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1. Summary

The molecular typing by PFGE has now been completeall E. coli O157:H7 isolates
from young calves, bovine, veal, prime beef and &urcases included in the 2006 PFGE
Emergency Response typing project as well as pbeef and veal isolates submitted to
ESR up to July 222008. The PulseNet Aotearoa (New Zealdadjoli database contains
723 NZ E. coli O157:H7 isolates including 411 human, 189 mea8 ahimal and 4
environmental isolates.

A total of 557 isolates have been analysed by PES#&g bothXbal and Binl. When the
two PFGE types were combined, 24f7al:Binl types were observed. Of these types, 117
contained only human isolates (144 isolates), f8atoned only meat isolates (87 isolates),
20 contained only animal isolates (33 isolates) 2amdntained only environmental isolates
(2 isolates). The remaining 3%bal:BInl types contained isolates from more than one
source including 19 types containing meat and huisalates (38 meat and 42 human
isolates), 7 types containing meat, animal and mursalates (52 meat, 60 animal and 64
human isolates), 5 types containing meat and anismates (10 meat and 15 animal
isolates) and 4 types containing animal and hursalates (6 animal and 4 human isolates).

The two most prevalent USRbal types are also amongst the most prevaidat types in
NZ but the most prevalent NXbal type, as well as the fourth and fifth most prevalNZ
Xbal types, did not appear in any of the USA postings.

Similarly only two of the five most prevalent USAnI types have also been seen in NZ.
The most prevalent USA type has seldom been sel# inut the third most prevalent USA
Binl type is the most prevale®inl type in NZ. The other four most prevalent &l
types, which account for almost a third of the gpéid not appear in any of the USA
postings.

The vast majority (99.6%) of NZ isolates are digtished from USA patterns when the
Xbal andBInl types are combined. Only one Nkbal:BInl combination has been reported
in the PulseNet USA postings. The two NZ isolatéh this profile were isolated in 2004;
the two USA types, which are uncommon in the PuiteddSA database, were associated
with outbreaks (no source identified) in 2007. Ti&dence of thisbal:Blnl combination

in other countries that export meat, and other $otmthe US cannot be determined.
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2. I ntroduction

In response to a request from the USAErcoli O157:H7 PFGE types present in New
Zealand (NZ), ESR (2006) reported on the genotyge42 E. coli O157:H7 isolates.
These isolates included young calf, bovine, priraefpveal and related isolates submitted
to ESR between January 2002 and April 2006 and huisalates submitted to ESR
between January 2003 and May 200&bal patterns were obtained for all isolates and a
subset of isolates was further typed &hal patterns obtained.

More recently, in response to initiatives by theiteth States of America (USA) to further
control E. coli O157:H7 in the USA beef supply, NZFSA and industaye agreed to FSIS
implemented changes to its microbiological monitgrprogramme. These changes will
facilitate continued market access to the USA ntark€he changes involve alt. coli
0157:H7 isolates being molecular-typed by pulsettifgel electrophoresis (PFGE) and a
summary of the PFGE profiles provided to FSIS oregular basis. NZFSA therefore
requires the urgent completion of typing and suna#ion of the PFGE profiles from the
2006 Emergency Response study as well as subsageanhisolates.

This aims of this project were:

1. to complete molecular typing by PFGE of Bllcoli O157:H7 isolates from bovine,

young calf, prime beef, veal and human cases typwter the 2006 PFGE typing

project,

to fully type all subsequent beef and veal isoltbedate,

to compare NZE. coli O157:H7 PFGE typing information with PulseNet USA

postings of. coli 0157:H7 types, and

4. to prepare a web-based summary of EFhecoli O157:H7 PFGE profiles of meat
isolates for NZFSA to provide to FSIS

wn

3. Pulsed Field Gel Electrophoresis (PFGE) Analysis

A total of 167 human and 118 meat isolates from28@6 Emergency Response project
were identified as requiring additional analysiptovide complete PFGE information. In
addition, 64 additional med&t. coli O157:H7 isolates had been received by ESR sirate th
2006 project and the start of this project. M@&it4( of 233, 92%) isolates were able to be
resuscitated. The outstandiBtnl analysisof 118 meat and 159 human isolates from the
Emergency Response project have been completedb&nmew meat isolates have been
analysed using botKbal andBInl. The isolates were digested and the bands deplaoy
PFGE using the PulseNet protocol
http://www.cdc.gov/pulsenet/protocols/ecoli_salmtmeshigella_protocols.piif
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4. BioNumerics Analysis of Xba Patterns

