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The purpose of the study was to assess the clinical and diagnostic significance of changes in short-chain fatty acids levels 
in children of the first year of life with viral diarrhea. The study was conducted in 94 children with diarrhea aged 0–1 year. The 
control group consisted of 30 healthy children. Determination of short-chain fatty acids levels was conducted, using gas-liquid 
chromatography. According to results, in the mono variant of viral diarrhea, acetic acid decreased by 1.5 times compared to the, in 
mixed variants – by 1.8 times (p<0.001); propionic acid in the mono variant decreased by 1.5 times, in the mixed variant it 
decreased by 2 times (p<0.001); butyric acid in the mono variant decrease of 2.5 times, in the mixed variant it was 3.6 times lower 
(p<0.001); isovaleric acid in the mono variant decreased by 1.2 times (p<0.05), while in the mixed course increased (14.1 %). 
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А.А. Керімова, Г.М. Гасангулієва, У.А. Алієва, А.Б. Гусейнова, Б.А. Намазова 
ЗМІНИ РІВНЯ КОРОТКОЛАНЦЮГОВИХ ЖИРНИХ КИСЛОТ, СИНТЕЗОВАНИХ 

МІКРОБІОТОЮ, У ДІТЕЙ З ВІРУСНОЮ ДІАРЕЄЮ 
 

Метою дослідження була оцінка клініко-діагностичної значущості змін рівня коротколанцюгових жирних кислот 
у дітей першого року життя з вірусною діареєю. Дослідження проведено у 94 дітей з діареєю у віці від 0 до 1 року. 
Контрольну групу склали 30 здорових дітей. Визначення рівня коротколанцюгових жирних кислот проводилося методом 
газорідинної хроматографії. Згідно з результатами, при моно-варіанті вірусної діареї оцтова кислота знизилася в 1,5 рази 
в порівнянні з контролем, при змішаних варіантах – в 1,8 рази (p<0,001); пропіонова кислота при моно-варіанті знизилася 
в 1,5 рази, при змішаному варіанті – в 2 рази (p<0,001); масляна кислота при моно-варіанті знизилася в 2,5 рази, при 
змішаному варіанті була нижчою в 3,6 рази (p<0,001). Ізовалеріанова кислота при моно-варіанті знизилася в 1,2 рази 
(p<0,05), а при змішаному перебігу збільшилася (на 14,1 %). 

Ключові слова: коротколанцюгові жирні кислоти, масляна кислота, валеріанова кислота, мікробіота, 
гастроентерит. 

 

The term “microbiota” refers to the diverse ecosystem of bacteria, fungi, archaea, and viruses that 
inhabit the human gastrointestinal tract. These microbial communities are thought to exert a profound 
influence on the host’s physiological processes and pathological states [9]. Disruptions in the composition 
of the gut microbiota have been linked to a wide range of conditions, including gastrointestinal disorders 
as well as neurological, respiratory, metabolic, hepatic, and cardiovascular diseases [4].  
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A particularly intriguing focus of recent research concerns the role of microbiota-derived short-
chain fatty acids (SCFAs) in shaping pediatric health and disease susceptibility [15]. Evidence indicates 
that the trillions of microorganisms residing in the gut contribute to the health of infants and children in 
ways that extend far beyond simple digestive functions. Among SCFAs, key representatives such as 
acetate, propionate, and butyrate act as important bioactive compounds. These metabolites form critical 
links between the gastrointestinal system and the immune, metabolic, and nervous systems, thereby 
influencing overall homeostasis [8].  

It is increasingly recognized that the establishment of the human gut microbiota may commence 
before birth. Maternal environmental exposures during gestation can profoundly influence the maturation 
and structural composition of the fetal, neonatal, and early-infant intestinal microbiome, thereby shaping 
long-term health trajectories in the offspring. Multiple studies highlight the decisive role of the mother’s 
gut microbiota – both antenatally and in the postpartum period – in regulating intestinal energy homeostasis 
and protecting against the onset of metabolic syndrome later in life [6]. Although still under discussion, 
accumulating findings suggest that microbial colonization in humans could be initiated as early as the first 
trimester. Moreover, ex vivo experiments demonstrated that a live Micrococcus strain isolated from fetal 
tissue could suppress interferon-gamma production in human T lymphocytes [2, 12]. 

The hypothesis of prenatal bacterial colonization corresponds with earlier observations that the 
fetal intestine may already contain memory T cells and dendritic cells potentially activated by microbial 
antigens [3]. While the anatomical distribution and taxonomic composition of the gut microbiota in 
pregnant women differ from those in nonpregnant women, overall species richness and diversity appear 
relatively stable [5]. In addition, infant birth weight has been shown to correlate strongly with maternal gut 
microbial composition, with downstream effects on growth and developmental outcomes in early life [6]. 

