
1. Background 

Hand hygiene is the most important preventive 

measure against health-care associated 

infections. To celebrate the 10th anniversary of 

the “Clean Care is Safer Care” campaign, the 

World Health Organization (WHO) 

Collaborating Centre (WCC) launched the 

“Global Hand Sanitizing Relay 2015”, inviting 

hospitals worldwide to join this initiative 

intended to further promote hand hygiene, 

focusing on the quality of the hand rubbing 

technique by health-care workers (HCWs). We 

briefly describe the campaign and its 

implementation, and highlight the main 

challenges and achievements. 
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2. Materials/Method 

The Hand Sanitizing Relay (HSRelay) consisted in 

having as many HCWs as possible performing a 

sequential chain of hand hygiene actions according 

to the “How to Handrub” technique recommended 

by the WHO. HCWs were encouraged to train and 

practice with their colleagues the WHO 6 step-

technique to be able to perform it perfectly during 

the event, as the gestures were supervised and 

validated by infection control practitioners. To 

promote this event, social media was used and the 

activity was promoted on the WHO SAVE LIVES: 

Clean Your Hands 5 May 2015 webpage, where 

explanatory posters, video and instructions were 

made available. Facilities participating in the 

campaign were invited to submit their details 

online.  

 

 

 

Frequent reminders were also disseminated 

through a range of media. Hospitals were 

invited to send written feedback, photographs 

and videos of their own HSRelay events. 

 

3. Results 

The call facilitated by WHO and the WCC was 

issued on 29 April 2015 and hospitals 

interested in participating completed the activity 

by 10 Sept 2015. A total of 133 hospitals in 43 

countries across all WHO regions registered 

and completed a HSRelay (Figure). More than 

15,000 enthusiastic HCWs reported to have 

participated. By 26 Nov 2015, the WCC had 

received 12 videos from 42 hospitals and 

photographs and posters of events from 30. 

Feedback from hospitals identified the HSRelay 

as an excellent opportunity for team building 

and reinforcement of team spirit between both 

infection control practitioners and other HCWs 

in hospitals. The event was perceived as an 

excellent informal way to teach, train and raise 

awareness on the quality of hand hygiene 

procedures, and to possibly further promote 

compliance with the WHO “My 5 Moments for 

Hand Hygiene” concept. Hospitals reported as 

the main difficulty the time factor necessary for 

all HCWs to remain present during the 

HSRelay activities and away from clinical 

duties. Some hospitals adapted the 

recommended HSRelay procedure to correct 

for this issue. 

 

4. Conclusions 

The Global Hand Sanitizing Relay 2015 

promoted by the WCC proved to be effective in 

mobilizing hospitals worldwide, strengthening 

HCWs’ commitment towards better hand 

hygiene practices and improved patient safety.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How can WGS help in 

nosocomial outbreaks? 

The point of view of the 

hospital epidemiologist

Geneva, 19 October 2018
S. Harbarth & R. Martischang

Infection Control Programme, University of Geneva Hospitals and Faculty of Medicine, Geneva, Switzerland



Making epidemiological inferences
based on molecular data

We expect epidemiologically linked isolates to be
genetically identical or similar, therefore: 

We expect the bacterial population to have a 
clonal structure 
=> Detection of monoclonal clusters of isolates.



Making epidemiological inferences
based on molecular data

We expect epidemiologically linked isolates to be
genetically identical or similar, therefore: 

We expect the bacterial population to have a 
clonal structure 
=> Detection of monoclonal clusters of isolates.

Discriminative power

How to detect a 
clonal cluster?

hqSNP

wgMLST
WGS

PFGE MLST

MLVA



Pre-analytic Method (typing) Analytic (sequencing) Post-analytic

Epidemiologic investigation Molecular investigation
Coherence & 

right approach



Pre-analytic

Indication for 
molecular typing? 

• Do I have an epidemiologic

hypothesis ? 

