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Human listeriosis outbreaks in Canada have been predominantly caused by serotype 1/2a isolates with highly similar pulsed-
field gel electrophoresis (PFGE) patterns. Multilocus sequence typing (MLST) and multi-virulence-locus sequence typing (MV-
LST) each identified a diverse population of Listeria monocytogenes isolates, and within that, both methods had congruent sub-
types that substantiated a predominant clone (clonal complex 8; virulence type 59; proposed epidemic clone 5 [ECV]) that has
been causing human illness across Canada for more than 2 decades.

Genotyping of the food-borne pathogen Listeria monocytogenes
for public health surveillance and outbreak detection under

the PulseNet system is accomplished using pulsed-field gel elec-
trophoresis (PFGE) (12). DNA sequence-based subtyping meth-
ods, such as multilocus sequence typing (MLST) (3, 8, 10) and
multi-virulence-locus sequence typing (MVLST) (2, 14), have
also been used for phylogenetic studies and to categorize isolates
into higher-level groups, such as evolutionary lineages, clonal
complexes, and epidemic clones. The term epidemic clone has
been defined as a group of genetically related isolates implicated in
geographically and temporally unrelated outbreaks that are pre-
sumably of a common ancestor (1, 2, 4, 7, 14).

Within Canada, laboratory surveillance indicated that L.
monocytogenes serotype 1/2a isolates with very similar PFGE pat-
terns caused a substantial proportion of the sporadic cases, clus-
ters, and outbreaks (represented by PulseNet Canada AscI/ApaI
PFGE macrorestriction profile LMACI.0001/LMAAI.0001) (see
Fig. S1 in the supplemental material) (5, 6). This predominant
PFGE clone included a large nationwide outbreak of listeriosis in
2008 that was caused by consumption of contaminated ready-to-
eat (RTE) deli meats (6). In this study, multiple sequence-based
subtyping methods were used to investigate the genetic diversity
within Canadian human clinical L. monocytogenes isolates and to
determine the place of the predominant PFGE clone within these
phylogenies.

A 71-isolate panel was selected from isolates submitted to the
Canadian National Microbiology Laboratory (NML) by provin-
cial microbiology laboratories or to the Bureau of Microbial Haz-
ards for identification and serotyping services as part of the na-
tional Listeriosis Reference Service (9). From these, a diverse
selection of mostly clinical isolates was chosen to represent (i) the
10 most frequently observed PFGE types (and similar patterns) in
the PulseNet Canada database, (ii) the five L. monocytogenes sero-
types representing lineages I and II, and (iii) clinical cases from
eight provinces spanning 30 years (see Table S1 in the supplemen-
tal material). The panel included 41 isolates of the predominant
PFGE pattern (31 with AscI PFGE pattern LMACI.0001 and 10
isolates with the highly similar PFGE pattern LMACI.0040) (see
Fig. S1 in the supplemental material) (6).

In addition to serotyping (11) and PFGE (5), sequence-based
subtyping of housekeeping genes (10), virulence genes (2), and
comK prophage junction fragments (13) was performed. Compar-
ative genomics of publicly available L. monocytogenes genomes,
including those of the 2008 Canadian listeriosis outbreak (6), was
used to identify unique genetic markers on the chromosome back-
bone (LM5578_2229) and a 50-kb Listeria genomic island (LGI1;
marker locus LM5578_1886). The panel was screened for these
markers using PCR (see Table S2 in the supplemental material).

MLST detected a total of 17 different sequence types (STs) in
the 71-isolate panel. All 41 isolates representing the predominant
PFGE pattern were members of L. monocytogenes clonal complex 8
(CC8), which comprised four highly related STs (Fig. 1; see also
Table S1 in the supplemental material). These CC8 STs were all
single-locus variants of ST120 and individually differed from
ST120 by no more than one single nucleotide polymorphism
(SNP). The total number of CC8 isolates in the panel was 49, and
all were serotype 1/2a with the exception of a single serotype 3a
isolate. All other observed STs were not members of CC8, with
these isolates having 4 or more alleles that were different from
those of ST120 (Fig. 1). None of these more distantly related STs
included isolates with PFGE patterns similar to the predominant
pattern. Hence, the possibility of a predominant serotype 1/2a
clone, first suggested through PFGE, was further supported by the
membership of these same strains in CC8.
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Thirteen total MVLST profiles were observed in the 71-isolate
panel, and all 49 of the CC8 isolates yielded identical sequences for
the six virulence genes in the MVLST scheme (Fig. 2; see also Table
S1 in the supplemental material). This combination of virulence
alleles, designated virulence type 59 (VT59), while predominant
among Canadian cases, had never been reported previously
among global isolates tested (Fig. 2).

