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Outlines

1 Microbiology Lab: conventional vs modern
technology

1 AMR pathogens: Chromosome VS
plasmid

1 Each species has its own signature

1 Information overload
1 Some examples from research



Microbiology Work

1 Isolation
I Culture: Virus is the most demanding
| Blosafety laboratory: level 3, level 4
1 ldentification

I Serological tests
I Molecular methods
| Both are equally important
1 workload and Time needed



Research Activities

1 Good facllity
I Well-trained staffs
I High maintenance cost
I Newest equipment must be available

1 Government support iIs minimal

1 International collaboration would
strengthen the team effort



Very Long List of the Bad Bugs

1 Acinetobacter baumannii

1 Pseudomonas aeruginosa

1 XDR-TB

1 MRSA

1 VRE

1 Salmonella

1 ESBL-producing Gram-negative bacilli

1 CRE
iMany, many moree. .



Notorious Strains

1 The fittest groups of bacteria that survive
the antibiotic selection

1 Range from Gram positive to Gram
negative bacteria

I MRSA, Coagulase negative Staph.,
Corynebacterium spp., Pseudomonas,
Acinetobacter, other NF, etc.

1 Cross contamination happens all the time



Multl-drug Resistant Strains

1 Most of them have special gene clusters
for antibiotic resistance

I Plasmids and mobile genetic elements:
Transposons, insertion elements, integrons,

bacteriophages
I The genes are shuffled for their needs
depending on what antibiotics are used most
1 Endemicity makes the survelllence
program difficult and the control
Impossible



Why need epidemiological
Investigations

1 We have multi-drug resistant nosocomial
pathogens

1 Mortality rate is higher than it should be

1 Strain typing Is an integral part of

epidemiological investigations of
nosocomial infections



Molecular Epidemiology

1 Epidemiology
| Cause of infection
I Track down the sources
I Modes of transmission
I Control of infection
I Prevention measures

1 Classical epidemiology: classical methods
1 Molecular epidemiology: molecular methods



Molecular Typing: Supporting Evidence

1 |deal genotypic method
| Standardized
I Reproducible
| Stable
I Sensitive
I Readily available
I Inexpensive
1 Not for every laboratory in Thailand

1 Centralized?



Molecular Epidemiology:

Bacteriology

1 Phenotypical tests

I Classical approaches: antibiograms, biotypes, serotypes,
phage types, bacteriocin types

1 Genotypical tests:
I Plasmid profiles
I RFLP (restriction fragment length polymorphism)
I PFGE (pulsed-field gel electrophoresis)
I PCR-based (RAPD, REP, ERIC, AFLP, etc.)

I MLST (multi-locus seguence typing)
I VNTR (variable-number of tandem repeat)

for all specialized pathogens



Selection of Typing Methods

1 Genotypic (Molecular) methods
I DNA-based

| Continuous values (e.g. PFGE) OR

categorized values (e.g. MLST)



Plasmid profiles
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Plasmid profiles of MRSA isolated from ICU Med, August-September 2002.



PFGE of Serratia marcescens
outbreak in NICU
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PFGE of MRSA
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French and Thail Acinetobacter Clones

M 012 3 4 586 7 Thai

J. Clin. Microb. 2003, V. 41 p.3542



86 kb Resistance Island Acinetobacter baumannii
Total of 45 resistance genes

\ru‘l sIstance operon

CMMMI.---.. i

3" partal A I'rarsposiion  1rkA rxB arsH arsB ars anR arsC [ piR Heavy meta f5! Transposase; ! sirA sirB
helper putative thioredoxin v -« Setexfisatuupease
MOonoOxy genase reductase 1SPpul2 |,.c ransposon truncated Tn3393 -like

ransposon

g flantegrasa  aach recG Transposase
Jike pongedn. . Susuow poasesn s

il 157999 “VEB-1 aadB a2 cmilAS OXA-10 aadA geclZAl swll ransposase <X ack Al
- INERIASE OREILL ...

merP merl merR e need ‘1§ I¢ car  InyA(Tnl)

21 - like transposon truncated TnJ 72/ - like transposon S7 - like transposon

gEeaprapaEaPpa@EcI»-ooD P

)
InsB (Tnf)!  ISI5 1526 I'ransposase Résolvase IS/5 1826 aphAl IS26 tpM el aacd ot orfX orfX aadDAl  gactAl
JUERIase,

Pseudomonas sp.

