
 
» 

 
 
 

 577.21:[579.871:616.931]-084/.085.375 
 
 
 
 
 

 
 

 
 
 
 

 
 

 
 

 
 
 
 

 
 

 
 

 03.02.03 –  
 
 
 
 
 
 
 
 
 2019 

 



 
  

»  
 

 
: 

 

, , 
, , 

,  
 

 « -
» 

 
 

: 
 

,  
, ,  

 «  
» 

,  
, ,   

  
 «  

» 
,  

, ,  
 

 
 

 
: 

 «  
» 

 
 

 22  2019  12.00  
 03.18.04  «  

» : 220116, . ,  
, 83, : 8 (017) 277-16-21, e-mail: uchsovet@bsmu.by. 

 
 « ». 

 
 «____» _________ 2019 . 

 
 
 

  
 03.18.04, 

,     .  
 



1 

 
 

 – ,  
.  Corynebacterium 

diphtheriae (WHO, http://apps.who.int/immunization_monitoring/globalsummary/ 
timeseries/tsincidencediphtheria.html).  

,  1974 .,  
 (  1980 .  

 2006 .).  2005–2015 .  
5000  (Clarke E.N.K., 2017),  2016 .  

 2017 .  8819 ,  7053 –  
.  

,  90-  XX .  
 (  157 000 , 5000 – 

 1990–1998 .) (Zakikhany K., Efstratiou A., 
2012),  

, .  
-
  
  

.  
, ,   

, ,  
,  . diphtheriae.  

,  
, ,  

,  
 

.  
, ,  

 C. diphtheriae, 
, . 

 
 

 
 ( ),  

. 4.2, 4.4  4.7  
 

 2006–2010 . (  
 512  17  2005 .), . 3.2, 4.1, 4.2  4.4 
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 2011–2015 . (  
 585  19.04.2010) . 4   

 166  22  2015 . «  
 2016–2020 .». 

: « -
,  

» (  «  
», .  19974335, 1997–1999 .); « -

 
» (« », .  

20002768, 2000–2002 .); «  
 dtxR C. diphtheriae  

.  signature-tagged mutagenesis (STM)  
» (  «  

 
)», 2003–2006 .); «  

 
 Corynebacterium  

» (  « -
», .  20062778, 2006–2008 .); 

», (  
INCO-COPERNICUS IC15.CT.98.0302, 1998–2001 .); « -

 Corynebacterium diphtheriae » 
 INTAS 01-2289, 2002–2004 .); «  

» (DG SANGO DIPNET S12.324473 (2001CVG4-012), 
2003–2008 .); «  Corynebacterium 
diphtheriae» ( -

 ( )  
, , 2014–2016 .).  

 
:  

 C. diphtheriae,  
, - , 

 
 

. 
: 

1. -  (  
)  C. diphtheriae,  

. 



3 

2.  
,  tox  

dtxR, . 
3.  dtxR C. diphtheriae 

.  
 

. 
4.   

 C. diphtheriae,  
, . 

5.  
 

C. diphtheriae, - ,  
,  

.  
6.  

 
.  

: ,  C. diphtheriae, . 
: ,  C. diphtheriae, 

,  ,  C. diphtheriae,  
,  

C. diphtheriae,  C. diphtheriae, . 
 

1. -  
 C. diphtheriae, ,  

 C. diphtheriae  
,  gravis,  Sankt-Peterburg  Rossija, 

 (ST) ST8, . ,  
 C. diphtheriae  
,  
. ,   

 (1996–2002 .)  
) (51 ) ,  

.  
 tox,  G  

 52  tox,  
 37  

 560 .  
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2.  dtxR  
 440 (A 147 V), 640 (L 214 I), 662 (I 221 T),   

,  
 tox  –54,  

.  
 tox.  8 ,  

 tox  tox 
 PW8, ,  

 
.  

3.  
,  

 (ML)  
(1267 ),  93 , 

, : CCUG 2706A  
 intermedius, ,  CCUG 5865 
 belfanti,  22 . 

 1  116 , ,  2 – 
 CCUG 5865  belfanti, ST106.  93 ,   

,  1. 
4.  

 C. diphtheriae. ,  
 ST5  

.  
 ST8,  

. 
5.  

C. diphtheriae  HEp-2   
, ,  

,  (SpaA, 
SpaD, SpaH), ,  

 sapA ,  
. ,  ST8  

 ST5,  
 sapA, Sdr-  

SpaA. ,  DIP1621, -
,  C. diphtheriae,  

. 
6. ,  ST8 

 Sankt-Peterburg  Rossija ,  
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. 
 Lyon (ST25)  SpaH, 

 sapA (DIP2066),  Otchakov (ST28, 41, 53)  
,  SpaI, SpaG  SpaH, , 

 SpaE  srtC  SpaD,  
(DIP2093),  Sdr. ,  

 
 12  

 COG.  
COG G, ,  

.  
 COG X,   

,  COG M,   
.  COG  

 
. , -

, , 
 

,  
. , , 

 dtxR  440 (C  T)  640  
(C  A),  DtxR   
147  214 .  

