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Abstract. Background. The intestinal microbiota and its metabolites have a significant impact on the pathophy
siology of liver diseases, it plays an important role in human metabolism, supports the intestinal mucosal barrier 
and interacts with the immune system. The COVID-19 epidemic has led to a significant increase in the number of 
patients in Ukraine suffering from metabolic dysfunction-associated steatotic liver disease (MASLD). One of the 
unresolved problems associated with MASLD is the identification of pathogenetic links that affect the risk of rapid 
progression of the disease and the development of irreversible changes in the liver. An imbalance in the intestinal 
microbiota is a trigger for the launch of a pathological reaction in the liver. The purpose: to study the features of the 
content of pro- and anti-inflammatory cytokines and short-chain fatty acids in MASLD in patients with an immune 
response to SARS-CoV-2 depending on the small intestinal bacterial overgrowth (SIBO). Materials and methods. 
The study included 61 patients with MASLD, 41 men and 20 women aged 18 to 73 years, mean age (46.4 ± 1.5) 
years. All patients underwent determination of IgG specific to SARS-CoV-2, cytokine content (IL-6, IL-10, TNF-α) 
in serum by enzyme-linked immunosorbent assay. For the diagnosis of SIBO, a hydrogen breath test (HBT) with 
glucose was performed. Evaluation of short-chain fatty acids in faeces was performed on a chromatograph using 
the Guohua Zhao method. Results. In 44.3 % of patients with MASLD and an immune response to SARS-CoV-2, 
SIBO was diagnosed. The median value of IL-6 level in SIBO significantly exceeded the control values by 13.7 times 
(p < 0.001), the median of TNF-α was significantly higher by 18.5 times (p < 0.001). In SIBO group, the levels of 
TNF-α and IL-6 were, accordingly, 2 (p = 0.01) and 3.3 times (p = 0.004) higher compared to patients without SIBO. 
The median acetic acid (C2) level in the group with SIBO statistically significantly exceeded the control value by 1.5 
times (p = 0.021). The median concentration of propionic acid (C3) was significantly higher by 1.4 times (p = 0.003) 
in the faeces of patients with SIBO than in those without it. At the same time, in the presence of SIBO, a decrease 
in the median of butyric acid (C4) was observed by 2.2 times (p = 0.021) compared to the group of patients without 
SIBO. Direct correlations were found between the levels of IgG specific to SARS-CoV-2 and TNF-α (r = 0.304, 
p = 0.016); the HBT index at 45 min and the level of TNF-α (r = 0.269, p = 0.041), IL-6 (r = 0.443, p = 0.002), the 
median of propionic acid (C3) content (r = 0.400, p = 0.006). At the same time, an inverse correlation was found 
between the level of butyric acid (C4) and the HBT index at 60 min (r = –0.332, p = 0.040). Conclusions. In pa-
tients with MASLD with an immune response to SARS-CoV-2 and SIBO, there was a significant increase in the 
production of proinflammatory cytokines, in contrast to patients without SIBO. An increased content of acetic acid 
and a decrease in butyric acid in the faeces of patients with MASLD with an immune response to SARS-CoV-2 in 
the presence of SIBO were found. Disturbance in the microbial composition of the small intestinal microbiota, hy-
perproduction of proinflammatory cytokines and impaired synthesis of short-chain fatty acids are distinctive features 
of MASLD in patients with an immune response to SARS-CoV-2.
Keywords: metabolic dysfunction-associated steatotic liver disease; small intestinal bacterial overgrowth; inflam-
mation; cytokines; short-chain fatty acids
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Introduction
Many studies have now shown that the gut microbiome, 

through the gut-liver axis, plays an important role in the for-
mation and progression of metabolic dysfunction-associated 
steatotic liver disease (MASLD) [1]. The intestinal tract and 
liver interact closely with each other through metabolism, 
immune regulation and the neuroendocrine system, and 
form a complex network structure [2–4]. It has been found 
that patients with MASLD have significantly increased intes-
tinal barrier permeability due to impaired intercellular tight 
junctions [5, 6].

