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Principle of MLST

« Multilocus sequence typing (MLST) is a procedure for
characterising isolates of bacterial species using the sequences of
internal fragments of (usually) seven house-keeping genes.

- MLST is based on PCR amplification and sequencing of internal
fragments of a number (usually 6 or 7) of essential or housekeeping
genes spread around the bacterial chromosome.

- The differences between the sequences are used to define sequence
types (STs).



The aim of MLST

- It is provide a portable, accurate, and highly discriminating typing
system that can be used for most bacteria and some other
organisms.

- If the same genes were used in different studies, then the typing
information of the isolates from these different studies may be
compared and analyzed together.
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Multilocus sequence typing (MLST)

» MLST schemes have been developed for the most
important bacterial pathogens, including

v'Streptococcus pyogenes
v'Haemophilus influenza
v'Staphylococcus aureus
v Campylobacter jejuni
v’ Enterococcus faecium

v'Escherichia coli
v'Salmonella spp.
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PCR primers of housekeeping genes of E. coli for MLST

Gene Primer Anealing Amplicon
(Temp) size (bp)
adk ATTCTGCTTGGCGCTCCGGG (F) 54 583

CCGTCAACTTTCGCGTATTT (R)

JumC TCACAGGTCGCCAGCGCTTC (F) 54 806
GTACGCAGCGAAAAAGATTC (R)

gyrB TCGGCGACACGGATGACGGC (F) 60 911
ATCAGGCCTTCACGCGCATC (R)

icd ATGGAAAGTAAAGTAGTTGTTCCGGCACA (F) 54 878
GGACGCAGCAGGATCTGTT (R)

mdh ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG(F) 60 932
TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT (R)

purA CGCGCTGATGAAAGAGATGA (F) 54 816
CATACGGTAAGCCACGCAGA (R)

recA CGCATTCGCTTTACCCTGACC (F) 58 780
TCGTCGAAATCTACGGACCGGA (R)

(Aanensen and Spratt, 2005)
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Update information: ST complexes have been updated again on 17.05.2007. There are currently 600 STs and 54 ST
complexes. The criteria have also been changed and are now groups of at least 3 5Ts sharing 6 alleles in pair-wise
comparisons. The assignments of STs to some of the previous ST complexes have changed as a result, although we have
tried to maintain consistency.

ST complexes have been updated again on 24.08.2005. Multiple new ST Complexes have been assigned and multiple STs
have been assigned to known complexes. Due to the increased number of strains assigned to the $T29 Complex, it has
become unclear whether these bacteria are closely related or only linked by one intermediate recombinant. Therefore, this
has now been split into the ST23 and ST29 Complexes.

ST complexes have been updated on 23.11.2004. This includes the merging of ST21, 29 and 90 Complexes into ST29
Complex and ST3 and 17 Complexes into ST20 Complex. Multiple new ST complexes have been assigned. A number of

STs have been merged with other STs due to curation of the database & C | @ mistwarwick.ac.uk/mist/dbs/Ecoli/documents/primersColi_html

Protocols used for MLST of Escherichia coli PCR Amplification
Please note: These include new primer sequences (added 26 July 2004; labelling corrected on 5 March, 2007) whose
labels indicate the genomic direction rather than reading frame.

Genes The primer pairs for the PCR amplification of internal fragments of these genes can be chosen from:

The E. coli MLST scheme uses internal fragments of the following seven house-keeping genes.

adk (adenylate kinase,
fumc{t (ﬁjm";rata hydra{ase) Gene: Product length: Annealing Temperature:

gyrB (DNA gyrase)
icd (isocitratefisopropylmalate dehydrogenase)
mdh (malate dehydrogenase) adkf 5-ATTCTGCTTGGCGCTCCGGG-3 583 bp 54 ¢
pursh (2danylosuccinate daftydrogenase) 2R 5-CCGTCAACTTTCGCGTATTT-Y
reah { inding motif) adkF1 5-TCATCATCTGCACTTTCCGC-3
2dkR1 5 CCAGATCAGCGCGAACTTCA 3

PCR Amplification

fumCR1 5-TCCCGGCAGATAAGCTGTGG-3' 806 bp 54 c
Please note: These include new primer sequences (added 26 July 2004; labelling corrected on 5 March, 2007) whose fumCF 5-TCACAGGTCGCCAGCGCTTC-3"
labels indicate the genomic direction rather than reading frame. fumCR 5-GTACGCAGCGAAAAAGATTC-3
The primer pairs for the PCR amplification of internal fragments of these genes can be chosen from

gyrBF 5-TCGGCGACACGGATGACGGC-Y 911 bp 60° ¢

gwrBR1 5-GTCCATGTAGGCGTTCAGGG-¥
gyrBR §-ATCAGGCCTTCACGCGCATC-3'

icdF 5-ATGGAAAGTAAAGTAGTTGTTCCGGCACA-3' 878 bp 54 C
icdR 5-GGACGCAGCAGGATCTGTT-3

mdhF 5-ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG-3 932 bp 60 c
mdhR &' -TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT-

mdhF1 58-AGCGCGTTCTGTTCAAATGC-

mdhR1 5-CAGGTTCAGAACTCTCTCTGT-3

purAF1 5-TCGGTAACGGTGTTGTGCTG-3 816 bp R
purAF 5-CGCGCTGATGAAAGAGATGA-3'
purAR 5-CATACGGTAAGCCACGCAGA-3

recART 5-AGCGTGAAGGTAAAACCTGTG-3 780 bp 58°C
recAF 5-CGCATTCGCTTTACCCTGACC-3

recAFT 5-ACCTTTGTAGCTGTACCACG-3'

recAR 5-TCGTCGAAATCTACGGACCGGA-I

Conditions
PCR: 2 min at 95°, 30 cycles of 1 min at 95°, 1 min at annealing temp. 2 min at 72° followed by 5 min at 72°. The PCR

reaction contains 50 ng of chromosemal DNA, 20 pmol of each primer, 200 umol (10 ul of a 2 mM selution) of the dNPTs,
10 ul of 10x PCR buffer, 5 units of Tag polymerase and water to 100 ul
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Allele template
Allelic profile of E. coli strain MG1855 (see Genebank)

adk (536 bp).
GGGGAAAGGBACTCAGGCTCAGTTCATCATGGAGAAATATGGTATTCCGCAAATCTCCACTGGCGATATGCTGCGTG
CTGCGGTCAMATCTGGCTCCGAGCTGGGTAAACAAGCAAAAGACATTATGGATGCTGGCAAACTGGTCACCGACGAA
CTGGTGATCGCGCTGGTTAAAGAGCGCATTGCT CAGGAAGACTGCCGTAATGGTTTCCTGTTGGACGGCTTCCCGCG
TACCATTCCGCAGGCAGACGCGATGARAGAAGC GGGCATCAATGTTGATTACGTTCTGGAATTCGACGTACCGGALG
AACTGATCGTTGACCGTATCGTCOETCGCCGCGTTCATGEGCCETETGGTCATGTTTATCACGTTARATTCAATCCG
CCGAAAGTAGAAGGCAAAGACGACGTTACCGGTGAAGAACTGACTACCCGTAAAGATGATCAGGAAGAGACCGTACG
TAAACGTCTGGTTGAATACCATCAGATGACAGCACCGCTGATCGGCTACTACTCCAAAGAAGCAGAAGCGGGTA

