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51,7%  0–17 ,  8,3%.  
 10-  

, : 
.  

 2009–2016 .  100% 
 94,4% . 

2.  
 HLA- ,  
,  

, 
 

. 
3.  (<–2 SDS)  28,8% ,  

,  
 28%.  

 
, , 

.   
 5–14 , 

.   
.  

 
.  

4.   
, , 

.  
  
 

.  
  

.  
4–5  

3–4,  
.  

 25(  
.  

,  
. 

5.  
 4,1  100 000   
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<5  1,4  <15 , . 
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 ( , 
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 (96,3%) .  77,9%  
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,  

.  
,  

 29,1%  2,3%. 
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, . 3  

.  
 

, ,   
.  

 50%  
.  
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 46%:  – 5,7%,  – 40,3%.  

,   
 

,  
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.  
 

. , 
, . , 

, 
. 

,  
 2007 .  

 2005 .  
 (  2500  

, ), 
,  

.  
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,  

 
,  

.  
 

 (  – 75%). 
 
 

 « » 
 – 80%) [9, 12, 63, 73, 78]. 

 
 

» (  
 – 85%) [17, 29, 30, 38, 39, 40, 41, 42, 44, 64, 79]. 

 
 2 .  

  
. 

 
 

, ,  40 
, :  (2007), 

 (2008),  (2008),  (2010),  (2011),  
(2013),  (2014),  (2014),  (2015),  (2015),  

 (2016),  (2017),  (2006, 2013),  
(2006, 2008, 2009, 2011, 2013, 2014, 2015, 2016, 2017),  (2007, 2009, 2011, 
2013, 2017),  (2012, 2017),  (2014, 2015, 2016),  (2015), 

 (2015),  (2017),  (2017),  15 , 
, :  (2009, 2011, 

2013, 2014, 2015, 2016, 2017),  (2014),  (2015),  3  
 (2014, 

2015, 2017). 
 25 :  

 (  – 8,  – 2,  – 2,  – 2, 
 – 1)  (  – 2,  – 2,  – 2, 
 – 2),  

 – 2. 
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 77  

,  27  (21,1 ), . 18 
  

,  – 21.   
 – 3; , 

, ,  – 18;  – 29.  
 2  

.  1  
.  

 
 171  

, ,  
, 5 , , 

 (39 ),  362 ,  
 23 , 339 ,  77  

(55  22 ), 28 .  
 36  (20 )  60  (27 ). 

 
 

 
 

:  (  1  2). 

 1. –  
  

 
 2005–2014 .  

218  

 
NGAL 3 4  

 

35  
 124  

 
 
 

 

124  
 1  

 
 

 

59  
 1  

,  
 2016 .  1 ,  

 
 

26  
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 2. –  

  
,  

 2007–2016 . 
121   

,  
; 

  
 

  

88  30  
; 

 4  
 ( ); 

17  
 56  

 
, :  

  
; 

  (  1 ) ; 
  (  1 ) ; 
  (  1 ),  (  1 ) 

 ( ); 
  

; 
 ,  

 

118 : 58  
, 58  

 2  
; 

 66 ;  
 67 ; 
 30 ;  

 
 58 ; 

 
 32  

 
 

91 :  47 , 26  
 18  

 
,  

- .,  
: 

  25( ; 
 25(  

; 
  

3 ( 3) -
; 

 25( 3; 
 3; 
  25( . 3; 
 . 3 -  

.; 
 25(  

. 3 

106 : 12  
4–5 , 53 , 18  

, 23 ; 
 

 15 ; 
 11 ; 

 
 22 ; 

 
 
 12 ; 
 20 ; 
 17 ; 
 22 ; 

 
 18  

  
.  

113  
.  

 
 ( , )  

 (SDS),  
 ( )  

 ( )  (SD).  



11 

 
:  

1,13  (0–9 ) 1,47  (10–17 ),  
5,18 ,  ( 3,37 , 

 (  
)) 3,7 , <1,0 . 

 
 25( ,  25( 2  25( 3. 

 25(  20 , 
 –  20–29 .  

 
 Olympus MU 400 

(Beckman Coulter, ).  C3 4, , , 
, ,  

 BioSystems ( ).  
 Dialab ( ),   

 –  Solar PV 1251C 
). 

 ( )  bedside 
. 

25(  
 Cobas e411  Cobas 6000 (Roche Diagnostics GmbH, )  

 Roche Diagnostics GmbH ( ).  
 NGAL  

 
Human Lipocalin-2/NGAL (ELISA), R&D Systems ( ) -

 ( , ). 
 E. coli O157  1  2   

 
«Rida Quick Verotoxin/0157 Combi» (R-Biopharm AG, ). 

