviesanu [40].

2008. gada tika ieviesta OLGA sisttma (Operative Link on Gastritis
Assessment) un vélak, 2010. gada - OLIGIM sistéma (Operative Link on
Gastritis/Intestinal-Metaplasia Assessment), lai prognozétu kunga véza risku,
izmantojot gastrita histologisku stadiju [43]. Taja pasa gada regionos ar aug-
stu rezistenci pret klaritromicinu par pirmas izvéles terapiju kluva bismuta
Cetrkarsa terapija, un uz PSI balstitas triskarsas terapijas ilgums tika pagarinats
lidz 14 dienam. Turklat Mastrihtas IV/Florences konsensa zinojuma tika sniegti
atjauninajumi un jaunas stratégijas H. pylori infekcijas arstéSanai [44].

Savukart 2012. gada tika publicétas MAPS vadlinijas (Management of
epithelial precancerous conditions and lesions in the stomach) par kunga
prieks§véza bojajumu un agrina kunga véza uzraudzibu [45]. 2015. gada Kioto
konsensa ar H. pylori saistitais gastrits tika definéts ka infekcijas slimiba, un
Mastrihtas V/Florences konsensa zinojuma tika ieteikta eradikacijas terapija
visiem cilvékiem ar H. pylori infekciju, pat ja tie ir asimptomatiski, lai novérstu
ar infekciju saistitas patologijas [1, 8].
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2016. gada ka efektivaka PSI alternativa paradijas kalija jonu (K+) konku-
rétspéjigi skabes blokatori (P-CAB), kas sakotnéji bija pieejami tikai Japana [46].
2019. gada Taipejas konsensa par skrininga un arsté$anas stratégijam kunga
véza profilaksei tika rekomendéts eradicét H. pylori visiem inficétajiem, jo ipasi
augsta riska populacijas. Personam ar paaugstinatu kunga véza risku, pieméram,
kunga véza pacientu pirmas pakapes radiniekiem, par visizdevigako tika uzska-
tita skrininga un arsté$anas stratégija. Kopuma H. pylori infekcijas skrinings un
arstésana tika uzskatita ka visrentablaka jauniem pieaugus$ajiem no regioniem
ar augstu saslimstibu ar kunga vézi. Turklat tika ieteiktas lokali efektivas ars-
téSanas shémas atbilstosi vietéjai antibiotiku parvaldibai [47]. Taja pasa gada
MAPS vadlinijas tika atjauninatas lidz MAPS II. Atjauninatajas vadlinijas lielaks
uzsvars tika likts uz H. pylori eradikaciju visiem pacientiem ar kunga atrofiju
vai zarnu metaplaziju, lai novérstu kunga véza progresésanu neatkarigi no ta, vai
infekcija pacientiem bija simptomatiska vai asimptomatiska [48].

Nesen, 2021. gada, Mastrihtas VI/Florences konsensa zinojuma tika uzsvérta
antibiotiku parvaldibas izskiro$a nozime, ieteikts nelietot shémas ar augstu ne-
veiksmju biezumu saistiba ar rezistenci, ka arl nemt véra vietéjos antibiotiku
rezistences modelus, pacientu Ipatnibas un eradikacijas apstiprinasanas nozimi.
Tika apspriesta ari probiotiku lietosana ka papildlidzekli antibiotiku terapijai,
nemot véra pieradjjumus, kas apstiprina to nozimi tadu blakusparadibu ma-
zina$ana ka ar antibiotikam saistita caureja, lai gan probiotikas joprojam nav
ieteicamas ka primara arstésana [12, 40].

Parskats par pétitajam izskausanas shémam

H. pylori joprojam ir unikala starp citam lielakajam infekcijam, jo pretmik-
robu uzraudzibas principi nav rezultéjusies tas pretmikrobu terapijas izstradeé
[49]. Parasti pretmikrobu terapijas pamata ir jutibas parbaude, tas merkis ir
augsts izarsté$anas limenis, un to atbalsta uzraudzibas programmas ar regula-
riem atjauninajumiem par rezistenci un rezultatiem. Tacu H. pylori arstéSanas
metodes tradicionali vairak veidotas, izmantojot “izméginajumu un kladu”
pieeju, savukart ieteikumi un vadlinijas bieZi vien izriet no dazadu shému sali-
dzinos$as analizes [49].

Izstradatas dazadas shémas, tostarp triskar$as terapijas, kas apvieno PSI ar
amoksicilinu un klaritromicinu, metronidazolu, fluorhinolonu vai rifabutinu;
bismuta cetrkarsa terapija; un duala terapija, kas sastav no PSI un amoksicilina.
Turklat tika ieviestas dazadas Cetru zalu shémas, pieméram, seciga, vienlaiciga,
hibrida un reversa hibrida terapija, tostarp PSI, amoksicilins, klaritromicins un
metronidazols. Nesena jauna zalu klase P-CAB izraisija interesi par §im tera-
pijam, jo ir pieradits, ka tas spéciga skabes nomaksana palielina amoksicilinu
saturo$u shému efektivitati [50].
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Saskana ar jaunakajiem Eiropas H. pylori parvaldibas registra (Hp-EuReg)
datiem no 2024. gada rezistence pret klaritromicinu, levofloksacinu un metro-
nidazolu Eiropa jau parsniedz 15%. Rezistence pret antibiotikam visbiezak tika
novérota, lietojot metronidazolu (31%), savukart rezistence pret amoksicilinu
un tetracikliniem bija retak sastopama [51]. Mastrihtas VI/Florences konsensa
grupa iesaka veikt jutibas testus (molekularos vai balstitus uz baktériju kulttiru),
pirms izvélas pirmas izvéles zales, nemot véra antibiotiku parvaldibas principus.
Tomeér praksé jutibai pielagota pieeja joprojam nav visparéji atzita. Regionos ar
augstu (>15%) vai nezinamu klaritromicina rezistenci, ka ari tur, kur jutibas
parbaude nav pieejama, butu jaizskata bismuta cetrkarsas vai citas terapijas
iespéjas [12].

- v =

Standarta triskarsa terapija

Lidz 2000. gadam triskarsa terapija, kas apvieno PSI un divas antibiotikas
(parasti amoksicilinu un klaritromicinu), pakapeniski zaudéja efektivitati, tomér
ta joprojam ir viena no pasaulé biezak lietotajam pirmas izvéles shémam, lai
gan izarsté$anas limenis tagad ir zem 80% [50]. Saskana ar Hp-EuReg, kura tika
analizétas vairak neka 20 takstosi pirmas izvéles empiriskas H. pylori arsté$anas
metodes, visbiezak tika noziméta standarta triskarsa klaritromicina shéma, ko
izmantoja 39% pacientu. Kopéjais izarstésanas raditajs bija zems — 82,7% 7 dienu
terapijai, 84,2% 10 dienu terapijai un 86,2% 14 dienu terapijai [9]. Pédéjie dati
rada, ka 22% antibiotiku naivo pacientu ir klaritromicina rezistence, un $ai pa-
cientu grupai eradikacijas raditajs, izmantojot standarta triskarso klaritromicina
terapiju, samazinajas lidz 75% [51, 52],

Pasaulé ir maz teritoriju, kuras ir zema rezistence pret klaritromicinu, un
plasi izplatitas rezistences dé] empirisku triskar$u terapiju, kas satur klaritro-
micinu, metronidazolu vai fluorhinolonus, parasti vairs neiesaka. Regionos ar
zemu klaritromicina rezistenci un lokali apstiprinatu efektivitati standarta PSI-
klaritromicina rezZimu joprojam var ieteikt ka pirmas izvéles terapiju [12].

Iepriek$ rezistence pret klaritromicinu lielakaja dala valstu bija zem 5%.
Diemzeél ta klast arvien izplatitaka visa pasaulé, jo to plasi izmanto otorino-
laringologija, elpcelu infekciju gadijumos, pediatrija un citds medicinas jomas.
Rezistences mehanismos liela loma ir izplades siknu (efflux pump) sistémas
parmainam [10, 53].

Klaritromicina lieto$ana ir saistita ar ievérojamam blakusparadibam: lidz
86% gadijumu tiek zinots par nevélamiem notikumiem ta lietodanas perioda,
galvenokart saistiba ar kunga-zarnu trakta problémam, pieméram, pacienti
stidzas par sliktu dasu, vems$anu, caureju un diskomfortu védera [53]. Turklat
klaritromicins ir citohroma P450 (CYP) 3A4 enzima inhibitors, kas var ietekmét
citu zalu metabolismu un radit hepatotoksicitates risku.
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Lielas devas PSl-amoksicilina duala terapija

Daudzos regionos, kur rezistence pret klaritromicinu un metronidazolu
parsniedz 15%, standarta triskarsas shémas efektivitate ir krietni samazinajusies.
Rezultata ir ieviestas alternativas arstéSanas metodes, pieméram, bismuta cetr-
karsa terapija, Cetrkarsa terapija bez bismuta (bez BQT vai vienlaiciga terapija)
un seciga terapija [54]. Lai gan §is arstéSanas shémas ir efektivas izskauSanas
nolaka, tas biezi izraisa plasu blakusparadibu klastu, jo palielinas antibiotiku
skaits. Tas savukart pasliktina arsté$anas shémas ievéro$anu no pacienta puses.

Vél viena nopietna probléma saistiba ar minéto shému lieto$anu ir iespé-
jama H. pylori multizalu rezistences (multi-drug resistance jeb MDR) attistiba.
Ir identificéta triskarsa, Cetrkar$a un pieckarsa MDR, un Kina zinots pat par
seSkartigu MDR. Tas ir signals tam, ka radusies nepieciesamiba péc stingrakas
antibiotiku lieto$anas kontroles [55].

Amoksicilina rezistences raditaji Amerikas Savienotajas Valstis un Eiropa
joprojam ir zemi (mazak neka 1%) [51, 52]. PSI un amoksicilina divkarsa terapija
ar standarta devam uzradija nepienemamu efektivitati, bet augstaki izskausanas
raditaji tika sasniegti, palielinot devas un palielinot PSI un amoksicilina lietosa-
nas biezumu [54, 56]. Dazi pétijjumi pieradija, ka lielas devas PSI-amoksicilina
dualas terapijas efektivitate bija vél augstaka, salidzinot ar bismuta Cetrkar$o
shému [57]. Nesenas metaanalizes, ko veica Zhu un citi, mérkis bija noveértét lie-
las devas PSI-amoksicilina efektivitati un dro$ibu H. pylori infekcijas arstésana
salidzinajuma ar citam shémam. Ta ietvéra 15 pétljumus ar 3818 pacientiem.
Efektivitate atbilst pirmas izvéles arstéSanas efektivitatei, tacu tai bija mazak
blakusparadibu [54].

Relativi mazaku blakusparadibu raganas biezumu un intensitati pierada ari
citi pétijjumi. Pieméram, pétijumi liecina, ka amoksicilinam ir mazaks ar anti-
biotikam saistitas caurejas risks [58].

Bismuta nozime H. pylori izskausana

Bismuta subsalicilats kalpo ka antacids, pretcaurejas, pretiekaisuma un
baktericids lidzeklis. Kungi tas sadalas salicilata un bismuta, kur bismuts zemas
uzsik$anas dé] darbojas lokali ar baktericidu efektu un samazina iekaisumu
gremosanas traktd [53]. Pastav pienémums, ka, papildinot dualo terapiju ar
bismutu, var sasniegt augstaku arsté$anas efektivitati, vienlaikus lietojot tikai
vienu antibiotiku, kuras rezistences limenis ir zems. Tas var mazinat nelabvéligo
notikumu biezumu un uzlabot pacientu lidzestibu.

Probiotiku nozime H. pylori izskausana

Mastrihtas VI/Florences konsensa atziméts, ka noteiktas probiotikas var
bat noderigas, lai samazinatu kunga-zarnu trakta blakusparadibas, kas rodas
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H. pylori eradikacijas terapijas laika [12]. Ieprieksgjie pétijumi ir paradijusi, ka
probiotikas, ipasi S. boulardii, uzrada aktivitati pret H. pylori in vitro un dziv-
nieku modelos [59]. Sim raugam piemit plasas pretmikrobu ipasibas, kas ne
tikai kavé baktériju un parazitu augsanu, bet ari neitralizé baktériju virulences
faktorus. Tam ir ari antitoksina iedarbiba, tas palidz atjaunot normalu zarnu
mikrobiotu, normalizé zarnu glotadas funkcijas un nodro$ina aizsargajosas
ipasibas gan in vivo, gan in vitro [60, 61]. Lidz ar to S. boulardii efektivitate
blakusparadibu, ipasi védera sapju un ar antibiotikdm saistitas caurejas, mazi-
nasana ir labi pieradita dazados pétijumos [61-63]. Sajevskas [Szajewska] un
citu veikta visaptverosa metaanalize, kura bija iesaistiti 915 subjekti, noradija uz
ievérojamu izskausanas raditaju pieaugumu (no 71% lidz 80%) un ievérojamu
blakusparadibu, ipasi caurejas, samazinasanos (no 24,3% lidz 12,9%), kad stan-
darta shémai tika pievienots S. boulardii [62].

Laktobacilli ir vél viena probiotika, kas ir plasi pétita H. pylori izskausa-
nas konteksta. Metaanalizes kopuma liecina, ka §1 gints var efektivi samazinat
blakusparadibas, kas saistitas ar H. pylori antibiotiku terapiju, ipasi, ja probiotiku
lieto ilgak par divam nedélam [12, 59]. Turklat dazi pétijumi ir pieradijusi, ka
izskau$anas papildinasana ar paliglidzekli Lactobacillus varétu uzlabot efektivi-
tati [59]. Savukart Bifidobacterium bifidum efektivi uzlabo ar H. pylori infekciju
saistitus dispepsijas simptomus [64].

Metaanalizes rezultati, kura tika ieklauti 34 nejausinati kontroléti pétijumi
ar 9004 pacientiem, liecina, ka ar probiotikam papildinatas terapijas rezultati bija
labaki neka vienkarsi standarta triskarsajai terapijai. Konkréti, Bifidobacterium-
Lactobacillus un Bifidobacterium-Lactobacillus-Saccharomyces papildterapijas
bija saistitas ar ievérojamu ieguvumu, sasniedzot augstu eradikacijas limeni
(attiecigi 78,3% un 88,2 %) un provocgjot mazak blakusparadibu [65].
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MATERIALI UN METODES

Kopéjais dizains

Kontroléts nejausinats klinisks pétijums tika veikts notiekosa plasa popu-
lacijas pétjjuma GISTAR (Helicobacter pylori eradikacijas un pepsinogéna tes-
téSanas multicentrisks nejausinats pétijums kunga véza mirstibas profilaksei)
ietvaros [66], aicinot piedalities 40-64 gadus vecus dalibniekus no visparéjas
populacijas. Veselu personu saraksti bija pieejami centralizétaja pacientu re-
gistra vai arl tos sniedza gimenes arsti. Tika ieklauti visi pétamie, kas atbilda
minétajam prasibam un piekrita piedalities.

Izlases kartiba pusei pétijuma populacijas tika veiktas H. pylori parbaudes
un, ja tas bija pozitivas, noziméta eradikacijas terapija, bet otrai pusei, kas tika
iedalita kontroles grupa, tika nodrosinata parasta aprape. Dalibnieki, kuriem
tika noziméta H. pylori eradikacijas terapija, tika randomizéti viena no arstésanas
grupam. Subjektus, kas zinoja par iepriekséju H. pylori eradikaciju, neieklava.

H. pylori statusa novértéjums

H. pylori statusu noteica ar *C urinvielas izelpas testu, izmantojot 75 mg urin-
vielas substrata. Mérijjumus veica ar “C analizatoru FANhp (Fischer ANalysen
Instrumente GmbH, Vacija). °C urinvielas izelpas testa rezultati, kuru delta virs
bazes linijas (DOB) rezultats bija > 4, tika uzskatiti par pozitiviem, < 2,5 — par
negativiem, bet 2,5-4 — par peléko zonu. Tika ieklauti tikai H. pylori pozitivi
pacienti. Lai novértétu eradikacijas terapijas efektivitati, 6 ménesus (+/- 2 ne-
délas) péc terapijas pabeigsanas tika veikts kontroles *C urinvielas izelpas tests.

Arstésanas lidzekli

Pétijums 1. H. pylori eradikacijas terapijai izraudzitie dalibnieki tika ran-
domizéti vai nu standarta triskar$ajai terapijai ar klaritromicinu (turpmak
“AMX/CLARTI”), vai ari augstas devas amoksicilina/bismuta terapijai (turp-
mak “AMX/BI”). AMX/CLARI grupa sanéma klaritromicinu 500 mg, amoksi-
cilinu 1000 mg un esomeprazolu 40 mg, visus divreiz diena, savukart AMX/BI
grupa sanéma bismuta subcitratu 240 mg BID, amoksicilinu 1000 mg tris-
reiz diena un esomeprazolu 40 mg divreiz diena. Kontrolgrupa sanéma parasto
aprupi un netika parbaudita uz H. pylori. Abas terapijas shémas bija 14 dienu
garuma, ar ieteikumu zales lietot 30 minttes pirms é$anas.
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Pétijums 2. 1. grupa (10 dienu standarta triskarsa terapija bez probiotikam,
turpmak teksta — ST10) un 2. grupa (14 dienu standarta triskarsa terapija bez
probiotikam, turpmak teksta — ST14) sanéma klaritromicinu 500 mg, amoksici-
linu 1000 mg un esomeprazolu 40 mg, visu divreiz diena attiecigi 10 vai 14 die-
nas 30 mindtes pirms é$anas. 3. grupa (10 dienu standarta triskarsa terapija ar
S. boulardii, turpmak teksta — ST10SB) un 4. grupa (14 dienu standarta triskarsa
terapija ar S. boulardii, turpmak teksta — ST14SB) sanéma klaritromicinu 500 mg,
amoksicilinu 1000 mg un esomeprazolu 40 mg, visu divreiz diena, 30 mintites
pirms ésanas. Turklat 3. un 4. grupa sanéma Enterol™ 250 mg un 2 kapsulas
(Saccharomyces boulardii CNCM 1-745, kopa 500 mg) divas reizes diena divas
stundas péc antibiotiku lieto$anas. Probiotiku neizmantojusas apaksgrupas pro-
biotiku aizvieto$anai nesanéma placebo.

Efektivitate, blakusparadibas un arstéSanas rekomendaciju
ievérosana

Efektivitate tika novértéta, pamatojoties uz “nodomu arstéet” (inten-
tion-to-treat) visus, kas sanéma zales, un “péc protokola” (per-protocol). Veicot
“péc protokola” analizi, par terapijas pabeigtibu uzskatija, ja = 90% zalu tika
lietotas atbilstosi ieteikumiem.

Lai noveértétu blakusparadibas un arstésanas shémas ievérosanu, ar péta-
majam personam sazinajas telefoniski 21 lidz 28 dienas péc eradikacijas zalu
lietosanas sakuma. Nevélamo notikumu registracija tika veikta, pamatojoties
uz Kopgjiem nevélamo notikumu terminologijas kritérijiem (CTCAE) [67].
Dalibnieki tika aptaujati par $adam blakusparadibam: sapes védera vai dis-
komforts, védera puasanas, flatulence, caureja, vemsana, slikta disa, rugta garsa
muté, adas izsitumi/nieze, izdalijumi no maksts, izkarnjjumu krasas izmainas,
visparéjs diskomforts/nespéks, miega paradumu izmainas un citi simptomi. Péc
tam, kad 3 reizes péc kartas neizdevas sazvanit personas, tas tika izslégtas no
nevélamo notikumu analizes.

Turpmaka zarnu mikrobiotas novertésana

Pétijuma 1 dalibnieki tika uzaicinati uz kontroles novérté$anu sesus meé-
nesus péc tam, kad eradikacijas grupa sanéma eradikacijas medikamentus, ar
pielaujamo laika novirzi lidz vienam ménesim. Katram pétjjuma dalibniekam
tika panemti fé¢u paraugi zarnu metagenoma testésanai gan sakotnéja, gan kon-
troles izmekléjuma laika.

