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Abstract

Introduction. Diarrheal syndrome is the most characteristic symptom of HIV infection, which occurs in 70% of
patients and is often fatal. The severity of diarrheal syndrome, irrespective of immune status, is usually determined
by specific microorganisms colonising the gastrointestinal tract.

The objective of this study is to assess the prevalence of classical pathogens of acute intestinal infections in
diarrheal syndrome in HIV-infected residents of the Chechen Republic (Grozny).

Materials and methods. Stool samples (n = 191) of HIV-infected patients with a history of diarrheal syndrome
were studied by real-time PCR with two kits of reagents: "AmpliSens OKI screen-FL" for the detection of DNA/RNA
of Shigella spp./EIEC, Salmonella spp., Campylobacter spp., Adenovirus, Rotavirus, Norovirus and Astrovirus;
"AmpliSens Escherichiosis-FL" for the detection of diarrheagenic E. coli (DEC) DNA of five pathogroups: EPEC,
EHEC, ETEC, EIEC, EAgEC.

Results. Genetic markers of the acute intestinal infection pathogens were detected in 20.9% of the examined
individuals. In patients aged 0-7 years and 18—-24 years, DNA/RNA of the tested pathogens were not detected.
DNA of bacterial pathogens accounted for 93.9%, RNA of viral pathogens — 6.1%. The etiological structure
of bacterial infections was represented by a significant predominance of DEC (84.8%) compared to 10.9% of
Campylobacter spp. and 4.4% of Salmonella spp. The structure of viral infections included 66.7% Rotavirus
and 33.3% Norovirus. Genetic markers of Adenovirus and Astrovirus have not been identified. In 77.5%
of HIV-infected patients, diarrheal syndrome was caused by one pathogen (mono-infection), but in nine examined
patients (22.5%) it had a combined etiology.

Conclusion. The etiology of acute intestinal infections in HIV-infected patients of the Chechen Republic includes
bacterial and viral pathogens, in every fifth the cause of diarrheal disease was DEC. Due to diarrhea in HIV-
infected people being a polyetiological disease, it is necessary to introduce a comprehensive, fast, reliable, and
affordable method for identifying a wide range of pathogens that cause secondary infections.
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AHHOMauus

AkTyanbHoCTb. [lMapeiHbll cuHApoM — Havbonee xapaktepHoe nposisreHve BUY-uHdekumn, kotopbin Ha-
6nopaetcs y 70% 60nbHbIX 1 YAcTO CTAHOBUTCH MPUYUHON neTanbHoro ncxoga. CteneHb BbIPaXXEHHOCTW Aua-
perHoro cMHApoOMa, He3aBNCMMO OT UMMYHHOrO CTaTyca, Kak npaBunno, obycnoBneHa KOHKPETHLIMW MUKpOOpra-
HU3MaMM, KONMOHU3UPYHOLLIMMM KENyA04YHO-KULLEYHbIV TPaKT.

Llenb — 13y4nTb pacnpoCTpaHEHHOCTb Knaccuyecknx Bo3dyautenen ocTpbix KnwevHbix nHgekumn (OKN) npu
anaperiHom cuHgpome y BUY-nHdbunumpoBaHHbix xxutenen YeveHckon Pecnybnuku (r. [po3sHbin).

