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Shigella 

Shigella dysenteriae type 1 

•  Bacillary dysentery (bloody diarrhea) 
•  Human reservoir 
•  100 million cases, 100,000 death/year  
•  Antimicrobial resistance (first reports 1950s) 
•  Four serogroups (S. dysenteriae, flexneri, boydii and sonnei), > 50 serotypes  

•  Severe infections (Shigatoxin) 
•  Large outbreaks in developing countries 
•  Wars or civil conflicts, climatic events, 
famine, refugees 



History 

•  France 1738, 1742, 1778-1779, 1792, 1857 
•  Sweden 1772-1773, 1808-1809,1857 
•  Ireland 1849-1850 
•  Crimean war 1853-1856 
•  French Prussian war 1870  

Before the advent of microbiology 

1897 Kyoshi Shiga, Japan 

Jun-Dec 1897 
90,000 cases 
20,000 deaths 



History II   

-Germany, Russia, France, England, US : small outbreaks in garrisons, plants 
and asylums 

Pre WWI 

WWI 
-Gallipoli or Dardanelles campaign, Apr 1915- Jan 1916 

 Most of the 120,000 casualties  
-Western front 

 clusters but more often S. flexneri 
WWII 

Multidrug  
resistance 

-Eastern Europe and Middle East 

-Bangladesh Liberation war 1971-1972 
-Central America, 1968-1972 (500,000 cases and 20,000 deaths) 
-Central Africa 1979-1980s (100,000 cases and 5-10,000 deaths) 
-Africa 1991-2006 (Rwanda, RDC, Sierra Leone, CAR, Zambia, Liberia, …) 

Post WWII 
Royal Mail, May 2015  



Lan & Reeves, Microb Infect 2002  

 
 

Multilocus Sequence Typing:  
  

Sd1  

Taxonomy 

 
« Shigella » are Escherichia coli lineages 



Conclusion: 
Two different strains 
according to PFGE 
and plasmid profiling 

Why Sd1 ?  
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Aug-Dec 2004 
445 cases, 34 deaths ,
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Whole-genome sequencing 



Sequenced Sd1 genomes 

•  Sd197 (Yang et al., Nucleic Acids Res 2005) 

 4.37 Mb 
 4557 CDSs 
 285 pseudogenes 
 623 intact insertion sequences (12%) 
 Virulence plasmid 182 kb 

 

•  Sd1617 (Vongsawan, FEMS Microbiol. Lett 2015) 

 
 4.3 Mb 
 6,505 ORFs 
 1,790 insertion sequences  
 Virulence plasmid 177 kb 

 

 

China, 1950s 

Guatemala, 1968-1969 



WGS study 

Results 
 -Most common recent ancestor dated 1924 
 -Lack of consistency between phylogeny and geography 
 -The Central American outbreak strain imported from Africa in 1960 

•  Number of genomes: 56 
•  Period of time: 1950-2003 
•  Country coverage : 9 (Bangladesh, 30 isolates !) 

•  SNPs detected : 989 

Conclusions 
Sd1 disseminated after WWI and became ubiquitous due to long term 

carriage 

Not consistent with isolation by Shiga in 1897 and historical data  



Objectives of our study 

Exceptional collection of 325 isolates  
plus 6 published genomes,  

66 countries, 1915-2011  
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•  Population structure & transmission patterns 
•  Spatio-temporal analysis 
•  Linkage between the different outbreaks  
•  Emergence of antimicrobial resistance 

1915-1960, n=67 



Methodology 
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Intercontinental transmission event 

1. Illumina sequencing (100-150 bp PE short reads) 
  
2. Mapping against reference genome Sd197 (or Sd1617) 
 
3. SNPs calling and filtering (SMALT), assembling (Velvet, CLC) 
 
4. Phylogenetic and phylogeographic analyses and estimatation of the 
divergence times of the different lineages/strains (RAxML after Gubbins, 
Path-O-Gen, Beast) 
 
5. Extraction of antibiotic resistance genes and their genetic support 
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Transmission patterns of lineage IV 

-Emerged in 1929 (95% CI 1918-1939) 
 

-Indian subcontinent with transmission 
waves to : 

