Lack of continuity between Cronobacter biotypes and species as determined using multilocus

sequence typing

Susan Joseph, Sumyya Hariri, Stephen. J. Forsythe

Pathogen Research Centre
School of Science and Technology
Nottingham Trent University
Clifton Lane
Nottingham, UK

NGI11 8NS

Corresponding author: Prof SJ Forsythe.

Email: Stephen.forsythe@ntu.ac.uk. Tel: 0115 8483529


mailto:Stephen.forsythe@ntu.ac.uk

Abstract

The accuracy of the Cronobacter biotyping scheme was compared with the 7-loci multilocus sequence
typing scheme. Biotyping did not reliably assign species level identification, as only half (17/31) of the
biotype variants were unique to any of the seven Cronobacter species and the remaining biotypes were

shared across the genus.

Main text

Cronobacter 1s a Gram-negative bacterial genus belonging to the family Enferobacteriaceae and
currently comprises of seven species: C. sakazakii, C. malonaticus, C. universalis, C. turicensis, C.
muytjensii, C. dublinensis, and C. condimenti [1]. Cronobacter spp. are opportunistic pathogens, and of
special note due to the severe form of meningitis that can occur in neonates [2,3].

Initially Farmer et al. [4] used combinations of ten phenotyping tests to define 15 biotypes for the
organism, then known as Enterobacter sakazakii. The ten defining traits were motility, acid production
from inositol, ornithine utilization, malonate utilization, indole production, gas production from glucose,
nitrate reduction, acid production from dulcitol, methyl-red and Voges-Proskacur. We later expanded the
definitions to include new strains in a 16" biotype, which with subdivisions gave a total of 31 biotype
variants [5]. In 2007, the taxonomic reclassification of the species E. sakazakii into the genus Cronobacter
[6] described 5 species, which were differentiated according to the biotyping scheme; C. sakazakii
(biotypes 1-5, 7-9, 11, 13 & 14), C. turicensis (biotypes 16, 16a and 16b), C. muytjensii (biotype 15), C.
dublinensis (biotypes 6, 10 and 12), and Cronobacter genomospecies 1. Soon afterwards, Iversen et al. [7]
proposed the additional species C. malonaticus. This was composed of three biotypes (5, 9 & 14) which
had previously been assigned to C. sakazakii; Table 1. However, some malonate utilizing strains (biotypes
8b & 8c) remained in the C. sakazakii species, hence causing some confusion in the use of phenotyping for
speciation. This short communication reviews the limitations of the continued use of the biotyping scheme
in the light of an improved understanding of the phylogeny of the Cronobacter genus as revealed by
multilocus sequence typing (MLST), and supported by recent whole genome sequence analysis across the

genus[8,9].



To overcome the subjectivity of phenotyping and microheterogeneties in 16S rDNA sequence analysis,
we established a 7-loci multilocus sequence typing (MLST) scheme for the Cronobacter genus [8,10]. The
MLST scheme is hosted by the University of Oxford (UK) as an open access, curated database at

http://www .pubmlst.org/cronobacter and currently consists of 136 defined sequence types (ST)[2]. The

MLST scheme was recently used in a polyphasic study, but without reference to biotypes, to describe two
novel species C. universalis and C. condimenti [1]. The MLST scheme has also revealed a high level of
clonality within the genus, the most notable being the strong association of C. sakazakii clonal complex 4
(composed of seven sequence types) with cases of neonatal meningitis [3,8,11]. Phylogenetic analysis
based on 14 whole genome sequences across the seven Cromobacter species supported the phylogeny
generated by MLST [8,9].

Despite the robustness of MLST, some researchers have continued to use biotyping to speciate their
isolates [12,13,14]. Presented here is a study investigating the reliability of the biotyping scheme for
identifying the Cronobacter species. For this study, 163 biotyped and sequence typed Cronobacter spp.
strains covering all the seven species were analysed. The PCR primers and conditions used for the MLST
were as previously described [8]. Background information on the strains and their MLST details are

available with open access at http://www.pubmlst.org/cronobacter. The biotyping was as previously

described, and were obtained by downloading from the Cronobacter PubMLST database and [4, 5]. A
population distribution of the biotypes was plotted against the STs of the strains using the gocBURST
algorithm in Phyloviz [15] and is presented in Fig. 1. This map clearly shows that each of the seven
species contained unique STs, but overlapping biotypes.

