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Abstract

Background/Aims: Cronobacter spp. have been identified as beig-of considerable
risk to neonates. The occurrence of organism in infant formulas is therefore of
considerable interest. Methods: The occurrence of Cronobacter spp. in infant feeds
(formulas and fortified cow’s milk) was determined using most probable number
(MPN) analysis, and from formula preparation utensils. Ninety nine samples were
analyzed, of which 42 were unopened cans of powdered infant formula (PIF), 25
reconstituted infant formulas in feeding bottles, 27 utensils used from the preparation
of infant formula, and 5 samples of fortified cow’s milk. Presumptive Cronobacter
spp. isolates were identified using the 7 allele multilocus sequence typing (MLST)
scheme. Results: C. sakazakii, C. malonaticus and C. muytjensii were recovered
from PIF. Although the incidence of Cronobacter in PIF was 29% (12/42), the level
was low with an average of 0.54 MPN/100g. According to MLST profiling, C.
sakazakii was the most frequently isolated Cronobacter species, and C. sakazakii
ST4 (associated with neonatal meningitis) was recovered from 2/42 PIF samples at
0.51 and 0.92 MPN/100g. Conclusions: Cronobacter spp. can be isolated from PIF
and therefore strict hygienic practices during PIF preparation are important to

minimize neonate exposure and reduce the risk of severe infections.
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Introduction
Cronobacter spp. are Gram-negative bacterial pathogens that cause

meningitis, septicaemia and necrotizing enterocolitis in newborn babies and infants
[1]. Such infections have a high fatality rate of 40 to 80%, and survivors often suffer
from severe neurological disorders [2]. The Cronobacter genus consists of seven
species: C. sakazakii, C. malonaticus, C. muytjensii, C. turicensis, C. dublinensis, C.
universalis, and C. condimenti [3,4]. Cronobacter spp., especially C. sakazakii, have
been implicated in several outbreaks and sporadic cases of diseases involving
mainly neonates [5,6,7]. This may be related to sialic acid metabolism which is only
encoded on the C. sakazakii genome and none of the other six Cronobacter species
[8]. This compound is found in breast milk, intestinal mucin, gangliosides and is
added to powdered infant formula [9,10].

A MLST scheme has been established for the Cronobacter genus which is an
open access database resource (www.pubMLST.org/cronobacter) hosted by the
University of Oxford, UK. It is based on seven housekeeping genes; atpD, fusA, gInS,
gltB, gyrB, infB and ppsA [11,12]. The total concatenated length of the 7 loci is 3036
nucleotides. Currently 136 sequence types (STs) have been identified in the
Cronobacter genus of which 73 sequence types are in C. sakazakii. Genotyping of
Cronobacter isolates using MLST has revealed that the majority of serious meningitis
clinical cases in neonates over the past 30 years were caused by a single clonal
lineage, clonal complex (CC4) of C. sakazakii and especially sequence type C.
sakazakii ST4 [4,13]. The much publicized Cronobacter cases in the US in 2011
were also C. sakazakii CC4 [6,7]. The reason for the predominance is currently
unclear, though recently it has been reported that a third of Cronobacter isolates
recovered from milk powder processing factories are the C. sakazakii ST4 meningitic
lineage [14].

Cases of neonatal Cronobacter infections can provoke strong public concern
and despite thorough investigation their source cannot always be identified [6,15]. In
several outbreaks PIF may have been the source of Cronobacter infection [16,17,18].
These food products are not commercially sterile products and even low
contamination levels by Cronobacter spp. are considered a significant risk factor as
the organism grows rapidly on reconstitution [19,20,21]. Nevertheless the organism
has not been recovered from unopened cans of PIF at levels >1 cfu/g and therefore
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hygienic practices and temperature abuse could considerably increase the risk of
infection.