Molecular fishing expedition?



Pre-analytic

Indication for 
molecular typing? 

• Do I have an epidemiologic

hypothesis ? 

 Molecular fishing expedition?

• Do I expect any impact on infection 

control interventions ? Or futile 

academic exercise ?

 Priority action item for changing

preventive measures?





Infection control measures in 
high-quality CPE control studies

-- Systematic WHO review & meta-analysis --

Intervention EPOC studies

Active surveillance 10/11
Contact precautions 10/11
Cohorting 9/11
Monitoring, audit and feedback 9/11
Patient isolation 9/11
Hand hygiene education & monitoring 6/11
Education 4/11
Antibiotic stewardship 4/11
Enhanced environmental cleaning 3/11
Daily chlorhexidine gluconate baths 3/11
Flagging positive patients in medical record (alerts) 3/11
Environmental surveillance 1/11
Temporary ward closure 1/11

Tomczyk S et al.  Clin Infect Dis 2019 (in press)
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Pre-analytic

Indication for 
molecular typing? 

Sampling?

• Do I have a strong, robust sampling

strategy ? (Who, How, When)

 Avoid detection & selection & 

misclassification bias

• Adequate screening for 

asymptomatic carriers

• If possible, select the right colonies 

by selective cultures (multiresistant

organisms).

• How many morphologically similar

isolates to sample from the same

clinical culture ? 

• Do I have an epidemiologic

hypothesis ? 

 Molecular fishing expedition?

• Do I expect any impact on infection 

control interventions ? Or simply

academic exercise ?

 Priority action item for modified

preventive measures?



Mulvey et al.  NEJM 2016; 375: 2408-10



MLST

PFGE
MLVA

Typing methods for outbreak investigations 
and epidemiologic surveillance

POS: Established method

CONS: Little discriminatory power, cannot

establish exact transmission routes

Various targets

Selected loci

POS: Robust, reproducible method; allows

to observe longterm trends

CONS: Little discriminatory power

Monocentric outbreak

Long-term
Surveillance / 

Multicenter outbreaks

Pre-analytic Method (typing)



EuroSurv 2018



MLST

PFGE
MLVA

Typing methods for outbreak investigations 
and epidemiologic surveillance

POS: Established method

CONS: Little discriminatory power, cannot

establish exact transmission routes

Various targets

Selected loci

POS: Robust, reproducible method; allows

to observe longterm trends

CONS: Little discriminatory power

WGS

Core genome

POS: High discriminatory power

CONS: Still expensive and requires special

analytical skills

Monocentric outbreak

Long-term
Surveillance / 

Multicenter outbreaks

Outbreaks
or epidemiologic

surveillance

Pre-analytic Method (typing)



 Uncovered the previously unrecognized 
international spread of a near pandrug-resistant 
nosocomial pathogen, identifiable by a 
rifampicin-resistant phenotype.

Nat Microbiol. 2018 Oct; 3(10):1175-1185



The transmission of C. auris was found to be linked to 
reusable axillary temperature probes, indicating that 
this emerging pathogen can persist in the environment 
and be transmitted in health care settings.



Analytic (sequencing)

«Next-generation sequencing technologies and their application to the study and control of bacterial infections», J.Besser, CMI, 2018

Prof. SCHRENZEL Jacques

«Library preparation methods for next generation sequencing: Tone down the bias», E.L. van Dijk, Exp Cell Research, 2014

Storage parameters: 
T°C, time, media, UV, container

Extraction parameters: 
enzymatic, mechanical (fav. GPB)

Size selection: 
gels (melting~dec. AT-rich sequences)

Library preparation: 
PCR approaches (heterogeneous affinities)

The right platform

Illumina

454,
Ion torrent

PacBio,
MinION

Accurate
Takes time(days)

! False positive 
variant calling

! False positive 
variant calling

Storage Extraction
Library 

preparation
Sequencing

Bias during the process



Pre-analytic Method (typing) Analytic (WGS) Post-analytic

What is close enough ?

