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ABSTRACT

The aim: To investigate the peculiarities of colon microbiocenosis disorders in patients with chronic hepatitis C.

Materials and methods: 142 patients with CHC were under observation, determination of the degree of liver fibrosis (FibroMax), bacteriological examination of stools and
pancreatic elastase was performed.

Results: It was found that 59.2% of patients with CHC had gut dysbiosis (DB), of which 61.9% had increased body weight. Intestinal microbiocenosis disorders were manifested
by constipation in 57.1% of patients, diarrhea in 31% of patients, and alternating constipation and diarrhea in 11.9% of patients. Bacteriologically, gut dysbiosis was character-
ized by suppression of the growth of normal microflora: Escherichia coli in 47.6%, bifidobacteria in 61.9%, lactobacilliin 53.6%, complete absence of bifidobacteria in 20.2% of
cases. In patients with CHC combined with DB deep stages of liver fibrosis (F2-3 and F3-4) are registered 3.6 times more often compared to patients without intestinal dysbiosis
(53.6% versus 24.1% and 11.9% versus 3.4%). The degree of gut DB increased in proportion to the stage of liver fibrosis (p<0.05). 32.1% of patients with CHC with dysbiosis
were diagnosed with exocrine insufficiency of the pancreas.

Conclusions: Gut dysbiosis occurs more often in CHC patients with increased body weight and is characterized by constipation in 59.2% of patients. Intestinal microbiocenosis
is characterized by suppression of the growth of normal microflora. In 32.1% of CHC patients with intestinal dysbiosis, according to the results of the pancreatic elastase-1 test,

pancreatic exocrine insufficiency of various degrees was found.
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INTRODUCTION

Identifying clinical signs typical for early intestinal dysbio-
sis in patients with CHC is a difficult task, because against
the background of polymorbidity characteristic to this con-
tingent of patients, various clinical symptoms are layered
and masked, which does not allow clearly differentiating
the clinical picture of one specific pathology [1,2].

For today the factors of progression of chronic hepatitis C
(CHC), which have not been finally clarified, continue to be
studied [3]. The activation and dominance of opportunistic
microorganisms and their associations (staphylococci, Pro-
teus, Escherichia, Klebsiella, Pseudomonas aeruginosa and

fungi) worsen the functional state of the biliary tract and
liver [4]. With along course of intestinal dysbiosis, the risk
of developing metabolic liver diseases, such as non-alcoholic
fatty liver disease (NAFLD), cholestasis, hepatocellular
dysfunction and dyskinetic disorders of the biliary tract
increases [5-7]. The presence of NAFLD in patients with
CHC contributes to the emergence and further progression
of fibrosis from the initial stages to liver cirrhosis within a
short time. On the one hand, the hepatitis C virus itself has
a direct cytotoxic effect on the liver and, in a genotype-spe-
cific way, causes its fatty degeneration. On the other hand,
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insulin resistance, increased body weight, obesity, intestinal
dysbiosis lead to the independent formation of NAFLD,
which affects the development of the necrobiotic process in
the liver tissue and leads to the progression of fibrosis [8-10].

There are several reasons for the development of microbio-
cenosis disorders in the large intestine. These are primarily
immunodeficiency states that occur with severe infections,
AIDS, tumors. The second common cause of dysbiosis is
long-term treatment with antibiotics, which destroy not only
pathogenic, but also beneficial microorganisms. The third cause
of dysbiosis is the lack or absence of some digestive enzymes,
especially in patients with impaired exocrine function of the
pancreas. Normal human microbiota is a natural biosorbent
of the gastrointestinal tract. According to modern ideas, the
basis of the normal microbiota of the human colon is autoch-
thonous obligate anaerobic bacteria (genera Bifidobacterium,
Lactobacillus, Propionibacterium). Bacterial translocation from
the intestine into the systemic circulation plays an important
role in the progression of liver diseases, in particular CHC, but
the literature data are contradictory [11-13].

Therefore, the study of the intestinal microbiome in
patients with CHC and assessment of its relationship with
the stages of liver fibrosis is relevant.
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THE AIM
To investigate the peculiarities of colon microbiocenosis
disorders in patients with chronic hepatitis C.

