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Outlines

Microbiology Lab: conventional vs modern 

technology

AMR pathogens: Chromosome VS 

plasmid

Each species has its own signature

Information overload

Some examples from research



Microbiology Work

Isolation

ïCulture: Virus is the most demanding

ïBiosafety laboratory: level 3, level 4

Identification

ïSerological tests

ïMolecular methods

ïBoth are equally important

workload and Time needed 



Research Activities

Good facility

ïWell-trained staffs

ïHigh maintenance cost

ïNewest equipment must be available

Government support is minimal

International collaboration would 
strengthen the team effort



Very Long List of the Bad Bugs
Acinetobacter baumannii

Pseudomonas aeruginosa

XDR-TB

MRSA

VRE

Salmonella

ESBL-producing Gram-negative bacilli

CRE

Many, many moreé..



Notorious Strains

The fittest groups of bacteria that survive 

the antibiotic selection

Range from Gram positive to Gram 

negative bacteria

ïMRSA, Coagulase negative Staph., 

Corynebacterium spp., Pseudomonas, 

Acinetobacter, other NF, etc.

Cross contamination happens all the time



Multi-drug Resistant Strains
Most of them have special gene clusters 
for antibiotic resistance

ïPlasmids and mobile genetic elements: 
Transposons, insertion elements, integrons, 
bacteriophages

ïThe genes are shuffled for their needs 
depending on what antibiotics are used most

Endemicity makes the surveillence 
program difficult and the control 
impossible



Why need epidemiological 
investigations

We have multi-drug resistant nosocomial 

pathogens

Mortality rate is higher than it should be

Strain typing is an integral part of 

epidemiological investigations of 
nosocomial infections



Molecular Epidemiology

Epidemiology

ïCause of infection

ïTrack down the sources 

ïModes of transmission

ïControl of infection

ïPrevention measures

Classical epidemiology: classical methods

Molecular epidemiology: molecular methods



Molecular Typing: Supporting Evidence

Ideal genotypic method

ïStandardized

ïReproducible

ïStable

ïSensitive

ïReadily available

ïInexpensive

Not for every laboratory in Thailand

Centralized?



Molecular Epidemiology: 
Bacteriology

Phenotypical tests

ïClassical approaches: antibiograms, biotypes, serotypes, 

phage types, bacteriocin types

Genotypical tests:

ïPlasmid profiles

ïRFLP (restriction fragment length polymorphism)

ïPFGE (pulsed-field gel electrophoresis)

ïPCR-based (RAPD, REP, ERIC, AFLP, etc.)

ïMLST (multi-locus sequence typing) 

ïVNTR (variable-number of tandem repeat)

ïSequencing for all specialized pathogens

ïSpecies-specific typing: SCCmec typing



Selection of Typing Methods

Genotypic (Molecular) methods

ïDNA-based

ïContinuous values (e.g. PFGE) OR

categorized values (e.g. MLST)



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

Plasmid profiles



PFGE of Serratia marcescens

outbreak in NICU



B SmaI-PFGE of MRSA isolated in Siriraj hospital 

Comparison of PFGE of MRSA among international clone, 
Taiwan,  China and this study. 

PFGE of MRSA



French and Thai Acinetobacter Clones

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



86 kb Resistance Island Acinetobacter baumannii
Total of 45 resistance genes

PLoS Genetics: www.plosgenetics.org January 2006, Vol. 2, Issue 1



RAPD confirmation of a same clone of 

Pseudomonas aeruginosa

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

Chromosomal DNA

ïVertical gene transfer

Extra-chromosomal DNA

ïPlasmid

ïTransferable: horizontal gene transfer

Resistance genes are also unique



MRSA Genome SCCmec



Classification of SCCmec (Ito T et al. Insight on antibiotic resistance of 

Staphylococcus aureus form its whole genome: genomic island SCC. Drug Resist 

Updates 2003;6:41-52)



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-I SCCmec (NCTC10442); lane 14, type-II 

SCCmec (N315); lane 15, type-III SCCmec (85/2082).                

