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Application of N-Acetyl-Glucosaminil-
N-Acetyl-Muramyl Dipeptide during Triple
Component Anti-Helicobacter Pylori Therapy
in the Period of Coronavirus Infection
COVID-19

Marat R. Konorev*, Elena N. Tyshevich, Roman A. Pavlyukov

Vitebsk State Medical University, Vitebsk, Republic of Belarus

Aim: evaluation of the incidence of COVID-19 infection after three-component H. pylori eradication therapy while
taking N-acetyl-glucosaminyl-N-acetyl-muramyl dipeptide (GMDP).

Materials and methods. A prospective randomized comparative clinical study was carried out. The study included
208 patients (147 men, 61 women; mean age — 48.1 £ 14.5 years) with duodenal ulcer associated with Helicobacter
pylori (H. pylori) who underwent eradication therapy. H. pyloriin the gastric mucosa was detected by a morphological
method and a rapid urease test before treatment and 6—-8 weeks after the end of treatment and the withdrawal of
all drugs. Patients were divided into three groups according to treatment protocols: omeprazole 0.04 g/day, clari-
thromycin 1 g/day, amoxicillin 2 g/day (OCA; n = 103); omeprazole 0.04 g/day, clarithromycin 1 g/day, amoxicillin
2 g/day + GMDP 0.001 g/day (OCAL1; n=61) or 0.01 g/day (OCAL10; n = 44) for 10 days. Detection of SARS-CoV-2
RNA by PCR was carried out from April 2020 to April 2022. Tracking completeness was 96.6 %.

Results. The frequency of H. pylori eradication depending on “intention to treat” (ITT) and “per protocol” (PP): OCA —
79 % (95 % CI: 71-87) and 83 % (95 % Cl: 75-91); OCAL1 — 95 % (95 % CI: 88-100) and 97 % (95 % Cl: 92-100);
OCAL10 — 96 % (95 % Cl: 89—100) and 98 % (95 % CI: 93-100) respectively. The frequency of adverse reactions
depending on ITT and PP: OCA — 24 % (95 % Cl: 16—33) and 26 % (95 % Cl: 17-35); OCAL1 — 2 % (95 % CI: 0.01-8)
and 2 % (95 % CI: 0.01-8); OCAL10 — 2 % (95 % CI: 0.01-7) and 2 % (95 % CI: 0.01-7). The incidence of COVID-19
infection depending on ITT and PP: OCA — 9 % (95 % CI: 3—-14) and 9 % (95 % CI: 3—-15); OCAL1 + OCAL10 — 1 %
(95 % Cl: 0.003-1.9) and 1 % (95 % CI: 0.001-2.9), respectively.

Conclusions. In H. pylori-infected patients, GMDP (an immunomodulator based on L. bulgaricus) at a dose of
1-10 mg/day, during a 10-day triple eradication therapy, allows a significant (p < 0.05) increase in the frequency
of H. pylori eradication and reduce the incidence of adverse reactions compared with a 10-day protocol without ad-
juvant therapy with GMDP. There was a significant (p < 0.05) decrease in the incidence of COVID-19 infection after
H. pylori eradication therapy with GMDP.
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NMpumeHeHune N-aueTunrniokodammHun-N-aueTunmypamun-gunentTmpa
npv NPoBeAEeHNN TPEXKOMIMOHEHTHON aHTUXEJINKOOaKTEepHOM Tepannn B Nnepuogs,
KOpOHaBupycHoi nipekuum COVID-19

M.P. KoHopeBs*, E.H. Tbiuesuy, P.A. MaentokoB
YO «Butebckuii rocyaapcTBeHHbIv opaeHa pyx6bl HapoaoB MeanLMHCKUI yHuBepcuTeT», Butebek, Pecrybnvka benapyck

