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Why do strain typing?

* Evolution, population genetics, geographic

distribution
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Why strain typing?
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* Track prevalence,
distribution of “epidemic”
strains

« e.g: C. difficile ribotype 027




Why strain typing?

* Detect toxin gene e.g: PVL in S. aureus
— management e.g. add clindamycin (antitoxin activity)
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Strain typing in infection control

Patient develops MRSA bacteraemia, 2 weeks post admission
* No admission screening.
* Prevalence of MRSA colonisation in ward is 20%.

* PHospital or community-acquired ?source patient
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I[dentify outbreaks and transmission events:
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— Rapid feedback to clinicians; increase engagement




Prospective Strain Typing

New MRSA isolates per week for hospital inpatients
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Prospective Strain Typing

New MRSA isolates per week for hospital inpatients




Prospective Strain Typing

New Strain A MRSA isolates per week for hospital inpatients
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Prospective Strain Typing

New Strain G MRSA isolates per week for hospital inpatients




Pulsed field gel electrophoresis (PFGE)

« Extract DNA; digest with restriction enzyme
» Different sized fragments; separate on a gel
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Pulse field gel electrophoresis (PFGE)

 Advantage: highly discriminatory

* Disadvantages
— Labour intensive
— Expensive (>$100 per isolate)
— Low-throughput (10-12 isolates)
—Turnaround time ~4-5 days
—Interpretation subjective
— Reproducibility poor




Binary typing using mPCR/RLB

Multiplex PCR- reverse line blot assay
— (mPCR/RLB)

Up to 43 targets in single mPCR I T
— products identified by attachment to 'g “z ",4

probes on a membrane e 3 :_:.
43 isolates per membrane nh = ||||| | m %
Inexpensive (consumables ~$2) ol TX

Rapid TAT ~10 hours s s
Reproducible; easy to interpret
Results can be shared

Kong & Gilbert 2006. Nature Protocols, 1:2668




MRSA binary typing system

* High discriminatory power premmsmmms —T
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O’Sullivan et al 2011. J Vis Exp, (54): 2781.
http://www.jove.com/video/2781/multiplex-pcr-and-reverse-line-blot-hybridization-assay-mpcrrib



http://www.jove.com/video/2781/multiplex-pcr-and-reverse-line-blot-hybridization-assay-mpcrrlb

Strain typing to understand MRSA
transmission

» 3 surgical wards: high colonisation/infection rate

« MRSA point prevalence survey
— patients screened
— environmental swabs

» after “terminal” cleaning of isolation rooms
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Point prevalence survey

38 isolates:

e 26 patients

* 11 environmental swabs
« 1 staff member
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7 strains based on mPCR/RLB
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Interventions to reduce MRSA prevalence

» Strain carried by patients = environmental strains
—e.g. hand sets

* Infection control interventions:
— hand hygiene

— enhanced environmental cleaning (vaporised H,O,)

— video-reflexive ethnography
 Subsequent decrease in MRSA colonisation rates
* Binary typing - macro- & microepidemiology

20




Serial MRSA point prevalence surveys

No. of patients
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Point prevalence surveys in 3 surgical wards
38% by multilocus sequence type (MLST)
Vapourised H,0,
EE——
Videoreflexive 239
ethnography
17% 17% m22
13% W45
Hna
10% m73
m93
7% 20
11/3/13 15/7/13 4/11/13 19/3/14 10/9/14 14/4/15
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Sequence based typing

Sequencing of one/several genes or whole genome
Highly reproducible

— amenable to sharing via databases
Becoming less expensive and labour intensive

Discriminatory power depends on....
— which genes; how many




Multilocus sequence typing

* 7 “housekeeping” genes
— macroepidemiology
— not discriminatory enough for outbreak investigation

 Each product - allele number
— comparison with known sequences in the MLST database

e Combination of 7 allele numbers = MLST




Whole genome sequencing

1st bacterial genome sequenced 1995 Haemophilus influenzae

—=1.8 megabase pairS (Mbp) Cost per Raw Megabase of DNA Sequence
— Cost >$1,000,000

— Time taken >1 year

Moore's Law

S. aureus. E. faecium ~3 Mbp
E. coli; K. pneumoniae 4.5-6 Mbp

National Human Genome
Research Institute

genome.gov/sequencingcosts

WGS: <$100 per isolate -

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

— ~many isolates; hours-days

http://www.genome.gov/sequencingcosts/

Phn §




WGS for outbreak investigation?

1. Discriminatory power
= ability to distinguish unrelated isolates
 more DNA examined more easily isolates distinguished
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WGS for outbreak investigation?

1. Discriminatory power
= ability to distinguish unrelated isolates

PFGE:

0.01% of
genome

No useful genetic data
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WGS for outbreak investigation?

1. Discriminatory power
= ability to distinguish unrelated isolates

0.01% of

genome 0.1% of
genome

Can identify specific genes
- infer phenotypes

No useful genetic data
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WGS for outbreak investigation?

1. Discriminatory power

= ability to distinguish unrelated isolates

0.01% of

genome 0.1% of
genome

Whole
genome
sequencing;:
up to 100%
of genome

Can identify specific genes
- infer phenotypes

No useful genetic data

Maximum possible
discriminatory power
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Why WGS for outbreak investigation?

2. Information about direction of transmission
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Why WGS for outbreak investigation?

2. Information about direction of transmission
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Why WGS for outbreak investigation?

3. Provides copious additional information

* Bacterial identification; antibiotic susceptibility

*Virulence factors; phylogenetic data

4. Comparable with alternative methods

* Turnaround time; cost; throughput
* Reproducibility; digitisation/databases
* (Ease of analysis & interpretation)

- currently main limitation
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Outbreak investigation - SCU

> W § S Whole-genome sequencing for analysis of an outbreak of
meticillin-resistant Staphylococcus aureus: a descriptive study

Simon R Harris*, Edward | P Cartwright*, M Estée Torok, Matthew T G Holden, Nicholas M Brown, Amanda L Ogilvy-Stuart, Matthew | Ellington,

Michael A Quail, Stephen D Bentley, Julian Parkhillt, Sharon | Peacockt Lancet Infect Dis 2013;
13:130-36

12 infants with MRSA

3 time periods over 6 m — with gaps

* Links suspected (antibiogram); gaps unexplained
Additional cases after “deep” cleaning etc.

Total cases identified by IPC team = 17

32
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Time (days)

 WGS: 14 = new MLST; 1 variant c.f. ST22 + PVL
- closely related cluster (20 SNPS)

- 3 excluded \

 Definition of wider outbreak
- WGS identified 26 additional cases
- transmission within SCU, mothers, community
- staff member colonised with outbreak strain

SMNPs from root™
1 O E9
2 6 M1
O @7 W11
gy B8




Conclusions

Typing discriminates strains within species
New methods, incl. WGS (soon):

— rapid, inexpensive — prospective surveillance

Some methods can identify (from isolates or specimens):
— species, antibiotic susceptibility /resistance

— nosocomial transmission events & outbreaks

— hypervirulent, resistant or outbreak strains

WGS: will soon replace other methods

— New insight into infectious disease epidemiology
— ?Ppersonalised medicine for infectious disease
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