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DAA THERAPY ON ITS OUTCOME
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Abstract.The terminology of nonalcoholic fatty liver disease encompasses a
wide range of conditions, from simple
accumulation of fat ("fatty liver" or
steatosis) to non-alcoholic steatohepatitis,
fibrosis and cirrhosis of the liver with its
clinical consequences [21].The incidence
of non-alcoholic fatty liver disease among
adults is 20-30% and higher in
industrialized countries [2].
Keywords: chronic viral hepatitis C,
fatty liver, sustained virological response,
direct-acting antivirals.
Introduction
Non-alcoholic fatty liver disease is
asymptomatic in the most affected patients
and is associated with obesity and features
of met ab olic syn dr ome, a rt er ia l
hypertension proper, dysli pidemia, central
obesity and insulin resistance or diabetes
[15, 23]. Thus, hepatic steatosis against the
background of chronic viral hepatitis C is
an urgent problem of modern infectious
diseases due to the high prevalence, severe
consequences and negative impact on the
effectiveness of antiviral therapy.
While patients with simple fatty liver
disease live approximately the same future
life expectancy for the general population,
in
people
wit h
non-alcoholi c
steatohepatitis, survival is impaired,
primarily due to cardiovascular and liverrelated causes. Despite its significant
prevalence, only a small proportion of

patients with non-alcoholic fatty liver
disease have non-alcoholic steatohepatitis
with a consequent increased risk of liver
fibrosis, cirrhosis, and hepatocellular
carcinoma.
This concept was recently challenged by
two long-term follow-up studies, which
showed that severe fibrosis, but not the
presence of non-alcoholic steatohepatitis
(according to the diagnosis on the NAS
scale) predicted all-cause mortality in
patients with non-alcoholic fatty liver
disease [3, 12]. This could be linked to the
deficiencies in the NAS score, as the
presence and degree of steatosis is
disproportionately affected compared to
lobular inflammation and abdominal
distention, while portal inflammation is not
included in the evaluation [6].
On the other hand, lobular inflammation
an d ab domi na l di st en ti on may b e
epi phenomena similar to simple steatosis,
not associated with activation of fibrogenic
pathways.
Liver steatosis is characterized by the
accumulation of li pids in hepatocytes and
is usually associated with metabolic factors,
causing primary liver damage. In the past,
the presence of hepatic steatosis was
considered a benign condition. However,
steatosis in synergy with another damaging
agent can lead to the development of
oxidative stress and increase the damage to
hepatocytes [9, 20]. At present, the interests
of r esea rc hers a re foc used on the
pathophysiological mechanisms of the onset
of steatosis in patients with chronic viral
hepatitis C, and the existing data reflect the
partici pation of viral and host factors in
this process [14].
Fat accumulates in the liver in the form
of t ri glyc er ides, an d this occ ur s
simultaneously with increased li potoxicity
due to high levels of free fatty acids, free
cholesterol and other li pid metabolites: as
a result, mitochondrial dysfunction with
oxidative stress and the production of
reactive oxygen species and mechanisms
associated with stress endoplasmic reticulum
are activated [10].
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Along with this, altered intestinal flora
leads to further production of fatty acids in
the intestine, increased permeability of the
small intestine, and thus increased
absorption of fatty acids and increased levels
of circulating molecules that promote the
activation of inflammatory pathways and
the release of proinflammatory cytokines
such as IL- 6. and TNF-? [17].
In subjects predisposed to genetic factors
or epigenetic modifications, all these factors
affect the fat content in hepatocytes and
the inflammatory environment of the liver,
whic h leads to a sta te of chroni c
inflammation of the liver (Fig. 2) through
heterogeneous pathways of hepatocellular
damage with possible progression to
hepatocellular death (for both direct
toxicity and mechanisms of activation of
apoptosis), activation of hepatic stellate cells
and deposition of the fibrous matrix.
The diagnosis of non-alcoholic fatty liver
disease remains one of the exceptions, and
liver biopsy remains the gold standard for
differentiating fatty liver from non-alcoholic
steatohepatitis and for determining the stage
of fibrosis, although several non-invasive
markers have recently been introduced for
the latter [8].
Long-term observations of patients
infected with the hepatitis C virus make it
possible to state a high incidence of liver
cirrhosis and hepatocellular carcinoma in
them. Over the past decades, significant
advances have been made in the diagnosis
and treatment of chronic liver diseases. The
emergence of direct-acting antiviral drugs
revolutionized the treatment of viral
hepatitis C. The effectiveness of treatment
with direct-acting drugs was 95-98%.
Despite the success in the treatment of viral
hepatitis C, many questions remain
unresolved. One of these issues is the study
of the influence of metabolic changes and
hepatic steatosis as factors influencing the
effectiveness of antiviral therapy and disease
outcomes, especially considering that
hepatic steatosis is often detected in patients
with viral hepatitis C [1].
According to the results of various
14