The PulseNet Aotearoa (New Zealat)coli database contains 723 NEZ coli O157:H7.
Of these isolates, 411 (56.8%) were of human orit@® (26.1%) were isolated from meat,
118 (16.3%) were of animal origin (hides and fagcés(0.55%) were of environmental
origin and 1 (0.14%) of the isolates had no sowste#éed. The majority (163, 86.2%) of
meat isolates were veal with the remaining isoldtemg isolated from prime beef (17,
9.0%), pork (4, 2.1%), sheep (4, 2.1%), and thetnygee was not stated for the remaining
isolate. All of these isolates have been analysgidg Xbal, the patterns loaded into
BioNumerics 5.1 (Applied Maths, Kortrijk, Belgiumgnd types assigned. Similarities
between patterns were calculated using the Dic#Hicieat with band matching parameters
of 1.0% optimization and 1.5% position tolerandaterstrain relationships were assessed
by cluster analysis using the Unweighted Pair-Gneiip Mathematical Average (UPGMA)
method. Types were primarily assigned based orN@werics marking the isolates as
100% similarity but these results were modifiednasessary, following visual inspection of
the patterns. Assignation of strains to a comnype tloes not imply strain identity. While
analysis with a single enzyme is sufficient to shihat two isolates are different, it is
insufficient to demonstrate that the isolates amdistinguishable by PFGE (Gilpin,
manuscript in preparation). Analysis with two em®ag is recommended.

Of the 143 Xbal types assigned, 66 (46.2%) types contained omnimdn isolates (90
isolates), 28 (19.6%) types contained only mealaise (37 isolates), 10 (7.0%) types
contained only animal isolates (13 isolates), Z$ypontained only environmental isolates
(2 isolates) and 1 type contained a single isdiatevhich the source has not been stated.
The remaining 36Xbal types contained isolates from more than one sourcluding 18
types containing meat and human isolates (50 medt ¥® human isolates), 9 types
containing meat, animal and human isolates (96 m@aanimal and 194 human isolates), 4
types containing animal and human isolates (12 ahemd 4 human isolates), 3 types
containing animal and meat isolates (4 meat ananimal isolates), 1 type containing meat,
environmental and human isolates (2 meat, 1 enwiemtal and 10 human isolates) and 1
type containing environmental and human isolateen(@ronmental and 14 human isolates).

The majority (n=21: 75.0%) of meat-onKbal types contained only veal isolates, with 2
types containing only prime beef, 2 types contaronly pork, 2 types containing both veal
and prime beef, and 1 type containing only an tsol@here the meat type is not stated.
Similarly, the majority (n=18: 64.3%) of types camting both human and meat isolates
contained only veal isolates, with 5 (17.9%) typestaining veal and prime beef isolates, 2
(7.1%) types containing only sheep isolates, 1 typataining only prime beef isolates, 1
type containing only pork isolates, and 1 type aomnihg veal, prime beef and sheep isolates.

The majority (85, 59.4%) oXbal types were represented by only one isolate, whikbal
types (Xb0040 and Xb0049) contained over 50 isslateh (Figure 1). The diversity index
(Simpson, 1949) foxXbal was 91%.
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Figure 1: Frequency Distribution of Xbal Types
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5. BioNumerics Analysisof B/nl Patterns

Of the 723E. coli O157:H7 isolates in the PulseNet Aotearoa (Newlafel E. coli
database, 557 (77.0%) have been analysed @&mg The BlInl patterns have been loaded
into BioNumerics 5.1 and types have been assigi@dster analysis was performed using
the Dice similarity coefficient and UPGMA dendrograype with 1.0% optimization and
1.5% position tolerance. Types were primarily ggsd through BioNumerics analyses
identifying profiles matching with 100% similaritput these results were modified, as
necessary, following visual inspection of the paite Assignation of strains to a common
type does not imply strain identity. While anasysvith a single enzyme is sufficient to
show that two isolates are different, it is instifnt to demonstrate that the isolates are
indistinguishable by PFGE. Analysis with two enzagnis recommended.

Of the 557 isolates witBInl patterns, 187 (33.6%) were of isolated from m&a4 (20.5%)
were of animal origin, 254 (45.6%) were of humangior and 2 (0.36%) were of
environmental origin. Of the 11BInl types assigned, 56 (47.5%) types contained only
human isolates (83 isolates), 26 (22.0%) typesaioed only meat isolates (33 isolates),
and 2 (1.7%) types contained only animal isolaBesd@lates) and 2 (1.7%) types contained
only environmental isolates (2 isolates). The riamg 32 Blnl types contained isolates
from more than one source including 14 types caitgimeat and human isolates (28 meat,
44 human isolates), 11 types containing meat, dnamd human isolates (115 meat, 100
animal and 124 human isolates), 5 types contaimegt and animal types (11 meat and 7
animal isolates), and 2 types containing animal lamnahan isolates (4 animal and 3 human
isolates.