=
- ) Salmonella sp
! Best Blast match with .

E. colt
Other bacteria

phiR Heavymetal  lpA Trarsposase
- - - SetoxUiauengraan : ATPase

S"«partial

ISPpied 3like transposon




RAPD confirmation of a same clone of
Pseudomonas aeruginosa

1Kb+
M 12 14 52

Randomly Amplified Polymorphic DNA (RAPD) PCR amplification using single 10-mer primer demonstrated
the clonal relationship among carbapenem resistant clinical isolates. Lane numbers indicate 5 different
clinical isolates of P. aeruginosa.



Molecular Techniques for Unique DNA
studies

1 Chromosomal DNA

I Vertical gene transfer
1 Extra-chromosomal DNA

I Plasmid

| Transferable: horizontal gene transfer
1 Resistance genes are also unigque



MRSA Genome
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Type IVa SCCmec

Type IVb SCCrmec

Type IVe SCCrmec

Type I SCCmee

Type I1 SCCmiec

Type IT11 SCCmec
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SCCmec (Ito T et al.
Staphylococcus aureus form its whole genome: genomic island SCC. Drug Resist
Updates 2003;6:41-52)

Insight on antibiotic

resistance of




PCR for ccr and SCCmec typing

PCR for ccr typing (Okuma 2002). Lane M : 1 Kb plus ladder, lane 1-3
and 5-9, MRSA isolated from ICU Medicine no 3, 9, 34, 38, 152, 209, 241;
lane 4, MSSA; lane 10, MRSA no. 643 isolated in 1999; lane 11, Mu50;
lane 12, Mu3; lane 13, type-l SCCmec (NCTC10442); lane 14, type-li
SCCmec (N315); lane 15, type-lll SCCmec (85/2082).



Multilocus Sequence Typing

1 Evolutionary testing method

1 DNA sequence-based technique

1 Using i“ohousekeeping genes

1 Population analysis (Clonal evolution)
1 Good for international spread study

1 Internet-based data collection



PCR of 7 Genes for MLST




Study at Rajavithi Hospital
PFGE patterns

57 isolates from total of 619 screened patients
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AAlthough many tests showed that they may be different.
AThey actually were from single parental clone.



Heteroduplex PCR for ST8/ST30
mosaic chromosome

30 TCGCACTCTCGTTGAACA
CT.A.——..A...G.AG

SA0317

__._']

& B
- P -—
sT239/730 AATGTTTGTCGAAGCGGATTT

5 "
239/8 TTGCTGAATGATCARTTTTCAA

LACLALLAG.T..CA.TG

ST30-like replacement
[ ST8-like backbone

Journal of Clinical Microbiology, April 2008, p. 1520-1522, Vol. 46, No. 4



Heteroduplex PCR for ST239 Lineage

ST-30 ST-8 ST-239 ST-241 ST-343 ST-1227 ST-1228
Like Like

vV l l l l l ST-30Like = S. aureus Cowan |
ST-8 Like = MRSA SCCmec IV

ST239 = P24
ST241 = P22

1000 . ST343= P17

o = ST1227 = P37

200 | et ST1228 = P56

200 ST8 -CACTTTAANTACTGACGAAAAT-3 Nj

200 A R: -THOHAAATTGATCATTCAGCAA-3 Nj

ST30 -FCGCACNICTCGTTGAACA-3 N;

200 R: -ABANICCGCTTCGACAAACATT-3 Nj

The heteroduplex-PCR identifying the ST8 and ST30 recombinant
chromosome. The PCR product size of 484 bp is amplified from the
ST30-like chromosomal segment, and of 220 bp is from the ST8-like
segment. Feil EJ et al. J Clin Microbiol. 2008 Apr;46(4):1520-2.



