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Abstract
Introduction. Acute intestinal infections cause high morbidity and mortality, especially in Africa and Southeast 
Asia, where millions of children under the age of five die every year. The Republic of Guinea urgently requires 
large-scale research aimed at studying the causes of diarrheal diseases, necessary for the development of effec-
tive preventive measures to ensure the preservation of the health of its population.
Aim. To conduct a analysis of the etiological structure of acute intestinal infections in the Republic of Guinea.
Materials and methods. Stool samples (n = 724) from residents of the Republic of Guinea with diarrheal syn-
drome were studied by real-time PCR with two reagent kits: 1) AmpliSens OKI screen-FL for the detection of 
DNA (RNA) of microorganisms Shigella spp./EIEC, Salmonella spp., Campylobacter spp., Adenovirus, Rotavirus, 
Norovirus and Astrovirus; 2) AmpliSens Escherichiosis-FL for the detection of DNA of diarrheagenic Escherichia 
coli (DEC) of five pathogroups: EPEC, EHEC, ETEC, EIEC, EAgEC.
Results. In the period 2019-2022, 66.2% of the examined children and adults revealed the presence of genetic 
markers of acute intestinal infections, mainly of bacterial etiology (74.1%), among which diarrheagenic E. coli 
dominated (62.4%). Genetic markers of viral pathogens were detected significantly less frequently by 25.9%,  
p < 0.05. Young children are most vulnerable to infection caused by E. coli. Bacterial pathogens dominate both in 
cases of monoinfections and in cases of mixed infection with two or more types of pathogens.
Conclusion. A study has shown that DEC is the main cause of intestinal infections in Guinea. The data obtained 
will become the basis for the development of an effective program for the prevention and treatment of acute in-
testinal infections in the republic.
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Аннотация
Введение. Острые кишечные инфекции (ОКИ) вызывают высокую заболеваемость и смертность, особен-
но в Африке и Юго-Восточной Азии, где каждый год умирают миллионы детей младше 5 лет. Республика 
Гвинея остро нуждается в проведении широкомасштабных исследований, направленных на изучение при-
чин диарейных заболеваний, необходимых для разработки эффективных мер профилактики, обеспечива-
ющих сохранение здоровья её населения. 
Цель — провести анализ этиологической структуры ОКИ в Гвинейской Республике.
Материалы и методы. Пробы испражнений (n = 724) жителей Гвинейской Республики с диарейным синдро-
мом изучали методом ПЦР в реальном времени с двумя наборами реагентов: 1) «АмплиСенс ОКИ скрин-
FL» для выявления ДНК (РНК) микроорганизмов Shigella spp./EIEC, Salmonella spp., Campylobacter spp., 
Adenovirus, Rotavirus, Norovirus и Astrovirus; 2) «АмплиСенс Эшерихиозы-FL» для выявления ДНК диарее-
генных Escherichia coli (DEC) 5 патогрупп: EPEC, EHEC, ETEC, EIEC, EAgEC.
Результаты. В 2019–2022 гг. у 66,2% обследованных детей и взрослых обнаружены генетические детер-
минанты ОКИ, преимущественно бактериальной этиологии (74,1%), среди которых доминировали диарее-
генные E. coli (62,4%). Генетические маркеры вирусных патогенов выявлялись значительно реже — 25,9% 
(р < 0,05). Дети раннего возраста наиболее уязвимы перед инфекцией, вызванной DEC. Бактериальные 
возбудители доминируют как в случаях моноинфекций, так и при сочетанном заражении двумя и более 
видами патогенов.
Заключение. Исследование показало, что DEC являются основной причиной ОКИ в Гвинее. Полученные 
данные станут основой для разработки эффективной программы профилактики и лечения ОКИ в респу-
блике.

