E. coli0104:H7 an example of evolution faodborne pathogens and
revolution in food microbiology
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Introduction:

I have been holding back on releasing any comment until now due to the little accurate information
that was initially avéable. This article wasitially written on Saturday % June a couple of days after
the draft genome of the infectioul. colistrain serotype 0104 was released because | believe we
have now passed a watershed in the investigation of foodborne pathodem. update these
comments and observations periodically. Where possible | have used as reliable a source of
information as possible and given URL links. | recognise that | have inferred the outbreak is due to
food contamination, when in fact the vemtas yet has not been identified. | have made this
presumption based on previous outbreaks of the similar pathogénaliserotype O157. However

it is plausible that the organism was waterborne. The comments below-peé=®nce to sections
inmybodq W¢KS ai ONERO A 2"tER BRackeWile))l FS C22RQ 0OH

The news in May to June 20iklbeingdominated by the story of a severe, fatal outbreaksofcoli

infections centred in Northern Germany. As the story continues to unfold it illustrates nspegta

of modern and near future food microbiologyhere is a rapid alert system across Europe called
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At the beginning of the outbreak in Germany cucumbeosif Spain and Netherlands were found to

contain enterohaemorrhagiE. coliand the authorities took action (See Rigelow). However it was

later found that those pathogeni€. coldid not match the outbreak strain, nevertheless by this time

the adverseoublicity had caused additional product withdrawals. What appears to have been
overlooked in the story is that acting on the consignment of cucumbers containing
enterohaemorrhagi&. colimay have prevented secondsevere outbreak.

Updates:

5™ June: Gntamination of beansprouts are named as th@w suspecte¢ause. There may have
beenpoor hygiene either at a farm, in transit, or in a shop or food outlatestaurant in tle
northern port city of LUbeclsia possible place where thadteriumhad bea passed to humans. At
least 17 people infected witk colihad eaten thereHowever as of 20:29"5June the isolates from
beansprouts have not been confirmed as mangfthose from the human cases.

6™ June: Tests so far have not confirmed beansproutasce. Thiss very confusing for the
general public , and leads to a lack of confidence in the investigation. However outbreak sources can
be linkedtwo ways;epidemiologicabnd bymicrobiology The situation is that the beansprouts are
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as common foods, or place3he link was made to people eatihgansproutsat a restaurant.
HOWEVER,endo not know if the beansprouts being tested are (a) the saatehbas were supplied

to the restaurantand(b) from the restaurant or the farm. Since the outbreak has been going on for
several weeks the chance of testing beansprouts from the same bagmblied to the restauraris
getting smaller ever day. So it igitg plausible that this highly publicized outbreak will end up as
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epidemiologicallyinked to beansprouts, butot confirmedby microbiology This often happens in
outbreak investigations.

10" June: The Germany authorities have concluded that beanspfmtsan organic farm in the
northern village of Bienenbuett@ere most likely the vector of thE. coli0104:H4 outbreak.
However this is primarily based on epidemiology and the microbiological evidence is more
circumstantial. Apparently the initial quisning of victims was very inadequatédth beansprouts
beingdismissed too early in the investigation, and oncomsidered recently. T consequently
increagd the humanexposure period andumber ofinfections as well as decreasing the chance of
finding the relevant samples and isolates for microbiological analysis. The various questionnaires
used can be accessed hérip://www.rki.de/cIn_178/nn_217400/EN/Home/eec _Studien
Frageboegen.html

July, 2011.

1 Further investigations have traced the beansprouts to seeds from Egypt purchased in 2009.
These also caused a smaller outbreak in France; EFSATechnical report; Fig 1.

1 A number of papers have been published online describing the genomic analysis of £. col
0104 and its origins. The principle sequencing methods were lon Torrent and lllumina ; Fig 6
&7.

Questions:

1: What iSE. coli0104:H®2 ¢ KS 02 RS eRfdidtiNIsoHmtic antigen also known as the

Y Wt 0, zerolantigen,which vay accordingo the order and type of sugars making up the
lipopolysaccharid¢LPSK y (G KS 2dzi SNJ YSYONI ySd® ¢KS WnQ NBTSNE
to the amino acids in the flagellum. Therefore we know the organism is motile, and can be

distinguished from other varieties d&. colusing serotyping. For more details ssections 2.2.3 and

2.2.4.

2: How does the pathogenicity relate to the serotype® explained abovh mnn Y|l n ®he RS a ONA 6
surface antigens, it does not describe the virulenseach. Nevertheless the two have been

inherited together and currently it is quicker to detect the surface antigens than virulence genes.

However the situation is moving very fast and more direct detection of the virulence will

undoubtedly be availableevy soon.See information on pathogent€. colin Section 4.3.3.