MATERIALS AND METHODS

142 patients with CHC were under observation, of whom
47.8% (65) were men, 54.2% (77) were women. The control
group consisted of 20 healthy people. The diagnosis of HCV
was made according to the International Classification of
Diseases of the 10th revision and confirmed by the detection
of total IgG class antibodies to HCV by enzyme immuno-
assay, as well as by the detection of RNA-HCYV in the blood
by polymerase chain reaction. General clinical, biochemical,
serological, molecular genetic studies were conducted in
certified laboratories. The functional state of the liver was
assessed by the activity level of alanine and aspartic ami-
notransferases (ALT, AST), alkaline phosphatase (ALP),
bilirubin, and gamma-glutamyl transpeptidase (GGT). The
lipid spectrum of blood was determined: total cholesterol,
low-density lipoprotein (LDL), high-density lipoprotein
(HDL), and triglycerides. All patients underwent USO of the
abdominal organs and determination of the degree of steato-
sis and liver fibrosis using a non-invasive diagnostic method
— FibroMax. Patients were evaluated for their trophic status
according to generally accepted anthropometric indicators.
Anthropometric criteria for obesity were considered to be
the Quetelet index, or the body mass index (BMI), with the
help of which 89 out of 142 (62.7%) people were found to
have an increased body weight.

The state of microbiocinosis of the intestine was deter-
mined by microbiological examination of feces. To detect
dysbiosis of the large intestine, a quantitative count of
microorganisms that grew on agar, Saburo, Endo and 5%
blood agar based on 1 g of feces was carried out, taking
into account the dose of the inoculated material and the
degree ofits dilution. Identification of cultures was carried
out on the basis of biochemical tests and the “Enterotest”
system. At the time of material collection, all patients did
not have acute infectious diseases, did not receive antibac-
terial, pre- or probiotic therapy. According to the unified
working classification of dysbacteriosis (I.B. Kuvayeva, K.S.
Ladodo, 1991), 4 degrees of intestinal dysbiotic disorders
were distinguished:

I degree was characterized by a decrease in bifido- and
lactobacteria 10°°10° CFU (with a norm of 107) and other
microflora indicators within the norm.

II degree - reduction of bifidobacteria (10*), lactobacilli
(10*), Escherichia coli with normal enzymatic activity
(10°) and growth of conditionally pathogenic microflora
(proteus 10°) of CFU.

III degree - a decrease in the number of bifido- and
lactobacteria several times below the norm (10°and 10%)
CFU and their complete absence, the appearance of proteus
+ hemolytic enterococci, proteus 107, replacement of full-
fledged escherichia with bacteria of the genera Klebsiella,
Enterobacter, Citrobacter, opportunistic flora acquires
aggressive properties.

IV degree — is characterized by the complete absence
of bifido- and lactobacteria, a significant decrease in the
number of Escherichia coli and its qualitative changes, the
subsequent increase and dominance of opportunistic and
pathogenic microorganisms, fungi of the genera Candida.

Simultaneously with the bacteriological examination of
feces, all patients underwent fecal coproscopy and deter-
mination of pancreatic elastase-1 and fecal calprotectin
by ELISA method.

According to the obtained results, all patients were
divided into two groups: 1st group (n=84) patients with
CHC+DB - and 2nd group (n= 58) patients with CHC
without intestinal DB; group 1, in its turn, was divided
into la (n=56) - patients with CHC + DB and 1b (n = 28)
- patients with CHC + DB + chronic pancreatitis (CP).

The analysis and processing of the results of the exam-
ination of patients was carried out using the Statistics for
Windows v.7.0 computer program (StatSoft Inc, USA)
using parametric and non-parametric assessment methods.
The difference was considered to be significant at p<0.05.

RESULTS

It was established that 59.2% (84/142) of CHC patients
had intestinal DB, of which 52 people had increased body
weight, which was 61.9%.