fumC (469 bp)
CGAGCGCCATTCGTCAGGCGGCGGATGAAGTACTGGCAGGACAGCATGACGACGAATTCCCGCTGGCTATCTGGCAG
ACCGGCTCCGGCACGCAAAGTAACATGAACATGAACGAAGTGCTGGCTAACCGGGCCAGT GAATTACTCGGCGGTGT
GCGCGGGATGGAACGTAAAGTTCACCCTAACGACGACGTGAACAAAAGCCARAGTTCCAACGATGTCTTTCCGACGG
CGATGCACGTTGCGGCGCTGCTGECGCTGCGCAAGCAACTCATTCCTCAGC TTAAAAC CCTGACACAGACACT GAAT
GAGAAATCCCGTGCTTTTGCCGATATCGTCAAAATTGGTCGTACTCACTTGCAGGATGCCACGCCGTTAACGC TGRS
GCAGGAGATTTCCGGCTGEGTAGCGATGCTCGAGCATAATCTCARACATATC GAATACAGCC TGCCTCACGTAGCGG
AACTGGC

gyrB (460 bp)
GGTCTGCACGBCGTTGETGTTTCGGTAGTAAACGCCCTGTCGCAAAAACTGGAGCTGGTTATCCAGCGCGAGGGTAA
AATTCACCGTCAGATCTACGAACACGGTGTACCGCAGGCCCCGCTGECGETTACCGGCGAGACTGAAAAAACCGGCA
CCATGGTGCGTTTCTGGCCCAGCCTCGAAACCTTCACCAATGTGACCGAGT TCGAATATGAAATTCTGGC GAAACGT
CTGCGTGAGTTGTCGTTCCTCAACTCCGGCGTTTCCATTCGTCTGCGCGACAAGCGCGACGGCAAAGAAGACCACTT
CCACTATGAAGGCGGCATCAAGGCGTTCOTTGAATATC TCAACAAGAACAAAACGCCGATCCACCCGAATATCTTCT
ACTTCTCCACTGAAAAAGACGGTATTCGCGTCGAAGTGGCGTTGCAGTGGAACGATGGCTTCCAGGAAAACATCT

icd (512 bp).

CGACGCTGCAGTCGAGAAAGTCTATAAAGGC GAGCGTAAAATCTCCTGGATGGAAATTTACACCGGT GAAAAATCCA
CACAGGTTTATGGTCAGGACGTCTGGCTGCCTGCTGAAACTCTTGATCTGATTCGTGAATATCGCGTTGCCATTAAA
GGTCCGCTGACCACTCCGGTTGGTGGCGGTATICGCTCTCTGAACGTTGCCCTGCGCCAGGAACTGGATCTCTACAT
CTGCCTGCGTCCGGTACGTTACTATCAGGGCACTCCAAGCCCGGTTAMCACCCTGAACTGACCGATATGGTTATCT
TCCCTGAAAACTCGGAAGACATTTATGC GGGTATCGAATGCAAAGCTGACTCTGOCCACGCCCAGAAAGTGATTAAA
TTCCTGCOTCAAGAGATGGECGTGAAGAAAATTCGL TTCCCGCAACATTGCGGTATCGGTATTAAGCCGTCTTCTGA
AGAAGGCACCAAACGTCTGGTTCGTGCAGCGATCGAATACGCAATTGCTAACGATC

mah (452 bp)
GGCGTAGCGCGTAAACCGGGTATGGATCBTTCCGACCTGTTTAACGTTAACGCCGGCATCGTGAAAAACCTGGTACA
GCAAGTTGCGAAAACCTGCCCGAAAGCGTGCATTGBTATTATCACTAACCCGGT TAACACCACAGTTGCAATTGCTG
CTGAAGTGCTGAAAAAAGCCGGTGTT TATGACAAAAACAAACTGTTCGGCGTTACCACGCTGGATATCATTCGTTCE
AACACCTTTGTTGCGGAAC TGAAAGECAAACAGCCAGGCGAAGTTGAAGTGCCGGTTATTGGCGGTCACTCTGGTGT
TACCATTCTGCCECTGCTGTCACAGGTTCCTGECOTTAGTT TTACCGAGCAGGAAGTGGCTCATCTGACCAAACGCA
TCCAGAACGCGGGTACTGAAGTGGTTGAAGCGAAGGCCEGTGGCGOGTCTCCAACCCTETCTATGEE

purh (478 bp)
ATAACGCGCGTGAGAAAGCGCGTGECGCGAMGCGATCEGCACCACCGGTCETGETATCGGGCCTGCTTATGAAGAT
AAAGTAGCACGTCGCGGTCTGCGTGTTGGCGACC TTTTCGACAAAGAAACCTTCGC TGAAAAACTGAAAGAAGTGAT
GGAATATCACAACTTCCAGTTGGTTAACTACTACARAGC TGAAGCGGTTGATTACCAGAAAGTTCTGGATGATACGA
TGGCTGTTGCCGACATCCTGACTTCTATGGTGGTTGACGTTTCTGACCTGCTCGACCAGGCGCGTCAGCGTGGCGAT
TTCGTCATGTTTGAAGGTGCGCAGOGTACGCTGCTEGATATCCACCACGGTACTTATCCGTACGTAACTTCTTCCAA
CACCACTGCTEGTGGCGTGECGACCGGTTCCGECCTGEGECCGCGTTATGTTGATTACGTTCTGGGTATCCTCAMAG
CTTACTCCACTCGTGT

rech (510 bp)
CGCACGTAAACTGGECGTCGATATCGACAACCTGCTGTGCTCCCAGCCGGACACCGECGAGCAGGCACTGRAAATCT
GTGACGCCCTGGCGCGTTCTGGCGCAGTAGACGTTATCGTCGTTGACTCCGTGGLGGCACTGACGCCGAAAGCGGAA
ATCGAAGGCGAAATCGGCGACTCTCACATGGGCCTTGCGGCACGTATGAT GAGCCAGGCGATGLGTAAGCTGECGGE
TAACCTGAAGCAGTCCAACACGCTGCTGATCTTCATCAACCAGATCCGTATGAMATTGGTGTGATGTTCGGTAACC
CGGAAACCACTACCGGTGGTAACGCGCTGAAATTCTACGCCTCTGTICGTCTCGACATCCGTCGTATCGGCGCEGTG
ARAGAGCGCCAAAACCTGOTGOGTAGCGAAACCCOCGTCAAAGTGETCAAGAACAMAATCGCTGCGCCGTTTAAACA
GGCTGAATTCCAGATCCTCTACGGCGAAGGTATCAACTTCTACGGCGA
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Escherichia coli ML ST Database.

Ssquence: GetInfo
GEEEALGEEAC T MGG TCAGT TCATCATGEAGLNATATEETATTCOGL TCTOCACTEECEL
TATECTECET G TElEETCAAATCTEACTCOGAGCTEEET A :
TEECALLCTEGT CAL TG AL TEETGAT GCECTEETT A LEGEL Gene Fragment
CCETAATEET TTCCTET TREACEGCTTCCOGIETACCATT O GCAGGTAGLGCEATGALAGRLGT
GEE AT AT T TR T TACGT T T EEAAT T GACETACCGEACEAACTEGATTATTRATCGTATOET
AEECCE G AT T ATECGCCaTCTEATCATET TTATCACET TAAATTCAATC CACTGALAGTAGA
AEE AL AT TA L GET AL CTEAC TACCOGTALLGACGATCLGGAL WCCETGIE
TAAACETCTEGT TEAAT A CAT AGAT A TS ACCGCTEATCAGCTACTACT COALLGALGCGEL
AGECEGETA
A
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Sequence: Get Info

GGGGAAAGGGACTCAGGCTCAGTTCATCATGGAGAAATATGGTATTCC
GCAAATCTCCACTGGCGATATGCTGCGTGCTGCGGTCAAATCTGGCTC

CGAGCTGGGTAAACAAGCAAAAGACAT TATGGATGCTGGCAAACTGGT Gene Fragment:
CACCGACGAACTGGTGATCGCGCTGGT TAAAGAGCGCATTGCTCAGGA
AGACTGCCGTAATGGTTTCCTGTTGGACGGCTTCCCGCGTACCATTCC adk -

