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  (  , - , )  

-     

,         

   . -    

           

   ,         

   ,   . 

   Borrrelia burgdorferi sensu lato     

   13  [1].    

    B. burgdorferi, B. garinii, B. afzelii, 

     I. persulcatus ( ы  щ)  

I. ricinus ( ч  щ).  

   2019    -    

      ,   

 2018 .  ,    

 (5,48  100 . )   

    (1,21  100 . ) 

 4,5  [2].         

  -  ,     

 (13,6  100 . )      

 (5,48  100 . )  2,5  [3].  

       

: - , ,     . 

        

[4].         

         

.      ,   

 :    ,   
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      . 

      

      

 (LAMP).     

        

 . 

,       

 LAMP.   ,    

         

  .  

  –      

   LAMP. 

      : 

1.    LAMP     

 ; 

2.       

      ё  

    ; 

3.   LAMP        

   .  
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1   

1.1    

1.1.1  

 

       Old Lyme  

,    1970-        

   ,     .  

   12    :  

,    ,   1982-      

      .   10   

      ,       

     ,   

 [5].     ,   

  ,       

  .     

,     ,  30-

40%    [6].    

     ,     

 .      

, -     .   

  ,  , ,  , 

 , ,    .   

       .  

 

1.1.2  

 

   –  -  

 Borrelia burdgorferi, Borrelia afzelii  Borrelia garinii   

Spirochaetaceae.       , 

 B. burgdorferi,  ,    
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,    .  B. afzelii 

    ,   

   B. garinii.  , 

     ,   

   . 

  B. burdgorderi   

(  130 ,  )   100  ,  

    .   

 60   ,    14   

2-   [5]. 

 

1.1.3  

 

        

    ,     

    .        

  ,      

  .     ,  

       .  HLA-

DR2(4)      . 

        – , 

  .     –  

 ,      

   .      

  2  30 .  

    30%   ,  

, ,     , 

  .       , 

    .     

  .       
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.        , 

      ,  

   . 

       

    1  2 ,   

     .    

     ,  , , 

    . 

     , 

,      B-  .  

       [5]. 

 

1.2     

1.2.1    ( ) 
 

  г -    

    ( , enzyme-linked 

immunosorbent assay, ELISA),      

    .     

    ,   

  ,      , 

         [7].  

         

  -     

  [8].        

  .  

 ,       

     ,   3 : 

1.     ,    

  ; 
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2. -     - ; 

3.        

   ; 

       

,          

,      ,  

       , 

       

 . 

-     - ,   

  ,    . ,     

      :  

   - ,   

  [9].  

 

1.2.2     

 

      ( , PCR)   

   ,   

   (Taq)  Thermus aquaticus. 

 Taq-      

. 

       : 

,   ,    1.   , 

,  -    95   

« »,    ,    

.        ,  

 .  ,     

  Taq- ,    , 
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 [10]. 

 

 

 1 –     

 

     :  

  ,  ,      . . 

       (Real-time 

PCR),       ,   

   [11]. 

        

        

: , ,   . . [12, 13] 

 

1.3  LAMP 

 

     

,        
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. ,       

, ,   ,  .  

 2000        

 ( . Loop-mediated isothermal amplification, LAMP),  

      

.      ,  

         

 .       109    

 ,      

[14, 15].       ,  

 - ,      

.     Bst- ,  

   Bacillus stearothermophilus [16, 17].  

  60-65 C,     

        -   

  ,    LAMP 

:   ,    

 ,     , 

        [15]. 

        

 ,     

       ,    

  .     (Forward Inner Primer - 

FIP, Forward Outer Primer - F3)   (Backward Inner Primer - BIP, Backward 

Outer Primer - B3) ,     

  -  [14]. 

    LAMP    :  , 

,    .  

     (FIP)   

.        
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(F3),        . 

     :    

(BIP)     ,      

     (B3). 

 , ,    ,  

  FIP   .     

 ,         

      ,    

 2.         

.  ,    

   , T-     

[18]. 

