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Webinar Housekeeping
• It is important to note that all opinions and statements are those of 

the individual making the presentation and not necessarily the opinion 
or view of IAFP.

• All attendees are muted. 

• Questions should be submitted to the presenters during the 
presentation via the Questions section at the right of the 
screen. Questions will be answered at the end of the 
presentations.

• This webinar is being recorded and will be available for access by IAFP 
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An introduction to Cronobacter species
–a food-borne pathogen of concern to PIF manufacturers
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General characteristics-

- member of the Enterobacteriaceae family

- Gram-negative, motile rods

- facultatively anaerobic

- designated as a species in 1980

- taxonomy revised and a new genus 

recognised

- grows readily on laboratory media

- desiccation resistant

- rare opportunistic pathogen & causes

nosocomial infections

Cronobacter species 

(formerly known as Enterobacter sakazakii) -



Reported invasive Cronobacter infections recorded 

among infants in the US & recent global cases/outbreaks -

Location Year Number of cases

USA 2022 4

USA 2016 1

Australia 2015 1

USA 2011 4

Mexico 2010 2

Spain 2007 1

India 2006 1

USA 2005 1

Recent global cases/outbreaks-





Raw Ingredients¶

Wet Blend¶

Heat

Dry†

Packing [Powdered IF]

Storage†

Preparation†

Consume†

Intrinsic contamination-

Extrinsic contamination-

Routes of contamination in reconstituted formula -

[Nazarowec-White and Farber (1997) Int. J. Food Microbiol. 34: 103-113]

Industry controls

Home/hospital

controls

- (dry) heat

- low-moisture

- limited nutrients

- sanitizers

- microbiome



Ingestion

Attach to 
intestinal  
epithelia

(NEC?)

Survive acidic pH of 
stomach

Cross into vascular system 
(translocation)

Survive in vascular system

(Bacteraemia/Sepsis)

Cross BBB 

Meningitis!

Antibiotic susceptible testing 
Macrophage survival assay phoP/Q

acrAB-tolC

ompA



Invasive E. sakazakii disease in infants -

Infection is linked to infant formula

Neonates < 1 month are at most risk

46 cases

33 meningitis

- birth weight, 2.5 kg
- 37 weeks gestation
- infection developed at 6 days

- 11 (33%) seizures
- 7 (21%) brain abscess
- 14 (42%) died

12 bacteremia

- birth weight 850 g
- 27.8 weeks gestation
- infection developed at 35 days

1 UTI

- 24 of 26 infants consumed infant milk formula
- 15 (68%) of 22 cases yielded Enterobacter sakazakii
- 13 of the 22 formula strains were identical

[Bowen and Braden (2006) Emerg. Infect. Dis. 12: 1185-90]



23

1.4 Incidence of Cronobacter spp. infections, 

United States, 2003-2009

[Patrick et al. (2014) Emerg Infect Dis. 20(9):1536-9.] 



Properties Description

Symptoms - Necrotizing enterocolitis

- Bacteraemia

- Meningitis

Long term complications - Delayed neurological development

- Hydrocephalus

- Permanent neurological damage

Infectious dose Not known

Infectious period Not known

Duration of illness Not known 

Food most frequently implicated Powder Infant formula

Characteristics of food-borne illness (in infants) 

following Cronobacter infection -



Plants may be the natural 

habitat for Cronobacter species-

➢ physiological features such as 

yellow pigmentation; EPS; and 

persistence in a desiccated state 

suggest that the bacterium may 

have an environmental niche

➢ Cronobacter have been isolated 

from plant roots

➢ the bacterium can be found in 

association with the 

rhizosphere

➢ Cronobacter can 

endophytically colonize the 

roots of tomato and maize 

plants

[Schmid, et al (2009) Res. Microbiol. 160: 608-614]

What is the source of Cronobacter? 



Enterobacter sakazakii

Cronobacter gen. nov.

Group 1
Cronobacter sakazakii & 

Cronobacter malonaticus

Group 3
Cronobacter muytjensii

Group 4
Cronobacter dublinensis

Group 2
Cronobacter turicensis & 

Cronobacter universalis

Siccibacter turicensis

Franconibacter helveticus

Franconibacter pulveris

α -glucosidase positive 

environmental species

Mis-identified as Pantoea, 
Escherichia vulneris and Buttiauxella.

α-glucosidase negative 

‘Enterobacter sakazakii ’

are E. cloacae-complex spp.

E. cloacae

E. asburiae
E. hormaechei

Mis-identified as 
E. sakazakii

[Iversen, et al., (2004) J. Clin. Microbiol. 42: 5368-5370]

[Iversen, et al., (2007) BMC Evol. Biol. 7: 64]

[Iversen et al., (2008) Int. J. Syst. Evol. Microbiol. 58: 1442-1447]

[Stephan et al., (2014) Int. J. Syst. Evol. Microbiol. 64:3402-3410 ]



Cmal

Cuni
Ctur

Cmuy/Cdub

Franconibacter

Siccibacter

Nearest neighbors

Phylogeny of Cronobacter species 

and nearest neighbors using 

SNPs of 300 random 

orthologous genes
Csak

Cronobacter species

Non-Cronobacter species

[Stephan et al (2014) Int. J. Syst. Evol. Microbiol. 64: 3402-3410 ]

Ccon



Comparing the phenotypes between Cronobacter and Enterobacter species?