Paraugu apstrade un mikrobiotas analize

Paraugu savaksanai, transporté$anai un uzglabasanai tika izmantotas pa-
raugu nemsanas mégenes, kas paredzétas fé¢u imunokimiskajam okultas asins
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testam OC-Sensor no Eiken Chemical Co., Ltd (Tokija, Japana); musu iepriekse-
jie pétijumi ir pieradijusi §is metodes piemeérotibu metagenoma testésanai [68].
Péc kvantitativa imunokimiska fecu slépto asinu testa veikSanas visas atgrieztas
parauga mégenes nekavéjoties tika sasaldétas —80 °C temperatira, uzglabatas un
transportétas sasaldétas lidz turpmakai apstradei mikrobioma analizei. Paraugu
apstrade notika 60 dienu laika péc paraugu nemsanas.

Pirms ekstrakcijas kopéjais bufera saturs, kas satur féces (~ 1,5 ml), tika
ekstrahéts no paraugu pudelém ar sterilu vienreizlietojamu $lirci un koncentréts
liofilizacijas procesa. Péc tam no liofilizéta parauga tika ekstrahéta mikrobu DNS,
izmantojot FastDNA Spin Kit for Soil (MP Biomedicals, ASV) un FastPrep 24 5G
instrumentu. Papildus tika ekstrahéta DNS no negativas kontroles un mikrobu
kopienas un DNS standartiem (ZymoBIOMICS, ASV). SekvenéSanu veica
MGI-Tech Latvia laboratorijas, kur ekstrahéto DNS fragmentéja aptuveni
400 bp fragmentos ar Covaris S220 un sagatavoja sekvenésanas bibliotéku,
izmantojot MGIEasy PCR-Free DNA kit (MGI-tech, Kina), ievérojot razotaja
standarta protokolu. Bibliotékas kvalitate tika parbaudita ar Agilent Bioanalyser
2100 (Agilent Technologies, ASV). Metagenomiska sekvenésana tika veikta ar
DNBSEQ-G400 platformu (MGI, Kina), izmantojot 150 paru galu nolasijumus.

Metagenomikas neapstradato sekvené$anas datu primara apstrade tika
veikta Rigas Tehniskas universitates augstas veiktspéjas skaitloSanas klaste-
ros, izmantojot pasu adaptétu [69] visparéjas metagenomikas analizes darba
plasmu - “StaG-mwc” [70]. Adaptera nonemsana un bazes kvalitates apgrieSana
tika veikta ar fastp [71]. Galvenielasijumi tika nonemti ar Kraken2 (2.1.1. ver-
sija) [72], izmantojot GRCh38 cilvéka references genomu. Taksonomiskais ieda-
lijums tika veikts, izmantojot Kraken2, salidzinot ar datubazi, kas izveidota no
visiem pieejamajiem arheju, sénu, baktériju un viens$tnu pilniem genomiem
(RefSeq izdevums 180 2020-12-03). Lai uzlabotu taksonomisko daudzumu, tie
tika atkartoti novértéti ar Bracken (2.6. versija) [73]. ARG sadalijumu un dau-
dzumu noveértéja ar AmrPlusPlus (2.0. versija), kartéjot neapstradatos filtrétos
nolasijumus ar MEGARes (2.0. versija) atsauces datu bazi. [74].

Datu analize

Analize tika veikta, izmantojot R programmataras vidi (4.0.5. versija),
tadas funkcijas un paketes ka phyloseq, microbiome, vegan un visualized, iz-
mantojot ggplot. legutie taksoni tika nejausi atlasiti ar phyloseq gints limeni
(rngseed = 1221983), lai normalizétu nolasi$anas dzilumu. Génu bagatiba
(Richness, Chaol), izlidzinatiba (Shannon, Inv-Simpson) un beta daudzveidiba
(Bray-curtis) tika aprékinata no Kraken2 neapstradatiem skaiti$anas datiem,
izmantojot phyloseq pakotni. 15 visbiezak sastopamo ginsu biezakas sastopa-
mibas tika vidéji aprékinatas visiem paraugiem viena grupa un attélotas ar mik-
robioma paketes palidzibu, un, izmantojot phyloseq piekluves pamatfunkcijas,
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tika izveidota 150 visbiezak sastopamo ginsu siltuma karte. Lai novértétu alfa
daudzveidibas mérijumu atskiribu statistisko nozimigumu starp grupam, tika
izmantots Vilkoksona rangu summas tests, bet beta daudzveidibas rezultatu
nulles hipotézu parbaudei tika izmantota permutacijas daudzfaktoru ANOVA
(PERMANOVA).

Lai nemtu véra novérotas ARG nolasi$anas dziluma un génu garuma at-
$kiribas, tika izmantoti ipasi izstradati python skripti, lai normalizétu rezultatus
[69]. Novérotais individualo ARG skaits tika izteikts ka atrasto génu skaits uz
miljonu nolasijumu, savukart atsevisku génu gadijuma katram génam un parau-
gam tika aprékinati nolasijumi uz kilobazi nolasijumu uz miljonu (RPKM), kas
talak tika apkopoti ARG grupas, klasés vai mehanismos.

LasTjumu skaits, kas kartéts ar atsauci x 10°
RPKM =

Nolasijumu skaits parauga x Atsauces garums

Péc jeglito secibas nolasjjumu salidzinasanas ar MEGARes datubazi visu
pétijuma dalibnieku novéroto ARG nolasijumu skaits tika apkopots attiecigajas
grupas un markeéts péc visbiezak sastopamajam ARG klasém. Manna-Vitnija
tests tika izmantots, lai novértétu pretestibas mehanismu atskiribas starp diviem
laika posmiem katra grupa. Lai salidzinatu efektivitati un atbilstibu, tika izman-
tots Pirsona chi-kvadrats tests un Manna-Vitnija U tests neatkarigam izlasém.
Nevélamie notikumi tika novértéti, izmantojot linearo regresiju un Z raditaju.
P vértiba < 0,05 tika uzskatita par nozimigu.

Pétijuma 2., salidzinot Cetras pacientu grupas, tika ieguts liels mainigo lie-
lumu skaits. Lai novérstu I tipa kladu, mainigajiem lielumiem tika piemérota
Bonferroni korekcija. Si korekcija ietvéra vélama alfa limena daliganu ar veikto
salidzinajumu skaitu. Lidz ar to tika paaugstinats nozimiguma slieksnis atsevis-
kiem testiem, nosakot stingraku statistiska nozimiguma noteiksanas kritériju.

Etika

GISTAR pétijjumu apstiprinaja Rigas Austrumu kliniskas universitates
slimnicas Etikas komiteja (Galvenais apstiprindjums Nr. 14-A/13, apstipri-
nats 03.10.2013. un papildinajums, kas attiecas uz probiotiku apak$pétijumu
Nr. 8-A/17, apstiprinats 20.07.2017.), Latvijas Centrala medicinas étikas komi-
teja (Nr. 01.-29.1/11, apstiprinats 09.12.2013.) un IARC/WHO Etikas komiteja
(protokola ID: 12-36). Visi pétamie pirms uznemsanas parakstija informétu
piekrisanas veidlapu.
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REZULTATI

Kopuma musu pétijumos tika ieklauti 983 pacienti ar pozitivu H. pylori elp-
testu. Péc tam 579 subjekti, kuriem H. pylori tests bija pozitivs, tika ieklauti un
arstéti Pétijuma 1. No tiem 299 dalibniekiem (52%) tika noziméts AMX/CLARI,
bet 280 (48%) tika ievietoti AMX/BI. Péc dzimumu sadalijuma piedalijas 40,2%
virieSu (233 no 579). Dalibnieku vidéjais vecums bija 52 gadi, diapazona no
40 lidz 64 gadiem un medianas vecums 52 gadi. Pétjjuma dalibnieku demo-
grafiskais iedalijums ir sniegts 1. tabula. Iznemot smeékésanas ieradumus, citas
statistiski nozimigas parametru atskiribas starp abam grupam nebija novérotas.

1. tabula. AMX/CLARI un AMX/BI grupu raksturojums

AMX/CLARI AMX/BI p-vertiba
Medikamenti tika izsniegti 299 280
Viriesi 112/299 (37,5%) 121/280 (43,2%) 0,16
Medianas vecums, gadi 52 52
Medianas KMI kg/m?* 28,7 28,3
Smékéja katru dienu vismaz 94/299 (31,4%) 122/280 (43,6%) 0,003
1 gadu
Lietoja alkoholu vismaz reizi 74/299 (24,7%) 80/280 (28,6%) 0,29
nedeéla vismaz 6 ménesus
Vegetariesi 1/299 (0,3%) 2/280 (0,7%) 0,52
Pieejamie intervijai 248/299 (82,9%) 235/280 (83,9%) 0,75
Neuzsaka eradikacijas shému 17/299 (5,7%) 13/280 (4,6%) 0,57
Izpildija eradikacijas rezimu 224/299 (75,0%) 214/280 (76,4%) 0,67
(= 90%)
Urinvielas elptests eradikacijas 164/299 (54,8%) 152/280 (54,3%) 0,89
apstiprinasanai (intention-to-
treat; = 90% medikamentu)
Urinvielas elptests eradikacijas 164/224 (73,2%) 152/214 (71,0%) 0,61
apstiprinasanai (per-protocol;
> 90% medikamentu)
Urinvielas elptests eradikacijas 8/299 (2,7%) 4/280 (1,4%) 0,29
apstiprinasanai (< 90%
medikamentu)
Neuzsaka eradikacijas shému, 3/299 (1,0%) 2/280 (0,7%) 0,70
bet atnaca uz kontroles elptestu

AMX/CLARI - standarta klaritromicinu saturo$a triskarsa terapija,
AMX/BI - augstas devas amoxicilina/bismuta terapija
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Kopuma, 30 dalibnieki (17 no AMX/CLARI un 13 no AMX/BI) neuzsaka
H. pylori izskausanas arstésanu dazadu iemeslu dél. Sie iemesli bija slimibas
pirms terapijas uzsaksanas, nevélésanas lietot zales vai bailes no zalu lieto$anas;
citos gadijumos skaidrs pamatojums netika sniegts.

No visiem registrétajiem pétijuma dalibniekiem - 483 (83,4%, 95 %T1 80,1-
86,4%) atbildéja uz nevélamo blakusparadibu anketas jautajumiem 21-28 dienu
laika péc arstésanas uzsaksanas. No $iem respondentiem 328 (56,6% no kopéja
respondentu skaita) apmekléja kontroles elptestu, lai novértétu H. pylori era-
dikacijas terapijas efektivitati. Turklat 316 dalibnieki (54,7% no kopéja skaita),
kuri lietoja vismaz 90% no nozimeétas terapijas, tika ieklauti per-protocol arstésa-
nas efektivitates novértéjuma.

Pétijuma 2 més koncentréjamies uz probiotikas S. boulardii ietekmes par-
baudi. Kopuma 404 individi, kuriem H. pylori tests bija pozitivs, sanéma izskau-
$anas medikamentus. No Siem dalibniekiem 66,8% (270 no 404) bija sievietes. Sis
grupas vidéjais vecums bija 53,6 gadi, mediana 55,0 gadi un vecuma diapazons
no 40 lidz 64 gadiem. Pacientu sadalijums dazadas arsté$anas grupas bija $ads:
77 pacienti (19,1%) ST10 grupa, 96 pacienti (23,8%) ST14 grupa, 113 pacienti
(28,0%) ST10SB grupa un 118 pacienti (29,2%). %) ST14SB grupa. Katras gru-
pas demografiskie un dzivesveida parametri ir paraditi 2. tabula. Starp grupam
nebija statistiski nozimigu atskiribu.

2. tabula. ST10, ST14, ST10SB, ST14SB grupu apraksts

ST10 ST14 ST10SB ST14SB
Medikamenti izsniegti, n 77 96 113 118
Viriesi, n (%) 28 (36,4%) 25 (27,1%) 38 (33,6%) 42 (35,6%)
;’a‘jielals (medianas) vecums, 53,8 (55) 53,1 (54) 53,7 (55) 53,9 (55)
Medianas KMI kg/m? 28,5 27,8 27,7 27,3
Smeékeéja katru dienu vismaz 29177 33/96 50/113 52/118
1 gadu (37,7%) (34,4%) (44,2%) (44,1%)
Lietoja alkoholu vismaz reizi 31/77 34/96 35/113 40/118
nedéla vismaz 6 méne$us (40,3%) (35,4%) (31,0%) (33,9%)
. 1/118
0 _ —
Vegetariesi 1/77 (1,3%) (0,9%)
Piceiami interviiai 72177 94/96 111/113 114/118
) ) (93,5%) (98,0%) (98,2%) (96,6%)
- S _ 2/111 4/114
0, 0,
Neuzsaka eradikacijas shému 5/72 (7,0%) | 2/94 (2,0%) (1,8%) (3,5%)
Izpildija eradikacijas rezZimu 69/72 90/94 110/111 107/114
(= 90%) (95,8%) (95,7%) (99,1%) (93,9%)
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ST10 ST14 ST10SB ST14SB
Urinvielas elptests eradikacijas 50/77 69/96 87/111 78/114
apstiprinasanai (intention-to- N o N N
treat; > 90% medikamentu) (64,9%) (71,9%) (78,4%) (68,49%)
Urinvielas elptests eradikacijas 47/69 66/69 87/110 73/107
apstiprinasanai (per-protocol; N o o o
> 90% medikamenta) (68,1%) (95,7%) (79,1%) (68,2%)
Urinvielas elptests eradikacijas 5/114
apstiprinasanai (< 90% 3/72 (4,2%) | 3/94 (3,2%) - (4,4%)
medikamentu) =70

ST10 - 10 dienu standarta triskarsa terapija
ST14 - 14 dienu standarta triskarsa terapija
ST10SB - 10 dienu standarta triskarsa terapija ar S .boulardii
ST14SB - 14 dienu standarta triskarsa terapija ar S. boulardii

No visiem dalibniekiem, kuriem Pétijjuma 2 tika noziméta arstésana, 97,5%
(391 no 404, 95% TI 95,5-98,8%) pabeidza pécterapijas aptauju un tika intervéti
par blakusparadibam un to, ka vini ievéroja arstéSanas shému.

Kopuma 13 subjekti (no kuriem pieci no ST10 grupas, divi no ST14, divi no
ST10SB un cetri no ST14SB), kuri tika intervéti, neuzsaka noziméto izskaus$anas
arstésanu. Tam tika minéti dazadi iemesli, pieméram, vilcinasanas vai raizes par
zalu lieto$anu, vai arl dazos gadijumos konkréts iemesls netika noradits.

Pacientu lidzestiba

Pétijuma 1 dalibnieku vida tika novérots augsts lidzestibas limenis: 90,3%
(224 no 248, 95% TI 85,9-93,7%) AMX/CLARI grupa un 91,1% (214 no 235,
95% TI 86,7-94,4%) AMX/BI grupa pilniba ievérojot zalu lietosanas shému.
Turklat 2,0% (5 no 248) AMX/CLARI grupa un 1,3% (3 no 235) AMX/BI grupa
lietoja vairak neka 90% no tiem paredzétajam zalém.

Pétijuma 2 dalibnieku kopéjais arsté$anas lidzestibas limenis bija loti
augsts — 96,2% (376 no 391; 95% TI 93,9-97,8%). Neprobiotisko un probiotisko
shému grupas tas batiski neatskiras, sasniedzot attiecigi 95,8% (159 no 166) un
96,4% (217 no 225). Visaugstako lidzestibas raditaju uzradija ST10SB grupa
(99,1%), savukart abam 14 dienu shémam (ST14 un ST14SB) tas bija nedaudz
zemaks, bet joprojam savstarpéji lidzigs.

Nevélamo notikumu biezums

Pétijuma 1 par nevélamiem notikumiem standarta izskau$anas terapijas
laika zinoja 57,0% AMX/CLARI dalibnieku (141 no 248, 95% TI 50,4-63,1%)
salidzinajuma ar 40,0% AMX/BI grupa (94 no 235, 95% TI 33.7-46.6%;
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p < 0.01). So notikumu diapazons un specifika dazadas grupas bija atskiriga (ka
noradits 3. tabula).

3. tabula. Eradikacijas terapijas blakusparadibu salidzinajums Pétijuma 1.

AMX/CLARI % (n/kopa) AMX/BI % (n/kopa) | p-veértiba

Caureja 21 (58/248) 13 (23/235) < 0,01
Ragta garSa muté 36 (97/248) 5 (9/235) < 0,01
Izk?rnijumu krasas 3 (7/248) 31 (55/235) <0,01
maina

Védera pusanas 5(13/248) 3 (7/235) 0,21
Slikta dasa 9 (25/248) 6 (14/235) 0,10
Sapes védera 5(13/248) 7 (17/235) 0,37
Nespéks 8 (19/248) 3 (7/235) 0,02
Vems$ana 3 (7/248) 0,4 (1/235) 0,04
Adas izsitumi 2,2 (6/248) 3,4 (6/235) 0,92

AMX/CLARI - standarta klaritromicinu saturosa triskarsa terapija,
AMX/BI - augstas devas amoxicilina/bismuta terapija

Visbiezak novérotas AMX/CLARI blakusparadibas bija riigta gar$a muté,
slikta disa, nogurums, sapes védera un védera ptsanas, savukart AMX/BI dalib-
nieki zinoja par izkarnijumu krasas izmainam, caureju, sapém védera un sliktu
dasu. Vidéjais blakusparadibu skaits vienam subjektam bija 2, kas ir konsekventi
abas arstéSanas grupas. AMX/CLARI zinoja ari par retak sastopamam blakuspa-
radibam, pieméram, méles kairinajumu un sausu muti, savukart AMX/BI nové-
roja, cita starpa, tadas problémas ka aizcietéjums, zili plankumi uz apaksstilbiem
un galvassapes.

Pétijuma 2 datus par nevélamu notikumu biezumu sniedza 391 dalibnieks,
31,7% zinoja par vismaz vienu nevélamu notikumu. Vidé&jais nevélamo noti-
kumu skaits uz cilvéku bija nedaudz lielaks 14 dienu shémas (0,51), salidzinot
ar 10 dienu shémam (0,39). Dalibniekiem, kuri izmantoja 14 dienu shému, bija
tendence zinot par vairakiem notikumiem, vidéji 1,42 notikumiem, salidzinot
ar 1,17 - 10 dienu shéma.

Salidzinot grupas ar un bez probiotikas papildinajuma, tiem, kuri nesanéma
probiotikas, bija nedaudz augstaks vidéjais nevélamo notikumu skaits (0,53 pret
0,39), tacu $§i atskiriba nebija statistiski nozimiga. Netika konstatétas butiskas
vidéja notikumu skaita atskiribas individiem, kuri zinoja par vismaz vienu ne-
vélamu notikumu neatkarigi no probiotiku lieto$anas.

Pétijuma arl konstatéts, ka par caureju biezak zinots 14 dienu arstésa-
nas shémas, retak pacientiem, kuri sanéma probiotikas kopa ar 14 dienu
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arstésanu (4. tabula). Tomeér péc Bonferroni korekcijas piemérosanas, lai sa-
lidzinatu blakusparadibu biezumu starp grupam, tika konstatéts, ka korigéta
nepiecieSama p veértiba ir mazaka par 0,0015.

4. tabula. Blakusparadibu salidzinajums eradikacijas apaksgrupas Pétijuma 2.