studies, fatty degeneration of hepatocytes
is observed in almost 50% of patients
infected with the hepatitis C virus [4, 5,
25].
In patients infected with HCV, steatosis
is diagnosed 2.5 times more often than in
the general population [13]. To understand
the causes of hepatic steatosis and develop
ways of influencing it in patients with
chronic viral hepatitis C, two forms of
steatosis should be differentiated: metabolic
and HCV-induced. The possibility of
metabolic steatosis is not directly related
to HCV infection, however, as noted above,
the combination of this form of steatosis
and chronic viral hepatitis C may be
associated with faster progression of fibrosis
[7]. In this regard, patients with liver disease
(steatosis or type 2 diabetes) should be
periodically carefully examined clinically
[11].
Another form of steatosis detected in
patients with chronic viral hepatitis C is
fatty infiltration caused directly by HCV
[18, 19, 24]. Although the exact mechanism
of HCV action on liver cells is not fully
understood, the role of virus-induced
steatosis as the only pathway of direct
cytopathic action of the virus is recognized
[16, 19]. According to many researchers,
steatosis is one of the factors that accelerate
the progression of the disease to the stage
of cirrhosis, as well as reduce the likelihood
of success of antiviral therapy [22, 24].
AIM OF THE STUDY.
The objectives of this study were
formulated as follows:
- to determine the frequency and severity
of liver steatosis in patients with chronic
HCV infection with different HCV
genotypes in the Uzbek population.
- to determine the association of steatosis
with virological and metabolic factors.
MATERIAL AND METHODS.
The study was conducted at the Research
Institute of Virology of the Ministry of
Health of the Republic of Uzbekistan for
the period 2019-2020. 75 patients with
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chronic viral hepatitis C were examined,
including 25 men and 50 women. All
patients were over 18 years of age.
The median age of the patients was 47.9
years with an interquantile range (22-73
years). In terms of gender, the groups did
not differ significantly.
The exclusion criteria for patients were:
1) the presence of concomitant liver
pathology (liver cirrhosis, autoimmune
hepatitis, alpha-1 antitrypsin deficiency,
viral hepatitis B, primary biliary cirrhosis,
Wilson-Konovalov disease, Budd-Chiari
syndrome, hemochromatosis) or any liver
disease in the stage decompensation; 2)
the presence of diabetes mellitus and / or
ob vi ous clin ic al a nd lab or at or y
manifestations of metabolic syndrome, incl.
insulin resistance; 3) HIV co-infection; 4)
regular alcohol consumption of more than
50 g / day for men and 25 g / day for
women over the past two years; 5) the
presence of a previous direct-acting antiviral
treatment for chronic viral hepatitis C.
Biochemical parameters (bilirubin level,
serum activity of alanine aminotransferase,
aspartate aminotransferase, cholesterol)
were measured on a Mindray BA-88A
a na lyzer, Ger ma ny, usin g Huma n
Diagnostics Worldwide reagents, Germany.
In a ddit ion to g en er al c li ni ca l
examin at ion methods, a ll pat ient s
under went a c omplet e serologi ca l
examination for markers of viral hepatitis
B, C, D (for surface antigen HBsAg, antiHDV, anti-HCV) by enzyme-linked
i mmun osor bent a ssay ( ELIS A) on
microparticles (DS, Nizhny Novgorod). All
patients were positive for anti-HCV in the
third generation ELISA test, as well as
positive for HCV RNA in the blood. To
measure the HCV RNA level, a real-time
polymerase chain reaction was used with a
PCR amplifier on Rotor-Gene Q (Corbett
Research, Australia) for 36 wells, using
AmpliSens-HCV-FL reagents for detecting
hepatitis C virus RNA (lower threshold of
sensitivity 50 IU / ml), AmpliSens-HCV
genotype-FL for the detection and
determination of hepatitis C genotypes