The majority (17, 65.4%) of meat onBinl types contained only veal isolates, with 5
(19.2%) types containing only prime beef, 3 typestaining only pork isolates and 1 type
containing only sheep isolates. Similarly, the angy (16, 64.0%) oBInl types contained
both human and meat isolates contained only veltes, with 3 (12.0%) types containing
only prime beef isolates, 2 (8.0%) types containgfgep only isolates, 2 (8.0%) types
containing prime beef and veal isolates, 1 typdaiomg sheep, pork and veal isolates, and
1 type containing veal, prime beef and an isolatevhich the type of meat was not stated.

The majority ofBInl types (66, 55.9%) were represented by only ookate while 3BInl
types (BI0O093, BIO080 and BI0O016) contained overiddlates (Figure 2). The diversity
index (Simpson, 1949) fdBInl analysis of the 557 isolates analysed udthg was 93%,
slightly higher than fobal.
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Figure2: Frequency Distribution of BInl Types
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6. Combined Xbd: B/nl Patterns

When the two PFGE types were combined, Xia@l:BInl types were observed for the 557
isolates that had been analysed by both enzymdstheSe types, 117 (47.4% of types)
contained only human isolates (144 isolates), B36@) contained only meat isolates (87
isolates), 20 (8.1%) contained only animal isolg83isolates) and 2 (0.8%) contained only
environmental isolates (2 isolates). The remair8bgXbal:Blnl types contained isolates
from more than one source including 19 types cairtgimeat and human isolates (38 meat
and 42 human isolates), 7 types containing meatarand human isolates (52 meat, 60
animal and 64 human isolates), 5 types containiagtrand animal isolates (10 meat and 15
animal isolates) and 4 types containing animal lamehan isolates (6 animal and 4 human
isolates).

The majority (57, 78.1%) of meat onXbal:BInl types contained only veal isolates, with 9
(12.3%) types containing only prime beef, 4 (5.8¥fes containing only pork isolates, 2
(2.7%) types containing only sheep isolates, and.4%) type containing an isolate for
which no meat type was stated. Similarly, the migjq20, 76.9%) ofXbal:BlInl types
containing both human and meat isolates contaiméyl\eal isolates, with 2 (7.7%) types
containing veal and prime beef isolates, 2 (7.A%g$ containing only prime beef isolates,
and 2 (7.7%) type containing only sheep isolates.

The majority ofXbal:BInl types (184, 74.5%) were represented by only sp&ie while
one Xbal:BInl type (Xb0040:BI0093) contained over 50 isolate8 (2eat, 27 animal, 16
human isolates) (Figure 3). Théal:Blnl diversity index (Simpson, 1949) for the 557
isolates analysed using both enzymes was 97%.

Figure 3: Frequency Distribution of Xbal:BlInl Types
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7. Comparison with PulseNet USA Postings

Every three months PulseNet USA posts, on theiursewebsite, information on the most
prevalent PFGE types and types associated withreakb. A word document summarises
the new isolates added to the database includiegnibst prevalenkbal types, an Excel
worksheet summarizes the outbreak information foe tquarter and a bundle of
BioNumerics patterns which can be downloaded amddd into a local database. This
information is available for viewing and downloaglioy all members of PulseNet
International. The postings from 2003 to the fogearter of 2008, containing 197 entries,
was used to compare with the PulseNet Aotearoa (Realand)E. coli database.

PulseNet USA pattern designations use a 10 digie ccEXH stands foE. coli O157:H7,
X01 stands foiXbal, A26 stands foBInl, while the final four digits are a sequentialtpat
number assigned in order of first submission to dagabase. The comparison of very
similar patterns relies on a degree of individugdjsctivity which change as databases get
larger and different people are involved. Whileywsmall differences in patterns may be
reflective of differences in genotype, they mayoails some cases reflect methodological
differences that can arise, particularly when i@daare analysed over many years from
many labs. Outbreak investigations usually havieneé time periods for comparisons (in
USA, the default is a 60 day window) which makas téss of an issue.