Matepuanbl n metoabl. [pobbl ncnpaxHenun (n = 191) BUY-MHDMLUMPOBAHHBLIX NaUMEHTOB C Auapen-
HbIM CMHOPOMOM B aHamHe3e m3ydanu metogoM [LP B peanbHOM BpeMeHu ¢ ABYMS Habopamu peareHToB:
«AmnnuCeHc OKW ckpuH-FL» ans Beisenenns HK/PHK mukpoopranuamos Shigella spp./EIEC, Salmonella spp.,
Campylobacter spp., Adenovirus, Rotavirus, Norovirus n Astrovirus; « AMnnuCeHc Swepuxmosbl-FL» ansa Boisie-
nenust AHK guapeereHHbix Escherichia coli (DEC) natorpynn EPEC, EHEC, ETEC, EIEC n EAgEC.
Pe3ynbratbl. [eHeTudeckme mapkepbl Bo3byauTtenenn OKN 6binn BohisBneHbl y 21,9% o6cneqoBaHHbIX ML,
Y nauneHToB Bo3pacTHbIx rpynn 0—7 n 18-24 net OHK/PHK uckombix Bo3byautenen He Bbinv obHapy>ceHsbl.
Ha ponto OHK 6aktepuanbHbix natoreHoB npuxoaunock 93,9%, PHK BupycHbix natoreHoB — 6,1%. OTuono-
rmyeckasa ctpyktypa 6akrtepmansHbix OKW Gbina npeacrasneHa 3HavymmbiM npeobnapganvem DEC (84,8%) no
cpaBHeHuto ¢ 10,9% Campylobacter spp. n 4,4% Salmonella spp. CtpykTypa BupycHbix OKU Bkntovana 66,7%
Rotavirus v 33,3% Norovirus. lTeHeTu4eckne mapkepbl Adenovirus n Astrovirus He BbisiBneHbl. Y 77,5% BAY-nH-
PULMPOBaHHbIX AuaperiHbIi cuHapoM Obinn 06ycrnoeneH ogHum Bo3byantenem OKU (moHouHdekums) y 9 (22,5%)
06cnenoBaHHbIX — COYETaHHOW 3TUOMOrMen.

3aknwouyeHue. 3tmnonorna OKN y BUY-nHpmumpoBaHHbIX nauueHToB YeveHckon Pecnybnvkm BrrtovaeT Hakte-
puarnbHble U BUPYCHble BO3OyAMTENW, Yy KaXaoro NAToro NpuynHon avapenHoro 3abonesaHna sasnanvck DEC.
YuuTtbiBas TOT dakT, uTo Anapes BUY-nHpurumpoBaHHbIX — 3TO NONU3TUONOrMYHOE 3aboneBaHne, HeobXoanuMo
BHEAPSATb KOMMIEKCHBIN, BbICTPbIA, HAAEXHBIA N OOCTYMHBIA METOA AEHTUMMKALMMN LUMPOKOro CriekTpa Bo3by-
OvTenen, Bbi3biBAKOLLMX BTOPUYHbBIE MHAEKLMN.

KnroueBble cnoBa: BUY, BUY-uHgbekuusi, Ouapesi, ocmpble KUWeYHble UHEeKUUU, 2eHemuYecKue MapKkepbl
(6emepmuHaHmMbI)

Amuyeckoe ymeepxdeHue. VlccneqoBaHve NnpoBoaMnoch Npy A06POBObHOM UHPOPMMPOBAHHOM Cornacuv nauu-
eHToB. [MpoTokon nccnenoBaHusi ogobpeH dTudeckum komutetom CaHkT-MNeTepbyprckoro Hay4yHo-MccnenoBaTenbCKo-
ro MHCTUTYTa anuaemMmnonorum n Mukpobuonorum umenn Macrepa (npotokon Ne 81 ot 22.11.2022).

HNcmoyHuk ¢puHaHcuposaHusi. ABTOpbI 3asiBMSAT 06 OTCYTCTBMWN BHELUHEro (hMHAaHCUPOBaHWUS NpU NPoBEeEHUN UC-
crnefoBaHus.

KoHgbnnukm uHmepecos. ABTOpbI [eKNapupyOT OTCYTCTBME SBHbIX M MOTEHLUManbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C NyGnuKauuen HacTosILWEN CTaTby.
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Introduction

HIV infection is a problem of great importance all
over the world, including Russia, due to its pandemic
prevalence and increasing rates of morbidity [1, 2]. This
nosology is one of the causes of death in young patients
and is therefore considered a global threat to mankind
and its socio-economic progress [3]. In Russia, due to
the increasing number of HIV-infected people, there is
an increase in the number of opportunistic diseases and
fatal cases due to secondary diseases [4].