3: What is making this strain so virulent@itial studies byhe Robert Koch Institute
(http://mww.rki.de/EN/Home/homepage___node.htlusing PCR methods shoavthe strain had

the followinggene profile: kigatoxin 1 negative, shigatoxin 2 (vtx2a) positive, intimin (eae) negative,
enterohemolysin negative. It also contains the EaggEC virulence plabinldwasaatA positive
(ABCGtransporter protein gene), aggR positive (master regulataregef Virplasmid genes), aap
positive (secreted protein dispersin gene), aggA positive (Ailsidrial subunitgene) and aggC

positive (AAFHimbrial operorrgene). Tie organism has the ability to attach to the cells lining the
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intestinal tract, and fronthere invade the human body by passing through the intestinal wall. It
produces a variety of toxins which damage the kidney ced#s.related informatiom Section 4.3.3.

4: What about antibiotic resistance?he following antibiogram was obtained frometRobert Koch
Institute (ttp://www.rki.de/EN/Home/homepage node.htnjl:

ResistantAmpicillin,amoxicillin/clavulanic acid, piperacillin/sulbactam, piperacillin/tazobactam (AES

VITEK), cefuroxim, cefuroxim-axetil, cefoxitin, cefotaxim, cetfazidim, cefpodoxim, streptomycin,
nalidixinséure, tetracycline, and trimethoprim/sulfamethoxazol. Extended spectrum beta-lactamases
(ESBL): CTX-M-15 positive, other B-lactamases: TEM-1 positive.

Sensitiveimipenem, meropenem, amikacin, gentamicin, kanamycin, tobramycin, ciprofloxacin, norfloxacin,
nitrofurantoin, chloramphenicol, fosfomycin, and nitrofurantoin.

5: Does the organism infect females more than maleé8s. Looking at the data from the second
Euosurveillancarticle (2" June, 2011j shows the male:female ratio for all age groups @Jidt is
notable that the ratio is skewed to greater female infections efgrpre-school children. The only
age group Maere the incidence is almost equairisthe age range @4 yr. The predominance of
infections in females is highly unusual and at the current time is unexplained.

6: Why were cucumbers named initiallyPhere is a rapid alert system across Europe céegid
'f SNI {@aidSyY TRASBFG#pY/é.eliropdreu/&BoBdapidalert.index_en.htm).
At the time of the outbreakn Germanyucumbers from Spain and Netherlands were found to
contain enterohaemorrhagik. coliand the authorities took action (See R)g However it was later
found that those pathogeniE. colidid not match the outbreaktrain. Nevertheless by this time the
adverse publicityhadcaused additional produatithdrawals. What appears to have been
overlooked is that acting on the consignment of cucumbers contgiaeierohaemorrhagi&. coli
may have prevented secondsevere outbreakSee sectiog1.10 and 1.12.€or information on
RASFF and the cost of foodborne infections.

7: How cank. coliO104:H4 be detectedPhis depends on your starting material. It is easd

isolate a bacterium from a normally sterile site such as blood than food. In food microbiology the
target organism may be stressed due to the food processing, and also in a mixed cultiEecélor
0104:H4 the situation is more difficult as othgpes of Enterobacteriaceae aid colimay be

presentin a food sample The problem is that one does not pick afid identify in detaievery

single colony from selective agars such as MacConkey and VRBGA. The same problem afese when
coliO157:H7 cane to prominence, but in time new agars and detection methods were developed
which were based on phenotypfie. sugar fermentationdnd physiological differences which could

be usal to differentiate the O157:HZerotypestrainsfrom otherE. colstrains.See section 5.2.1.

8: What is\8TEQand WTECand are they not alE. coliO157:H7anyway? { ¢ 9/ adl yRa F2N ¥
toxigenicE.co ' yR *¢9/ adl yRa Ef®ND YOK 2 S 2 i3 MY AINR REzOS ¥ 3
interchangeable. VTEC was the initiahteused before it was realised that the damage to vero cells

(tissue culture cell line) was due to the same toxin as fourghigella These are groups of

pathogenicE. colstrains which have acquireatiditionalvirulence genes from the closely related
bacteriumShigella E. colO157:H7 is only one variety STEC/VTEC. Others include Cdrid O26.