 

 
 2 –     (LAMP):  

 (1-8),   (9-11) [19] 

 

        

, ,  (Forward Loop Primer - FLP, Backward 
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Loop Primer - BLP).      3.   

     ,   

    ,     

  [20]. 

 

 
 3 –  LAMP       [19] 

 

        

   : F3c, F2c, F1c  FLP  3`-    

B1, B2, B3  BLP  5`- .       

F2  3`- ,    F2c,    

    F1c  5`- .     

 2  3`- ,   2 ,  , 

  1     5`- .   

     TTTT.   

    F3   F3c,  
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   3  3 .   

      F1 

 F2,  B1  B2  [14]. 

 

1.3.1    LAMP 

 

      LAMP, 

     2  [21].  ,  

,        , 

,  ,   

  [22].    , , 

       

,         [21]. 

       

   ,  ,   

  ,       

,      . . [23]. 

 

1.3.1.1  

 

      , 

 ,     . 

    LAMP,    

 109-1010   [14, 17],    

  .     

 (1),    .  

     ,  -  

   ,    

 [24].       
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(Mg2P2O7),      Mg2+   

    (P2O7)4-,   ,  

   (2) [15, 18]. 

 𝐷 𝐴 𝑛− +   𝐷 𝐴 𝑛 + 7 4−,                                           (1) 7 4− + 𝑔 +   𝑔 7 .                                                                (2) 

 

       

   [25, 26]     [18]. 

 

1.3.1.2   

 

   :    

.         

,     ,     , 

 .      

  .      

 ( ) ,        

  .   Mg2+     

      [27, 28]. 

      ,   

,         

   [21].     

         -

       [29]. 

     ( , HBC), 

         

.       

      [27].    
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  ,    . 

  - 6,4·103     ,    

       SYBR Green I.  

 :      

     [21]. 

 

1.3.1.3    

 

    ,  

      .  

 SYBR Green I  EvaGreen ,   

     . SYBR Green I   

    ,     

         

 .        

   ,    ,    

       [18, 30].    

    EvaGreen,      

   [31, 32].   

   : PicoGreen [33],  

[29],   SYTO,       

   ,     

    [34]. 

      

 ,      

« »   ,     

 .       

LAMP [35],     ,    

     [21].  
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1.3.1.4 pH-   

 

       

,       , 

 . 

   -  ,  

     .   

   ,  -  – .    

      pH 6,8 - 8,4.    pH-

     (   

   ),   (    -  

 )  -   [36]. 

 

1.3.1.5    

 

        

     

   ,   : 

   .        

     ,      

.     -LAMP 

(Fluorescence of Loop Primer Upon Self Dequenching-LAMP, FLOS-LAMP) 

  LAMP- ,   

.       

      . FLOS-LAMP  

  500  - , 96,8%-   

  100%-  ,    

 [37]. 

        

      (cleavable 
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hairpin beacon, CHB).       

     ,    

 .    CHB   

          

   -     .  

      

    .  ,  

 -  ,   2,   3`-

- ,         

   .    CHB,  

, ,    ,    

    (60   ).  CHB-LAMP   

        

  ,   .  ,  

     ,  

 ,        

 [38]. 

 

1.3.2   LAMP 

 

     LAMP    

.     

 : LAMP   , 

 LAMP.      

   , ,     

 . 

 

1.3.2.1 LAMP    
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LAMP     -  .  

        -

     -  [14]. 

        ( ) 

 ,        [23]. 

    -      

 ,    ,     

  [39]. 

 

1.3.2.2  LAMP 

 

  -     

       .  

       

 LAMP (multiplex LAMP, mLAMP).     

       

 [23, 40].     

       

     . ,   

   [41]   [42]. 

 

1.3.2.3  LAMP 

 

      

   LAMP.   , 

  [43],  –     

.    ,     

 ,    

    .  LAMP 
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(electric LAMP, eLAMP)       

   [44]. 

 

1.3.2.4 LAMP   

 

ID-LAMP –      

     ,     

 ,   - .    

    - ,   

      LAMP.   

      

   ,      

 ,    [45].   
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2    

2.1   

 

     Borrelia burgdorferi s.l, 

       -  

       ,  

 ,     E’coli  XL1-

Blue,       .   