7. , ,   
,  

  
, 

 3-  
35 . ,  

 79,6%   
 (54,2%)  35  (31,2%). 

 1999–2001 . 92,4%  
 82,4%  40  77,6%  

 45–54  
. ,  2017 .  

 96,7%  87,7  100% 
.  

,  
1. ,   

, ,  



6 

 
.  (1996–1997 .)  

 (1998–2001 .)  C. diphtheriae 
 gravis (61,1%  56,7% ), 

 Sankt-Peterburg  Rossija,  
.  gravis , 

,  (87,3%  
 95,5% ).  (2002–2010 .) 

 C. diphtheriae,  
 mitis (58,1%).  gravis   

 63,1%  18,2%,  mitis –  9,8  2%,  
. 

2.  C. diphtheriae   
 VERO  40  20 480 VERO CD50/ml.  

 (40–80 VERO CD50/ml),  (160–320 VERO 
CD50/ml)  (640–2560 VERO CD50/ml) 

 
 10,5%, 38,6%, 50,9%  12,5%, 29,2%, 50,0%,   

 
.  

 T  C  –54,  
 9 .,  –10   

 tox, -
 (Close to Nan). 

 Sankt-Peterburg  
 Rossija, ,  

.  (A 147 V  L 214 I)  C- , 
 DtxR  Sankt-

Peterburg  Rossija . 
 C. diphtheriae  

 HEp-2  1  40%.  
 Rossija  

 Sankt-Peterburg (70 , 8,1%)  
 (30 , 3,3%).  

 C. diphtheriae 
, -

 (DIP1621). 
3.  C. diphtheriae  

,  
, ,  
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,  
 C. diphtheriae.  

-
 (1267 ) 117 ,  93  

, 2  CCUG 2706A  intermedius, 
, CCUG 5865  belfanti, 

 ST106  22 ,  GenBank,  
2 :  1  116 ,   
 4  C. diphtheriae,  2 – 1  CCUG 5865  belfanti. 

 93  (gravis, mitis, belfanti), , 
 1.  

 
 

. 
 

 ST5  
ST8 .  

 ST5 .  
 ST8.  

4.  (2884 ,  1630 , 
1254 – ) 33  C. diphtheriae (25 , 8 -

), ,  
: 52  

 25  
, 38  

; , 
 COG G, 

;  
,  3  SpaA, 

SpaD, SpaH, ,  BigA  (DIP2014),  sapA 
(DIP2066),  (DIP2093),  

 Sdr. 
5.  

C. diphtheriae  
.  

 
 80,0%,  (  55,0%)  – 

 35  (31,2%). ,  
,  82,4%  

 40 .  96,7%  
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 87,7  100%  
. 

 
,  

,  
. A  

.  C. diphtheriae,  
 Elek-  

 VERO,  tox  
 dtxR,  C. diphtheriae,  

, ,  
 (  2009 . – )  

 [1, 3, 6, 8–20, 22, 24–26, 31–45, 47, 49–51, 53–57], 
 – 95%.  

 ( , ), 
 –  

 ( , ),  
 ( ) 

 ( )  
 ( , )  

 [2, 4, 5, 7, 27, 28, 29, 30, 46, 48, 52, 58],  
 – 70%. , 

 ( , ),  
 [21, 23, 59],  – 70%.  

 2  [60–61],  – 85%,   
 3  [62–64],  – 75%. 

 
 

 
 «  

» ( , 1996),  6 : 
» 

, 1996), «  
» ( , 

1999; , 2005; , 2008; , 2011); «  
, ,  

» ( , 2007);  2  «  
» ( , 1998, 2003);  5-  6-  

 «   
» ( , 2001, 2003);  2  
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: « , 
 80- » ( , 2004)  «  

, , » ( , 2017),  
 

 ( , 
1997; , 1998; , 2000; , 2002; , 2004; 

, 2006; , 2008; , 2009),  
 2018» ( , 2018). 

 
 

 « »,   
-7.95188/0911  03.03.2009,  

 
,  

 1996 ., 1999 ., 2000 ., 2004 .  
 

 59 ,  
23 , . 18 

  
» (19,64 ),  

 – 12 (9 , 3  
) (11,93 ); 10  

 (2,42 ); 26  
(2,31 ).  
24,37 .  

 
 205 , 

 25  37  (  – 31 ), 
, , , 

, 5  
, , , 
 14  237  (29 ), 

 4  (13 ). 
 

 
 

 4385  C. diphtheriae,  
 (400),  (2628), 

 (450)  (907)  1996–2015 ., 
12 079 ,  1989–2017 .  