10 dienas
ST10 | ST10SB _vértiba ST14 ST14SB _vértiba vs.
%m | %m | P %m | %m |P 14 dienas
(p-vertiba)
Pleejami 72 111 94 114
intervijai
Pazinoto
nevelamo 036 | 040 0,71 065 | 038 0,03 0,14
notikumu
vidéjais skaits
. 8,3% o 21,3% 10,5%
Caureja ©) 9,9% (11) 0,72 20) (12) 0,03 0,05
. _y 4,2%
Slikta dasa 3) 3,6% (4) 0,85 9,6% (9) | 7,0% (8) 0,50 0,07
Vemsana 0 0 - 1,1% (1) | 0,9% (1) 0,89 0,18
Ragta garsa 8,3% 13,5% 16,0% 11,4%
muté © | as | %% | as) | s | ® ) 0
Grémas 0 1,8% (2) 0,25 0 0 - 0,13
- L 6,9%
Sapes védera ) 2,7% (3) 0,17 2,1% (2) | 6,1% (7) 0,16 0,98
_ . 1,39%
Védera puasanas (1) 2,7% (3) 0,56 2,1% (2) | 0,9% (1) 0,45 0,58
A . . 1,39%
Adas izsitumi ) 0,9% (1) 0,76 1,1% (1) | 0,9% (1) 0,89 0,99
0,
Nieze 1’?19)A) 0 0,21 0 2,6% (3) 0,11 0,13

ST10 - 10 dienu standarta triskarsa terapija
ST14 - 14 dienu standarta triskarsa terapija
ST10SB - 10 dienu standarta triskarsa terapija ar S .boulardii
ST14SB - 14 dienu standarta triskarsa terapija ar S. boulardii

lzskauSanas sheému efektivitate

Pétijjuma 1. kontroles urinvielas elptests seSus ménesus péc arstésanas bija
veikts 332 personam, no kuram 174 bija AMX/CLARI un 158 - AMX/BIL.
Per-protocol analize atklaja ievérojami augstaku efektivitati AMX/CLARI ga-
dijuma - 88,4% (145 no 164, 95% TI 82,5-92,3%) salidzinajuma ar 77,0%
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AMX/BI gadijuma (117 no 152, 95% TI 69,5-83,4%; p < 0,001). Intention-to-treat
analize paradija augstakas efektivitates tendenci AMX/CLARI gruoa salidzina-
juma ar AMX/BI, bet bez statistiski nozimigas atskiribas (AMX/CLARI: 48.5%,
AMX/BI: 41.8%; p = 0,105).

Pétijuma 2 - 70,3% dalibnieku (284 no 404) veica kontroles elptestu. No tiem,
67,6% (273 dalibnieki) ievéroja medikamentu lietoSanas rezimu un tika ieklauti
per-protocol analizé. Divi dalibnieki tika izslégti neparliecinosu elptesta rezultatu
dél. Tomér 29,7% dalibnieku (120 respondenti) dazadu iemeslu dé] kontroles
elptestu neveica. Veiksmiga H. pylori eradikacija tika sasniegta 88,2% per-pro-
tocol grupa un 61,4% Intention-to-treat grupa. Veicot analizi Intention-to-treat
grupa, 10 dienu arsté$anas rezims ar S. boulardii piedevu (ST10SB) uzradija aug-
staku eradikacijas efektu (70,8%) salidzinajuma ar tada pasa ilguma arsté$anu
bez probiotikas (54,6% ST10 grupa). Turpmakie apak§grupu salidzinajumi sikak
izklastiti 5. tabula.

5. tabula. Eradikacijas efektivitate Intention-to-treat analizé

ST10 ST14
Veiksmiga 42/77 59/96
eradikacija % 54,6% 61,5%
(95%TT) (42,8-66,0) (51,0-71,2)
80/113
ST10SB 70,8% p =002 p=015
(61,5-79,0)
66/118
ST14SB 55,9% p =085 p =04l
(46,5-65,1)

ST10 - 10 dienu standarta triskarsa terapija
ST14 - 14 dienu standarta triskarsa terapija
ST10SB - 10 dienu standarta triskarsa terapija ar S .boulardii
ST14SB - 14 dienu standarta triskarsa terapija ar S. boulardii

Péc Bonferroni korekcijas pieméro$anas efektivitates testéSanai Intention-
to-treat grupa tika konstatéts, ka korigéta nepieciesama p vertiba (p-korigeéta)
ir < 0,01, kas norada uz to, ka atskiriba starp testiem nav nozimiga.

Per-protocol analizé 90,6% eradikacijas raditajs (144 no 159, 95% TI
84,9-94,6%) tika novérots apaksgrupa, kas sanéma S. boulardii, salidzinot ar
85,0% (96 no 113, 95%TI 77,0-91,0%) dalibniekiem, kuri nesanéma probiotikas
(p = 0,183). Si tendence bija konsekventa visas apaksgrupas per-protocol analizé,
ka noradits 6. tabula. Lidzigi ka ieprieks, p-korigétais bija < 0,01.
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6. tabula. ST10, ST14, ST10SB, ST14SB eradikacijas efektivitate per-protocol analizé

ST10 ST14
Veiksmiga 39/47 57/66
eradikacija % 83,0% 86,4%
(95%TT ) (69,2-92,4) (75,7-93,6)
80/87
ST10SB 92,0% p=015 p =030
(84,1-96,7)
64/72
ST14SB 88,9% p=0,42 p=0,80
(79,3-95,1)

ST10 - 10 dienu standarta triskarsa terapija
ST14 - 14 dienu standarta triskarsa terapija
ST10SB - 10 dienu standarta triskarsa terapija ar S .boulardii
ST14SB - 14 dienu standarta triskarsa terapija ar S. boulardii

Zarnu mikrobiotas kontroles novértéjums (Pétijums 1.)

Paglaik nakamais pétijuma posms tika veikts tikai 1. pétijuma. Fécu paraugi
bija pieejami no 158 dalibniekiem, no kuriem 27 sanéma AMX/BI un 31 sanéma
AMX/CLARI. No kontroles grupas tika ieklauti vél 50 dalibnieki. Kontrolgrupa
pétijuma ietvaros nesanéma nekadu intervenci. Vidéjais laika intervals pirms
otras paraugu nemsanas bija 215 dienas ar standartnovirzi 30,0 dienas un me-
dianu - 205 dienas, diapazons 172-255 dienas.

Dalibnieku medianas vecums bija 51 gadi. No tiem 41,7% (n = 45) bija
viriesi; vidéjais KMI bija 28,7 kg/m2. Dalibnieku raksturojums AMX/CLARI,

AMX/BI un kontroles grupas neatskiras (7. tabula).

7. tabula. Analizéto kohortu raksturojums

AMX/CLARI, | AMX/BI, Kontrole, ©ertib
n=>31 n=27 n="50 p-vertiba
Viriesi/sievietes, 1 (%) 12 (38,7%)/ | 12 (44,4%)/ | 21 (42,0%)/ 066
19 (61,3%) 15 (55,6%) | 29 (58,0%) ’

Medianas vecums, gadi 52 48 51

Medianas KMI kg/m? 30,1 29,6 28,1 0,21
Smékéja katru dienu 9 (29,0%) 10 (37,0%) | 15 (30,0%) 0,52
vismaz vienu gadu

Vegetariesi 1 (3,2%) 1(3,7%) 2 (4,0%) 0,92

AMX/CLARI - standarta klaritromicinu saturosa triskarsa terapija

AMX/BI - augstas devas amoxicilina/bismuta terapija
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Visparéjs mikrobu kopienas parskats Pétijuma 1

Péc kvalitates filtrésanas, apgriesanas (vidéjais kvalitates raditajs 30 un vai-
rak par 50 bp nolasijuma garuma) un saimniekorganisma secibas nonemsanas
tika iegiti kopuma 10,3 miljardi augstas kvalitates para gala nolasijumu. Péc
retina$anas respondentu zarnu mikrobioma tika identificéti 2789 gints limena
taksoni, kas satur gan baktérijas (90,4%), gan eikariotus (9,6%). Pamata mik-
robioms sastavéja no 317 gintim (gints limena taksoni, kas konstatéti vismaz
75% datu kopas). Paraugi saturéja vidéji 35,2 M+12,8 M nolasjjumu ar dia-
pazonu 19,63-201,35 M nolasijumu, savukart negativaja kontrolé bija mazak
neka 67 tikstosi nolasjumu. Mikrobu imitacijas kopienas kontroles paraugos
kopuma bija 91,1 M nolasijumu un tie atbilda paredzamajam DNS standarta
izspéles sastavam, savukart mikrobu standarts atklaja iespéjamu novirzi ekstrak-
cijas procediira pret gramnegativam baktérijam (8. tabula).

8. tabula. Parskats par negativo kontroli un maksligas kopienas sastavu DNS un
mikrobu standartu konteksta shotgun metagenoma analizé

Iegutais mikrobu maksligas kopienas
DNS standarta sastavs (Kraken2 un
Bracken analize)

Sagaidama mikrobu maksligas kopienas
DNS standarta sastavs

Sugas gDNS relativa Sugas gDNS relativa
8 abundance (%) 8 abundance (%)
Pseud.omonas 12 Pseudomonas 13.42
aeruginosa aeruginosa
Escherichia coli 12 Escherichia coli 9,00
Salmonella enterica 12 Salmonella enterica 13,79
Lactobacillus 12 Lactobacillus 11,56
fermentum fermentum
Enterococcus faecalis 12 Enterococcus faecalis 11,18
Staphylococcus 12 Staphylococcus 11,63
aureus aureus
Listeria 1 Listeria 11,59
monocytogenes monocytogenes
Bacillus subtilis 12 Bacillus subtilis 9,78
Saccharomyces ) Saccharomyces 156
cerevisiae cerevisiae ?
Cryptococcus Cryptococcus
2 2,12
neoformans neoformans

ZymoBIOMICS Microbial Community DNA

Standard (D6305)




Sagaidamais mikrobu maksligas Iegutais mikrobu maksligas kopienas
kopienas standarta sastavs standarta sastavs (Kraken2 un Bracken)

Sugas gDNS relativa Sugas gDNS relativa
8 abundance (%) 8 abundance (%)
Pseud.omonas 12 Pseud.omonas 2128
aeruginosa aeruginosa
Escherichia coli 12 Escherichia coli 15,62
Salmonella enterica 12 Salmonella enterica 22,64
Lactobacillus 12 Lactobacillus 7,38
fermentum fermentum
Enterococcus faecalis 12 Enterococcus faecalis 7,69
Staphylococcus 12 Staphylococcus 911
aureus aureus ?
Listeria 12 Listeria 6,19
monocytogenes monocytogenes
Bacillus subtilis 12 Bacillus subtilis 6,03
Saccharomyces ) Saccharomyces 027
cerevisiae cerevisiae ?
Cryptococcus Cryptococcus
2 0,17
neoformans neoformans

ZymoBIOMICS Microbial Community
Standard (D6300)
10 visbiezak sastopamas sugas negativaja
kontrolé (Kraken2 un Bracken)

Sugas gDNS relativa
8 abundance (%)
Cutibacterium acnes 33,85
Escherichia coli 5,10
Salmonella enterica 4,97
Pseud.omonas 3,04
aeruginosa
Cotynebacterlum 282
aurimucosum
Staphylococcus
. P 2,12
epidermidis
Staphylococcus 1,98
aureus
Limosilactobacillus
1,82
fermentum
Prevotella copri 1,74

Relativa abundance tiek paradita, ka to noteicis raZotdjs, un péc klasifikacijas, izmantojot Kraken2 un
Bracken.
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Paneli A (3.a attéls) ir paraditas 150 visbiezak sastopamas gintis katrai
arstésanas grupai un laika punktam, kas attéloti intensitates karté (heatmap).
Paraugi ir attéloti uz x ass, bet uz y ass — gints limena taksoni. 15 popularako
baktériju ginsu relativais daudzums, kas apkopots péc arsté$anas grupam un
laika punkta, ir paradits paneli B. Uz kraken2 balstita taksonomiska iedalijuma
metode neatklaja ievérojamas nobides 150 visbiezak sastopamo ginsu vida starp
terapijas grupam (3a attéls, panelis A), ari 15 visbiezak sastopamas gintis buatiski
neat$kiras starp terapijas grupam (3a attéls, panelis B; 3b attéls).

(A)

Control_T1 Control_T2 MX/CLARI_T MX/CLARI_T AMX/BI_T1 AMX/BI_T2

Abundance

1e-02
1e-04
1e-06

Genus

3.a attéls. Visbiezak sastopamas gintis

Panelis A: 150 visbiezak sastopamas gintis katrai arstéSanas grupai un laika punktam

Relative abundance

A QA Qo
SRS

S
<& Q"&_\O\&O SRS
v

Group and time point

Genus

M Bifidobacterium

B Bacteroides

[ Prevotella
Alistipes

M Parabacteroides

M Phocaeicola

[ Clostridium
Blautia

M Coprococcus

& Dorea
Fusicatenibacter
Mediterraneibacter

M Roseburia

B Faecalibacterium

] Ruminococcus
Unknown

Panelis B: 15 lielako bakteriju ginsu relativais daudzums katra arstéesanas grupa un laika punkta

Control - kontroles grupa

AMX/CLARI - standarta klaritromicinu saturoa triskarsa terapija

AMX/BI - augstas devas amoxicilina/bismuta terapija
T1 - sakotnéjais laika punkts, T2 - kontroles laika punkts
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3. b attéls. Vilkoksona Signed rangu tests, lai novértétu novéroto 15 lielako taksonu
relativa daudzuma (relative abundance %) at$kiribas.

AMX/CLARI - standarta klaritromicinu saturoa triskarsa terapija

AMX/BI - augstas devas amoxicilina/bismuta terapija

T1 - sakotnéjais laika punkts, T2 - kontroles laika punkts

Control - kontroles grupa
ns — atskiriba nav statistiski ticama (p > 0,05)

Alfa daudzveidibas mérjjumi katram arstésanas veidam un laika posmam
ir atspoguloti paneli A (4. attéls). Paneli B (4. attéls) paradita baktériju kopienu
beta daudzveidiba starp arsté$anas grupam. Saskana ar secindjumiem citos
pétijumos, kuros pétita eradikacijas terapijas ietekme uz zarnu mikrobiotu,
mausu veiktaja mikrobu alfa daudzveidibas analizé konstatéts, ka zarnu mikrobu
daudzveidiba ir lidziga gan pirms, gan péc eradikacijas. Starp sakotnéjiem (T1)
un kontroles (T2) paraugiem neviena arsté$anas grupa netika noveérotas butis-
kas alfa dazadibas atskiribas. Analizéjot beta dazadibu starp arsté$anas grupam,
pamatojoties uz galveno koordinatu un PERMANOVA analizi, ari atklajas, ka
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gan atSkiriga arstéSanas metode, gan dazadi analizes laika punkti nebija galvenie
faktori, kas noteica novéroto mikrobioma dazadibu starp atseviskiem paraugiem
(p > 0,05) (4. attéls, panelis B).

Tika novértéta atskiriba starp alfa dazadibu tris grupas otraja paraugu nem-
$anas punkta, kur vieglas atskiribas tika novérotas tikai starp bagatibas vérte-
jumiem.

(A)
oemes suen
072 45

40
9007 p 12001 228 oot

700 .'900. bz:%f

~ AMX/BI
~+ AMX/CLARI
-+ Control

Axis.2 [11.3%]

*T1
4 T2

Alpha Diversity Measure

Control_T:

Axis.1 [35.5%]

Group and time point

4. attels. Alfa un beta daudzveidibas

Panelis A: alfa daudzveidibas mérijumi katram arstésanas veidam un laika posmam, izteikti ka sugu
bagatiba

Panelis B: baktériju kopienu beta daudzveidiba starp arstésanas grupam

Control - kontroles grupa

AMX/CLARI - standarta klaritromicinu saturosa triskarsa terapija

AMX/BI - augstas devas amoxicilina/bismuta terapija

T1 - sakotnéjais laika punkts, T2 - kontroles laika punkts

ARG atskiribas starp abiem terapijas rezimiem un kontroles
grupu

Kontroles grupa (T1 un T2 laika punktos) vidéjais kvalitativi filtréto nolasi-
jumu procentualais Ipatsvars bija 0,98% un 1,03%, AMX/CLARI grupa - 1,20%
un 1,00%, bet AMX/BI grupa - attiecigi 0,90% un 0,98%. Noveértéjot atskiribas
starp novéroto ARG skaitu uz miljonu abos laika posmos (5. attéls, panelis C),
statistiski nozimiga atskiriba (p = 0,05) tika novérota tikai AMX/CLARI grupa
(9. tabula).
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(A) AVR mecharism (B) AVR ciass

£ 100 Aminoglycoside-resistant_16S_ribosomal_subunit_protein Aminoglycosides
H M Macrolide-resistant_23S_rRNA_mutation H MLS
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g - - - I Tetracycline_resistance_tibosomal_protection_proteins & M Tetracyclines
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B oo Class_A_betalactamases s Elfamycins
g I EF-Tu_inhibition e I Drug_and_biocide_resistance
[ 23S_rRNA_methyltransferases Multi-metal_resistance
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Gontrol_T1 Gontrol_T2. AMNCLARLTT AMXCIARLT2 ABLTT AXBLT2

Observed AMR genes per million reads

5. attéls. Novéroto antimikrobialas rezistences génu (ARG) nolasijumu relativais
daudzums visiem pétijuma dalibniekiem, kas sadaliti attiecigajas grupas un apziméti péc
visbiezak sastopamajam ARG klasém

Panelis A: visbiezak sastopamie AMR (antimikrobialds rezistences) mehanismi, kas izteikti RPKM un
sadaliti arstesanas un paraugu nemsanas grupas

Panelis B: visbiezak sastopamas AMR génu klases, kas izteiktas RPKM un apkopotas apstrades un
paraugu nemsanas grupas

Panelis C: novéroto ARG skaits katra parauga, kas izteikts ka genu skaits uz miljonu nolasijumu un
sadalits arstesanas un paraugu nemsanas grupas

Control - kontroles grupa

AMX/CLARI - standarta klaritromicinu saturo$a triskarsa terapija

AMX/BI - augstas devas amoxicilina/bismuta terapija

T1 - sakotnéjais laika punkts, T2 - kontroles laika punkts

9. tabula. Vilkoksona Signed ranga tests, lai novértétu novéroto antimikrobialas
rezistences génu skaita uz miljonu atskiribas abos laika posmos

AMX/CLARI AMX/BI Kontrole
g};nu summu at8kiriba parauga T1 pret p=0,19 =066 p =061
Génu summu atskiriba uz vienu paraugu _ B B
uz miljonu nolasijumu T1 pret T2 p=0.05 p=0>4 p=020

AMX/CLARI - standarta klaritromicinu saturosa triskarsa terapija
AMX/BI - augstas devas amoxicilina/bismuta terapija
T1 - sakotnéjais laika punkts, T2 - kontroles laika punkts
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Rezistences génu mehanismu raksturojums

Talak més salidzinajam rezistences mehanismus un klases abos laika posmos.
AMX/BI grupa més nenovérojam mehanismu atskiribas, tomér AMX/CLARI
grupa seSus meénesus péc eradikacijas terapijas bija vérojams plass nozimigu
izmainu spektrs (10. tabula). Pilns analizéto rezistences mehanismu un klasu
uzskaitijums ir sniegts 11. un 12. tabula.

10. tabula. Rezistences mehanismu salidzinajums pirms un péc terapijas

AMX/BI AMX/CLARI Kontrole

Mehanisms

M | T2 | P | T1 | T2 p TL | T2 | p

23S IRNS 89,77 | 90,00 | 0,869 | 81,90 | 162,58 | < 0,001* | 75,06 | 80,47 | 0,704
metiltransferazes
Aminoglikozidu
O-nukleotid- 73,04 | 51,00 | 0,088 | 57,23 | 115,48 | 0,009* | 56,06 | 59,36 | 0,938
iltransferaze
Vara rezistences 6,67 | 4,67 | 0,498 | 3,73 | 14,09 | 0,031* | 10,23 | 15,23 | 0,307
regulators
Zalu un biocidu 6,37 | 10,11 | 0,313 | 4,18 | 9,64 | 0,001* | 7,43 | 9,08 | 0,987
MATE efluksa suknpi| ’ ’ ’ ’ ? ’ ’ ’
Pret fluorhinolonu
rezistenta DNS 12,10 | 14,90 | 0,953 | 8,53 | 16,88 | 0,048* | 10,16 | 17,19 | 0,724
topoizomeraze
Lipidu A 7,00 | 4,43 0,933 | 2,88 | 869 | 0,035* | 7,61 | 11,17 | 0,394
modifikacija
MLS rezistences "
MFS efluksa sakpi | 236 | 2260 | 0726|1452 1928 | 0,012* 20,11 3022 | 0,125
Natrija rezistences | ¢ | 340 | 0,588 | 2,67 | 13,17 | 0,046* | 11,90 | 14,50 | 0,953
proteins
Streptotricina 14,53 | 8,87 | 0,682 | 843 | 22,86 | 0,034* | 11,71 | 14,42 | 0,829
acetiltransferaze
Cinka rezistences | ¢ o | 421 | 0752 | 2,89 | 12,11 | 0,035% | 12,09 | 17,36 | 0,575
proteins
Cinka rezistences | 11 4| ¢ 40 | 0,803 | 3,80 | 1533 | 0,038* | 13,54 | 12,54 | 0,575
regulators

AMX/CLARI - standarta klaritromicinu saturoa triskarsa terapija
AMX/BI - augstas devas amoxicilina/bismuta terapija
T1 - sakotnéjais laika punkts, T2 - kontroles laika punkts
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DISKUSIJA

H. pylori eradikaciju iesaka veikt veseliem populacijas locekliem kunga
véza profilakses nolikos. Terapijai ir jabut piepemamai un péc iespéjas nekaiti-
gai mérka populacija, nemot véra nevélamo blakusparadibu spektru. Diskusija
pievérSamies potencialajam at$kiribam starp dazadiem eradikacijas rezimiem,
vértgjot to efektivitati, nevélamo blakusparadibu biezumu, ka ari spé&ju ierosinat
un uzturét rezistentas zarnu baktérijas seSus ménesus péc terapijas.