GCAGGCAGACGCGATGAAAGAAGCGGGCATCAATGTTGATTACGTTCT
GGAATTCGACGTACCGGACGAACTGATTGTTGATCGTATCGTAGGCCG
CCGCGTTCATGCGCCGTCTGGTCGTGTTTATCACGTTAAATTCAATCC
GCCGAAAGTAGAAGGCAAAGACGACGTTACCGGTGAAGAACTGACTAC ~
CCGTAAAGACGATCAGGAAGAAACCGTGCGTAAACGTCTGGTTGAATA

Logged in as: watsawan

Website and databases managed by Mark Achtman.
Modified by Vimalkumar Veelayudhan and Zhemin Zhou

This server is hosted at the University of Warwick.
Development funded by the BBSRC.
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Escherichia coli MLST Database.

for generating new allele

A
GACGAATTCC

L — ° type

GCTEGCEC
5 ATATCGTCE
CTGEGGE AGATTTEC
Submit new 5 _=noe

Your sequence with length: 460 most resembles FUMC Please uplo.d at least I supporting .ABL .SCF or .ESD files for this sequence!

starting at 1 and with 4563/462 matches Choose File | Mo file chosen Choose File | Mo file chosen Choose File | Mo file chosen
CEAGCECCAT TOAT CAGGCGECGGATEAMITAC TEECAGRACAGCATEAL GACGARTTCD Chooss File | Mo filz chosen Chooss Fike | Mo filz chosen

| I I11 ] I11 | I11 = = = -
CEAGCHCCATTCAT CAGECGE0GEATEAMGTAC TEECAGRACAGCATEAL GACGAATTCD
CECTGECTATCTOECAGAC GG T CEACALGE AAAGT ACATGAACATEAN GALSTEL

| 1 I11 i I11 I I11 i

CECTGECTATC TGECAGAC GG T CAGCALGCAAAGT AMCATAACATGAAC GANGTEL
TEGCTAM CGGGECCAGTGAAT TACTCACGETETECACGEEATGEAN GTAMGT TCACT

TEECTAACCEGGECC AT TACTCGACGSTETECACGOEATAGALOGTALAGT TCALL
T A A Ga T AL AL G CALAGT TOCAACGATATITTTCCA
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watsawan Prapasa
pigfats@hotmail.col

m.achtman@warw
m.achtman@warwic

n-f.alikhan@warwi
n-f.alikhan@warwicl

Orasa Suthienkul
orasa.sut@mahidol.

Mark Achtman
mksmaj@live.warwii

DDDDD:

Options

With attachments

Jo

® New |V  © Reply|Vv

I Delete & Archive Junk| Vv Sweep Move to Vv oo ) v
Curation of your submitted sequence(s) for Ecoli MLST

m.achtman@warwick.ac.uk
Mon 9/7/2015, 3:51 PM

You; m.achtman@YEllss.ac.uk ¥

pdf Policy on MLST alleles a...
=E=  32kB

Download Save to OneDrive - Personal

Dear watsawan ,

You submitted traces and sequence fdr mdh411|(07 September, 2015).
After curation, we are pleased to acknowledge that the traces support the
uploaded sequence and this (these) allele has now been permanently accepted in the database.

We append a document with details on privacy and our criteria for accepting
novel alleles and MLST patterns for your information.

Thank you very much for your contribution. Please feel free to contact me
if there are any questions.

Mark Achtman
Warwick Medical School, University of Warwick

I T . T
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Escherichia coli MLST Database.

(5] 11 4 8 8 8 2
ST48 6 1 4 8 8 8 2
ST880 6 1" 4 8 11 8 2
5T832 43 1 4 8 8 8 2
ST772 6 1 4 149 8 8 2
ST735 92 1 4 8 8 8 2
Sequence:

Logged in as: watsawan

Website and databases managed by Mark Achtman.
Modified by Vimalkumar Velayudhan and Zhemin Zhou

This server is hosted at the University of Warwick.
Development funded by the BBSRC.
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Gene Fragment:
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Find ST

| Submit new Strain
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unknown ST No 5T Complex

adk fumC gyrB icd mdh purA recA
g5 19 3 1% 8 B EEN

*STRAIN : EC-R1
*HOST_TYPE : Animal
*HOST_SPECIES : Swine
*PATHORNONPATH : Pathogenic

YEAR : 2014

CITY :

*COUNTRY : Thailand
*CONTINENT : Asia T
*SOURCE_LAB: Mahidal University
PATHOGEN_TYPE : Escherichia coli
SEROTYPE :

DISEASE : Diarrhoea
SIMPLE_DISEASE : Diarrhoea
SIMPLE_PATHOGENICITY : ETEC
MLEE_ECOR_CLUSTER:

SEROLOGICAL_GROUP :

OMP_PATTERN :

Submit Strain
Logged in as: warsawan

Escherichia coli is already
present in the database and
cannot be reentered

Please fill in information
STRAIN
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Show cohmm selector

| le—first | | previous | [20 | mest |[last—>|| Showing records 7739 to 7758 of 7758 go to 7720 Refresh
Strain adk fumC grB  ied mdh purd recA ST Host Type slh.t Pathornonpath Country Continent Source Lab
MMM 6§ 4 Iz 1 € 18 7T 56 D‘Wf“m Doe Pathogemic ~ USA mm Veterimary medicine pharmacelogy labaratary
551'3'13“1“'15 6 5 12 18 11 8 7 527 Peulhry el Bt ermre Eimope B ey e Busloey El
T23-081214-16n 10 7 4 8 12 8 134 5208 Poultry Clhicken  movpathopen Diermark Europe Vetermary Dhsease Biology, KT
730-110714-1ln 6 a5 4 28 7 32 7 5208 Poulty Chicken  Monpathogen  Demmark Ewrope Vetermary Disease Biology, KU
T23-021014-165s 6 11 4 8 8 32 2 3210 Poultry Clicken  Mompathopen  Denmark Europe Vetermary Dhsease Biology, KT
TI-081214-28s 6 7 4 1 | 28 2 3211 Poulty Chicken  Mompathogen  Demmark Ewrope Veterinary Disease Biology, KU
213BD M 14 14 10 498 17 7 10 53212 hamrnal ?agfm Pathogen Kaorea  As=a Eymz Hee Unversity Hosmtal
214BD43 53 637 47 13 36 28 29 3213 Himman Himman Pathogen Kaorea  As=a Eymz Hee Uiversity Hosmtal
WCHECYO402 35 183 43 23 4 5 7 4 Huoomm Humm  Pathogen Chia  Asia ZONG ZHTYONG, WEST CHINA HOSFITAL, SICHUAN
EC(2 32 11 4 8 g g 2 5215 Human Himnan mnknown. China  East Azia  the second hospital of anlnn medical TUNIVERSITAS
EC0s 0 4 12 g 12 18 7 3216 Himan Himnan pathogen China  East Asia  the second hospital of anlng medical UNIVERSITAS
T20B1214-355 6 638 12 1 X 12 7 5217 Poulty Chicken  Monpathogen  Demmark Ewrope Vetermary Disease Biology, KU
L2017061 82 103 19 T 0B M4 % 28 W’lmm Do Pathosemic  U.S.A. i‘ﬁm Veterimary medicine pharmacclogy labaratory
L4895T41 W U 4 0§ 4§ 7 spp Cempaum  p Pathogenic  USA mh.m o o fe s eT R
Eschericliacal 6 4 4 18 11 8 7 521 Human Humm  whnown Chia  Asia Vetermary Flanmacology Laboratory of South China
Acgmiculhoral University
EF201410-17 &4 11 1 8 25 18 33 Faeces Swme Unlmowm Chima  A=a Shanghai Mhmueipal Center for Disease Control & Prevenhon
EC14040 g1 172 142 158 399 2 M2 3221 Faeces Himnan Uk China  Asia Shanghai Mhoaeipal Center for Disease Control & Prevention
ECI4072 ] 11 4 8 7 g 2 322 Faeces Himnan Unlmowm Chima  A=a Shanghai Mhmueipal Center for Disease Control & Prevenhon
EC14030 428 63 43 517 400 373 34 3225 Faeces Himnan Uk China  Asia Shanghai Mhoaeipal Center for Disease Control & Prevention
EC-F1 8 1 3 16 9 g Ml 522 Amomal Swine pathogen Thailand Asia Walidol University
[ fe=first | | previous | 20 [ net |[last—=1] Showing records 7739 to 7788 of 7788 soto[Frae Refresh