Grouping by
Combined PCR-based methods

P33

P31(32)

IP3, 53, [23, 25, 26
27,28, 41, 42, 46,

P43

P32

P36

P24, 45(72)

IP1, 2(51), 47(48, 49, 50),

4,6, 6, 60, [7, 8, 9(10), 13,

14, 15(64), 20, 21, 61,

62,63|(16, 17|, [18, 19| 29,
34, 35, 37, 38, 39, 40,
54(55), 56(57), 58(59), 65,

66, 67(68), 70(71)

P22




Floor plan of a 12-floor buildin

Ward Westwards East wards
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(P5, NoST), (P6, ST239), (P60,
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ST239), (P21, NoST), (P22, ST241)

1stFloor, ICU Med.
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(P2(P51), ST239)




Other Specific Genes for Typing

1 Different families of ESBL
I blargy, blagyy, blacry v, blagya, blaygg, etc

1 Integron typing
I Class 1, 2, 3

IResi stance gene casset:’
primers)

1 SCCmec, spa, coa typing for MRSA
1 Typing of van operon for VRE



Other Resistance-assoclated Genes

1 Staphylococcus spp.: mecA

1 Streptococcus pneumoniae: pbpla,
pbp2b, pbp2x

1 Enterococcus spp.: vanA, vanB

1 Mycobacterium spp.: rpoB

1 Enterobacteriaceae: integron element



Integron: What we should know!

iInNl ntegrono was named
Ruth Hall in 1989 (Australia)

1 Paul H. Roy et al. was also working on

these genetic elements in late 80s
(Canada)

1 Different resistance genes surrounded by

conserved DNA segment encoding a
putative recombinase



Integron Characteristics

1 Gene capturing machine
1Us ef U genes are call

iIRecombli nase activity
an enzyme of a tyrosine recombinase
family

1 Non-palindromic recombination site called
rattlo specific for each integrase



Basic structure of Integron

oRF2 sove 3 -CS




Integron Element

1 The antibiotic resistance gene
collecting machine

1 Most clinical (nosocomial) bacterial
pathogens have the elements

1 Mobile element as

I Full functional mobile elements (not so?)
inpiggybacki ngo 1 n

Ot



Integron Element In
Pseudomonas aeruginosa

= == gac£al P. mirabilis Lil-11"*}
OXA-10|aadA T == E. colimG-11"3]

P. aeruginosa JES (5i

P. aeruginosa pTh2 &

P. aeruginosa
(strain numboers, this study)

{1.3.4,5,6,7,8,9.10,

W13, V2,19, 2), 22,25,
26, 27.28,.29, 30, 31)

Clin. Infect. Dis. 2002:34:603-611, Girlich et al.



|dentified Resistance Genes related to
Integrons Thai clinical isolates

REEISElE: Affected antibiotic Coding for
gene
bla,p.14 Carbapenem Metallo-b-lactamase
bla,p.15 Carbapenem Metallo-b-lactamase
bla,p._3, Carbapenem Metallo-b-lactamase
bla,gg 4 Cephalosporin Class A b-lactamase
blapee 4 Carbenicillin Class A b-lactamase
blagya 10 Oxacillin Class D b-lactamase




Resistance Genes related to Integrons

Resistance Affected O R
gene antibiotic J
, — Aminoglycoside
aac(6') Amikacin
acetyltransferase
aadA2, - :
aadA4.aadA22| Streptomycin Aminoglycoside
aadA23, adenyltransferase
. Aminoglycoside
aph Kanamycin phosphotransferase
aadB Gentamicin Aminoglycoside
adenyltransferase
arr-2 Rifampin Rifampin ADP-ribosylating
transferase




Resistance Genes Related to Integrons

Resistance . _
gene Affected antibiotic Coding for
dfrA5, |Sulfonamide/trimethopri| .
dfrA12 - Dihydrofolate reductase
cmlA Chloramphenicol Chloramphenicol
transporter
Quaternary ammonium| Quaternary ammonium
gacE/lL _
compound compound resistance
sul 1 Sulfonamide Dihydropteroate synthase
gnrA Fluoroquinolone Fluoroqumolone.protectlve
protein
INUE e Lincosamide nucleotidyl

transferase




Rare Carriage in Non-hospitalized Individuals

RESEARCH NOTE
1 UK =1:100

Prevalence of Acinetobacter baumannii and 1 N eth er | an d = 1 - 1 2 6

other Acinetobacter spp. in faecal samples
from non-hospitalised individuals

L. Dijkshoorn®, E. van Aken®, L. Shunburne®,

T. J. K. van der Reijden’, A. T. Bernards’,

A. Nemec® and K. /. Towner”

1Department of Infectious Diseases, Leiden
University Medical Center, Leiden, The Nether-
lands, ED:—:[:.ra rtment of Microbiology, University
Hospital, Queen’s Medical Centre, Nottingham,
UK, *Department of Medical Microbiology,
Leiden University Medical Center, Leiden, The
Netherlands and “Centre of Epidemiology and
Microbiology, National Institute of Public
Health, Prague, Czech Republic