Llenb nccnepoBaHus: ougeHka 3abonesaemoctu nHobekumen COVID-19 nocne npoBeneHUs TPEXKOMMIOHEHTHOM
apaaukauuoHHor Tepanuu H.pylori Ha ¢oHe npuema N-aueTtun-rnokodamMuHui-N-aueTnnmypamungmnentuga
(rMmAan).
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Martepuanbl U MeToAbl uccnenoBaHusa. [poBeOeHO MPOCNEKTVUBHOE PaHOOMU3MPOBAHHOE CPaBHUTENIbHOE
KJIMHMYEeCKoe uccnepoBaHve. dpagukaumoHHyio Tepanuio npownv 208 naumeHToB (147 MyX4uH, 61 XeHLmHa;
cpeaHuii BospacTt — 48,1 £ 14,5 ropa) ¢ 93BeHHON O0NE3HbI0 ABEHaALATUMNEPCTHOM KULLKK, aCCOLMMPOBAHHOMN
¢ Helicobacter pylori (H. pylori). OuarHoctuka H. pylori B cnu3nctoin o6osiouke xenyaka ocyLlecTsasnacs Mopdo-
JIOrMYECKMM METOAO0M N BbICTPLIM ypea3HbiM TECTOM A0 Jie4eHusl 1 Yepes3 6—8 Heaenb Nocie OKoOHYaHUS NeveHus
1 OTMEHbI BCEX JIEKAaPCTBEHHbIX CPEeACTB. MNauneHToB pa3aeniiv Ha Tpy rpynnbl COracHO NPOTOKOaM IeHeHUs:
omenpason 0,04 r/cyT, knaputpoMuumH 1 r/cyt, amokeuumnnui 2 r/cyt (OKA; n = 103); omenpa3zon 0,04 r/cyT, kna-
putpoMuumH 1 r/cyT, amokeuumnnui 2 r/cyt + TMAMN 0,001 r/cyt (OKAJ11; n = 61) unun 0,01 r/cytkmn (OKAJ110; n =
44) B TeyeHne 10 gHelr. O6HapyxeHne PHK SARS-CoV-2 meTtoaom MNLP ocyuiectensnocs ¢ anpens 2020 no anpesnb
2022 r. NonHoTa oTcnexusaHnsa coctasmna 96,6 %.

PeaynbraTtbl. HacToTa apagukaumn H. pylori B 3aBUCUMOCTM OT Ha3Ha4YeHHOro neverHuns (ITT) n dakTnyeckn nony-
yeHHoro nevenus (PP): OKA — 79 % (95 % AN: 71-87) n 83 % (95 % AN: 75-91), OKAJ11 — 95 % (95 % AM: 88—100)
197 % (95 % AN: 92-100), OKAJT10 — 96 % (95 % AN: 89—100) 1 98 % (95 % AN: 93—100) cooTBETCTBEHHO. HacTo-
Ta HexenaTenbHbIX peakuuin B 3aBucuMocT oT ITT n PP: OKA — 24 % (95 % OWN: 16-33) n 26 % (95 % AN: 17-35);
OKAJ11 — 2 % (95 % OM: 0,01-8) n 2 % (95 % AN: 0,01-8); OKAJT10 — 2 % (95 % AN: 0,01-7) n 2 % (95 % AN:
0,01-7). 3aboneBaemocTtb HPekLmeir COVID-19 B 3aBucumocTn oT ITT n PP: OKA — 9 % (95 % AN: 3-14) 19 %
(95 % ON: 3-15); OKAJI1 + OKAJT10 — 1 % (95 % AN: 0,003-1,9) n 1 % (95 % AWN: 0,001-2,9) cOOTBETCTBEHHO.
BbiBOAbI. Y nHpMumpoBaHHbIX H. pylori naupeHtoB TMAN (MMMYyHOMOAYNATOP Ha OCHOBE L. bulgaricus) B [o3e
1-10 mr/cyT npu npoeeneHun 10-gHEBHON TPOIMHOM 3paAnKaLMOHHOM Tepanum No3BosseT octosepHo (p < 0,05)
YBENMYUTb YaCTOTY apaankauumn H. pylori n yMeHbLUUTb HacTOTY HexenaTesibHbIX peakuuii no cpaBHeHuto ¢ 10-gHeB-
HbIM MPOTOKONOM 6€e3 aabioBaHTHOW Tepanun TMAT. OTmeyeHo aoctoBepHoe (p < 0,05) cHuXeHne 3aboneBaemMo-
ctn nHdekumen COVID-19 nocne npoBeneHns apaamkaumoHHor Tepanun H. pylori c npuemom M.

KnioueBble cnoBa: Helicobacter pylori, A3Ba, ABeHaauaTUNEPCTHAs KULKa, TPOMHAsS apagukauoHHasa Tepanus,
N-aueTunrntokodamuHun-N-aueTunmypamungunentung, COVID-19

KOoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ansa untupoBanua: KoHopes M.P., Tbiwesuny E.H., Masniokos PA. MNMpumeHeHne N-auetunrniokodamuHun-N-auetunmypammn-
ounenTuaa npy npoBeaeHnn TPEXKOMMOHEHTHO aHTUXENMKOOaKTepHOW Tepaniu B nepmoa KopoHaBupycHom nidekummn COVID-19.
Poccuiticknin xypHan racTtpoaHTeposiornun, renatosorum, kononpokronorun. 2023;33(2):60-69. https://doi.org/10.22416/1382-