PCR for ccr and SCCmec typing

ccr3
ccr2

ccr1



Multilocus Sequence Typing

Evolutionary testing method

DNA sequence-based technique

Using ñ7ò housekeeping genes

Population analysis (Clonal evolution)

Good for international spread study

Internet-based data collection



PCR of 7 Genes for MLST

M   1    2    3    4    5   6    7



Study at Rajavithi Hospital 
PFGE patterns

57 isolates from total of 619 screened patients

ÅAlthough many tests showed that they may be different.

ÅThey actually were from single parental clone.



Heteroduplex PCR for ST8/ST30 

mosaic chromosome

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



Heteroduplex PCR for ST239 Lineage

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.

ST-30 Like = S. aureus Cowan I

ST-8 Like = MRSA SCCmec IV

ST239 = P24

ST241 = P22

ST343 = P17

ST1227 = P37

ST1228 = P56

ST8   F: 5ǋ-CACTTTAAATACTGACGAAAAT-3ǋ 

R: 5ǋ-TTGAAAATTGATCATTC AGCAA-3ǋ

ST30 F: 5ǋ-TCGCACTCTCGT TGAACA-3ǋ 

R: 5ǋ-AAATCCGCTTCGACAAACATT-3ǋ 

ST-30    ST-8     ST-239  ST-241   ST-343   ST-1227  ST-1228
Like      Like
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P24, 45(72) 

P33 

P36 

P1, 2(51), 47(48, 49, 50), 

4, 5, 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) 

P31(32) 

P22 

P11, 12, 30, 69, 44 

P3, 53, 23, 25, 26, 

27, 28, 41, 42, 46,  

P43 

P52 

Grouping by 

Combined PCR-based methods



Floor plan of a 12-floor building
Ward West wards East wards

10th Floor, Ortho. 
(P34, ST1227), (P35, NoST ), (P37,
ST1227), (P38, NoST), (P39, ST239 )

(P46, NoST), (P45(P72), NoST)

9th Floor, ENT (P3, NoST), (P52(P53), ST239)

8th Floor, Gen. Surg.
(P23, ST239), (P25, ST239), (P26, ST239),
(P27, ST239), (P28, NoST), (P24, ST239)

(P29, ST239), (P66, NoST) 

7th Floor, Worker
Healthcare/GYN

(P70(P71), NoST), (P43(P44), NoST) (P31(P32), ST239), (P33, ST239)

6th Floor, Med.
(P4, NoST), (P54(P55), ST239),
(P56(P57), ST1228), (P58(59),ST239)

4th Floor, Radio. (P40, ST239), (P41, NoST), (P42, NoST)
3rd Floor, ICU. Surg. (P36, NoST)

EMS Building

West wards East wards

(P67(P68), NoST), (P30, ST239), (P69,
NoST)

(P16, NoST), (P17, ST343)

Internal Medicine Building
West wards East wards

3rd Floor
(P7, ST239), (P8, NoST), (P9(P10), NoST), 
(P13, NoST), (P11, NoST), (P12, ST239)

(P5, NoST), (P6, ST239), (P60, 
NoST)

2nd Floor
(P14, NoST), (P15(P64), NoST), (P61,
NoST), (P62, NoST), (P63, ST1227), (P20,
ST239), (P21, NoST), (P22, ST241)

(P18, NoST), (P19, NoST)

1st Floor, ICU Med.
(P1, NoST), (P47(P48, P49, P50), NoST), 
(P2(P51), ST239)



Other Specific Genes for Typing

Different families of ESBL

ïblaTEM, blaSHV, blaCTX-M, blaOXA, blaVEB, etc

Integron typing

ïClass 1, 2, 3

ïResistance gene cassettes (5ôCS+3ôCS 

primers)

SCCmec, spa, coa typing for MRSA

Typing of van operon for VRE



Other Resistance-associated Genes

Staphylococcus spp.: mecA

Streptococcus pneumoniae: pbp1a, 

pbp2b, pbp2x

Enterococcus spp.: vanA, vanB

Mycobacterium spp.: rpoB

Enterobacteriaceae: integron element 



Integron: What we should know!