Clin Microbiol Infect 2005;



Fecal Colonization with Multiresistant
A. baumannii: ICU Patients

141% positive from rectal swabs (77 of 189

cases)

1 55 cases (71%): positive within the first

week

(Clin Infect Dis. 1996 Aug;23(2):329-34)



Animals from Farms
(and their bacterial)

1 Multi-drug resistant Salmonella spp. may
be spreading in Thailand now.

I Most farms give antibiotic as feeding

supplement

I The bacteria carry integron elements

I The one identifled matches with those In other

regions of the world



PCR of Salmonella
Antibiotic Resistance Cassettes

Salmonella spp. isolated from different animal farms




Various Class 1 Integrons

2 isolates

| 1solate

| 1solate

| 1solate




Investigation of possible clonal spread of
community-acquired MDR-pathogenic E. coli

- All typing methods .
- Space-time disease surveillance ST130

ST501
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ERIC PCR




The possible outbreak situations

Bumrungrad Hosp. NA,AM,S,G,SXT,
ETO76 13Mar 02 ETEC  Adult Yes Japanese (Thailand) pos 4 4 6 TE

Bumrungrad Hosp. NA,AM,S,G,SXT,
ETO77 13 Mar 02 ETEC Adult Yes Japanese (Thailand) pos 4 4 6 TE
EA030 13 May02 ETEC Adult Yes American Sakaeo (Thailand) neg 182 8 12 AM,S,G,STX, TE
EAO31 14 May 02 ETEC  Adult Yes American Sakaeo (Thailand) neg 182 8 21 AM,S,G, TE
EAO032 14 May 02 ETEC  Adult Yes American Sakaeo (Thailand) neg 182 8 21 AM,S,G,STX, TE
EAO033 16 May02 ETEC  Adult Yes American Sakaeo (Thailand) neg 182 8 13 AM,S,G,STX,TE
ET081 3May0l1 ETEC Adult Yes American Nepal neg 182 8 21 AM,S,G,TE
ET082 7May0l1 ETEC  Adult Yes European Nepal neg 182 8 21 AM,S,G, TE
EAO06 27 May04 EAEC Adult  Yes  American ???a?ﬁar?j;] pos 200 20 21 AM,GM,G,SXT,TE
EA007 27 May04 EAEC Adult  Yes  American S(%Taal‘fasg;‘ pos 200 20 21 AM,GM,G,SXT,TE
EA018 13 May02 EPEC Adult Yes American Sakaeo (Thailand) pos 206 1 27 AM,S,G,STX, TE
EA019 13 May02 EPEC  Adult Yes American Sakaeo (Thailand) pos 206 1 64 _'FIQ’AM 'S,G,SXT,
EC187 26 Apr 06 ETEC Children Yes Cambodian Cambodia pos 315 17 none AM,S,G,STX,TE
EC189 17Jul06 ETEC Children Yes Cambodian Cambodia pos 315 17 58 AM,S,G,STX,TE
EC190 12Sep 06 ETEC Children Yes Cambodian Cambodia pos 315 17 114 AM,S,G,STX,TE




Plasmid-borne Polymyxin
Resistance: MCR-1

Mobile colistin resistance-1: November 2015

Emergence of plasmid-mediated colistin resistance
mechanism MCR-1 in animals and human beings in China:
a microbiological and molecular biological study. Liu, Y.-Y.,
Wang, Y., Walsh, T. R., Yi, L.-X., Zhang, R., Spencer, J., et
al.