In the comparisons below we have, in several imgsnidentified more than one USA
pattern that we report as indistinguishable frosirgle NZ pattern. This does not mean
that they are the same, simply that we can noabBlidistinguish them from one another
using that single enzyme. That is one reasontiy@enzymes are highly recommended for
all comparisons. The approach we have taken bértofs the assumption that all isolates
are indistinguishable, and that typing allows ugligtinguish them. We have therefore a
very high confidence that all isolates with differd®FGE types, are in fact different due to
the underlying genotype, not due to methodologissiues. Isolates which remain
indistinguishable can then be further interrogatsihg both epidemiological and laboratory
approaches to evaluate the nature of these ingisthable isolates.

The five most commorXbal types in the USA, based on the overall frequefigyres
provided in the 2007 annual summary, were EXHX0470(5.5%), EXHX01.0074 (5.0%),
EXHX01.0224 (3.4%), EXHX01.0087 (3.0%), and EXHXD343 (2.0%). Of these only
two were indistinguishable from NZXbal types. Xb0049 is indistinguishable from
EXHX01.0047, EXHX01.0124 and EXHX01.1486 and is Hezond most prevaledbal
type in NZ (9.0%) and Xb0168 is indistinguishalieni EXHX01.0074 and EXHX01.0697
and is the third most prevaleXdbal type in NZ (5.8%). Both had been isolated froreain
and human samples. The most prevalentXiyal type (Xb0040, 27.5%), as well as the
fourth (Xb0138, 5.0%), and fifth (Xb0092, 3.2%) rhgwevalent NZXbal types, are
distinguishable from all of the USAbal types we have patterns for. Figure 4 illustrates
USA and NZXbal types considered indistinguishable. The USAgrat are above the NZ
patterns that PulseNet Aotearoa (New Zealand) dersindistinguishable.

The five most common USAInl types, based on th&. coli 2007 Annual Report
spreadsheet were EXHA26.0569 (14.5%), EXHA26.0a1%006), EXHA26.0536 (4.1%),
EXHA26.0332 (3.3%) and EXHA26.0570 (1.9%). Of themly two are indistinguishable
from NZ patterns. BI0002 (EXHA26.0569) is not vesevalent in NZ with only 2 meat
and 2 animal isolates (0.7%) isolates. Conver&0093 (EXHA26.0536) is the most
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common (18.3%pBInl type in NZ and has been isolated from meat anadm samples.
The other four most commaBinl types in NZ (BI0O080, 10.6%; BIO007, 9.3%; BIO016,
7.9%; and BIO004, 4.1%) were distinguishable frdmUJ&A Blnl types we have patterns
for. Figure 5 illustrates the USA and NZ isolateish indistinguishableBlnl types. The
USA patterns are above the NZ patterns that PulséNtearoa (New Zealand) considers
indistinguishable.

When analysis was performed using two enzymes,@3b7 (99.6%) NZ isolates were
different to outbreak and common types found in WA database. Only orxbal:Binl
combination reported in the PulseNet USA postings also been seen in NZ. Two 2004
isolates, one each from young calf hide and veatass, had thexbal:Blnl type
EXHX01.0248/EXHX01.1294 (Xb0092):EXHA26:0569 (BIG®Owhich were associated
with outbreaks in the USA during 2007. Thedsal:BlInl types have prevalences in the
USA of 0.41% and 0.20% respectively and the sounédlse two outbreaks linked to these
types have not been identified. The incidence hid Kbal:BInl combination in other
countries that export meat, and other foods, tdXBeannot be determined.

As demonstrated here the use of a second enzyna@n®essential for confirming patterns
are indistinguishable. Even then there may betgede#ferences which would be identified
by additional analysis - for example MLVA (Multipleoci Variable number tandem repeat
Analysis). Isolates with indistinguishable genaypmay still have no epidemiological
relationship to one another. The prevalence of Pp@tterns in databases provide useful
information, but determining an actual linkage eftationship between isolates with the
same genetic profile requires additional investayat

7.1 Conclusion

The vast majority (99.6%) of NZ isolates are dgtished from USA patterns using a
combination ofXbal andBInl restriction enzymes. Only one Nébal:Blnl combination has
been reported in the PulseNet USA postings. The N isolates with this profile were
isolated in 2004; the two USA types, which are umgwn in the PulseNet USA database,
were associated with outbreaks (no source idedjifia 2007. The incidence of this
Xbal:Blnl combination in other countries that export meatd other foods, to the US
cannot be determined.
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Figure4: USA and NZ Isolateswith I ndistinguishable Xbal Types
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