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Farmer et al, 1980

Farmer
Bio-group VP MR

Nitrate
reduction ODC motility inositol dulcitol indole malonate

Gas from
glucose AMG

1 + - + + + + - - - + +

2 + - + + + - - - - + +

3 + - + + - + - - - + +

4 + - + - + + - - - + +

5 + - + + + + - - + + +

6 + - + + + + - + - + +

7 + - + + + + - - - - +

8 + - - + + + - - - + +

9 + - + + + - - - + + +

10 + - + + + - - + - + +

11 + - + + + - + - - + +

12 + - + + + + - + + + +

13 - + + + + + - - - + +

14 + - + - + - - - + + +

15 + - + + + + + + + + -

What is Enterobacter sakazakii ?
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What is Enterobacter sakazakii ?

Farmer
Bio-group VP MR

Nitrate
reduction ODC motility inositol dulcitol indole malonate

Gas from
glucose AMG

1 + - + + + + - - - + +

2 + - + + + - - - - + +

3 + - + + - + - - - + +

4 + - + - + + - - - + +

5 + - + + + + - - + + +

6 + - + + + + - + - + +

7 + - + + + + - - - - +

8 + - - + + + - - - + +

9 + - + + + - - - + + +

10 + - + + + - - + - + +

11 + - + + + - + - - + +

12 + - + + + + - + + + +

13 - + + + + + - - - + +

14 + - + - + - - - + + +

15 + - + + + + + + + + -

16 + - + + + + + - + + +



Enterobacter sakazakii

Group 1

Group 2

Group 4

Group 3

16S rRNA
(Nestlé)



Bio-group
Number 

of strains

16S rDNA

Genomic-group

1-5, 7-9, 11, 13, 14 170 1

16 9 2

15 6 3

6,10,12 4 4

Comparison of 16S rRNA groups & Biotypes
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D i c e  ( O p t : 1 . 0 0 % )  ( T o l  1 . 5 % - 1 . 5 % )  ( H > 0 . 0 %  S > 0 . 0 % )  [ 0 . 0 % - 1 0 0 . 0 % ]
R i b o p r i n t