10 

,  Elek-  4385  
 

 (Efstratiou A., 1994). 
 ( )  81  C. diphtheriae 

 VERO , 
 J.R. Murphy . (1978). 

 284  
 C. diphtheriae: ,  A. Saragea 

., ,  P. Maximescu . 
 478   

 
 (Grimont P. ., 2004).  

  Elek-  578 C. diphtheriae  
,  M. Pallen (1991),  tox. 

 tox  51  
.  tox   

 Dipht1 5’TTGCTAGTGAAGCTTAGCTAG3’, 
 Dipht2 5’GAATGGAATCTACATAACCAGG3’. 

 tox -
 2 : Toxpr_SSCP F (5’CCATGTAACCAATCTATCAA3’)  

 Toxpr_SSCP R (5’ATTGACGCAAACAGTTTTCT3’); Toxpr F (5’CGTTGCGTA 
TCCAGTGGCTAC3’)  Toxpr R (5’CATCATCAGCGCCTGCATG3’).  

 dtxR  
,  H. Nakao . (1997).  

 100  C. diphtheriae, 
 Sankt-Peterburg (32 ), Rossija (38 )  

(30 )   HEp-2 , 
 J. Jadoun . (1998)  R. Hirata . (2000).  

 C. diphtheriae , 
 W. Leibl . (1989)  Corynebacterium glutamicum, D.L. Oram 

. (2002)  C. diphtheriae  
 C. diphtheriae EZ::TN(KAN-2)Tnp .  585 -

 
HEp 2.  

 KAN2FP 5’ACCTACAACAAAGCTCTCATCAACC3’ 
 KAN2RP 5’GCAATGTAACATCAGAGATTTTGAG3’. 

 93 C. diphtheriae (53 gravis, 29 mitis,  
11 belfanti,  1996  2014 .,   
1 ,  1979 .),  2 : CCUG 2706A 

 intermedius, ST143,   
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 1932 .,  CCUG 5865  belfanti, ST106,  1963 ., 
 Illumina MiSeq.  

 CLC Genomic 
Workbench (Qiagen) (http://www.clcbio.com/products/clc-genomics-workbench/) 

 SPAdes 3.9.0. (Bankevich A. ., 2012).   
 GenBank  NCBI Prokariotic Genome 

Annotation Pipeline (Tatusova T. ., 2013).  
 117  EDGAR 

(Blom J. ., 2016). ,  sapA 
(DIP2066),  Sdr (DIP2093)  BigA-  (CDC7B_1983; 
DIP2014)  EDGAR. 

,  
MLST 1.8 (Larsen M.V. ., 2012).  

 
MUSCLE (Edgar R.C., 2004),  GBLOCKS 
(Talavera G. ., 2007).  

  
 GTR+I+G4  

 100 000 SH-  
 (SH-aLRT)  100 000  

 IQ-Tree (Nguyen L.T. ., 2015). 
, , 

 Gubbins (Croucher N.J. ., 2015)  
 

 maskrc-svg.py,  J. Kwong  T. Seemann 
(https://github.com/kwongj/maskrc-svg).  ST5  ST8 

 tempEST  1.5  
 (Rambaut A. 

., 2016).  
,  BEAST (Drummond A.J. ., 2012). 

 
,   

 30–45  1- , 2-  3-  
 104, 44  26  

).   
 731 

 18–60 ,  1-  –  290,  2-  – 
 383,  3-  –  58.  

 G  3957  0–68  
(1989–1994 .), 5518  0–79  (1996–2001 .), 826  
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 20–59  (2004 .)  785  1–76  (2017 .) –  
.   

 
 « » ( ),  –  

 Virion/Serion ( ).  
 

:  0,01  – , 
0,01–0,09  – ,  0,1  1  – 

,  1,0  – . 
 
 

 Statistica 6.0, Statgrafics, Epi Info 5.0, Excel 2002, 
 BLAST, BioEdit, Clastal, MEGA. 

 
 

 
-  C. diphtheriae  

 (1996–2015 .). -
, , 

 1957 .  60- . 
 (  1  2).  

 

 1. –  1945–1981 . 

 
 2. –  1982–2018 . 
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 14 ,  1970  1983 .,  
 10 ,  1974 . (25 ).  

 0,047  100 000 .  1984 . 
:   

 1992 . (68 )  1995 . (319 ).  
6  (1992–1997 .)  1012  (  
28 (2,8%) ),  3,5 ,  25-  

 (1967–1991),  291 . 
 1992–1997 .  1,64  100 000   

 7,8 ,  1984–1991 .  33 ,  1970–1983 .  
 20-  (1996–2015 .)  

 4  3: gravis, mitis  belfanti. 
 4385  gravis  2138 (48,7%),  mitis – 

2069 (47,2%),  belfanti – 178 (4,1%) ( ).  

. –  C. diphtheriae  
(1996–2015 .) 