4376-2023-33-2-60-69

Introduction

Having first isolated Helicobacter pylori (H. py-
lori) in 1982, B.J. Marshall and J.R. Warren [1]
opened a new era in the microbiology of the upper
gastrointestinal tract. Despite the fact that spiral
microorganisms were observed in the gastric mucus
layer repeatedly by various researchers in the 19th
and 20th centuries, the isolation of H.pylori, com-
bined with increased interest in the pathogenesis of
gastroduodenal diseases, as well as the availability
of studying clinical specimens using endoscopic bi-
opsy led to important breakthroughs in medicine.
Unfortunately, over the past 40 years since the
identification of the bacterium, H.pylori remains
one of the most common chronic bacterial infections
in humans, retaining colonization on the mucosa
with gastric epithelium in half of the world’s popu-
lation [2—4]. H. pylori infection is associated with
a variety of upper gastrointestinal pathologies rang-
ing from H.pylori-induced gastroduodenitis and
H. pylori-associated  dyspepsia to gastroduode-
nal ulcer, MALT lymphoma, and gastric cancer.
Appropriate anti-Helicobacter therapy is required
for the prevention and treatment of this patholo-
gy [3, 5]. Bacterial eradication is also required to
control complications and reduce the number of re-
currences of gastroduodenal ulcer associated with
H. pylori infection [6]. The presence of natural

resistance to some antibiotics in bacteria, as well as
the emergence of primary and secondary resistance
to antibacterial drugs, complicates the eradication of
H. pylori and leads to the search for new methods of
therapy. This is reflected in the latest International
Guidelines for the Eradication of H. pylori, which
present not only first-line treatment regimens, but
also various other treatment regimens, considering
clarithromycin-resistant H. pylori strains in the re-
gions [3, 7, 8].

Measures to improve the effectiveness of standard
triple therapy, considering the growth of H.pylori
resistance to antibacterial drugs, are reflected in the
Recommendations of the Russian Gastroenterological
Association of 2018. It is recommended to add pro-
biotic strains of Bifidobacterium and Lactobacillus
to the standard triple therapy [9].

Thus, various approaches are being explored to
optimize standard triple therapy, including the use
of probiotics [3, 10, 11], which is reflected in the
Provisions of the Maastricht Consensus VI. Specific
strains should only be selected based on proven
clinical efficacy [8]. Some probiotics can have a
beneficial effect on the eradication of H. pylori, in
particular, probiotic strains of Lactobacillus, re-
duce the activity of bacterial urease, H.pylori mo-
bility and adhesion of H. pylori to gastric epithelial
cells [9].
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The idea has been formulated that the immu-
nomodulatory effect plays a significant role in the
mechanism of the antimicrobial action of probiotics
[12]. The main questions are the origin of the im-
munomodulator and its effect on the mucous mem-
brane [13, 14]. It is known that glucosaminyl mur-
amyl dipeptide (GMDP isolated from the cell wall
of L. bulgaricus) modulates the immune response
through NOD2 receptors and the YB1 protein [15,
16] and is effective in the treatment of allergies
[17, 18] and microbiocenosis [19]. The positive ef-
fect of glucosaminyl muramyl dipeptide 10 mg on
the elimination of H. pylori, previously studied [20,
21], correlates with another dosage of this drug —
1 mg. This fact can be explained by the compen-
satory effect of GMDP on the missing signal to in-
nate immunity receptors, associated with the loss of
commensal microorganisms, when using antibacterial
drugs, which ensures an adequate immune response.

Purpose of the study was to evaluate the effi-
cacy and safety of H. pylori eradication during stan-
dard 10-day triple therapy while taking N-acetyl-
glucosaminyl-N-acetyl-muramyl dipeptide at a dose
of 1 mg and 10 mg per day, with a prospective
assessment of the incidence of COVID-19 infection.

Materials and research methods

The study was carried out in accordance with
the WMA Declaration of Helsinki. All stages of the
study were carried out in accordance with the law.
This study was approved by the Ethics Committee
of the Vitebsk State Medical University (Vitebsk,
Belarus) and was conducted during 2020—2022.
Prior to the start of the study, informed consent
was obtained from all patients to participate in the
study and to process personal data. A prospective
randomized comparative clinical study was carried
out. Inclusion criteria: the presence of duodenal
ulcer associated with H. pylori. Exclusion criteria:
using antibacterial drugs less than a month before
the start of eradication therapy or conducting fi-
beroptic esophagogastroduodenoscopy. At the time
of the examination, all patients had no history of
COVID-19 infection. Eradication therapy was ad-
ministered to 208 patients (147 males, 61 females,
mean age — 48.1 + 14.5 years (mean + SD; 18—
65 years) with H. pylori-associated duodenal ulcer
(Table 1). Patients were divided by randomized
method (drum lottery) into three groups according
to treatment protocols: group 1 — omeprazole 0.04 g/day,
clarithromycin 1 g/day, amoxicillin 2 g/day, du-
ration of treatment — 10 days (OCA; n 103);
group 2 — omeprazole 0.04 g/day, clarithromycin
1 g/day, amoxicillin 2 g/day, GMDP 0.001 g/day,
duration of treatment — 10 days (OCAL1; n = 61);
group 3 — omeprazole 0.04 g/day, clarithromycin
1 g/day, amoxicillin 2 g/day, GMDP 0.01 g/day,
duration of treatment — 10 days (OCAL10; n = 44).

