
Development of a CEN-ISO horizontal standard method 
for detection of Cronobacter

Han Joosten
Nestlé Research Centre

Switzerland

Carol Iversen
University College Dublin

Ireland



Outline

• History
• Development of ISO-TS 22964:2006
• Improvement needs 

• Current status 
• Composition ad’hoc group
• Comparative-collaborative trial 
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• Comparative-collaborative trial 
• Milk powder problems
• Selection of best protocol 

• Next steps
• DIS approval
• « Validation »



Background to ISO method

TC34 ‘Food Products’ - SC9 ‘Microbiology’; SC5 ‘Milk Products’
IDF - International Dairy Federation

July 2002
FDA publish unvalidated method for E. sakazakii on internet

Dec 2002
TC34/SC9 first raise problem of E. sakazakii in infant formula
R.208 to collect data and methodsR.208 to collect data and methods

2003
Nestlé develop mLST method

2004
comparative study of mLST method across 5 labs using milk-based formula

Apr 2004
urgent need for reference method recognized, major food matrix involved is 
milk-based, validation data available 
R.225 transfer to TC34/SC5 - IDF for a sectorial Technical Specification



Sep 2004
detection of E. sakazakii becomes a NW1 proposal and draft within 
ISO/SC5/IDF

May 2005
decision to publish a joint ISO/TS - IDF/RM (ISO/TS 22964)

Background to ISO method

June 2005
decision to launch horizontalization of ISO/TS 22964 to become a full decision to launch horizontalization of ISO/TS 22964 to become a full 
standard - need to improve the method and validate for other matrices
R.258 set up Ad’hoc group ‘E. sakazakii’

Jan 2006
publication of ISO/TS 22964 - IDF/RM 210

Feb 2006
1st meeting of ISO/SC9 Ad’hoc group ‘E. sakazakii’ (scope of method, 
reliability of identification criteria, improvements to media)



FDA-BAM method (aug 2002)

• Day 1
• prepare 1:10 suspension of the product in sterile water
• Incubate overnight at 36°C

• Day 2
• Transfer 10 ml to 90 ml selective broth (EE)
• Incubate overnight at 36°C

• Day 3
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• Day 3
• VRBG spread plate and streak plate (0.1 ml and 10 µl, resp) 
• Incubate overnight at 36°C

• Day 4/5/6
• Transfer “typical”colonies onto TSA 
• Incubate 48-72h at 25°C

• Day 7
• Perform identification tests on yellow colonies with API20E



ISO TS 22964:2006 mLST- ESIA

• Day 1
• prepare 1:10 suspension of the product in buffered peptone water
• Incubate overnight at 37°C

• Day 2
• Transfer aliquot to new selective broth (LST + 0.5 M NaCl + vancomycin )
• Incubate 24h at 44°C

• Day 3
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• Day 3
• Streak onto ESIAtm agar
• Incubate 24h at 44°C

• Day 4/5
• Transfer typical colonies onto TSA 
• Incubate 48 at 25°C

• Day 6
• Perform identification tests on yellow colonies



Isolation agar (ESIA TM)

E. sakazakii
Blue or blue/green colonies

44°C / 18-24 hrs
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non- E. sakazakii
mauve (weak purple) colonies



Comparison ISO/TS with FDA method

 
 FDA 

 
mLST  

- ESIA 
n  
 

522 522 

positive 
 

77 154 
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% positive 
 

14,8 29,5 

+ ESIA 
n  
 

365 365 

positive 
 

133 162 

% positive 
 

36,4 44,4 
 

COKZ, the Netherlands 2004



Improvement needs ISO TS 22964

• Target « E. sakazakii » not clearly defined
• More than one species?
• Existence of problematic « other » a-glucosidase positive strains

• Yellow pigment used as a criterium for identification
• Limited scope

• Does not cover soy-based formula, PIF ingredients other than milk powder
•
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• Doubts about suitability for some milk powders