  , . (% (M m)) P gravis mitis belfanti 
1996–1997 896 547 (61,1±2,0*) 338 (37,7±2,6) 11 (1,2±3,2) <0,001 
1998–2001 1512 857 (56,7±1,7*) 588 (38,9±2,0) 67 (4,4±2,5) <0,001 
2002–2010 1874 687 (36,7±1,8*) 1089 (58,1±1,4) 98 (5,2±2,2) <0,001 
2011–2015 103 47 (45,7±7,2) 54 (52,4±6,7) 2 (1,9±9,6) >0,05 

 4385 2138 (48,7) 2069 (47,2) 178 (4,1) – 
 –* .  

 
 (1996–1997 .)  

 (1998–2001 .)  
 gravis:  61,1%  

 56,7% ,  – 87,3%  
 95,5% .  9  (2002–2010 .)  

 (  0,1  100 000 )  
 mitis: 58,1%  

36,7%  gravis  5,2%  belfanti. , 
,  

 gravis.  51  65  (78,5%), 
,  gravis.  2011–2015 ., 

,  gravis  mitis 
 .  103  45,7% 

 gravis, 52,4% –  mitis,  1,9%  –   
 belfanti. 
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 Elek- ,  
 

 C. diphtheriae.  
 (1996–1997 .)  42,2% 

(378  896),  (1998–2001 .) – 
23,2% (350  1512),   
(2002–2010 .) – 7,8% (146  1874).  

 gravis:  63,1  18,2%  mitis:  9,8  1,9% 
(P<0,001).  1996–2015 .  178  
belfanti .  

 gravis  
 71,4  100,0%.  

 C. diphtheriae  
 478 ,  313 ,  

112 , 53 .  21  
C. diphtheriae,  
C. diphtheriae, .  

 (1996–2001 .)  21  2  
, ,  

,  49,6%,  Sankt-Peterburg – 
20,1%,  Rossija – 29,5%.  50,4%  

 19 ,  16,7  0,3%. 
 (2002–2010 .)  

 15 ,  
.  Bangladesh Erlabrunn, Schwarzenberg, Minsk, Gomel, 

Ras-el-Ma, Thailand-5, Prahova, Dagestan, Gatchina, Close to Nan, Close to 
Pakistan, Close to Versailles, Neamt, Buzau,   

 0,3  0,9%, .  
 Sankt-Peterburg  20,1  2,7%,  

 
Rossija  29,5  66,4% (P<0,001).  

,  (2002–2010 .) 
, ,  

. ,  Sankt-Peterburg (4), 
Otchakov (19), Lyon (4),  2002–2010 .,  

,  « »  48,2  23,2%.  
, ,  

C. diphtheriae ,  
,  

 (  Sankt-Peterburg  Rossija)  
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 gravis, ,  
 

. 
, - . 

 C. diphtheriae  Elek-  
,  

» .  578  
C. diphtheriae (111 gravis, 459 mitis, 8 belfanti),  

 A ,  51 ,  
 8,8%.  1996–2002 . 

 21,0  2,9%.   
 mitis,  Moskva,  (52,2%)   

 VI ls5,34add  
.   

 VERO  Elek- ,  
 (3  51, 

5,9%),  (36  51, 70,6%),  
 (5  51, 9,8%),  (7  51, 13,7%). 

 tox  
.  tox  

 G  52,  
 112,  

 A  G  60,  
.  tox  299 .  

 (  1796) ,  
.  tox  

 37  
 560 .  

 tox  
.  

 tox  dtxR  
 C. diphtheriae.  

 tox  dtxR  
.  129 ., 

 tox, 81  C. diphtheriae  
 

.  2 , -
,  2,5%.  81  

C. diphtheriae 9  (40–80 VERO CD50/ml), 29  –  
 (160–320 VERO CD50/ml), 41  –  (640–2560 VERO 
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CD50/ml)  2  –  (10 240–20 480 VERO 
CD50/ml),  VERO. 

-, -  70% , 
 Sankt-Peterburg  Rossija.  

30% ,  8  
. , ,   

 Close to Nan .  
 tox, 

 SSCP,  tox  
320 . 9 , , ,  

.  –232  +85 tox  
 T  C  –54,  –184.   

–184  tox ,   
–54  9 .  tox  
ATAATTAGG   ACAATTAGG  
Close to Nan, . ,  

 T  C  –54  2  
 Close to Nan.  

 Sankt-Peterburg (24 )  Rossija (33 ), 
, .  

 –76  
 +681  dtxR 16  C. diphtheriae,  

,  PW8.  
dtxR  

 C7(-)  19 : 17  
 (ORF)  2   

5’- .  C-  3  14  
  

(A 147 V; L 214 I; I 221 T).  3  
 (1, 4, 5) .  
 1  4 ,  2 –  2 –  

,  PW8.  4  11 ,  
 7  –  ,   4  –  ,   

NCTC 13129.  4-  2  
 147  214)  

 Sankt-Peterburg  Rossija.  
 1  

 1   
 221  5- .  