ñIntegronò was named by H. W. Stokes and 

Ruth Hall in 1989 (Australia)

Paul H. Roy et al. was also working on 

these genetic elements in late 80s 

(Canada)

Different resistance genes surrounded by 

conserved DNA segment encoding a 

putative recombinase



Integron Characteristics

Gene capturing machine

Useful genes are called ñcassettesò

Recombinase activity is from ñintegraseò, 

an enzyme of a tyrosine recombinase 

family

Non-palindromic recombination site called 

ñattIò,specific for each integrase



Basic structure of Integron



Integron Element

The antibiotic resistance gene 

collecting machine

Most clinical (nosocomial) bacterial 

pathogens have the elements

Mobile element as 

ïFull functional mobile elements (not so?)

ïñpiggybackingò in other Transposons



Integron Element in 

Pseudomonas aeruginosa

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



Identified Resistance Genes related to 
Integrons Thai clinical isolates

Resistance 

gene
Affected antibiotic Coding for

blaIMP-14 Carbapenem Metallo-ɓ-lactamase

blaIMP-15 Carbapenem Metallo-ɓ-lactamase

blaIMP-32 Carbapenem Metallo-ɓ-lactamase

blaVEB-1 Cephalosporin Class A ɓ-lactamase

blaPSE-1 Carbenicillin Class A ɓ-lactamase

blaOXA-10 Oxacillin Class D ɓ-lactamase



Resistance Genes related to Integrons

Resistance 

gene

Affected 

antibiotic
Coding for

aac(6') Amikacin
Aminoglycoside 

acetyltransferase
aadA2, 

aadA4,aadA22, 

aadA23,
Streptomycin

Aminoglycoside 

adenyltransferase

aph Kanamycin
Aminoglycoside 

phosphotransferase

aadB Gentamicin
Aminoglycoside 

adenyltransferase

arr-2 Rifampin
Rifampin ADP-ribosylating

transferase



Resistance Genes Related to Integrons

Resistance 

gene
Affected antibiotic Coding for

dfrA5, 

dfrA12

Sulfonamide/trimethopri

m
Dihydrofolate reductase

cmlA Chloramphenicol
Chloramphenicol 

transporter

qacED1
Quaternary ammonium 

compound

Quaternary ammonium 

compound resistance

sul 1 Sulfonamide Dihydropteroate synthase

qnrA Fluoroquinolone
Fluoroquinolone protective 

protein

lnuF Lincosamide
Lincosamide nucleotidyl

transferase



UK = 1:100

Netherlands = 1:126

Rare Carriage in Non-hospitalized Individuals



Fecal Colonization with Multiresistant
A. baumannii: ICU Patients

41% positive from rectal swabs (77 of 189 

cases)

55 cases (71%): positive within the first 

week

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



Animals from Farms 

(and their bacteria!)

Multi-drug resistant Salmonella spp. may 

be spreading in Thailand now.

ïMost farms give antibiotic as feeding 

supplement

ïThe bacteria carry integron elements

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

- All typing methods
- Space-time disease surveillance



46

Sample Date Pathogen Status Symptom Nationality Location Integron ST ERIC Plasmid 
Resistance 

pattern

ET076 13 Mar 02 ETEC Adult Yes Japanese
Bumrungrad Hosp. 

(Thailand)
pos 4 4 6

NA,AM,S,G,SXT, 

TE

ET077 13 Mar 02 ETEC Adult Yes Japanese
Bumrungrad Hosp. 