The whole table of selected cohnmms can be dowmloaded as CSV file by nght-chelme this hnk: Stram FEeolese

Motz some cohmns lke STRATH, are Hiehy to be imerpreted as date valnes by Excel
Toprevend s, mark the cohmn and chanss the format o tesd { mem Tormaticalls)

Logoed In 26 walsaman




Analysis of MLST

* Allele-based method

® Nucleotide-based method
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Nucleotide-based method

Algorithm Functionality

Link

MAFFT

MAUVE

JModeltest2

RAXML

GARLI

PHYML

MrBayes

BEAST

ClonalFrame

Mega5

Sequence alignment

Sequence alignment

Selection of models of nucleotide substitution
ML inference of evolutionary relationships

ML inference of evolutionary relationships

ML inference of evolutionary relationships
Bayesian inference of evolutionary relationships
Bayesian inference of evolutionary relationships

Bayesian inference of clonal relationships

considering recombination

http://mafft.cbrc.jp/alignment/software/
http://asap.ahabs.wisc.edu/mauve/index.php
https://code.google.com/p/jmodeltest2/
http://www.exelixis-lab.org/
http://code.google.com/p/garil/
http://code.google.com/p/phyml/
http://mrbayes.sourceforge.net/
http://beast.bio.ed.ac.uk/Main_Page

http://www.xavierdidelot.xtreemhost.host/clo

nalframe.htm

http://www.megasoftware.net/mega5s/
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Closest .
Lo match Variant locus Fl:ag]nent Ahg.l%ed
ST ST size (bp) position

Nucleotide Genetic event

5713 10 icd8 — icd426 518 206 C—»T  Single mutation!
5706 88 mdh20 - mdh411 452 334 G—»C Single mutation
5707 1114 fumC27 - fumC736 496 232 G—>»T Single mutation

IMutation: The wvariant locus differing by a small number of nucleotides and were not observed

elsewhere in the database as part of another ST

STe8:mdh0 GeGTGTAGCGCGTAAACCGCGGEETATGGATCGTTCCGACCTEGTTTAACGTTAA

STE708:mdh411

SBEmd® CGCCGGCATCGTGAAAAACCTGGTACAGCAAGTTGCGAAAACCTGCCCGA

SBEmd® AAGCGTGCATTGGTATTATCACTAACCCGGBTTAACACCACAGTTGCGATT
STIiedS CGACGCTGCAGTCGAGAAAGCCTATAAAGGCGAGEGBTAAAATETCGET y

STET08:mch11
STETM3ic428
STIOidt TGGAAATTTACACCGOTGAAAAATCCACACAGGTTTATGGTCAGGAC SBEmd® GCTGCTGAAGTGCTGAAAAAAGCCGGTGTTTATGACAAAAACAAACTGTT
STE713ic0428 STE708:mdh411

STI14urCZ CGAGCGCCATTCBTCAGGCGOCGGATGAAGTACTGGCAGBACAGCATGAC

STIGice TGGCTGBCCTBCTGAAACTCTTGATCTGATTCGTGAATATCGBCEBTTGE SHEmd® CGGCGTTACCACGCTGGATATCATTCGTTCCAACACTTT T STormmene
SHT13icdd8 . . . . STE0EmdhatT . . . L B R R e oo | STMMAMCZY GACGAATTCCCGCTGGCTATCTGGCAGACCGGBCTCCBGCACGCAAAGTAA
STl TAAAGGTCCGCTGACCACTCCGETTGETGGCEETATTCECTCTCTGA STETOFRMETE . . . R
STBTI 0425 SBEmd® TGAAAGGCAAACAGCCAGGCGAAGTTGAAGTGCCGGTTAT

STEORmchatt . . . . . o CoT o S o STIM4RmCZT CATGAACATGAACGAAGTGCTGGCTAACCGBACCAGTGAATTACTCGECG

ST10:icd8 TTGCCETBCGBCCAGGAACTGBATCTCTACATCTGCCTGCGTCOGBGTA STETOT-AmCT38
srme T SEEmd® TCTEETETTACCATTCTGCCECTECTOTCACACETTCCTE] sriiatmeer GTGTGCGCGGGATGGAACGTAAAGTTCACCCTAACGACGACGTGAACAAR

ST5708meha 11 c $
STi0:icd8 TACTATCAGBGCACTCCAAGCCCBGTTAAACACCCTGAACTGACCGA STETOT-AmCT38

ST . STHemd® TACCGAGCAGGAAGTGGCTGATCTGACCAAACGTATCCAGA STII4AmCZ AGCCAAAGTTCCAACGATGTCTTTCCGACGGEGATGCACGTTGCGGCGCT
STIiedS GGTTATCTTCCGTGAAAACTCGGEAAGACATTTATGCGGGETATCGAAT STE0Emd . . . .. B S R e L. | STEORRMETEE . . . FEEEE
STET1Zica428
STIRMCY GCTGGCGCTGCECAAGCAACTCATTCCTCAGCTTAAAACCCTGACACAGA
SBEmdthd CTGAGGTGGTTGAAGCGAAAGCCGGTGGCGGGTCTGCAAC STETOT-mCT2e
STIMe® AAGCAGACTCTGCCGACGCCGAGAAAGTGATTAAATTCCTGCGTGAA STETORmE . . . . . o ST ST CooTT o
ST : STIM4AMCY CACTGAATGAGAAATCCCGTGCTTTTGCCGATATCGTCAAAATTGETCGT
STID SHEmd® GG STOTOT-RMCT26
i  ATGGGGCGTGAAGAAAATTCGCTTCCCGGAACATTGTGETATCEETAT
. STo708mdni11

STET1Zicde6 . . .

STIM4mCZ ACTCACTTGCAGGATGCCACGCCGTTAACGCTGEGGCAGBAGATTTCCGS

STI0:ica8 GCCGTBTTCEBGAAGAAGGBCACCAAACGTCTGEGGETTCEGTGCAGCGATCGAAT STETQTRMCT2E

STET1Zicd48 STIM4umCZ CTGGATAGCGATGCTCGAGCATAATCTCAAACATATCGAATACAGCCTGE

STETOR-RmCT28
STIlicl8 ACGCAATTGCTAACGATC
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the final dataset. Evolutionary analyses were conductad in MEGAY [6].
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SBL = 0.06525647

The evolutionary history was inferred using the Minimum Evolution method [1]. The optimal tree with the sum of branch length = 0.06525647 is shown. The
percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (50 replicates) are shown next to the branches [2]. The
tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Tajima-MNei method [3] and are in the units of the number of base substitutions per site. The ME tree was searched
using the Close-Meighbor-Interchange (CNI) algorithm [4] at a search level of 1. The Neighbar-joining algorithm [5] was used to generate the initial tree.
The analysis involved 31 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 3423 positions in

1. Rzhetsky A and Mei M. (1992). A simple method for estimating and testing minimum evolution trees. Molecular Biology and Evolution 9:945-967.
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Application of MLST

® Molecular epidemiology and public health
® Population structure and dynamics

® Other applications
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Virulence gene profiles, antimicrobial resistance
patterns and phylogenetic relationship of
Escherichia coli isolated from diarrheal and

healthy weaning piglets and their
environments in swine farm




Introduction: Main causes according to pig’s age

AT BIRTH-SUCKLING WEANING GROWING PIG - SLAUGHTER
1-4 WEEKS 5-9 WEEKS 10 WEEKS -6 MONTHS
L | | ]
I T, . 1 1
AY 1
\ l
DISEASES: [ron deficiency, Arthritis, Atrophlc Rhmltls Aujeszky disease, Clostridia, Coccidiosis, Post weaning

Aujeszky disease, Clostridia, dlar;rhealg Colibacilosis, Epidemic diarrhea, PRRS, FMD, Swine dysentery, TGE,

Coccidiosis, Diarrhe yvirus, Classcical swine fever etc.