An increase in the absolute number of microorganisms or 
changes in the qualitative composition observed in the small 
intestinal bacterial overgrowth (SIBO) can lead to increased 
intestinal permeability, bacterial translocation, activation of 
proinflammatory pathways, and progression of structural 
changes in the liver [7]. SIBO is caused by the migration of 
bacteria from the colon to the small intestine, where they 
multiply excessively. While the function of the small intes-
tine is to absorb nutrients, the function of the colon is to 
further ferment indigestible food residues or waste that is 
produced [8]. Under normal conditions, the human large 
intestine contains a small number of aerobic gram-positive 
bacteria, while the small intestine contains many anaerobic 
gram-negative bacteria. Aerobic bacteria in the small intes-
tine are beneficial because they are involved in food digestion 
and nutrient absorption (they also provide the production of 
vitamins K, B8, B9 and B12, as well as short-chain fatty acids 
(SCFAs), while regulating the absorption of calcium, magne-
sium and fatty acids) [5]. Intestinal microorganisms produce 
free fatty acids, namely acetate, butyrate and propionate, 
which affect hepatic metabolism by directly altering it and 
influencing epigenetic mechanisms.

The bacterial balance in the small intestine is maintained 
by the ileocecal valve that prevents the retrograde transloca-
tion of bacteria from the colon to the small intestine.

Researchers consider SIBO a new pathology after coro-
navirus disease 2019 (COVID-19) [9, 10]. It is believed that 
SIBO is associated with dysfunction of the renin-angiotensin 
system, which can be induced by infection with the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
or by the Spike protein vaccine (Spike protein from the 
COVID-19 vaccines) [11, 12].

Scientists have found that in patients with chronic 
non-infectious liver disease, gut microbiota products activate 
inflammatory pathways in the liver, causing its damage and 
contributing to the progression of MASLD [13]. Disruption 
of the intestinal barrier together with dysbiosis of the intes-
tinal microbiota correlates with the severity of steatosis and 
fibrosis [7, 8]. A decrease in bile excretion into the intestine 
in the presence of severe biliary pathology may contribute to 
the progression of SIBO [14].

Microbial-associated molecular structures expressed by 
the intestinal flora activate pattern recognition receptors, 
such as innate immune cells that bind Toll-like receptors, to 
promote intestinal immune tolerance. When the flora is dis-
turbed, microbial-associated molecular structures stimulate 
macrophages and dendritic cells to generate proinflammatory 
cytokines, leading to immune imbalance [7, 13]. When a 
microbial product binds to a receptor, signalling from the 

innate immune system is triggered. While this is intended to 
provide immune protection for the host, it can also trigger 
an inflammatory process in the liver, leading to chronic liver 
damage and fibrosis [8].

After activation of the adaptive immune system, some 
bacterial products (in particular lipopolysaccharides) and 
inflammatory cytokines enter the portal vein system via the 
superior and inferior mesenteric veins and finally the liver, 
causing activation of Kupffer and stellate cells, thus further 
leading to inflammation and fibrosis of the liver. The meta
bolic products of the intestinal microbiota cause inflam-
mation of the liver tissue and affect liver metabolism, thus 
contributing to liver disease [8].

Today, COVID-19 is considered a systemic infectious 
and inflammatory disease. Liver damage in COVID-19 
correlates with the overall severity of the disease [15]. The 
SARS-CoV-2 affects the liver by direct (viral translocation 
from the intestine to the liver) or indirect mechanisms (sys-
temic inflammation, liver ischaemia and hypoxia, effects on 
pre-existing liver disease, drug-related liver damage) and 
poses a new challenge for physicians [12, 16, 17].

Recent data have shown that molecular mediators of the 
immune response, such as tumour necrosis factor α (TNF-α), 
interleukin (IL)-1beta and IL-6, cause acute and chronic liver 
damage [1, 3, 13]. In this context, the detrimental interaction 
of complex inflammatory pathways that are chronically pre
sent in MASLD can be dramatically exacerbated in the setting 
of COVID-19 and remain for a long period after the infectious 
disease, exacerbating liver damage and worsening outcomes 
in metabolically impaired populations [16–19].

