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Summary

Some gastrointestinal disease are relationed with H pylori
(Hp), a microorganism that is part of the gastric microbiota.

It affects 50 to 90% of the world population. Objetive. Ana-
lyzed changes in the frequency of occurrence of LPS/O, VAC
A antigens and high molecular weight proteins (HMWDP in-
cluding CAG) of Hp and their specific immune complexes
with IgG-class antibodies of inmunoglobulins (IgG-CIC) in
patients with gastric diseases and volunteers in recent years.

Material and methods. In the period of 2009-2016 sam-
ples of stools and circulating immune complexes (CIC) of
serum samples of stools and circulating immune complexes
(CIC) in 8568 patients with gastric diseases were evaluated
and samples of stool, saliva and CIC of 23 volunteers were
monitored and 14601 samples of biomaterials were studied.

The reaction of coaglutination on glass and plates with spe-
cially prepared antibody diagnosis were used. LPS/O anti-

gens of Hp werw detected in heated stool and saliva samples
in reaction on glass; VAC A antigens and HMWP antigens
in CIC composition of blood serum and saliva. Results. For
the first time since year 2000, 27-55% increase (enhanced
since 2009) the frequency of LPS/O antigens occurrence in

the stool. It is a marker of Hp reproduction in the gastric
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mucosa. Additionally, more pronounced cyclical changes in

the frequency of VAC A, CAG A detection, as well as a de-

crease in the frequency of virulence antigens was observed in

the composition of CIC of blood serum and saliva, showing
a 35-68% decrease in the body immune response. Conclu-

sions. There is a increase in Hp infection due to decrease im-

munity to the Hp pathogenic factors, especially pronounced
in 2012- the first half of 2016, indicating the possibility of
increased risk of new diseases, exacerbations and adverse out-

comes of Hp infection (peptic ulcer disease, atrophic gastritis,

gastric cancer and gastric malt lymphoma,).

Key words. Helicobacter pylori, LPS/O antigens, VAC A,
CAG A, immunity, circulating inmune complexes.

Aumento de la infeccion por helicobacter
pylori y disminucion de la inmunidad en los
ultimos anos

Resumen

Algunas enfermedades gastrointestinales (EGI) se relacionan
a la infeccion por Helicobacter pilory (Hp), microorganismo
que es parte de la microbiota del estémago. Infecta al 50-
90% de la poblacion mundial con diferentes tasas de pre-
valencia segiin se trata de paises desarrollados o en vias de
desarrollo. Objetivo. Analizar los cambios en la frecuencia
de aparicion de antigenos LPS/O; VAC A y proteinas de alto
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peso molecular (HMWP, incluyendo CAG A) de Hp y sus
complejos inmunes especificos con anticuerpos IgG-CIC en
pacientes con EGI y voluntarios en los iiltimos anos. Ma-
terial y métodos. En el periodo 2009-2016 se realizaron
pruebas en heces y de inmunocomplejos circulantes (CIC) en
suero de 8.568 pacientes ambulatorios con EGI y se monito-
rearon muestras de heces, saliva y CIC de 23 voluntarios. Se
estudiaron en total de 14.601 muestras de biomateriales. Se
utilizd la reaccion de coaglutinacion sobre vidrio y placas con
anticuerpos especialmente preparados. Se detectaron antige-
nos LPS/O de Hp en muestras de heces y saliva calentadas en
reaccion de vidrio, antigenos VAC A y HMWP en la com-
posicion CIC del suero y saliva. Resultados. Por primera
vez desde el ario 2000, se observé un aumento del 27-55%
de antigenos LPS/O en las heces en la composicion del CIC
de suero y saliva, mostrando una relacion de 35-68% de
disminucion de la respuesta inmune del cuerpo. Conclusio-
nes. Existe un aumento de la infeccion por Hp debido a la
disminucion de la inmunidad a los factores patdgenos de Hp,
especialmente pronunciada en 2012 y la primera mitad de
2016, lo que indica la posibilidad de un mayor riesgo de
nuevas enfermedades, exacerbaciones y resultados adversos de
la infeccion por Hp (iilcera péptica, gastritis atrdfica, cincer
y linfoma malt gdstrico.