Sis, visticamak, ir pirmais pétijums, kura tika vértéta augstas devas amok-
sicilina/bismuta kombinacija ka primara H. pylori izkausanas shéma kaukazie$u
kohorta. Lai gan terapeitiskie rezultati nesasniedza kliniski rekomendéto limeni,
rezultati ir daudzsolosi, nemot véra mazaku nevélamo blakusparadibu skaitu sa-
lidzinajuma ar tradicionalo klaritromicinu saturoso triskarso terapiju.

Azijas populacija augstas devas amoksicilina terapija tiek izmantota ka
pirmas linijas arstéSana ar ievérojamiem panakumiem, par ko liecina H. pylori
eradikacijas raditaji virs 90% [54, 75, 76]. Pamatojoties uz vairaku pétijumu
rezultatiem par alternativam H. pylori eradikacijas metodém, meés sagaidijam,
ka, izmantojot lielu amoksicilina devu kombinacija ar bismutu, tiks panakts
augstaks eradikacijas limenis [33, 76, 77]. Jaatzimé, ka Ja [Yu] un citi zinoja par
ievérojamu izskaus$anas limeni - 93,3% - péc augstas amoksicilina devas kopa ar
bismuta subcitratu [76]. Novérotas atskiribas eradikacijas raditajos var bt sais-
titas ar atskirigiem vielmainas procesiem, ko ietekmé izmantoto protonu sikna
inhibitoru veids. [33, 78]. Savukart Furuta et al. ir konstatéjusi, ka izskau$anas
terapijas efektivitati var modulét aknu citohroma genotipa variacijas [79].

Skabes nomacosa lidzekla izvéle un devas pielagosana var kalpot ka papil-
dus stratégija eradikacijas terapijas efektivitates uzlabo$anai. Viena no misu
pétijuma posmiem tika izmantota vienu antibiotiku saturo$a shéma - ar aug-
stu amoksicilina devu. Zullo et al. demonstréja 87,5% eradikacijas panakumus,
lietojot desmit dienu dubultterapiju ar augstam amoksicilina un esomeprazola
devam [80]. Veél augstaka efektivitate, ti, 91,3% tika sasniegta, pielietojot
14 dienu rabeprazolu saturo$u dualo terapiju [75]. Lai efektivitati vél vairak
optimizétu, potenciala pieeja varétu but PSI dozéSanas biezuma palielinasana,
pieméram, ievadidana ik péc 6 stundam, ka ieteikts dazos Azijas pétijumos [33].
Tomér §1 korekcija bitu vairak piemérojama individiem, kas klasificéti ka “atri
metabolizétaji” — grupa, kas retak sastopama Rietumu populacija.

Daudzsolos$s risindjums varétu bt PSI aizstasana ar efektivaku skabes mazi-
nosu lidzekli, ipasi kaliju konkuréjosu skabes blokatoru (P-CAB). Duala terapija,
kas ietver P-CAB un amoksicilinu, ir demonstréjusi iepriecinosus rezultatus
Japana [81, 82], un lidzigi izméginajumi notiek Eiropa. Turklat ir sagaidams, ka
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$ai kombinétajai terapijai biis mazaka ietekme uz rezistomas veidosanas [83], lai
gan tam joprojam ir nepiecieSams empirisks apstiprinajums.

Standarta triskars$as terapijas grupa tika zinots par augstaku blakusparadibu
biezumu, ipasi lietojot klaritromicinu, kas izraisija tadu komplikaciju ka ar anti-
biotikam saistita caureja [84, 85]. Pétijumi, kuros salidzinaja triskarso klaritro-
micina un ¢etrkar$o uz bismutu balstitu terapiju, uzradija lidzigas blakusparadi-
bas, bet bismuta gadijuma to smaguma pakape bija mazak izteikta [86], kas uz
bismuta balstitu terapiju padara drosaku un labak panesamu H. pylori arsté$ana.
Fords un citi [87] atziméja, ka bismuta terapijas visizplatitaka blakusparadiba ir
tumsas krasas izkarnijumi bismuta sulfida veidosanas dél, kas ir nekaitigs un
atgriezenisks efekts. Savukart klaritromicina terapijas laika novérojamas ne-
patikamas blakusparadibas ka ragta garSa muté, caureja un sapes védera, kas
potenciali ietekmé arstésanas shémas ievéro$anu no pacienta puses.

Vairaki pétijumi liecina, ka dazadi probiotiki var nomakt H. pylori gan ar
imunologiskam, gan neimunologiskam metodém, tostarp mainot saimnieka
imansistémas reakciju un ietekméjot baktériju augSanu [37]. S. boulardii ir
pieradijis spéju novérst H. pylori adhéziju pie kunga glotadas un pretmikrobu
aktivitati, ka ari efektivi samazina tadas blakusparadibas ka sapes védera un ar
antibiotikam saistitu caureju [61, 62]. Tomér pétijumi par S. boulardii nozimi
H. pylori izskau$anas veicina$ana uzradija neviennozimigus rezultatus. Lai ari
Cindoruks un citi konstatéja augstaku izskausanas limeni péc S. boulardii pie-
vienosanas (71,0% pret 59,7%, p > 0,05) un tada simptoma ka caureja samazina-
$anos, vini nezinoja par butisku visparéjo ietekmi uz izskausanas raditajiem [88].
Zojaji pétijuma tika konstatéta neliela izskauSanas raditaju uzlabosanas, pievie-
nojot S. boulardii standarta 14 dienu triskar$ajai terapijai (87,5% pret 81,2%,
p =0,350) [89]. Savukart Gottelands [Gotteland] un citi novéroja, ka S. boulardii
pats par sevi sasniedza 12% izskausanas limeni bérnu populacija [90]. Misu
pétijuma vieniga arstéSanas shéma, kas sasniedza vairak neka 90% izskausanas
limeni, bija 10 dienu probiotiku saturosa terapija, savukart citu shému efektivi-
tate bija 83-88,9%, kas ir lidzigi vidéjiem raditajiem Latvija [91]. Visticamak,
ka desmit dienu probiotikas saturosas terapijas panakumi bija augstaki, labakas
arsté$anas shémas ievérosanas dél. Lai ari probiotiku lietosana uzradija nedaudz
augstaku efektivitati, atskiribas nebija statistiski nozimigas.

Saja pétijuma tika novérots relativs blakusparadibu biezuma samazinajums,
pievienojot terapijai S. boulardii 14 dienu arstésanas grupa. Lai ar jau ieprieks tika
uzskatits, ka arstéSana ar probiotikam mazina blakusparadibas, pétjjuma $i at-
$kiriba nesasniedza statistisku nozimigumu. Probiotiku visievérojamaka ietekme
tika novérota 14 dienu arsté$anas kursa ka caurejas biezuma samazinasanas.

Probiotiku apaksgrupas, ipasi pielietojot desmit dienu arsté$anas planu, bija
visaugstakais arstéSanas shémas ievérosanas limenis, kas, iespéjams, saistits ar
mazaku nevélamo notikumu biezumu. Sis darbs ir ieguldijums pasreizéjos péti-
jumos par H. pylori eradikacijas shému efektivitati un ar to saistitam blakném.
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Pétijuma ir ipasi uzsvérta mainiga arsté$anas ilguma un probiotiku ieklausanas
ietekme. Atskiriba no ieprieks veiktajiem pétijumiem, musu darba tika izveido-
tas Cetras atsevi$kas arstéSanas grupas, pamatojoties uz noteiktiem kritérijiem,
kas ]ava detalizéti analizét katra mainiga lieluma ietekmi uz arsté$anas efektivi-
tati un blakusparadibam.

Sis promocijas darbs ir pirmais pétijums kaukaziesu populacija, kura tika
vértétas un raksturotas mikrobioma izmainas péc augstas devas amoksicilina
terapijas kombinacija ar bismutu.

Iepriekséjos pétijumos galvenokart tika vértéta talitéja (divu nedélu laika)
vaj islaiciga (divu lidz tris ménes$u) antibiotiku ietekme uz zarnu mikrobiotu, un
lielakoties bija ietverts salidzinosi neliels pétamo subjektu skaits [92, 93]. Visos
pétijumos tika pieraditas nozimigas Islaicigas mikrobiotas izmainas, un kopuma
tika apstiprinata H. pylori izskau$anas terapijas ilgtermina (seSus ménes$us un
ilgak) drosiba. Jakobsona [Jakobsson] un citu pétijums, kura piedalijas sesi
pacienti, uzradija, ka baktériju daudzveidiba samazinas uzreiz péc izskausanas
terapijas ar klaritromicinu un metronidazolu, bet vienu lidz ¢etrus gadus vélak
baktériju daudzveidiba bija lidziga tai, kas tika konstatéta pirms arstésanas [94].
Novérotas ilgtermina variacijas galvenokart bija saistitas ar gints limeni [35, 94].

Lai analizétu rezistences modelus péc H. pylori eradikacijas, ieprieks pasaulé
nozimigos pétijjumos tika izmantotas baktériju kultaras [95, 96]. Vairuma péti-
jumos, galvenokart no Azijas valstim, tika izmantota 16S rRNS sekvencésana,
lai novértétu alfa un beta daudzveidibu pacientiem péc H. pylori izskauSanas
terapijas [35, 36, 97]. Vairakos jaunakajos pétijumos ir izmantota metagenoma
sekvencésana, laujot izpétit rezistoma sastavu [19, 98]. Misu pétijuma metage-
noma sekvencé$ana tika izmantota ka primara testésanas metode.

Nesen Taivana tika veikts plass randomizéts pétijums, kura pétija zarnu re-
zistoma parametrus péc 2. linijas eradikacijas rezimu pielietojuma - 1. grupa ar
esomeprazolu, amoksicilinu, metronidazolu un levofloksacinu (14 dienu kurss)
un 2. grupa ar esomeprazolu, bismutu, tetraciklinu un metronidazolu (10 dienu
kurss). Gan pirmaja, gan otraja grupa péc terapijas izmainitais rezistoms jau
8. nedéla patstavigi normalizéjas lidz pirmsterapijas limenim [99]. Tomeér ir ja-
atzimé, ka $aja pétijuma klaritromicins netika pétits.

Pétijumi liecina, ka klaritromicins un metronidazols inducé rezistentu bakté-
riju kopumu zarnu mikrobiota [94, 100, 101]. Saskana ar pasreizéjam vadlinijam
H. pylori empiriska eradikacijas terapija jaizvairas no klaritromicinu saturosas
triskarsas terapijas (izpemot regionus ar zemu rezistenci (< 15%)), bet Eiropa ta
joprojam ir visbiezak izmantota terapija. Ta ka klaritromicins tiek plasi izmantots
dazadu dzivibai bistamu slimibu arstéSanai un var izraisit baktériju rezistenci,
batu ieteicams apsvért citus klaritromicina nesaturo$us eradikacijas rezimus.

Lai palielinatu efektivitati un parvarétu H. pylori rezistenci, tiek izmantota
terapija uz bismuta bazes standarta cetrkar$as kombinacijas, vai pievienots
bismuts citdm terapijas shémam, tostarp klaritromicinu saturo$iem standarta
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rezimiem [34]. Turklat ir norades, ka uz bismuta balstita terapija mazak ietekmé
zarnu rezistoma veido$anos, tapéc masu pétijjuma tika izmantota uz bismutu
balstita kombinacija. Iepriek$ pétijumos ir pieradits, ka bismutam nav ilgter-
mina ietekmes uz E.coli rezistences veido$anos [35, 36]. Pétijuma Eiropa, ko
veica Prasta-Nilsena [Prast-Nielsen] un citi [102], piedalijas 38 pacienti, kurus
novéroja se$us ménesus péc arstésanas. Sis pétijums demonstréja tikai daléju alfa
daudzveidibas atjaunosanos gan grupa, kas sanéma bismutu saturo$u shému,
gan ne-bismuta grupa. Tomeér Lja [Liou] un citu [35] pétijums demonstréja, ka
alfa un beta daudzveidiba pilniba neatjaunojas pat péc viena gada pacientiem,
kuri tika arstéti ar bismutu saturo$am un bismutu nesaturo$am cetrkarsam tera-
pijam. No otras puses, paaaugstinata E. coli rezistence pret antibiotikam netika
konstatéta nedz bismutu saturo$u, nedz bismutu nesaturo$u shému gadijumos.

Lielaka prieksrociba, lietojot amoksicilina terapiju, ir nieciga ietekme uz
zarnu mikrobiomu. Plasa metaanalize no Lielbritanijas analizéja 10 pétijjumus
par iekskigi lietota amoksicilina ietekmi uz zarnu mikrobiomu - rezultati uzra-
dija, ka ietekme ir bijusi minimala un islaiciga [103]. Neraugoties uz izmainam,
kuras izraisjja islaiciga beta-laktamu terapija, gan zarnu mikrobiota, gan rezis-
tomu sastavs atri atjaunojas lidz sakotnéjam stavoklim vienas nedélas laika péc
medikamentu lietoSanas partrauksanas [104].

Misu pétijuma batiskas mikrobu sastava atskiribas pirms un seSus ménesus
péc eradikacijas AMX/BI grupa netika novérotas; mikrobu sastavs neatskiras no
kontroles grupas.

Interesantakais muasu pétijuma atklajums bija statistiski nozimigs ARG
skaita pieaugums, kas saglabajas seSus ménesus péc standarta triskarsas klarit-
romicina terapijas; $is efekts netika novérots ne AMX/BI, ne kontroles grupa.
AMX/CLARI apaksgrupa novérojam multiformas rezistences mehanisma
limena izmainas, kas raksturigas makrolidiem. Nopietnakas rezistences meha-
nismu transformacijas tika iegtitas ar 23S rRNS metiltransferazu, zalu un biocidu
MATE efluksa saknu, ka ari MLS rezistences MFS efluksa stiknu mehanismiem,
kas atbild par krustenisko rezistenci pret citiem antibakterialiem lidzekliem,
pieméram, linkosamidiem un streptograminiem. Ieprieks minétajiem mehanis-
miem ir acimredzama negativa ietekme uz MLS klases antibiotiku terapeitisko
efektivitati [24]. Turklat tika atklatas batiskas izmainas cinka un vara rezistences
regulatoros. Dazi jaunakie pétijumi, galvenokart veterinarija, apstiprinaja cie$u
korelaciju starp vara rezistenci pret makrolidiem un rezistenci pret glikopepti-
diem [105, 106]. Iegutie rezultati liecina par satraucosu tendenci iegit ilglaicigu
multirezistenci pret medikamentiem (multidrug-resistance) un rezistenci pret
metaliem péc makrolidu terapijas. Noturiga zarnu mikrobiotas rezistence pret
makrolidiem péc eradikacijas ir pieradita jau agrak: triskarsa terapija, kas ietver
divas antibiotikas, var izraisit rezistences veidosanos Streptococci, Staphylococci,
Enterocococci, Enterobacteriaceae un Bacteroides sugas pat péc 1-4 gadiem [92,
107-110].
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Jauzsver vairakas svarigas misu pétijuma stipras puses. Si pétijuma galvena
prieksrociba ir ta, ka tika izmantoti nejausinati kontroléti izméginajumi, kas
tiek uzskatiti par zelta standartu kliniskajos pétijumos. Pétjjuma tika izmanto-
tas skaidras randomizacijas procediras, precizi definétas kontroles grupas, un
taja tika ieklauta gan “noluks arstét” (intention-to-treat), gan “péc protokola”
(per-protocol) analize. Sie metodologiskie risindjumi uzlabo rezultatu ticamibu
un samazina iespé&jamas kladas. Tika ieklauti dalibnieki no visparéjas popu-
lacijas kohortas, t. i., populacija, kurai rekomendéta kunga véza profilakse ar
H. pylori eradikaciju. Nemot véra, ka netika ieklauti dalibnieki, kuriem ie-
prieks veikta H. pylori eradikacija, iepriekséjas eradikacijas terapijas potenciala
ietekme uz zarnu rezistomu ir minimala. Svarigi, ka mtisu pétjjums tika veidots,
ieklaujot kontroles grupu. Lai aplikotu mikrobioma un rezistento baktériju ko-
pienu daudzveidibu visos paraugos, tika izmantota metagenoma sekvenésana.
Salidzinajuma ar analogiskiem pétijjumiem paraugu skaits bija liels. Més uzska-
tam, ka izvirzito modeli, iespéjams, varétu lietot terapijas shémas noveérté$anai,
pirms to ieteikt plagakai izmanto$anai.

Janorada dazi Pétjjuma 1 ierobeZojumi. Lai gan pétamo personu grupa
salidzinajuma ar citiem pétjjumiem bija salidzinosi liela, vél lielaks pétamo
personu skaits butu lavis iegat parliecino$akus rezultatus. Biezaki paraugu
nemsanas atkartojumi un paraugu nemsanas laika punkti batu lavusi labak de-
monstrét zarnu mikrobioma atjaunos$anos un rezistoma dinamiku. Jaatzimé, ka
AMX/BI nesasniedza minimalo nepieciesamo efektivitates slieksni, un tapéc to
nevar ieteikt izmantot ikdienas lietoSanai, lai gan ietekme uz zarnu rezistomu
bija labvéligaka. Pétijums 2 saskaras ar gratibam, jo ipasi ar dalibnieku skaita
samazinasanos kontroles posma. Tas izraisija nevienmérigu sadalijjumu arsté-
$anas grupas un, iespé&jams, radija novirzes arstéSanas efektivitates novértésana.
Samazinatais kontroles koeficients pazeminaja statistisko jaudu, kas kritas lidz
0,73, salidzinot 10 dienu rezZimu ar probiotikam un bez tam, un kritas lidz 0,76,
salidzinot 10 un 14 dienu rezimu ar probiotikam. Izlases lieluma palielinasana,
potenciali, butu sniegusi parliecinosakus rezultatus.

Rezuméjot, pétijums pierada, ka tradicionala 14 dienu triskarsa eradikaci-
jas terapija, kuras pamata ir klaritromicins, palielina rezistento baktériju skaitu
zarnas, kas saglabajas vismaz seSus ménesus péc arstésanas. Lai no ta izvairitos,
kunga véza profilaksé plasakai izmanto$anai jadod prieksroka terapijai bez kla-
ritromicina. Lai gan pétita bismutu saturosa terapija (AMX/BI) mazak ietekméja
zarnu rezistomu, §is arsté$anas shémas plasu lietosanu nevar rekomendét vis-
paréja populacija, jo tas efektivitate bija nepietiekama. Viens no potencialajiem
risinagjumiem batu bismutu saturo$a letrkar$a terapija bez makrolidiem vai
terapija ar lielu amoksicilina devu kombinacija ar kalija konkuréjosiem skabes
blokatoriem ar vai bez bismuta. Tomeér, pirms $is terapijas rekomendé lietot vis-
paréja asimptomatiska populacija, butu jaizvérté ne tikai to efektivitate, bet ari
ietekme uz zarnu rezistomu [6].
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SECINAJUMI

Sis pétijums pievérsas nozimigai globalai veselibas problémai - H. pylori

infekcijai un rezistencei pret antibiotikdm. Pétijuma rezultati sniedz vértigu
ieskatu par H. pylori eradikacijas alternativo rezimu efektivitati un identificé
jomas, kuras pasreizéjas arstésanas stratégijas butu jauzlabo.

1.