  ,     .  

      -20     

. 

 

2.2      LAMP 

 

   9     

207 800  0,02     .      

       

 .       

      . 

    LAMP  -   20 

     16    

  (Se)   (Sp)   

  (3  4): 

 = 𝑇𝑃𝑇𝑃+𝐹𝑁 × %,                                                                                    (3) 

 

 TP -    ;  

FN –   , 
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𝑝 = 𝑇𝑁𝑇𝑁+𝐹𝑃 × %,                                                                                   (4) 

 TN -    ; 

FP –   . 

 

2.3   LAMP 

 

    LAMP   4,9   

,    : 0,8  , 4 

mM MgCl2, 1  Bsm , 1,4 mM   dNTP,  

 (  0,2 μ  F3  B3,  1,6 μ  FIP  BIP   0,4 μ  FL  BL).  

   -  Bsm,     

 Eva-Green.     60     

 Real-time CFX96 Touch (Bio-Rad, )   

    .    

   .  

 

2.4    

 

     LAMP  

    Real-time CFX96 Touch (Bio-Rad, 

)     «   Borrelia 

burgdorferi s.l.» ( - , ).    

 : 50   - 2 , 95   - 2 , 94   – 10   

60   – 20 . 

 

2.5      
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  LAMP,     

 Eva-Green.      

 .     -

 SkyLine ST-3L (ELMI , )     60   – 

60 ,     80     10    

 ,      1 /  

   .    

    ,     

   -  Vilber Lourmat ECX-

F20.M (Vilber Lourmat, ),   -    

        

 ,         

   . 

 

2.6   LAMP     
 

       15   

3000 /     Eppendorf MiniSpin (Eppendorf 

AG, )       .   

       20 780  2 078 

  .     LAMP  

 Real-time CFX96 Touch (Bio-Rad, ),    

        (1 

/ )  -  Vilber Lourmat ECX-F20.M (Vilber Lourmat, 

). 

 

2.7   LAMP      
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       ,   

    LAMP.    

-  SkyLine ST-3L (ELMI, )   : 

60   – 60 , 80   – 10 .       

       (1 / ), 

    -   Vilber Lourmat ECX-

F20.M (Vilber Lourmat, ). 
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3.  

3.1      
 

        

     .  

        

   .    LAMP 

 21     . 

  1    36    LAMP  

,  90%  ,    100% 

  LAMP. 

 

 1 -        

   LAMP 

    

 

 ,  

20 

       LAMP 

20 18 

 

 ,  

16 

       LAMP 

16 16 
 

 

3.2      

 

       1 /  

      .     

      4,   -    5.   

№ 1,3  5,     2 078     , 

 -      ( .4)      
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( .5),     .  № 2,4  6, 

   ,     ( .4) 

    ( .5) –   . 

 

 

 4 –        : 1,3,5 – 
  2 078     ; 2,4,6 –   . 
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 5 –        : 1,3,5 – 

  2 078     ; 2,4,6 –   . 
 

3.3   LAMP    

 

  6  7    LAMP  

 -       

 ,       

 1 /    ,   

     .  № 4 ( .6)   

         

    -     

 ( .7),       

    2078 .  № 1  2  

      20780  2078    

 .          

    :      ,  

        . 
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 6 –    LAMP     

: 1 – 20 780        ; 2 – 2 078  

      , 3 –  ( ), 4 –  (2 078  

 ), 5 - . 

 

 

 7 –          (1 

/ ): 1 – 20 780        ; 2 – 2 078  

      , 3 –  ( ), 4 –  (2 078  

 ), 5 - . 
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3.4   LAMP       

 

 6        

   8    -     

 № 1, 5  6, ,     . 

 

 

 8 -          
 LAMP c    (1 / ): 1,5,6 –   
 ; 2,3,4 –    ; 7,8 –  (2 078  

 ), 9 - . 
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:    LAMP  90%,  

 100%.     21  

   .      

       ё  

       .  LAMP 

           

          

  .  

      

       

         

 ,    .   
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