  
 STATISTICA (Version 10-Index, 

StatSoft Inc.), GraphPad Prism (Version 7.00, La Jolla California)  R 
(Version 3.4.4).  

 
  

.  
 

(m±SD), 95% ,  
.  



12 

,  
,  Me (LQ; UQ) 

 (Min–Max)  
: U-  –  

,  – . 
 3  

 (ANOVA)  
 –  

.  3  
 

. 
.  

 
 ( 2), , 

2, ;  
 – 2 . 

 
 (r) , 

 (rs) – , . 
 

 ROC- , 
 ( ) .  

 ROC- . 
 

, . 
  

. 
<0,05. 

  
 

 
 2007–2016 .  

 102 .  10-  
 

, :  
. 

 0–14 , 
 2007–2016 .,  7 (6; 8)  (4,8 (4,2; 5,2)  

 ( .))  0–17  
 2009–2016 . – 11 (9; 12)  (5,6 (4,8; 6,8) .). 
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,  
,  2007  2016  31,7%  0–14   

 26  (18,3 .)  2007 .  38 (24,1 .)  2016 .)  51,7%  
 0–17  (  37 (20,3 .)  57 (30,8 .) ). 

 4  (  85%). 
 0–14  (   

19,3 .  19,9 .),  0–17  
 24% (33,0  26,7 .).  

 
 (49,6%  48,7% ),  – 

 1,7%.  
8 /1,73 2 – 50,4%;  9–14 /1,73 2 – 43,6%, 

15 – 6,0%. 
 –   

 44,6% .   
 18,2%   

 14,0% .  
 – 9,1%, ,  

. 
 6,6%. 

 – 8,3%.  2007–2016 . 
 20  1000 ,  5-  – 17,9   

1000 .  
 (50%),  – -

 (40%). 
 5- , 

 5–9 , – 100%  0–4  – 
81,3% ( =0,032)  10–12  – 95,7% ( =0,43). 

 83%  
 

,  2/3  
 31.12.2016. 

 120 ,  118 ,  89,1%  
.  

 4  (94%),  (60%), 
 75% ,  

 (52%).  
 0,49 (0,22; 1,01) ,  75%  

.  15%  
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. 

 
36 ,  (70%),  

 (68%). 
 4 (2–5),  

 
I  HLA,   
 2  5% .  

117 (97,5%)  120 :  
,   

30 .  
 94,4%: 1-  – 95,5%,  

3-  – 91,7%;  – 100%. 
 

 
 77  

 3 : 1-  – 4  5  
; 2-  – 17 ; 3-  – 56  

. 
:  

-CD25  600 2 ,   
: ( ,  

 ( ).  1-  1-  –  
60 2 .  5-  (  
14  – 1200 2 .,  – 600 2 .);  2-  

 0–6 ,  – 15 . (   
40–59 )  20 . (  60 ) 7–14  

 2,5  2  5   
3 . .  3-  1-  – 60 2 .,  
2–7  – 40 2 ., 2–4  – 30 2 . . .  
5  3 . . 

 1   
 (  1). 

,  1  
 1- ,  2-   

 1-  ( =0,012)  3-  ( <0,001),  
 ( =0,029)  ( =0,003) . 

  
 1-  2-  ( =0,003)  3-  ( <0,001).  
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,  
 I  HL . 

61

53,3

61,5
61,8

50,2

62,3 65,4
65,4

67,4
71,8 73,3

69,9

40

50

60

70

80

5 6 . 1 

 /
/ 1

,7
3 

2
1 

2 

3 

 
 1. –   

 
 

-
 40 ,  

,  
 1-  

, 
. 

,  
 

 
 118 :  

) SDS  (=SDS )  –1,16±1,74;  
) SDS : 0–4  (n=18): –0,46 (–0,94; 1,46);  

5–9  (n=32): –1,68 (–3,07;–0,49); 10–14  (n=40): –1,45 (–2,27;–0,04);  
15–17  (n=28): –0,83 (–1,84; 0,08) ( 0-4/5-9=0,008);  

)  SDS<–2  28,8%,  
 11,1%, 40,6%, 32,5%, 21,4% . 

,   
0–4 ,  –  5–9 . 

 
 4 : 1-  –  

 (n=47); 2-  –  
 (n=24); 3-  –  ( ),  
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 (n=15); 4-  –  
,  (n=32).  

  
,  (3- ), 

 1-  (  2 ). 

  
        

    
        

 2. – SDS :  – ;  – ;  –  
;  –  

: 
1) * <0,05; 
2) ** <0,01; 
3) *** <0,001; 
4)  – ; 
5) 0 – ; 
6)  – . 
 