The source of C. sakazakii ST4 is therefore of considerable interest since
controlling this lineage could reduce neonatal exposure to severe, life-threatening
infections. Although C. sakazakii ST4 has been reported in PIF [11], due to the
common practice of presence/absence testing, it has never been enumerated.
Cronobacter is ubiquitous in the environment and therefore PIF is not the sole route
of exposure or infection [1,22,23]. It has been isolated from the nasogastric feeding
tubes of neonates not exposed to infant formula [24]. Therefore an informed
assessment of neonatal exposure warrants further investigation for the prevalence of
Cronobacter spp., especially CC4, in PIF and other sources. Previous studies of
hospital practices following Cronobacter outbreaks have shown that equipment used
for formula reconstitution and feeding practices can be significant risk factors
[25,26,27,28].

Current Cronobacter detection methods use a pre-enrichment step in their
initial isolation and therefore the organism is not enumerated in the sample. Given
the importance of controlling neonatal exposure to the bacterium, this study used the
most probable number (MPN) approach to enumerate the organism. In order to
obtain a greater perspective on the routes of exposure to the bacterium in the
hospital environment, the study included fortified cow’s milk in infant feeding bottles
and formula preparation equipment collected from three hospitals. This study has
incorporated the recent taxonomic revisions to the Cronobacter genus, and the

establishment of MLST for Cronobacter speciation and genotyping [4].
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Materials and methods

Sample collection

Prepared infant feeds were obtained from four maternity hospitals. PIF samples
were those commercially available in the city of Campinas (San Paulo, Brazil). In
total, 99 samples were tested. This consisted of 14 PIF samples for premature or
underweight newborn infants, 15 PIF for target age 0 to 6 months, 7 follow on
formulas (target age 6 months to 1 year) and 6 PIF for nursing infants up to 1 year.
The non-PIF samples from four hospitals were reconstituted infant formula in feeding
bottles (n=25), bottles containing thickened cow’s milk (n=5), used feeding bottles
(n=7), bottle brushes (n=5), dosing cup (n=3), bottle storage (n=4) and blenders
(n=8).

Isolation of Cronobacter and Enterobacteriaceae

Five hundred grams of each powdered formula, and 200 ml of each
reconstituted infant formula and thickened cow’s milk were analysed in 100g and 40
ml volumes appropriately. Samples were pre-enriched overnight at 37°C in buffered
peptone water, before enrichment in modified lysine tryptose broth (with vancomycin
(mLST-V). Preparation equipment was swabbed and used to inoculate 5ml mLST-V.
Samples were analysed according to the BAX®-PCR System (DuPont Qualicon)

included an additional cultivation in BHI broth at 37°C for three hours before

genotyping.

Identification of Cronobacter isolates.

Presumptive Cronobacter isolates were subcultured on TSA (25°C, 48-72h)
before phenotypic identification using API20E and ID32E (BioMerieux-Brazil).
Cronobacter species was assigned and the strains further profiled according to the 7
allele MLST scheme with reference to the open access database
(http://www.pubMLST.org/cronobacter) [4,12].
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Results and Discussion

Recovery of Cronobacter spp.

From a total of 42 PIF samples, 12 (29%) contained Cronobacter species;
Table 1. The Cronobacter positive samples were PIF formulas from all infant age
groups. In gquantitative terms, the most frequent count was 0.51 MPN/100g with a
mean of 0.54 MPN/100g. The highest value determined was 1.61 MPN/100g, which
was found in a sample of formula for premature and/or underweight newborn infants.
No Cronobacter spp. were isolated from the infant formula product designated for
nursing infants up to 1 year in age. Cronobacter spp. were not recovered from any of
the reconstituted infant formulas or fortified cow’s milk samples collected from
hospital nurseries and formula preparation units. Two hospitals used sterile water at
room temperature to reconstitute powdered formula, and a third hospital used hot
water (>70°C). Additionally, no Cronobacter species were detected on the utensils,

brushes or empty feeding bottles collected from the hospitals.