Clinical manifestations of intestinal microbiocenosis
disorders in 57.1% of patients consisted in the predom-
inance of constipation (48/84), in 31% of people (26/84)
(p<0.001) - the appearance of a typical diarrheal syndrome
and in 11.9% of people (10/84 ) - alternating constipation
and diarrhea. The predominance of constipation was con-
tributed not only by intestinal DB, but also by other related
factors, such as lifestyle. Thus, 35.4% of patients were en-
gaged in mental work and led a sedentary lifestyle, 6.1%
performed work that was associated with business trips in
uncomfortable conditions, irregular nutrition was noted
by 38.1% (32/84) of patients, insufficient use of vegetable
fiber and liquid was noted by 16.7% (14/84) of patients,
and only 4.8% (4/84) indicated self-administration of an-
tibiotics 3 months before inclusion in the study. Intestinal
dysfunction was observed in 53.6% (45/84) of patients in
the form of a decrease in the number of defecation, changes
in the consistency of fecal masses, the need for additional
straining and the feeling of incomplete bowel emptying.
These complaints were not found in patients with CHC
without DB.

Also, 82.1% (69/84) of patients complained of reduced
work capacity, headache, mood depression, and sleep dis-
turbances, which confirmed the presence of asthenovege-
tative syndrome. In patients with CHC without intestinal
DB asthenovegetative syndrome was noted in a smaller
number of patients (32/58), namely in 55.2%.

The study of clinical manifestations of DB in patients with
CHC revealed their connection with the degree of DB. It
was established that 15 patients had DB of the I degree, DB
of the II degree - 39, 30 patients of the IIT degree, and DB
of the IV degree — was not detected in any patient.
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Table I. Severity of liver fibrosis in the examined patients

Group, (abs./%)
1(n=84) 2 (n=58)
Stage of fibrosis CHC+ DB CHC

1 genotype not 1 genotype total 1 genotype not 1 genotype total
(n=75) (n=9) (n=84) (n=52) (n=6) (n=58)
FO-1 7/9,3 1/11,1 8/9,5 19/36,5 3/50,0 22/37,9
F1-2 16/21,3 5/55,5* 21/25,0 18/34,6 2 /333 20/34,5
F2-3 42/56* 3/33,3* 45/53,6% 13/25,0 1/16,7 14/24,1

F3-4 10/13,3* 0 10/11,9% 2/3,8 0 2/3,4

Note. Significance of the difference:* — in comparison with the indicator of group 2 (the indicator is calculated according to the Mann-Whitney test, p<0.05).

Table I1. Degree of dyshiosis and stages of liver fibrosis

Stage of fibrosis

Degree of dysbiosis
(n=84) abs/%

1 (n=15) 2 (n=39) 3 (n=30) 4 ((n=0)
FO-1 (n=8) 5/62,5 3/37,5 0 0
F1-2 (n=21) 7/33,3 13/61,9% 1/4,8 0
F2-3 (n=45) 2/4,4 20/44,4 23/51,1* 0
F3-4 (n=10) 1/10,0 3/30 6/60* 0

Note. Significance of the difference:* — in comparison between degrees of dysbiosis (p<0.05)

In 9 patients with CHG with DB of the III degree peri-
odical discomfort with localization in the lower abdomen
was significantly more often registered (30.0%), compared
to patients with I and II degrees of DB (13.3% and 20.5%),
respectively. The presence of this localization of discomfort
in patients with CHC is obviously explained by an increase
in dysbiotic processes and a violation of intestinal function.
This was confirmed by the presence of a reliable connection
of discomfort in the lower abdomen with dyspeptic mani-
festations, such as: nausea (p=0.007), flatulence (p=0.02),
decreased appetite (p=0.003).

The next most frequent complaint was flatulence, which
was observed in 38.1% (32/84) of patients with DB. The
frequency of flatulence increased against the background of
the progression of DB and was one of the persistent dyspep-
tic complaints that are difficult to correct with medication
in patients with CHC. Flatulence was constantly present in
100% of patients with the III degree of DB, in persons with
the II degree it bothered much less often (69.4%), and was
not registered at all in the I degree of DB.