Ключевые слова: диарейный синдром, острые кишечные инфекции, генетические детерминанты, по-
лимеразная цепная реакция, Африка, Гвинейская Республика
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Introduction
Acute intestinal infections are a global health 

problem, leading to high morbidity and mortality rates 
in many countries [1]. Approximately 1.6 million peo-
ple die from diarrhea worldwide each year, with the vast 
majority of cases occurring in developing countries [2]. 
Diarrheal diseases are the cause of 15% of deaths in 
young children, with approximately 80% occurring in 
the regions of Africa and Southeast Asia [3, 4]. Despite 

a significant global reduction in diarrhea mortality over 
the past quarter-century, most African countries contin-
ue to face high prevalence rates of severe acute intes-
tinal infections [5]. Experts estimate that by 2030, 4.4 
million children under the age of 5 will die annually 
from infectious diseases, with 60% of cases occurring 
in African countries [6, 7].

For the African continent, diarrheal diseases re-
main a pressing threat, particularly acute in conditions 
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of deep poverty [8–10]. Within the UN Millenium 
Declaration adopted in 2000, important goals were set 
aimed at combating poverty and malnutrition, ensuring 
universal access to clean drinking water, and signifi-
cantly reducing child mortality1. However, current real-
ities show that many African countries will not be able 
to achieve these targets on time, considering that only a 
third of the population has regular access to clean water 
[11–13]. This fact creates additional risks of diarrheal 
diseases spreading among a significant portion of the 
region's population2. 

According to data from the international Global 
Enterics Multi-Center Study (GEMES) project, diar-
rheagenic Escherichia coli (DEC) and Cryptosporidium 
are recognized as the most dangerous pathogens caus-
ing deaths from diarrhea in children under 5 years old in 
several African countries — Kenya, Mali, Mozambique 
and Gambia. Research conducted in 18 African coun-
tries on the burden of diarrheal diseases of Escherichia 
coli etiology showed that enteroaggregative E. coli  
(EAgEC) are a more common DEC pathogenic group 
(69% of cases) than enterotoxigenic E. coli (ETEC),  
enteropathogenic E. coli (EPEC), Shiga toxin-producing  
E. coli (STEC) and enteroinvasive E. coli (EIEC), with 
prevalence ranging from 6.6% to 18.6% [2].

Unlike developed regions such as the United States 
and Europe, which have well-organized systems for 
monitoring intestinal infections, including DEC3, most 
countries on the African continent face significant chal-
lenges in developing effective healthcare infrastructure 
and comprehensive control of acute intestinal infections.

The etiology of acute intestinal infections is di-
verse, which leads to differences in the epidemic pro-
cess in countries with varying levels of economic 
development. This is the reason why identifying the 
key pathogens causing gastrointestinal infectious dis-
eases is crucial for organizing microbiological moni-
toring within the epidemiological surveillance system 
and preventing infectious threats in African countries. 
Nowadays, Guinea has a particular necessity for large-
scale research aimed at studying the etiology of acute 
diarrhea to develop a regional strategy for preventing 
diarrheal diseases, which is essential for preserving the 
health of the Republic population.

The aim of the study is to conduct a systematic 
analysis of the etiological structure of acute intestinal 
infections in the Republic of Guinea. 

1	 United Nations Millennium Declaration. URL: https://www.
un.org/ru/documents/decl_conv/declarations/summitdecl.shtml

2 	 WHO. Diarrhoeal disease; 2024. URL: https://who.int/news-
room/fact-sheets/detail/diarrhoeal-disease

3	 National Surveillance of Bacterial Foodborne Illness (Enteric 
Diseases). 

 	 URL: https://www.cdc.gov/nationalsurveillance/index.html; 
Surveillance and disease data for Escherichia coli. 

 	 URL: https://www.ecdc.europa.eu/en/escherichia-coli-ecoli/
surveillance-and-disease-data

Materials and methods
The study included patients who sought medical 

attention at healthcare facilities with symptoms of acute 
intestinal infection (diarrhea, nausea, vomiting, abdom-
inal pain, symptoms of intoxication). The study proto-
col was approved by the Ethics Committee of the Pas-
teur St. Petersburg Research Institute of Epidemiology 
and Microbiology (protocol No. 27 dated 02.07.2019).