Genotyping and phenotyping of Cronobacter isolates

Twelve PIF isolates were presumptively identified as being Enterobacter
sakazakii (the former name for the Cronobacter genus) using API 20E and BAX®
(Table 2). The ID32E phenotyping identified the strains as E. sakazakii except the C.
muytjensii isolate (895) which was misidentified as Pantoea spp. The bioMerieux
and DuPont Qualicon databases do not recognize the Cronobacter genus and were
unable to identify the individual Cronobacter species. Eight strains were further
analyzed using MLST (Table 2). Of these eight strains, six were identified using
MLST as C. sakazakii, and the other two were C. malonaticus and C. muytjensii.
Three of the six C. sakazakii strains were ST4, and had been isolated from follow on
formulas for infants aged 6-12 months. No Cronobacter spp. were isolated from the

infant formula product designated for nursing infants up to 1 year in age.

Isolation of other Enterobacteriaceae

Enterobacteriaceae other than Cronobacter were isolated from PIF samples.
Two (out of 15) PIF products for infants aged 0 to 6 months contained Pantoea spp.,
Escherichia vulneris and Enterobacter cloacae. All seven follow on formulas

contained Enterobacteriaceae, including Pantoea spp., Enterobacter amnigenus,
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Klebsiella oxytoca, Serratia rubidaea, and Pasteurella pneumotropical/haemolytica.
No Enterobacteriaceae were isolated from the 57 non-PIF samples.

Following the three FAO/WHO risk assessments [29,30,31], the Codex
Alimentarius Commission [32,33] now recommends the absence of Cronobacter in
PIF for infants less than 6 months in age, but this criterion is not applied to PIF
products with intended use by older infants. Contamination of PIF, powdered infant
drinks or other infant foods with Cronobacter spp. can occur during post-
pasteurization processing, via the addition of dry ingredients as vitamins and
minerals, or during packaging [34]. Unfortunately very few studies have enumerated
the organism. Muytjens et al. [35] isolated Cronobacter from 20 of 141 (14.2%) PIF
samples from 35 countries, and the highest concentration was <1 MPN/g. It is
interesting to consider the levels post-2004 following the raised awareness and
increased control of the organism. In this study Cronobacter spp. were detected in
29% (12/42) of PIF samples, yet none were >2 MPN/100g (Tables 1 and 2).
Edelson-Mammel et al. [36] also reported that the concentration of presence of
Cronobacter in US manufactured PIF was frequently below 1 MPN/100g,
corroborating the results of the present study. Oonaka et al. [37] in Japan analyzed a
total of 149 samples, of which 61 were of domestic production and 88 imported
samples. Enterobacteriaceae were isolated from 36 (24.2%) samples. Nine (6%) of
these, 4 domestic samples and 5 imported samples, were positive for Cronobacter
spp. and the level was 0.36 - 91 MPN/100g. Palcich et al. [28] analyzed 186 PIF
samples from Brazil with target age of infant 0-6 months in age. Cronobacter spp.
and other Enterobacteriaceae were <0.03 MPN/100g and <5 MPN/g, respectively.
These recent studies however did not identify the Cronobacter species or genotype.

The presence of Cronobacter spp. in follow on formula has not been so well
documented in part due to the lack of a regulatory requirement for a microbiological
criterion, and also because in some countries follow on formula as a defined product
does not exist on the market. Chap et al. [38] analyzed infant formulas from 7
countries, of which 136 were follow on formulas, and 179 were other infant products.
Cronobacter spp. was isolated from 1 sample of infant follow on formula (1%), and 22
(12%) of other infant products. However the level of Cronobacter was not determined
due to the non-quantitative presence/absence testing of 25g quantities.

The presence of Cronobacter spp. in PIF is considered to be a risk due to the

potential for multiplication of the microorganism in the reconstituted product. The
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ingested level will be dependant on the time and temperature of cooling, storage,
handling and preparation before consumption [31,39]. Hygienic practices including
the control of the time/temperature regimes for the preparation of reconstituted
formulae are important to minimize the risk of contamination and development
microbial biofilms. Neonatal infections can be associated with the colonization of
formula preparation equipment such as brushes, blenders and spoons by
Cronobacter [16,25]. However in this study no Cronobacter or other
Enterobacteriaceae were isolated from hospital equipment demonstrating a good
level of hygiene control.