SeeSection 4.3.3or more detail.
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9: How is an outbreak investigatedirst one has to recognise that hindsight can be very cruel. If

you know the organismausing the infectiothen one has an idea tfie common sources to look

into. Obviously if the source turns out to be untypical then one is criticised for being too blinkered.
Outbreak sources can be linked two ways; epidemiologrsadstigationand bymicrobiology. In the
epidemiologyinvestigation,questionnaires are completed by the victims regarding recent eating

habits and travel abroad. This may involve matched controls. If a likely common factor is eating at a
restaurant then analysing foodsrfthe target bacterium can be carried out. The problem in

Germany appears to be the delay in the authorities being informed. Doctors may not report

promptly to the local authorities, who have a week to inform the state authorities who then have a

week to hform the relevant investigative group (Robert Koch Institute). So three weeks may have
elapsed before data has been gathered, and any microbiological analysis started. It will be necessary

to not only match food or water isolates at the species leveldatially DNA fingerprinting

(Question 10 below). There are therefore many opportunities for infections to be missed, and not
investigated. The chances of finding the same batch of food in a long food distribution chain gjets les
each dayAlso accurateacall of food eaten several days before is not totally reliable and prone to
assumption. If you ate a salavhat are you likelytorec#l a2 aid €t A1 St & Wi S{iGdzOS=:
OdzOdzY o SN o6dzii 6KIG | o02dzi GKS NXaifswl BebiaskdS I NI A 3

10: What aboutusingpulsedfield gel electrophoresis (PFGE) for tracing the souné¢éhe

outbreak? Yes, PFGE is commonly used for tracing outbreaks of organisms in€8udoi®157 and
SalmonellaThe PFGE profile has been obtaifieid) 5 and will be of use in the current investigation.
For further information on PFGEdPulseNET see sect®.12.3and 5.5.1

11: What was the point of sequencing the genom&Pom the answer to Questidwe have

already seen thakE. colican acquie new DNA sequences encoding for virulence gémes other

bacteria. It appears that on this occasion an enteroaggregative straih 6bl{EAggEC) has

acquired the shiga toxin (normally seen in anot&ercolivariety; STEC or EHEC) via a lambda

bacteNA 2 LIKI 3S O6LINRBOS&aa OFffSR WiNIyaFSOiAz2y Qoo I
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between two types oE. coli

The technology for DNA sequencing has improved so quickly that in contrast to theEndadi
0157:H7 outbreaks i0SA (1993)Japan(1996) and Scotlan@1996)it is almostpossible to
sequence the whole bacterium in the same amount of time as running PHG#ever even using
the 2" and 3™ generation DNA sequencers such as lon Torrent (Life Technolagéslumin@one
needs skilled bioinformaticians to put the short DNA readetiogr intothe correctcontigs. Please
note that to date theE. coli0104:H4n Genbanks an unfinished genome as the contigs have not
been closedie regions irbetween have not been sequencetiowever one cacarry outDNA
sequence alignments and comsons to other pathogenic varieties Bf coli Figh is a comparison
with enteroaggregativé&. col(EAggEC) and is courtesy of Yongmei Li (Life Technoldgies).
Genbank acession numbefor the lon Torrent sequenced genonsAFOB01000000t is this rapid
sequencing of the strain which has revealed the combinatida. @oltraits which have occurred to
generate the 2011 outbreak. coli0104:H4 strain. How this strain has acquired additional genes
compared with previous clinical isolatestfcdi O104:H4 strains remains to be discovered, but for
now this new variant is the focuBor further reading on the evolution &. coland genomic analysis



see section 2.3.2, 2.9.1 and 2.9.5 (Fig 2,189 well as articles by Mellmaenal. (2011), and
Rhaldeet al. (2011) See also Fi@ at the end of this article.

Further analysis combining lon Torrent and lllumina sequencing were published online in July (2011)
and can be downloadedRhoddeet al. (2011) and Mellmanet al.(2011) There are interdsg
aspects on the origin d&. coli0104 genome which have been revealed very quickly.

Sunmary.

There are two activities in foodborne pathogen outbreak investigations; epidemiology and
microbiology. The former is based on responses to questionnairdsebyictims and investigation of
the hygienic practices on the food production process. The later (microbiology) requires laboratory
analysis with methods which are specific and sensitive to the target organism. In this case a
subvariety of a common bagtium, E. coli It requires isolates from the same batch of suspect food

as ingested by the victims. When there is a long period between initial cases and food sampling
then it is less likely to hawee same batch for analysis and the evidence becomaem

circumstantial.

The advances in DNA sequencing have enabled the rapid analysis of the emergence of the highly
virulent strain oft. coli0104:H4 erupting in Northern Germany. This will hopefully lead to improved
detection and surveillance in the futeiand also inform us of the selection forces driving its
evolution. The previous high profile outbreaks Bf coli0157 such as in Scotland led to changes and
reinforcement in HACCP approaches to food safety and hygiene traifhilg witnessing the

evolution of E. colwe are also experiencing a revolution in the investigation of foodborne infections.
Nevertheless, speed in acquiring isolates from victims and food \s§twe still a major issue.