C MCR-1, a phosphoethanolamine transferase enzyme,
resulting in the addition of phosphoethanolamine to lipid
A

C Found in Enterobacteriaceae and P. aeruginosa

C mcr-1 has been reported on all continents from human,

animal, and environmental sources

A Skov RL, Monnet DL. 2016. Plasmid-mediated colistin resistance (mcr-1
gene): three months later, the story unfolds. Euro Surveill 21.



mcr-1 Global Spread

Countries (n = 30) reporting presence of mcr-1 in samples of animal, environmental or human origin (data collected till 27
June 2016)

B mcr-1 gene detected . - =




Structure of plasmid pHNSHP45 carrying
mcr-1 from Escherichia coli strain SHP45

PHNSHP45 s
64105 bp i

Il Other protein

[ Formation of type IV pilus
Il Transfer associated

1 Plasmid stability

Il Plasmid replication

I Insertion sequence

1 Antimicrobial resistance
[ Hypothetical protein




Figure 1 Presence of specific PCR product for
mcr-1, Incl2A, IncI2B. Lane 1: 100 base pair
ladder, Lanes 2, 3, 5, 6, 8 and 9: negative control,
Lanes 4, 7 and 10: the specific size PCR product
for mcr-1, IncI2A, and Incl2B, respectively.

2012 2013 2014

Ratchaburi ND 0 (6/21) 2 (25/57)
Chonburi ND 6 (10/29) ND

Nakhon
Pathom 2 (24/57) 13 (18/44) ND




Lipid A structure

NH2 OH

aminoarabinose 'mo :
HO (o]

o oo O ety )
or 3 ‘H(.) o HO
. o}
phosphoethanolamine "N —~_ [ 0 T e NH °_§ ol o~ NHy
] — - - —
Q= o ] ]
O lo} o= HO OH OH or
-a X{ 0 ’O NH2
(0]

OH

X = OH
HO .

I

—

Sean R. Murray et al. J. Bacteriol.2007;189:5161-5169 Journal Of Bacteriology

JournalS.ASM.org | Copyright © American Society for Microbiology. All Rights Reserved.



Second Plasmid-mediated Colistin
Resistance: mcr-2
1 Survelllance studies of E. coli isolates

obtained from stool of livestock with
diarrhea reealed mcr-2

Domain 1 Domain 2 Domaina Domain 2
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mcr-1 VS mcr-2
1 mcr-1is 1,626 bp long

1 mcr-2is 1,617 bp long

1 /6.75% Identity at nucleotide level

1 80.65% Iidentity at protein level

1 For PCR detection: Need TWO sets of

primers!!!



Phylogenetic analysis: MCR-2 protein

Pseudoalteromonas porphyrae
— Pseudoalteromonas tetraodonis
Magnetococcus marinus
Colwellia psychrerythraea
Thalassomonas viridans
Psychrobacter piscatorii
Psychrobacter uratirovans
Dichelobacter nodosus
o [{ Enhydrobacter aerosaccus
1{]0

Moraxella osloensis

l Corynebacterium durum
:Dﬂﬂﬁlhﬂffjj ﬂﬂﬂﬂﬂﬂ hf\lfﬂﬂ

Moraxella catarrhalis
MCR-1

—— MCR-2

Vibrio halioticoli

Camphylobacter sputorum

Sulfurovum sp.

Arcobacter lanthieri

Arcobacter butzleri

Sulfurospirillum arsenophilum

Candidatus Ruthia magnifica




mcr-1to mcr-8

MCR-8
- Klebsiella preumoniae WP_072310976.1

Kosakonia sacchari WP_065368351.1
—: Kosakonia psendosacchari WP_097399671.1
Kosakonia psendosacchari WP_043865414.1
Pectobacterium carotovorum WP_015840357.1
Lampropedia hyalina WP_073356508.1
Xanthomonascitri ASR42364.1

Rubrivivax gelatinosus BAL95649.1

—: Stenotrophomeonas maltophilia WP_017354816.1
Stenotrophomonas rhizophila AHY58671.1

I: Stenotrophomonas maltophilia KUP00845.1
Stenotrophomonas maltophilia WP_057500426.1

Stenotrophomonas maltophilia WP_099589211.1
4{_[879"mmplmnmnux maltophilia KIL.N99845.1
Stenotrophomonas maltophilia WP_065179212.1
Stenotrophomonas maltophilia WP_099818484.1
Stenotrophomonas maltophilia WP_100465422.1
Stenotrophomonas sp WP_051584849.1