17 

,  C- ,  
 C. diphtheriae. 

 tox,  
, ,  

. -
, . 

 . diphtheriae   
.  . diphtheriae. 

,   
 Sankt-Peterburg (32 ), Rossija (38 )  

 (Lyon, Otchakov, Close to Nan, Schwarzenberg, Erlabrunn, Cluj,  
Gomel – 30 ),  C. diphtheriae  

 HEp-2 , . 
,  Sankt-Peterburg 

 (  ( ) 1–6%),  
 81,2% (26  32),  18,8% (6  32)   

 (  7–12%).  Rossija  
 (34,2%), 

 (36,8%)  (29,0%,  13–40%,).  
 72,7% (8  11)  21  40%.  

 86,7% (26  30) C. diphtheriae,  
,  13,3% (4  30) 

.  
 Rossija  

 Sankt-Peterburg (11,4  4,1; P<0,0001), ,  
, , 

 (4,1  3,3; P=0,2).  
 C. diphtheriae  225  gravis,  

Sankt-Peterburg 1  EZ::TnKan2 ,  20  
,  2,8×103  

 1 ,  1,4×105  
 1 .  585  2800 

.  1 ,  
 15,2%  (P=0,0001). 

, ,   
. 

 225-1458 , 
 94%  C. diphtheriae 

DIP1621 (GenBank,  BX248358.1).  
 C. diphtheriae,  DIP1621  
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,  Cg2401  
y C. glutamicum (Hansmeir N. ., 2006). , 

 NCNC13129,  V. D’Afonseca ., 
,  DIP1621  NlpC/P60  

 0,465 (D’Afonseca V. ., 
2012).  

 C. diphtheriae, , 
 (DIP 1621),  

 C. diphtheriae. 
 . diphtheriae,   

 1996–2014 .  
 93 ,  

 4385 C. diphtheriae, 26  93   
, 46 – , 21 –  

.  
 93  gravis, mitis, belfanti  

41 ,  – 47,  – 5.  
 Illumina MiSeq,  

 2,3  2,6 .  
:  CCUG 2706A 

 intermedius, ,  
 CCUG 5865  belfanti  ST106;  

 22 ,  
GenBank.  117  
4684 , ,  1267 

, 3417 – .  
832 .  

,  ML  
 (1267 ),  2  

:  1  116 ,  4 ,  2 – 
1  CCUG 5865  belfanti  3).  

,  93  C. diphtheriae  1 
 7 ,  3  

 24 , . 
 (76%)  2 ,  34  

(36,6%)  37  (39,8%).  34  
 NCTC 13129  ST8,  Sankt-Peterburg  Rossija, 

 (31  34) .  
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 3. –  
 117  

 –  1 . 
 belfanti, gravis, intermedius  mitis , , 

. , 
. 

 
 
 
 
 
ST5 

 
 
 
 
 
 
ST8 

SapA BigA Sdr 
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 37   
 ST5,  Cluj,  12 ,  

 ISS4060 ST5, .  
18  4 ,  

 C. diphtheriae   
.  ST32  

 ST32, . 
 C. diphtheriae,  ST53  Otchakov  

 ST123  
 (singletone). -  C. diphtheriae 

-
.  3  

belfanti, gravis  mitis  1, 
 ST5 (37 , 39,8%),  

 
 C. diphtheriae. 

 C. diphtheriae 
 ST8  ST5.  

 
  

(Bolt F. ., 2010).   
 C. diphtheriae  

C. diphtheriae  ST5  ST8.  94 033  
 (SNP)  

(1226854 .) 117 .  ST5  3577 SNP,  
ST8 –  426 SNP.  Gubbins -

, ,  
  

 C. diphtheriae. ,  
, ,  

 806921 .  ST5, 
 414 SNP  ST8  

861883 .  263 SNP.  ST5  3577 
 2783 (58 )  

,  253 – .  
 ST8  426  44 (6 )  

,  54 – .  
 ST5 

(R2=0,310),  ST8 (R2=0,501)   
 5,6×10–7 (95%  3,7–7,7×10–7)  
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 8,9×10–7 (95%  5,6×10–7–1,2×10–6)  
1 . ,  
ST8 ,  ST5.  

,   
.  

 ST5, 
 ST8,  

 
. 

 C. diphtheriae.  
, ,  
 ST5  ST8.  ST5  ST5-A  ST5-C 

, SpaD  SpaH,  
 SpaA  ST5-B.  

,  ST5-B, 
,  SpaA  

 C. diphtheriae. ,  
 

; ,  spaC  SpaA  5201 
 1137. ,  BigA- ,  

 ST5  ST5-A  ST5-B. ,  
,  

.  
 ST8 ,  

 3 ,  SpaD. 
 ST5,  

.  ST8 , 
 BigA-  (DIP2014),  sapA 

(DIP2066), , 
 ST5.  