Throughout gestation and the early postnatal years, maternal and offspring microbiota remain 
closely interconnected, particularly regarding the intestinal microbiota of newborns and toddlers [10]. The 
perinatal period and the first years of life represent a critical window for gut colonization. Factors such as 
mode of delivery and gestational maturity at birth substantially influence the microbial profile of the 
neonate. Early-life determinants – including breastfeeding versus formula feeding, maternal nutritional 
patterns, environmental exposures, and host genetic background – further shape microbial community 
structure. Given the long-term consequences of this early microbial assembly, its influence on future health 
outcomes is considerable [11]. 

The major short-chain fatty acids generated in the human intestine are acetate, propionate, and 
butyrate, predominantly synthesized by specialized gut microorganisms in the cecum and proximal colon. 
Non-digestible carbohydrates, including dietary fibers, resistant starches, and non-starch polysaccharides, 
bypass enzymatic digestion in the small intestine and undergo anaerobic fermentation in the colon, resulting 
in SCFAs production. In situations of fiber deficiency, amino acids liberated via proteolysis can serve as 
alternative precursors. Fermentation of branched-chain amino acids – leucine, valine, and isoleucine – 
yields smaller quantities of less abundant SCFAs such as valerate, formate, and caproate. These metabolites 
contribute to nutrient absorption, modulation of luminal pH, immune regulation, and maintenance of 
gastrointestinal integrity [5, 11]. 

SCFAs uptake by colonocytes occurs through distinct mechanisms depending on ionization state. 
Protonated SCFAs passively diffuse along a concentration gradient, whereas their non-ionized forms are 
transported via carrier proteins. Once absorbed, SCFAs enter the portal circulation and are rapidly 
transported to the liver, where they are metabolized into endogenous molecules such as glucose, fatty acids, 
and cholesterol, or act as signaling agents. Unmetabolized fractions are eliminated through respiration, 
urine, or feces. Circulating SCFAs nevertheless exert systemic effects, including influences on 
cardiometabolic health, which are determined by both receptor engagement and concentration [13]. 

Beyond serving as an energy source for the colonic mucosa, SCFAs are essential in regulating the 
differentiation and function of intestinal epithelial cells, adipocytes, and immune cell subsets. Their actions 
operate through two primary pathways: epigenetic regulation via histone deacetylase inhibition, with 
butyrate being the most potent inhibitor followed by propionate – both displaying anti-inflammatory and 
anti-carcinogenic properties and activation of G protein–coupled receptors (GPCRs) expressed on intestinal 
epithelial cells, adipocytes, neurons, immune cells, and vascular endothelium. Relevant receptors include 
GPR41 (FFAR3) responsive to butyrate, GPR43 (FFAR2) responsive to acetate, propionate, and butyrate, 
and GPR109A responsive exclusively to butyrate. These receptor-mediated interactions modulate 
metabolic, immune, and neural pathways [5]. 

Taken together, elucidating the biosynthetic routes, absorption mechanisms, and signaling actions 
of SCFAs offers critical insight into their central role in sustaining host health and preventing disease. 
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The purpose of the study was to assess the clinical and diagnostic significance of quantitative and 
qualitative changes in short-chain fatty acids levels in children of the first year of life with viral diarrhea. 

Materials and methods. The work was carried out in the period 2022–2023 at the Department of 
Childhood Diseases I of the Azerbaijan Medical University. 

The study was conducted in 94 children with diarrhea aged 0–1 year. Of these, rotavirus 
gastroenteritis was in 54 patients, adenovirus gastroenteritis - in 8 patients, diarrhea associated with 
opportunistic microflora – in 32 sick children. The control group consisted of 30 healthy children. 

The selection of patients was carried out by the method of continuous sampling as they were 
admitted to the hospital. For each child observed by us, a specially developed questionnaire was started, 
which reflected the main anamnestic data characterizing the features of the course of pregnancy, the 
neonatal period and the first year of the child's life, the nature of feeding, the diseases suffered by the child; 
the history of the current disease, the dynamics of the development of clinical symptoms, the results of 
laboratory tests. All children were examined in the acute period (the first two days of hospitalization). The 
severity of the disease was assessed based on the severity of intoxication symptoms (impaired general 
health, body temperature, sleep, appetite), as well as the degree of damage to the gastrointestinal tract (the 
presence and frequency of vomiting, the frequency and nature of stool). 

The diagnosis of the disease was identified based on the assessment of anamnestic, clinical, 
laboratory and epidemiological data.  