1
0

0

9
5

908
5

8
0

757
0

6
5

605
5

5
0

R i b o p r i n t

e 7 9 8

E 5 1 5

E 7 9 9

E 4 6 5

E 4 6 4

E 7 9 0

e 7 9 7

E 4 5 6

e 6 0 3

E 8 8 8

E 7 6 9

E 4 8 8

E 6 1 6

e 7 9 3

Z 3 0 3 2

E 6 9 4

E 6 8 1

E 6 8 8

e 6 0 9

E 6 2 5

E 6 2 6

E 6 7 6

e 7 9 1

E 6 8 0

e 6 3 2

E 6 9 9

Z 8 5 8

E 4 6 8

E 2 6 6

Z 9 5 4

E 6 2 3

E 6 2 4

E 2 8 0

E 3 0 9

E 6 2 2

E 8 8 5

E 6 0 4

e 7 7 5

E 3 1 1

E 3 1 4

E 7 6 8

E 7 7 9

E 8 3 0

E 8 8 6

D N 3 4 9

Z 7 5 9

D C F S 1 1 1

E 8 9 2

Z 7 5 9

D C F S 1 1 1

E 8 9 2

E 9 0 0

E 9 0 1

E 8 8 1

E 8 8 0

E 7 3 6

E 6 1 4

E 8 9 3

E 8 3 8

E 8 4 2

E 3 0 2

e 7 5 0

Z 2 3 6

E 3 0 5

E 8 4 1

E 8 4 5

E 8 4 9

E 8 4 6

E 8 9 9

Z E S 4

E 8 3 5

E 8 3 6

E 8 3 9

E 8 5 1

E 8 5 3

Z E S 1 1

E 8 9 4

E 6 2 0

E 8 6 8

E 9 0 2

E 8 2 9

E 6 1 5

E 6 2 1

E 6 1 9

E 6 1 8

e 8 2 5

E 6 0 8

E 6 8 5

E 6 8 4

E 2 6 5

E 7 6 6

E 2 7 1

E 8 2 1

E 8 2 2

E 8 2 3

E 8 9 1

E 8 8 2

D A 1 0 1

D C F S 1 0 9

E 6 5 4

E 6 5 7

E 7 7 0

E 8 6 2

Z 1 0 8 4

E 7 7 0

E 8 6 2

Z 1 0 8 4

E 8 6 0

E 6 2 7

E 5 2 1

E 6 1 2

E 8 6 1

E 2 8 3

E 6 0 7

E 8 8 4

E 8 5 7

E 1 5 1

E 8 9 7

D C F S 1 1 2

e 6 0 2

E 7 6 1

E 7 5 2

Z E S V o 7 / 2 4 9 2 2

E 3 2 8

E 5 3 2

E 4 2 3

E 5 3 9

E 8 6 3

E 2 9 0

E 8 4 3

D N 3 5 2

E 8 5 2

E 2 7 2

E 8 4 0

E 8 4 8

E 8 3 4

E 8 2 8

E 8 3 7

E 8 5 8

E 8 5 9

E 2 7 4

E 8 4 4

D C F S 1 1 0

E 8 9 8

E 3 9 3

E 2 6 9

E 2 9 8

E 2 9 2

E 7 3 9

E 7 6 0

E 7 0 2

E 7 5 1

e 7 9 6

E 5 3 5

E 7 6 2

E 9 0 3

E 8 2 4

E 8 2 7

E 6 5 5

E 6 5 6

E 8 2 7

E 6 5 5

E 6 5 6

E 8 2 6

E 7 5 6

E 2 8 6

e 6 0 1

E 4 4 1

E 4 4 4

E 4 4 5

Z 5 1 6 / 0 5

Z 6 0 1 / 0 5

E 4 2 7

Z 1 1 5 9 / 0 4

Z 5 0 9 / 0 5

Z 1 1 2 9 / 0 4

Z 5 1 3 / 0 5

Z 5 1 7 / 0 5

Z 6 0 3 / 0 5

E 6 3 5

E 4 4 2

E 4 2 2

E 4 2 8

E 4 2 9

E 4 4 6

E 4 5 0

E 4 3 5

E 4 7 5

Z 5 0 8 / 0 5

Z 6 1 0 / 0 5

E 6 4 8

E 7 5 7

E 8 7 0

E 7 3 8

E 8 7 2

E 8 5 4

E 8 7 7

E 8 8 3

E 5 3 1

E 7 1 7

E 6 4 4

E 8 1 4

E 4 3 6

E 4 1 3

e 8 9 0

E 7 4 6

E 8 1 5

E 8 1 9

E 8 7 3

E 9 0 4
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Enterobacter species

Ribotypes
(Eva Bidlas, Nestlé)

Group 4
Group 3

Group 2

Group 1



Dice (Tol 0.2%-0.2%) (H>0.0% S>0.0%) [0.0%-100.0%]
f-AFLP-tab

1
0

0

9
0

8
0

706050403
0

f-AFLP-tab

Pantoeasp.
Esch. hermanii
E. pyrinus
L. adecarboxylata
E. hormaechei
E. amnigenus
C. freundii
E. helveticus
E. asburiae
Esch. vulneris
E. aerogenes
C. koseri
E. turicensis
E. gergoviae

Group 1

Group 1a

Group 2

Group 2a

Group 3

Group 4

f-AFLP
(BCCM/LMG)