Stool samples from 724 patients, including 73 
children aged 1–5 years (10.1%), 130 aged 6–17 years 
(18.0%) and 521 adults aged 18–76 years (72.0%), 
were examined using polymerase chain reaction (PCR) 
with hybridization-fluorescence detection with two re-
agent kits: 

1. AmpliSens OKI screen-FL for the detection and 
differentiation of DNA (RNA) of microorganisms of 
the Shigella spp./EIEC, Salmonella spp., thermophilic 
Campylobacter spp., Adenovirus (group F), Rotavirus 
(group A), Norovirus (genotype 2) and Astrovirus; 

2. AmpliSens Escherichiosis-FL for the detection 
of diarrheagenic E. coli (DEC) of 5 pathogenic groups: 
EPEC, EHEC, ETEC, EIEC, EAgEC (Russian Re-
search Institute of Epidemiology of Rospotrebnadzor, 
Russia). 

Total DNA/RNA was extracted using the RI-
BO-prep reagent kit (Russian Research Institute of Ep-
idemiology of Rospotrebnadzor, Russia). PCR was per-
formed using thermocycler with a real-time fluorescent 
signal detection system (real-time PCR) CXT-1000 
(Bio-Rad). All nucleic acid extraction and real-time 
PCR procedures used in this study were performed 
using appropriate positive, negative and internal con-
trol samples included in the diagnostic kits. The use of 
controls at all stages allowed for confirmation of the 
correctness and accuracy of the results obtained, elimi-
nating the possibility of false positive or false negative 
conclusions.

Targeted screening for Shigella spp. and EIEC 
strains was performed on stool samples that yielded a 
fluorescent signal for the presence of Shigella spp./EI-
EC (AmpliSens OKI screen-FL) and EIEC (AmpliSens 
Escherichia coli-FL). E. coli were isolated using the 
cultural method with selective media Endo and Hek-
toen agar (State Research Center for Applied Microbi-
ology and Biotechnology).

Fisher's exact test was used to assess the statistical 
significance of differences in mean values. The signifi-
cance of the differences between the studied indicators 
was determined using the Mann–Whitney test. Signi
ficant differences were considered at a 95% confidence 
interval (p ≤ 0.05). 

The studies were conducted in the laboratory of 
the Russian-Guinean Research Center for Epidemiol-
ogy and Prevention of Infectious Diseases as part of 
the research project "Study of the Etiological Structure 
and Molecular-Genetic Characterization of Diarrheal 
Pathogens in the Republic of Guinea”. 
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Results
According to the combined data, between 2019 

and 2022, genetic markers of viral and bacterial patho-
gens of acute intestinal infections were detected in 
stool samples from 479 (66.2%) examined individ-
uals: in 238 (49.7%; 95% CI 45.2–54.2%) men and 
241 (50.3%; 95% CI 45.9–54.8%) women (p > 0.05). 
Determinants of the pathogens of interest were more 
frequently detected in the age group of patients 18 
years and older — 331 (69.1%; 95% CI 64.8–73.1%;  
p ≤ 0.05). No significant differences were found in the 
detection rate of DNA/RNA of pathogens causing acute 
intestinal infections in samples from young children 
(n = 59; 12.3%, 95% CI 9.7–15.6%) and school-aged 
children (n = 89; 18.6%; 95% CI 15.5–22.3%) (Mann–
Whitney test). No statistically significant differences (p 
≤ 0.05) were found in the detection frequency of genet-
ic markers of acute intestinal infections of established 
etiology based on sex and age, both in the combined 
data and separately by year (Fig. 1). 

Genetic markers of the studied pathogens were 
not detected in samples from 245 patients with diar-
rhea syndrome, thus infections of unknown etiology 
accounted for 33.8% on average over the multi-year 
period.

The results of the molecular study, by year and in 
total, are presented in Table 1 and Table 2. Through-
out all years of observation, bacterial pathogens signifi-
cantly predominated over viral ones in the etiological 
structure of acute intestinal infections (р ≤ 0,05). 

DNA of bacterial pathogens was detected in 
355 (74.1%; 95% CI 70.1–77.8%) samples, of which 
Campylobacter spp. accounted for 9.8% (95% CI 7.5–
12.9%), Salmonella spp. for 1.9% (95% CI 1.0–3.5%), 
and DEC for 62.4% (95% CI 57.9–66.7%). Viral patho-
gens accounted for 25.1% (95% CI 22.2–30.0%), of 
which Adenovirus accounted for 10.2% (95% CI 7.8–
13.3%), Rotavirus for 6.9% (95% CI 4.9–9.5%), Noro-
virus for 6.7% (95% CI 4.8–9.3%), and Astrovirus for 
2.1% (95% CI 1.1–3.8%).