 (  2 )  
 1 ,  –  2-  4-  

(0,04±1,20  –1,82±1,19, =0,004  –0,49±1,35  –0,92±1,16, =0,002 
).  

 
,  1  
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 2 )  1-  4-  (–2,05±1,10  –1,17±1,13, =0,006  
 –1,23±1,25  –0,49±1,09, =0,040),  2-  

 (–1,00±0,82  –0,48±0,65, =0,15).  3-  
,  

, . 
  
 

,  
 (p=0,012),  

 (p<0,001).  2-  4-  
 (p=0,005)  

 (p=0,007),   
 (  2  2 ). 

 (  1 SDS) , 
 5–9  10–14  (–1,58±0,78  –0,50±0,93, <0,001  

 –1,72±1,29  –0,71±1,06, <0,001),  
» (  2 ). 

 >–2 SDS  12,7% ,  
 1 , .  

 SDS  
 (r=0,80, p<0,001).  

,  SDS  (r=0,55, 
p=0,0011). 

 28%  (33/118). 
 

 
 91   

 3 .  3  
 (2–5 , 6–11 , 12–17 )  ( , , ). 

 47,2% 
 3).  

(90,2%),  –  (65,2%)  (32,6%)  
=0,022, <0,001, =0,005).  

,  80,4%  
, 65,2% –  20,8% –  ( <0,001, <0,001). 

 (9,6% 
).  

  
 ( <0,001) .  

.  
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 ( )  
 2–5 ( <0,001)  6–11  ( <0,001). 

6,7 9,6

16,3

56,9

21,7
3,9

15,5

17,6

26,1

13,5

52,8

9,8

34,8

67,4

0%

25%

50%

75%

100%

+ 

+ 

+ + -

+ 

 
 3. –  

 
, ,  

 (6,28±1,16  
4,21±0,56 , <0,001),  (1,90 (1,63; 3,00)  1,20  
(0,88; 1,48) , <0,001). , , 

 (1,88±0,81  1,13±0,32, =0,008). 
 ( ) 

 (rs=–0,26, <0,001). 
, 

 25( ,  
3 3  25( ,  

 
 106 : 12 – 4–5 ;  

5: 18 – , 23 –  53 . 
, -

. 
, ,  50%  

. >300  
 1  (1,9%) .  

 25(  ( 4–5=0,043). 
 

 ( 4–5 – 75,0%,  – 88,7%,  – 88,9%,  – 91,3%)  
. 

 
(n=15)  

.  
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25(  ( )  ( ) 
(13,6 (11,6; 18,5)  28,0 (20,4; 38,0) , =0,001),  
(20,4 (15,0; 27,7)  32,7 (26,5; 41,8), =0,036). 

 (n=11)  
 25(   

 15,3 (11,8; 18,5)  2012–2013 .  10,8 (7,7; 14,1)  
(p=0,016)  2015 .  27,7  
(20,9; 35,4)  73,4 (42,7; 97,2)  ( =0,004) . 

 (  1 ) 3  
 ( =0,004)  

 (13,6%  31,8%)  
 54,5% .  ( =0,024) 

 (22,2%  61,9%, =0,11). 
 12 3   

 3 . 3  25( .  100% 
 – 13,7 (3,0–22,9) , 

 5 (41,7%) – .  50%  
,  30% – . ,  

3  
.  

 4  (25(   
<5 )  8 . .  1 .   

 25(  (16–30 )  1 , 
 (50–100 ) –  2  (>200 ) –  1. 

 (5–15 )  3,2±0,4 .  
 4  .  .  .  3  4 (50%) 

,  3  (37,5%)  1  
 (12,5%).  3,1±0,3 .  

3 – 2000 .)  2 (25%)  25(  
,  16–30 ,  4 (50%) 

 2 . 
, , 

3–4, 5,  
,  

 
. 

 
 25( , ,  (n=17), 

 3,10±0,44 ., 
3, 



20 

 25(   
 (25( max–25( ). 

,  
 25(OH)   

.  
3 .  25(  (rs=0,22, 

=0,40), 3 .  
 25(  (rs=0,44, =0,074).  

25(  
) 3 ( .) (rs=0,81, <0,001). 

 22 4–5, , 3, 
 

 25(  30 .  
, , ,  

. , 
, 

 ( =0,017). 
 

25( 4–5,  
 2,6 (1,9; 3,6) .:  5 (62,5%)  8  

 3 (37,5%) .  
 25(  

 
 25(  7 (70%) ,  3 (30%) –  

.  25(  
 1000–3000 . 