Colibacilosis, Epide POST WEANING DIARRHEA

PRRS, Salmonellosis,
Swine dysentery, TGE

CLAUSE: Trauma, Vitamin deficiency Trauma, Vitamin deficiency, Viral infection, Bacterial infection
Viral infection,
Bacterial infection

EFFECTS: Morbility, Mortality, Stunt grc Morbility, Mortality, Stunted and grow slowly

ECO- LOSS Depend on the diseases Depend on the diseases



General Objective

- To analyze the phenotype and genotype of diarrheagenic

E. coli isolated from weaning piglets with and without

diarrhea and their environments in a swine farm
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Table 5.3 Detection rate of Escherichia coli positive for virulence genes detected

in diarrheal and healthy weaning piglets and environmental samples in
swine farm at Central region, Thailand

Sampling source oty .N.O' ot .
positive Pathogenic Non pathogenic
E.coli E.coli E.coli
Diarrheal piglet pens 182 68 374 114 626
Rectal swab 130 61 46.9) 69 (53.1)
Feed from feeder 20 3150 17 (85.0)
Water from nipple 12 0 12 (100.0)
Waste swab 16 2125 14 (87.5)
Worker’s hand 4 2 (50.0) 2 (50.0)
Healthy piglet pens 170 47 27.6) 123 (724
Rectal swab 116 35 @302 81 (69.8)
Feed from feeder 20 4 (20.0 16 (80.0)
Water from nipple 9 1111 8 889
Waste swab 21 7 333 14 66.7)
Worker's hand N 0 4 (100.0)
Total 352 115 32.7) 237 67.3)




Table 5.6 Detection rate of antimicrobial resistance from diarrheal and healthy weaning
piglets and environmental samples in swine farm at Central region, Thailand

Total No. (%) of antimicrobial resistance of E. coli isolates

Sampling source no.

AMP AMC CTX CAZ KAN STR GEN TET Do OTC ENR SXT CcT

Diarrheal pens 182 (181 (99.5) [30 (16.5 147 (80.8)) 80 (44.0) 76 (41.8) 127 (69.8) (160 (87.9)) |175 (96.2) 141 (77.5) |174 (95.6)| (169 (92.9) 129 (70.9) 13 (7.1
p

Rectal swab 130 130(100.0)19 (14.6) 104 (80.0) 57(43.8) 53(40.8) 88(67.7) 113(86.9) 128(98.5) 95(73.1) 127(97.7) 119(91.5) 98(75.4) | 6(4.6)
Feed from feeder 20 .0) 0
Water from nipple 12 1 3) | 1(8.3)
Wastc swab s {* E coliisolates from diarrheal and healthy weaning piglets and 25 |5613)
Worker'shand 4 their environmental samples showed the low resistance rate to CT }o |1¢s0)
in 7.1% 13/182) from diarrheal pens and 7.6% 13/170) from healthy |
Healthy pens 170 E 4.1) | 13 (7.6)
Rectal swab 116 1 pens' 8.2) | 8(6.9)
Feed from feeder 20 3 D.0) | 1(5.0)
Water fromnipple 9 9(100.0) 5(55.6) 9(100.0) 8(88.9) 7(77.8) 9(100.0) 9(100.0) 8(88.9) 8(88.9) 8(88.9)  9(100.0) 9 (100.0) |2 (22.2)
Waste swab 21 21(100.0) 7(33.3) 19(90.5) 11(52.4) 9(42.9) 18(85.7) 20(95.2) 20(95.2) 20(95.3) 21(100.0) 21(100.0) 16(76.2) | 2(9.5)
Worker’s hand 4 4(100.0) 2(50.0) 4(100.0) 2(50.0) 3(75.0) 4(100.0) 4(100.0) 4(100.0) 2(50.0) 4(100.0) 2(50.0)  2(50.0) 0
Total 352 351(99.7) 62 (17.6) 312 (88.6) 161 (45.7) 144 (40.9) 264 (75.0) 324 (92.0) 334 (94.9) 295 (83.8) 333 (94.6) 330 (93.8) 238 (67.6) |26 (7.3)

AMP: Ampicillin, AMC: Amoxicillin/clavulanic acid, CTX: Cefotaxime, CAZ: Ceftazidime, KAN: Kanamycin, STR: Streptomycin, GEN: Gentamicin, TET:
Tetracycline, DO: Doxycycline, OTC: Oxytetracycline, ENR: Enrofloxacin, SXT: Sulfamethoxazole/trimethoprim, CT: Colistin
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o
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« Detection rates of E. coli isolates resistant to 13 tested antimicrobial

agents were not different from both diarrheal and healthy piglet pens
in this study .



Table 5.9 Detection rates of Class 1, 2 and 3 integrons of Escherichia coli from diarrheal
and healthy weaning piglets and environmental samples in swine farm

Total no.of T?tal no. No. %) of E. coliisolate positive for
. tested of integron
Sampling source . s
E. coli positive Class1
. N Class1 Class2
isolates isolates and 2
Diarrheal piglet pens 182 122 ©67.0 120 984 1 0.8 10.8)
Rectal swab 130 93 (71.52 92 (989 0 111
Feed from feeder 20 10 (50.0y 10 (100.0y 0 0
Water from nipple 12 5@17 4 80.0) 120.0 0
Waste swab 16 11 68.8) 11 (100.0y 0 0
Workers hand 4 3 (75.0 3 (100.0 0 0
Healthy piglet pens 170 101 (394 95 94.0 4 40 220
Rectal swab 116 64 (55272 61 953 347 0
Feed from feeder 20 14 (70.0) 14 (100.0y 0 0
Water from nipple 9 8 889 8 (100.0) 0 0
Waste swab 21 13 61.9) 10 (76.9) 177 2 (154
Worker's hand 4 2 (50.0) 2 (100.0y 0 0
Total 352 223 634 215 96.4)p 5022)°b 314

« Class 1integron of E coli was more commonly detected in all tested
samples in both diarrheal and healthy pens.
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Diagrammatic representation of the procedure used for MLST
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Table 5.14 Frequency of sequence types from 52 representative isolates from
diarrheal and healthy weaning piglets and environmental samples

Sampling source No.of isolate No.of STs Sequence types STs)
Diarrheal piglet pens 29 26
ST10, ST88, ST100, ST165, ST542, ST641, ST1114, ST1421, ST3057,
Rectal swab 17 14

ST5218, ST5541, ST5706, ST5708, ST5709

Feed from feeder 7 7 ST48, ST100, ST156, ST206, ST410, STS710, STS711

Water from nipple 2 2 ST218, ST5712

Waste swab 2 2 ST1114, ST5709

Workers hand 1 1 ST5713

Healthy piglet pens 23 18

Rectal swab 14 11 ST10, ST29, ST34, ST101, ST206, ST641, ST1112, ST1114, ST5176,
ST5229, ST5707

Feed from feeder 5 4 ST10, ST48, ST156, ST1114

Water from nipple 1 1 ST5714

Waste swab 3 2 ST4429, ST5707

Worker's hand 0 0

» The 52 E coli isolates were assigned to 32 distinct STs with 11 new STs.
* Among 11 novel STs

* 9 STs were detected from diarrheal piglet pens.