The leading pathogens throughout all years of 
surveillance were DEC. In the age structure, they were 

significantly more common in young children aged 0–5 
years (91.7%; 95% CI 82.7–96.9%; p ≤ 0.05) compared 
to the group of school-aged children aged 6–17 years 
(53.9%; 95% CI 44.9–62.8%) and adults (45.6%; 95% 
CI 41.3–50.0%). According to the combined data, a 
significant prevalence of the EAgEC pathogenic group 
was identified both in the structure of escherichioses 
(46.8%; 95% CI 41.2–52.5%) and in the overall struc-
ture of acute intestinal infections (29.3%; 95% CI 25.3–
33.5%; p ≤ 0.05). In the multi-year structure of Esche
richia coli infections, other DEC pathogenic groups: 
EPEC, ETEC and EIEC accounted for 20.1%, 13.0% 
and 13.7%, respectively. Findings of genetic determi-
nants of STEC were less frequent compared to other 
DEC pathogenic groups, with their share being 6.4% 
based on cumulative data.

Genetic markers of bacterial pathogens were de-
tected significantly more often compared to viral patho-
gens (p ≤ 0.05) in all years of monitoring, as well as 
cumulatively during the study period.

Monoinfections caused by a single type of enter-
ic pathogen prevailed over combined etiology enteric 
infections in all years of surveillance (Fig. 2). In 290 
(60.5%; 95% CI 56.1–64.8%) positive samples, ge-
netic markers of a single pathogen were detected, with 
DEC being significantly more frequent at 45.9% (95% 
CI 43.2–56.5%) compared to other bacterial pathogens 
(Campylobacter spp. — 4.2%; 95% CI 0–6.5%; Sal-
monella spp. — 0.6%; 95% CI 0–1.6%) and viral na-
ture 47 (9.8%) (Adenovirus — 3.1%; 95% CI 0–9.8%; 
Astrovirus — 0.6%; 95% CI 0–1.7%; Norovirus — 
2.7%; 95% CI 1.6–3.4%; Rotavirus — 3.3%; 95% CI 
0.5–8.5%). Analysis of molecular studies revealed the 
presence of two or more genetic markers of the inves-
tigated acute intestinal infections in 189 (39.5%; 95% 
CI 35.2–43.9%) samples, of which viral-bacterial were 
found in 74 (39.2%), bacterial-bacterial in 112 (59.3%) 
and viral-viral in 3 (1.6%). 

Discussion
Diarrheal diseases in children and adults are a 

pressing issue in the Republic of Guinea. It was estab-

Fig. 1. Detection rates of genetic markers of acute intestinal infections in residents of the Republic of Guinea in 2019–2022.
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Table 1. Detection rates of genetic markers of enteropathogens in residents of the Republic of Guinea in 2019, 2020, 2021 
and 2022

Year Pathogen
Total Monoinfection Combined infections 

n % n % n %

2019

Bacterial

Campylobacter spp. 6 7.3 5 6.1 1 1.2
Salmonella spp. 0 0.0 0 0.0 0 0.0

DEC 38 46.3 36 43.9 2 2.4
Total bacterial 44 53.7 41 50.0 3 3.7

Viral 
Adenovirus 30 36.6 8 9.8 22 26.8
Astrovirus 2 2.4 1 1.2 1 1.2
Norovirus 3 3.7 2 2.4 1 1.2
Rotavirus 3 3.7 2 2.4 1 1.2
Total viral 38 46.3 13 15.9 25 30.5

Total enteropathogens 82 100.0 54 65.9 28 34.1

2020

Bacterial
Campylobacter spp. 6 5.1 1 0.8 5 4.2

Salmonella spp. 6 5.1 1 0.8 5 4.2
DEC 72 61.0 51 43.2 21 17.8

Total bacterial 84 71.2 53 44.9 31 26.3
Viral

Adenovirus 0 0.0 0 0.0 0 0.0
Astrovirus 2 1.7 2 1.7 0 0.0
Norovirus 9 7.6 4 3.4 5 4.2
Rotavirus 23 19.5 10 8.5 13 11.0
Total viral 34 28.8 16 13.6 18 15.3