Palabras claves. Helicobacter pylori, LPS/O, antigenos
VAC A, CAG A, inmunidad, inmunocomplejos circulantes.

Abbreviates

AIL: acute intestinal infections.

CagA: a marker of pathogenicity islet, co-oncogene.
CIC: circulating immune complexes.

CG: chronic gastritis.

CGD: chronic gastroduodenitis.

GID: gastrointestinal diseases.

GU: gastric ulcer and duodenal ulcer.

HMWP: high molecular weight proteins of H.pylori.
IBS: irritable bowel syndrome.

IgG-CIC: circulating immune complexes with IgG-class
antibodies of immunoglobulin'.

Hp: Helicobacter pylori.

LPS: lipopolysaccharide.

VacA: vacuolating toxin of H.pylori.

In the last decade, gastrointestinal tract diseases occu-
pied a leading position in the list of human diseases. Majo-

rity of urban dwellers suffer from them in varying degrees,
which is associated with the modern pace of life, stresses,
unfavorable environmental situation and improper diet.
Many gastrointestinal diseases (GID) are due to Helicobac-
ter pylori (Hp) - a microorganism that is part of the indige-
nous stomach biota. It infects 50 to 90% of the Earth po-
pulation, for the term of life persistence in the body and is
in difficult relationship with it. This microbe has an extre-
mely high variability, phase and genetic variations, which
gives him ample capacity of adaptation, and the unique
opportunity to evade the host defense mechanisms.'?

The most studied virulence factors of Hp are vacuola-
ting toxin VacA and cytotoxin-associated protein CagA.
VacA is involved in formation of vacuoles in epithelial
cells and their destruction, stimulates cytokine synthesis,
and is a marker of inflammation. In penetration into the
cell through a type IV secretion system, CagA, a marker
of pathogenicity islet, causes structural changes in the ac-
tin and cytoskeleton of the cell, enhances apoptosis, in-
hibits cell-mediated immunity and is a co-oncogene." *

Elective colonization of the stomach epithelium with
Hp causes the development of chronic mucous membra-
ne inflammation, which leads to the development of such
common diseases as chronic gastritis, gastric ulcer and
duodenal ulcer. Long-term persistence of Hp on gastric
mucosa contributes to atrophic changes, apoptosis, intes-
tinal metaplasia and the development of tumors. In 1994,
WHO experts attributed Hp to the 1% risk group carci-
nogen developing stomach cancer. According to Eurogast
Study Group, in the study of 3,194 asymptomatic indivi-
duals in 17 populations of Europe, USA, Japan, 10% in-
crease of Hp-infection among the population leads to 27%
increase in the prevalence of gastric cancer and 18% in-
crease in mortality.” Possible association of Hp with other
non-gastric diseases is constantly being researched: vascular
diseases, primary Raynaud’s syndrome, autoimmune disea-
ses, Parkinson’s disease, certain skin diseases, and others.

Until now, despite intensive research, the key issues of
helicobacter is remain poorly understood: Hp persistence
mechanism and transition of asymptomatic chronic in-
flammation to periodic exacerbations, metaplasia and can-
cer. Of course, a great role in this process is played by factors
of microbial pathogenicity, immune response of the body
and external factors. Their effect can be evaluated only in
massive and monitoring studies. However, multiple repea-
ted studies over a long period of time using the existing
complex, expensive, mainly invasive techniques is difficult,
and sometimes impossible, for example, in children.