Analysis of the results of microbiological research in pa-
tients with CHC showed that the intestinal microbioceno-
sis disturbance is characterized by inhibition of the growth
of normal microflora: Escherichia coli in 47.6% (40/84
patients), bifidobacteria 61.9% (52/84), lactobacilli 53.6 %
(45/84); complete absence of growth of bifidobacteria
was found in 20.2% (17/84) of cases. In 22.6% (19/84)
of patients, an increase in Escherichia coli with reduced
enzymatic properties was noted. In general, quantitative
and qualitative changes in Escherichia coli were found in
69.0% (58/84) of the examined persons. Along with devi-
ations of the normal intestinal microflora, 54.8% (46/84)
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of 54.8% (46/84) of patients with CHC had opportunistic
microflora, represented mainly by gram-negative bacteria.
It was hemolytic Escherichia coli 43.4% (20/46), Klebsiella
30.4% (14/46), Enterobacter 15.2% (7/46). In addition,
Staphylococcus aureus was isolated in 14.3% (12/84)
of people and Proteus in significant amounts in 33.3%
(28/84) of patients.

As the degree of CHC activity increased, there were
statistically significant changes in the normal intestinal
microflora, which mainly related to the number of Esche-
richia coli, bifidobacteria, and lactobacilli.

It should be noted that the expressiveness of the degree
ofliver fibrosis also depended on the presence of intestinal
DB, and not only on the HCV genotype. It was established
that in patients with CHC combined with intestinal DB,
deep stages of liver fibrosis (F2-3 and F3-4) are registered
3.6 times more often compared to patients without DB
(53.6% vs. 24.1% and 11. 9% against 3.4% p<0.05) (TableI).

The degree of intestinal microbiocenosis disorders in-
creased in proportion to the stage of fibrotic changes in
the liver (p<0.05) (Table II).

Simultaneously with the bacteriological examination of
feces, all patients underwent fecal coproscopy, where the
appearance of a small amount of neutral fat, altered muscle
fibers, and extracellular starch in the stool of these patients
made it possible to suspect a violation of the exocrine
function of the pancreas and the formation of chronic
pancreatitis (CP). Next, the exocrine function of the PZ
was evaluated based on the results of pancreatic elastase-1
in feces, which gave the reason to distinguish a group of
patients with CHC combined with CP. The obtained data
showed that 32.1% (27/84) of patients with CHC under the
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condition of DB have lower than normal levels of the fecal
elastase test and correspond to: exocrine insufficiency of
mild degree in 25.9% (7 out of 27) of patients, moderate
in 55.5% (15) and severe — in 18.5% (5) people.

DISCUSSION

We have established various kinds of violations of the
normal flora of the colon cavity in 59.2% of patients with
CHC. We found similar studies in the literature, however,
without dividing patients with CHC with different body
weights [14]. Analyzing the degree of dysbiosis, we found a
difference in the violations of the normal flora of the colon
in patients with CHC with constipation and patients with
CHC with exocrine pancreatic insufficiency. In the majority
of CHC patients with constipation, the microbiocenosis
of the colon was characterized by the disappearance or
decrease in the number of obligate representatives (Bifido-
bacterium spp. and Lactobacillus spp.), an increase in the
population level of conditionally pathogenic microflora
(Bacteroides spp, bacteria of the genera Clostridium) and
corresponded to the 2nd degree of DB. These patients had
increased body weight, which, in our opinion, played a
significant role in the formation of colon dysbiosis. Data
on the participation of microbiota in the development of
obesity have been proven by many studies [15-17]. There
are a number of reports that the composition of the gut
microbiota differs between overweight and lean or normal
weight individuals, suggesting that microbiota imbalances
may contribute to weight change. Changes in the intestinal
microbiotic landscape lead to increased intestinal perme-
ability, endotoxemia, which is a link in the pathogenesis
of chronic systemic inflammation in CHC, contribute to
the development of obesity and other metabolic-associated
diseases [18].

In CHC patients with insufficiency of the exocrine
function of the pancreas, the quantitative changes of the
microflora were more pronounced, and they showed a
significant, statistically reliable deficiency of bifidobacteria
and lactobacilli compared to patients with normal exocrine
function (p=0.02), and they more often had the 3rd degree
DB. Violations of the intestinal microbiocenosis in patients
with CHC of this group, in our opinion, are due to the long
persistence of the virus and its direct cytotoxic effect on the
pancreatocyte with the formation of exocrine insufficiency
of the pancreas. Researches of recent decades prove the ex-
trahepatic replication of the hepatitis C virus, which allows
HCYV infection to be considered not as a liver disease, but
as a systemic (generalized) infection, which explains one of
the mechanisms of the development of insufficiency of the
exocrine function of the pancreas [19-21]. The data on the
damage to the pancreas caused by the hepatitis C virus are
consistent with the data of other scientists who report that
concomitant CHC worsens the course of CP, as evidenced
by reliable negative changes in the indicators of the exocrine
activity of the pancreas [22]. Enzymatic insufficiency of the
digestive tract leads to disturbances in digestion processes
and entry of incompletely digested food ingredients into the

intestinal cavity, which is a nutrient medium for microbial
flora [23], as a result of which the formation of intestinal
dysbiosis in patients with CHC is possible.