Total enteropathogens 118 100 69 58.5 49 41.5

2021

Bacterial
Campylobacter spp. 32 14.7 14 6.5 18 8.3

Salmonella spp. 1 0.5 1 0.5 0 0
DEC 142 65.4 98 45.2 44 20.3

Total bacterial 175 80.6 113 52.1 62 28.6
Viral 

Adenovirus 19 8.8 7 3.2 12 5.5
Astrovirus 2 0.9 0 0.0 2 0.9
Norovirus 19 8.8 6 2.8 13 6.0
Rotavirus 2 0.9 1 0.5 1 0.5
Total viral 42 19.4 14 6.5 28 12.9

Total enteropathogens 217 100 127 58.5 90 41.5

2022

Bacterial
Campylobacter spp. 3 4.8 0 0.0 3 4.8

Salmonella spp. 2 3.2 1 1.6 1 1.6
DEC 47 75.8 35 56.5 12 19.4

Total bacterial 52 83.9 36 58.1 16 30.8
Viral

Adenovirus 0 0.0 0 0.0 0 0.0
Astrovirus 4 6.5 0 0.0 4 6.5
Norovirus 1 1.6 1 1.6 0 0.0
Rotavirus 5 8.1 3 4.8 2 3.2
Total viral 10 16.1 4 6.5 6 9.7

Total enteropathogens 62 100.0 40 64.5 22 35.5



440 441ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2025; 102(4) 
DOI: https://doi.org/10.36233/0372-9311-722

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Table 2. Detection rates of genetic markers of enteropathogens in residents of the Republic of Guinea with diarrheal 
syndrome in 2019–2022

Pathogen
Total Monoinfection Combined infections 

n % n % n %

Bacterial 
Campylobacter spp. 47 9.8 20 4.2 27 5.6
Salmonella spp. 9 1.9 3 0.6 6 1.3
DEC: 299 62.4 220 45.9 79 16.5 

EAgEC 140 46.8 83 27.8 57 19.1
EPEC 60 20.1 35 19.7 6 0.3
ETEC 39 13.0 32 10.7 7 2.3
EIEC 41 13.7 59 11.7 1 2.0
STEC 19 6.4 11 3.7 8 2.7

Total bacterial  355 74.1 243 50.7 112 23.4

Viral 
Adenovirus 49  10.2  15  3.1 34 7.1 
Astrovirus  10  2.1  3  0.6  7  1.5
Norovirus  32  6.7  13  2.7  19  4.0
Rotavirus  33  6.9  16  3.3  17  3.5
Total viral  124  25.9  47  9.8  77  16.1
Total enteropathogens 479  100.0  290  60.5  189  39.5
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Fig. 2. Characteristics of acute intestinal infections in the Republic of Guinea in 2019–2020.

lished that the main pathogens of diarrheal diseases 
are representatives of anthroponotic infections — 363 
(75.8%), of which viral (Adenovirus, Astrovirus, Nor-
ovirus, Rotavirus) accounts for 25.9% (95% CI 22.2–
30.0%), and bacterial (EAgEC, EPEC, ETEC, EIEC) 
accounts for 58.5% (95% CI 54.0–62.8%). The results 
obtained confirm that the pathogens of anthroponotic 

infections are more prevalent in developing countries 
compared to foodborne pathogens such as Salmonella, 
Campylobacter and STEC in industrialized countries 
[14–16]. Genetic markers for Salmonella were identi-
fied in 9 (1.9%) cases, for Campylobacter in 47 (9.8%), 
and for STEC in 19 (6.4%). This allows for the assump-
tion that meat and dairy products are insufficient in the 
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diet of the people of Guinea (children and adults), but 
this issue requires further study.

In the study conducted, genetic markers of Rota-
virus were identified in only 33 (6.9%) patients, despite 
this pathogen being the most common cause of severe 
gastroenteritis in children in many economically de-
veloped countries, accounting for 30–72% of hospi-
talized patients and 4–24% of patients with mild acute 
gastroenteritis not requiring hospitalization. The ab-
sence of this pathogen in the etiological structure of 
acute intestinal infections may be related to rotavirus 
vaccination [17].