To perform multiple repeated studies of Hp pathoge-
nicity factors in population in order to monitor Hp-in-
fection and specific immunity to the pathogen, we have
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developed and tested non-invasive and cost-effective test
systems for coagglutination reaction and methods for si-
multaneous determination of Hp-infection, strain virulen-
ce and evaluation of immunity. Long-term studies of pa-
tients with gastrointestinal diseases (GID) were conducted
using them, and monitoring of asymptomatic (healthy)
volunteers. Cyclical oscillation of frequency of Hp patho-
genicity factor detection in the body was found as a result
of these studies, different frequency (daily, appr. monthly,
appr. yearly, long-term) and the pattern of changes in the
ratio of identified Hp factors (LPS/O-antigen, VacA-anti-
gen, cagA antigen),”” their dependence on certain inter-
nal and external factors (age, season of the year, month,
year of research, type of disease),'’ and the correlation of
Hp antigen circulation with solar activity was shown for
the first time (in its assessment by Wolf numbers); some
factors and time periods of the risk of Helicobacter pylori
infection exacerbations were identified.'* "

The purpose of this study was to analyze the changes
in the incidence of LPS/O-, VacA-, HMWP (including
CagA) - Hp antigens and their specific immune complexes
with IgG-class immunoglobulin antibodies (IgG-CIC) in
patients with gastrointestinal diseases and asymptomatic
volunteers in recent years.

Materials and methods

From 2009 to May (inclusive) 2016, we once exami-
ned 8,568 outpatients with a variety of gastrointestinal
diseases (GID): chronic gastritis and gastroduodenitis
(CG, CGD), gastric ulcer and duodenal ulcer (GU), irri-
table bowel syndrome (IBS), acute intestinal infections
(AIl) (5,614 stool samples and 2,948 serum samples), as
well as 23 volunteers in weekly monitoring mode, inclu-
ding persons with a history of chronic gastroduodenitis
and peptic ulcer disease (2,409 stool samples and 3,630
saliva samples). 14,601 samples of biomaterials were stu-
died in total (the stool, saliva, blood serum).

The stool or saliva samples after preliminary heating
(100 °C, 30 min) in the qualitative agglutination reaction
on the glass, the presence of free LPS/O-antigen of Hp
as a measure of Hp infection was determined. Antigens
of high molecular weight proteins (HMWP, including
CagA) and VacA were determined in the native sam-
ples of average molecular circulating immune complexes
(IgG-CIC) in the semi quantitative on the plates. Pro-
duction of test systems for determination of Hp antigens
in QAR on the glass and plates in the N.F. Gamaleya Fe-
deral Research Center for Epidemiology and Microbiolo-
gy of the Ministry of Health of the Russian Federation,
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preparation of bioassay for studying, and direct QAR on
the glass and plates were described previously.'*"> Specia-
lly prepared natural highly specific hyper immune rabbit
antiserum to O-antigen, HMWP complex (including
CagA), as well as recombinant proteins of VacA Hp toxin
were used for production of test systems.

Statistical data processing was carried out using pa-
rametric (Student’s t-test) and nonparametric ()-square)
analysis methods and correlation analysis in Statistica,
Microsoft Word for Windows, Excel 2007, BioStat 2012
software. Differences at p < 0.05 were considered statisti-
cally significant.

Results

As a result of our research in 2009-2016, basic laws
of cyclic change in the detection rate (occurrence) of O-,
VacA- and HMWP (CagA)-Hp antigens in the body, es-
tablished by us previously, have been confirmed: 1) daily
fluctuations — with the low occurrence of free O-antigen
at night and high occurrence during the day, while de-
tection rate of VacA-antigens linked in IgG-CIC had the
opposite trend; 2) seasonal fluctuations - with the hig-
hest detection rate of O-antigen in February-March and
September-October (in all Hp-infected volunteers with
small individual fluctuations); 3) fluctuations in O-an-
tigen titers in the stool of patients with stomach disea-
ses (non-ulcer dyspepsia, chronic gastritis, peptic ulcer
disease, atrophic gastritis) higher than in asymptomatic
volunteers, but with maintenance of the same dynamics;
4) opposite dynamics of detection rate of VacA-antigen
and HMWP (CagA)-antigen in CIC as compared to de-
tection of O-antigen in the stool, and each increase in
O-antigen in the stool was accompanied by a decrease in
VacA-antigen detection rate in CIC, and vice versa.

