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 IFN  +  RBV   OBV/PTV/r  +  DSV  ±  RBV  (p<0,001),   
 IFN + RBV  SOF/LDV ± RBV  SOF + DCV ± RBV (p<0,001).  

  
 OBV/PTV/r  +  DSV  ±  RBV   SOF/LDV  ±  RBV   SOF  +  DCV  ±  

RBV  (p=0,271).  
 

 SOF/LDV ± 
RBV  SOF + DCV ± RBV  – 8,3% (47/564),  – 
2,5% (14/564),  – 1,2% (7/564),  – 0,4% (2/564)  

 – 0,9% (5/564). 
,  IFN + RBV, 

 72,1% (93/129), OBV/PTV/r + DSV ± RBV – 24,1% (7/29), SOF/LDV ± 
RBV  SOF + DCV ± RBV – 11,0% (53/482).  

,  SOF/LDV ± RBV 
 SOF + DCV ± RBV, . , 

, 
44,2% (34/77)  4,7% (19/405) (p<0,001) –  

 11,3  (95%  6,4-19,9). 
 
 

 1. 
 

 1. – ,  
 SOF/LDV ± RBV  SOF + DCV ± RBV, . (%) 

 
 

) 

, 
n=34 

, 
n=19 
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n=53 
2 11 (20,8) 7 (13,2) 18 (34,0) 
4 17 (32,1) 5 (9,4) 22 (41,5) 
8 4 (7,6) 5 (9,4) 9 (17,0) 

12 1 (1,9) 1 (1,9) 2 (3,8) 
16* 1 (1,9) 1 (1,9) 2 (3,8) 

 – * ,   
 24  

 
 

SOF/LDV ± RBV  SOF + DCV ± RBV – 75,5% (40/53), , 
, .  
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,  24  

 (% ± SE) ,  95,7 ± 3,3%,  
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 12  
52,1 ± 5,9%. , , HBeAg-

, ,  
(p<0,001).  

 
, , .  

 43  (p=0,02).  
 
 

(p=0,014) [11, 18, 29, 30, 34, 35, 39, 41, 45, 47]. 
2.  1  

 CT IL28B   
 GA  AA L5  TT IL28B  

 4,16  (95%  1,18-16,01).  CT 
IL28B  GG CCL5 . 

 
 

,  IL28B, 
,  

:  0,75 (95%  0,63-0,85)  0,37 
(95%  0,25-0,50),  0,74 (95%  0,65-0,81)  
0,66 (95%  0,57-0,74) [9, 10, 12-14, 16, 21, 26, 38, 40, 42, 49, 51]. 

3.  
 

 TNF  (-308)G/A  
.  30,8%  GA, 

 GG   
 5,5% (p=0,0021).  7   

 GA  GG (95%  2,7-28,34) [17, 21,  
37, 49].  
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4.  1 ,  
,  

 41,7% (60/144) [5, 6, 19, 32, 33, 36, 46],  
, , – 97,4% 

(517/531) (p<0,001).  1 ,  
,  

 
 (p=0,751) [20, 22-25, 

28, 43, 44].  
 +  ± ,  (p=0,08) 

[14, 27, 28, 45, 48, 50, 52]. 
5.  

,   
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 1b (  HCV_181_Gem_Mn, G8_Mn, HCV_198_Gem_Br 
) ,  0,969,   

 2k/1b (  HCV_277_Gem_Gom, 
MF180270  HCV_194_Gem_Br, 
HCV_196_Gem_Br )  0,999  1,0,  

 [1,4]. 
6. , 
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 95,8% (137/143). ,  

,   
 39,9-50,0% .  

,  ±  
 +  ± ,  

:  – 8,3% (47/564), 
 – 2,5% (14/564),  – 1,2% (7/564),  

 – 0,4% (2/564),  – 0,9% (5/564). , 
 ±  + 

 ± ,  11,0% (53/482), 
 75,5% (40/53)  

.  
 11,3  (95%  6,4-19,9) [31]. 

 
  



27 

 
 
1.   

,  6 ,  
;  

  
24  – 

 [47, 52]. 
2.  TNF  (-308)G/A,  

L5  IL28B  
 

 1 .  
GA  AA L5  CT IL28B  

 [51],  GA 
TNF  (-308)G/A – .  
[49]   

 1  
. 