 -East or Central Africa 
 -South East Asia 
 -Central Asia 

 
-Sequence divergence times correlated with published data: 
 

 e.g.,T5, the « Zairian outbreak » 100,000 cases was first reported at the end of 1979 in   
 northeastern RDC 

-T5 was geographically and temporally restricted (Great Lakes until 1990) 

-T8 disseminated across Africa during the 1990s 

 



Antibiotic resistance I 

•  Key element in Sd1 evolution 
 
 
•  Started during the 1960s independently in Asia, Africa and America 

•   Rapid and massive accumulation of antibiotic resistance genes (ARGs) 
 
1915-1960: 100% (67/67) susceptible isolates 
1991-2011: <1% (1/123) 
 

•  Following clinical practice 
 

From streptomycin, sulfonamides, tetracycline,  
chloramphenicol, ampicillin, cotrimoxazole,  
nalidixic acid to ciprofloxacin 
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Antibiotic resistance II 

Key (parC80): Absent Present
Key (gyrA87): Absent Present
Key (gyrA83): Absent Present
Key (SRL-PAI): Absent Present
Key (Tn87-3330): Absent Present
Key (Tn7): Absent Present
Key (incX4): Absent Present
Key (incF): Absent Present
Key (incI1 ): Absent Present
Key (incX1): Absent Present
Key (incB/O ): Absent Present
Key (incK ): Absent Present
Key (incQ): Absent Present
Key (pETEC6): Absent Present
Key (Continent): 1_Africa 2_America 3_ 4_Asia 5_ 6_Europe 7_
Key (Date): 10_ 11_ 12_ 13_ 14_ 15_ 16_ 17_ 18_ 19_ 1_ 20_ 2_ 3_ 4_2000-2011 5_ 6_1980-1999 7_1960-1979 8_ 9_1915-1959
Key: 10_IV 11_ 12_ 13_ 14_ 14_I 15_ 17_ 18_ 19_ 19_III 1_ 20_ 2_ 4_ 5_ 6_II 7_ 8_ 9_0.0076
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98_343
DH03