 ST8  (DIP2093),  
Sdr. , ,  

 sapA , ,   
, .  

 ST8   
,  ST5,  

 sapA, Sdr-  SpaA 
 ST5-A  ST5-C.  

 C. diphtheriae. 
  C. diphtheriae –  tox –   
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 48  117 ,  
 41  ST8, ST25, ST28-ST41, ST53,  

.  
 tox  

tox  PW8, .  
8 , , 

, ,  
.  

 tox   
, ,  

. 
 C. diphtheriae  Sankt-

Peterburg, Rossija, Otchakov, Lyon. , 
, ,  

 33 ,  25   
 8 .  33  2884 ,  

 1630  1254 – . , 
 ML  

(1630 ),  3  33  (  4). 

 

 4. –  
 33  

 – ,  
. 
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 25  ST8,  9 , 
5  Sankt-Peterburg  11  Rossija, 

.  Lyon ST25 (  1791,  4425, 
 4505,  5027) .  

Otchakov,  ST, . 
2  ST41 (  1482,  645) ,  

 1  ST28 (  2929)  1 ST53 (  176)  
. 

 33 ,  
EDGAR, ,  52  25  

, , 45  
 Otchakov, 58  –  

 Lyon.  38  
 (  Otchakov  Lyon),  

.  
-

 BLAST  
 Orthologous  Group  (COG)  V  1,0,   Conserved  Domain  Database  

CDD V 3,16,  UniProt.  
 

 12  COG (  5).  
 COG G, 

,  
.  

 COG X, ,  
,  COG M,   

.  COG  
.  

, 
,  

, 
.  

, , 
, ,  

 ( .  4).  Lyon  
,  SpaH,  sapA (DIP2066).  

 Otchakov ,  
SpaI, SpaG  SpaH, ,  SpaE  
srtC  SpaD,  DIP2093.   
DIP2062, DIP0278, DIP1724, CDHC04_0148,  
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, ,  
 DIP0278,  

Otchakov. ,  
,  

 
 Lyon  Otchakov,   

.  

[G] [V] [I] [X] [S] [L] [K] [M] [R] [E] [J] [P] [F] [C]

 

ST8 (  Sankt-Peterburg  Rossija) 1,9 19,2 1,9 7,7 3,8 3,8 1,9 7,7 0,0 0,0 0,0 0,0 0,0 0,0 7,7 44,2
ST28,ST41,ST53(  Otchakov) 0,0 22,2 0,0 4,4 4,4 0,0 2,2 6,7 0,0 0,0 0,0 0,0 0,0 0,0 4,4 55,6
ST25 (  Lyon) 0,0 5,2 3,4 3,4 0,0 0,0 1,7 5,2 3,4 1,7 1,7 1,7 0,0 0,0 3,4 69,0
ST28+ST41+ST53+ST25 0,0 0,0 0,0 0,0 0,0 10,5 2,6 2,6 5,3 0,0 0,0 10,5 7,9 2,6 10,5 47,4

1,0

10,0

100,0

  
 

-
 

  
(

 
)

 
 COGs ( ): G – ; 

V – ; I – ; X – mobilome: , ;  
S – ; L – , ;  

K – ; M – , ; R –  
; E – ; J – , , 
; P – ; F –  

; C –  

 5. – ,  
 

 C. diphtheriae 
 

 dtxR. 
 

dtxR 93  
 C7(-) ,  ORF 

 15 , 2  440  
 640 , -

 DtxR.  (13  15),  
2 ,  dtxR 35  

 ST8  Sankt-Peterburg  Rossija,  
NCTC 13129.  

, ,  
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 1–2 .  
.  

 Sankt-Peterburg  Rossija  2  A 147 V 
 L 214 I  C- , ,  

.  
, 

. , 
 90- , .  

745 ,  1992–1995 .,  
 18  66,8% (498  745),  52,4% (261  

498)  35 .  1989–1994 .  
 3957  0–68 ,  

 79,6%,   
 (54,2%).  18–34  

 73,2%,  35  – 31,2%.  
 (0,1 ME/ )  45,7%  0–14 , 63,3%  

15–17  21,3%  18–68 .   
 35–49  (26,8%). , 

 1940  1954 .,   
 70- .  

.  
. 

 35–55 ,  
,  

.  
,  

,  
 40,0% .  2-  

 8  9 ,  
1- ,  2  (22,6%)  

,  (  1 : 10  1 : 20 ).  3  9  
2- . 

 26 ,  3-  
:   

. 
 

.  1-  
 35 ,  

35–60 .  18–34  
 ( 0,01 )  79,7% ,  
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 ( 0,1 ) – 63,8% .  
 1,0 ,  

,  11,6% .  35–60  
 64,3%, 35,7%  4,9%. 

 3- 0,01  
 18–34  93,3%,  35–60  –  90,7% .  