3. ,  
,  

. 
,  

,  
 +  ±  [48,  

50, 52]. 
4.   

  
 

, .  
,  

 
 

 [52]. 
5.  

 
(39,9-50,0% ) . 

 ( , , ,  
)  

.  
 (  11,3 



28 

),  75,5% , 
  

 [52].  
  



29 

 
 

 
1.  /  

. . , . . , . . , . .  //  
. – 2010. –  2. – . 53–55. 

2. , . .  /  
. . , . .  // . – 2012. –  3-4. –  
. 23–28. 

3. , . .  
 / . . , . .  // . – 2012. –  5. – 

. 63–66. 
4. , . .  /  

. . , . . , . .  // . . – 2013. –  2. –  

. 79–81. 
5. , . .  

 / . . , . . , . .  // 
. – 2013. –  6. – . 44–49. 

6. , . .  
 / . . , . . ,  

. .  //  (Recipe). – 2013. –  5. – C. 112–118. 
7. , . .   

 / . .  //  
(Recipe). – 2014. –  4. – C. 58–68. 

8. , . . :  
 / . . , . . , . .  // . 

. – 2014. – . . . – . 123–138. 
9.  ss469415590  

 1-  
/ . . , . . , . . , . . ,  

. . , . . , . . , . . ,  

. . , . .  // . . –  
2015. –  2. – . 72–77. 

10.  IL28B  
 1  

 / . . , . . ,  
. . , . . , . . , . . ,  
. . , . . , . .  // . . – 2015. –  4. – 
. 60–63. 



30 

11. Treatment of Chronic Hepatitis B in Belarus: Tenofovir vs Lamivudine /  
D. E. Danilau, V. F. Eremin, I. A. Karpov, E. L. Gasich, D. V. Litvinchuk,  
I. A. Gribok, A. S. Nemira // Blood. – 2015. – Vol. 20,  2. – P. 75–84. 

12.  
 1-  

 / . . , . . ,  
. . , . . , . .  // . – 2015. –  5. –  
. 52–61. 

13.  IL28B  TNF-  
,  / . . , 

. . , . . , . . , . . , . . , 
. . , . .  // . –  

2016. – . 20. – . 80–86. 
14.  

 / . . , . . , . . , . . ,  
. . , . . , . . , . . , . . ,  
. . , . . , . .  // . . – 2016. –  3. –  
. 66–70. 

15. , . .  
 25- -

 / . . ,  
. .  // . – 2016. –  3. – . 155–158. 

16.  
 1  (  
)  / . . , 

. . , . . , . . , . . , . . , 

. . , . . , . . , . . , . . , 

. . , . . , . .  // . – 2016. –  
 7. – . 10–18. 

17.  
 1  (  

)  / . . , 
. . , . . , . . , . . , . . , 
. . , . . , . . , . . , . . , 
. . , . . , . .  // . – 2016. –  
 8. – . 4–9. 

18.  
 / . . , . . , . . , .  // . 

. – 2016. –  4. – . 26–30. 



31 

19. Danilau, D. Administration of eltrombopag in patients with HCV-
associated thrombocytopenia / D. Danilau // Clin. Infect. Parasitol. – 2016. – Vol. 5, 

 3. – P. 284–289. 
20.  3D-   

 1-  / . . ,  
. . , . . , . .  // . – 2016. –  6. –  
. 675–682. 

21. Association of TNF-  and CCL5 with response to interferon-based therapy 
in patients with HCV 1 genotype / D. Danilau, D. Litvinchuk, N. Solovey, O. Krasko, 
I. Karpov // Clin. Exp. Hepatol. – 2017. – Vol. 3,  1. – P. 16–22. 

22. Ombitasvir/paritaprevir/ritonavir + dasabuvir ± ribavirin for treatment of 
chronic hepatitis C 1 genotype in the Republic of Belarus / D. Danilau, N. Malich,  
D. Litvinchuk, I. Karpov // Clin. Exp. Hepatol. – 2017. – Vol. 3,  3. – P. 164–168. 