(Russia), FBUN Central Research Institute
of Epidemiology of Rospotrebnadzor,
manufacturer of AmpliSens® reagent kits.
Today FBSI Central Research Institute of
Epidemiology of Rospotrebnadzor is the
largest high-tech import-substituting
biotechnological production of modern
diagnostic drugs in Russia. Each patient was
tested for HCV genotype and blood HCV
RNA quantification.
All patients underwent ultrasound
examination of the abdominal organs in
the morning on an empty stomach after at
least 10 hours of fasting, as well as
fibroelastometry of the liver tissue. The
diagnosis of hepatic steatosis and the degree
of hepatic steatosis were made on the basis
of the results of ultrasound examination
(Phili ps clear Veu 350 device, with a
convex multi-frequency transducer with 52 MHz) and transient elastography
(FibroScan FS-502 device, Echosens,
France) of the liver using the attenuation
parameter ultrasonic wave (Controlled
Attenuation Parameter - CAP) in decibels
per meter (dB / m), which correlates with
the degree of steatosis:
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Level of
steatosis

S0
S1
S2
S3
S4

Аctivity of
steatosis
no steatosis
minimal
steatosis
moderate
steatosis
severe steatosis
very heavy
steatosis or cirrhosis

Liver damage, in
(%)

In dB/m

≤228
≤
5%
of
229-268
hepatocytes with steatosis
6–32%
of
269-301
hepatocytes with steatosis
33–60%
of
302-346
hepatocytes with steatosis
61-100%
of
347≤ and
hepatocytes with steatosis upper

The diagnostic criteria were also altered
biochemical parameters: increased activity
of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), bilirubin,
cholesterol.
For the statistical analysis of quantitative
signs, the nonparametric t-Wilcoxon test
was used to compare two dependent
samples with each other in terms of the
level of severity of the sign of steatosis with
a significance level ? equal to 0.05,
providing the probability of error p <0.05,
acceptable for medical research [ 1, 22].
So, the data was not evenly distributed, the
rang sum test was used for the calculation.
The confidence interval and the p value
for the differences between the shares were
obtained based on the calculation of the z
criterion (Microsoft Excel, Biostat).
RESULTS AND DISCUSSION.
In most cases, hepatic steatosis is not
accompanied by any clinical symptoms [1].
It is very difficult to determine fatty liver
at the initial stage, when it may be
asymptomatic, which makes it difficult to
diagnose the disease. Hepatic parameters
are usually within the normal range.
However, these are not specific symptoms
and can accompany other liver diseases.
T he dia gn osis i s ma de when the
inflammatory process intensifies in the liver
tissues and fibrotic changes appear, but then
symptoms such as severity, pain in the right
hypochondrium, bitterness in the mouth,
flatulence, etc. appear [2]. Fatigue, malaise,
16

abdominal discomfort, enlarged liver and
spleen are common. Currently, one of the
urgent problems is the identification of
patients who require careful monitoring and
differentiated treatment before, during and
after antiviral therapy. This group includes
patients with regression of hepatic fibrosis
in chronic hepatitis after a sustained
virological response, patients with liver
c ir rhosis, at r isk of developin g
hepatocellular carcinoma, and patients
with hepatic steatosis. Later, signs
characteristic of liver failure may appear:
lack of appetite, asthenic-vegetative
manifestations. Usually, steatosis is detected
by chance on ultrasound or when the
biochemical parameters of the blood change.
If you suspect liver steatosis, it is necessary
to conduct laboratory and instrumental
studies.
In the presented study, an attempt was
made to reveal the factors associated with
steatosis in patients with chronic viral
hepatitis C. In this study, out of 75 patients
with chronic viral hepatitis C, steatosis was
detected in 70.67% of people (Table 1), of
which in 29 (54.72%) people were found
to be obese, an increased level of cholesterol
in the blood in 19 (35.85%), which
corresponds to the signs of metabolic
syndrome.
Patients with female steatosis accounted
for 67.92% of all patients with steatosis
(36 cases), significantly older, often
suffering from obesity and hypertension,
and a larger waist.
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According to our results, as in many
studies around the world, HCV genotype 1
was dominant in patients [1, 2, 3]. The
incidence of genotype 1 HCV was 66.67%
of 75 patients (male / female: 16/34),
genotype 3 - 21.33% (6/10), and genotype
2 - 12.0% (3/6). Other genotypes were not
found during this study.
Liver steatosis was significantly more
frequent in patients with HCV genotype 1
out of 75 - in 46.67% of patients, while in
HCV genotype 3 it was observed only in
14.67% of patients, and in HCV genotype
2 - in 9.33 % of patients. If we look at the
incidence of steatosis by genotypes within
patients with hepatic steatosis, then
genotype 1 also prevailed with 66.04% of
53 patients (35 cases), genotype 3 - 20.75%
(11 cases), and genotype 2 - in 13.21 % (7
cases).