Augstas devas amoksicilina/bismuta rezims demonstré zemaku eradikacijas
limeni salidzinajuma ar standarta triskarso klaritromicinu saturoso terapiju.
Tadeé] bismuta pievieno$ana augstas devas amoksicilina rezimam nav ietei-
cama, jo §1 kombinacija nesasniedz nepiecieSamo efektivitates slieksni. Lai
gan §i shéma potenciali varétu samazinat makrolidu lietosanu, ir nepie-
cieSsamas turpmakas modifikacijas, lai uzlabotu tas efektivitati. Pievienojot
S. boulardii standarta triskar$ajai terapijai, bija vérojama efektivitates uzla-
bosanas tendence, bet tas nenodrodinaja statistiski nozimigu kopéjo era-
dikacijas raditaju pieaugumu. Sie secinajumi liecina, ka, lai ari probiotiku
pievienos$ana ir daudzsolo$a arstésanas rezultatu uzlabosana, tas ietekme uz
kopéjo eradikacijas efektivitati ir jaturpina pétit.

Salidzinajuma ar standarta klaritromicinu saturo$o shému, augstas devas
amoksicilina/bismuta rezims ievérojami mazak provocé nevélamas bla-
kusparadibas, pieméram, caureju un diskomfortu kunga-zarnu trakta. Par
spiti tam, amoksicilina/bismuta rezZimu nevar rekomendét plasai lietosa-
nai, jo tas nesasniedza nepiecieSamo efektivitates slieksni. Ari S. boulardii
pievieno$ana standarta triskarajai terapijai uzradija tendenci samazinat
blakusparadibas, jo Ipasi samazinot caurejas sastopamibu 14 dienu apaks-
grupa. Tomér §is izmainas nav statistiski nozimigas.

Nevélamo blakusparadibu skaita un intensitates samazinasanas amoksici-
lina/bismuta apaksgrupa, ka ari S. boulardii papildus lietosana, iespé&jams,
veicina relativi augstaku arstésanas shémas ievéro§anu. Mazaks blakuspara-
dibu skaits var veicinat labaku arstésanas noteikumu ievérosanu, kas uzalbo
arstésanas visparéjos panakumus.

Standarta uz klaritromicinu balstita triskarsa H. pylori eradikacijas terapija
palielina rezistento baktériju skaitu, tadéjadi ietekméjot zarnu rezistomu.
Si ietekme uz rezistomu saglabajas vismaz se$us ménesus péc arstéSanas
beigam. Lidz ar to kunga véza profilakses noltkos §i terapija nav ieteicama
pat regionos, kur ir zema H. pylori rezistence pret klaritromicinu. Bitu
ieteicama citu terapijas shému izmanto$ana, izvértéjot konkrétas terapijas
ietekmi uz zarnu mikrobiomu .pirms plasakas ieviesanas.

Minétie secinajumi liecina, ka ir nepiecie$amas alternativas H. pylori izskau-
$anas stratégijas, kas mazinatu rezistenci pret antibiotikam un nelabvéligo

46



ietekmi uz zarnu veselibu. Sie dati pamato nepieciesamibu parskatit klarit-
romicinu saturo$as terapijas plaso lietoSanu regionos ar augstu rezistenci,
iesakot ieklaut bismuta saturo$us rezimus ka pirmas linijas arstéSanas
iespéjas, kur tas ir lietderigi. Lai gan lielu amoksicilina/bismuta devu rezims
ir daudzsoloss attieciba uz nevélamo blakusparadibu un mikrobioma traucé-
jumu mazinasanu, ta zemaka efektivitate mudina turpinat ta optimizésanu.
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TURPMAKIE VIRZIENI UN SECINAJUMU
ISTENOSANA

Sie secinajumi uzsver nepieciesamibu turpinat pétijumus, lai optimizétu
H. pylori eradikacijas stratégijas, lidzsvarojot efektivitati ar labvéligaku ietekmi
uz mikrobu rezistenci un pacientu labklajibu. Turpmakajos pétijumos uzmaniba
japieveérs arstésanas protokolu uzlabo$anai, lai palielinatu eradikacijas raditajus,
samazinatu nevélamo notikumu skaitu un saglabatu zarnu mikrobioma integri-
tati, tadéjadi uzlabojot arstésanas rezultatus un shémas ievéro$anu no pacientu
puses. Més ierosinam, ka slimibu profilaksé, ievieSot jaunus uz antibiotikam
balstitus terapijas rezZimus, pieméram, kunga véza profilaksei, ir javeic izpéte par
ilgtermina ietekmi uz zarnu rezistomu indukcijas potencialu.

Ieteicams izveidot ilgtermina uzraudzibas un monitoringa programmas,
lai efektivi novértétu eradikacijas ilgtspéju, atklatu infekcijas atkarto$anos un
uzraudzitu ilgtermina ietekmi uz zarnu veselibu, jo Ipasi potencialu rezistentu
celmu attistibu.
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ANNOTATION

Background: Helicobacter pylori (H. pylori), a significant risk factor for
gastric cancer and various non-malignant gastrointestinal diseases, presents
a global health challenge, particularly due to rising antibiotic resistance. The tra-
ditional treatment regimens often compromise the gut microbiota and patient
compliance, emphasising the need for more effective and safer therapies.

Aims: the thesis aims to evaluate novel H. pylori eradication regimens that
offer higher efficacy while minimising negative impacts on the gut microbiome
and enhancing patient compliance. The focus is on exploring alternatives to
standard clarithromycin-based treatments.

Methods: two randomized controlled studies were designed. The first trial
(Trial 1) compared high-dose amoxicillin/bismuth therapy with standard cla-
rithromycin-based triple therapy, assessing efficacy, adverse events, and their
impact on gut microbiota and resistome composition. The second trial (Trial
2) evaluated the effects of Saccharomyces boulardii supplementation on efficacy,
compliance, and adverse events across four clarithromycin-based regimens,
differing by therapy duration and probiotic use. Both randomized controlled
trials were part of the larger GISTAR study, involving adults aged 40-64 from
the general population. In Trial 1, patients were randomly assigned to receive
either standard clarithromycin-based triple therapy (clarithromycin 500 mg,
amoxicillin 1000 mg, esomeprazole 40 mg, all BID, referred to as AMX/CLARI)
or high-dose amoxicillin/bismuth therapy (bismuth subcitrate 240 mg BID,
amoxicillin 1000 mg TID, esomeprazole 40 mg BID, referred to as AMX/BI),
while the control group participants were having similar characteristics and
unknown H. pylori status. In Trial 2, all participants received clarithromy-
cin-containing triple therapy (clarithromycin 500 mg, amoxicillin 1000 mg,
esomeprazole 40 mg BID), with randomization based on two factors: the ad-
dition of S. boulardii CNCM 1-745 500 mg BID or not, and treatment duration
of 10 or 14 days. Efficacy was assessed six months post-treatment using follow-up
urea breath tests (UBT), analyzed on both intention-to-treat and per-protocol
bases. Adverse events and compliance were evaluated via telephone interviews
within 21-28 days after treatment initiation. In Trial 1, changes in gut micro-
biota composition were analyzed before eradication and six months later from
stool samples using Shotgun metagenomic sequencing on the DNBSEQ-G400
platform (MGI, China).

Results: in Trial 1, which involved 483 subjects with H. pylori infection,
the AMX/CLARI group showed higher efficacy in per-protocol analysis than
AMX/BI (88.4% vs. 77.0%, p < 0.001) with no difference in compliance.



Therapy-related adverse effects were significantly less common in the AMX/BI
group (56.9% vs. 40.0%, p < 0.01). Microbiota analysis revealed a significant
difference in antimicrobial resistance gene counts in the AMX/CLARI group
compared to controls (p = 0.05). Still, alpha and beta diversities were almost
restored six months after therapy. In Trial 2 with 404 participants, the 10-day
probiotic treatment showed higher eradication rates in the intention-to-treat
analysis (70.8% vs. 54.6%, p = 0.022), while the 14-day regimen did not when
compared to regiments of corresponding duration without the supplementa-
tion. Combined probiotic subgroups had non-significantly higher efficacy in
the per-protocol analysis (90.6% vs 85.0%, p = 0.183). S. boulardii reduced
the frequency of adverse events (p = 0.033), especially treatment-associated diar-
rhoea (p = 0.032) in the 14-day regimen. However, after applying the Bonferroni
adjustment, the difference between the tests was no longer significant.

Conclusions: the high-dose amoxicillin/bismuth therapy was related
to a lower frequency of adverse effects when compared to the standard cla-
rithromycin-based triple regimen; however, the relatively low efficacy of this
therapy does not justify its routine use. Further investigation is needed to modify
high-dose amoxicillin and bismuth-containing regimens to enhance efficacy.
The study did not support the recommendation for routine use of S. boulardii in
the eradication of H. pylori, as the effectiveness was not significantly improved.
However, a trend towards higher efficacy in the 10-day intention-to-treat group,
and reduced adverse events in the 14-day per-protocol group warrant further
investigation in larger studies. The standard clarithromycin-based therapy in-
duced significantly increased resistant bacteria communities in the gut, with
these effects persisting for at least six months. This finding suggests that other
therapies should be preferred when H. pylori eradication is planned in “screen
and treat” strategy settings — meaning broad use of the regimen in otherwise
healthy subjects.

Assessing the long-term impact on gut resistome induction is essential
before introducing new antibiotic-based therapy regimens for preventive pur-
poses, such as gastric cancer prevention.



CONTENTS

INTRODUCTION . ... e

Aimoftheresearch ............. ... ... ... ool
Scientific hypothesis ........... ... ... ... ...
Scientific objectives ...
Novelty of the research ......... ... ... ... ... .ot
International recognition of research results ...................
Participation in scientific projects ........... ... ... .. oL
Scientific publications .............. . i
Presentations at international congresses and conferences .......
Other scientific activities ............. ... ... . ... oL

LITERATURE REVIEW ...

Overview of the history of H. pylori treatment .................
Management of H. pylori infection ............................
Overview of the studied eradication regimens ..................
Standard triple therapy ......... ... ... . i
High-dose PPI-amoxicillin dual therapy .......................
Role of the bismuth in H. pylori eradication ...................
Role of probiotics in eradication of H. pylori ...................

MATERIALS AND METHODS . ......oiiiiiiiiiii et
The overall design ......... ... ... i i
H. pylori assesSMent ... ........eeuueeuuennuennenieeneenn..
Treatment arms ......... ...ttt
Efficacy, adverse events, and compliance .......................
Follow-up evaluation of gut microbiota ........................
Sample processing and microbiota analysis ....................
Data analysis ........... ... i i
Ethics ...

RESULTS . o

Compliance ......c.utiit i
Frequency of adverse events ....................oooiiiiiiin...
Efficacy of the eradication regimens ..........................



Follow-up evaluation of gut microbiota (Trial1) ................ 84

Overall microbial community overview in Trial 1 .............. 85

Differences in ARGs between the two therapy

regimens and controls .......... ... i i 88

Characterization of resistance gene mechanisms ............... 90
DISCUSSION ...ttt 91
CONCLUSIONS .. s 96
FUTURE DIRECTIONS AND IMPLEMENTATION
OF FINDINGS ..o e e 98
REFERENCES . ... . e 99
ACKNOWLEDGEMENTS ... . i 106

56



INTRODUCTION

Significance of the issue

Persistent infection with Helicobacter pylori (H. pylori) is a significant risk
factor for a range of gastrointestinal and extra-intestinal disorders, notably
playing a pivotal role in the multi-stage process of gastric carcinogenesis [1, 2].
The incidence of H. pylori infection exhibits considerable global variation,
ranging from 20% to 90% across different populations, with an average
prevalence of approximately 44% [3, 4]. Notably, the prevalence of this infection
escalates with age, averaging 32.6% in the pediatric demographic and 48.6%
in the adult population. This trend is predominantly ascribed to the impact
of generational exposure differences [3, 5]. H. pylori infection is implicated in
90% of non-cardia gastric cancer cases [6]. According to GLOBOCAN 2022,
there were over 968,000 new cases of stomach cancer and nearly 660,000 deaths,
making it the fifth most common cancer and the fifth leading cause of cancer-
related mortality worldwide. Among men, it is the most frequent cancer and
the leading cause of cancer death in several South-Central Asian countries [7].

The Kyoto Global Consensus Report advocates eradicating H. pylori
infection before the onset of pre-cancerous alterations [8]. A 14-day regimen of
clarithromycin-based triple therapy has been the predominant treatment strategy
for H. pylori eradication in Europe, with a few exceptions [9]. Recent findings
from the European Registry on H. pylori management suggest that in Europe,
the prevalent approach for initial treatment still predominantly relies on triple
therapy with amoxicillin and clarithromycin, accounting for 39% of first-line
treatments, even though this should not be recommended for empiric first-line
treatment in most of the European Union countries. This method demonstrates
less-than-ideal success rates, achieving only an 81.5% eradication rate [9]. This
trend may reflect either a lack of awareness regarding recommended practices
or limited access to more effective eradication regimens that are as well-accepted
as the standard clarithromycin-containing triple therapy.

The escalating rates of H. pylori antibacterial resistance and the corresponding
decrease in the success rates of eradication treatments present a significant global
challenge [10, 11]. In response to this issue, the Maastricht VI guidelines have
advocated for a 14-day treatment duration, an extension from the previously
recommended seven days in 2005 and ten days in 2010, aimed at enhancing
treatment efficacy [1, 12]. Nevertheless, this extended therapy is associated
with a range of adverse effects, including diarrhea, and nausea, among others.
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Notably, the prolongation of the standard treatment regimen often results in
more severe and enduring side effects [13, 14].

In addition to the fact that H. pylori is becoming increasingly
resistant to the use of standard antibiotics, including clarithromycin and
fluoroquinolones [15], antibiotics may induce an increase in the overall resistant
bacteria in the gut [16]. Antibiotic resistance can be acquired through different
mechanisms - by single-nucleotide polymorphisms (SNPs) or by acquiring
antimicrobial resistance-conferring genes (ARGs) [17-19]. ARGs can be
transferred among bacteria by mobile genetic elements, bacteriophages, and
as the result of natural transformation [20, 21]. Typical resistance mechanisms
specifically for macrolides are efflux, modification of the target ribosomal RNA,
and enzymatic inactivation of the drug [22, 23]. Ribosomal methylation seems
to be the most widespread mechanism of resistance so far [24]. Most commonly,
it is caused by erm (erythromycin ribosome methylase) genes, encoding
23S rRNA methyltransferases, and mph genes, encoding GTP-dependent
macrolide 2"-phosphotransferases [22, 23, 25]. Ribosomal target methylation is
also known for the induction of a cross-resistance to macrolides, lincosamides,
and streptogramins B, forming an MLS; phenotype. Another essential
mechanism, significantly contributing to the acquired macrolide resistance, is
antibiotic efflux aimed to decrease intracellular drug accumulation. Based on
the structural and functional features transporters are divided into five so-called
“superfamilies” - the major facilitator superfamily (MEFS), the ATP-binding
cassette (ABC) superfamily, the small multidrug resistance (SMR) superfamily,
the resistance-nodulation-cell division (RND) superfamily, and the multidrug
and toxic compound extrusion superfamily (MATE) of transporters [24, 26,
27]. Similarly, bacteria protect themselves from metal intoxication such as zinc,
copper, and iron, becoming multidrug- and metal-resistant [28]. A multiplicity
of resistance mechanisms leads to diversity in resistance phenotypes and
decreases the efficacy of macrolides in treating infectious diseases [24, 29].

Antimicrobial resistance is considered a major concern in healthcare
organizations. It has been predicted that by 2050 mortality from antimicrobial
resistance will be more common than mortality from malignant diseases.
The search for an effective therapy that does not cause long-term negative
changes in the microbiome is a priority for the current generation [30].

Although discouraged by guidelines outside low H. pylori resistance
areas [12], so far, clarithromycin-containing triple regimens remain among
the most widely used therapies in Europe [9]. The use of clarithromycin
and metronidazole has been related to the emergence of resistant strains in
Enterococci and Enterobacteria, while this has not been observed with amoxicillin
[9]. Therefore, the use of high-dose amoxicillin regimens is one of the potential
approaches for decreasing the risk of resistance development. The gain in
the efficacy of this regimen can be reached with the addition of bismuth-based
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therapies [15, 16, 31]. Those have been reported to increase the effectiveness
of eradication by overcoming H. pylori resistance. Furthermore, they are not
related to the induction of microbiome resistance as well as serious adverse
events [6].

Bismuth’s role in eradication therapy is witnessing a revival due to
the introduction of a fixed capsule combination [32]. Additionally, combining
bismuth with standard triple therapy has been effective in achieving high
eradication rates, particularly against resistant bacterial strains [16]. Bismuth-
based therapies are increasingly being integrated into standard quadruple
combinations or added to other regimens, like clarithromycin-based triple
therapies, to enhance effectiveness and counter H. pylori resistance. These
therapies appear to have a minimal impact on the gut resistome, a factor
considered in our study’s use of a bismuth-based combination [33]. Previous
research has shown that bismuth does not cause long-term effects on E. coli
resistance [34, 35].

Furthermore, numerous studies have documented the efficacy of various
probiotics in suppressing H. pylori through both immunological and non-
immunological mechanisms. These include modulating the host’s immune
response and directly impacting bacterial proliferation [36]. Specifically,
Saccharomyces boulardii (S. boulardii) has been shown to impede the adhesion of
H. pylori to the gastric mucosa, attributed to its neuraminidase activity [36, 37].

In summary, the effectiveness of S. boulardii in H. pylori eradication varies
across studies, with some showing modest improvements in eradication rates
and a reduction in side effects, especially diarrhoea.

Aim of the research

The experimental aspect of this doctoral research aimed to identify and
evaluate an eradication regimen for H. pylori that effectively balances high
efficacy with minimal long-term impact on the gut microbiome. The study
aimed to develop a treatment approach that reduces adverse side effects and
enhances patient compliance. To achieve this, we executed two parallel studies,
similar in methodology that compared various H. pylori eradication regimens,
each defined by distinct characteristics.

Scientific hypothesis

The use of a high-dose amoxicillin/bismuth regimen or the modification of
traditional macrolide-containing triple therapy by adjunct probiotic S. boulardii
supplementation in H. pylori eradication therapy:

1. improves treatment outcomes by reducing adverse events;
2. enhances the efficacy of the eradication;
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increases the compliance with the treatment;

a non-macrolide high-dose amoxicillin/bismuth regimen preserves gut
microbiome health without causing long-term alterations and reduces
the risk of resistome building.

Scientific objectives

1.

To evaluate the efficacy of H. pylori non-macrolide high-dose amoxicil-
lin/bismuth regimen or the modified traditional macrolide-containing
triple regimens with and without the addition of S. boulardii, focusing on
the overall success rates of eradication.

To assess the incidence and severity of adverse events associated with
studied H. pylori eradication regimens, including the effects of S. boulardii
supplementation.

To determine patient compliance with H. pylori eradication regimens, and
identify factors that influence adherence to treatment protocols.

To compare the impact of H. pylori eradication regimens on the gut
microbiome, assessing the long-term effects of a high-dose amoxicillin/
bismuth-containing regimen versus a standard clarithromycin-based triple
therapy.

To contribute to public health guidelines by identifying H. pylori eradica-
tion strategies that optimise efficacy while minimising negative impacts on
gut microbiome health and patient well-being.

Novelty of the research

1.

This research contributes to the innovative GISTAR study, a large-scale,
population-based investigation, combining the strengths of a randomized
controlled trial with broader population-level findings into H. pylori eradi-
cation and its potential role in preventing gastric cancer.

This investigation represents the first comprehensive assessment of
the efficacy of high-dose amoxicillin in combination with bismuth as a first-
line treatment for H. pylori eradication in a Caucasian population.

It focus on long-term resistome impact: unlike previous studies that pri-
marily evaluated short-term microbiome and resistome alterations, our
research extends the observation period to six months, offering insights into
the persistent effects of different eradication regimens on gut resistome.
This is the first large-scale randomized controlled trial in Europe comparing
adverse event frequencies across multiple treatment regimens, examining
the impact of treatment components and duration.

The study integrates state-of-the-art bioinformatics pipelines (e.g.,
StaG-mwc, Kraken2, Bracken, AmrPlusPlus) and comprehensive statistical
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corrections to ensure data accuracy, minimize biases, and provide reliable
conclusions.