» 2 STs were detected from healthy piglet pens.
» Majority of isolates were assigned to ST10 and ST1114.



Fig. 5.15 Clonal relationship of 32 STs among 52 Escherichia coli isolates identified by
goeBURST. SLV are connected via black lines. The size of the circles is related to the
number of isolates in STs.
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18 out of 32 identified STs
were grouped into 6 different

CCs
14 STs were singleton

Isolates from different sources
were closely related especially

CC10 and CC1114.

CC10 were recovered from rectal
swab, feed, water, and hand
samples from both diarrheal and
healthy piglet pens.

CC1114 were also found in rectal

swab, feed, waste samples from
diarrheal and healthy piglet pens.



Fig. 5.16 Population structure identified by fullMST (minimum spanning tree) using goeBURST

analysis based on STs and among 296 STs including STs of this study strains and those
deposit in the database
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Table 5.16 Genetic variation among single locus variant members of novel sequence

types (STs) and clonal complex of Escherichia coli isolates in this study

Closest li
Novel match Variant locus Fl:agment A . .Ed
ST ST size (bp) position

Nucleotide Genetic event

5713 10 icd8 — icd426 518 206 C—»T  Single mutation!
5706 88 mdh20 - mdh411 452 334 G—»C Single mutation
5707 1114 fumC27 - fumC736 496 232 G—>»T Single mutation

IMutation: The wvariant locus differing by a small number of nucleotides and were not observed

elsewhere in the database as part of another ST

STe8:mdh0 GeGTGTAGCGCGTAAACCGCGGEETATGGATCGTTCCGACCTEGTTTAACGTTAA

STET08:mah411
SBEmd® CGCCBGCATCGTGAAAAACCTGGTACAGCAAGTTGCBAAAACCTGCCCGA
STEr0emdhd1! . . - . . . . . . . . . A . . - . . . .
SHEmdi® AAGCBTGBCATTGGTATTATCACTAACCCGETTAACACCACAGTTGCGATT
ST CGBACGCTGCAGTCBAGAAAGCCTATAAAGGCGAGCGBTAAAATCTEET y
ST5708meh411
STET1Zica428
STINeE TOEGAAATTTACACCGGT GAAAAATCCACACAGGTTTATGOTCAGGAC STBEmd® GCTGCTGAAGTGCTGAAAAAAGCCGOTGTTTATGACARAAACAAACTGTT
STET12ica4a28 STEr0emdhd1! . . . . B B B B B
STIMAMCZ CGAGCGCCATTCGTCAGECOGCGGATGAAGTACTGBCABBACAGCATGAC
STI0:icdd TGGCTGCCTGCTGAAACTCTTGATCTGATTCGTGAATATCGEGTTGC STeemd® CGGCGTTACCACGCTGGATATCATTCGTTCCAACACTTTT STETOT-AmCT28
STETE : STE0Emdhat . . B BRI I EEEEEEE co- o] STMMRMCZ GACGAATTCCCGCTGGCTATCTGGCAGACCOECTCCGECACBCAAAGTAA
ST10:icd8 TAAAGGTCCGCTGACCACTCCEBETTGGTGGCGEETATTCGCTCTCTEA STETQRRMCTRE . . . e
STETIE loczs SBEmd® TGAAAGGCAAACAGCCAGGCGAAGTTBAAGTGCCGGTTAT
STET0mdt . . . . . L L . . C. ] sTiemmcr cATGAACATGAACGAAGTBCTGGCTAACCBGGCCABTGAATTACTCGEEG
STOiod8 TTGCCETGCGCCAGGAACTGGATCTCTAGATCTGGGTGCGTCCGGTA STETOTAmET2E
St T SEEmd® TCTEETETTACCATTCTGCCECTECTOTCACACETTCCTE] sriiatmeer GTGTGCGCGGGATGGAACGTAAAGTTCACCCTAACGACGACGTGAACAAR
ST5708meha 11 & STETOTAmET2E
STt TACTATCAGGGCACTCCAAGCCCGGTTAAACACCCTGAACTGACCGA
ST : STHemd® TACCGAGCAGGAAGTGGCTGATCTGACCAAACGTATCCAGA STII4AmCZ AGCCAAAGTTCCAACGATGTCTTTCCGACGGEGATGCACGTTGCGGCGCT
STIiedS GGTTATCTTCCGTGAAAACTCGGEAAGACATTTATGCGGGETATCGAAT STE0Emd . . . .. B S R e - STEQTRMETE . . FEEEE
STET1Zica428
STIRMCY GCTGGCGCTGCECAAGCAACTCATTCCTCAGCTTAAAACCCTGACACAGA
SBEmdthd CTGAGGTGGTTGAAGCGAAAGCCGGTGGCGGGTCTGCAAC STETOT-mCT2e
STIMe® AAGCAGACTCTGCCGACGCCGAGAAAGTGATTAAATTCCTGCGTGAA STETORmE . . . . . . ST ST ST o
ST : STIM4AMCY CACTGAATGAGAAATCCCGTGCTTTTGCCGATATCGTCAAAATTGETCGT
STID SHEmd® GG STOTOT-RMCT26
i  ATGGGGCGTGAAGAAAATTCGCTTCCCGGAACATTGTGETATCEETAT
. STor0mdndtt . .

STET1Zicde6 . . .

STIM4mCZ ACTCACTTGCAGGATGCCACGCCGTTAACGCTGEGGCAGBAGATTTCCGS

STI0:ica8 GCCGTBTTCEBGAAGAAGGBCACCAAACGTCTGEGGETTCEGTGCAGCGATCGAAT STETQTRMCT2E

STET1Zicd48 STIM4umCZ CTGGATAGCGATGCTCGAGCATAATCTCAAACATATCGAATACAGCCTGE

STETOR-RmCT28

STIlicl8 ACGCAATTGCTAACGATC
ca4e

STET1Z: STH14AmMGZF CTCACGTAGCGBAACTGGE

STETOR-RmCT28
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Fig. 5.21

@ EC5-Rectal swab:ST3057

Intra-relationship analysis

29 E coliisolates from diarrheal weaning
piglets and environmental samples were
analyzed by ML tree based on the

concatenated sequences of seven
housekeeping genes loci (3,423 bp).

Same STs of E. coli isolates in diarrheal
piglet pens were isolated from different
sources.

ST100 represented isolates recovered
from rectal swab and feed samples.

ST1114 and ST5709 represented isolates
recovered from rectal and waste swab
samples.

These results indicated that E coli

isolates from rectal swab and

environmental samples might be
originated from the same clone.
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Fig. 5.22

23 E coli isolates from weaning piglets

without diarrhea and environmental
samples were also analyzed by ML

The same STs were isolated from different
sources.

ST10 and ST1114 represented isolates
obtained from rectal swab and feed samples.

ST5707 represented isolates obtained from
rectal and waste swab samples.

These results indicated that E coli from

rectal swab and environmental samples
might be originated from same origin
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Inter-relationship analysis

* 52 E. coli isolates from weaning piglets
with and without diarrheal were

analyzed phylogenetic relationship by
using ML.

« STio0, ST48, ST156, ST206, ST641 and
ST1114 were isolated from both
diarrheal and healthy piglet pens.

