
LETTER

Genomic diversity of the 2011
European outbreaks of Escherichia
coli O104:H4

The recent outbreak of Shiga toxin-producing Escherichia coli
in Europe resulted in 3,816 cases in Germany (1), with a
smaller outbreak in France resulting in 24 cases (2). Grad et al.
identified 19 single nucleotide polymorphisms (SNPs) in seven
isolates from theFrench outbreak but only two SNPs in four isolates
from the German outbreak (3). They conclude that the diversity in
the small French outbreak is much larger than in the German
outbreak. However, we argue that this conclusion is not justified.
First, in their analysis, Grad et al. discarded all SNPs found

solely in the reference genome TY2482 (4) as sequencing errors,
but our careful reanalysis identifies two genuine SNPs in
TY2482. This doubles the number of SNPs in the few German
isolates examined. Second, we found 18 SNPs in eight genomes
from strains isolated from Swedish patients who had visited
Germany during the outbreak (sequenced with Illumina; cover-
age >250 and all SNPs validated by PCR and Sanger sequenc-
ing). Thus, there is a similar genomic diversity in isolates
originating from Germany as seen in the French isolates (3).
Furthermore, synonymous substitutions accounted for 31.2%
of SNPs in coding regions and another 11.1% at intergenic
sites in the German outbreak strains, which is very similar to
36% and 14.3%, respectively, for the French strains. We con-
clude that the average number of SNPs per genome and their
substitution patterns are similar in the French and German out-
breaks. This argues against the hypothesis that mutation rates
vary in the two bacterial populations, as proposed by Grad et al. (3).
Grad et al. further suggested that all German strains went

through a bottleneck and form a clade nested within the diversity
of the French strains (3). This hypothesis is based on the pres-
ence of a single SNP identified in all German strains and some
French strains (3). However, the Swedish isolate E92/11 does
not contain this particular SNP, but instead shares an SNP
with the French isolate Ec11-4522 (Fig. 1). All other Swedish
strains, including E107/11, contain the SNP specific for the

German strains. This difference is notable because E92/11 and
E107/11 were isolated from patients who had traveled to-
gether to Germany. They and several others in the traveling
group developed disease symptoms shortly before the peak of
the outbreak, suggesting that they all consumed the same
infected sprouts.
These findings strongly suggest that the French and German

outbreaks originated from a common source that contained at
least two different genotypes. Thus, the German outbreak
sequences are not simply nested in the French ones as proposed
by Grad et al. (3). We favor the hypotheses that (i) there was
an uneven distribution of genotypes in the infected seeds or
(ii) some genotypes underwent clonal expansion after the seeds
were distributed (3). However, biased sampling also cannot be
ruled out: 29% of the patient population (seven of 24) has been
sampled in the French outbreak, compared with only 0.3% (13
of ∼4,000) in the German outbreak. A broader sampling, par-
ticularly of German strains, is clearly needed.
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Fig. 1. Phylogeny of the French (blue) and German (red) outbreak strains. The tree was inferred by maximum likelihood using an alignment of the poly-
morphic positions within the outbreak strains. Numbers on branches inside the outbreak clade indicate SNP positions. Letters beside the Swedish–German
strains refer to sex and symptoms (H, hemolytic uremic syndrome; D, diarrhea). Strain E92/11 was obtained from the only fatal case reported in Sweden.
Strains Ec04-8351, Ec09-7901, and 55989 were isolated independently of the outbreak and used to root the tree. Raw reads for all strains sequenced in this
study have been deposited in the Sequence Read Archive at the National Center for Biotechnology Information under study no. SRP008458.
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