In SIBO, anaerobic bacteria in the colon initiate prema-
ture and abnormal fermentation of food directly in the small 
intestine, causing clinically significant digestive disorders 
associated with severe pathologies that are exacerbated by 
infectious disease.

Objective: to study the peculiarities of the content of pro- 
and anti-inflammatory cytokines and short-chain fatty acids 
in metabolic dysfunction-associated steatotic liver disease in 
patients with an immune response to SARS-CoV-2 depen
ding on the state of the small intestinal microbiota.

Materials and methods
There were 61 patients, 41 (67.2 %) men and 20 (32.8 %) 

women, with MASLD aged 18 to 73 years (mean (46.4 ± 1.5) 
years) under observation at the Liver and Pancreas Depart-
ment of the State Institution “Institute of Gastroenterology 
of the National Academy of Medical Sciences of Ukraine”. 
All of them were tested for the immune response to SARS-
CoV-2 and the level of IgG specific to SARS-CoV-2 was 
determined. All patients had elevated levels of IgG antibodies 
specific to SARS-CoV-2, namely, an increase in their level 
of more than 40 BAU/ml compared to the control value, 
which allowed us to conclude that these patients had an im-
mune response. The control group consisted of 15 healthy 
individuals.

The study was conducted in compliance with the basic 
bioethical guidelines and approved by the Biomedical Ethics 
Committee of the Institute of Gastroenterology of the Na-
tional Academy of Medical Sciences of Ukraine (extract from 
protocol No. 2 of April 19, 2021).
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For the diagnosis of SIBO, a hydrogen breath test 
(HBT) with glucose was performed using a Gastro+ Gas-
trolyzer monitor from Bedfont Scientific Ltd (UK). The 
test began with a fasting basal hydrogen level measurement. 
Subsequent measurements were taken 15 minutes later. The 
dose of glucose was 50 g dissolved in 250 ml of water. The 
patient drank the substance at the end of basal expiration 
(first measurement). That is, the amount of hydrogen in 
the exhaled air was recorded in the protocol at 0, 15, 30, 
45, 60 minutes of the study. An increase in basal concen-
tration of more than 10 ppm indicated impaired glucose 
absorption in the intestine. A sharp increase in hydrogen 
concentration in the next 30 minutes indicated the pres-
ence of SIBO.

Serum levels of IL-6, IL-10, TNF-α were determined 
by enzyme-linked immunosorbent assay, the principle of 
which is based on the quantification of antigen directly by 
its layer-by-layer binding of a sandwich with antibodies 
specific to it. Reagent kits from LDN Labor Diagnostika 
(Germany) were used to determine the amount of TNF-α 
and IL-6; Wuhan FineTest Biotech (China) — to evaluate 
the level of IL-10; Vitrotest (Poland) — to assess IgG spe-
cific to SARS-CoV-2. The test was performed according to 
the instructions for each kit on a Stat Fax 303 Plus analyser 
(USA).

SCFAs in faeces were determined using a chromatograph 
by the method of Guohua Zhao (2006).

The results were statistically processed using the Statisti
ca 6.1 software package. Quantitative data are presented in 
the form of median (Me), lower (Q1) and upper (Q3) quar-

tiles. The non-parametric method (Mann-Whitney U test) 
was used to compare the indicators. The difference was con-
sidered significant at p < 0.05. The strength of relationships 
between variables was assessed using significant Spearman 
correlation coefficients (r).

Results
According to the results of glucose-loaded testing, 

27 (44.3 %) patients were diagnosed with SIBO, and 34 
(55.7 %) had no SIBO, as evidenced by the gas analyser 
data (Table 1). In patients with SIBO, there was a signifi-
cant increase in hydrogen concentration by 15 minutes to 17 
(12–25.5) ppm, which increased significantly by 45 minutes 
to 18 (12.5–27.0) ppm compared to patients without SIBO 
who did not show a significant increase in hydrogen from 
baseline (p < 0.001).