C. sakazakii C. turicensis C. muytjensii C. malonaticus C. dublinensis

C. sakazakii 

(biogroup 1)
70.0 ±2.4

C. turicensis 

(biogroup 16)
54.5 ±4.8 86.1 ±1.3

C. muytjensii

(biogroup 15)
41.1 ±9.3 56.0 ±4.2 91.9 ±4.9

C. malonaticus 

(biogroup 5, 9 & 14)
56.1 ±2.7 54.0 ±8.1 54.3 �s0.3 95.6 �s�s�s�s7.2

C. dublinensis 

(biogroup 6, 10, 12)
43.0 ±14.6 36.8 ±2.2 54.5 ±4.7 46.4 �s1.3 86.3 ±12.6

Cronobacter

genomospecies 1 
55.0 ±0.8 55.0 ±3.3 53.1 ±6.6 60.1 �s1.3 45.9 ±2.0

DNA-DNA Hybridization - % re-association

Iversen, et al., (2007) BMC Evol Biol    &     Iversen, et al., (2008) IJSEM



Biochemical differentiation of Cronobacter species



Enterobacter sakazakii = Cronobacter gen. nov .

GENUS - Cronobacter
Iversen et al. 2008, gen. nov. 

SPECIES - Cronobacter sakazakii (TYPE)
(Farmer et al. 1980) Iversen et al. 2008, comb. nov. 

Cronobacter malonaticus
Cronobacter muytjensii
Cronobacter turicensis
Cronobacter dublinensis
Iversen et al. 2008, sp. nov. 

SUBSPECIES
Cronobacter dublinensis subsp. dublinensis
Cronobacter dublinensis subsp. lactaridi
Cronobacter dublinensis subsp. lausannensis
Iversen et al. 2008, subsp. nov. 

Also – Cronobacter genomospecies 1



Terminology



Enterobacter

Klebsiella

Escherichia

Pantoea

Salmonella

~49 
Genera

Enterobacteriaceae

E. sakazakii

�(�V�����F�R�O�L

�(�V�����Y�X�O�Q�H�U�L�V

�.�����R�[�\�W�R�F�D

�.�����S�Q�H�X�P�R�Q�L�D�H
�(�����F�O�R�D�F�D�H

�(�����S�X�O�Y�H�U�L�V���H�W�F

�V�H�U�R�Y�D�U�V

P. agglomerans

P. ananatis

Taxonomy of Enterobacteriaceae



Klebsiella

Escherichia

Pantoea

Salmonella

Enterobacteriaceae

�(�V�����F�R�O�L

�(�V�����Y�X�O�Q�H�U�L�V

�.�����R�[�\�W�R�F�D

�.�����S�Q�H�X�P�R�Q�L�D�H

�V�H�U�R�Y�D�U�V

P. agglomerans

P. ananatis

Enterobacter

�(�����F�O�R�D�F�D�H
�(�����S�X�O�Y�H�U�L�V���H�W�F

~50 
Genera

�&�����V�D�N�D�]�D�N�L�L
Cronobacter

�&�����V�D�N�D�]�D�N�L�L
�&�����W�X�U�L�F�H�Q�V�L�V

�&�����P�D�O�R�Q�D�W�L�F�X�V

�&�����G�X�E�O�L�Q�H�Q�V�L�V

�&�����P�X�\�W�M�H�Q�V�L�L

Taxonomy of Enterobacteriaceae
- revised



• Valid publication Iversen et al . IJSEM June 2008

� New classification has standing in nomenclature

• CODEX ALIMENTARIUS

• WHO

• FAO

Recognition



Association with infants

Greek Mythology - Cronos 

(a.k.a. Cronus or Kronos)

He was the leader and the youngest 
of the first generation of Titans. 
He overthrew his father, Uranus, 
and ruled during the mythological 
Golden Age.

He swallowed his children at birth to 
prevent  them usurping him, but was 
eventually overthrown by Zeus.

Why Cronobacter  ?