Cronobacter spp. are not the only Enterobacteriaceae isolated from PIF. The
FAO/WHO [29,30] recommended that research should be undertaken to ascertain
the presence of other Enterobacteriaceae in PIF. These organisms were termed
‘Category B; plausible causing infections, but without supporting epidemiological
evidence’ by the expert committees. In this study the Enterobacteriaceae isolated
from PIF were Pantoea spp., Leclercia adecarboxylata, Klebsiella oxytoca, Serratia
rubidaea, S. plymuthica, and Pasteurella pneumotropical/haemolytica. E. cloacae,
Pantoea spp. and Klebsiella have been associated with neonatal infections, however
to date no NICU outbreaks have been attributed to this organisms through the
consumption of reconstituted PIF. Nevertheless such surveillance data has been
requested by FAO/WHO [29].

Discrepancies have previously been reported between the two phenotyping
kits API20E and ID32E, both manufactured by bioMerieux with online databases
[5,40]. Various other examples exist in the literature of organisms which have been
mis-identified as Cronobacter [1,41]. Previously Baldwin et al. [11] demonstrated that
using phenotyping to speciate Cronobacter isolates based on biotype was flawed as
some biotype index strains had been assigned the incorrect Cronobacter species.
As can be seen in Table 2, the biochemical profiles did not correspond with any
particular Cronobacter species, or sequence type. Therefore phenotyping has limited
value for profiling Cronobacter strains, and cannot be used to assign the isolate to
any particular species within the Cronobacter genus, whereas the DNA sequence
based MLST method is reliable and portable due to the open access database.
Phylogenetic analysis showed the majority of isolates were C. sakazakii which
corresponds with previous studies on prevalence [Fig 1]. Three of the six C.

sakazakii strains were in the ST4 lineage which has a strong association with
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neonatal meningitis and therefore a cause for concern [7,13]. Another isolated C.
sakazakii strain was ST1. This is the same lineage as C. sakazakii BAA-894 which
was isolated from the fatal Tennessee neonatal intensive care unit outbreak in 2001
and the genome of which has been sequenced [18,42]. The remaining C. sakazakii
isolates were in sequence types which have not been linked to neonatal infections.
However it is of interest to note that strains 892 and 894 (ST56 and ST113) were
isolated from PIF for different age groups yet only differ in 2/3036 nucleotides. These
were in the fusA loci (position 135 T:G and position 372 T:.C;
www.pubMLST.org/cronobacter). Therefore these strains are in the same clonal
complex, CC11. Whether the PIFs were from the same manufacturer or had common
ingredients is unknown. C. malonaticus was also isolated from one PIF sample for
intended infant age 0-6months. This species has not been associated with neonatal
outbreaks, but is more associated with adult infections [13]. The relevance of
isolating C. muytjensii from PIF, with intended age of use 6-12 months, is uncertain
as to date this species has not been associated with infant infections. Given that the
two Cronobacter species C. universalis and C. condimenti were only formally
recognized in 2011, previous PCR-based and MALDI-TOF detection methods for
Cronobacter species may be inaccurate as reported by Cetinkaya et al. [43]. Hence
the usefulness of the open access curated MLST  database
(Wwww.pubMLST.org/cronobacter) which uses phylogeny to distinguish between the
Cronobacter species and related organisms [4,12]. This level of discrimination and
analysis is not available with previous genotyping methods for Cronobacter spp.,
such as pulsed-field gel electrophoresis and serotyping [44,45].