 
 10-  (1  2005 . – 31  2014 .) -

 218 .  
 4,1  (3,6; 4,9)  100 000  

 <5  1,4 (1,3; 1,7) –  <15 . 
 

 ( . , , )  
 <5 ,  <15 . 

 10  
 – 20 (19; 26) .   

,  
. 

 
. 
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 5  
(89,9%), ,  

 ( ,  +)  (96,3%)  
.  77,9% 
, . 

 2,3% (5  218 ).  
 +:  – 1,  – 2,  

 – 1;  –:  – 1. 
 

,  
 

 2 : 1-  – 
149 , , 2-  – 69  

. 
 210  (96,3%)  

,  44,2%  –  (1-  – 45,5%,  
2-  – 41,3%, =0,58).  17,7%  

 (  1-  – 23,0%  4,5%  2- , =0,002).  
 17,2%  (1-  – 16,2%, 2-  – 19,4%, =0,57). 

 20,4%  (1-  – 28,9%, 2-  – 1,5%, 
p<0,001). 

 E. coli   
 44,9% :  –  33,3%, 

 –  52,3%. 
 

,  2-  
 ( =0,043).  

:  (p<0,001), 
 (p<0,001),  (p<0,001),  (p<0,001),  

(p<0,001) .  
<0,001),  ( <0,001),  ( <0,001)  ( <0,001) 

,  –  ( <0,001) . 
 NGAL  +  3 : 1-  – 

 (n=6); 2-  –  
 (n=18); 3-  – ,  

(n=60),  – 4,1 (1,2; 6,2) .  
 4 : 1 – , 2 – 

, 3 –  
 (  1 ), 4 – . 
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,  
 NGAL  

 3- .  
 NGAL   

 2-  (p1-3 =0,001, p1-4 =0,002, p2-3 <0,001,  
p2-4 =0,002, p3-4 =0,002).  

 1-  (  8 (3; 11) .  18 (15; 22) .  2- , 
p=0,002), ,  

 NGAL, .  
 NGAL  

,  
 

 (1-  – p1-2<0,001, 2-  – p1-2=0,002, 4-  –  
p1-2=0,49).  NGAL  2-  

 (359 (320; 407)  241 (216; 304) , p<0,001), 
.  

3 4 
 2 :  – 35   

 124  4,3 (2,4; 6,2) . 
 

 C3 ( <0,001)  76,5%  
 +   

4.  
3 ( <0,001), 4  ( <0,001).  

 
, 3  

 85,7% , ,  
,  (28,6% , =0,009), ,  

 (17,7%, <0,001).  
3: 0,73 (0,62; 0,84)   

 1,07 (0,89; 1,29)  1,06 (0,95; 1,18)  ( <0,001). 
 NGAL 3   

 + ,  
 

,  (  
 (rs=0,75  rs=–0,39),  

 (rs=0,66  rs=–0,60),  
(rs=0,54  rs=–0,40)  (rs=0,51  rs=–0,50 ). 
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 + 
  

 124 ,  +  2005–2014 .,  
 1 ,  

. 
 46% (57/124):  – 

5,7%,  – 40,3%.  4  + 
,  3 . 

 ( ) –  36,8% (43/117), 
 –  12,1% (14/116),  

) –  15,8%  (18/114)  –  9,4% (11/117). 
 

 59 5   
1 ,  

 (« », ).  
 2 : 1-  – 
 (n=44), 2-  –  

 (n=15).  1-  
 (p=0,002)  (p=0,002),  

 ( =0,026).  
 10,2%,  « » –  10,2%  –  6,8% 

.  22%  1  20% – 2- . 
 2 :  (n=16)  

 (n=43).  
,   

.  
, . 

 50%  
,  ( =0,002).  

 
 + 

 
 + ,  

 
 (18,6 (13,6; 24,5)×109  13,8 (10,5; 17,9) ×109  

, <0,001)  
(3,8 (1,6; 6,5)  1,7 (0,7; 3,1) , <0,001)   

,  (9 (5; 14) .  3 (0; 8) ., 
<0,001),  (30,4% (17/57)  6,0% (4/67), 
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<0,001),  (84,2% (48/57)  59,7% (40/67), =0,005)  
 (35,1% (20/57)  11,9% (8/67), =0,004). 

,  
 

 20×109  (  5,2 (95%  1,8–16,8), =0,004)  
 3,5  (  3,5 (95%  1,1–11,5)  

, =0,033),  8  
 3,6 (95%  1,1–12,0), =0,033).  