The study was completed by 201 patients. Due
to the lack of data on the diagnosis of H. pylori or
drug discontinuation seven people (3.4 %) were ex-
cluded: 5 people — from the OCA group, 1 person —
from the OCAL1 group, and 1 person — from the
OCAL10 group. Tracking completeness was 96.6 %.

The study of the mucous membrane of the stom-
ach and duodenum was carried out according to
standard systematizations and methods [22, 23].
To identify areas of gastric metaplasia of the duo-
denum, additional staining of histological sections
of the duodenal mucosa was used with PAS-alcian
blue (Serva) pH 1.0 and 2.5 [24].

Intestinal metaplasia and all cellular and tissue
morphological characteristics were assessed on a vi-
sual analogue scale [25—27] according to the histo-
logical section of the Houston modification of the
Sydney classification.

Histological examination of the duodenal muco-
sa considered standard parameters [24, 28]. H. py-
lori was diagnosed by a morphological method
(Romanovsky — Giemsa stain; assessment by a
standard visual analogue scale [29]) and a rapid
urease test (standard test systems Jatrox®-H.p.-Test
(Rohm Pharma, Germany); HELPIL® and AMA
RUT Pro® (AMA, Russia)) [30] before treatment
and 6—8 weeks after the end of treatment and the
withdrawal of all drugs. Detection of SARS-CoV-2
RNA by PCR was carried out from April 2020 to
April 2022.

For statistical processing, the certified program
STATISTICA 10.0 (StatSoft Inc., USA) and the
t-test with a normal distribution of the variable
were used. If the distribution of the variable was
not normal, Shapiro — Wilk test was used. Mann —
Whitney U-test was used to assess the differences
between two independent small samples in terms
of the level of a quantitatively measured trait.
Patient age was presented as mean + standard
deviation (SD). P-levels < 0.05 were considered
significant [31].

Results of the study and discussion

Histological characteristics of the mucous mem-
brane of the stomach and duodenum of patients
with duodenal ulcer are presented in Table 2.

Lymphatic follicles of the gastric fundic mu-
cosa were found in 28 patients (13.5 %; 95 % CI:
8.9—18.1), intestinal metaplasia of the mucous
membrane — in 17 (8.2 %; 95 % CI: 4.5—11.9) of
the examined: mild degree — in 5 (2.4 %; 95 %
CI: 0.3—4.5), moderate — in 4 (1.9 %; 95 % CI:
0.1-3.8) and severe — in 8 patients (3.9 %; 95 %
CI: 1.2—-6.4 %).

Lymphatic follicles of the gastric antrum mu-
cosa were found in 35 patients (16.8 %; 95 % CI:
11.7—21.9), intestinal metaplasia of the mucosa —
in 20 (9.6 %; 95 % CI: 5.6—13.6) of those examined:
mild degree — in 7 (3.4 %; 95 % CI: 0.9-5.9),
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Table 1. Patients’ characteristics
Tabauya 1. XapakTepucTiKa MalMeHTOB

Number

Treatment protocols of patient

Gender

Duration of illness,

Iox years

Age, years

KosmuecTBo
NanueHTOB

HpOTOKOJIbI JE€YECHUA MYK.

Male

[ mTeabHOCTD

Boapacr, xer
3a0osieBanusi, Jer

SKeH.
Female

Omeprazole 0.04 g/day
Clarithromycin 1 g/day
Amoxicillin 2 g/day
103 73
Owmernpazon 0,04 r/cyr
Kaapurpomunuu 1 v/cyr
AMOKcHIMIHH 2 T/ CyT

30 46.1 £ 14.8 8.3+ 3.9

Omeprazole 0.04 g/day
Clarithromycin 1 g/day
Amoxicillin 2 g/day
GMDP 0.001 g/day

61 43
Owmenpazon 0,04 r/cyr
Kaapurpomunuu 1 v/cyr
AMORCHITHIITHH 2 T/ CyT
TM/IIT 0,001 v/cyT

18 47.2 £ 14.3 8.4 £ 3.6

Omeprazole 0.04 g/day
Clarithromycin 1 g/day
Amoxicillin 2 g/day
GMDP 0.01 g/day

44 31
Owmenpazon 0,04 r/cyr
Kaapurpomunus 1 r/cyr
AMokcutmue 2 /¢yt
I'M/IT 0,01 r/cyr

13 35.2 £ 121 8.6 + 2.7

Total

Bcero 208

147

61 48.1 + 14.5 8.5+ 3.7

moderate — in 4 (1.9 %; 95 % CI: 0.1—3.8) and
severe — in 9 patients (4.3 %; 95 % CI: 1.5-7.1).