The gastrointestinal tract (GIT) is one of the
target organs of HIV infection and is involved in the
pathological process at different stages of the disease
[5]. HIV causes leukocytic infiltration in the mucosa,
degenerative changes in intestinal crypts and atrophy
of microvilli, which leads to impaired intestinal diges-
tion and absorption, decreased intestinal colonisation
resistance, dysbiosis and an infectious process prone
to persistence and recurrence. As disease symptoms
and morphofunctional changes in the intestinal mucosa
progress, HIV-infected individuals often experience di-
arrhea and intestinal infections, which are a key cause
of morbidity and mortality at later stages, regardless
of antiretroviral therapy [6]. Diarrheal syndrome (DS)
is the most characteristic symptom of HIV infection,
which occurs in 70% of patients and is often fatal. In
developing countries, more than 90% of HIV-infected
people have DS, while in industrialized countries it is
present in 50-60% of the infected. The World Health
Organization's baseline scenario for 2030 assumes that
mortality from HIV/AIDS and diarrheal diseases in de-
veloping countries will remain at about 1.7/1.5 million.
There are many causes of DS in HIV-infected people,
the most common being direct exposure to the virus-
es, opportunistic pathogens, long-term drug use and/or
GIT tumours [7].

Any pathogen that infects immunocompetent in-
dividuals is also capable of causing disease in HIV-in-
fected individuals. The severity of DS, regardless of
immune status, usually depends on the specific micro-
organisms colonising the GIT. However, Escherichia
coli, Salmonella spp., Shigella spp., Campylobacter
spp. and Rotavirus can cause particularly severe or
prolonged diseases during HIV infection. According to
several researchers, HIV-infected adults have 10 times
higher rates of bacterial intestinal infections than the
HIV-negative population. HIV-infected individuals are
at a 20-100-fold increased risk of salmonellosis, asso-
ciated with bacteraemia in more than 40% of cases, and
the mortality rate is increased 7-fold. The average in-
cidence of campylobacteriosis among AIDS patients is
40 times higher than in individuals not infected with
HIV [8-10].

Existing data on the incidence of acute intestinal
infections among immunocompromised patients are
scarce, resulting in a lack of clear and definite knowl-
edge about the etiology of HIV-infected people with
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DS. The aim of this study was to investigate the prev-
alence of classical pathogens of acute intestinal infec-
tions in HIV-infected residents of the Chechen Repub-
lic (Grozny).

Materials and methods

Fecal samples from 191 patients (124 women
and 67 men) registered at the Republican AIDS Centre
with a history of DS were examined at the Republican
Clinical Centre for Infectious Diseases of the Minis-
try of Health of the Chechen Republic. The composi-
tion of the age groups of patients was as follows: 1-7
years — 1 (0.5%) patient, 18-24 years — 4 (2.1%),
25-34 years — 10 (5.2%), 3544 years — 58 (30.4%),
45-54 years— 68 (35.6%), over 55 years — 50 (26.2%)
The cohort group was formed by random sampling. All
patients were informed about participation in the study
and gave their voluntary consent. The study protocol
was approved by the Ethics Committee of the Saint-Pe-
terburg Pasteur Institute (protocol No.81, November
22,2022).

The polymerase chain reaction (PCR) method
with hybridisation-fluorescence detection was used,
using the DT PRIME 5 thermocycler (DNA-Techno-
logy) and two reagent kits: AmpliSens OKI screen-FL
(Central Research Institute of Epidemiology of Rospo-
trebnadzor) for detection and differentiation of DNA
(RNA) of microorganisms of the Shigella spp./EIEC,
Salmonella spp, Campylobacter spp. (thermophilic),
Adenovirus (group F/grF), Rotavirus (group A/grA),
Norovirus (2nd genotype/G 1I) and Astrovirus genera;
AmpliSens Escherichiosis-FL (Central Research In-
stitute of Epidemiology of Rospotrebnadzor) for de-
tection of diarrheagenic E. coli (DEC) pathogroups
EPEC, EHEC, ETEC, EIEC and EAgEC. Results were
interpreted based on the fluorescence signal levels of
the respective HEX, FAM or ROX channels. The iden-
tification of the strains belonging to the EPEC, ETEC,
EIEC, EAgEC pathogroups was performed according
to the manufacturer's instructions and methodological
guidelines. Strains showing fluorescence levels above
the threshold for HEX channel in PCR mix-1 were con-
sidered as shigatoxin-producing (STEC); strains show-
ing fluorescence levels above the threshold for HEX
channel in PCR mix-1 and PCR mix-2 were considered
as enterohaemorrhagic (EHEC).