Enterobacter helveticus 

Enteronacter pulveris

Franconibacter helveticus

Franconibacter pulveris

Enterobacter turicensis Siccibacter turicensis

[Stephan et al (2014) Int. J. Syst. Evol. Microbiol. 64: 3402-3410 ]



ST1

ST4

Motility –swim assay

PIF origin Clinical origin

CQ74 CQ113

CQ14 CQ27

E654 E657

206N E788

patho-adaptation [?]

[Yan et al., (2015) Appl. Env. Microbiol. 81: 4388-4402 ]
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[Mullane et al., (2007) Int. J. Food Microbiol.  116: 173-81]

[Brengi et al., (2012) Foodborne Pathog. Dis. 9: 861-867]



Note:  

Similarity: 99%;  

Tolerance: 1.5%;  

Optimization: 1.5%
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2.1 Cronobacter sakazakii SP291

A uniquely adapted 

Cronobacter sakazakii isolate

detected in a PIF 

production environment using

PFGE sub-typing

[Cooney, S. (2012) PhD thesis. University College Dublin]



Tolerance to desiccation with time -

	

	



[Cooney, S. (2012) PhD thesis. University College Dublin]

Strain Species Origin
D60 value (min)

Dry heat Wet heat

ATCC®12868 Cronobacter sakazakii Unknown 52.37 0.18

ATCC®BAA-894 Cronobacter sakazakii PIF 27.19 0.16

SP291 Cronobacter sakazakii
PIF 

environment
120.28 0.15

S15 Salmonella Anatum PIF 52.37 0.28

S34 Salmonella Ealing Clinical 66.4 0.16

ATCC®13076 Salmonella Enteritidis Unknown 90.54 0.18

Thermo-tolerant Cronobacter sakazakii SP291 -

What are the bacterial characteristics that contribute 

to survival of C. sakazakii SP291 at low-moisture in the PIF environment?

RNA-seq-

to explore the transcriptome



Chromosome

4.3-Mb

pSP291-1

118.1-kb

pSP291-2

52.1-kb

pSP291-3

4.4-kb

[Yan et al. (2013). Front. in Microbiol. 4: 256] 

Genome of Cronobacter sakazakii SP291 -

4,025 CDS

22 rRNA

82 tRNA



Cronobacter sakazakii SP291

Early Stationary Phase Desiccation

Total RNA

RNA-seq

Desiccation

Early Stationary
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GENE
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Relative Expression
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(Gene expression)

GENE GENE
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RNA-seq work plan -

NO CHANGE IN 
GENE EXPRESSION

(n = 2593)

HIGHLY 
DOWN - REGULATED

(n = 115)
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UP - REGULATED

(n = 361)



[Srikumar et al., (2019) Appl. Env. Microbiol. 85: e019932]



Category Gene Number

Osmotic stress 37

Cold & heat shock 25

Dessication stress 10

Detoxinfication 11

Oxidative stress 65

Periplasmic stress 7

Others 29

Total number 184

No. Gene Size (bp) Function

1 betB 1472 Betaine aldehyde dehydrogenase 

2 betA 1679 Choline dehydrogenase 

3 betI 608 Helix-turn-helix (HTH)-type transcriptional regulator BetI

4 betT 2030 High-affinity choline uptake protein BetT

5 opuCA 1145 Glycine betaine/carnitine/choline transport, ATP-binding protein OpuCA

6 opuCB 647 Glycine betaine/carnitine/choline transport, ATP-binding protein OpuCB

7 opuCC 905 Glycine betaine/carnitine/choline transport,  ATP-binding protein OpuCC

8 opuCD 713 Glycine betaine/carnitine/choline transport, ATP-binding protein OpuCD

9 proP 1506 L-Proline/Glycine betaine transporter ProP

10 proV 1202 L-Proline/glycine betaine ABC transport system permease protein ProV

11 proW 1070 L-Proline glycine betaine ABC transport system permease protein ProW