The analysis of the data obtained on the production of 
proinflammatory cytokines showed that the median value 
of IL-6 in the serum of patients with MASLD and immune 
response to SARS-CoV-2 significantly exceeded the control 
values: by 4.2 times (p = 0.01) in the group without SIBO 
and by 13.7 times (p < 0.001) with SIBO (Fig. 1).

The concentration of TNF-α was significantly higher, 
by 9.4 times (p  <  0.001) in patients without SIBO, by 
18.5 times (p < 0.001) in patients with SIBO, compared 
to the control group (Fig. 2). A statistically significant 
difference in the level of proinflammatory cytokines was 
found depending on the presence of SIBO, namely, TNF-α 
increased by 2.0 times (p = 0.01) and IL-6 by 3.3 times 
(p = 0.004).

Table 1 — Results of hydrogen breath test depending on the presence of SIBO, ppm, Me (25–75 %)

Time of measurement, 
minutes

Patients with SIBO 
(n = 27)

Patients without SIBO 
(n = 34)

The level of statistically 
significant difference according 

to the Mann-Whitney test, p

0 12 (8.5–18.5) 5 (4–7) < 0.001

15 17 (12–25.5) 6 (5–7) < 0.001

30 17 (11.5–28.5) 6 (5–7) < 0.001

45 18 (12.5–27.0) 6 (5–7) < 0.001

60 15 (9–21.5) 5 (4.3–6) < 0.001

Figure 2 — Comparison of detectable levels of serum 
TNF-α depending on the presence of SIBO in patients 

with MASLD and immune response to SARS-CoV-2
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Figure 1 — Comparison of detectable levels of serum 
IL-6 depending on the presence of SIBO in patients 
with MASLD and immune response to SARS-CoV-2
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At the same time, the median level of IL-10 in the exa
mined patients did not differ significantly from the values of 
the control group (Fig. 3). There was no statistically signi
ficant difference in the level of anti-inflammatory cytokines 
between the groups.

As a result of determining the ratio of proinflammatory 
and anti-inflammatory cytokines (IL-6/IL-10), changes in 
their balance towards proinflammatory cytokines were found 
in the examined patients compared to the control group. 
Namely, an increase in the ratio of IL-6/IL-10 by 7.8 times 
(p = 0.001) in participants without SIBO and by 12.6 times 
(p = 0.001) with SIBO. In addition, in SIBO group, this 
index was 1.6 times higher (p = 0.015).

The data obtained on the content of SCFAs in the faeces 
of patients with MASLD and immune response to SARS-
CoV-2 showed that the median value of acetic acid (C2) 
was statistically significantly higher than the control one: by 
1.5 times (p = 0.021) in SIBO and by 1.3 times in the group 
without SIBO (Table 2).

The median concentration of propionic acid (C3) was 
significantly higher, by 3.7 times (p = 0.0001) in patients 
with SIBO and by 2.6 times (p = 0.014) in those without it, 
compared to the control group. There was a statistically sig-
nificant difference between the median content of propionic 
acid (C3) in the faeces of participants with and without SIBO 
(p = 0.003).

A statistically significant difference in the median level 
of butyric acid (C4) was found depending on the presence 
of SIBO compared to the control group: in SIBO, it was 
significantly reduced by 2.5 times (p = 0.013) and patients 
without SIBO had a 1.2-fold decrease. Іn the presence of 
SIBO, a decrease in the median of butyric acid (C4) was 

observed by 2.2 times (p = 0.021) compared to the group of 
patients without SIBO.

Direct correlations were established between the HBT at 
45 minutes and the level of TNF-α (r = 0.269, p = 0.041), 
IL-6 (r = 0.443, p = 0.002); the level of IgG specific to 
SARS-CoV-2 and the level of TNF-α (r = 0.304, p = 0.016) 
(Fig. 4).