00_8097
99_9837

13_05279
13_05318
03_2815

P2000_1070
P2000_1068

00_5166
06_6276
00_2688

RKI00_2084
99_4320

IPD_11654
IPD_21094
99_10354

E46746_87
95_6044

E44600_86
CDC_9033_89

AG_896
K_1613
KO_140

M_J84
KO_170
KO_73

E85944_92
NCID_Az11

As_15858
As_15878

MS_836
Sumoti

NCID_IDH032161
08_06369

KH08_0455
NCID_NK2490
NCID_BCH518

NCID_21
NCID_25

KOI_19
TA1

NCID_D44
NCID_D1

AR_33493
05_7526_PF1

As_19500
38_SH05

997_92
97_7783

E60750_89
99_729

D367_01
D482_95

E35066_84
KO_21_PF1

AD_45
KO_216
KO_120

HUS_137
K_1438

KO_8
Ra_236
KO_54
KO_46

CRIE_160
C_234

CRIE_154
MK_803_C
E29852_83

687_84
E35155_84

25_90
CDC_84_787

740_82bis
40_81

09_6544
KO_47

CRIE_144
CRIE_139
CRIE_239
CRIE_312
CRIE_178
CRIE_240
CRIE_244
CRIE_314

CRIE_1203
CRIE_519

CDC_9021_89
CRIE_1179
E30225_83

CDC_87_3333
CDC_87_3330

48_Laos
3_Laos
KO_49

KO_106_PF1
KO_225

E3208_76
E35062_84

KO_226
KO_231

CDC_80_547_PF1
E2797_74
E4794_76
SPH_1546
SPH_2395
SPH_755
SPH_201

M_18
KO_131

CDC_9025_89
219_85

E2427_73
E16184_79

151_77
E2866_73
E3008_73

SZ1250_36_74
E15_74

E1347_72
Wurzburg_206

F_134
sdZM603

CDC_3099_85
CDC_BU22X2
CDC_BU53M1

Iris_1349_87
E39084_85

Iris_KAT1
Iris_KAT4

CDC_B9624_PF1
2104

C5778
CDC_Z1

11_81
1205
1650
C413
C596

RAJ_K
C2022

CDC_A5468_PF1
E45448_86bis

3_79
CRIE_1180
CRIE_1175
CRIE_1177
CRIE_2338
CRIE_2458

E1892_72
E2471_73
E2560_73

84_036
E37992_85

99_7947
RKI99_6909

99_5706
84934

RKI99_8842
63478

99_9324
IPD_23

IPD_12009
27_84

7_87_PF1
16_86
12_77
15_77

6_80_PF1
E7926_77bis

CIP56_33_PF1
RIMD3101010

E192_75
E174_75
CRIE_82

HNCMB_20080
CAR7_PF1

CAR18
CAR10
CAR19

2_90_repeat
CIP62_17_PF1
CIP54_95_PF1

M430
M71

CIP106200_PF1
CDC_61_5512

91R14
CDC_92_9000

91R17
CDC_84_305

23_84
CDC_C838
CDC_C897

CDC_70_3827
CDC_69_3823
CDC_69_3818

E1012_74
C_164

CDC_79_1480bis
CDC_C1041

CDC_C1039bis
2735

CDC_1007_74
CDC_62_5000_PF1

450
CDC_55_986_PF1

M160
NIPHW_373
NIPHW_18
NIPHW_17

NIPHW_374
NIPHW_371
CRIE_1172

CRIE_904
Shigella_dysenteriae_Sd197_v1

Sd197_PF1
WR1414

Udorn7
CIP53_136_PF1
HNCMB_25023
HNCMB_25022
CDC_53_3937

60R
Hanabusa

M220
HNCMB_20003
HNCMB_20002

PCM_159
CIP55_137_PF1

Sh46_58
Sh45_58
Sh30_44

IPSP_14_941
HNCMB_20001

PCM_126
RKI1966

IPSP_14_940
IPSP_14_939
IPSP_15_159

CIP57_28_PF1
CDC_3036_94

17_89_PF1
93_531

91_3127
98_4962_PF1

91_3125
10_87
9_89

E322_74
CIP58_1_PF1

Sh39_47
CDC_1199_PF1

M222
Sh31_44
Sh33_44
Sh37_45

CIP55_90
SH_Lisbonne

CRIE_954
CIP52_27_PF1

Sh14_42
Sh13_41
Sh20_42
Sh21_42
Sh19_42
Sh36_45
Sh29_42
Sh25_42
Sh23_42
Sh24_42
Sh47_58

M117
M118
M188
M216

M63
M217
M189
M119

IPSP_15_158
M159
M165
M116

M115_cloned
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Plasmids Chromosome 
Location of ARGs 

small large 

Keys 
(Continent) Africa America Asia Europe unknown 
(Date) 1915-1959, 1960-1979, 1980-1999, 2000-2011 
(Others) Presence Absence 
!
!

Multidrug resistant plasmids 
 
•  Small (<10 kb) to large size (130 kb) 
•  Local acquisition  
e.g.,  -IncB/O in Central America 

 -IncX1 then I1 in Central Africa 
 -IncK in in Asia 

Chromosomal determinants  
 
•  Transposons:  Tn7 and Tn87-3330 
•  Genomic island: SRL-PAI 
     acquired 6 times 
•  gyrA and parC mutations 

Phase 1 (1960s-1992) 

Phase 2 (after mid 1970s) 



Variants of the 66 kb SRL-PAI 
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CIP106200_England_Military_Hospital_1917