CONCLUSIONS

1. Intestinal dysbiosis occurs more often in CHC patients
with increased body weight and is characterized by
constipation in 59.2% of patients.

2. In CHC patients, the intestinal microbiocenosis is char-
acterized by inhibition of the growth of normal micro-
flora: Escherichia coli in 47.6% of patients, bifidobacteria
in 61.9%, lactobacilli in 53.6%, and the complete absence
of bifidobacteria growth in 20.2% of people.

3.1In 32.1% of CHC patients with intestinal dysbiosis, ac-
cording to the results of the pancreatic elastase-1 test,
pancreatic exocrine insufficiency of various degrees
was found.

REFERENCES

1. Schnabl B. Linking intestinal homeostasis and liver disease.
Curr Opin Gastroenterol. 2013; 29(3):264-70. doi: 10.1097/
M0G.0b013e32835ff948.

2. Wellhoner F. et al. Eradication of chronic HCV infection: Improvement
of dysbiosis only in patients without liver cirrhosis. Hepatology. 2021;
74:72-82. doi: 10.1002/hep.31700.

3. Albillos A., de Gottardi A., Rescigno M. The gut-liver axis in liver disease:
Pathophysiological basis for therapy. J Hepatol. 2020;72(3):558-577.
doi: 10.1016/j.jhep.2019.10.003.

4. Woodhouse C.A., Patel V.C., Singanayagam A., Shawcross D.L. Review
article: the gut microbiome as a therapeutic target in the pathogenesis
and treatment of chronic liver disease. Alimentary Pharmacology &
Therapeutics. 2018;47, 192-202. doi:10.1111/apt.14397.

5. European Association for the Study of the Liver (EASL), European
Association for the Study of Diabetes (EASD) and European Association
for the Study of Obesity (EASO) EASL-EASD-EASO Clinical Practice
Guidelines for the man-agement of non-alcoholic fatty liver
disease. Journal of Hepatology. 2016; 64: 1388-402. doi:10.1016/].
jhep.2015.11.004.

6. Ohtani N., Kawada N. Role of the gut-liver axis in liver inflammation,
fibro-sis, and cancer: A special focus on the gut microbiota relationship.
Hepatol. Commun. 2019;3: 456-470. doi:10.1002/hep4.1331.

7. Nahon P, Bourcier V., Layese R. et al. Eradication of hepatitis C virus
infection in patients with cirrhosis reduces risk of liver and non-liver
complications. Gastroenterology. 2017;152:142-156.

8. Woodhouse C.A., Patel V.C., Singanayagam A., Shawcross D.L. Review
article: the gut microbiome as a therapeutic target in the pathogenesis
and treatment of chronic liver disease. Aliment Pharmacol Ther.
2018;47(2):192-202. doi: 10.1111/apt.14397.

9. Bruno S., Di Marco V., lavarone M. et al. Survival of patients with HCV
cirrhosis and sustained virologic response is similar to the general
population. J Hepatol. 2016;64:1217-1223.

10. D’'Mello C., Swain M.G. Immune-to-Brain Communication Pathways in
Inflammation-Associated Sickness and Depression. Curr. Top. Behav.
Neurosci. 2017; 31: 73-94. doi: 10.1007/7854_2016_37.

11. Benten D., Wiest R. Gut microbiome and intestinal barrier failure — the
“Achilles heel” in hepatology? J. Hepatol. 2012;56:1221-1223. doi:
10.1016/j.jhep.2012.03.003.

2337



Mariya A. Derbak et al.

12.

13.

Schnabl B. Linking intestinal homeostasis and liver disease.
Curr opin gastroenterol. 2014;29(3):264-70. doi: 10.1097/
mog.0b013e32835ff948.