Direct correlations were also found between the median 
content of propionic acid (C3) and the indicators of HBT 
at 45 minutes (r = 0.400, p = 0.006); HBT at 60 minutes 
(r = 0.399, p = 0.006); IL-6/IL-10 (r = 0.454, p = 0.005); 
TNF-α/IL-10 (r = 0.382, p = 0.016). At the same time, 
an inverse correlation was found between the level of bu-
tyric acid (C4) and HBT index at 60 min (r = –0.332, 
p = 0.040).

Table 2 — Content of short-chain fatty acids in the coprofiltrate of patients with MASLD and immune response 
to SARS-CoV-2 depending on the presence of SIBO, Me (25–75 %)

Indicator Control group 
(n = 15)

Patients with SIBO 
(n = 27) Р1 Patients without 

SIBO (n = 34) Р2 Р3

Acetic acid (C2) 3.8 (3.3–4.3) 5.7 (4.0–7.0) 0.021 4.8 (3.3–8.3) 0.274 0.478

Propionic acid (C3) 1.09 (0.4–1.9) 3.7 (2.8–10.9) 0.0001 2.6 (1.6–4.0) 0.014 0.003

Butyric acid (C4) 8.1 (5.3–11.8) 3.2 (1.6–6.4) 0.013 7.0 (2.9–11.9) 0.776 0.021

Notes: Р1 — level of statistically significant difference between the indicators of patients with SIBO and con-
trol group; Р2 — level of statistically significant difference between the indicators of patients without SIBO and 
control group; Р3 — level of statistically significant difference between the indicators of patients with SIBO and 
patients without SIBO.

Figure 3 — Comparison of detectable levels of serum 
IL-10 depending on the presence of SIBO in patients 
with MASLD and immune response to SARS-CoV-2
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Figure 4 — Correlations in patients with MASLD and immune response to SARS-CoV-2
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Discussion
The intestinal microbiota is a microecosystem consis

ting of various microorganisms. It plays an important role 
in human metabolism, and its metabolites affect various 
tissues and organs. The intestinal flora maintains the in-
testinal mucosal barrier and interacts with the immune 
system. The liver is the first organ to come into contact 
with blood from the intestines, is deeply affected by the 
intestinal microbiota and its metabolites, and bacterial 
translocation and microflora imbalance are triggers for 
pathological changes.

It is increasingly recognised that the gut-liver axis plays 
an important role in the development and progression of 
liver disease. In particular, in MASLD, dysbiotic gut mi-
crobiota can affect intestinal permeability, allowing some 
pathogenic or bacterial factors from the gut to reach the 
liver via the intrahepatic circulation, contributing to its 
damage, steatohepatitis and fibrosis progression [3]. There 
is evidence for a role of intestinal permeability in the patho-
genesis of MASLD. In the liver, bacterial products can 
bind to their specific pathogen recognition receptors on 
parenchymal and non-parenchymal cells, triggering an in-
flammatory response and exacerbating disease progression. 
The bacterial products bind to their receptors, initiating in-
tracellular signaling and inducing an inflammatory cascade, 
thus accelerating liver cell damage and fibrosis. However, 
the liver can also increase intestinal permeability by pro-
ducing proinflammatory cytokines and returning them to 
the bloodstream [5].

Dysbiosis and alterations in the intestinal barrier have 
been described as driving forces in MASLD, affecting liver 
damage (i.e., promoting steatosis, inflammation, and fibro-
sis) through modulation of the immune system by several 
mechanisms [2, 3].

Today, the relationship between MASLD and 
COVID-19 remains a matter of debate [20, 21]. At the same 
time, there is growing evidence that alterations in the gut 
microbiota are associated with the progression and severity 
of COVID-19, as well as the post-COVID-19 syndrome, 
which is characterised by a decrease in anti-inflammatory 
bacteria, such as Bifidobacterium and Faecalibacterium, and 
an enrichment of the microbiota associated with inflamma-
tion, including Streptococcus and Actinomyces [22]. Liver 
inflammation is a critical driving factor in the development 
of MASLD, and the gut-liver immune axis plays an impor
tant role in this process. Lipopolysaccharides, peptidogly-
can and bacterial deoxyribonucleic acid can be transferred 
to the liver through the damaged intestinal barrier, causing 
hyperactivation of immune cells. This leads to the over-
expression of inflammatory factors, such as IL-1β, IL-6 
and TNF-α [15]. Our data also demonstrate an increase 
in the expression of proinflammatory cytokines (IL-6 and 
TNF-α) in patients with MASLD with SIBO compared to 
those without SIBO.