Cronus & Rhea, Athenian red-figure pelike
C5th B.C., Metropolitan Museum of Art, New York



�(�Q�W�H�U�R�E�D�F�W�H�U���V�D�N�D�]�D�N�L�L

�&�U�R�Q�R�E�D�F�W�H�U�����&�U�R�Q�R�E�D�F�W�H�U�����&�U�R�Q�R�E�D�F�W�H�U�����&�U�R�Q�R�E�D�F�W�H�U����
�J�H�Q�����Q�R�Y���J�H�Q�����Q�R�Y���J�H�Q�����Q�R�Y���J�H�Q�����Q�R�Y��

�*�U�R�X�S����
�&�U�R�Q�R�E�D�F�W�H�U���V�D�N�D�]�D�N�L�L���	��
�&�U�R�Q�R�E�D�F�W�H�U���P�D�O�R�Q�D�W�L�F�X�V

�*�U�R�X�S����
�&�U�R�Q�R�E�D�F�W�H�U���P�X�\�W�M�H�Q�V�L�L

�*�U�R�X�S����
�&�U�R�Q�R�E�D�F�W�H�U���G�X�E�O�L�Q�H�Q�V�L�V

�*�U�R�X�S����
�&�U�R�Q�R�E�D�F�W�H�U���W�X�U�L�F�H�Q�V�L�V���	��
�&�U�R�Q�R�E�D�F�W�H�U���J�H�Q�R�P�R�V�S�H�F�L�H�V����

Full 16S rRNA
(Nestlé Research Centre, 

Switzerland)

�(�Q�W�H�U�R�E�D�F�W�H�U���W�X�U�L�F�H�Q�V�L�V

�(�Q�W�H�U�R�E�D�F�W�H�U���K�H�O�Y�H�W�L�F�X�V

�(�Q�W�H�U�R�E�D�F�W�H�U���S�X�O�Y�H�U�L�V

�Þ ���J�O�X�F�R�V�L�G�D�V�H���S�R�V�L�W�L�Y�H��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�S�H�F�L�H�V

Mis-identified as Pantoea, 
Escherichia vulneris and 
Buttiauxella.

�Þ���J�O�X�F�R�V�L�G�D�V�H���Q�H�J�D�W�L�Y�H��
�«�(�Q�W�H�U�R�E�D�F�W�H�U���V�D�N�D�]�D�N�L�L���¬
�D�U�H���(�����F�O�R�D�F�D�H���F�R�P�S�O�H�[���V�S�S��

�(�����F�O�R�D�F�D�H

�(�����D�V�E�X�U�L�D�H
�(�����K�R�U�P�D�H�F�K�H�L

Mis-identified as 
E. sakazakii



Novel Enterobacter species

Enterobacter  turicensis 
Enterobacter  helveticus

Stephan et al, (2007) Enterobacter turicensis, sp. nov. and 
Enterobacter helveticus, sp. nov. isolated from fruit powder. 
Int. J. Systematic and Evolutionary Microbiology 57, 820-826. 

Enterobacter  pulveris

Stephan et al, (in press) Enterobacter pulveris, sp. nov. isolated from 
fruit powder, infant formula and infant formula production 
environment. 
Int. J. Systematic and Evolutionary Microbiology

Sources – desiccated environments, dried infant food s, 
other dried foods, processing plants

Characteristics    – yellow pigment, aaaa-glucosidase 



Cronobacter sakazakii neonates (NEC, meningitis), spinal fluid, 
ear, throat, eye, faeces, abdominal pus, 
sputum, dried food, baby food, milk 
powder, whey powder, factory

Cronobacter malonaticus neonates, blood, breast abscess, throat, 
faeces, dried food, baby food, milk 
powder, factory

Cronobacter turicensis neonates (meningitis), dried food, baby 
food, factory

Cronobacter muytjensii bone marrow, dried food, milk powder, 
factory

Cronobacter dublinensis blood, foot, water, milk powder, factory
Cronobacter genomosp. 1 water, dried food

Enterobacter turicensis dried food
Enterobacter helveticus dried food, milk powder, factory 
Enterobacter pulveris dried food, milk powder, factory

Sources of isolates



Summary

• Enterobacter sakazakii = Cronobacter genus

• All Cronobacter species are potentially pathogenic. 

• Novel Enterobacter species are a challenge to 
isolation and identification methods but present no 
known health risk.

• Isolation, identification and typing methods currently 
developed for Enterobacter sakazakii should apply to 
Cronobacter spp.
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