International recognition of research results

Findings regarding the impact of clarithromycin use on the emergence

of resistant strains in the gut microbiome were published in the journal Gut
in 2024. This journal is particularly notable for publishing the Maastricht
guidelines, which are considered one of the most authoritative in the field of
H. pylori treatment and related research.
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LITERATURE REVIEW

Overview of the history of H. pylori treatment

Over the past fifty years, stomach cancer rates have generally declined in
most populations, a trend largely attributed to the decrease in non-cardia gastric
cancer. This decline is thought to result from improved food preservation and
storage practices, as well as a reduction in H. pylori infections [7]. However,
according to the latest data and projections from the GLOBOCAN 2022 report,
the number of global cancer cases is anticipated to increase to 35 million by
2050 - of these, approximately 1.9 million will be new cases of stomach cancer.
Particularly in Europe, the incidence of stomach cancer in absolute numbers is
projected to increase by 28.4% by 2050. Mortality rates are expected to rise by
more than a third, with an increase of 34.5% [7].

An extensive meta-analysis was recently published, which screened
16,976 articles and included information on 6,270,520 participants eligible
for analysis. This comprehensive meta-analysis examined adult and pediatric
patients from 111 countries. Yi-Chu Chen et al. investigated H. pylori infection’s
global prevalence and gastric cancer incidence between 1980 and 2022 [38].
According to the authors, the global prevalence of H. pylori in the adult
population has decreased from 53% before 1990 to 44% (2015 — 2022). However,
the prevalence among children and adolescents remained significantly high
at 35% during the same period [38]. The author emphasized that globally, as
well as in specific countries where a decrease in the prevalence of H. pylori
has been observed, there is also a consistent decline in the incidence of gastric
cancer. Earlier studies also state that a reduction in H. pylori prevalence, along
with the progress in food storage and hygiene over recent decades, has led to
a decline in gastric cancer incidence rates [39].

Management of H. pylori infection

The discovery of H. pylori by Marshall and Warren in 1982 made
a significant breakthrough in understanding the pathogenesis of gastrointestinal
diseases [40]. Later, the bacterium was renamed from Campylobacter pylori
to Helicobacter pylori in 1989, and by 1990, other Helicobacter species were
discovered in human pathologies. That same year, the first clinical trial confirmed
that H. pylori eradication could cure duodenal ulcers. In 1991, it was established
epidemiologically, that H. pylori is a risk factor for gastric cancer. This led to
the foundation of the Sydney System for classifying gastritis [41, 42].
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These findings became the basis for the experimental H. pylori vaccine
research and the discovery that gastric mucosa-associated lymphoid tissue
(MALT) lymphoma could be cured through H. pylori eradication. Due to this
discovery, the World Health Organization (WHO) in 1994 declared H. pylori
a Class I carcinogen [43].

By 1996, the Sydney system for gastritis classification had been updated,
and the Maastricht I Consensus Report introduced international management
guidelines, including a seven-day triple therapy for H. pylori. In 1999, PPI
(proton pump inhibitor)-based triple therapy demonstrated high efficacy in
clinical trials, becoming the global standard for treating peptic ulcer disease.
However, from 2000 onwards, increasing antibiotic resistance in H. pylori against
clarithromycin and levofloxacin led to the adoption of quadruple therapies as
alternatives [41].

In 2008, the OLGA system (Operative Link on Gastritis Assessment), and
later the OLIGIM system (Operative Link on Gastritis/Intestinal-Metaplasia
Assessment) in 2010, were introduced to predict gastric cancer risk through
the histological staging of gastritis [44]. The same year, bismuth quadruple
therapy became the first-line option in regions with high clarithromycin
resistance, and the duration of PPI-based triple treatment was extended to
14 days. Further, the Maastricht IV/Florence Consensus Report presented
the updates and new strategies for managing H. pylori infection [45].

By 2012, the MAPS guidelines (Management of epithelial precancerous
conditions and lesions in the stomach) were published for the surveillance of
precancerous gastric lesions and early gastric cancer [46]. In 2015, the Kyoto
Consensus defined H. pylori-associated gastritis as an infectious disease, and
the Maastricht V/Florence Consensus Report recommended eradication therapy
for all individuals with H. pylori infection, even if asymptomatic, to prevent
infection-related diseases [1, 8].

In 2016, potassium-competitive acid blockers (P-CAB) emerged as more
effective alternatives to PPIs in dual and triple therapy, initially available in
Japan [47]. By 2019, the Taipei consensus on screen-and-treat strategies for
gastric cancer prevention recommended offering eradication therapy to all
individuals infected with H. pylori, particularly in high-risk populations. For
those with a higher risk of gastric cancer, such as first-degree relatives of gastric
cancer patients, a screen-and-treat strategy is considered the most beneficial.
In summary, the screening and treatment of H. pylori infection are most cost-
effective in young adults from regions with a high incidence of gastric cancer.
Additionally, the use of locally effective treatment regimens according to
local antibiotic stewardship was recommended [48]. In the same year, MAPS
guidelines were updated to MAPS II. The updated guidelines placed a stronger
emphasis on the eradication of H. pylori in all patients with gastric atrophy or
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intestinal metaplasia to prevent progression to gastric cancer, irrespective of
whether they are symptomatic or asymptomatic [49].

Most recently, in 2021, the Maastricht VI/Florence Consensus Report
emphasized the critical role of antibiotic stewardship, advising against the use of
regimens with high resistance-related failure rates, considering local antibiotic
resistance patterns, patient characteristics, and the importance of confirming
eradication. The use of probiotics as an adjunct to antibiotic therapy was also
discussed, with evidence supporting their role in reducing side effects like
antibiotic-associated diarrhoea, although they are still not recommended as
a primary treatment [12, 41].

Overview of the studied eradication regimens

H. pylori remains unique among other major infections in that the principles
of antimicrobial stewardship have not developed its antimicrobial therapy [50].
Typically, antimicrobial therapies are guided by susceptibility testing, aim for high
cure rates, and are supported by surveillance programs with regular updates on
resistance and outcomes. In contrast, current H. pylori treatments have largely
been established through trial-and-error approach, with recommendations and
guidelines often based on regimen comparisons [50].

Different regimens have been developed, including triple therapies
that combine a PPI with amoxicillin and clarithromycin, metronidazole,
a fluoroquinolone, or rifabutin; bismuth quadruple therapy; and dual therapy
consisting of a PPI and amoxicillin. Additionally, various four-drug regimens,
such as sequential, concomitant, hybrid, and reverse hybrid therapies, including
PPI, amoxicillin, clarithromycin, and metronidazole, were introduced. The recent
new drug class P-CAB raised interest in these therapies, as its strong acid
suppression has been shown to increase the efficacy of amoxicillin-containing
regimens [51].

According to the latest data from the European Registry on Helicobacter
pylori management (Hp-EuReg) from 2024, resistance to clarithromycin,
levofloxacin, and metronidazole in Europe is already higher than 15%. Resistance
to antibiotics was most commonly observed with metronidazole (31%), while
resistance to amoxicillin and tetracyclines was the least frequent [52]. Maastricht
VI/Florence consensus group recommends performing susceptibility tests, either
molecular or culture-based, before prescribing first-line treatment in alignment
with antibiotic stewardship principles. However, the widespread susceptibility-
guided approach still has not been fully adopted. In that situation, in areas of
high (> 15%) or unknown clarithromycin resistance and susceptibility testing
is not available, bismuth quadruple or non-bismuth concomitant quadruple
therapy should be considered [12].
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Standard triple therapy

By 2000, the effectiveness of triple therapy, which combines a PPI with two
antibiotics, typically amoxicillin and clarithromycin, had diminished. However,
it remains one of the most commonly used first-line regimens globally, even
though its cure rates have fallen below 80% [51]. According to the Hp-EuReg,
which analyzed over 20 thousand first-line empirical H. pylori treatments,
the standard clarithromycin-based triple regimen was the most commonly
prescribed, used by 39% of patients. The overall cure rate was low - 82.7%
for 7-day, 84.2% for 10-day, and 86.2% for 14-day therapy [9]. According to
the latest data, in naive patients, 22% had clarithromycin resistance, and among
these, eradication rates dropped to 75% with standard clarithromycin-triple
regimen [52, 53],

Globally, there are few areas left with low clarithromycin resistance, and
due to widespread resistance, the empirical use of triple therapies containing
clarithromycin, metronidazole, or fluoroquinolones is generally discouraged. In
regions with low clarithromycin resistance and locally confirmed effectiveness,
the standard PPI-clarithromycin regimen may still be recommended as first-line
therapy [12].

Previously clarithromycin resistance was below 5% in most countries.
Unfortunately, it is becoming increasingly common worldwide - due to its
widespread use in otorhinolaryngology, respiratory infections, paediatrics,
and other medical areas. The resistance is associated with the modifications of
the efflux pump system [10, 54].

The use of clarithromycin is associated with significant side effects, with
adverse events reported in up to 86% of cases, primarily involving gastrointestinal
issues, such as nausea, vomiting, diarrhoea, and abdominal discomfort [54].
Additionally, as a known inhibitor of the cytochrome P450 (CYP) 3A4 enzyme,
clarithromycin can alter the pharmacokinetics of other medications, potentially
leading to hepatotoxicity.

High-dose PPl-amoxicillin dual therapy

In many regions, resistance to clarithromycin and metronidazole exceeded
15%, reducing the efficacy of standard triple regimens. As a result, alternative
treatments like bismuth quadruple therapy, non-bismuth quadruple therapy
(non-BQT or concomitant therapy), and sequential therapy have been
introduced [55]. While effective for eradication, these treatment regimens often
cause a wide range of side effects due to the increased number of antibiotics,
reducing patient compliance.

Another serious concern about using the mentioned regimens is the potential
development of H. pylori multidrug resistance (MDR). Triple, quadruple, and
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quintuple MDR have been identified, and even sextuple MDR reported in China.
This highlights the urgent need for stricter control over antibiotic use [56].

Amoxicillin resistance rates in the United States and Europe remain low
(less than 1%) [52, 53]. PPI-amoxicillin dual therapy at standard doses showed
unacceptable efficacy, but higher eradication rates were achieved with increased
doses and frequency of PPI and amoxicillin [55, 57]. Some studies showed that
the efficacy of high-dose PPI-amoxicillin dual therapy was even higher when
compared to the bismuth-quadruple regimen [58]. A recent meta-analysis by
Zhu et al. aimed to evaluate the effectiveness and safety of high-dose PPI-
amoxicillin in treating H. pylori infection compared to other regimens. It
included 15 trials with a total of 3,818 patients. The effectiveness matched that
of first-line treatments but had fewer side effects [55].

The relatively lower incidence and intensity of side effects are proved by
other studies as well. For instance, research shows that amoxicillin has a lower
risk of antibiotic-associated diarrhoea [59].

Role of the bismuth in H. pylori eradication

Bismuth subsalicylate serves multiple functions: it acts as an antacid,
antidiarrheal, anti-inflammatory, and bactericidal agent. In the stomach,
bismuth subsalicylate breaks down into salicylate and bismuth. The bismuth is
only minimally absorbed, allowing it to exert its bactericidal effects. Throughout
the digestive tract, bismuth helps reduce inflammation [54]. It is supposed that
incorporating bismuth into the treatment regimen, especially in conjunction
with a dual therapy approach, could potentially enhance therapeutic efficacy.
Under this strategy, a single antibiotic with minimal resistance can be used,
which is expected to reduce both the risk of adverse events and the likelihood
of non-compliance.

Role of probiotics in eradication of H. pylori

The Maastricht VI/Florence consensus indicated that certain probiotics
have been found effective in reducing gastrointestinal side effects associated
with H. pylori eradication therapies. [12]. Earlier studies have demonstrated that
probiotics, particularly S. boulardii, exhibit anti-H. pylori activity in vitro and in
animal models [60]. This yeast exhibits broad antimicrobial properties, not only
inhibiting the growth of bacteria and parasites but also neutralizing bacterial
virulence factors. It also has an antitoxin effect, aids in restoring normal gut
microbiota, normalizes intestinal mucosal functions, and provides protective
properties both in vivo and in vitro [61, 62]. Consequently, the efficacy of
S. boulardii in reducing side effects, particularly abdominal pain, and antibiotic-
associated diarrhoea, has been well-established in various studies [62-64].
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A comprehensive meta-analysis by Szajewska et al., involving 915 subjects,
indicated a notable increase in eradication rates (from 71% to 80%) and
a significant reduction in adverse events, especially diarrhoea (from 24.3% to
12.9%) when S. boulardii was added to the standard regimen [63].

Lactobacilli is another probiotic that has been extensively studied in
the context of H. pylori eradication. Meta-analyses have generally shown that
this genus can be effective in reducing the side effects associated with H. pylori
antibiotic therapy, especially when the probiotic is administered for more than
two weeks [12, 60]. Moreover, some studies have shown, that the adjuvant
Lactobacillus supplementation to the eradication could improve the effectiveness
[60]. Bifidobacterium bifidum in turn was effective in enhancing H. pylori-
infected dyspeptic symptoms [65].

The results of a meta-analysis involving 34 randomized controlled trials
with a total of 9,004 patients indicated that the regimens supplemented with
probiotics had better outcomes than just a standard triple therapy alone.
Specifically, Bifidobacterium-Lactobacillus and Bifidobacterium-Lactobacillus-
Saccharomyces adjuvant therapies were associated with significant benefits,
achieving high eradication rates (78.3% and 88.2%, respectively) and fewer side
effects [66].
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MATERIALS AND METHODS

The overall design

The randomized controlled clinical trial was conducted within an ongoing
large population-based study - GISTAR (Multicentric randomized study of
Helicobacter pylori eradication and pepsinogen testing for prevention of gastric
cancer mortality) [67] by inviting 40-64 years old subjects at enrolment from
the general population to participate. The lists of healthy individuals were
made available from the centralized patient registry or provided by general
practitioners. All the subjects satisfying the mentioned requirements who agreed
to participate were included.

Randomly allocated half of the study population was tested for H. pylori
and assigned for eradication therapy if positive, while the other half allocated
to the control group received routine care. Participants assigned to H. pylori
eradication therapy were further randomized into one of the treatment arms.
Subjects having reported previous H. pylori eradication were not enrolled.

H. pylori assessment

H. pylori status was determined by UBT, using 75 mg urea substrate.
Measurements were taken with a FANhp “C analyzer (Fischer ANalysen
Instrumente GmbH, Germany). The UBT results, with delta over baseline
(DOB) result of > 4, were considered positive, < 2.5 negative, and 2.5-4 taken
as the grey area. Only H. pylori-positive patients were enrolled. Follow-up UBT
was performed at 6 months (+/- 2 weeks) after completion of therapy to evaluate
the efficacy of the eradication treatment.

Treatment arms

Trial 1. Participants assigned to H. pylori eradication therapy were
randomized either to standard clarithromycin-based triple therapy (further
“AMX/CLART”) or a high-dose amoxicillin and bismuth therapy (further “AMX/
BI”). AMX/CLARI group received clarithromycin 500 mg, amoxicillin 1000 mg,
and esomeprazole 40 mg, all BID, while the AMX/BI group received bismuth
subcitrate 240 mg BID, amoxicillin 1000 mg TID and esomeprazole 40 mg BID.
The duration of all treatments was 14 days. The control group received routine
care and was not tested for H. pylori.
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Both therapy regimens were given for 14 days, with the recommendation
that they be taken 30 minutes before a meal.

Trial 2. Group 1 (10-day Standard Triple therapy without probiotics,
hereafter ST10) and Group 2 (14-day Standard Triple therapy without probiotics,
hereafter ST14) received clarithromycin 500 mg, amoxicillin 1000 mg, and
esomeprazole 40 mg, all BID for 10- or 14-days respectively, 30 minutes
before a meal. Group 3 (10-day Standard Triple therapy with S. boulardii
supplementation, hereafter ST10SB) and Group 4 (14-day Standard Triple
therapy with S. boulardii, hereafter ST14SB) received clarithromycin 500 mg,
amoxicillin 1000 mg, and esomeprazole 40 mg, all BID, 30 minutes before
a meal. Additionally, groups 3 and 4 received Enterol™ 250mg, and 2 capsules
(Saccharomyces boulardii CNCM 1-745, total 500mg) twice daily, two hours after
antibiotics during the eradication. The non-probiotic subgroups did not receive
a placebo for the probiotic substitution.

Efficacy, adverse events, and compliance

Efficacy was assessed on the intention-to-treat among all who received
medication and on a per-protocol basis. In per-protocol analysis, completeness of
the therapy was considered if > 90% of the medication was used as recommended.

For the assessment of adverse events and compliance with the treatment,
the subjects were contacted by telephone between 21 and 28 days after
starting their eradication medication. Adverse event registration was based on
the Common Terminology Criteria for Adverse Events (CTCAE) [68].

Follow-up evaluation of gut microbiota

The Trial 1 subjects were invited for the follow-up evaluation six months
after the eradication group received the treatment, with an allowed deviation
of up to one month. Stool samples for gut metagenome testing were collected
from each study participant at the baseline and during the follow-up evaluation.

Sample processing and microbiota analysis

Sample collection tubes intended for the use of faecal immunochemical
occult blood testing OC-Sensor from Eiken Chemical Co., Ltd (Tokyo, Japan)
were used for sample collection, transporting and storage; our previous
research has demonstrated the appropriateness of this method for metagenome
testing [69]. All the returned sample tubes were immediately frozen at — 80°C
after performing a quantitative immunochemical faecal occult blood test, stored
and transported frozen until further processing for microbiome analysis. Sample
processing took place within 60 days from sampling.
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Before the extraction, the total buffer content containing faecal material
(~ 1,5 ml) was extracted from the sample bottles with a sterile, single-use
syringe and concentrated by lyophilization. Afterwards, microbial DNA
was extracted from a lyophilized sample using FastDNA Spin Kit for Soil
(MP Biomedicals, USA) and FastPrep 24 5G instrument. Additionally, DNA
was extracted from a negative control and microbial community and DNA
standards (ZymoBIOMICS, USA). Sequencing was performed by MGI-Tech
Latvia laboratories, where the extracted DNA was fragmented in approximately
400 bp fragments with Covaris S220 and a sequencing library prepared using
MGIEasy PCR-Free DNA kit (MGI-tech, China) following the manufacturer’s
standard protocol. Library quality was checked with Agilent Bioanalyser 2100
(Agilent Technologies, USA). Shotgun metagenomic sequencing was performed
on the DNBSEQ-G400 platform (MGI, China) with 150bp paired-end reads.

The primary processing of the raw metagenomics sequencing data was
done on high-performance computing clusters in Riga Technical University
using in-house adaptation [70] of a general metagenomic analysis workflow —
“StaG-mwc” [71]. Adapter removal and base quality trimming were done with
fastp [72]. The host reads were removed with Kraken2 (version 2.1.1) [73] using
the GRCh38 human reference genome. Taxonomic assignment was also carried
out using Kraken2 against a database built from all available archaea, fungi,
bacteria and protozoa full genomes (RefSeq release 180 2020-12-03). To improve
taxonomic abundances they were reestimated with Bracken (version 2.6)
[74]. ARG distributions and abundances were assessed with AmrPlusPlus
(version 2.0) by mapping the raw filtered reads to the MEGARes (version 2.0)
reference database [75].

Data analysis

Analysis was performed using R software environment (version 4.0.5.)
functions and packages such as phyloseq, microbiome and vegan and visualized
using ggplot. The obtained taxa were randomly subsampled with phyloseq
at the genus level (rngseed = 1221983) to normalize for read depth. Genus
abundance (Richness, Chaol), evenness (Shannon, Inv-Simpson) and beta
diversity (Bray-curtis) were calculated from Kraken2 raw count data using
the phyloseq package. The top 15 most common genera abundances were
averaged across all samples within a group and plotted with the microbiome
package and a heatmap of the 150 most abundant genera was generated using
basic phyloseq accessor functions. The Wilcoxon ranked sum test was used to
evaluate the statistical significance of alpha diversity measure differences among
groups, and permutational multivariate ANOVA (PERMANOVA) was used for
null hypothesis testing in beta diversity results.
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To account for observed ARG read depth and gene length differences custom
python-based scripts were used to normalize results [70]. Observed individual
ARG counts were expressed as found genes per million reads while in the case
of individual genes, the reads per kilobase of reads per million (RPKM) were
calculated for every gene and sample, which were further aggregated into either
ARG groups, classes or mechanisms.