Although Cronobacter spp. are ubiquitous in the environment and therefore a
source of neonatal exposure, it is evident that preventative measures in the
preparation of infant feed are prudent to reduce neonatal exposure to this organism.
Although in this study C. sakazakii ST4 and ST1 were not isolated from PIF intended
for consumption by infants 0-6 months in age, nevertheless they were in follow on
formula and represent a particularly severe, life-threatening form of Cronobacter
infection. These two C. sakazakii sequence types were previously reported to be
frequently (24 and 19% respectively) isolated from milk processing facilities [14]. The
low level (<2 MPN/100g) of the organism in PIF and the lack of recovery from the
hospital facilities probably reflects the microbiological monitoring by the PIF

manufacturers and good hygienic practices in the hospitals.



o o1 W N

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
M
42
43
44
45
46

Acknowledgements

The authors wish to thank bioMerieux, Du Pont Qualicon of Brazil and Nottingham

Trent University for their support.

References

1. Kucerova E, Joseph S, Forsythe S: Cronobacter: diversity and ubiquity. Qual
Ass Safety Foods Crops 2011;3:104-122.

2. Lai KK: Enterobacter sakazakii infections among neonates, infants, children,
and adults. Case reports and a review of the literature. Medicine 2001;
80:113-122.

3. Joseph S, Cetinkaya E, Drahovska H, Levican A, Figueras M, Forsythe SJ:
Cronobacter condimenti sp. nov., isolated from spiced meat and Cronobacter
universalis sp. nov., a novel species designation for Cronobacter sp.
genomospecies 1, recovered from a leg infection, water and food ingredients.
Intl J System Evol Microbiol 2012; 62:1277-83.

4. Joseph S, Sonbol H, Hariri S, Desai P, McClelland M, Forsythe SJ: Diversity of
the Cronobacter genus as revealed by multi locus sequence typing. J Clin
Microbiol 2012;50:3031-3039.

5. Iversen C, Forsythe SJ: Isolation of Enterobacter sakazakii and other
Enterobacteriaceae from powdered infant formula milk and related products.
Food Microbiol 2004;21:771-776.

6. Communicable Disease Centre. CDC Update: investigation
of Cronobacter infections among infants in the United States. 2011. URL:
http://www.cdc.gov/foodsafety/diseases/cronobacter/2011-investigation/

7. Hariri S, Joseph S, Forsythe SJ: Predominance of Cronobacter sakazakii ST4
clonal complex strains in Cronobacter neonatal meningitis infections in US
2011. Emerg Infect Dis 2013;19:175-177.

8. Joseph S, Desai P, Ji Y, Cummings CA, Shih R, Degoricija L, Rico A, Brzoska
P, Hamby SE, Masood N, Hariri S, Sonbol H, Chuzhanova N, McClelland M,
Furtado MR, Forsythe SJ: Comparative analysis of genome sequences
covering the seven Cronobacter species. PLoS ONE 2012; 7:e49455.

9. Vimr ER, Kalivoda KA, Deszo EL, Steenbergen SM: Diversity of microbial
sialic acid metabolism. Microbiol Mol Biol Rev 2004; 68:132—-153.

10.Lacomba R, Salcedo J, Alegria A, Barbera R, Hueso P, Matencio E, et al.:
Sialic acid (N-acetyl and N-glycolylneuraminic acid) and ganglioside in whey
protein concentrates and infant formulae. Intl Dairy J 2011;21:887-895.

11.Baldwin A, Loughlin M, Caubilla-Barron J, Kucerova E, Manning G, Dowson C,
Forsythe SJ: Multilocus sequence typing of Cronobacter sakazakii and
Cronobacter malonaticus reveals stable clonal structures with clinical
significance which do not correlate with biotypes. BMC Microbiol 2009;9:223.

12.Joseph S, Forsythe SJ: Insights into the emergent bacterial pathogen
Cronobacter spp., generated by multilocus sequence typing and analysis.
Front Microbiol 2012;3: 397.