According to the results of the initial
Fibroscan, the patients were divided into
two groups: the first group - patients with
hepatic steatosis exceeding 5% or more,
the second group - without hepatic steatosis
(lesion <5%). Comparison in the groups
was carried out by gender, age, HCV viral
load, inflammatory necrotic activity, and
the presence of steatosis (Table 1). According
to Fibroscan data before treatment, hepatic
steatosis was observed in 53 (male / female:
17/36) patients with chronic viral hepatitis
C, 29.33% (8/14) had no steatosis - S0.
When an ultrasound scan of the liver
was done to patients with S4 degree of
steatosis, they did not show signs of liver
cirrhosis on the ultrasound scan, and
therefore such patients were also included
in the study as chronic viral hepatitis C.

Table 1. Characteristics of patients depending on the presence and severity of
hepatic steatosis before the onset of direct-acting antiviral drugs.
Level of
steatosis

With
out
steatosis
(S0)
n=22

Geno
type
n=25
/50 (male/
femal

8/14

Age,
in year
Geno
type 1,
50
Geno
type 3,
n=16
Geno
type 2, n=9

44.41
±17.59
15

Patients with hepatic steatosis exceeding 5% or
more
n=53
Mild
Mode
Severe
Main
steatosis
rate
steatosis
fest
(S1)
steatosis
(S3)
steatosis
n=22
(S2)
n=12
(S4)
n=12
n=7
7/15
6/6
3/9
1/6

49.92
±17.08
15

52.96
±14.04
8

52.58±
17.42
7

48.14
±11.86
5

5

4

2

3

2

2

3

2

2

0

Of the identified steatosis, 41.51% (7/
15) had mild steatosis - S1, 22.64% (6/6)
- moderate steatosis - S2, and 22.64% (3/
9) had severe steatosis. - S3, and 13.21%
(1/6) had steatosis with liver damage more
than 70% of the total field - S4.
Taking into account that chronic viral

hepatitis C passes without cytolitolytic
manifestations, 53 patients with fatty liver
on Fibroscan were prescribed biochemical
blood tests. It should be noted that the
increase in the parameters of the li pid
spectrum and liver enzymes does not always
depend on the severity of steatosis [27]
17
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(Table 2). In the table below, you can see
that the biochemical parameters were
within normal limits or slightly increased
with severe steatosis than steatosis with
moderate or minimal activity. In the blood,
the level of bilirubin increased in 10 out of
53 (18.87%), in 22 (41.51%) ALT, and in
17 (32.07%) AST. There was a moderate
increase in cholesterol content in 17
(32.07%) patients, but the increase in
triglycerides remained within the normal
range, only in 13.21% of patients it was
higher than normal.
Table 2. Laboratory characteristics of steatosis in patients before treatment with
direct-acting antiviral drugs.
Level of
steatosis
Geno

With
out
steatosis
(S0)

Mild
steatosis
(S1)

Moder
ate steatosis
(S2)

Sever
e steatosis
(S3)