 
 66,7%  53,5% ,  

 20%  11,6% .  35   
1-  

 79,7%,   
35–60  2- . 

 63,3%  2   
.  

 3- .   
3-  90,7%,  

, ,  
 53,5%  11,6% . 

,  
. , 

 1999–2001 .,  5518  0–79  
 1996 .  

:  92,0%. 
 (97,7%),   

18–39  (95,7%),  40  (82,4%). 
 (77,6%)  45–54 . 

,   
.  0,1 ME/  

 88,2% , 92,3%  73,3%  18 .  
 

, ,  
 2004 .  826 ,   
 1945–1984 . (20–59 ). ,  

 ( 0,01 ME/ )  81,8% 
.  18–39  

,  40–59 : 94,0%  69,7% 
.  (61,5%)  

 50–59 .  
0,1 ME/ )  54,9% ,  20–39  

 75,0%,  40  –  34,7%.  
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 2017 .  
,  

 (  0,01 )  96,7% 
 87,7  100%.  

, 
 82–87%,  

 ( ., ., 2004).  
,  

  
, , . 

 
 

 
 

1.  (1996–2010 .) -  
.  

 3  C. diphtheriae,  
gravis,  (1996–1997 .)  

 (1998–2001 .)  mitis. 
 2010 .  

:  gravis  65,8  15,4%,  mitis –  12,5  
0,9%.  gravis  

.   belfanti  
,  1,2  5,2%.  

 C. diphtheriae  21 .  
 (1996–2001 .)  21   

2 ,  
,  49,5%,  Sankt-

Peterburg – 20,1%  Rossija – 29,4%.  50,5%  
 19 ,  16,7  0,3%. 

 
,  [2, 4, 5, 7, 10–13, 21, 

23, 24, 26–30, 35–46, 48, 51, 52, 55, 56, 58–60, 64–66]. 
2.  1996–2002 .  C. diphtheriae  

,  
 

 VERO  Elek- . -  
 mitis,  Moskva,  

.  1996–2002 . 
 21,0  2,9%.  
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 tox  
G  52  tox,   

 37  
 560 .  

 tox  
 [21, 27, 30, 46, 48, 52, 63]. 
3.  

,  3  dtxR  440 
(A 147 V), 640 (L 214 I), 662 (I 221 T) -

.  Sankt-Peterburg  Rossija  
,  2  

A 147 V  L 214 I  C-  DtxR. 1  C-  
 DtxR I 221 T  Lyon  

.  T  C,  
 tox,  9 .,  –10 

 tox,  
 

 Close to Nan, .  
 tox.  8  

 tox   
 tox  PW8,  

. 
,  

 4 -
, , 

 
 [8, 15, 16, 18, 20, 21, 33, 61].  

4.  
C. diphtheriae   
HEp-2  

 (  1–6%),  (7–12%), 
 (13–40%).  Sankt-Peterburg 

,  Rossija  
-, - .  

 Rossija 72,7%  21–40%. 
 C. diphtheriae (86,7%),  

, .  
 Rossija, Sankt-Peterburg 

  
 8,1%  3,3%.  
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 C. diphtheriae  
,  

(DIP1621),   
 C. diphtheriae [9, 17, 19, 31, 53, 54, 57]. 

5. ,  
 (1267 ) 

117 ,  93, , 
2  CCUG 2706A  intermedius,  

, CCUG 5865  belfanti,  ST106  
 22 ,  GenBank,  

;  1  116 ,   
 4  C. diphtheriae,  2 – 1  CCUG 5865  belfanti. 

 93  3  (gravis, mitis, belfanti), , 
 1.  

 C. diphtheriae  
 

.  3 , gravis, mitis  belfanti,  
 1,  ST5 (37 , 39,8%), 

,  C. diphtheriae 
 
 

 C. diphtheriae [7, 21].  
6.  

 C. diphtheriae . 
 ST5  

.  
-

 ST8,  
 ( )  
.  ST5  

3577 ,  2783 (58 ) –  
, 253 – .  

 ST8  426 ,  
 – 44 (6 ),  – 54.  

 ST5  5,6×10–7 ,  
ST8 – 8,9×10–7  [21]. 

7. ,  C. diphtheriae, 
 SpaA, SpaD, SpaH ,  

, , ,  
.  ST5 
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 ST5-A  ST5-C , SpaD  SpaH, 
 ST5-B  SpaA,  

 
.  

. ,  BigA- ,  
 ST5  ST5-A  ST5-B.  

 ST8  
.  ST5,  

.  ST8 , 
 BigA-  (DIP2014),  sapA (DIP2066), 

,  
 ST5.  

ST8  DIP2093,  Sdr.  
 ST8  

,  ST5 [21]. 
8.  ( ) 

 ST8  Sankt-Peterburg, Rossija 
 ST25  Lyon, ST28, 41, 53  

Otchakov  
 12  COG. 