10


http://onlinelibrary.wiley.com/doi/10.1111/j.1757-837X.2011.00104.x/full
http://www.cdc.gov/foodsafety/diseases/cronobacter/2011-investigation/

© 00 N O OB~ WN -

a b B DA DA DPEDDEDEWWWWWWWWWWNDNDDNDNDNMNDNDNNMDNDNNMDNNMNNNRPRERPRPRPEPERPPEPRPEREREREPR
O ©W 00 NO Ul WNPEFP O OO NOOO PR WNPEPEOOOOWNO OGP WNPEOOOOLONOOOGPMOWDNEO

13.Joseph S, Forsythe SJ: Predominance of Cronobacter sakazakii ST4 in
neonatal infections. Emerg Infect Dis 2011;17:1713-1715.

14.Sonbol H, Joseph S, McAuley C, Craven H, Forsythe SJ:
Multilocus sequence typing of Cronobacter spp. from powdered infant formula
and milk powder production factories. Intl Dairy J 2013;30:1-7.

15.Bowen AB, Braden CR: Invasive Enterobacter sakazakii disease in infants.
Emerg Infect Dis 2006;12:1185-1189.

16.Simmons BP, Gelfand MS, Haas M, Metts L, Ferguson J: Enterobacter
sakazakii infection in neonates associated with intrinsic contamination of a
powdered infant formula. Infect Contl Hosp Epidemiol1989;10: 398-401.

17.van Acker J, de Smet F, Muyldermans G, Bougatef A, Naessens A, Lauwers
S: Outbreak of necrotizing enterocolitis associated with Enterobacter sakazakii
in powdered milk formula. J Clin Microbiol 2001;39:293-297.

18.Himelright I, Harris E, Lorch V, Anderson M: Enterobacter sakazakii infections
associated with the use of powdered infant formula — Tennessee, 2001.
MMWR Morb Mortal Wkly Rep 2002;51:298-300.

19.Gurtler JB, Beuchat LR: Growth of Enterobacter sakazakii in reconstituted
infant formula as affected by composition and temperature. J Food Prot
2007;70:2095-2103.

20.Beuchat LR, Kim H, Gurtler J B, Lin LC, Ryu JH, Glener M, Richards GM:
Cronobacter sakazakii in foods and factors affecting its survival, growth, and
inactivation. Intl J Food Microbiol 2009;136:204—-213.

21.0saili T, Forsythe S: Desiccation resistance and persistence
of Cronobacter species in infant formula. Intl J Food Microbiol 2009;136:214-
220.

22.Kandhai MC, Reij MW, Gorris LGM, Guillaume-Gentil O, van Schothorst M:
Occurrence of Enterobacter sakazakii in food production environments and
households. Lancet 2004; 363:39—-40.

23.Broge T, Lee: A case of Cronobacter (Enterobacter sakazakii) bacteremia in a
breastfed infant. J Ped Inf Dis Soc 2013. Ecopy ahead of print.
DOI:10.1093/jpids/pit021.

24.Hurrell E, Kucerova E, Loughlin M, Caubilla-Barron J, Hilton A, Armstrong R,
Smith C, Grant J, Shoo S, Forsythe S: Neonatal enteral feeding tubes as loci
for colonisation by members of the Enterobacteriaceae. BMC Infec Dis 2009;
9:146.

25.Bar-Oz B, Preminger A, Peleg O, Block C, Arad I: Enterobacter sakazakii
infection in the newborn. Acta Pediatr 2001; 90: 358.

26.Block C, Peleg O, Minster N, Bar-Oz B, Simhon A, Arad |, Shapiro M: Cluster
of neonatal infections in Jerusalem due to unusual biochemical variant of
Enterobacter sakazakii. Euro J Clin Microbiol Infect Dis 2002; 21: 613—-616.

27.Caubilla-Barron J, Hurrell E, Townsend S, Cheetham P, Loc-Carrillo C, Fayet
O, Prere M.-F, Forsythe SJ: Genotypic and phenotypic analysis
of Enterobacter sakazakii strains from an outbreak resulting in fatalities in a
neonatal intensive care unit in France. J Clin Microbiol 2007;45: 3979-3985.