High levels of O-antigen in the stool clearly indicate
increased vital activity of Hp and its reproduction, and
detection of VacA-antigen, HMWP (CagA)-antigen in
CIC indicates formation of specific antitoxic immunity.

For the first time in research in 2009-2015, in con-
trast to our data of the earlier studies, since 2001, it was
found that the average annual incidence of Hp O-antigen
in the stool of GID patients significantly increased. If the
incidence of O-antigen occurrence was 40% in 2000, in
2015 it was 67% (a 27% increase, p < 0.01) (Figure 1). In
chronic gastroduodenitis, in particular, the average detec-
tion rate of O-antigen has increased from 39% in 2000 to
89% in 2015 (50% increase, p < 0.01) (Figure 2), and in
patients with peptic ulcer and duodenal ulcer - from 35%
to 90% (55% increase, p < 0.01) (Figure 3).
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Figure 1. Detection rate of O-antigen in the stool and VacA-antigen of Hp in CIC of blood serum in the screening of gas-

trointestinal diseases. (2000 - May 2016: 9,342 stool samples and 5,502 blood samples). (2009 - May 2016: 5,614 stool
samples and 2,948 blood samples).
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Figure 2. Detection rate of O and VacA-antigen of Hp in chronic gastroduodenitis (2000 — May 2016, 1,810 saliva samples).
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Figure 3. Detection rate of O and VacA-antigen of Hp in duodenal ulcer. (2000 - May 2016, 1,820 saliva samples).
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Gradual slow increase in the average detection rate of
Hp O-antigen in the stool of in GID patients could be al-
ready observed since 2005, more significant — since 2009,
and in some groups of patients, these dates were shifted
slightly (Figure 1 - 3).

With increased infection and reproduction of Hp,
determined by an increase in the detection rate of Hp
O-antigen in the stool, in recent years, we have noted
violent fluctuations in the detection rate of VacA-antigen
in IgG-CIC, which in some years was higher than the de-
tection rate of O-antigen, or was below it. And the latter
evidenced of decreased immunity to this important Hp
pathogenicity factor and to the microorganism in gene-
ral. Such a reduction in immunity was observed in pa-
tients with GID in 2009-2010, 2012, 2015-2016.

The range of exceeding O-antigen detection rate in
the stool over the detection rate of IgG in VacA-CIC in
blood serum and saliva increased in recent years: in 2009,
it amounted to an average of 9-10%, in 2012 - 15-31%,
in 2015-2016 — 35-68%. This ratio showed a significant
increase in the risk of new stomach diseases, exacerbations
and possible severe complications with increased Hp vital
activity in the intestine and lowered immunity to it.

The data obtained in 2009-2016 on the detection
rate of VacA-antigen in IgG-CIC of blood serum or sali-
va differed sharply from that of the period from 2002 to
2007-2008, when the detection rate of VacA-antigen in
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IgG-CIC of blood serum or saliva constantly exceeded
the detection rate of free O-antigen in the stool and sali-
va (Figure 1 - 3). In 2011 and 2013, there was a similar
ratio of VacA-antigen in IgG-CIC and O-antigen values,
indicating a sufficient immunity to Hp.

In asymptomatic Hp-infected volunteers, the survey
data in long-term monitoring also showed a decrease in
the detection rate of VacA-antigen in IgG-CIC in recent
years against the constant or increased detection rate of
O-antigen in the stool. Monitoring results of individual
volunteers are shown in (Figure 4). As you can see, the
detection rate of VacA-antigen in IgG-CIC, as well as the
detection rate of HMWP (including CagA) was behind
the detection rate of O-antigen in the stool in asympto-
matic volunteers in recent years, indicating a decrease in
Hp immunity, especially to the most important pathoge-
nicity factors - VacA and CagA.