 (COG G),   
,   

.  
 COG X,  

,  COG M,   
.  COG  

.  
 ST8 , 

, , 
,  SpaH,  sapA 

(DIP2066) (  Lyon), ,  SpaI, 
SpaG  SpaH, ,  SpaE  srtC 

 SpaD,  DIP2093,  Sdr (  
Otchakov),  

. 
 ST8  

 dtxR . 
2  A 147 V  L 214 I  C- ,  

 DtxR  34  ST8   
93 .  DtxR  
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,  
 tox, ,  

,  15% 
,  

 [21, 59]. 
9.  

  
, , .  

 1995–1996 .  
 79,6%  54,2%.  

 18–34  73,2%,  35  –  
31,2%.  

 3-  35–60 . 
 1998–2001 . (  

)  2004 . (  
) 
 

.   
45–54  (77,6%)  50–64  (63,9%). , 

 2017 .,  (96,7%)  
 30 .  

,  
 90%  75% .  

  
:  93,7%  1–14 ,  88,7% – 15–19 ,  78,4% – 

20–76  [1, 3, 6, 10, 14, 22, 25, 32, 34, 35, 45, 47, 49, 50, 62]. 
 

 
1.  

 (  3-  
 35–60 ,  

 2004 .),  
 

,  
:  57  05.04.1996  

 
»;  241  04.11.2004 «  

»;  275  1 . 
1999 . «  

» [62]; 
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 « » (  2) 
 « » (  1)  

 42  09.02.2000 [63, 64]. 
2.  C. diphtheriae  

,  
 

.  
 tox  . diphtheriae,  

 
,  

 [63].  
3.  C. diphtheriae  

,  
,  

 C. diphtheriae  
 [21].  

4. , 
 

C. diphtheriae, ,  
,  

 
, , .  

 C. diphtheriae [64]. 
5.  

, 
 

.  
 [22]. 

6.  tox,  
dtxR C. diphtheriae  GenBank 

: https://www.ncbi.nlm.nih.gov/, : EU884424.1, 
FJ036975.1, FJ036976.1). C  93  C. diphtheriae 

 DDBJ/EMBL/GenBank (National 
Center for Biotechnology Information, GenBank Database 
http://www.ncbi.nlm.nih.gov/nuccore), : LSVL00000000-
LSYP00000000, LSZF00000000, LTAR00000000-LTAS00000000, 
MSIH00000000-MSIR00000000   

 C. diphtheriae, 
,  

 [8, 21]. 
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SUMMARY 
 

Kolodkina Valentina Leonidovna 
Molecular-genetic characteristics of causative agent of diphtheria  

and regularities of formation of protective anti-diphtheria immunity 
 

Key words: diphtheria, Corynebacterium diphtheriae, adhesion, toxin 
production, ribotype, sequence type, mutation, pan-genome, core genome, 
phylogenetic analysis, bioinformatics analysis, vaccination, immunity. 

Aim: to determine biological and molecular-genetic markers of C. diphtheriae 
epidemic and non-epidemic variants, to establish the mechanisms of regulation of 
adhesion and toxin production, the role of core genome and pan-genome, sequence 
types and mechanisms of variability in distribution and elimination of strains and  
the role of the immunological press in controlling the incidence of diphtheria. 

Methods of research: microbiological, serological, molecular-genetic, 
bioinformatical, statistical. 

Results and their novelty: new data on the pheno- and genotypic 
characteristics of C. diphtheriae circulating in the Republic of Belarus for the period 
1996–2015 have been obtained. The molecular mechanism for the lack of expression 
of the tox gene in non-toxigenic tox gene bearing (NTTB) strains has been decrypted. 
The presence of three missense mutations in the structure of the dtxR gene has been 
established that are not associated with the level of toxin production and mutation in 
the  promoter  region  of  the  tox  gene,  which  determines  the  elevated  level  of  toxin  
production in C. diphtheriae. A high degree of genetic stability of the tox gene has 
been identified. Based on core genome phylogeny the presence of two monophyletic 
lineages within C. diphtheriae have been established. It has been proved that the main 
driving force in the evolution of non-toxigenic strains is recombination. Point 
mutations play a significant role in the diversity of toxigenic clone. Molecular 
mechanisms of adhesive activity variability of C. diphtheriae have been determined. 
For the first time it was established that the DIP1621 gene, encoding an invasion-
associated hydrolase, is involved in adhesion in C. diphtheriae. Differences between 
epidemic and non-epidemic clones of C. diphtheriae have been determined.  
The regularities of the formation of protective anti-diphtheria population immunity 
and its role in controlling the intensity of the epidemic process have been identified, 
the tactics of 3-fold immunization of adults over 35 years old have been proposed and 
justified. 

Recommendations for use: for the improvement of C. diphtheriae 
monitoring, laboratory diagnosis of diphtheria and immunization against diphtheria. 

Application area: microbiology, public health.  
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