Useful sources of information:

EFSA&kforce investigéion report: http://www.efsa.europa.eu/en/supporting/pub/176e.htm
European Centre for Daase Prevention and Control (ECD@p://www.ecdc.europa.eu
Eurosurveillancenttp://www.eurosurveillance.org/

Federal Bureau of Risk Assessment (BifR)-//www.bfr.bund.de/en/home.html
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Fig.1. Trackack ofE. coli 0104:H4 to seeds from Egygteen grab from EFSAskforce report.
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Figure 1: Netwaork graphic showing the Tace back (black thick amrows) (incl kot no., quantities and
dates) of fenugresk seeds lot no. 4B0EE fom the two clusters in Germany and France via
all identified distbotors producers fo the company in Egypt. The red thin amows indicate
the ongoing tracing forward work dome and are discussed in chapter 3.2
TF=Trace forward, s2= section 3.2



Fig2. RASFF portal alert news showing the detection of enterohaemotagialin cucumbers at the end of May 2011.
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Notifications list : 3 results

Search criteria | Subject *ENTEROHAEMO* @ @ )
<< Frst << << Previous 100 << Notffications 1 t0 3 of 3 >> Next 100 >> >> Last >>
Classification Date of case Last change Reference Country Subject Product Category Type
v

enterohaemorrhagic Escherichia coli in §

1. alert 27/05/2011 31/05/2011 2011.0703 DE organic cucumbers from Spain fruit and vegetables food 3]
enterohaemorrhagic Escherichia coli in

2. dlert 27/05/2011 30/05/2011 DE cucumbers from Spain, packaged in fruit and vegetables food 3]
Germany
enterohaemorrhagic Escherichia coli in

3. dlert 27/05/2011 30/05/2011 2011.0707 DE cucumbers from the Netherlands or from  fruit and vegetables food gj

Denmark




Fig3. Cumulative incidence of HUS cases in Gayna&cording to age and sex. Source:
Eurosurveillanc¥ol. 16, Issue 22, 02 June 2011
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HUS: haemolytic uraemic syndrome.
Data as of 31 May 2011, 3 pm.

Fig 4 Xbd restriction digest oE. coli0104:H4 lanes-2 (three separate isolatesyalmonellanarker
in lanes 1 & 5. Sooe Robert Koch Institutdttp://www.rk i.de/EN/Home/homepage__node.html
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Figh. Genome:genome comparisonBf coli0104:H4 (upper strand) with enteroaggregativecoli
(lower strand) using the program Mauve. Image courtesy of Yongmei Li, Life Teepasol
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Fig 6 Timeline oE. calO105 genome sequencingr8en grab from Rhoddet al.2011 New Eng J
Medicine.
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Figure 1. Timeline of the Open-Source Genomics Program.

After receiving the first batch of DNA samples on May 28, 2011, sequencing runs with the use of the lon Torrent
Personal Genome Machine (PGM) and Illumina (small-insert library) were initiated simultaneously. On May 31, the
second batch of DNA was received and used for Illumina large-insert sequencing. An assembly of the lon Torrent
reads was released on June 2, which enabled subsequent analyses (multilocus sequence typing, phylegenetic analysis,
and genome comparisons). Errors in the lon Torrent data were corrected with the use of later Illumina data, and a
high-quality draft genome sequence was created. GS denotes generation of sequencing technology. The symbols at
May 28 and May 31 in the timeline indicate the arrival of DNA samples.




Fig. 7Time line ofE. coli0104 outbreak and analysi®reen grab from Mellmann et al. (2011), PLoS ONE.
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Figure 1. Events timeline of German EHEC O1 04:H4 outbreak. Major events relating to the outbreak epidemiology (below arow) and those
relating to genomic elucidation efforts (above arow) are noted separately in the graph. Lines within the armow indicate single day progression, with
the date noted every Sth day. Events span from early May 2011 to early June 2011. Times are noted in Central European Time (CET). Abbreviations:
Bff = Bundesinstitut fir Risikobewertung (Federal Institute for Risk Assessment, Germanyl BGl = Beijing Genomics Institute (People’s Republic of
China), ECDC = European Center for Disease Prevention and Control (Sweden), HPA = Health Protection Ag_irancl_.r [United Kingdom), HUS =
hemaolytic uremic syndrome, LT = Life Technologies Group, PGM™ = lon Toment Personal Genome Machine™, RKI = Robert Koch Institute
[Germany), 5T = multilocus sequence type, UKE = University Hos pital Hamburg [(Germany], UKM = University Hospital Muenster (Germany], WG5S =
whaole genome sequencing.

doi:10.137 1/journal pone 00227 51.g001



Fig. 8 Phylogenetic analysis Bf coliD014 and relationshito other varieties of pathogentig. coli
Screen grab from Mellmaret al. (2011).
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