Gastric metaplasia of the duodenal mucosa was
detected in 116 patients (55.8 %; 95 % CI: 49.1—
62.5): gastric metaplasia occupied less than 5 % of
the area of the duodenal mucosa in the microscope
field in 88 cases (42.3 %; 95 % CI: 35.6—49.0),
5—25 % — in 25 (12.0 %; 95 % CI: 7.6—16.4) and
25—-50 % — in 3 patients (1.5 %; 95 % CI: 0.01—3.2).

The results of a prospective randomized compar-
ative clinical trial are presented in Table 3.

The frequency of H.pylori eradication depend-
ing on “intention to treat” (ITT) and “per protocol”
(PP): OCA — 78.6 % (95 % CI: 70.4—86.8) and
82.7 % (95 % CI: 75.1-90.5); OCAL1 — 95.1 %
(95 % CI: 87.5—100) and 96.7 % (95 % CI: 91.7—
100); OCAL10 — 95.5 % (95 % CI: 89.0—100) and
97.7 % (95 % CI: 93.0—100), respectively. The
frequency of adverse reactions depending on the
prescribed treatment and the actual treatment re-
ceived: OCA — 24.3 % (95 % CI: 15.9—33.1) and
25.5 % (95 % CI: 16.8—34.8); nausea, n = 25), dis-
continued treatment — 4.9 % (95 % CI: 0.7-9.5)
and 5.1 % (95 % CI: 0.8—10.0; diarrhea, n = 5);
OCAL1 — 1.6 % (95 % CI: 0.01—7.7) and 1.7 %
(95 % CI: 0.01—7.8; nausea, n = 1), discontinued
treatment — 0 %; OCAL10 — 2.3 % (95 % CI:

0.01—6.8) and 2.3 % (95 % CI: 0.01—6.9; nausea,
n = 1), discontinued treatment — 0 %.

The cost of treatment regimens: OCA — 3875 ru-
bles, OCAL1 — 4120 rubles, OCAL10 — 5765 ru-
bles. Effectiveness of “per protocol” regimens (PP):
OCA — 82.7 %; OCAL1 — 96.7 %; OCAL10 —
97.7 %. Cost-effectiveness ratio (CER): OCA —
46.9 rubles, OCAL1 — 42.6 rubles, OCAL10 —
59.0 rubles. According to the cost-effectiveness
ratio (CER), the OCAL1 regimen is more effective
and the least expensive compared to other eradica-
tion regimens (OCA and OCAL10).

The results of the incidence of COVID-19 infec-
tion after eradication therapy, depending on “inten-
tion to treat” and “per protocol”, are presented in
Table 4.

The incidence of COVID-19 infection depend-
ing on “intention to treat” and “per protocol”:
OCA — 8.74 % (95 % CI: 3.23—14.25) and 9.18 %
(95 % CI: 3.4—14.96; n = 9); OCAL1 + OCAL10 —
0.95 % (95 % CI: 0.003—1.90) and 0.97 % (95 % CI:
0.001—2.90; n = 1) respectively.

Taking GMDP 1 mg per day during a 10-day
three-component anti-Helicobacter treatment sig-
nificantly increased H. pylori eradication by 16.5 %
(according to ITT) and 14.0 % (according to PP;
¥ = 5.41; p = 0.0200 and y* = 4.27; p = 0.0387
respectively), with a significant decrease in the
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Table 2. Histological characteristics of the mucous membrane of the stomach and duodenum in patients
with duodenal ulcer (n = 208)

Tabauya 2. Tucronornyeckas XapakTepUCTHKa CIU3UCTONH 0607104KN sKenmyaka u JIITK naimeHToB ¢ s3BeH-
Hoit 6osezupio JIIK (n = 208)

Morphological changes Fundal department Antrum Bulb of duodenum
i L DyHAabHBIH 0T/ AMTpabHBI OTIEN Jyxopuua JITK
Mopdororuueckue

" n 95 9 CI n 959%CI| n 95 9 CI

MMEHCHIA CIBHCTON | a6 | 70 959 MM | abe. | %0 |95 % M| abe. | 0 |95 % AM

ﬁtrophy 126 | 60.6 |54.0-67.2| 146 | 70.2 |64.0-76.4| 109 | 52.4 |45.6—59.2
Tpodust

glflammation 208 100.0 . 208 100.0 _ 208 100.0 _
OCIIaJieHue

ﬁctiVitY 161 | 77.4 |71.7-83.1| 173 | 83.2 |78.1-88.3| 164 | 78.8 |73.3-84.3
KTUBHOCTD