Number of reads mapped to reference x 10°
RPKM =

Number of reads in sample x Reference length

After mapping the obtained sequencing reads against the MEGARes database
the read counts of observed ARGs for all study participants were aggregated
into their respective groups and labeled by most abundant ARG classes.

Mann-Whitney test was used to evaluate differences in resistance
mechanisms between two time points in each group. For the comparison of
efficacy and compliance, Pearson’s chi-square test and Mann-Whitney U test
of independent samples were used. Adverse events were evaluated using linear
regression and Z score. P value < 0.05 was taken as significant.

In Trial 2, comparing four groups of patients led to a large number of
variables. To prevent Type I error, a Bonferroni adjustment was applied to
the variables. This adjustment entailed dividing the desired alpha level by
the number of comparisons performed. Consequently, the significance threshold
for individual tests was raised, establishing a stricter criterion for determining
statistical significance.

Ethics

The GISTAR study was approved by the Ethics Committee of Riga East
Clinical University Hospital (Main approval No. 14-A/13, approved on
03.10.2013 and supplement, addressing the probiotic sub-study No. 8-A/17,
approved on 20.07.2017), the Latvian Central Medical Ethics Committee
(No. 01.-29.1/11, approved on 09.12.2013) and IJARC/WHO Ethics Committee
(Protocol ID: 12-36). All subjects signed an informed consent form before
enrolment.
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RESULTS

Altogether, 983 patients with positive H. pylori UBT were enrolled in
our studies. Subsequently, 579 subjects who tested positive for H. pylori were
enrolled and treated in the Trial 1. Of these, 299 participants (52%) were
assigned to AMX/CLARI, while 280 (48%) were placed in AMX/BI. The gender
distribution included 40.2% male (233 out of 579) participants. The average age
of the participants was 52 years, with a range from 40 to 64 years and a median
age of 52. A demographic breakdown of the study participants is detailed
in Table 1. Except for smoking habits, there were no statistically significant

differences in the parameters between the two groups.

Table 1. Description of treatment subgroups AMX/CLARI and AMX/BI

came to follow-up UBT

AMX/CLARI AMX/BI p-value
Medication was issued 299 280
Men 112/299 (37.5%) | 121/280 (43.2%) |  0.16
Median age, years 52 52
Median BMI kg/m? 28.7 283
Smoked daily for at least one year 94/299 (31.4%) | 122/280 (43.6%) 0.003
Alcohol weekly for at least six months 74/299 (24.7%) | 80/280 (28.6%) 0.29
Vegetarians 1/299 (0.3%) 2/280 (0.7%) 0.52
Available for interview 248/299 (82.9%) | 235/280 (83.9%) 0.75
Did not start eradication regimen 17/299 (5.7%) 13/280 (4.6%) 0.57
Completed eradication regimen (> 90%) | 224/299 (75.0%) | 214/280 (76.4%) 0.67
UBT for eradication confirmation o 0
(intention-to-treat; > 90% medication) 164/299 (54.8%) | 152/280 (54.3%) 0.89
UBT for eradication confirmation (per- o 0
protocol; > 90% medication) 164/224 (73.2%) | 152/214 (71.0%) 0.61
UBT for eradication confirmation o o
(< 90% medication) 8/299 (2.7%) 4/280 (1.4%) 0.29
Did not start eradication regimen, but 3/299 (1.0%) 21280 (0.7%) 0.70

AMX/BI - high-dose amoxicillin/bismuth therapy
AMX/CLARI - standard triple therapy with clarithromycin

UBT - Urea breath test
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In this study, a total of 30 participants (17 from AMX/CLARI and 13 from
AMX/BI) did not commence the H. pylori eradication treatment due to various
reasons. These included illness before starting the therapy, reluctance or
apprehension about taking the medication, or not providing a clear justification.

Out of the enrolled subjects, 483 (83.4%, 95% CI 80.1-86.4%) responded
to the adverse events questionnaire between 21 and 28 days post-treatment
initiation. Among these respondents, 328 individuals (56.6% of the total)
attended the follow-up UBT to evaluate the success of H. pylori eradication.
Additionally, 316 participants (54.7% of the total), who used at least 90% of
the prescribed therapy, were included in the per-protocol-based assessment
of the treatment’s efficacy.

In Trial 2, we focused on examining the effects of probiotic S. boulardii
supplementation. A total of 404 individuals who tested positive for H. pylori
received the eradication treatment. Among these participants, 66.8% (270 out
of 404) were female. The average age of this group was 53.6 years, with a median
of 55.0 years and an age range of 40-64 years. The distribution of patients across
different treatment groups was as follows: 77 patients (19.1%) in the ST10 group,
96 patients (23.8%) in the ST14 group, 113 patients (28.0%) in the ST10SB
group, and 118 patients (29.2%) in the ST14SB group (Table 3). Each group’s
demographic and lifestyle parameters are represented in Table 2. There was no
statistically significant difference between the groups.

Table 2. Description of treatment subgroups ST10, ST14, ST10SB, ST14SB

ST10 ST14 ST10SB ST14SB

Medications issued, n 77 96 113 118
Men, n (%) 28 (36.4%) 25 (27.1%) 38 (33.6%) 42 (35.6%)
Mean (median) age, years 53.8 (55) 53.1 (54) 53.7 (55) 53.9 (55)
Median BMI kg/m? 28.5 27.8 27.7 27.3
Smoked daily for at least 29/77 33/96 50/113 52/118
one year (37.7%) (34.4%) (44.2%) (44.1%)
Alcohol weekly for at least 31/77 34/96 35/113 40/118
six months (40.3%) (35.4%) (31.0%) (33.9%)
Vegetarians 1/77 (1.3%) - - 1/118 (0.9%)
Available for interview 72177 94/96 111/113 114/118

(93.5%) (98.0%) (98.2%) (96.6%)
Did not start eradication 5/72 (7.0%) | 2/94 (2.0%) | 2/111 (1.8%) | 4/114 (3.5%)
regimen
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ST10 ST14 ST10SB ST14SB

Completed regimen 69/72 90/94 110/111 107/114
(= 90%) (95.8%) (95.7%) (99.1%) (93.9%)
iigrfr‘l’fa;ff‘(cift‘e"rﬁion_ o 50/77 69/96 87/111 78/114

(64.9%) (71.9%) (78.4%) (68.4%)
treat)
iizrﬁrafi?f‘(;a;fgo ocol 47169 66/69 87/110 73/107

4 0y 0, 0, 0

5 90% medication) (68.1%) (95.7%) (79.1%) (68.2%)
UBT for eradication
confirmation (< 90% 3/72 (4.2%) | 3/94 (3.2%) - 5/114 (4.4%)

medication)

ST10 - 10-day standard triple therapy

ST14 - 14-day standard triple therapy

ST10SB - 10-day standard triple therapy with S .boulardii supplementation
ST14SB - 14-day standard triple therapy with S. boulardii supplementation
UBT - Urea breath test

Among all participants who were allocated treatment in the Trial 2, 97.5%
(391 out of 404, 95% CI 95.5-98.8%) completed the post-therapy survey and
were interviewed regarding adverse events and their adherence to the treatment
regimen.

In total, 13 subjects (comprising five from the ST10 group, two from ST14,
two from ST10SB, and four from ST14SB) who underwent the interview did not
commence their assigned eradication treatment. Various reasons were cited for
this, such as hesitation or apprehension about taking the medication, or in some
cases, no specific reason was provided.

Compliance

In Trial 1, a high level of compliance was observed among the study
participants, with 90.3% (224 out of 248, 95% CI 85.9-93.7%) in AMX/CLARI
and 91.1% (214 out of 235, 95% CI 86.7-94.4%) in AMX/BI adhering fully to
the medication regimen. Additionally, 2.0% (5 out of 248) in AMX/CLARI and
1.3% (3 out of 235) in AMX/BI used over 90% of their medication.

In Trial 2, also a high overall compliance rate of 96.2% (376 out of 391,
95% CI 93.9-97.8) was reported by participants for following medication
recommendations. Both non-probiotic and probiotic subgroups showed similar
compliance, with 95.8% in non-probiotic (159 out of 166) and 96.4% in probiotic
groups (217 out of 225). The ST10SB group had the highest compliance at
99.1%, while the 14-day regimens (ST14 and ST14SB) had slightly lower but
comparable adherence rates.
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Frequency of adverse events

In Trial 1, adverse events were reported by 57.0% of participants in AMX/
CLARI (141 out of 248, 95% CI 50.4-63.1%) during standard eradication
therapy, compared to 40.0% in AMX/BI (94 out of 235, 95% CI 33.7-46.6%;
p < 0.01). The range and specifics of these events varied between the groups (as
listed in Table 3).

Table 3. The comparison of adverse effects of eradication therapies in Trial 1

AMX/CLARI % (n/total) | AMX/BI % (n/total) p-value
Diarrhea 21 (58/248) 13 (23/235) <0.01
Bitter taste in the mouth 36 (97/248) 5(9/235) <0.01
Stool color change 3 (7/248) 31 (55/235) <0.01
Bloating 5(13/248) 3 (7/235) 0.21
Nausea 9 (25/248) 6 (14/235) 0.10
Abdominal pain 5(13/248) 7 (17/235) 0.37
Fatigue 8 (19/248) 3 (7/235) 0.02
Vomiting 3 (7/248) 0.4 (1/235) 0.04
Skin rash 2.2 (6/248) 3.4 (6/235) 0.92

AMX/BI - high-dose amoxicillin/bismuth therapy,
AMX/CLARI - standard triple therapy with clarithromycin

The most common effects in AMX/CLARI included a bitter taste, nausea,
fatigue, abdominal pain, and bloating, while AMX/BI reported changes in stool
colour, diarrhoea, abdominal pain, and nausea. The average number of adverse
effects per subject was 2, consistent across both treatment groups. AMX/CLARI
also reported less common effects like tongue irritation and dry mouth, whereas
AMX/BI experienced issues such as constipation, blue patches on lower legs,
and headaches, among others.

In Trial 2, data about the frequency of adverse events was available from
391 participants, 31.7% reported experiencing at least one adverse event.
The average number of adverse events pro person was slightly higher in
14-day regimens (0.51) compared to 10-day regimens (0.39). Participants on
the 14-day regimens tended to report more events, averaging 1.42 incidents,
compared to 1.17 in the 10-day regimen.

When comparing groups with and without probiotic supplementation,
those not receiving probiotics had a slightly higher average of adverse events
(0.53 vs. 0.39), but this difference was not statistically significant. No significant
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differences were found in the mean number of events between individuals
reporting at least one adverse event, regardless of probiotic use.

The study also found that diarrhoea was more commonly reported in
the 14-day regimens, with a lower occurrence in participants who received
probiotics alongside the 14-day treatment (Table 4). However, after applying
the Bonferroni adjustment to compare the frequencies of side effects among
the groups, the corrected required p-value was found to be less than 0.0015.

Table 4. Comparison of adverse events in eradication subgroups

10 days
STI0 | ST10SB | | ST14 | STI4SB | vs.
%m) | %m | P wm) | %m | P 14 days
(p-value)
Available for 72 111 94 114
interview
The mean
number of 0.36 0.40 0.71 0.65 0.38 0.03 0.14
adverse events
reported
8.3% 9.9% 21.3% | 10.5%
Diarrhea 0.72 0.03 0.05
(6) (11) (20) (12)
4.2% 3.6% 9.6% 7.0%
Nausea 0.85 0.50 0.07
(3) (4) ) (8)
1.1% 0.9%
Vomitin 0 0 - 0.89 0.18
5 6)) 1)
83% | 13.5% 16.0% | 11.4%
Bitter taste 0.26 0.34 0.56
(6) (15) (15) (13)
0
Heartburn 0 léf) 0.25 0 0 - 0.13
6.9% 2.7% 2.1% 6.1%
Abdominal pain 0.17 0.16 0.98
P (5) (3) @ 7)
1.39% | 2.7% 2.1% 0.9%
Bloatin 0.56 0.45 0.58
5 (1) (3) @ (1)
1.39% | 0.9% 1.1% 0.9%
Skin rash 0.76 0.89 0.99
1) (1) (1) (1)
1.39% 2.6%
Itchin 0 0.21 0 0.11 0.13
§ (1) 3)

ST10 - 10-day standard triple therapy
ST14 - 14-day standard triple therapy
ST10SB - 10-day standard triple therapy with S. boulardii supplementation
ST14SB - 14-day standard triple therapy with S. boulardii supplementation
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Efficacy of the eradication regimens

In Trial 1, follow-up UBT conducted six months post-treatment was
available for 332 subjects, with 174 in AMX/CLARI and 158 in AMX/BL
The per-protocol analysis revealed a significantly higher efficacy in AMX/CLARI
at 88.4% (145 out of 164, 95% CI 82.5-92.3%) compared to 77.0% in AMX/BI
(117 out of 152, 95% CI 69.5-83.4%; p < 0.001). The intention-to-treat analysis
showed a higher efficacy trend in AMX/CLARI compared to AMX/BI, but
without a statistically significant difference (AMX/CLARI: 48.5%, AMX/BI:
41.8%; p = 0.105).

In Trial 2, 70.3% of participants (284 out of 404) completed the follow-up
UBT. Of these, 67.6% (273 participants) adhered to the medication regimen
and were included in the per-protocol analysis. Two subjects were excluded due
to inconclusive UBT results. However, 29.7% of participants (120 respondents)
did not attend the confirmatory UBT for various reasons. A successful H. pylori
eradication was achieved in 88.2% of the per-protocol group and 61.4% in
the intention-to-treat group. In the intention-to-treat analysis, the 10-day
treatment with S. boulardii supplementation (ST10SB) showed higher eradication
rates (70.8%) compared to the same duration without the probiotic (54.6% in
ST10). Further subgroup comparisons are detailed in Table 5.

Table 5. Intention-to-treat eradication efficacy among treatment subgroups

ST10 ST14
.. 42/77 59/96
Succej/sfz;l;;acc:lll)catlon 54.6% 61.5%
AR (42.8-66.0) (51.0-71.2)
80/113
ST10SB 70.8% p =002 p=0.15
(61.5-79.0)
66/118
ST14SB 55.9% p =085 p =041
(46.5-65.1)

ST10 - 10-day standard triple therapy
ST14 - 14-day standard triple therapy
ST10SB - 10-day standard triple therapy with S. boulardii supplementation
ST14SB - 14-day standard triple therapy with S. boulardii supplementation

83




After applying the Bonferroni adjustment for efficacy testing in
the intention-to-treat group, the corrected required p-value (p-corrected) was
found to be < 0.01, which indicates a lack of significance in the difference
between the tests.

In the per-protocol analysis, a 90.6% eradication rate (144 out of 159,
95% CI 84.9-94.6%) was noted in the subgroups receiving S. boulardii
supplementation, compared to an 85.0% success rate (96 out of 113, 95%
CI 77.0-91.0%) in participants who did not receive probiotics (p = 0.183). This
trend was consistent across all subgroups in the per-protocol analysis, as detailed
in Table 6. Similarly to the previous calculation, the p-corrected was < 0.01.

Table 6. Efficacy of eradication in the per-protocol analysis

ST10 ST14
Successful 39/47 57/66
eradication % 83.0% 86.4%
(95%CI ) (69.2-92.4) (75.7-93.6)
80/87
ST10SB 92.0% p=015 p =030
(84.1-96.7)
64/72
ST14SB 88.9% p =042 p=0.80
(79.3-95.1)

ST10 - 10-day standard triple therapy
ST14 - 14-day standard triple therapy
ST10SB - 10-day standard triple therapy with S .boulardii supplementation
ST14SB - 14-day standard triple therapy with S. boulardii supplementation

Follow-up evaluation of gut microbiota (Trial 1)

At present, the next phase of the study has only been conducted within
the scope of Trial 1. Stool samples were available from altogether 158 subjects;
of those 27 received AMX/BI and 31 received AMX/CLARI. An additional
50 subjects were included from the control group. The control group did not
receive any intervention within the study.

The mean time interval before the second sampling was 215 days with
a standard deviation of 30.0 days, and a median - of 205 days, range of
172-255 days.
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The median age of participants was 51 years, range 40-64 years. Of them,
41.7% (n = 45) were men; the median BMI was 28.7 kg/m? There was no
difference in participants’ characteristics between the AMX/CLARI, AMX/BI,
and control groups (Table 7).

Table 7. Description of the analysed cohort

AMX/CLARI, AMX/BI, ~
n =31 n=27 Control, n = 50 p-value
12 (38.7%)/ 12 (44.4%)/ 21 (42.0%)/
0

Males/females, n (%) 19 (61.3%) 15 (55.6%) 29 (58.0%) 0-66
Median age, years 52 48 51

Median BMI kg/m? 30.1 29.6 28.1 0.21
Smoked daily for at 9 (29.0%) 10 (37.0%) 15 (30.0%) 0.52
least one year

Vegetarians 1(3.2%) 1 (3.7%) 2 (4.0%) 0.92

Control — samples from respondents who did not undergo eradication
AMX/BI - high-dose amoxicillin/bismuth therapy
AMX/CLARI - standard triple therapy with clarithromycin

Overall microbial community overview in Trial 1

After quality filtering, trimming (mean quality score of 30 and above 50 bp
read length), and host sequence removal, a total of 10.3 billion high-quality
paired-end reads were obtained. After rarefication, a total of 2789 genus-level
taxa were identified in the gut microbiome of respondents containing both
bacteria (90.4%) and eukaryotes (9.6%). The core microbiome consisted of
317 genera (genus-level taxa detected in at least 75% of the dataset). Samples
contained on average 35.2 M+12.8 M reads with a range of 19.63-201.35 M
reads, while the negative control contained less than 67 thousand reads.
The microbial mock community control samples contained a total of 91.1 M
reads and matched the expected mock composition in the DNA standard while
the microbial standard revealed a possible bias in the extraction procedure
towards gram-negative bacteria.
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Genus

Panel A (Figure 3a) shows the top 150 most abundant genera for each
treatment group and time point, depicted in a heatmap. Samples are depicted
on the x-axis while on the y-axis — genus-level taxa. The relative abundance of
the top 15 bacterial genera aggregated by treatment group and time point is
demonstrated in Panel B. The kraken2-based taxonomic assignment approach
did not reveal a noticeable shift pattern of the 150 most abundant genera among
the therapy groups (Figure 3a, Panel A), also the top 15 most abundant genera
did not differ significantly among the therapy groups (Figure 3a, Panel B;

Figure 3b).

Control_T1 Control_T2 MX/CLARI_T MX/CLARI_T AMX/BI_T1 AMX/BI_T2

Abundance

Te-02
1 e-04
1e-06

Figure 3a. Most abundant genera
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Panel A: top 150 most abundant genera for each treatment group and time point
Panel B: relative abundances of top 15 bacterial genera by treatment group and time point

Control - control group
AMX/BI - high-dose amoxicillin/bismuth therapy

AMX/CLARI - standard triple therapy with clarithromycin

T1 - baseline, T2 - follow-up
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Figure 3b. Wilcoxon Signed rank test for the evaluation of the differences in observed

top 15 taxa relative abundances

Control - samples from respondents who did not undergo eradication
AMX/BI - high-dose amoxicillin/bismuth therapy
AMX/CLARI - standard triple therapy with clarithromycin
T1 and T2 - time points before and six months after therapy
ns - difference not significant (p > 0.05)

Alpha diversity measures for each of the treatment types and time points
are reflected in Panel A (Figure 4). Panel B (Figure 4) shows the beta diversity
of bacterial communities between the treatment groups. Consistent with
the findings of other studies investigating the effect of eradication therapies
on gut microbiota, our analysis of microbial alpha diversity found the gut
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microbial diversity to be similar in both pre-and post-eradication time points.
No significant difference in alpha diversities for any of the groups was observed
between the initial (T'1) and the follow-up (T2) samples. Analysis of the inter-
treatment group beta diversity based on principal coordinate and PERMANOVA
analysis also revealed that neither different treatments nor time points were
the main drivers for the observed microbiome variance among individual
samples (p > 0.05) (Figure 4, Panel B).