28.Palcich G, Gillio CM, Aragon-Alegro LC, Pagotto FJ, Farber JM, Landgraf M,
Destro MT: Enterobacter sakazakii in dried infant formulas and milk kitchens
of maternity wards in Sdo Paulo, Brazil. J Food Prot 2009;72:37-42.

29.FAO/WHO: Workshop on Enterobacter sakazakii and other microorganisms in
powdered infant formula. 2004. URL:
http://www.who.int/foodsafety/micro/jemra/meetings/feb2004/en/index.html.

11



© 00 N OB~ WN -

A A ADADNDNDEAEDDDWWWOWOWOWOWWWWNRNRNRNNNNNNNRPRRPERRERRERLERELRE
© o VOO BRWMNPRPOO®O®ANUOARNO®MNPLPOOOX®IODARNRONRPEL,OO®W~NOOJTANWRNPEO

30.FAO/WHO: Expert meeting on Enterobacter sakazakii and Salmonella in
powdered infant formula. 2006. URL:
http://mwww.who.int/foodsafety/micro/jemra/meetings/jan2006/en/index.html.

31.FAO/WHO: Enterobacter sakazakii (Cronobacter spp.) in powdered follow-up
formulae. Microbiological Risk Assessment Series No. 15. 2008. URL:
http://www.who.int/foodsafety/publications/micro/mra_followup/en/.

32.Codex Alimentarius Commission (CAC): Report of the thirty-first session of the
Codex Alimentarius Commission. Alinorm 08/31/rep. Available at:
ftp://ftp.fao.org/codex/alinorm08/al31rep_adv.pdf.

33.Codex Alimentarius Commission (CAC) : Code of hygienic practice for
powdered formulae for infants and young children. CAC/RCP 66-2008.
http://www.codexalimentarius.net/download/standards/11026/cxp-066e.pdf.

34.Mullane NR, Murray J, Drudy D, Prentice N, Whyte P, Wall PG, Parton A,
Fanning S: Detection of Enterobacter sakazakii in dried infant milk formula by
cationic-magnetic-bead capture. Appl Environ Microbiol 2006;72:6325-6330.

35.Muytjens HL, Roelofs-Willemse H, Jaspar GHJ: Quality of powdered
substitutes for breast milk with regard to members of the family
Enterobacteriaceae. J Clin Microbiol 1988;26:743-746.

36.Edelson-Mammel SG, Forteous MK, Buchanan RL: Survival of Enterobacter
sakazakii in dehydrated powdered infant formula. J Food Protect 2005;68:
1900-1902.

37.0onaka K, Fururata K, Hara M, Fukuyama M: Powder infant formula milk
contaminated with Enterobacter sakazakii. J Infect Dis 2010;63:103-107.

38.Chap J, Jackson P, Siqueira R, Gaspar N, Quintas C, Park J, Osaili T, Shaker
R, Jaradat Z, Hartantyo SHP, Sani NA, Eestuningsih S, Forsythe SJ:
International survey of Cronobacter sakazakii and other Cronobacter spp. in
follow up formulas and infant foods. Intl J Food Microbiol 2009;136:185-188.

39.Caubilla-Barron J, Kucerova E, Loughlin M, Forsythe SJ: Bacteriocidal
preparation of powdered infant formula. Food Standards Agency. 2009. URL.:
http://www.foodbase.org.uk/results.php?f_category id=&f report_id=395

40.Iversen C, Forsythe S: Comparison of media for the isolation of Enterobacter
sakazakii. Applied and Environmental Microbiology 2007;73:48-52.

41.Townsend SM, Hurrell E, Caubilla-Barron J, Loc-Carrillo C, Forsythe
SJ: Characterization of an extended-spectrum beta-lactamase Enterobacter
hormaechei nosocomial outbreak, and other Enterobacter hormaechei
misidentified as Cronobacter (Enterobacter) sakazakii. Microbiology 2008;154:
3659-3667.