• mLST and ESIA too selective
• Some Cronobacter strains inhibited by laurylsulphate and crystal violet
• 44°C too high

• Not officially validated
• EC has mandated CEN to provide validated standard methods for all 

pathogens listed in EU regulation 2073



Ad’hoc group horizontal Cronobacter
standard

• Work initiated 2006
• Ca. 15 members
• Project leader: D. van den Berg (until end 2007)
• Since 2008: H. Joosten and C. Iversen
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Improving ISO TS 22964

• Target « E. sakazakii » not clearly defined: Resolved

• Yellow pigment: Criterium no longer used

• Limited scope: 
• Does not cover soy-based formula, PIF ingredients other than milk powder:

New standard method will be horizontal (all foods)
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New standard method will be horizontal (all foods)
Focus on PIF and ingredients
Wider scope not expected to be analytical challenge

• Doubts about suitability for some milk powders
Inventarisation of prevalence of problem
No yet resolved, need to change pre-enrichment procedure?

• mLST and ESIA too selective

• Not officially validated



Poor growth of Cronobacter in milk 
powder + BPW

12 / Jan 2009H. Craven, Food Science Australia



Growth of Enterobacteriaceae in milk powder 
reconstituted with BPW and improved variants

4

5

6

7

8

9
lo

g 
cf

u/
m

l

13 / Jan 2009

0

1

2

3

4

lo
g 

cf
u/

m
l

Cb1 Cb2 Cb3 Cb4 Cb5 CB6 Cb7 Cb8 Cb9 Cb10 Citrob. E.
cloacae

Strain:

BPW

BPW + vancomycin 

BPW + 8-hydroxyquinoline +  ammonium iron(III) citrate + sodium deoxycholate + sodium pyruvate

R. Stephan et al, unpublished results



Pre-enrichment: replace/improve BPW?

• BPW universal pre-enrichment broth
• E.g. also used for Salmonella, Enterobacteriaceae detection
• US-FDA is considering to use it

• Limited data available on performance
• Mostly in conjunction with entire detection procedure
• Inhibition of gram positive bacteria would be desirable
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• Inhibition of gram positive bacteria would be desirable
• Some Gram negative bacteria very sensitive to antimicrobials targeted 

against Gram positives
• Sublethal stress increases sensitivity
• Costs, practical aspects 



Improving ISO TS 22964

• Target « E. sakazakii » not clearly defined: Resolved

• Yellow pigment: Criterium no longer used

• Limited scope: 
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• Limited scope: 
• Does not cover soy-based formula, PIF ingredients other than milk 

powder
• Doubts about suitability for some milk powders

• mLST and ESIA too selective: Develop better 
alternatives

• Not officially validated



Mean (n=12 strains)

80

100

120

%
 g

ro
w

th

NADE
Oxoid-Bile Salts no. 3
Vancomycin

Sensitivity to selective agents

0

20

40

60

1 10 100 1000

% working concentration [log scale]

%
 g

ro
w

th

Crystal Violet

Lauryl Sulphate

Brilliant Green
SIGMA-Oxbile
DIFCO-Oxgal



Tryptone 16 g

Peptone 4 g

NaCl 34 g

Sucrose 3 g

K2HPO4 2.75 g

Improved enrichment broth 
(Cronobacter broth - CB)

K2HPO4 2.75 g

KH2PO4 2.75 g

Na deoxycholate (NADE) 0.2 g

vancomycin hydrochloride 10 mg

H20 1000 ml

pH 6.5 �s0.1



• CSB Cronobacter Screening Broth
�µ �'�H�V�L�J�Q�H�G���I�R�U���P�D�[�L�P�X�P���J�U�R�Z�W�K���R�I���(�����V�D�N�D�]�D�N�L�L
�µ �&�R�Q�W�D�L�Q�V���L�Q�G�L�F�D�W�R�U���W�R �V�F�U�H�H�Q���R�X�W���Q�H�J�D�W�L�Y�H���V�D�P�S�O�H�V��

���U�H�G�X�F�H���F�R�V�W�V�����H�D�U�O�L�H�U���S�U�R�G�X�F�W���U�H�O�H�D�V�H��
�µ �&�R�P�S�R�V�L�W�L�R�Q����

�µ�3�H�S�W�R�Q�H �������J
�µ�0�H�D�W���H�[�W�U�D�F�W �����J

Alternatives for mLST
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�µ�0�H�D�W���H�[�W�U�D�F�W �����J
�µ�1�D�&�O �����J
�µ�6�X�F�U�R�V�H �������J
�µ�%�U�R�P�R�F�U�H�V�R�O���S�X�U�S�O�H �����������J
�µ�9�D�Q�F�R�P�\�F�L�Q �������P�J
�µ�+���� �����������P�O
�µ�S�+ ��������± ������

�µ �,�Q�F�X�E�D�W�L�R�Q���F�R�Q�G�L�W�L�R�Q�V���� ����°�&���������K



Sensitivity of CSB

108   107   106   105   104   103   102   101  100 

The minimum inoculum required for strain E770 to ferment CSB in 24h was 102 cfu/ml.

Therefore 104 cfu/ml is required after pre-enrichment given a 1:100 dilution into CSB



Alternatives for ESIA

• mDFI 
Cronobacter
blue or blue/green colonies
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• ESPM
Cronobacter
blue/black colonies



Comparative/Collaborative trial (2007)

• 10 laboratories
• AFSSA, FR
• CLF (Milupa), DE
• COKZ, NL
• Teagasc (Moorepark Dairy Products Research), IE 
• Federal Office of Public Health (BAG), CH
• Health Protection Agency, UK
• Nestlé Research Centre, CH
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• Nestlé Research Centre, CH
• Steins, DK
• University College Dublin, IE
• ILS University of Zurich, CH

67 prepared samples 
10 strains (including Cronobacter spp. type strains and sensitive strains)
5 matrices (3 x IFM; 2 x factory environmental samples) 
controls (unspiked matrices, non-Es spiked matrices)

The samples were spiked at low levels (�  10 cfu/10g)
• 10+ commercial infant formula samples (CSB only)



Procedure

Day 0
1:10 sample homogenate in buffered peptone water (10g + 90ml)
Incubate overnight at 37� C

Day 1
1:100 in CSB, CB (x2), mLST
Incubate 24h at 42� C (CSB & CB), 44� C (CB & mLST)

Day 2
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Day 2
Streak all broths onto chromogenic agar (mDFI, ESPM, ESIA)
Incubate 24h at 42� C (mDFI & ESPM), 44� C (ESIA)

Day 3
Transfer positive colonies onto TSA 
Incubate 24h at 37� C

Day 4
Perform identification tests (ID 32E/MR-VP)



METHOD Total products Positive products % positive

CSB alone 104 13 12.5%

CSB + ESIA 104 2 1.9%

CSB + mDFI 104 2 1.9%

CSB + ESPM 104 2 1.9%

CSB results with commercially available 
product samples
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CSB + ESPM 104 2 1.9%

The CSB discounted 89% of uncontaminated samples within 48 h.



METHOD True Pos False Pos True Neg False Neg Sensitivity Specificity

csb-espm 256 5 85 14 94.8% 94.4%

csb-mdfi 246 0 90 24 91.1% 100.0%
csb-esia 225 0 90 45 83.3% 100.0%

cb44-espm 191 2 88 79 70.7% 97.8%

cb44-mdfi 183 0 90 87 67.8% 100.0%

cb44-esia 165 0 90 105 61.1% 100.0%

Product samples
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cb42-espm 206 1 89 64 76.3% 98.9%

cb42-mdfi 193 1 89 77 71.5% 98.9%

cb42-esia 170 1 89 100 63.0% 98.9%

mlst-espm 231 2 88 39 85.6% 97.8%

mlst-mdfi 213 1 89 57 78.9% 98.9%

mlst-esia 206 1 89 64 76.3% 98.9%

•In product samples the CSB-ESPM had 94.8% sensitivity and 94.4% specificity.