12 proX 995 L-Proline glycine betaine binding ABC transporter protein ProX

13 yehX 941 Osmoprotectant ABC transporter ATP-binding subunit YehX

14 yehZ 908 Osmoprotectant ABC transporter binding protein YehZ

15 yehW 731 Osmoprotectant ABC transporter inner membrane protein YehW

16 yehY 1,133 Osmoprotectant ABC transporter permease protein YehY

Stress response genes identified in C. sakazakii SP291 -



The expression of stress response genes during desiccation -

proX proW proVbetT betI betA betB

Betaine metabolism Proline metabolism

ESP

ESP

D
e

s
ic

c
a

ti
o

n

> 4-fold up-regulated



3.6 qPCR assay of selected genes

R² = 0.9985
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Genes selected

qPCR RNA-seq

Confirmation of expression by qPCR -



0

1.0 X 108

2.0 X 108

3.0 X 108

4.0 X 108

5.0 X 108

6.0 X 108

7.0 X 108

13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h 24h 25h 26h 27h 28h 29h

SP291 NaR
SP291 NaR ∆otsBA

SP291 NaR

SP291 NaR ∆otsBA

A B

B
a
ct

er
ia

l 
C

F
U

m
L

-1

0

20

40

60

80

100

0h 1h 2h 3h 4h 5h 6h 7h 8h

Time in hours Time in hours

%
 S

u
rv

iv
a
l

Growth in rich media
Desiccation 

Survival

Outer membrane

Inner membrane

TREHALOSE METABOLISM

SAP

Trehalose
treA

Glucose
ptsGTrehalose

lamB Trehalose

treB

Glucose
+
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- Stage I (Desiccation 0-1 h)

o no obvious change in viable cell count

- Stage II (Desiccation 1 to 2 h)

o liquid on the coupon evaporated completely

o a sharp reduction in the viable cell count (~2.5 

log10 reduction in 1 h for ATCCTM29544)

- Stage III (Desiccation 2 to 4 h)

o bacteria were continuously desiccated on the 

coupon

o decrease in viable cell counts at a much 

slower rate (~1 log10 reduction in 2 h for 

ATCCTM29544)

- Stage IV (Rehydration 0-30 min)

o viable cell count change for C. sakazakii

ATCCTM29544 was larger than that for SP291 

during each stage

Comparison between the desiccation curves of-

C. sakazakii ATCCTM29544T (clinical) and C. sakazakii SP291 (environmental)-

EEP

MEP LEP
LSP

DP

RP

[Cao, et al. Appl. Env. Microbiol. (2021) 10.1128/AEM.00820-21]

[Srikumar, et al. Appl. Env. Microbiol. (2019) 85: e01993-18]
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Datasets

Insight of microbial 
communities

16S rRNA ITS

Taxonomy profile
(bacterial/fungal

genus-species resolution)

Diversity and abundance

Shotgun Sequencing

Taxonomy profile
(bacterial/fungal/archaea/viruses)

species-strain resolution)

Metagenomic assembly and binning

Metabolic pathway analysis and function profiling

Selected marker genes profiling

Mining and 
integration

Integration of the datasets information
and experimental results

Overall strategy for sequencing a food/environmental sample 

containing multiple microorganisms

16S rRNA sequencing/metagenomics -

[Bourdichon, et al., (2021) Int. J. Food Microbiol. doi: 10.1016/j.ijfoodmicro.2021.109351]



FIGURE S1. Geographical descriptions of environmental sampling in factory W and M. Numbers in 

brackets indicate sampling sponges used in the corresponding area. 

Low care area             Medium care area            High care area              Doors and other areas 

F
a

c
to

ry
 M

  
  
  
  
  
  
  
  
  
  
  
  
  
F

a
c
to

ry
 W

 

Milk 

Storage 

room (5) 

Compounding 

room I (5) 

Compounding 

room II (5) 
Material 

Loading 

room (5) 

Corridor 

Changing room 

medium care 

Corridor and other rooms 

Packing line III 

(10) 

Packing line II 

(10) 

Changing room 

medium care 

Dumping 

room (2) 

Production room 

(10) 

Control 

room (2) 

Corridor (2) 

Storage room and other rooms 

(12) 

Laboratory 

(1) 

Corridor 

Changing room 

low care (4) 

Changing room 

high care (4) 

Lift (1) 

Control 

room (1) 

Production room (12) 

Corridor (2) 
Corridor (3) 

Changing room 

medium care (4) 

[Cao, et al., (2022) Foodborne Pathog. Dis. In press]





Evaluating risk associated with the microbiota in the food production environment -



▪ understanding the microbial ecology of a food production facility 

is essential 

▪ differentiating persistent from non-persistent isolates 

recovered and based on their phenotype is important to support 
food safety controls

▪ modern technological advances, including whole genome 

sequencing of key isolates, linked to their phenotypes, will 

improve our understanding of how bacteria adapt/behave in these 

hostile environments and provide novel biomarkers to aid their 

detection and subsequent risk reduction

Conclusions -



Thank you



Round table discussion

• Please ask your questions in 
the question box, not in the 
common chat – thank you.



Thank you for your attendance!
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This webinar is being recorded and will be available for access by IAFP 
members at www.foodprotection.org within one week.

Not a Member? We encourage you to join today. 
For more information go to: www.FoodProtection.org/membership/

All IAFP webinars are supported by the IAFP Foundation with no charge to participants.

Please consider making a donation to the IAFP Foundation so we can continue to 
provide quality information to food safety professionals.
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http://www.foodprotection.org/about/iafp-foundation/