23.  /  
. . , . . , . . , . . , . .  // 

. – 2017. –  1. – . 28–31. 
24. , . .  

 / . . , . . , 
. .  // . – 2017. –  11. – . 66–70. 

25. , . .  
 

 / . . , . . , .  // 
. – 2017. –  2. – . 128–134. 

26.  ss469415590  IFNL4  rs12979860   
IL-28B  

 / . . ,  
. . , . . , . .  //   

. – 2017. – . 22. – . 43–51. 
27.  

 / . . , . . ,  
. . , . . , . .  // . – 2018. – 
 10. – . 52–56. 

28. , . .  
 +  / . .  // 

. . – 2018. –  4. – . 489–496. 
29. , . .   

  
 / . .  // . – 2019. –  1. –  

. 51–63. 



32 

30. , . .   
  

 / . . , . .  // . – 
2019. –  2. – . 233–244. 

31. , . .   
 / . . , . .  // 

. – 2019. –  5. – . 56–61. 
 

, , ,  
32.  

 / . . ,  
. . , . . , . . , . . , . .  // 

: , 
,  :  10-  

. . , , 26–27 . 2013 . / . : 
. .  ( . .) [ .]. – , 2013. –  30–32. 

33.  
 / . . , . . , . . , . . ,  

. . , . .  // . . –  
2013. – . [ . , . 100-  

]. – . 31–37. 
34. HBV- :  /  

. . , . . , . . , . . , . . , 
. . , . .  // . . –  

2013. – . [ . , . 100-  
]. – . 38–50. 

35. , . . HBV- :  /  
. . , . .  //  : 

 6- . , , 29–30  
2014 . / . . . . – , 2014. – . 65–66. 

36. , . .  
  

 1  / . . , . .  //  
 :  11- .  

, , 2 . 2015 . / . : . .  ( . .) [ .]. – 
, 2015. –  37–40. 

37. :   
 TNF  IL-28B? / . . ,  

. . , . . , . . , . . , . . , 

. . , . , . . , .  .  //   



33 

 XXI : , ,  :   
II . . .  50-  «  

», , 13–16 . 2015 . /  
 ; .: . .  [ .]. – , 2015. – . 243. 

38.  
 1  /  

. . , . . , . . , . . ,  

. . , . .  // . .- . . . 
, . 50- .- .  : . . . / . :  

. .  [ .]. – 2015. – . 124–126. 
39. Epidemiology of HBV in Belarus / I. Karpov, D. Danilau, I. Yurkevich,  

M. Kazachenko, I. Gribok // Blood. – 2015. – Vol. 20,  2 [APASL Single Topic 
Conference: Focus on the Virus Hepatitis B, Erevan, Armenia, 3–6 Oct. 2015]. –  
P. 41. 

40. The Effect of Polymorphisms in IL28B, TNF , CCR4 and CCL5 Genes on 
the Chronic Hepatitis C Treatment Outcome / M. Rodzkin, N. Trayan, V. Pankratov, 
D. Danilau, O. Davydenko, I. Karpov // Conference for Young Scientists Institute of 
molecular biology and genetics, Kyiv, Ukraine, 21–25 Sep. 2015. – Kyiv, 2015. –  
P. 79. 

41. Danilau, D. Comparative study of efficacy of lamivudine and tenofovir in 
treatment  for  chronic  hepatitis  B  /  D.  Danilau,  I.  Karpov,  D.  Litvinchuk  //  Hepatol.  
Int. – 2016. – Vol. 10,  1 [Abstracts of the 25th Annual Conference of APASL: 
Tokyo, Japan, Feb. 20–24, 2016]. – . 245–246. 

42. Genotype distribution in patients with chronic hepatitis C analysis using 
multifactor dimensionality reduction method / A. D. Liaudanski, M.S. Rodzkin,  
V.  S.  Pankratov,  D.  E.  Danilau,  I.  A.  Karpov,  O. G. Davydenko //  Systems biology 
BGRS\SB-2016 : Materials 10th International Conference on Bioinformatics of 
Genome Regulation and Structure, Novosibirsk, Russia, 29 Aug. – 2 Sept. 2016. – 
Novosibirsk, 2016. – P. 174. 