The obtained data were processed using Micro-
soft Office Excel. Fisher's exact test was used to as-
sess the statistical significance of differences in mean
values. Differences with a confidence interval of 95%
(p <0.05) were considered statistically significant.

Results

Molecular markers of the investigated pathogens
of acute intestinal infections were detected in fecal
samples of 40 (20.9%) of the examined patients, includ-
ing 26 (21.0%) women and 14 (21.0%) men without
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significant statistical differences (p > 0.05) (Table 1).
In patients aged 0-7 years and 18-24 years, DNA/RNA
of the pathogens were not detected. No significant dif-
ferences in the frequency of detection of molecular
markers of acute intestinal infection pathogens in fecal
samples from patients of other age groups were found
(» > 0.05).

The results of the molecular study are presented in
Table 2. In 40 positive samples, 49 molecular markers
of acute intestinal infection pathogens were detected,
of which DNA of bacterial pathogens accounted for
93.9% (n = 46) and RNA of viral pathogens for 6.1%
(n = 3). The differences were statistically significant,
p < 0.05. The etiological structure of bacterial intes-
tinal infections was represented by a significant pre-

dominance of diarrheagenic E. coli 84.8% (n = 39)
of which: EPEC — 48.7% (n = 19), STEC — 20.5%
(n = 8), EIEC — 17.9% (n = 7), EAgEC — 7.7%
(n = 3), ETEC — 5.1% (n = 2) compared to 10.9%
(n = 5) thermophilic Campylobacter spp. and 4.4%
(n = 2) Salmonella spp. (p < 0.05). The viral pattern of
acute intestinal infections included 66.7% (n = 2) Rota-
virus (group A) and 33.3% (n = 1) genotype 2 Norovi-
rus. Adenovirus grF and Astrovirus molecular markers
were not detected.

In 31 (77.5%) HIV-infected patients, DS was
caused by a single pathogen of acute intestinal infec-
tions (monoinfection), and in 9 (22.5%) — by several.
Monoinfection was significantly more often caused by
bacterial pathogens: 67.4% compared to viral patho-

Table 1. Detection rates of molecular markers of acute intestinal infections in HIV-infected patients with diarrheal syndrome

of different age in the Chechen Republic

Positive for molecular markers

Characteristic of examined persons Number of samples Cl
n %

0-17 years old 1 0 0 0-0,8
18-24 years old 4 0 0 0-0,5
25-34 years old 10 2 20,0 5,7-51,0
35-44 years old 58 12 20,7 12,3-32,8
45-54 years old 68 18 26,5 17,5-38,0
55 years and older 50 8 16,0 8,3-28,5
Women 124 26 21,0 14,73-28,95
Men 67 14 21,0 12,9-32,1
Total 191 40 20,9 15,8-27,3

Table 2. Detection rates of DNA/RNA of causative agents of acute intestinal infections in HIV-infected residents

of the Chechen Republic

Total Monoinfection Combined infections
Pathogen
n (%) 95% ClI n (%) 95% ClI n (%) 95% ClI
Bacterial

Campylobacter spp. 5(10,9) 4,7-23,0 2(6,5) 1,8-20,7 3(20,0) 7,1-45,2

Salmonella spp. 2(4,4) 1,2-14,5 2 (6,5) 1,8-20,8 0 (0) 0-20,4
Diarrheagenic E. coli, including: 39 (84,8) 71,8-92,4 27 (87,1) 71,2-94,9 12 (80,0) 54,8-92,9
EAgEC 3(7,7) 2,6-20,3 2(7,4) 2,1-23,4 1(8,3) 1,5-35,4

EIEC 7(17,9) 9,0-32,7 4 (14,8) 5,9-32,5 3(25,0) 8,9-53,2

ETEC 2(5,1) 1,4-16,9 1(3,7) 0,7-18,3 1(8,3) 1,5-35,4
EPEC 19 (48,7) 33,9-63,8 14 (51,8) 33,9-69,3 5(41,7) 19,3-68,1

STEC 8 (20,5) 10,8-35,3 6 (22,2) 10,6—40,7 2(16,7) 4,7-44,8
Total bacterial 46 (93,9) 83,5-97,9 31 (67,4) 52,9-79,1 15 (32,6) 20,9-47,0