« ST3057 isolated from rectal swab
sample in diarrheal piglet pen was
demonstrated different from other

isolates that presenting high degree
of genetic diversity in ML



Allele profile
Source adk  fumC gyrB icd mdh purA recA STtype Virulence profile

@ EC29-Rectal swab:ST100 Rectalswab 10 27 5 10 12 9 2 ST-100  It/F4/astA
@ ECSB-Rectalswab:ST100  Rectalswab 10 27 5 10 12 9 2 ST-400  It/Fi8/astA AS SO ci ati on b etwe en ST an d
21 EC132-Feed ST100 Feed 10 27 5 10 12 9 2 ST-100 __It/F4/astA |
— O EC338-Waste:ST5707 Waste 10 736 5 10 12 1 2 ST-5707 astA s .
O EC283-Rectal swab:ST5707 Rectalswab 10 736 5 10 122 1 2 ST-5707 - VlI'uleIlce pI‘OflleS
|: (O EC339-Waste:ST5707 Waste 10 736 5 10 12 1 2 ST-5707 astA
| O EC241-Rectal swab:ST1114 Rectalswab 10 27 5 10 12 1 2 ST-1114  astA
— @ EC163-Waste:ST1114 Waste 10 27 5 10 12 1 2 ST-1114  astA
|— @ EC8-Rectal swab:ST1114 Rectalswab 10 27 5 10 12 1 2 ST-1114  astA
L O EC253-Rectal swab:ST1114  Rectalswab 10 27 5 10 12 1 2 ST-1114  astA
L O FC304-Feed:ST1114 Feed 10 27 5 10 12 1 2 ST-1114 -
@ EC13-Rectal swah:ST165 Rectalswab 10 27 5 10 12 8 2 ST-165 It/F4/astA : S S
OECit e e Sriety mcoloms 0 1 s 1 o 3 2 st - * Association between ST and virulence
@ EC113-Rectal swab:ST5709 Rectalswab 10 11 5 8 12 1 2 ST-5709 - 2 g
2 B @ EC172:Waste:ST5709 Waste 0 1 5 8 12 1 2  ST5700 - proflles were Observed in 6 STS7 ST10 ’
O EC310-Feed:ST10 Feed 10 11 4 8 8 8 2 ST-10 -
O EC203-Rectal swab:ST10 Rectal swab 10 11 4 8 8 8 2 ST-10 - ST4 8 > ST8 8 b ST64 17 ST5709 and
78 | @ECs3RectalswabSTI0  Rectalswab 10 11 4 8 8 8 2 ST0 - ST 52 18
49 | OEC215Rectalswab'STI0  Rectalswab 10 11 4 8 8 8 2  ST10 - :
L O FC184-Rectalswah'ST10  Rectalswab 10 11 4 8 8 8 2 ST-10 -
@ EC179-Hand:ST5713 Worker 0 1 4 46 8 8 2 ST5713 astA . .
oL OECa5WaterSTS714  Water 10 11 4 8 179 8 6  ST57l4 - * 4 STs were non pathogenlc E. coli.
@ EC156-Water:ST218 Water 10 11 4 12 8 8 2 ST-218 -
28 — O EC216-Rectal swab:ST34  Rectalswab 10 11 4 1 8 8 2 ST-34 -
76 — @ EC78-Rectal swab:ST542 Rectalswab 112 11 5 12 8 8 86 ST-542 astA
O EC343-Waste:ST429 Waste M2 11 5 8 8 8 8  ST-429 - « ST88 (t
O EC305-Feed:ST48 Feed 6 11 4 8 8 8 2 ST-48 -
@ EC142-Feed:ST48 Feed 6 11 4 8 8 8 2 ST-48 - ° ST5 2 18 (F 1 8+/ as m+)
3 O EC315-Feed:ST48 Feed 6 11 4 8 8 8 2 ST -
EC43-Rectal swab:ST5708  Rectalswab 10 4 5 8 8 8 2 ST-5708 F41/astA
@ EC44-Rectal swab:ST1421  Rectalswab 8 7 1 8 8 8 2 ST-1421 -
- ;ST5176 Rectalswab 427 636 188 1 8 18 6 ST-5176 -
32 3 E‘ EC134-Feed:ST206 Feed 6 7 5 1 8 18 2 ST-206 astA
B 9 — O EC275-Rectal swab:ST206 __Rectalswab 6 7 5 1 8 18 2 ST-206 -
98 — @ EC133-Feed :ST156 Feed 6 29 32 16 11 8 44 ST-156 -
L O EC299-Feed:ST156 Feed 6 29 3 16 11 8 44  ST-I5% _ astA o 5 STS; STlOO, ST 5707, ST111 4, ST206’
69 — O EC187-Rectalswab:ST101 Rectal swab 43 41 15 18 11 7 6 ST-101 - R .
OFEC20Rectal swab:ST5229 Rectalswab 43 41 15 18 11 7 44  ST520 - and ST156 showed different virulence
69 @ EC136-Feed:ST5710 Feed 43 41 15 920 50 8 6 ST-5710 F4 . .
EC152-Water:ST5712 Water 6 4 3316 117 6 ST-5712 - pI‘OfﬂeS Wlthln same STS .
@ EC1-Rectal swab:ST5218 Rectal swab 6 19 3 16 9 8 341  ST-5218 F18/astA
B 23 @ EC68-Rectal swab:ST5218  Rectalswab 6 19 3 16 9 8 341 ST-5218 F18/astA
EC18-Rectal swab:ST5541  Rectalswab 6 19 3 16 9 9 341 ST-5541 astA
O EC226-Rectal swab:ST29 Rectalswab 6 4 12 16 9 7 7 ST-29 -
@ EC131-Feed:ST410 Feed 6 4 12 1 20 18 7 ST-410 -
@ EC65-Rectal swab:ST88 Rectalswab 6 4 12 1 20 12 7 ST-88 It
@ EC9-Rectal swab:ST5706 Rectal swab 6 4 12 1 411 12 7 ST-5706 F18
@ EC98-Rectal swab:ST88 Rectal swab 6 4 12 1 20 12 7 ST-88 It
— @ EC143-Feed:ST5711 Feed 9 175 4 131 24 8 7 ST-5711 -
%9 'l @ EC104-Rectal swab:ST641  Rectalswab 9 6 33 131 24 8 7 ST-641 -
9 (O EC210-Rectal swab:ST641  Rectalswab 9 6 33 131 24 8 7 ST-641 -
— @ ECH-Rectal swab:S 13057 Rectalswab 290 54 55 32435 40 223 ST-3057 -

Fig. 5.24 The association between ST and virulence profiles of 52 E. coli isolates