Roderburg C., Luedde T. The role of the gut microbiome in the

23. Kumar K., Ghoshal U.C., Srivastava D. et al. Small intestinal bacterial

overgrowth is common both among patients with alcoholic and
idiopathic chronic pancreatitis. Pancreatology. 2014;14(4):280-3. doi:
10.1016/j.pan.2014.05.792.

development and progression of liver cirrhosis and hepatocellular
carcinoma. Gut Microbes. 2014;5 (5):441-5. doi: 10.4161/gmic.29599.

14. Rotar D.V., Sydorchuk L.I., Sydorchuk A.S. et al. Populjacijni zminu
poroznunnoji microbiota tovstoi kusku chvoruch na chronichnuj virusnuj
hepatut C [Population changes of colon lumen microbiota in patients
with chronic hepatitis C]. Hastroenterolohiya. 2017;51:121-6. doi:
10.22141/2308-2097.51.2.2017.101702.

15. LiuB.N., Liu X.T,, Liang Z.H., Wang J.H. Gut microbiota in obesity.World
J Gastroenterol. 2021; 27(25): 3837-3850. doi: 10.3748/wjg.v27.
i25.3837.

16. Cuevas-Sierra A., Ramos-Lopez 0., Riezu-Boj J.I. et al. Diet, Gut
Microbiota, and Obesity: Links with Host Genetics and Epigenetics and
Potential Applications. Adv Nutr. 2019;10(1):517-530. doi: 10.1093/
advances/nmy078.

17. Zavhorodnia N. Yu., Lukianenko 0. Yu., Klenina I. A. et al. Assessment
of the intestinal microbiota and fecal short-chain fatty acids content
in children with non-alcoholic fatty liver disease. Gastroenterology.
2020;54(1), 56-62. doi:10.22141/2308-2097.54.1.2020.199143.

18. Wu D., Wang H., Xie L., Hu F. Cross-Talk Between Gut Microbiota
and Adipose Tissues in Obesity and Related Metabolic Diseases.
Front Endocrinol (Lausanne). 2022;13:908868. doi: 10.3389/
fendo.2022.908868.

19. NegroF., Forton D., Craxi A. et al. Extrahepatic morbidity and mortality
of chronic hepatitis C. Gastroenterology. 2015;149(6) :1345-60; doi:
10.1053/j.gastro.2015.08.035.

20. Cacoub P, Comarmond C., DomontF. et al. Extrahepatic manifestations
of chronic hepatitis C virus infection. Ther. Adv. Infect. Dis. 2016; 3(1):
3-14; doi: 10.1177/2049936115585942.

21. Rosenthal E. Extrahepatic manifestations in chronic hepatitis C virus
carriers. Lupus. 2015; 24(4-5): 469-82; doi: 10.1177/0961203314556140.

22. Babinets L.S., Shaygen O.R. Klinichni aspektu chronichnoho pankreatuty
v pojednanni iz virusnum hepatutom C. [Clinical aspects of chronic
pancreatitis in combination with viral hepatitis (] Zdobutku klinichnoi
| eksperumentaljnoi meducunu. 2019; 2: 69-74. doi: 10.11603/1811-
2471.2019.v0.i2.10371. (in Ukrainian).

ORCID and contributionship:

Mariya A. Derbak: 0000-0003-4791-4080 4EF
Vira Vorobets: 0000-0002-3115-9327 PF
Galina M. Koval: 0000-0002-0623-2326 *
Olena I. Nikolska: 0000-0002-379-5237 EF
Olena V. Ustych: 0000-0002-4360 8601 ©
Mpykhaylo Hechko: 0000-0003-2793-5044%F
Andriy V. Ilko: 0000-0003-0897-593X ¢F

Conflict of interest:
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Mariya A. Derbak

Uzhhorod National University

20 Hryboiedova St., 88000 Uzhhorod, Ukraine
tel: +380506275075

e-mail: morika1415@gmail.com

Received: 03.05.2022
Accepted: 13.09.2022

A —Work concept and design, B — Data collection and analysis, C— Responsibility for statistical analysis,
D —Writing the article, E — Critical review, F — Final approval of the article

Article published on-line and available in open access are published under Creative Common

@creative
Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)

commons

2338