Additional genetic markers, identified through comparative
genomics (6), were also congruent with the CC8/VT59 clone. The
chromosomal locus LM5578_2229 was detected in all CC8/VT59
isolates tested with both primer pairs in Table S2 in the supple-
mental material and detected in only a single isolate unrelated to
CC8/VT59 (06-6914; ST390/VT65) (see Table S1 in the supple-
mental material). However, while all CC8/VT59 isolates showed
100% sequence identity at this locus, the amplicon sequence from
06-6914 had 6 SNPs and 1 gap in LM5578_2229 along with a
34-bp insertion in the 3= flanking intergenic region compared to
the sequences of the CC8/VT59 isolates. Notably, isolates J2-063,
BL0050, 02-4056, and BL0035 were closely related to VT59 (Fig.
2), but none of these strains showed amplification of chromo-
somal locus LM5578_2229.

PCR screening for LGI1 (using locus LM5578_1886) con-
firmed that this island was present in 43 of 49 CC8/VT59 isolates
and absent in all 22 of the non-CC8/non-VT59 isolates (see Table
S1 in the supplemental material); therefore, LGI1 is not univer-
sally present in all CC8/VT59 isolates. Lastly, 48 of 49 (98%) CC8/
VT59 isolates shared 100% nucleotide identity in their comK pro-
phage junction fragment sequences, and this shared genotype was
designated prophage type 4 (PT4) (Fig. 2; see also Table S1 in the
supplemental material). A single CC8/VT59 isolate (isolate 10-

0819) was PT12 rather than PT4, and the downstream junction
fragment sequences of PT4 and PT12 shared a nucleotide se-
quence identity of 84.1%.

The presence of the CC8/VT59 clone in clinical isolates from
two Canadian provinces in 1988 demonstrated that this clone has
been causing disease in Canada for at least the past 2 decades (see
Table S1 in the supplemental material), and nationwide distribu-
tion occurred by the mid-1990s, when CC8/VT59 isolates were
associated with invasive listeriosis across Canada. To further esti-
mate the historical prevalence in Canada of the predominant
PFGE/CC8/VT59 clone, laboratory surveillance data from 1,061
isolates submitted to the NML between 1995 and 2010 for sero-
typing and PFGE testing were reviewed. During this period, the
majority of isolates were serotype 1/2a (54.8%) and 237 (22.3%)
were typical of the predominant PFGE patterns associated with
CC8/VT59 (see Fig. S1 in the supplemental material). Further-
more, of the 41 listeriosis case clusters detected during the same
period, 31 (75.6%) were caused by serotype 1/2a isolates and 16
(39%) were caused by isolates with the predominant PFGE pat-
tern or similar PFGE patterns.

Reasons for the relatively high prevalence of the CC8/VT59
clone in Canada are unknown; however, the existence of a pre-
dominant clone within an otherwise genetically diverse L. mono-
cytogenes total population suggests that determinants of virulence
and survival encoded by CC8/VT59 isolates have been successful
in both human and environmental niches, respectively. Regarding
virulence, the available epidemiologic information indicated that
the majority of CC8/VT59 cases occurred in elderly or immuno-
compromised individuals and that no maternofetal cases were re-
ported among clusters/outbreaks caused by this clone. The rates of

FIG 1 Minimum spanning tree analysis of Canadian human clinical L. monocytogenes isolates obtained between 1988 and 2010 based on the MLST method of
Ragon et al. (10). The data set is based on isolates presented in Table S1 in the supplemental material. Circles correspond to sequence types (STs), while numbers
on branches are the numbers of allele differences between connected STs. Clonal complexes (STs with single allele differences) are shaded gray, and clonal
complex 8 (CC8) is indicated. The size of each circle is proportional to the number of isolates in each ST. The alignment and minimum spanning tree were created
using BioNumerics v5.10.
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human disease may also be affected by the frequency and degree of
exposure to CC8/VT59. A recent study (13) suggested that CC8/
VT59 strains possess a strong capacity for biofilm formation,
which may support persistence within food production environ-
ments and subsequent contamination of foods.

The congruence of multiple genetic subtyping methods sub-
stantiated the presence of a distinct clone of L. monocytogenes
capable of causing human disease, and although the origins of this
clone are not known, we believe that these Canadian isolates share
an ancestor. This clone belonged to lineage II, most commonly
serotype 1/2a, and belonged to MLST CC8 with MVLST profile
VT59. All isolates also encoded the LM5578_2229 marker locus,
and the majority were PT4 and also encoded the large LGI1 region.
Following the epidemic clone nomenclature for L. monocytogenes
(defined using MVLST and association with multiple outbreaks),
we propose that VT59 represents a newly identified epidemic
clone (epidemic clone five [ECV]). Presumptive PCR detection of
ECV can be accomplished using locus LM5578_2229, but results
should be confirmed using MVLST. For public health and food
safety investigations, the observation of highly prevalent molecu-
lar subtypes also highlights the need for improved molecular epi-
demiologic tools (including whole-genome sequencing) that can
identify additional markers beyond ST membership to properly
distinguish individual clusters of disease and trace outbreaks back
to contaminated food products.

Nucleotide sequence accession numbers. DNA sequences of
the virulence gene amplicons were deposited in GenBank under
accession numbers JQ436380 through JQ436451 (see Table S3 in
the supplemental material).
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