Source ST type ABO resistance profile Integron
@ EC29-Rectal swab:ST100 Rectal swab ST-100 AMP-AMC-CTX-CAZ-KAN-TET-DO-OTC-ENR-SXT Intl
@ EC58-Rectal swab:ST100 Rectal swab ST-100 AMP-AMC-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR-SXT  Intl
@ EC132-Feed:ST100 Feed ST-100 AMP-AMC-CTX-CAZ-KAN-GEN-TET-DO-OTC-ENR-SXT -
O EC338-Waste:ST5707 Waste ST-5707 AMP-AMC-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR-SXT  Intl1- Int2
O EC283-Rectal swab:ST5707  Rectal swab ST-5707 AMP-CTX-CAZ-KAN-GEN-ENR-SXT Int2
O EC339-Waste:ST5707 Waste ST-5707 AMP-STR-GEN-TET-DO-OTC-ENR-SXT Int2
(O EC241-Rectal swah:ST1114 Rectal swab ST-1114  AMP-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
@ EC163-Waste:ST1114 Waste ST-1114  AMP-CTX-CAZ-STR-GEN-TET-DO-OTC-ENR-SXT-CT -
@ EC8-Rectal swab:ST1114 Rectal swab ST-1114  AMP-CTX-KAN-GEN-TET-DO-OTC-ENR -
O EC253-Rectal swab:ST1114  Rectal swab ST-1114  AMP-CTX-TET-DO-OTC -
O EC304-Feed:ST1114 Feed ST-1114  AMP-CTX-CAZ-KAN-STR-GEN-ENR-SXT Intl
@ EC13-Rectal swab:ST165 Rectal swab ST-165 AMP-AMC-CTX-CAZ-KAN-GEN-TET-DO-OTC-ENR Intl
O EC183-Rectal swab:ST1112  Rectal swab ST-1112  AMP-CTX-STR-GEN-TET-DO-OTC-ENR-SXT Intl
@ EC113-Rectal swab:ST5709  Rectal swab ST-5709 AMP-CTX-STR-GEN-TET-DO-OTC-ENR-SXT -
@ EC172-Waste:ST5709 Waste ST-5709 AMP-CTX-STR-GEN-TET-DO-OTC-ENR--SXT Intl)
O EC310-Feed:ST10 Feed ST-10 AMP-CTX-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
O EC203-Rectal swab:ST10 Rectal swab ST-10 AMP-CTX-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
@ EC83-Rectal swab:ST10 Rectal swab ST-10 AMP-TET-DO-OTC-ENR Intl
O EC215-Rectal swah:ST10 Rectal swab ST-10 AMP-CTX-GEN-TET-DO-OTC-ENR -
O EC184-Rectal swab:ST10 Rectal swab ST-10 AMP-CTX-STR-GEN-TET-DO-OTC-ENR-SXT-CT Intl
@ EC179-Hand:ST5713 Worker ST-5713 AMP-CTX-STR-GEN-TET-DO-OTC-ENR-SXT Intl
O EC325-Water:ST5714 Water ST-5714 AMP-CTX-CAZ-STR-GEN-TET-DO-OTC-ENR-SXT-CT Intl
@ EC156-Water:ST218 Water ST-218 AMP-STR-TET-DO-OTC-ENR-SXT Int2
28— O EC216-Rectal swab:ST34 Rectal swab ST-34 AMP-AMC-CTX-CAZ-STR-GEN-TET-DO-OTC-ENR -
76 — @ EC78-Rectal swab:ST542 Rectal swab ST-542 AMP-STR-TET-DO-OTC-ENR-SXT Int1-Int2
60 O EC343-Waste:ST4429 Waste ST-4429 AMP-AMC-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR-SXT  Intl- Int2
3 O EC305-Feed:ST48 Feed ST-48 AMP-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR -
o8 @ EC142-Feed:ST48 Feed ST-48 AMP-CTX-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
28 34— O EC315-Feed:ST48 Feed ST-48 AMP-CTX-CAZ-STR-GEN-TET-DO-OTC-ENR Intl
@ EC43-Rectal swab:ST5708  Rectal swab ST-5708 AMP-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
@ EC44-Rectal swab:ST1421  Rectal swab ST-1421  AMP-KAN-GEN-TET-DO-OTC-ENR N
2 O EC219-Rectal swah:ST5176 _Rectal swab ST-5176 _ AMP-KAN-GEN-TET-DO-OTC-ENR-SXT Intl
32 20 @ EC134-Feed:ST206 Feed ST-206 AMP-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
] 89 —|O EC275-Rectal swab:ST206  Rectal swab ST-206 AMP-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
98 — @ EC133-Feed :ST156 Feed ST-156 AMP-CTX-KAN-STR-GEN-TET-DO-OTC-ENR-SXT Intl
O EC299-Feed:ST156 Feed ST-156 AMP-CTX-KAN-STR-GEN-TET-DO-OTC-ENR-SXT -
O EC187-Rectalswab:ST101 Rectal swab ST-101 AMP-STR-TET-DO-OTC-ENR-CT -
O EC239-Rectal swah:ST5229  Rectal swab ST-5229  AMP-CTX-CAZ-GEN-TET-DO-OTC-ENR-CT -
@ EC136-Feed:ST5710 Feed ST-5710 AMP-AMC-STR-GEN-TET-DO-OTC-ENR-SXT Intl
@ EC152-Water:ST5712 Water ST-5712 AMP-CTX-KAN-GEN-TET-DO-OTC-ENR -
@ EC1-Rectal swah:ST5218 Rectal swab ST-5218 AMP-CTX-CAZ-STR-GEN-TET-OTC-ENR-SXT Intl
[ @ EC68-Rectal swab:ST5218  Rectal swab ST-5218 AMP-CTX-CAZ-KAN-STR-GEN-TET-DO-OTC-ENR-SXT -
@ EC18-Rectal swah:ST5541  Rectal swab ST-5541 AMP-CTX-STR-GEN-TET-DO-OTC-ENR-SXT Intl
O EC226-Rectal swab:ST29 Rectal swab ST-29 AMP-CTX-STR-GEN-TET-DO-OTC-ENR-SXT Intl
@ EC131-Feed:ST410 Feed ST-410 AMP-CTX-STR-GEN-TET-DO-OTC-ENR -
@ EC65-Rectal swah:ST88 Rectal swab ST-88 AMP-CTX-KAN-ENR -
@ EC9-Rectal swab:ST5706 Rectal swab ST-5706 AMP-CTX-CAZ-KAN-STR-GEN-TET-OTC-ENR -
@ EC98-Rectal swab:ST88 Rectal swab ST-88 AMP-AMC-CTX-CAZ-STR-GEN-TET-DO-OTC-SXT Intl
@ EC143-Feed:ST5711 Feed ST-5711 ENR -
@ EC104-Rectal swab:ST641  Rectal swab ST-641 AMP-STR-GEN-TET-DO-OTC-SXT Intl
93 O EC210-Rectal swab:ST641  Rectal swab ST-641 AMP-CTX-CAZ-STR-GEN-ENR -
@ EC5-Rectal swab:ST3057 Rectal swab ST-3057 AMP-CTX-CAZ-GEN-TET-OTC -

Fig 5.25 The correlation between MLST and virulence profiles of 52 E. coli isolates

Association between ST and

antimicrobial resistance patterns

Most of STs from MLST analysis and
profiles of antimicrobial resistance
phenotypes and integrons were not
correlated.

The same STs showed highly variable
patterns of multi-antimicrobial
resistance including ST100, ST5707,
ST1114, ST10, ST48, ST5218, ST88,
and ST641.

3 STs including ST156, ST206, and
ST5709 revealed correlation between
STs and antimicrobial resistance
profiles.

Interestingly, ST5709 were detected
from rectal swab and waste swab
samples in diarrheal piglet pens that
showed correlation with virulence and
antimicrobial resistance profiles
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Genetic relationship of Escherichia coli isolates. The ML tree was constructed based on the

Fig 5.26
concatenated sequences of seven housekeeping genes loci (3,423 bp) of 95 STs from 115 isolates
(32 STs from 52 isolates from this study) obtained from swine sources in Asia from database.



Conclusion and Recommendation

» 52 E coli isolates were generated 32 distinct STs with 11 new STs from
indicating that they were genetically diverse.

« ST10 and ST1114 were the common ST circulating in both diarrheal
and healthy weaning piglets and their environments.

- Phylogenetic analysis revealed that the same STs in various sources
among diarrheal and healthy piglet pens were found indicating the
same clone contaminated in these sources causing the infection.



Conclusion and Recommendation

« ST10, ST48, ST156, ST206, ST641 and ST1114 were isolated from
both diarrheal and healthy piglet pens.

- Notably, it was demonstrated that E. coli from either diarrheal or

healthy weaning piglets could be a source of transmission through
their environments, or vice versa.

« Moreover, the STs of E coli isolates and virulences antimicrobial
resistance/integrons were not correlated in this study.
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