HNCMB_25023_Vietnam_1971

Sh13_41_Germany_1941

99_729_Djibouti_1999

CAR7_Central_African_Republic_2004

E7926_77_Somalia_1977

M159_France_1915

99_5706_Egypt_1999

E1347_72_United_Kingdom_1972

G3_Rwanda_1994

CDC_55_986_Mexico_1955

E60750_89_Pakistan_1989

E1012_74_Mexico_1974

CDC_BU22X2_Burundi_1990

CIP53_136_Vietnam_1952

48_Laos_1988

Udorn7_Thailand_1966

NIPHW_373_Poland_1945

C_234_India_1984

CDC_1199_Mediterranean_area_1944

E35066_84_India_1984

Sd197_China_1950

06_1307_Central_African_Republic_2006

CDC_92_9000_Panama_1991

CDC_ZB37_Zambia_1991

CRIE_314_Uzbekistan_1986

16_86_Mali_1986

CIP62_17_Cameroon_1962

Sh46_58_Belarus_1934

CRIE_1177_Tajikistan_1985
E37992_85_India_1985

Sh30_44_Czechoslovakia_1944

3_79_Indian_Ocean_1979

27_84_Burkina_Faso_1984

KO_8_Bangladesh_1993

CRIE_82_Bangladesh_1974

CDC_9033_89_Nepal_1988

03_2815_Niger_2003

09_6544_Nepal_2009

IPSP_15_159_Russia_1956

CIP58_1_Tunisia_1958

DH06_Central_African_Republic_1996

102_04990_Angola_2002

E322_74_Algeria_1974

HNCMB_20001_Hungary_1935

As_15858_Bangladesh_2003

CRIE_144_Uzbekistan_1988

2_90_Niger_1990

E2560_73_Pakistan_1973

IPSP_15_158_Russia_1956

151_77_Sri_Lanka_1977

CDC_C1041_Mexico_1988

A1_131_Democratic_Republic_Congo_1994

NCID_IDH032161_India_2010

KO_131_Bangladesh_1987

CRIE_904_Vietnam_1987

CDC_87_3330_Thailand_1987

Sh31_44_Czechoslovakia_1944

99_9324_Egypt_1999

M116_England_Military_Hospital_1916

E2866_73_India_1973

Sh39_47_Jugoslavia_1947

M216_England_Military_Hospital_1916

M_18_Thailand_1992

CIP54_95_Burkina_Faso_1954

IPD_21094_Senegal_2001

CIP55_90_Romania_1935

98_4962_Madagascar_1998

Hanabusa_Japan_1927

KO_106_India_1978
E2797_74_India_1974

CDC_62_5000_Guatemala_1962

10_87_Madagascar_1987

13_05318_Niger_2011

CDC_F4578_South_Africa_1993

CIP56_33_Ethiopia_1956

KO_216_Bangladesh_1985

63478_Israel_1997

Iris_1349_87_Rwanda_1987

CDC_F1605M1_Angola_1994

NCID_D1_India_2002

E45448_86_India_1986

CDC_F4046_Kenya_1997

06_6276_Togo_2006

KO_120_Bangladesh_1997

CDC_69_3818_Guatemala_1969

M160_unknown_1917

40_81_India_1981

258_11E_Cameroon_1998

CDC_70_3827_El_Salvador_1970

M222_unknown_1926

M165_unknown_1930

P2000_1068_Sierra_Leone_2000

CDC_A5468_Democratic_Republic_Congo_1981

M188_England_Military_Hospital_1916

M115_England_1926

95_6044_India_1995

K_1438_Bangladesh_2000

M430_unknown_1926

M119_England_Military_Hospital_1916

M217_unknown_1917

E30225_83_Pakistan_1983

84_036_China_1984

CIP52_27_unknown_1944

CDC_80_547_India_1980

M220_Malta_1917

23_84_Mexico_1984

F_134_Somalia_1983

CRIE_312_Uzbekistan_1986

Sh19_42_Czechoslovakia_1942

IPD_23_Senegal_1998
15_77_Senegal_1977
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A 
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D 

•  does not encode new resistance 
compared with plasmids 

•  fec operon 

•  better fitness ?   
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Comparison of PFGE and whole genome sequencing 

ML tree based on 14,677 SNPs 

Conclusion: 
forget PFGE ! 



Conclusions 

•  Sd1 is not a recent pathogen (MRCA 1757, 95% credible interval, 1645 – 
1822) possibly linked to historical outbreaks of the 18th and 19th centuries 

 
•  Interest of historical isolates (extinct lineages, global understanding,…) 

•  Recent lineage IV from South Asia with iterative transmissions to Africa 
(such as V. cholerae and Salmonella enterica serotype Typhi H58) 

•  WGS should be used for investigating Sd1 outbreaks but not PFGE 
 
•  Accumulation of chromosomally-encoded multidrug resistance elements 

(waiting for NDM-1 and other carbapenemases)  

•  Efficient vaccine needed (WRSd1 IIIb, Sc-599 IIIc) 
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