Table 3. Results of a prospective randomized comparative clinical study of frequency of H.pylori
eradication and adverse reactions depending on “intention to treat” and “per protocol”

Tabauya 3. Pe3yibrarhl MPOCIEKTHBHOIO PAHIOMHU3UPOBAHHOIO CPABHUTEJIBHOTO KIMHUYECKOTO UCCJIE0-
BaHUsI 4acTOTbI dpajuKanun H. pylori 1 HexxesaTebHbIX PEAKIN B 3aBHCUMOCTH OT HA3HAYEHHOTO Jieyve-
HUS 1 (PAKTUYECKHU TIOJTYyYEHHOTO JIeYeHNs

Treatment protocols n Eradication % (95 % CI) Adverse reactions % (95 % CI)
IIpoTOKOIbI JIeueHus Ipamukamua % (95 % AN) | MoGounsie peakuun % (95 % A1)
ITT — 24.3 (15.9—-33.1)
PP — 25.5 (16.8—34.8)
Omeprazole 0.04 g/day discontinued treatment:
Clarithromycin 1 g/day ITT — 4.9 (0.7-9.5)
Amoxicillin 2 g/day ITT — 103 ITT — 78.6 (70.4—86.8) PP — 5.1 (0.8—-10.0)
Krapurpomunmn 1 r/cyr PP — 25.5 (16.8—34.8)
Amokcumanmn 2 v/ cyT MPEKPATHIIN JIEYEHE:
ITT — 4.9 (0.7-9.5)
PP — 5.1 (0.8—10.0)
Omeprazole 0.04 g/day
Clarithromycin 1 g/day ITT — 1.6 (0.01-7.7)
Amoxicillin 2 g/day PP — 1.7(0.01-7.8)
GMDP 0.001 g/day ITT — 61 ITT — 95.1 (87.5-100) discontinued treatment — 0
Krapurpomutmu 1 r/cyr PP — 1.7 (0.01-7.8)
Amokcumanue 2 r/cyT npekpatuan gederne — 0
I'M/IIT 0,001 v/cyT
Omeprazole 0.04 g/day
Clarithromycin 1 g/day ITT — 2.3 (0.01-6.8)
Amoxicillin 2 g/day - PP — 2.3(0.01-6.9)
GMDP 0.01 g/day ITT — 44 ITT — 95.5 (89.0—100) discontinued treatment — 0
Owmenpazon 0,04 r/cyT AP = a8 PP — 97.7 (93.0-100) ITT — 2.3 (0.01—6.8)
Krapurpomunun 1 r/cyr PP — 2.3(0.01-6.9)
AMOKCHITIITHH 2 T/ CyT npekparuiaun jgedeHue — 0
IM/IT 0,01 r/cyr
Notes: n — number of patients; ITT — “intention to treat”; PP — “per protocol”; CI — confidence interval.

[Tpumeuanue: ITT — nasnauennoe jgeuenue; PP — daxruueckoe mosydentoe jedeHue.

incidence of adverse reactions by 22.7 % (according Taking GMDP 10 mg per day during a 10-day
to ITT) and 23.8 % (according to PP; ¥*> = 14.71; three-component anti-Helicobacter treatment sig-
p =0.0001 and ¥* = 15.39; p = 0.0001 respectively), nificantly increased H. pylori eradication by 16.9 %
and full completion of the course of anti-Helico- (according to ITT) and 15.0 % (according to PP;
bacter therapy in all patients. ¥ = 4.39; p = 0.0363 and »*> = 4.00; p = 0.0455

respectively), with a significant decrease in the
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Table 4. Detection of COVID-19 infection after eradication therapy while taking N-acetyl-glucosaminyl-

N-acetyl-muramyl dipeptide

Tabauya 4. Boissaenue undexnnu COVID-19 1ocie 1npoBejeHns 9pajnKalMOHHOI Tepann Ha (oHe
npuema N-aleTuiraoKko3aMuHuII-N-aleTHiMy paMuJIUIenTuia

COVID-19 (RNA SARS-CoV-2+)
Treatment protocols n % (95 % CI)
IIpoToko.bI JeueHus COVID-19 (PHK SARS-CoV-2+)
% (95 % M)
Omeprazole 0.04 g/day
Clarithromycin 1 g/day
horngrgllin 2 g7 ey ITT — 103 ITT — 8.74 (3.23-14.25)
Oy o A o A PP — 98 PP — 9.18 (3.40—14.96)
Knapurpomunuu 1 v/cyt
AMoOKcHIIMIINH 2 T/ CyT
Omeprazole 0.04 g/day
Clarithromycin 1 g/day
Amoxicillin 2 g/day
CRIDIE G001 o G0 576k ITT — 105 ITT — 0.95 (0.003—1.90)
Omenpazon 0,04 r/cyr PP — 103 PP — 0.97 (0.001—2.90)
Knapurpomunua 1 v/cyr
AMOKcHIMUTHH 2 T/ CyT
I'M/IT 0,001 wiu 0,01 v/cyT
Notes: n — number of patients; ITT — “intention to treat”; PP — “per protocol”; CI — confidence interval.