42.Kucerova E, Clifton SW, Xia XQ, Long F, Porwollik S, Fulton L, Fronick C,
Minx P, Kyung K, Warren W, Fulton R, Feng D, Wollam A, Shah N, Bhonagiri
V, Nash WE, Hallsworth-Pepin K, Wilson RK, McClelland M, Forsythe SJ:
Genome sequence of Cronobacter sakazakii BAA-894 and Comparative
Genomic Hybridization analysis with other Cronobacter species. PLoS ONE
2010;5: e9556.

43.Cetinkaya E, Joseph S, Ayhan K, Forsythe SJ: Comparison of methods for the
microbiological identification and profiling of Cronobacter species from
ingredients used in the preparation of infant formula. Mol Cell Probes 2012;
27:60-64.

44.Mullane, NR, Whyte P, Wall PG, Quinn T, Fanning S: Application of pulsed-
field gel electrophoresis to characterise and trace the prevalence of

12



o~N O O WN B

Enterobacter sakazakii in an infant formula processing facility. Intl J Food
Microbiol 2007;116:73-81.

45.Sun Y, Wang M, Wang Q, Cao B, He X, Li K, Feng L, Wang L: Genetic
analysis of the Cronobacter sakazakii O4 to O7 O-antigen gene clusters and
development of a PCR assay for identification of all C. sakazakii O serotypes.
Appl Environ Microbiol 2012:78; 3966-3974.

13



O©oo~NO O WN

10
11

12
13
14
15

Tables

Table 1.

Most probable number (MPN) enumeration of Cronobacter spp. in powdered infant

formula for various infant age groups

Number of

Product intended age group

Number of positive

Most probable number

samples analysed samples (MPN/100g)
Prematzg\a,v%g% Oi;‘f‘a”rigrweight 14 3 1.61,0.51, 0.22
0 to 6 months old children 15 3 0.51, 0.22, 0.22
6 months to 1 year old children 7 6 0.92, %5511 %212 051,
PIF for nursing infants up to 1 year 6 0 <0.22
Total 42 12
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Table 2.

Identification of Cronobacter isolates from PIF samples

Isolate identification

Strain PIF intended
age (months) API 20E ID32E ®. c
(biochemical profile, %?) (biochemical profile, %) BAX®-PCR MLST (ST)
E. sakazakii® E. sakazakii - .
894 0-6 (3305373, 98.4) (34274767050, 99.9) E. sakazakii  C. sakazakii (113)
E. sakazakii E. sakazakii . .
893 0-6 (3207173, 96.8) (34274763251, 99.9) E. sakazakii C. malonaticus (7)
E. sakazakii E. sakazakii . .
890 6-12 (3305373, 98.4) (34274767050, 99.9) E. sakazakii C. sakazakii (4)
E. sakazakii E. sakazakii . -
891 6-12 (3305373, 98.4) (34276367250, 99.9) E. sakazakii C. sakazakii (4)
E. sakazakii E. sakazakii . .
892 6-12 (3305373, 98.4) (34274767250, 99.9) E. sakazakii C. sakazakii (56)
E. sakazakii Pantoea spp. . L
895 6-12 (3305373, 98.4) (00074703400, UA)? E. sakazakii C. muytjensii
E. sakazakii E. sakazakii . -
896 6-12 (3305373, 99.9) (34274767250, 99.9) E. sakazakii C. sakazakii (4)
E. sakazakii E. sakazakii . -
897 6-12 (3305173, 51.2) (34276763250, 99.9) E. sakazakii C. sakazakii (1)
6
7
8 a % match
9
10 b bioMerieux and BAX®-PCR databases give the former taxonomic name of
11 Enterobacter sakazakii instead of Cronobacter genus.
12
13 ¢ ST = Sequence type
14
15 d UA = Unacceptable profile
16
17
18
19

15
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Figure 1. Maximum likelihood tree of the seven multilocus sequence typing loci (3036
base pair concatenated length) for the Cronobacter genus, showing the sequence
type for strains isolated from PIF and type strains for the remaining Cronobacter
species. The tree was drawn using MEGAS (http://www.megasoftware.net/) with

1000 bootstrap replicates.
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