The results of our study are in line with the findings of 
other researchers that patients with MASLD with an immune 
response to SARS-CoV-2 have an increase in the content of 
proinflammatory cytokines (IL-6, TNF-α), which is likely 
to activate the coagulation cascade, maintain the inflamma-
tory process and progress the disease. In addition, elevated 

levels of TNF-α and IL-6 reflect the progressive nature of 
inflammation and are a prognostically unfavourable factor. 
In addition, proinflammatory cytokines TNF-α and IL-6 
block insulin signalling and exacerbate existing metabolic 
disorders. These changes were more pronounced in patients 
with SIBO.

Any pathological changes in the microbiocenosis of 
the small intestine lead to a disturbance in the microbi-
al ratio in the colon, which is reflected in the content of 
colonic metabolites, namely SCFAs. Thus, in our study, 
it was shown that in patients with SIBO, the content of 
acetic acid (C2) and propionic acid (C3) increased, and 
the content of butyric acid (C4) decreased compared to 
the control group and the group of patients without SIBO, 
which is a negative factor for the intestinal mucosa. An 
imbalance of the intestinal microbiota leads to a decrease 
in the production of SCFAs, which is associated with an 
imbalance between the pro- and anti-inflammatory im-
mune response. A decrease in the level of SCFAs, namely 
butyric acid, causes a decrease in stimulated pancreatic 
secretion and is also associated with the development of 
insulin resistance [5]. It has been shown that a high level 
of acetic acid affects the release of more insulin from the 
beta-cells of the pancreatic islets.

Therefore, based on the above, the first line of treat-
ment for patients with inflammatory bowel disease with an 
immune response to SARS-CoV-2 is to normalise the mi-
crobiota of the small and large intestine. Therapy should be 
gut-oriented, including antibiotics, bacterial metabolites, 
probiotics, bacteriophages or faecal microbial transplanta-
tion, which in turn will improve the interaction between the 
liver and the microbiome.

Conclusions
1.  In patients with MASLD with an immune response 

to SARS-CoV-2 in the presence of SIBO, there was a signi
ficant increase in the production of proinflammatory cyto-
kines in contrast to group without SIBO.

2.  Increased acetic acid content and decreased butyric 
acid in faeces were found in patients with MASLD with 
an immune response to SARS-CoV-2 in the presence of 
SIBO.

3.  Disturbances in the microbial composition of the 
small intestinal microbiota, hyperproduction of proinflam-
matory cytokines and impaired synthesis of short-chain fatty 
acids are the hallmarks of MASLD in patients with an im-
mune response to SARS-CoV-2.
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Степанов Ю.М., Діденко В.І., Кленіна І.А., Татарчук О.М., Петішко О.П., Кислова Р.М.
ДУ «Інститут гастроентерології НАМН України», м. Дніпро, Україна

Оцінка стану тонкокишкової мікробіоти, про- та протизапальних цитокінів,  
коротколанцюгових жирних кислот при метаболічно-асоційованій  

