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RIVM is the national MRSA reference centre

1989 start surveillance

Gradual increase (50-100 strains/week)
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Emergence of a new MRSA clade in the Netherlands

First isolated in 2003 (voss et al. E.I.D. 2005)
Origin in livestock, mainly pigs (MC398)
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Emergence of a new MRSA clade in the Netherlands

First isolated in 2003 (voss et al. E.I.D. 2005)
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Emergence of a new MRSA clade in the Netherlands

First isolated in 2003 (voss et al. E.I.D. 2005)
Origin in livestock, mainly pigs (MC398)
Worldwide emergence
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Reasons for typing MRSA

Spot trends in the National surveillance
Identify emergence of new MRSA clades (LA-MRSA)
Outbreak management

Identifying possible transmission




Current typing of MRSA is sequence-based

2007 spa-typing
< the spa gene )
—Jl B £ [p [ A [B]C CWAS |
soa-repeats
Repeat succesion Number of repeats  Spa-type
Strain I ro2 3 1818
Strain I 6 3423
Strain II: r23 | r16 4 t111



Current typing of MRSA is sequence-based

ori  VNTR24_01 (spa)

2007 SPa'typing VNTR81_01 (coa)

2008 MLVA VNTR61_01

VNTR21_01

Staphylococcus aureus 066f VNTRG1_02
N315 genome 0.68} VNTR67_01

VNTRO09_01 (sspA)
VNTR63_01




Current typing of MRSA is sequence-based

2007 spa-typing

2008 MLVA

Strain 2

Strain 1

MLVA profile of strain 1: 6-3-6-4-3-5-4-7
MLVA profile of strain 2: 6-3-4-4-2-5-7-7



LA-MRSA has low genotypic diversity (MLVA)

MST all MRSA isolates 2012 (n=3797)




LA-MRSA has low genotypic diversity (MLVA)

Some MLVA complexes (MC) and
MLVA-types (MT) are found more
frequently than others

MC398 = LA-MRSA

MST all MRSA isolates 2012 (n=3797)




MST of LA-MRSA (MC398) isolates 2008-2012 MST of MRSA (MC5) isolates 2008-2012
n=7066, 78 MLVA-types n=2520, 205 MLVA-types

Top 3 MLVA-types represent 83% Top 3 MLVA-types represent 21%



g 2 g 2 8 spa MT  MC

1110004297 1108 572 398
1110904312 1108 572 398
1110904341  t108 572 398
1110004288  t011 308 398
1110804311 to11 308 398
1110904339  t011 398 398
1110904291 to11 398 398
1110904294  t011 398 398
1110804310  t011 308 398
1110804315 011 308 398
1110804316 1011 308 398
1110904318 1011 398 398
1110904344  t011 398 398
1110904347  t011 398 398
1110904287  t011 398 398
1110804320 011 398 398
1110904349 1011 398 398
1110804321 to11 3908 398
1110904322 1011 398 398
1110904308  t011 398 398
1110804340 011 398 398
1110904295  t011 308 398
1110904280  t011 398 398
1110904292 1011 398 398
1110904335 1011 308 398
1110904346  t108 572 398
1110004301 t108 572 398
1110904333 1108 572 398
1110804334 1108 572 398
1110904305 t108 572 398
1110904289  t108 572 398
1110004319  t108 572 398
1110804280 011 398 398
1110804303 011 308 398
1110904304 t108 572 398
1110904328 1108 572 398
1110904329 t108 572 398
1110904353 011 398 398
1110804326 1108 572 398
1110904293 011 398 398
1110904323 1108 572 398
1110904324  t108 572 398
1110904314  t011 398 398
1110904350  t011 398 398
1110904351 to11 398 398
1110904352 tO11 398 398

Better differentiation between isolates

with the same spa-/MLVA-type

[ --

(Green = spa-type t011, MT398, Red = spa-type t108, MT572)
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Con’s for typing LA-MRSA with PFGE

1110300132 18
1110601676 16
1110302044 16
1110401152 16
1110601567 16
1110601595 16
1110500112 16
1110200502 18
1110200503 16
1110200504 16
1110200628 16
1110200830 18
1110200867 16
1110200869 16
1110200760 16
1110300081 16
1110300087 16
1110400584 16
1110401033 18
1110500088 16
1110701502 16
1110300400 16
1110200769 16
© 1110700857 16
1110200772 16
1110200774 16
1110300104 16
1110400030 16
1110400674 16
1110500308 16
I 1110500755 16
1110200505 16
1110200627
1110702063 16
1110702084 16
1110802419 18
1110702085 18
1110702387 16
1110300008
1110502165 16
1110600210 16
1110300300 16
1110200771 16
q 1110300068