[Tpumeuanue: ITT — HasHaueHHoe JeueHue; PP — dakrudeckoe nosyueHHoe JieyeHme.

frequency of adverse reactions by 22.0 % (according
to ITT) and 23.2 % (according to PP; > = 10.25;
p =0.0014 and %> = 10.68; p = 0.0011 respectively)
and full completion of the course of anti-Helico-
bacter therapy in all patients.

Taking GMDP 1 mg or 10 mg per day for a 10-
day three-component anti-Helicobacter treatment
significantly reduced the incidence of COVID-19
infection by 7.79 % (according to ITT) and 8.21 %
(according to PP; > = 6.89; p = 0.0087 and > =
7.16; p = 0.0074 respectively).

The choice of patients with an ulcer localized in
the duodenal bulb (duodenal ulcer) as participants
in this clinical study was based on the fact that
in duodenal ulcer of the bulbous localization, the
maximum degree of H.pylori colonization of the
mucous membrane in the stomach (99.0 %) [32] and
areas of gastric metaplasia of the duodenal bulb mu-
cosa (87.8 %) [33] are noted.

The choice of standard triple therapy as first-line
therapy is based on monitoring data on antimicrobial
resistance of respiratory pathogens (Streptococcus)
to clarithromycin in a multidisciplinary medi-
cal hospital with more than 500 beds (Vitebsk
Regional Clinical Hospital, Belarus), according to
the provisions of the Maastricht Consensus VI [ 8].
Resistance of respiratory pathogens (Streptococcus)
to clarithromycin for 2020—2022 was equal to
12.3 % (low (< 15 %) resistance to clarithromycin).

The choice of a ten-day regimen versus a four-
teen-day regimen is due to a 2—3-fold increase in
the number of adverse reactions of the two-week

regimen compared to the 7—10-day regimens based
on the results of previous studies [21]. The ef-
fectiveness of ten-day standard triple therapy for
H. pylori in the Republic of Belarus, according to
other authors [34], was 90 %.

The choice of GMDP as an immunomodulator
during a 10-day three-component H. pylori eradica-
tion therapy corresponded to the idea of an “ideal”
immunomodulator and was based on three main cri-
teria, according to modern scientific studies [35].

The first criterion includes the presence of
N-acetyl-glucosaminyl-N-acetyl-muramy]l dipep-
tide. One of the reasons for the ineffectiveness of
eradication therapy is the transition of H. pylori to
metabolically inactive forms (coccoid and U-form),
resistant to antibiotics. Previously, it was shown
that glucosaminyl muramyl dipeptide promotes the
release of Mycobacterium tuberculosis from the dor-
mant form, which, apparently, determines the effec-
tiveness of GMDP therapy [36]. Similarly, activa-
tion of NOD1 and NOD?2 receptors has previously
been shown to promote elimination of H. pylori |37,
38]. The active substance N-acetyl-glucosaminyl-N-
acetyl-muramyl dipeptide (glucosaminyl muramyl
dipeptide, GMDP) is the main complete repetitive
structurally unchanged fragment of the cell wall of
almost all known bacteria, the ligand of the NOD2
receptors of the innate immune system. According
to the second criterion of an “ideal” immunomodu-
lator, it is necessary to activate the immune system
through type 1 T-helpers. It has been shown that
activation of the immune response through T-helper
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type 1 is necessary for successful eradication of
H. pylori [39—42]. GMDP fully complies with the
second criterion — its influence on the shift of the
type 1 T-helper / type 2 T-helper ratio towards type
1 T-helpers has been proven [17, 18, 43]. According
to the third criterion, the “ideal” immunomodulator
has a bacterial, probiotic origin. In accordance with
the Maastricht Consensus VI Statements [8] and
based on 14 meta-analyses of RCTs (2007—2019)
[44—57], which pooled 259 RCTs involving 41,727
patients, the addition of Lactobacillus strains opti-
mizes therapy and reduces the incidence of adverse
reactions.