Only seventeen out of 31 biotype variants were unique to five of the seven Cronobacter specics; Table
1. There were no biotypes unique to C. muytjensii or C. dublinensis. The remaining biotypes were shared
between at least two Cronobacter species; Table 1. Five of these were found to be between the closely
related species C. sakazakii and C. malonaticus. Almost half (16/31) of the biotypes were in C. sakazakii,
the most frequent ones being biotypes 1, 2 and 13. Biotype 1 strains were only found in C. sakazakii, and
were spread across 11 STs. Forty strains were in C. sakazakii clonal complex 4 (associated with neonatal
meningitis). These were primarily biotypes 1(18/40), and 13 (13/40), as well as biotypes 3, 4, and 7. These

five biotypes were unique to the C. sakazakii species and not the clonal complex; Table 1. Clonal complex
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4 also contained biotype 6, which was also found in C. furicensis and C. muytjensii. Therefore the
clinically significant C. sakazakii CC4, associated with severe neonatal meningitis, cannot be described
using biotyping as the biotypes are not unique to the C. sakazakii species, let alone sequence types. All the
C. sakazakii ST1 and ST3 strains were biotype 2, and this biotype was also observed in C. dublinensis.
Fourteen biotypes were distributed across the C. malonaticus STs, with ST7 (associated with adult
infections) being dominated by biotype 9; Table 1. Although C. malonaticus was originally defined as
Cronobacter biotypes 4, 9 and 13, MLST analysis revealed strains in biotypes 4a and 13a were in both C.
sakazakii and C. malonaticus. Biotype 12 included C. malonaticus strains from three STs (84, 102, &
112). This also included the only non-C. sakazakii isolate from the 15 reported infant cases of Cronobacter
infection in the US in 2011 [3]. Interestingly, this biotype is also shared with the C. dublinensis type strain
LMG 23823 " (NTU strain 1210; ST 106).

The C. universalis type strain NCTC 9529" is biotype 16¢ [16], vet this biotype was also shared with
the species C. turicensis. The later species comprised 6 different biotypes, four of which were also shared
with C. sakazakii, C. malonaticus or C. universalis. The C. dublinensis strains were in five different
biotypes, all of which were shared with C. sakazakii strains. The lone C. condimenti strain was previously
reported to be biotype 1 [17]. However this was found to be incorrect and was re-assigned to biotype 10a.
All strains of C. muytjensii, except for one, belonged to biotype 15, which was also shared with C.
sakazakii and C. turicensis. The lone exception was C. muytjensii strain 1129 which belonged to biotype 6.
Interestingly, C. muytjensii has previously been reported to be very genetically diverse [6] and yet was
dominated by only a single biotype 15. This indicates that the biochemical tests do not reflect the diversity
within the species.

This study has revealed the lack of reliability in using the biotyping scheme for species level
identification of the Cronobacter genus. It is undeniable that the initial biotyping scheme consisting of 10
differential tests chosen by Farmer et al [4] played a crucial role in the initial definition of the species F.
sakazakii. However, with more sophisticated and accurate DNA based methods available for typing, the
dependency on the biotyping has declined and therefore removes the subjectivity involved in the reporting

of the results of these phenotypic tests.
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Fig. 1. Population snapshot graph created using the goeBURST algorithm to plot the Cronobacter biotypes against the STs. The dataset comprised of 163 Cronobacter isolates

distributed across 68 STs.
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Table 1. Distribution of biotypes amongst Cronobacter species

Cronobacter species Number  Iversen et al. Unique biotypes Shared biotype Comments
of (2008)
strains
C. sakazakii 103 1-4,7,8, 11,13 1,3,4,7, 11,13, 14a 2,4a, 5a, 6, 8a, 10, 12, 13a, 15
C. sakazakii ST1 8 2
C. sakazakii ST3 9 2
C. sakazakii CC4* 40 1,3,4,7,13 6
C. sakazakii ST8 9 1
C. malonaticus 29 5,9, 14 2a, 8b, 8¢, 9, 9a, 13b, 13¢, 14 4a, 5, Sa, 8a, 12, 13a
C. malonaticus ST7 13 9
C. universalis 4 16¢ 16¢ 16a
C. turicensis 9 16, 16a, 16b 16, 16b 5,6, 15, 16a
C. muytjensii 9 15 6, 15 No unique biotypes
C. dublinensis 8 6,10, 12 2,6,10,12, 15 No unique biotypes
C. condimenti 1 Not recognised 10a

a CC4= clonal complex 4, composed of STs4, 15, 97, 107,108, 110 and 111 as previously described [8]