Time-consuming

Non-portable

Difficult to interpret

Error prone

14

1110300369



WGM, a fast and high resolution typingtool for LA-MRSA

@ @High throughput + speed
Whole
@ genome

mapping?
Low discriminatory power

High discriminatory power

Whole
genome
sequencing

Low throughput + speed
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Principle whole genome mapping: mapcard assembly

Channel forming device with microchannels

High molecular weight DNA (>250kb)

\ is added

Glass surface that binds DNA

17 28-05-2013
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Filling of the mapcard in detail

Zoomed in on a microchannel

v

Added HMW DNA DNA is pulled in by capillary force and
stretched

28-05-2013
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Cutting the DNA with a restriction enzyme
Image of stretched DNA molecules

Restriction enzyme is added by microfluids
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Cutting the DNA with a restriction enzyme
DNA is cut

Innovatie in typering, whole genome mapping
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DNA molecules are sized

28-05-2013
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The order and size of fragments is represented as colored blocks

28-05-2013
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Map assembly from overlapping molecules
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A compiled whole genome map is created
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Bionumerics software is used for typing analysis

Staphylococcus aureus 5. aureus, (MRSA) (1110904286 t=2) [AfIII]

Staphylococcus aureus 5. aureus, (MRSA) (1110904286 t=1) [AfIII]

A 000 CATRIHN AN OH i | ||
Allignment of 2 maps with Mapsolver software

Bionumerics software: Fragments represented in random chosen colors, matching
fragments have identical colors

\

W T Y B BN~ 1T M S 71
T CT T T IT T |||||F:_ﬂm:_

No matching fragments Matching fragments || Ignored fragments
Small fragments (<3kb) that are ignored by fragment filtering are represented as
thinner blocks
Tolerance settings are used to correct for sizing errors

25 28-05-2013
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Reproducible assembly of whole genome maps

LA-MRSA, assembly repeated 5 times
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Replicates yield highly similar WGMs

LA-MRSA, same DNA, 4 days

100k 200k 300k
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Subculturing MRSA for 30 consecutive days

1000k 1100k

day 1
day 2
day 3
day 4

317 T -:.19.2 T [s7fpa]izs |e.11|:-‘s 5215 [paa [z [T] e [lzo
100%| 3332 4 oo -:.13.9 [T] [szpanfies b1 1|15 52 [aa 2R [us [T] Jps [lzs=

Similar results for other strains " . .
m % similarity

MRSA (2) 99.6
LA-MRSA (1) 99.4
LA-MRSA (2) 99.6

28-05-2013
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day 30
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WGM confirms a published outbreak of CA-MRSA

Outbreak in a Dutch beauty salon, highly similar maps
Additional DNA fragment in 3 WGMs

Extra fragment also present in PFGE

a8 989.;)% mnl, 200 ..o, 2100k 2200k ,,:8: g é §
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~40kb, probably bacteriophage
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Establishing a cut-off value for WGM of LA-MRSA

Replicates of the same DNA yielded >99% similarity

Well documented outbreak showing the effect of a mobile element ~98%

The cut-off value for indistinguishable profiles was set at 298%

28-05-2013
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Not all isolates belong to a presumed outbreak
of HA-MRSA

Multicentre outbreak (meliis et al. 2004, ntvg)
8 isolates originating from one centre, identical spa, MT and PFG
Considerable variation throughout the genome

2/8 isolates differed considerably from the other 6 (~90%)
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WGM confirms published LA-MRSA-transmission

Isolates from a pig farmer’s family, complete whole genome maps

SCCmec region
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Discriminatory power of WGM for LA-MRSA

16 LA-MRSA from epidemiologically unrelated veterinarians

Ok g SO0k g g 1000k g 100K e 2000k Origin spa spa-repeats MLVA MLVA-profile
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Discriminatory power of WGM for LA-MRSA

16 LA-MRSA from epidemiologically unrelated veterinarians

Limited variation in MLVA and spa-types
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spa spa-repeats MLVA

MLVA-profile

VET300
VET59
VET45
VET35
VET212
VET66
VET247
VET84
VET223
VET187
VET361
VET360
VET155
VET78
VET226
VET100

to11 8-16-2-25-33-24-25  MT398

t108  8-16-2-25-24-25 MT572

t567  8-2-25-24-25
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t1456 8-16-2-25 MT566

‘ MT567

14-0-2-4-1-8-1-6
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Discriminatory power of WGM for LA-MRSA

16 LA-MRSA from epidemiologically unrelated veterinarians

Considerable variation in WGMs of isolates with identical spa-type and MT
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Discriminatory power of WGM for LA-MRSA

16 LA-MRSA from epidemiologically unrelated veterinarians

Considerable variation in WGMs of isolates with identical spa-type and MT

84.5% _ 200k 400k 600k 800k
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High degree of variation in SCCmec region corroborated
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WGM is capable of identifying LA-MRSA transmission