These meta-analyses showed that certain strains
of Lactobacillus or several probiotic strains in-
creased H. pylori eradication by 8.1 % and reduced
the number of adverse reactions when using a pro-
biotic within 14 days before eradication therapy
or during eradication therapy. At the same time,
Bifidobacterium and Saccharomyces boulardii did
not significantly affect the level of eradication dur-
ing anti-Helicobacter therapy [53, 57]. The use of
specific strains of probiotics (Lactobacillus bulgar-
icus, Lactobacillus acidophilus, Lactobacillus casei
DN-114001, Lactobacillus gasseri, Lactobacillus re-
uteri, Lactobacillus rhamnosus GG, Bifidobacterium
infantis 2036 and Saccharomyces boulardii) during
eradication therapy can be considered as an option
to increase eradication level H. pylori, especially in
the absence of the effectiveness of antibiotics [51,
58, 59]. The effect of probiotics on the reduction
of adverse reactions during eradication therapy has
been proven [57]. A significant increase in H. py-
lori eradication by 17 % was found using predomi-
nantly specific strains of Lactobacillus. When
multicomponent probiotics were used as adjuvant
therapy, eradication increased by only 2.8 % [49].
Monotherapy with probiotics using specific strains
of Lactobacillus led to a significant (p < 0.001)
compared with placebo eradication of H.pylori in
16.0 % of patients, with the use of multicomponent
probiotics (which included Lactobacillus strains) —
in 14.0 % of patients [58].

It should be noted that GMDP was first identi-
fied as a fragment of the cell wall of Lactobacillus
bulgaricus [60], and thus its positive effect in
H. pylori therapy is consistent with the data of the
above studies [46].

An interesting detail of this study was the
fact that after eradication therapy while taking
N-acetyl-glucosaminyl-N-acetyl-muramyl dipeptide
at doses of 1 mg and 10 mg, during the COVID-19
pandemic, a significant decrease by 8.0 % in the
incidence COVID-19 infection was noted, which is
associated to a greater extent with the activation of
the innate immune system.

The use of 2—3 antibacterial drugs in H. pylo-
ri eradication therapy regimens destroys not only

pathogenic, but also commensal microorganisms,
whose metabolic products are vital and maintain
immune homeostasis [61], including through NOD2
receptors of innate immunity. The success of com-
plex eradication therapy for H. pylori infection can
be explained by the compensatory effect of GMDP
on the signal to innate immunity receptors, which is
missing due to the absence of commensals, provid-
ing an adequate immune response.

Based on the data obtained, it can be concluded
that therapy with the immunomodulator glucosami-
nyl muramyl dipeptide 1 mg and 10 mg per day in
a 10-day H. pylori eradication regimen showed an
encouraging result in increasing H.pylori eradica-
tion and reducing the number of adverse reactions.
Therapy with the immunomodulator glucosaminyl
muramyl dipeptide 1 mg and 10 mg per day in a 10-
day H. pylori eradication regimen during the period
of coronavirus infection COVID-19 significantly re-
duced the incidence of COVID-19 infection.

Conclusions

1. Admission of glucosaminyl muramyl dipeptide
1 mg per day during a 10-day three-component an-
ti-Helicobacter therapy significantly increased the
eradication of H.pylori by 16.5 % (according to
ITT) and 14.0 % (according to PP; > = 5.41; p =
0.0200 and y*> = 4.27; p = 0.0387 respectively), with
a significant decrease in the frequency of adverse
reactions by 22.7 % (according to ITT) and 23.8 %
(according to PP; y*> = 14.71; p = 0.0001 and »* =
15.39; p = 0.0001 respectively) with complete com-
pletion of the course of anti-Helicobacter therapy
in all patients. This regimen is more effective and
the least expensive compared to other eradication
regimens studied (cost-effectiveness ratio (CER) —
42.6 rubles).

2. Admission of glucosaminyl muramyl dipeptide
10 mg per day during a 10-day three-component
anti-Helicobacter treatment significantly increased
the eradication of H.pylori by 16.9 % (according
to ITT) and 15.0 % (according to PP; ¥* = 4.39; p =
0.0363 and y*> = 4.00; p = 0.0455 respectively), with
a significant decrease in the frequency of adverse
reactions by 22.0 % (according to ITT) and 23.2 %
(according to PP; > = 10.25; p = 0.0014 and »* =
10.68; p = 0.0011 respectively) with complete com-
pletion of the course of anti-Helicobacter therapy
in all patients. Cost-effectiveness ratio (CER) —
59.0 rubles.

3. Taking glucosaminyl muramyl dipeptide at a
dose of 1 mg or 10 mg per day for a 10-day three-
component anti-Helicobacter treatment significant-
ly reduced the incidence of COVID-19 infection by
7.8 % (according to ITT) and 8.2 % (according to
PP; ¥ =6.89; p = 0.0087 and > = 7.16; p = 0.0074
respectively).
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