Laboratory methods included general clinical examinations and a comprehensive study of feces, 
with microbiological analysis (detection of pathogenic and opportunistic microflora), detection of rotavirus 
and adenovirus antigens in the coprofiltrate using express agglutination and enzyme immunoassay, as well 
as determination of SCFA levels (C2 – acetic, C3 – propionic, C4 – butyric, C5 – valerianic, iC4 – 
isobutyric, iC5 – isovaleric) and their total level, using gas-liquid chromatography.  

To determine the rotavirus and adenovirus antigen in feces, the solid-phase enzyme-linked 
immunosorbent assay (ELISA) method with a ready-made reagent kit “Rotavirus–antigen–ELISA–Best” 
(VECTOR–BEST), and “Adenovirus-antigen-ELISA-Best” (VECTOR–BEST), were used. The principle 
of the method lies in the interaction of the rotavirus (adenovirus) antigen with monoclonal antibodies 
immobilized in the wells of a polystyrene plate. The “antigen–antibody” complex is detected using an 
enzyme-linked immunosorbent conjugate. After removing the unbound complex and incubating with a 
TMB (tetramethylbenzidine) solution, the solution in the wells becomes colored. The degree of coloring is 
directly proportional to the concentration of the rotavirus antigen in the analyzed samples. The reaction is 
stopped by adding a stop reagent, and the optical density of the solutions in the wells is measured at a 
wavelength of 450 nm. 

The test results were recorded in a specially developed patient examination card, which reflected 
the clinical presentation of the disease, its diagnostics, and laboratory parameters. The obtained results 
were processed statistically using the Fisher-Student t-test, the chi-square test (χ2) and the Wilcoxon U-
test. The differences were considered significant when p<0.05. 

Results of the study and their discussion. As a result of our studies, it was revealed that in 
children with viral etiology, there is a change in the metabolic activity of the microflora of the large 
intestine, characterized by various disorders in the spectrum of acetic, propionic, butyric, valerianic acids 
and their isomers, which has differential diagnostic value. Metabolic disorders in children with viral 
diarrhea are based on a microbiological imbalance with a deficiency of anaerobes and a decrease in their 
enzymatic activity. Analysis of the results of biochemical studies on the first day of the disease showed a 
decrease in the level of both individual volatile fatty acids and their total amount, which is associated with 
selective inhibition of normal microflora. 

Thus, in the mono variant of viral diarrhea, the concentration of acetic acid (C2) decreased by 1.5 
times compared to the control group and amounted to 2.642±0.036 mg/ml (p<0.001), in mixed variants – 
by 1.8 times and amounted to 2.302±0.078 mg/ml (p<0.001). Moreover, the content of C2 in the mixed 
course of viral diarrhea was 1.3 times lower than in the mono variant (p<0.001). Propionic acid (C3) in the 
mono variant decreased by 1.5 times compared to the control group and dropped to the level of 0.622±0.016 
mg/ml (p<0.001), while in the mixed variant it decreased by 2 times and amounted to 0.472±0.024 mg/ml 
(p<0.001). Moreover, in mixed variants, the level of C3 was 1.4 times lower than in the mono variant of 
viral diarrhea (p<0.001). 

When analyzing the concentrations of butyric acid (C4) in the mono variant, a decrease of 2.5 times 
was noted in relation to the control group to a level of 0.587±0.021 mg/ml (p<0.001), while in the mixed 
variant it was 3.6 times lower, which amounted to 0.433±0.031 mg/ml (p<0.001). Moreover, in mixed 
variants, the level of C4 was 1.4 times lower than in the mono variant of viral diarrhea (p<0.001). 
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Comparative analysis of valerianic acid (C5) showed a decrease in its concentration in mono- and 
mixed variants of viral diarrhea by 1.4 times – to 0.088±0.019 mg/ml (p<0.001), and 1.8 times – to 
0.073±0.002 mg/ml (p<0.001), respectively. Moreover, the content of C5 in mixed variants was 1.2 times 
lower than in mono variants (p<0.001). 

Analysis of changes in SCFA isoforms, which are the end product of fermentation of proteolytic 
intestinal microflora, revealed multidirectional changes in isobutyric and isovaleric acids. 

Isobutyric acid (iC4) in mixed variants of viral diarrhea was statistically significantly increased by 
1.3 times in relation to its content in mono variants (p< 0.05). Also, with mono variants, a decrease in iC4 
by 10.3 % was noted in relation to the control group and amounted to 0.064±0.001 mg/ml (p<0.05), while 
with the mixed variant, an increase of 1.2 times to 0.083±0.012 mg/ml was noted. 

Isovaleric acid (iС5) in the mono-course of viral diarrhea significantly decreased by 1.2 times in 
relation to the control group – 0.124±0.019 mg/ml (p<0.05), while in the mixed course there was a reliable 
increase of 14.1 % in relation to the control group – 0.162±0.003 mg/ml (p<0.05). The iС5 indicators in 
mixed variants were significantly higher by 1.3 times than the indicators in the mono-course (p<0.001).  