,  
 

 +  ( ): 
 

 = 1,65 × 1 + 1,28 × 2 + 1,26 × 3 – 1,27, 
 

1 = 1,  >20×109 ; 
0, , 

 

2 = 1,  8 .; 
0, , 

 

3 = 
1,  
 3,5 ; 

0, . 
 

0 , >0 –  
. 

 
.  20×109  

 3,5  
,  8 .  

 16±5%,  
 – 93±4%. 

 
 

 
 

1.  2009 .  100%   
: , 

.   
 0–14 ,  2007–2016 ., 

 7 (6; 8)  (4,8 (4,2; 5,2) .)  0–17   
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 2009–2016 . – 11 (9; 12)  (5,6 (4,8; 6,8) .). 
 10-  

,  
:  ( ., . ./ ., 

./ ., ./ ., ./ ., ./ .<0,05).  
, ,  2007  2016 .  

 31,7%  0–14  (  26  (18,3 .)  2007 .   
38 (24,1 .)  2016 .)  51,7% –  0–17  (  37 (20,3 .)  
57 (30,8 .) ) [6, 24, 26, 28, 31, 33, 49, 50, 52, 53, 54]. 

 –   
 44,6% .   

 (18,2% )  
 (14,0% ).  

6,6%.  31  2016 . 75,4% , 15,8% 
 8,8% – . 53 (43,8%)  

 83%  
.  – 

1,7%.  2007–2016 .  20   
1000 ,  5-  – 17,9  1000   

.  
 (50%) – .  5-  

,  5–9 , – 100%  
 0–4  – 81,3% ( =0,032)  10–12  – 95,7% ( =0,43). 

,  
 [4, 6, 18, 24, 25, 26, 28, 31, 33, 49, 53, 

54, 56, 72]. 
2.   

 2009–2016 . :  120   
30  

,  5  (3 -
, 1  1 )  100% 

 94,4%  
 (1-  – 95,5%, 3-  – 91,7%). 

 
 I  HLA. 

 
Dr B1  II  HLA .  

 
,  
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 [6, 7, 23, 24, 26, 36, 37, 48, 57, 58, 60, 62, 66]. 

3. 28,8% ,  
,  –2 SDS,  

 5–9 .  SDS  
 –1,16±1,74. , 

, ,  
 

. 28%  
 

 [5, 13, 24, 27].  
 1  

SDS  
(0,04±1,20  –1,82±1,19, =0,004)  

 
 (–0,49±1,35  –0,92±1,16, =0,002).  

 1   
  

(–2,05±1,10  –1,17±1,13, =0,006)  
 (–1,23±1,25  –0,49±1,09, 
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SUMMARY 
 

Baiko Sergey 
Renal insufficiency in children: epidemiology, clinical and laboratory trends, 

factors of progression and adverse outcome, prevention and treatment 
 

Key words: end stage renal disease (ESRD), dialysis, transplantation, 
epidemiology, growth, lipids, vitamin D, phosphoric and calcium metabolism, 
hemolytic-uremic syndrome (HUS), neutrophil gelatinase-associated lipocalin 
(NGAL), complement C3 and C4, predicators of unfavorable outcome. 

Aim: to establish the prevalence and incidence of ESRD and acute renal failure 
caused by HUS in children in Belarus; to determine the features of growth changes, 
lipid, phosphoric-calcium, vitamin D metabolism in patients with ESRD for timely 
prevention and treatment of complications; to propose a modification of the protocol 
of immunosuppressive therapy after kidney transplantation and evaluate its 
effectiveness; to identify the factors of the unfavorable outcome of the HUS and to 
establish their prognostic significance. 

Methods: clinical, anthropometric, immunoenzymatic, turbodimetric, 
electrochemiluminescence and statistical.  

Results: for the first time studied a epidemiology of ESRD and HUS for  
the 10-year period of time in Belarus; proposed a scheme of immunosuppressive 
therapy after kidney transplantation with a reduced dose of glucocorticosteroids and 
determined its high efficiency; established the prevalence of growth retardation in 
children on renal replacement therapy (RRT) and the factors affecting it; determined 
specific features of lipid, phosphoric-calcium, vitamin D metabolism on RRT, for  
the first time created the mathematical model that can predict the outcome of the 
post-diarrheal HUS with a high probability. 

Recommendations for the use: the obtained data can be used to minimize  
the complications of immunosuppressive therapy after kidney transplantation, timely 
detection of adverse outcomes of HUS and their prevention. 

Field of application: pediatrics, pediatric nephrology, transplantology. 



46 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 17.05.18.  60 84/16.  « ». 
.  «Times». 

. . . 2,56. .- . . 2,87.  60 .  311. 
 

:   
». 

, ,  
 1/187  18.02.2014. 

. , 6, 220006, . 