The difference among alpha diversities in the three groups at the second

sampling point was evaluated where slightly significant differences were
observed only among richness estimates.
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Figure 4. Alpha and beta diversities

Panel A: alpha diversity measures for each treatment type and time point, expressed as species richness
Panel B: beta diversity of bacterial communities between the treatment groups
Control - control group

AMX/BI - high-dose amoxicillin/bismuth therapy
AMX/CLARI - standard triple therapy with clarithromycin
T1 - baseline, T2 - follow-up

Differences in ARGs between the two therapy regimens
and controls

The average percentage of quality filtered reads was 0.98% and 1.03% for
the Control group (before and after), 1.20% and 1.00% for the AMX/CLARI
group, and 0.90% and 0.98% for AMX/BI respectively. Evaluating the differences
in observed ARG counts per million in both time points (Figure 5, Panel C), we

observed a statistically significant difference (p = 0.05) only in the AMX/CLARI
group (Table 9).
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RPKM by AMR mechanism

Observed AMR genes per million reads

(A) AMR mechanism (B)
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Figure 5. Relative abundance of observed antimicrobial resistance gene (ARG) reads
for all study participants aggregated into their respective groups and labelled by most

abundant ARG classes

Panel A: most abundant AMR (antimicrobial resistance) mechanisms expressed in RPKM and

aggregated into treatment and sampling groups

Panel B: most abundant AMR gene classes expressed in RPKM and aggregated into treatment and

sampling groups

Panel C: the number of observed ARGs for each sample expressed in the number of genes per million

reads and aggregated into treatment and sampling groups
Control - control group

AMX/BI - high-dose amoxicillin/bismuth therapy
AMX/CLARI - standard triple therapy with clarithromycin
T1 - baseline, T2 - follow-up

Table 9. Wilcoxon Signed rank test for the evaluation of the differences in observed
antimicrobial resistance gene counts per million in both time points

AMX/CLARI AMX/BI Control
Difference in gene sum per sample _ _ _
1 ve T p=0.19 p =066 p =061
Difference in gene sum per sample per _ B B
million reads T1 vs T2 p=0.05 p =054 p =020

Control - samples from respondents who did not undergo eradication
AMX/BI - high-dose amoxicillin/bismuth therapy

AMX/CLARI - standard triple therapy with clarithromycin

T1 and T2 - time points before and six months after therapy
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Characterization of resistance gene mechanisms

Further, we compared the resistance mechanisms and classes at both time
points. We did not observe any difference in mechanisms in the AMX/BI group;
however, AMX/CLARI showed a wide spectrum of significant changes six

months after eradication therapy (Table 10).

Table 10. Comparison of resistance mechanisms before and after therapy

AMX/BI AMX/CLARI Control
Mechanism
T1 T2 |p-value| T1 T2 p-value | T1 T2 |p-value
235 rRNA 89.77 | 90.00 | 0.869 | 81.90 | 162.58 | < 0.001* | 75.06 | 80.47 | 0.704
methyltransferases
Aminoglycoside
O-nucleotidylt- | 73.04 | 51.00 | 0.088 | 57.23 | 11548 | 0.009* | 56.06 | 59.36 | 0.938
ransferase
Copper resistance | ¢ ;| 4 o7 | 0498 | 373 | 14.09 | 0.031* | 1023 1523 | 0.307
regulator
Drug and biocide
MATE efflux 637 |10.11 | 0313 | 418 | 9.64 | 0.001* | 7.43 | 9.08 | 0.987
pumps
Fluoroquinolone-
resistant DNA 12.10 | 1490 | 0.953 | 8.53 | 16.88 | 0.048* | 10.16 | 17.19 | 0.724
topoisomerase
Lipid A 7.00 | 443 | 0933 | 2.88 | 869 | 0.035* | 7.61 | 11.17 | 0.394
modification
MLS resistance 1,5 361 55 60| 0.726 | 1452 | 1928 | 0.012* | 20.11 | 3022 | 0.125
MEFS efflux pumps
Sodium resistance | ¢ o | 340 | 0588 | 2.67 | 13.17 | 0.046% | 11.90 | 1450 | 0953
protein
Streptothricin 1453 | 8.87 | 0.682 | 843 | 22.86 | 0.034* | 1171 | 14.42 | 0.829
acetyltransferase
Zinc resistance 629 | 471 | 0.752 | 2.89 | 12.11 | 0.035% | 12.09 | 17.36 | 0.575
protein
Zine resistance 1140 | 6.40 | 0.893 | 3.89 | 1533 | 0.038* | 13.54 | 12.54 | 0.575
regulator

AMX/BI - high-dose amoxicillin/bismuth therapy
AMX/CLARI - standard triple therapy with clarithromycin
T1 and T2 - time points before and six months after therapy
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DISCUSSION

H. pylori eradication is being recommended in healthy population settings
for gastric cancer prevention. However, the therapy needs to be acceptable to
the target population, including the spectra of adverse effects, and as harmless
as possible. Here, we are addressing the potential differences between different
eradication regimens related to their efficacy, frequency of adverse events, as
well as a potency to induce and maintain resistant gut bacteria six months
following the therapy.

This investigation likely constitutes the initial foray into assessing the efficacy
of high-dose amoxicillin in tandem with bismuth as a primary treatment for
H. pylori eradication within a Caucasian cohort. Although the therapeutic
outcomes did not reach the thresholds typically recommended for clinical
adoption, the results were nevertheless promising, particularly in terms of
reduced adverse effects when contrasted with the conventional clarithromycin-
inclusive triple therapy.

In Asian populations, high-dose amoxicillin therapies have been
implemented as first-line treatments with considerable success, as evidenced by
H. pylori eradication rates exceeding 90% [55, 76, 77]. Based on information
gathered from multiple research studies on alternative H. pylori eradication
methods, we expected that using a bismuth-based, high-dose amoxicillin
treatment in our study would lead to an increased rate of eradication [77-79].
Notably, Yu et al. reported a remarkable eradication rate of 93.3% after
using high-dose amoxicillin in combination with bismuth subcitrate [77].
The observed variance in eradication rates may be attributable to differential
metabolic processes influenced by the type of proton pump inhibitors employed
[78, 80]. Furthermore, Furuta et al. have identified that the effectiveness of
eradication treatments could be modulated by variations in liver cytochrome
genotypic status [81].

Moditying the selection and dosage of the acid-suppressing agent may serve
as an additional strategy to enhance the effectiveness of eradication therapy. In
one of the arms of our study, a single-antibiotic high-dose amoxicillin therapy
was used. Zullo et al. demonstrated 87.5% eradication success with a ten-day
dual therapy of high-dose amoxicillin and esomeprazole [82]. Even higher
effectiveness, i.e. 91.3% has been demonstrated with a 14-day rabeprazole-
containing dual therapy [76]. A potential approach to further optimize this
could involve increasing the PPI dosing frequency, such as administering it every
6 hours, as recommended in some Asian studies [78]. However, this adjustment
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might be more applicable to individuals categorized as ‘fast-metabolisers,
a group less commonly found in Western populations.

A viable resolution could involve substituting the PPI with a more effective
acidity-reducing agent, specifically a potassium-competitive acid blocker
(P-CAB). Notably, dual therapy involving P-CAB and amoxicillin has yielded
encouraging outcomes in Japan [83, 84], and similar trials are underway in
Europe. Additionally, this combination therapy is anticipated to have a reduced
impact on inducing resistome [85], though this still needs empirical validation.

In the standard triple therapy group, a higher incidence of adverse effects
was reported, particularly with clarithromycin use, leading to complications
like antibiotic-associated diarrhoea [86, 87]. Although studies comparing
triple clarithromycin-based and quadruple bismuth-based therapies indicated
similar adverse effects, the severity was less marked with bismuth [88], which
is generally safe and well-tolerated in H. pylori treatment. Ford et al. [89] noted
that bismuth therapy’s most common side effect is dark-coloured stool due to
bismuth sulfide formation, a harmless and reversible effect. Conversely, bitter
taste, diarrhoea, and abdominal pain were deemed more troublesome with
clarithromycin therapy, potentially impacting patient compliance.

Several studies have shown that various probiotics can inhibit H. pylori
through both immunological and non-immunological means, including altering
the host’s immune response and affecting bacterial growth [36]. S. boulardii has
demonstrated the ability to prevent H. pylori adhesion to the gastric mucosa and
exhibited antimicrobial activity, it has also been effective in reducing side effects
like abdominal pain and antibiotic-associated diarrhoea [62, 63]. Research on
the role of S. boulardii in enhancing H. pylori eradication showed however mixed
results. While Cindoruk et al. found a higher eradication rate with S. boulardii
(71.0% vs. 59.7%, p > 0.05) and a reduction in symptoms like diarrhoea, they
did not report a significant overall impact on eradication rates [90]. Zojaji’s
study noted a slight increase in eradication rates when S. boulardii was added to
standard 14-day triple therapy (87.5% vs. 81.2%, p = 0.350) [91]. Gotteland et al.
observed that S. boulardii alone led to a 12% eradication rate in children [92]. In
our study, the only treatment achieving over 90% eradication rate was the 10-
day probiotic therapy, with other regimens showing 83-88.9% efficacy, similar
to Latvias average [93]. The 10-day probiotic therapy’s higher success rate was
likely due to greater patient compliance. While the use of probiotics showed
marginally improved efficacy, the differences were not statistically significant.

In this study, a relative decrease in adverse events was noted in the 14-day
treatment cohort when supplemented with S. boulardii. While the probiotic
treatment generally appeared to reduce side effects, this difference did not reach
statistical significance. The most notable impact of probiotics was on reducing
diarrhoea frequency during the 14-day treatment.
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Probiotic subgroups, especially in the ten-day treatment plan, exhibited
the highest levels of patient compliance, presumably related to a lower occurrence
of adverse events. This study contributes to the current research on the efficacy and
adverse effects of treatments for H. pylori eradication. It particularly emphasizes
the impact of varying treatment lengths and the inclusion of probiotics. Unlike
previous studies, our research established four distinct treatment arms based
on set criteria, allowing for a detailed analysis of the impact of each variable on
treatment efficacy and side effects.

The first part of the doctoral research is also the first study in a Caucasian
population to evaluate the microbiome perturbations after high-dose amoxicillin
therapy in combination with bismuth for H. pylori eradication.

Most of the previous studies have evaluated immediate (within two weeks)
or short-term (two to three months) effects of the antibiotics on the gut
microbiota, mostly they included a relatively small number of study subjects
[94, 95]. A significant short-term microbiota alteration was proved in all
the studies, generally supporting the long-term (six months and more) safety
of H. pylori eradication therapy. A study from Jakobsson et al. which included
six patients suggested that the bacterial diversity decreased immediately after
the eradication therapy with clarithromycin and metronidazole, however, one
up to four years later the bacterial diversity was similar to that found before
treatment [96]. Observed long-term variations were mostly related to genus
level [34, 96].

Important previous landmark studies were using bacterial culture to
address resistance patterns after eradication [97, 98]. Most of the recent studies,
predominantly from Asian countries, have been using 16S rRNA sequencing for
the evaluation of alpha and beta diversities in patients having received H. pylori
eradication therapies [34, 35, 99]. Several of the more recent studies have
used metagenome sequencing, therefore allowing addressing the composition
of the resistome [19, 100]; in our study, metagenome sequencing was used as
the primary testing method.

Recently a large randomized study from Taiwan has addressed gut resistome
aspects following second-line eradication regimens whether with esomeprazole,
amoxicillin, metronidazole and levofloxacin for 14 days or esomeprazole,
bismuth, tetracycline, and metronidazole for 10 days. By either regiment,
the initially altered resistome was already restored to the pretreatment level by
week 8 [101]. It is noteworthy that clarithromycin was not used in this study.

Clarithromycin and metronidazole induce the pool of resistant bacteria in
gut microbiota [96, 102, 103]. Although according to the current guidelines,
clarithromycin-based triple therapies should be avoided for empirical use
in H. pylori eradication except for the areas of low resistance (< 15%), they
remain the most commonly used therapies in Europe. As clarithromycin is
widely used to treat various life-threatening diseases and can provoke bacterial
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resistance, it would be advisable to consider other eradication regimens without
clarithromycin.

Use of bismuth-based therapies, either in standard quadruple combinations
or by adding to other therapy regimens, including clarithromycin-based triple
regimens are being used to increase the effectiveness and also to overcome
H. pylori resistance [33]. Furthermore, there are indications that bismuth-based
therapies may have less effect on the gut resistome; therefore a bismuth-based
combination was used in our study. Bismuth has been demonstrated not to
leave a long-term effect on E.coli resistance in previous studies [34, 35]. A study
in Europe by Prast-Nielsen et al [104] including 38 patients with a six-month
follow-up demonstrated only a partial recovery of alpha diversity either in
the group receiving bismuth or non-bismuth regimens. However, Liou et al [35]
has study found that alpha and beta diversities were not fully restored even at
1 year in patients treated with bismuth quadruple therapy and non-bismuth-
containing quadruple therapies. On the other hand, the authors did not identify
increased antibiotic resistance of E. coli either with the bismuth or non-bismuth
regimens.

The greatest advantage of using amoxicillin-based therapy is its low
impact on the gut microbiome. A large meta-analysis from the UK examined
10 studies about the effect of orally administered amoxicillin that had very
little and rapidly recovering effect on the human microbiome [105]. Despite
the changes caused by short-term beta-lactam therapy, both gut microbiota and
resistome composition recovered promptly to baseline one week after cessation
of the medicament [106].

Our study did not observe significant differences in microbial composition
before and six months after eradication in the AMX/BI group; it did not differ
from the control group.

The most interesting finding of our study was the statistically significant
increase in ARG counts having been maintained within six months following
standard clarithromycin-based triple therapy; this effect has been seen neither
in the AMX/BI nor the control group. In the AMX/CLARI subgroup, we have
observed multiform changes in the resistance mechanism level, which are
typical for macrolides. The weightiest transformations in resistance mechanisms
were acquired through 23S rRNA methyltransferases, drug and biocide
MATE efflux pumps; as well as MLS resistance MFS efflux pumps responsible
for cross-resistance to other antibacterial agents, such as lincosamides and
streptogramins. The mechanisms mentioned above have an obvious negative
impact on the therapeutic efficacy of antibiotics in the MLS class [24]. Moreover,
significant changes were discovered in metal resistance regulators - zinc and
copper. Some recent studies, mainly in veterinary, confirmed a strong correlation
between copper resistance to macrolide and glycopeptide resistance [107, 108].
The findings indicate an alarming tendency of long-term multidrug- and
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metal-resistance acquisition after macrolide therapy. Persistent macrolide
resistance of the gut microbiota after the eradication has been demonstrated
before; triple therapies including two antibiotics tended to build resistance
in Streptococci, Staphylococci, Enterococci, Enterobacteriaceae and Bacteroides
species, even after 1-4 years [94, 109-112].

Several important strengths of our study deserve to be emphasized. A key
strength of this study lies in the use of randomized controlled trials, which
are considered the gold standard in clinical research. The study employed
clear randomization procedures, well-defined control groups, and included
both intention-to-treat and per-protocol analyses. These methodological
choices enhance the validity of the findings and reduce potential biases. We
have enrolled participants from a general population cohort, i.e., population
characterizing the population entitled for gastric cancer prevention by H. pylori
eradication. We did not include subjects having undergone H. pylori eradication
beforehand, therefore the potential impact of previous eradication treatment
upon the gut resistome might be minimal. Importantly, our study was designed
by including a group of control; the lack of changes in this group supports
the relevance of the findings in subjects having undergone antibiotic treatment.
Metagenome sequencing was applied to address the diversity of microbiome
and resistant bacteria communities in all the samples; the sample size was large
when compared to similar studies. We consider that the model we suggested
here could potentially be used for therapy evaluation before recommending for
broad-scale use.

In summary, our study suggests that the traditional 14-day clarithromycin-
based triple eradication therapy increases the number of resistant bacteria in
the gut remaining persistent for at least six months following the treatment.
To avoid this, therapies without clarithromycin should be preferred for
wide use to prevent gastric cancer in population-based settings. Although
the bismuth-containing therapy which we used (AMX/BI) had a lesser effect
on gut resistome, broad use of this treatment regimen cannot be recommended
universally because of lower efficacy. Bismuth-containing quadruple therapies
without macrolides or therapies with high-dose amoxicillin in combination with
potassium competitive acid blockers with or without bismuth could be among
the potential solutions. However, not only their efficacy but also the effect on
gut resistome should be evaluated before the therapies could be recommended
for the use in general asymptomatic population [6].
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CONCLUSIONS

Our study addresses a significant global health issue — H. pylori infection and

antibiotic resistance. The findings from this research provide valuable insights
into the effectiveness of alternative H. pylori eradication regimens, identifying
areas where current treatment strategies may require improvement.

1.

The high-dose amoxicillin/bismuth regimen demonstrates a lower eradica-
tion rate compared to the clarithromycin-based triple therapy. As a result,
adding bismuth to the high-dose amoxicillin regimen cannot be recom-
mended, since it failed to achieve the desired efficacy threshold. While this
regimen could potentially reduce macrolide usage, further modifications are
needed to enhance its effectiveness. Additionally, although there was a trend
toward improved efficacy with the addition of S. boulardii to standard triple
therapy, this did not result in a statistically significant overall increase in
eradication rates. These findings indicate that while probiotic supplementa-
tion holds promise for improving treatment outcomes, its impact on overall
eradication efficacy needs further investigation.

Compared to the traditional clarithromycin-based regimen, the high-dose
amoxicillin/bismuth regimen results in significantly fewer adverse effects,
such as diarrhoea and gastrointestinal discomfort. Despite this, the amoxi-
cillin/bismuth regimen cannot be recommended for widespread use, as it
did not achieve the required efficacy threshold. Conversely, the addition of
S. boulardii to the standard triple therapy shows a trend towards reducing
side effects, particularly in decreasing the occurrence of diarrhoea in
the 14-day regimen. However, these changes are not statistically significant.
The reduction in adverse events associated with the high-dose amoxicillin/
bismuth regimen, as well as the adjunct use of S. boulardii, likely contribute
to relatively higher compliance rates. Fewer side effects generally lead to
better patient adherence, which can enhance the treatment’s overall success.
Standard clarithromycin-based triple H. pylori eradication therapy incre-
ases the number of resistant bacteria and thus affects the gut resistome.
This impact on the resistome is persistent for at least six months following
completion of treatment. Consequently, the use of this therapy should
not be recommended even in the areas with low H. pylori resistance to
clarithromycin, at least for gastric cancer prevention indication. For this
purpose, other therapies should be recommended, and the effect of the par-
ticular therapy on gut microbiome induction should be evaluated before
broad-scale implementation is recommended.
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The findings highlight the necessity for alternative H. pylori eradication
strategies that reduce antibiotic resistance and adverse effects on gut health.
The data advocate for reevaluating the widespread use of clarithromy-
cin-based therapies in areas with significant resistance, recommending
the integration of bismuth-based regimens as first-line treatment options
where applicable. While the high-dose amoxicillin/bismuth regimen shows
promise in minimizing adverse events and disruptions to the microbiome,
its lower efficacy calls for further optimization.
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FUTURE DIRECTIONS AND IMPLEMENTATION
OF FINDINGS

The observed increase in antibiotic resistant gut bacteria following a standard
clarithromycin-based triple H. pylori eradication therapy is suggesting to limit
the use of these therapies even in the areas with low H. pylori resistance to
clarithromycin

These findings emphasize the necessity for ongoing research to optimize
H. pylori eradication strategies, balancing efficacy with the broader impacts
on microbial resistance and patient well-being. Future studies should focus on
improving treatment protocols to enhance eradication rates, reduce adverse
events, and preserve gut microbiome integrity, thereby improving patient
outcomes and compliance. We suggest that whenever introducing new antibiotic-
based therapy regimens for prevention such as in the case of gastric cancer
prevention, long-term effects on gut resistome induction potential should be
conducted.

It is advisable to establish long-term surveillance and monitoring programs
to effectively evaluate the sustainability of eradication, detect any recurrence
of infection, and monitor the long-term impact on gut health, particularly
the potential development of resistant strains.
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