Discussion

The average annual detection rate of VacA in IgG-
CIC of blood serum and saliva varies over a 15-years ob-
servation period and usually exceeds the annual average
frequency of occurrence of O-antigen in the stool. In the
years of reduction in VacA in IgG-CIC lower than O-an-
tigen value in the stool, some patients had clinical exacer-
bation of diseases of the stomach and intestines - in 2001,
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Figure 4. Monitoring of O-, VacA- and HMWP-antigens in Hp -infected volunteers (2000-2015, 1,662 saliva samples).
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2009-2010, 2012, 2014-2016. The revealed regularities
allow predicting the risks of exacerbations of inflamma-
tory and erosive diseases of the stomach and duodenum.

In recent years, instead of the expected decline in
the rate of occurrence of O-antigen in the stool on the
background of a sufficiently high content of VacA in
IgG-CIC in 2013, the majority of surveyed persons had
a significant decline in the level of formation of specific

antiVacA- and antiHMWP- immune complexes in blood
serum, which began in 2012, continued in 2015 and is
passing to the first half of 2016. The decrease in the de-
tection rate of VacA and CagA Hp virulence factors in
IgG-CIC shows a significant reduction of antitoxic im-
munity in Helicobacter pylori infection, especially in re-
cent years. It should be emphasized that these significant
changes in anti-Helicobacter immunity occur against a
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background of the above growth in the detection rate of
Hp O-antigen in the stool.

In view of the data published earlier on the increased
risk of gastric cancer and death rates during the increase
of Hp-infection of population,’ our data on the increa-
se of Hp infection, especially in 2014-2016, and a sharp
decrease in immunity to it in the form of a decrease in
binding virulence antigens in circulating IgG-immune
complexes indicate a severe, critical situation with Helico-
bacter pylori infection. In comparison with the beginning
of observation period (2000), now there is a significant
increase of Hp-infection in population (by 27-55%),
phase changes in Hp pathogenicity, and decreased anti-
toxic immunity (by 35-68%), which poses serious health
risks to the health of population because of the greater
probability of the emergence of new stomach diseases in
Hp-infected individuals, greater severity of exacerbations
and complications in acute and chronic gastrointestinal
tract diseases, and acceleration of carcinogenesis processes
in the future.

Thus, 15-years screening tests of Hp persistence in
the body of patients with gastrointestinal diseases were
conducted for the first time, as well as monitoring of as-
ymptomatic volunteers using non-invasive immunoassay
(coagglutination reaction) with detection of the inci-
dence of O-, VacA- and CagA-antigens of Hp in various
biosubstrates (the stool, saliva, blood serum) in free form
and in IgG-CIC. The result revealed cyclical changes in
these indicators, on the one hand reflecting vital activity
of the causative agent (infection, reproduction, produc-
tion of toxins or other pathogenicity factors), and on the
other hand, the state of the host immune system, their
mutual adaptation to internal and external factors (the
dominant among them are obviously the immunity and
solar activity).

Periodic changes of vital activity (reproduction) and
microbial pathogenicity, as well as immune responses in
chronic Hp persistence, while taking solar activity and
other factors into account, should be considered in me-
dical practice in diagnostics, treatment, prognosis and
prevention of Hp infection, in individual management of
patients in personalized medicine.

Given the unconditional role of Hp in pathogenesis
of various gastrointestinal diseases, including gastritis,
peptic ulcer disease and gastric cancer, and the alarming
situation relating to increased Hp infection and decrea-
sed immunity of population to this pathogen in recent
years, it is necessary to continue such long-term infor-
mative non-invasive research to study pathogenesis of Hp
infection and to develop urgent measures on prevention,
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treatment and monitoring of treatment effectiveness, as
well as to obtain new scientific data on the mechanisms
of persistence of Hp and other microbes.
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