Veterinarian and household member same sampling moment

MLVA, spa, and WGMs indistinguishable -> Likely transmission event

100% ~  100kb 30k  50kb 70kb VETeo
‘[II] IR NI (1 N I%Veterinarian
I 1[I Household member

MLVA, spa indistinguishable, clearly different WGMs -> No transmission

79%  1000kb ~ 1200kb ~ 1400kb 1600kb  1800kb _ VET45

10 (B e D (O &l ol e Veterinarian
D O SORCDOEINEON DR O i [ § ERE Houschodmenber

28-05-2013

Innovatie in typering, whole genome mapping



WGM to study suspected transmission of LA-MRSA

2 veterinarians and their family members (VET45, VET66)
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WGM to study suspected transmission of LA-MRSA

2 veterinarians and their family members (VET45, VET66)

One year follow-up
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86.7%

1600k 1700k 1800k 1900k 2000k 2100k
0 Y I I I A o s
S 1 Y 0 ¢ O I O o A O
I O S Y O 1 Y
5 T 1 N 0 O O
IV 1 N 1 O R I N T I s

0 Y I A " Y |

C, 96.2%

N D N Y 1
SN |1 N N 1 N A B

AN N N N D 1 1 Y |

A, 97.9%

B
B, 95.7%

AN 0 O N I N O O O 1
IO T 1151 1 I T I N I O I I
I Y | 1 I A I O O 1
I ] 0 A I 0 1
I 1 I | 0 I I I O 0 I I |
0 Y ] 0 I Y I I
0 O | ] 1 S N 1 W O N 1 s
N ] 0 1 Y 1 A A 1
| O 11 | [ o 1 -
I ] 0 I O o 0
C I T 1 | ] Y N X A O
I | EMEIT T T I O I e
| 0] i I O Y I 1 I W
I 1 | 1101 I 1 A O O I

O 1 [ [ BT [T O T ]

[0 contactss.2

[0 veTas
[ contactds.1
[0l Contact4s.2
[T Contact4s.1
[0 ver4s
[0 Contactds.
(30 veras
[0 veTas
(=] veras
[0 veras
[ contact4s.1

time-point
t=4m
t=4m
t=0m
t=4m
t=2-3m
t=8m
t=8m
t=8m
t=12m
t=12m
t=4m
t=4m
t=4m
t=8m
t=12m
t=4m
t=12m
t=4m
t=12m
t=8m
t=2-3m
t=8m
t=8m
t=0m

90 veras

bample
Throat
Throat
Nose
ose
Throat
Throat
Throat
ose
Throat
Throat
ose
Nose
Throat
Nose
Throat
Nose
Throat
Throat
Nose
Nose
Nose
Ihroat
Throat
Nose

spa
1034
t567
t011
1011

1011

t011

MLVA
MT588
MT567

MT398
MT3356

MT398

MT398

PFGE-type




WGM to study suspected transmission of LA-MRSA

In contrast to MLVA/spa, PFGE divided both
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WGM to study suspected transmission of LA-MRSA

In contrast to MLVA/spa, PFGE divided both

WGM could distinguish the families even further
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WGM to study suspected transmission of LA-MRSA

Most isolates of VET66 belonged to one cluster (C), transmission
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WGM to study suspected transmission of LA-MRSA

Most isolates of VET66 belonged to one cluster (C), transmission

VETA45 isolates were divided into 2 clusters (A, B), transmission
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WGM to study suspected transmission of LA-MRSA

3 isolates appeared to be clearly different strains, no transmission

86.7%
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WGM, a fast and high resolution typingtool for LA-MRSA

@@High throughput + speed
From culture to comparison for 12 isolates in 24 hrs
mapping

High discriminatory power

Low discriminatory power

Whole

genome
sequencing

Low throughput + speed

28-05-2013

Innovatie in typering, whole genome mapping
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Comparing WGM with whole genome sequencing

Whole genome mapping Whole genome sequencing
+ +

Fast, comparison within 24h Phylogenetic relationships

Simple data analysis Population structures
Data easily exchanged Gene composition
No phylogenetic relationships Slow, only retrospective studies

No population structures Difficult data analysis

No info on gene composition Data not easily exchanged

Although we believe that WGS is the ultimate typing method, there may
be a number of drawbacks for outbreak investigations leaving a niche for
methods like WGM!

Innovatie in typering, whole genome mapping
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Ongoing application of WGM for LA-MRSA

Transmission from veterinarians to household members (180 WGMs done)
LA-MSSA vs LA-MRSA (30 WGMs done)

Association with virulence e.g. PVL, spa-type t571 (25 WGMs done)
Persistence of LA-MRSA carriage (70 WGMs done)

Presumed nosocomial LA-MRSA outbreaks (10 of 70 WGMs done)

Implementation for other pathogens e.g. Klebsiella pneumoniae, E. coli,
Salmonella, VRE, etc...

28-05-2013

Innovatie in typering, whole genome mapping
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