стеатотичній хворобі печінки в пацієнтів з імунною відповіддю на SARS-CoV-2
Резюме. Актуальність. Мікробіота кишечника та її метаболіти 
мають значний вплив на патофізіологію захворювань печінки. 
Вона відіграє важливу роль у метаболізмі людини, підтримує 
слизовий бар’єр кишечника та взаємодіє з імунною систе-
мою. Епідемія COVID-19 призвела до значного збільшен-
ня в Україні кількості осіб, які страждають на метаболічно-
асоційовану стеатотичну хворобу печінки (МАСХП). Однією 
з невирішених проблем, пов’язаних із МАСХП, є виявлення 
патогенетичних ланок, що впливають на ризик швидкого про-
гресування захворювання й розвитку незворотних змін у пе-
чінці. Дисбаланс у кишковій мікробіоті є тригером запуску па-
тологічної реакції в органі. Мета: вивчити особливості вмісту 
про- та протизапальних цитокінів і коротколанцюгових жир-
них кислот при метаболічно-асоційованій стеатотичній хворо-
бі печінки в пацієнтів з імунною відповіддю на SARS-CoV-2 
залежно від стану тонкокишкової мікробіоти. Матеріали та 
методи. У дослідження було включено 61 особу з МАСХП: 
41 чоловіка та 20 жінок віком від 18 до 73 років, середній по-
казник становив (46,4 ± 1,5) року. Усім пацієнтам проведено 
визначення рівня IgG, специфічного до SARS-CoV-2, вмісту 
цитокінів (ІЛ-6, ІЛ-10, TNF-α) в сироватці крові за допомо-
гою імуноферментного методу. Для оцінки стану тонкокиш-
кової мікрофлори та синдрому надмірного бактеріального 
росту (СНБР) виконували водневий дихальний тест (ВДТ) із 
глюкозою. Рівень коротколанцюгових жирних кислот у калі 
визначали на хроматографі за методикою Guohua Zhao. Ре-
зультати. У 44,3 % пацієнтів із МАСХП та імунною відповіддю 
на SARS-CoV-2 діагностований СНБР. Медіана рівня ІЛ-6 
при СНБР вірогідно перевищувала контрольні значення — 
у 13,7 раза (р < 0,001), медіана TNF-α теж була вірогідно ви-

щою — у 18,5 раза (р < 0,001). У групі СНБР значення TNF-α 
та ІЛ-6 були відповідно у 2 (р = 0,01) і 3,3 раза (р = 0,004) ви-
щими порівняно з пацієнтами без СНБР. Медіана рівня оцто-
вої кислоти (С2) при СНБР статистично вірогідно перевищу-
вала контрольний показник — в 1,5 раза (р = 0,021). Медіана 
концентрації пропіонової кислоти (С3) була вірогідно вищою 
(в 1,4 раза; р = 0,003) у калі хворих із СНБР, ніж у пацієнтів 
без СНБР. Водночас за наявності СНБР спостерігалося зни-
ження медіани масляної кислоти (С4) у 2,2 раза (р = 0,021) 
порівняно з групою без СНБР. Встановлено прямі кореляційні 
зв’язки між рівнем IgG, специфічних до SARS-CoV-2, і TNF-α 
(r = 0,304, р = 0,016); показником ВДТ на 45-й хвилині та рів-
нем TNF-α (r = 0,269, р = 0,041), ІL-6 (r = 0,443, р = 0,002), ме-
діаною вмісту пропіонової кислоти (С3) (r = 0,400, р = 0,006). 
Одночасно виявлений зворотний кореляційний зв’язок між 
рівнем масляної кислоти (С4) та показником ВДТ на 60-й хви-
лині (r = –0,332, р = 0,040). Висновки. У пацієнтів із МАСХП 
з імунною відповіддю на SARS-CоV-2 при СНБР встановлено 
значне та вірогідне підвищення продукції прозапальних цито-
кінів на відміну від осіб без СНБР. Зареєстровано підвищений 
вміст оцтової кислоти та зниження масляної кислоти в калі 
пацієнтів із МАСХП з імунною відповіддю на SARS-CоV-2 
за наявності СНБР. Порушення мікробного складу тонко-
кишкової мікробіоти, гіперпродукція прозапальних цитокінів 
та порушення синтезу коротколанцюгових жирних кислот 
є відмінними рисами МАСХП в осіб з імунною відповіддю на 
SARS-CоV-2.
Ключові слова: метаболічно-асоційована стеатотична хвороба 
печінки; синдром надмірного бактеріального росту; запален-
ня; цитокіни; коротколанцюгові жирні кислоти