Diarrheal diseases represent the most widespread form of acute infectious illnesses across countries 
with varying socio-political backgrounds. Globally, they rank as the eighth leading cause of mortality 
across all age groups, and are the fifth most common cause of death in children under the age of five [1]. 
As we revealed, diarrhea of viral etiology in children of first year of life is characterized with the various 
changes in the metabolic activity of the microbiota (disturbances in the spectrum of acetic, propionic, 
butyric, valerianic acids and their isomers).  

The data we obtained are consistent with the mechanisms underlying their metabolism and 
described by other authors. Thus, Sivaprakasam S, et al (2017) indicated that the absorption of short-chain 
fatty acids in the colon includes various processes. For example, some forms of SCFAs are transported by 
absorption in the epithelium of the colon through simple diffusion provided by a chemical gradient. It is 
obvious that disruption of the integrity of the epithelium and its functional state, which usually accompanies 
viral diarrhea, will lead to disruption of the absorption of a number of SCFAs [13]. 

Jasim SA, et al (2022) emphasized that many studies indicate that microbiota metabolites act on 
many cell types to regulate various vital biological processes. In particular, short-chain fatty acids such as 
butyrate, acetate, and propionate play a key role in maintaining immunity, including host metabolism, 
intestinal function, and the immune system. This new concept of immune metabolism is critical for disease 
prevention and treatment. In our opinion, viral diarrhea, by disrupting the balance of SCFAs, creates a 
vicious cycle in which these pathological changes support each other [7]. 

It should be noted that our study involved infants under 1 year of age. This is a particularly 
important period for the development of microbiota, the formation of its functions and, accordingly, the 
metabolites synthesized by the microbiota, including SCFAs.  

Zhang et al. (2022) reported that the composition of the infant's intestinal microbiome can predict 
the risk of developing and progressing diseases. At the same time, the composition of the infant's intestinal 
microbiome can be regulated in various ways and used to prevent and treat diseases in infants by changing 
its composition. The authors point out that differences in the composition of the intestinal microbiota of 
infants in health and disease, and, indirectly, differences in the levels of metabolites synthesized by them, 
are of great clinical significance, which allows them to be used for diagnostic purposes [15]. 

Moreover, some pathogens (sense and use these metabolites for growth and virulence, thereby 
stimulating inflammation in dysbiosis [9]. 

The role of SCFAs has been suggested and demonstrated in other gastrointestinal diseases. Several 
studies have confirmed the findings that butyrate administration alleviated intestinal inflammation and 
partially restored dysbiosis in mice with necrotizing enterocolitis. Notably, acetate, propionate, and 
butyrate levels significantly reduced the severity of necrotizing enterocolitis, and subsequent analysis 
demonstrated their predictive potential before the diagnosis of necrotizing enterocolitis [5]. 

Xiong et al. (2022) conducted a comparative analysis of the profiles, diversity, and metabolite 
characteristics of the gut microbiota in infants diagnosed with NEC and food protein-induced allergic 
coagulopathy (FPAI). The results of the study confirmed significant differences in fecal short-chain fatty 
acids, including acetate, propionate, butyrate, isovaleric acid, and hexanoic acid, as well as total SCFAs 
concentrations between the two groups. Therefore, the observed changes in acetate, propionate and 
butyrate levels may indicate gastrointestinal disturbances associated with NEC and may facilitate early 
prognosis [14]. 

Thus, the discussion of differences in SCFAs levels in different health conditions, including 
formation and absorption processes in normal physiological states and in pathological conditions, is crucial 
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for the development of potential therapeutic approaches. From this perspective, our research and similar 
works represent undoubted scientific and practical value. 

 

Conclusions 
1. In the mono- variant of viral diarrhea, the concentration of acetic acid (C2) decreased by 1.5 

times compared to the (p<0.001), in mixed variants – by 1.8 times (p<0.001).  
2. Propionic acid (C3) in the mono variant decreased by 1.5 times compared to the control group 

(p<0.001), while in the mixed variant it decreased by 2 times (p<0.001).  
3. Butyric acid (C4) in the mono variant, a decrease of 2.5 times was noted in relation to the control 

group (p<0.001), while in the mixed variant it was 3.6 times lower (p<0.001). 
4. Isovaleric acid (iС5) in the mono-course of viral diarrhea significantly decreased by 1.2 times in 

relation to the control group (p<0.05), while in the mixed course there was a reliable increase of 14.1 % in 
relation to the control group (p<0.05). 

Thus, there were the changes in the metabolic activity of the colon microbiota which has 
differential diagnostic value in diarrhea of viral etiology. 
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