(Thailand)
pos 4 4 6

NA,AM,S,G,SXT, 

TE

EA030 13 May 02 ETEC Adult Yes American Sakaeo (Thailand) neg 182 8 12 AM,S,G,STX,TE

EA031 14 May 02 ETEC Adult Yes American Sakaeo (Thailand) neg 182 8 21 AM,S,G,TE

EA032 14 May 02 ETEC Adult Yes American Sakaeo (Thailand) neg 182 8 21 AM,S,G,STX,TE

EA033 16 May 02 ETEC Adult Yes American Sakaeo (Thailand) neg 182 8 13 AM,S,G,STX,TE

ET081 3 May 01 ETEC Adult Yes American Nepal neg 182 8 21 AM,S,G,TE

ET082 7 May 01 ETEC Adult Yes European Nepal neg 182 8 21 AM,S,G,TE

EA006 27 May 04 EAEC Adult Yes American
Samae-san 

(Thailand)
pos 200 20 21 AM,GM,G,SXT,TE

EA007 27 May 04 EAEC Adult Yes American
Samae-san 

(Thailand)
pos 200 20 21 AM,GM,G,SXT,TE

EA013 17 May 01 EPEC Adult Yes American
Pitsanulok 

(Thailand)
pos 206 1 11 C,S,G,SXT,TE

EA015 22 May 01 EPEC Adult Yes American
Pitsanulok 

(Thailand)
pos 206 1 11 C,S,G,SXT,TE

EA018 13 May 02 EPEC Adult Yes American Sakaeo (Thailand) pos 206 1 27 AM,S,G,STX,TE

EA019 13 May 02 EPEC Adult Yes American Sakaeo (Thailand) pos 206 1 64
NA,AM,S,G,SXT, 

TE

EC187 26 Apr 06 ETEC Children Yes Cambodian Cambodia pos 315 17 none AM,S,G,STX,TE

EC189 17 Jul 06 ETEC Children Yes Cambodian Cambodia pos 315 17 58 AM,S,G,STX,TE

EC190 12 Sep 06 ETEC Children Yes Cambodian Cambodia pos 315 17 114 AM,S,G,STX,TE

The possible outbreak situations



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.

ÇMCR-1, a phosphoethanolamine transferase enzyme, 

resulting in the addition of phosphoethanolamine to lipid 

A

Ç Found in Enterobacteriaceae and P. aeruginosa

Çmcr-1 has been reported on all continents from human, 

animal, and environmental sources 
Å 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



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



PCR Results of mcr-1 gene

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

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



Second Plasmid-mediated Colistin 

Resistance: mcr-2

Surveillance studies of E. coli isolates 

obtained from stool of livestock with 

diarrhea reealed mcr-2



IncX4

Plasmid

35,104 bp

mcr-2-pap2

IS1595



mcr-1 VS mcr-2

mcr-1 is 1,626 bp long 

mcr-2 is 1,617 bp long

76.75% identity at nucleotide level

80.65% identity at protein level

For PCR detection: Need TWO sets of 

primers!!!



Phylogenetic analysis: MCR-2 protein



mcr-1 to mcr-8





58



Ç Ceftriaxone (MIC 1 mg/L)

Ç Cefixime (MIC 2 mg/L)

Ç Ciprofloxacin (MIC 32 mg/L)

Ç Tetracycline (MIC 4 mg/L) 

Ç Susceptible to azithromycin (MIC 0.5 mg/L)

Male partner reported 

unprotected sexual activity 

during a trip to China and 
Thailand in November 2016



ωA British man has contracted an untreatablestrand of gonorrhoeaafter a sexual 
encounter with a woman in South-East Asia.
A unnamed man from the UK has contracted a strand of gonorrhoeainfection that does not 
respond to antibiotics.
5ƻŎǘƻǊǎ ŀǊŜ ŎŀƭƭƛƴƎ ƛǘ ǘƘŜ άǿƻǊǎǘ-ŜǾŜǊέ ŎŀǎŜ ƻŦ ǘƘŜ ǎŜȄǳŀƭƭȅ ǘǊŀƴǎƳƛǘǘŜŘ ŘƛǎŜŀǎŜΦ
The man sought treatment earlier this year for symptoms that appeared approximately a 
month after he had sexual contact with a woman in South-East Asia.
British health experts have warned that prostitutes in Thailand are fuellingǘƘŜ ǊƛǎŜ ƻŦ άǎǳǇŜǊ 
gonorrhoeaέΦ