Monitoring revealed that DEC were the main 
cause of acute intestinal infections (62.4%). The use of 
molecular methods allowed for the assessment of the 
structure of E. coli infections and the identification of 
all known DEC pathogenic groups within the territory 
of the Republic of Guinea. According to the combined 
data, strains of EAgEC predominated in the structure of 
escherichioses in all years of surveillance, accounting 
for 46.8%. Studies conducted in Latin America, Asia, 
Africa and Eastern European countries have shown that 
EAgEC are more frequent causes of diarrhea in chil-
dren than other bacterial pathogens [18–20]. Data ob-
tained in the USA, Europe and Israel also indicate that 
EAgEC often cause diarrheal diseases in children [21]. 
In the United States, the incidence of E. coli infections 
caused by EAgEC is higher in young children than that 
of campylobacteriosis and salmonellosis [22]. 

Epidemiological studies in West African countries 
(Mali, Gambia, Burkina Faso) have detected the pres-
ence of DEC in well drinking water and in packaged 
sachets (water sachets, packaged water), indicating 
the possibility of human infection with these microor-
ganisms. The results obtained are important for under-
standing the epidemiology of escherichiosis and are of 
interest for studying similar problems in neighboring 
African countries, including the Republic of Guinea 
[19, 23].

Overall, 290 (60.5%) residents of the Republic of 
Guinea were found to have genetic markers of a sin-
gle enteric pathogen, and monoinfection was identified 
based on laboratory results. In 189 (39.5%) of the ex-
amined individuals, an association of enteropathogens 
was established (combined acute intestinal infections). 
A high prevalence of combined infections (25–53%) 
has been described in developing countries [24, 25]. 
DEC predominated in all combined infections, which is 
consistent with literature data [19, 20].

The use of a multiplex format in laboratory di-
agnostics of acute intestinal infections is currently the 
only highly sensitive method that allows for the estab-
lishment of the etiology of acute intestinal infections 
not only in the acute phase of the disease but also in as-
ymptomatic bacterial carriage. A large-scale study con-
ducted in Ethiopia using modern laboratory diagnos-
tic methods showed that in 56.3% of cases, diarrheal 

syndrome is caused by bacterial, viral and/or parasitic 
pathogens, and importantly, it allowed for the identifi-
cation of mixed infections in 35% of cases [26–28].

The study confirmed the relevance of diarrheagen-
ic E. coli for the population of the Republic of Guinea, 
as well as for other African countries [2, 3, 7, 9, 19]. 
Laboratory diagnosis of these pathogens is only possi-
ble using molecular methods [29]. 

Conclusion
The etiology of acute intestinal infections in the 

Republic of Guinea includes bacterial and viral patho-
gens. The study showed that DEC were the cause of 
diarrheal illness in almost every other patient, which 
confirmed their relevance in the structure of acute intes-
tinal infections. To reduce the burden of diarrheal dis-
eases in Guinea, targeted epidemiological and micro-
biological studies are needed to identify DEC, investi-
gate environmental contamination, including water and 
food, and determine risk factors. Given that diarrhea is 
a polyetiological disease, it is necessary to implement 
a comprehensive, rapid, reliable and accessible method 
for identifying a wide range of pathogens.

The first detailed analysis of the etiological struc-
ture of acute intestinal infections in the Republic of 
Guinea provides a basis for the development of evi-
dence-based policies for the prevention and treatment 
of gastrointestinal infectious diseases. Such research 
will allow us to respond to new threats, reduce morbid-
ity and use healthcare resources more effectively. Suc-
cessful prevention of diarrheal infections requires mea-
sures such as analyzing transmission pathways, ensur-
ing quality drinking water, increasing the population's 
sanitation literacy and establishing an epidemiological 
monitoring system. The incorporation of PCR diag-
nostics into routine medical practice in the Republic of 
Guinea will be a significant contribution to improving 
public health and reducing the incidence of gastrointes-
tinal infectious diseases.
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