43. , . . :  
 / . . , . .  // . – 2016. –  4. – 

. 26–28. 
44.  

 / . . , . . ,  
. . , . . , . .  //  – 

2018.  : .-
. . . , . 95- .  

. . , , 17–18  2018 . / . . 
.  ; . : . .  [ .]. – , 2018. –  37–39. 

 



34 

 
45.  : 

 226-1212, . . 
 20.12.2012 / . . , . . , . . , 

. . , . . , . . , . . – ,  
2012. – 10 . 

46.  : 
 026-0313, . . 

 22.03.2013 / . . , . . , . . ,  
. . , . . . – , 2013. – 13 . 

47.  :  
 116-1114, . .  

02.11.2014 / . . , . . , . . , . . ,  
. . . – , 2014. – 19 . 

48. , . .   
 : 

 048-0615, . . 
 17.06.2015 / . . , . . . – , 2015. – 22 .  

49.  
 1  

 :  027-0616, .  
.  30.06.2016 / . . , . . ,  

. . , . . , . . , . . ,  

. . , . . , . . , . . ,  
. . , . . , . . , . . . – , 2016. –  

7 . 
50.  

 :  036-0517, .  
.  01.05.2017 / . . , . . ,  

. . , . . . – , 2017. – 18 . 
 

  
51.  

 1  
 : .  21943 .  : A 61B 10/00 (2006.01) ;  

C 12Q 1/68 (2006.01) / . . , . . , . . ,  
. .  ; . : 28.02.2018. 

 
 
 



35 

 
52.  ( )  

 B  C : . , . 
.  19  19.03.19 /  

. . , . . , . . , . . ,  
. . , . . , . . , . . , . . , 
. . . – , 2019. – 30 . 

  



36 

 
 

 
,  

 
 

: , , , 
, , 

, . 
:  

,  
. 

:  (   
),  (   

 
),  (  

;  
C),  (  

). 
.  

 
.  1  

 
. , 

.  
,  

;  
.  

,  
. 

:  
, ,  

 
. 

: , , 
, . 

  



37 

 
 

 
,  
 

 
: , ,  

, ,  
, , 

. 
:  

,  
. 

:  (  
),  (   

  
),  (  

;   
C), 

 ( ).  
.  

  
.   

 1   
.  

,   
.  

,  
:   

.  
, 

. 
:  

, , 
 

. 
: ,  

, , . 
  



38 

SUMMARY 
 

Danilau Dzmitry Jaugenavich 
Antiviral treatment for hepatitis B and hepatitis C, genetic predictors  

of treatment response 
 

Keywords: hepatitis C, hepatitis B, single nucleotide polymorphism, genetic 
predictors, direct-acting antivirals, sustained virologic response, adverse events. 

Aim of the study: identification of the optimal regimens of antiviral treatment 
in patients with HBV- and HCV-infection, and identification the novel genetic 
predictors of treatment efficacy of HCV infection. 

Methods: clinical (assessment of clinical symptoms and disease severity), 
molecular-biological (detection and quantification of HCV RNA and HBV DNA in 
serum samples), genetic (genotyping of human single nucleotide polymorphisms; 
phylogenic analysis with the use of reference sequences for HCV genotyping), 
statistical (statistical analysis of obtained results).  

Scientific results and their novelty. For the first time, comparative analysis of 
tenofovir and lamivudine efficacy in patients with HBV-infection was carried out. 
For the first time, novel single nucleotide polymorphisms were revealed as predictors 
of response to antiviral treatment in patients with HCV infection genotype 1. For  
the first time, the phylogenic analysis of HCV obtained from Belarusian patients with 
hemophilia was performed. The comparative efficacy analysis of DAA, including 
generics with domestic production, was performed: treatment efficacy depending on 
antiviral regimen and HCV genotype was evaluated. Analysis of the incidence of 
adverse events during the antiviral treatment for HCV was performed, the main cause 
of anemia and the time of its emergence was identified. 

Recommendation for the practical use: antiviral treatment for HBV and 
HCV infection, selection of optimal antiviral regimens, the use of genetic predictors 
for improvement of the efficiency of antiviral treatment. 

Field of application: infectious diseases, infectious hepatology, epidemiology, 
gastroenterology. 
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