•The CSB-mDFI method had 91.1% sensitivity and 100% specificity. 



METHOD True Pos False Pos True Neg False Neg Sensitivity Specificity

csb-espm 71 2 56 114 38.4% 96.6%

csb-mdfi 107 1 58 77 58.2% 98.3%

csb-esia 91 2 57 93 49.5% 96.6%

cb44-espm 30 1 59 153 16.4% 98.3%

cb44-mdfi 46 0 62 135 25.4% 100.0%

cb44-esia 38 0 63 142 21.1% 100.0%

Environment samples
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cb42-espm 26 2 60 155 14.4% 96.8%

cb42-mdfi 45 1 61 136 24.9% 98.4%

cb42-esia 41 1 61 140 22.7% 98.4%

mlst-espm 78 2 57 106 42.4% 96.6%

mlst-mdfi 93 2 58 90 50.8% 96.7%

mlst-esia 89 2 58 94 48.6% 96.7%

•�,�Q���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�D�P�S�O�H�V���W�K�H���&�6�%���P�'�)�,���P�H�W�K�R�G���K�D�V���W�K�H���E�H�V�W���R�Y�H�U�D�O�O���V�H�Q�V�L�W�L�Y�L�W�\���D�Q�G�����V�S�H�F�L�I�L�F�L�W�\��

•�7�K�H���&�%�������P�'�)�,���K�D�G���W�K�H���E�H�V�W���V�S�H�F�L�I�L�F�L�W�\�����������������E�X�W���D���Y�H�U�\���O�R�Z���V�H�Q�V�L�W�L�Y�L�W�\����������������



Best candidate for new ISO standard

Day 0
1:10 sample homogenate in buffered peptone water
Incubate overnight at 37� C

Day 1
1:100 in Cronobacter Sucrose Broth (CSB)
Incubate 24h at 42� C

Day 2
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Release negative batches at 48h
Streak only positive broths onto chromogenic agar (mDFI)
Incubate 24h at 42� C

Day 3
Transfer positive colonies onto TSA 
Incubate 24h at 37� C

Day 4
Perform identification tests



Further support for CSB + mDFI

Method

Nr of confirmed Cronobacter isolates

Product*
(n=322)

Ingredients*
(n=146)

Environment*
samples 
(n= 482)

FDA 7 5 13
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FDA 7 5 13

ISO TS 22964 7 16 46

CSB + mDFI 7 16 47

From: Carol Iversen, Patrick Druggan, Sandra Schumacher, Angelika Lehner, Claudia Feer, Karl 
Gschwend, Han Joosten, Roger Stephan. (2008) 
Development of a novel screening method for the isolation of Cronobacter spp. (E. sakazakii). 
Applied and Environmental Microbiology 74, 2550-2552.

* Naturally contaminated



Improving ISO TS 22964

• Target « E. sakazakii » not clearly defined: Resolved
• Yellow pigment: Criterium no longer used
• Limited scope
• mLST and ESIA too selective: Develop better 

alternatives
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alternatives
• Not officially validated New method will be « validated »

• ISO 16140 does not provide a procedure for validation of reference 
methods

• Will be covered by new version 
• Only procedure to establish performance characteristics
• Fit for purpose?

• Validation work will be funded by EU



Finishing the job
…....a long and winding road

• Select best protocol
• Write DIS (Draft International Standard)
• DIS vote
• Review comments, modify procedure evt. 
• Validation studies according to the new version of ISO 16140

• In- and exclusivity
• Limit of detection
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• Limit of detection
• Suitability different matrices (7)
• Collaborative study
• ….

• FDIS (Final Draft International 
Standard)

• Vote
• Editorial changes
• Issue new standard …..2012?
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