Xanthomonas retroflexus WP_088099975,1
Stenotrophomonas maltophilia EVTT2525.1

|
L




SOCIETY FOR

—1 mcromorocy ANA Chemotherapy LETTER TO THE EDITOR

i : ssMark
AMERICAN Antimicrobial Agents @ Sr'oer?r

Occurrence of the Plasmid-Borne mcr-1 Colistin Resistance Gene in
Extended-Spectrum-3-Lactamase-Producing Enterobacteriaceae in
River Water and Imported Vegetable Samples in Switzerland

TABLE 1 Characteristics and resistance profiles of three ESBL-
producing and mcr-1-positive strains of Enterobacteriaceae”

Characteristic or
antimicrobial
agent Strain OW3El Strain H226B Strain 25K1

Characteristic

Sample type  River water sampled Cha-om imported Basil leaves imported
in Switzerland from Thailand from Vietnam

Yr 2012 2014 2014
Species E. coli E. coli E. coli
Phylogroup Bl A Bl
Sequence type ST359 ST167 ST4683
bla..,, type  SHV-12 CTX-M55 CTX-M-65
MIC for 6 6 6

colistin

(pg/ml)




ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Jan. 2010, p. 346-352 Vol. 54, No. 1
0066-4804/10/$12.00 doi:10.1128/AAC.00824-09
Copyright @ 2010, American Society for Microbiology. All Rights Reserved.

Molecular Epidemiology of Metallo-3-Lactamase-Producing
Pseudomonas aeruginosa lsolates from Norway and Sweden
Shows Import of International Clones and Local
Clonal Expansion’

f:atan{lmdﬂa 15 umsldered a regmn with a lmv. premlence {lf antlmumhml reslstame However, the number
B-lactamase (MBL)-
producing Pseudomonas aeruginosa. In this study MBL-producing P. aeruginosa isolates identified in Norway
(n = 4) and Sweden (r = 9) from 1999 to 2007 were characterized. Two international clonal complexes (CC),
CC111 (n = 8) and CC235 (n = 2), previously associated with MBL-producing isolates, were dominant. CCI111
isolates (ST111/229; serotype O12; blayyyy.») included clonally related isolates identified in Skane County,
Sweden (n = 6), and two isolates associated with importation from Greece and Denmark. In all CC111 isolates,
blay;yy., Was located in integron In39.2 or In59 variants. The two CC235 isolates (ST235/ST230; serotype O11;
blayyyg.g) Were imported from (:reew and L*«pr'ua were p{}salbh L]{}lldlh related, and carried blayyy;_ 4 in two
{Ilﬂ'erent mtegmn :-,I:rmtures Thre ol - s mnpe ()6 ba'a\m 2)s Tumsla

was part of a new CC [( LZH} that s witile f:aT654 could also be part {1f
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Ceftriaxone-Resistant Neisseria gonorrhoeae,

Canada, 2017
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Annie-Claude Labbé, Marie-Claude Beaudoin, Male partner reported
Jean Longtin ..
unprotected sexual activity

We identified a ceftriaxone-resistant Neisseria gonorrhoeae

isolate in a patient in Canada. This isolate carried the penA- d u r| r]g a '[r| p to Ch | Na ar‘]d

60 allele, which differs substantially from its closest relative,

mosaic penA XXVII (80% nucleotide identity). 'Epidemio- Thalland in November 2016

logic and genomic data suggest spread from Asia. Antimi-
crobial susceptibility surveillance helps prevent spread of

highly resistant N. gonorrhoeae strains.

C Ceftriaxone (MIC 1 mg/L)

C Cefixime (MIC 2 mg/L)

C Ciprofloxacin (MIC 32 mg/L)
C Tetracycline (MIC 4 mg/L)

C Susceptible to azithromycin (MIC 0.5 mg/L)



oA British man has contracted an untreatald&and of gonorrnoeaafter a sexual

encounter with a woman in Soutfitast Asia.

A unnamed man from the UK has contracted a strargboiorrhoeanfection that does not
respond to antibiotics.
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The man sought treatment earlier this year for symptoms that appeared approximately a
month after he had sexual contact with a woman in Sela#st Asia.

British health experts have warned thaostitutes in Thailandarefuellingl KS N & S
gonorrhoed @