Main
fest
steatosis
(S4)

type
n=75
ALT
AST
Bilir
ubin
Chol
esterol

22
47,59
±18,16
47,86
±28,21
20,78
±11,12
4,68±
2,71

22

12

60,29
±42,23
40,75
±29,81
16,06
±7,09
4,72±
1,83

129,79
±96,54
96,67±
71,29
19,52±
13,19
4,86±1
,85

12
41,71
±23,42
40,17
±22,07
20,6±
9,24
4,41±
1,13

7
64,19
±28,14
47,82
±27,02
16,64
±5,76
4,58±
0,68

Note: n - is the number of observations; S-steatosis; ALT - alanine aminotransferase
(normal value is: men - ≤35 U / l, women - ≤31 U / l); AST - aspartate aminotransferase (normal
value is: men - ≤40 U / l, women - ≤35 U / l); RNA HCV - hepatitis C virus ribonucleic acid;

If liver steatosis is suspected, its
identification and a differentiated approach
to t reat ment a re n ec essa ry, whic h
determines the best results of antiviral
therapy and disease outcomes.
Therapeutic measures were carried out
in several directions: medicamental antiviral therapy, with a simultaneous
revision of lifestyle and nutrition. In general
(regardless of the presence or absence of
hepatic steatosis), antiviral therapy with
DAAs was effective in all HCV patients
18

(SVR was achieved in 75 people) (Table
3).
Analysis of SVR frequency depending
on the presence / absence of hepatic steatosis
showed that steatosis did not have a negative
effect on the effectiveness of the antiviral
response (P<0.05).
It is necessary to provide the fact that
not only hepatic steatosis can influence the
effectiveness of antiviral therapy, but also
the opposite effect is observed [26]. Thus,
as a result of effective antiviral therapy,
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liver steatosis regressed to some extent and
sometimes even completely disappeared in
20 patients (26.67%). After the course of
DAA therapy, which ended with the
achievement of SVR, hepatic steatosis
(according to repeated Fibroscan data)
disappeared in only one patient with 3 HCV
genotype. Thus, with genotype 3 of the virus
after a course of DAA therapy, the
incidence of hepatic steatosis practically
did not change from the initial 68.75% (11/
16) to 62.5% (10/16) 6 months after the
end of therapy (P>0.05) but its increase
was also determined in three patients, while
with genotype 1 HCV after completion of
DAA therapy, the incidence of hepatic
steatosis significantly decreased: the
incidence of hepatic steatosis decreased from
the initial 70.0% (35/50) to 32.0% (16/
35/50) (P<0.05), but while in 12 out of
50 patients (24.0%), hepatic steatosis
appeared and even progressed after DAA
therapy with SVR.
As a result, when patients with chronic
viral hepatitis C with hepatic steatosis were
divided into two groups "before treatment"
and "after treatment" (P>0.05), without
dividing by genotypes, the result of
calculating the outcome of the frequency
of reducing steatosis after receiving DAA
therapy with SVR according to the
Wilcoxon T test did not give the desired
response, that is, the effect of DAA therapy
to reduce hepatic steatosis after SVR, as
suggested at the beginning of the study
(P>0.05) (Table 3).

not been identified earlier. And this
phenomenon occurred regardless of the type
of HCV genotype.
CONCLUSION.
1.Chronic viral hepatitis C can induce
hepatic steatosis through a variety of
mechanisms.
2.In chronic HCV infection caused by 1
genotype of the virus, hepatic steatosis,
compared with genotype 3 HCV, occurs
in almost the same amount within each
group. However, in the general population,
hepatic steatosis occurs almost 3 times more
than in HCV genotype 3, since the
occurrence of genotype 1 is 3 times more
than genotype 3.
3.The presence of hepatic steatosis in
HCV genotype 3 is not a predictor of low
response to DAA therapy. The effectiveness
of DAA therapy in these patients remains
high.
4.In addition, in the presence of SVR,
hepatic steatosis does not always disappear
in patients with HCV genotype 3 after
receiving DAA therapy. Maybe this is due
to the special food of the oriental cuisine.

Table 3. Correlation analysis to compare data from two groups of patients with
HCV steatosis.

Average
value in the group
"Before treatment"
261.44

Average value
in the group "After
treatment"
263.107

Empirical
value of the criterion
1434.5

Significa
nce level
0.96

In those cases when hepatic steatosis did
not disappear completely, its severity in
an equal amount decreased in one group
of patients and increased in another. And
also, there are new cases of steatosis
detection in patients after SVR, which had
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