Viral

Norovirus Gll 1(33,3) 6,2-79,2 0 (0) 0-65,8 1(100) 20,7-100
Rotavirus grA 2 (66,6) 20,8-93,9 1(50,0) 9,5-90,6 1(50,0) 9,5-90,6
Total viral 3(6,1) 2,1-16,5 1(2,0) 0,4-12,2 2(4,1) 1,1-13,7
Total 49 (100) 92,7-100 32 (65,30) 51,3-77,1 17 (34,7) 22,9-49,7
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gens — 2.0 (p < 0.05). Analysis of co-infection cases
showed a prevalence of bacterial (77.8%) compared to
viral-bacterial coinfections (22.2%; Table 3). DEC ge-
netic determinants were present in all cases of co-infec-
tions of acute intestinal infections.

When analysing the distribution of the examined
individuals by sex and age, significant differences were
revealed (Figure). The main pathogens of acute intes-
tinal infections in HIV-infected men and women were
DEC. Thermophilic Campylobacter spp. were iden-
tified only in women; no significant differences were
found with regard to other studied acute intestinal in-
fection pathogens of bacterial and viral etiology Bac-
terial pathogens were identified in all age groups, viral
pathogens — only in the groups of 25-34 and 3544
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year olds. In the age group of 25-34 years, diarrheal
syndrome was caused by bacterial and viral etiology
without dominance of a particular pathogen. In the
age groups 3544, 45-54 years and 55 years and old-
er, DEC was a significantly more frequent pathogen of
acute intestinal infection (p < 0.05), other bacterial and
viral infections were detected without significant differ-
ences (p > 0.05).

Discussion

Infectious diarrheal diseases are an urgent prob-
lem of HIV-infected people in the Chechen Republic.
The overall rate of intestinal infections was 20.94 %.
There were no statistical differences by sex among
the HIV-infected population of the Republic. Patients

Table 3. Characteristics of acute intestinal infections of combined etiology in HIV-infected patients in the Chechen Republic

Number of cases

Etiological agent

n % 95% CI p
Bacterial
Campylobacter spp. + EPEC 1 11,1 2,0-43,5 > 0,05
Campylobacter spp. + STEC 1 11,1 2,0-43,5 > 0,05
EPEC + EIEC 1 11,1 2,0-43,5 > 0,05
EPEC + EAgEC 1 11,1 2,0-43,5 > 0,05
EPEC + ETEC 1 11,1 2,0-43,5 > 0,05
STEC + EIEC 1 11,1 1,99-43,5 > 0,05
Total bacterial-bacterial 7 77,8 45,3-93,7 <0,05
Viral-bacterial
Rotavirus grA + EIEC 1 11,1 2,0-43,5 > 0,05
Norovirus Gll + Campylobacter spp. + EPEC 1 11,1 2,0-43,5 > 0,05
Total viral-bacterial 2 22,2 6,3-41,7 > 0,05
Total combined infections 9 100,0 70,1-100
n
30 -
25 1 24
20 1 19
15
15 1
10
10 - 8
5
° 2 1 1 2 11 1 2 1 j 11 1 1
0 [l =2 ™ [ —— - | —— /M
25-34 35-44 45-54 > 55 Women Men

Age, years

ODEC ®m Salmonella spp. B Campylobacter spp. O Norovirus O Rotavirus

Distribution by sex and age of HIV-infected patients with diarrheal syndrome in the Chechen Republic.
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aged 0—7 and 18-24 years had statistically significantly
lower presence of molecular markers of classical acute
intestinal infection pathogens, which may be associ-
ated with timely prescription and higher adherence to
treatment with of antiretroviral and prophylactic anti-
microbial drugs in these patients, which contributes to
the inhibition of potential intestinal pathogens [11, 12].

The main causative agents of diarrheal diseases,
not only bacterial, but also in the etiological structure
of acute intestinal infections, were DEC (84.8%), most
of which were represented by anthroponotic pathogens
(74.4%): EPEC (48.7%), EIEC (17.9%) and EAgEC
(7.7%). The results confirm that DEC are the most com-
mon microorganisms associated with diarrhea in HIV
infection. The most frequent pathogroup was EPEC,
which are common in HIV with diarrheal syndrome [13,
14]. Molecular markers of pathogens commonly trans-
mitted with food: Salmonella, Campylobacter and STEC
were detected in 4.4%, 10.9% and 25.5% of cases re-
spectively [15]. Studies conducted in Austria, the Neth-
erlands and Germany have also shown that these bacte-
rial pathogens account for the smallest number of cases
of acute gastroenteritis in HIV-infected people [16].

Rotavirus group A was detected only in 2 adult
patients, although according to V.P. Bondarev et al. this
pathogen is the most frecuent cause of severe gastro-
enteritis in children in many countries, accounting for
30-72% of hospitalised patients and 4-24% of patients
with mild acute gastroenteritis not requiring hospital-
isation [17]. According to the data of Form 2 "Informa-
tion on infectious and parasitic diseases" for 2019-2022
and the State Report "On the state of sanitary and epi-
demiological well-being of the population in the Rus-
sian Federation in 2022", cases of rotavirus infection
were not registered in the Republic of Ingushetia and the
Chechen Republic. The absence of reported incidence
may be associated with insufficient implementation of
molecular biological methods in the laboratory diagno-
sis of acute intestinal infections. At the same time, the
absence of Rotavirus in this study may be due to the ab-
sence of infants and young children in the study group,
as well as the fact that the studies were conducted in the
spring and summer period. Adenovirus and Astrovirus
were not detected in our study, although according to L.
Seid et al. they are considered potential opportunistic
pathogens [18].

In 31 (77.5%) fecal samples, molecular marcers of
a single acute intestinal infection pathogen were detect-
ed, and according to the results of laboratory testing,
DS was identified as a monoinfection. Samples from 9
(22.5%) examined patients contained a mixture of en-
teropathogens (combined acute intestinal infections): in
8 (20.0%) samples markers of two acute intestinal in-
fection pathogens were detected, in one sample (2.5%)
three patogens were identified. A high prevalence of
co-infections (25-53%) has been described among
HIV-infected people in developing countries [14, 19].

DEC predominated in all co-infections, which is con-
sistent with previous data [20].

In the era of effective antiretroviral therapy, the
clinical picture of DEC in people living with HIV may
not be comparable to their classic symptoms. The use
of a comprehensive multiplex format in the laborato-
ry diagnosis of DS in HIV-infected people is the only
highly sensitive method that allows the establishment
of the etiology of acute intestinal infections not only in
the acute period of the disease, but also in asymptom-
atic carriers. A large-scale study conducted in Ethiopia
using modern laboratory diagnostic methods showed
that 56.3% of DS cases in HIV-infected people was
caused by pathogens of bacterial, viral and/or parasi-
tic etiology, and notably, it allowed the identification of
co-infections in 35% of cases [14, 18, 21].

Conclusion

The etiology of acute intestinal infection patho-
gens in HIV-infected patients in the Chechen Repub-
lic includes bacterial and viral pathogens. The study
showed that almost every fifth HIV-infected person was
caused by DEC, which confirmed their relevance in the
structure of acute intestinal infections. Laboratory diag-
nosis of these pathogens is possible only using molec-
ular genetic methods. To reduce the burden of diarrheal
diseases in HIV-infected people in the Chechen Repub-
lic, it is necessary to conduct targeted epidemiological
and microbiological studies to identify DEC, to study
the contamination of environmental objects, including
water and food, and to identify risk factors. Given that
DS in HIV-infected people is a polyetiological disease,
it is necessary to introduce a comprehensive, rapid, re-
liable and available method of identifying a wide range
of pathogens causing secondary diseases.

It is important to note that this is the first study
conducted in the Chechen Republic, and the results ob-
tained can be used to develop protocols for the preven-
tion and treatment of DS in HIV-infected people at the
regional and republican levels.
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