Relatedness thresholds
SNPs: nb of SNPs differences
MLST: nb of alleles variations

BUT

• Intra-individual variation

• Genetic recombination events

• Clock speed is different among pathogens

THUS
• Consider suggested thresholds more as a guideline

 Interprete epidemiological links on a case by case basis

 Interprete organism by organism (specific population genetics)

«Whole genome sequencing options for bacterial strain typing and epidemiologic analysis based on single nucleotide polymorphism

versus gene-by-gene-based approaches», A.C.Schürch, CMI, 2018



Outbreak investigations
from Geneva

MRSA

CPE

VRE

Serratia



Friday, June 30

Phone rings:

„Hello...! We have a problem down here 
at the NICU – can you help us ?“





Veni  vidi  … (vici ?)
Julius Caesar, De Bello Gallico

 What?

 Who?

 Where?

 When?

 Severe?

• MRSA outbreak

• 11 neonates, 2 mothers

• NICU & nursery

• Over the last 3 months

• No – mostly carriage

You go in there and have a look... 



A. Isolate or cohort MRSA carriers

B. Reinforce hand hygiene

C. Screening of all hospitalized neonates

D. Implement active MRSA surveillance

for all new admissions

E. Molecular typing of MRSA isolates

What would you recommend for the next
week – priority action items except?



A. Isolate or cohort MRSA carriers

B. Reinforce hand hygiene

C. Screening of all hospitalized neonates

D. Implement active MRSA surveillance

for all new admissions

E. Molecular typing of MRSA isolates
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week – priority action items except?
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Control measures
MRSA outbreak, NICU (HUG)

Sax et al. J Hosp Infect 2006; 63: 93-100

A. Isolate or cohort MRSA carriers

B. Reinforce hand hygiene

C. Screening of all neonates & mothers

D. Implement active MRSA surveillance (admission & discharge)
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Room 1

Room 2

Room 3

Room 4

Room 5

PVL+ CA-MRSA strain               

Multi-R strain (endemic at HUG)

Legend

NICU at HUG
June/July 2000

Sax et al. J Hosp Infect, 2006.



0.1

ST-8, SCC type IV, PVL-

ST-228, SCC type I, PVL-

ST-5, SCC type IV, PVL+

ST-5, SCC type IV, PVL+

Molecular Epidemiology

Sax et al. J Hosp Infect 2006; 63: 93-100



General internal medicine ward, 
Geneva

Sporadic, imported CPE
(OXA-48 cluster in 2011)



KPC outbreak in Geneva, 2015 

• Mr CV, Italian origin, known KPC carrier since 2012

• Admitted in January 2015 for severe KPC urosepsis

• Control measures were applied (private room)

Courtesy: F. Olearo, D. Pires



Case TC: 
KPC cross-

transmission 
despite single 
room isolation 

of index patient

Sepsis due to 
Colistin-R KPC, 

HUG, March 
2015



Need of a bundled intervention

• Contact tracing with widespread screening

• Cohorting / strict contact precautions 

• Electronic re-admission alert system

• Information (HCWs, patients, families)

Total: 3 cases of KPC cross-

transmission
(2 clinical infections + 1 asymptomatic colonization)

Courtesy: F. Olearo, D. Pires



Results of extensive screening

0
100
200
300
400
500

N°of patients to be 
screened  

test negative

death

Patients still
labelled

Screening test results

Courtesy: F. Olearo, D. Pires

Not one single additional KPC case detected!



*ParSNP, all strains against strain KPN7 (index case)

SNVs analysis from whole common DNA

Whole genome analysis: KPN7 had 3 SNV differences with

others, KPN10 has another SNV

KPN7

KPN10

KPN8

KPN9

KPN11

E. Ruppé et al.  Clin Micro Infect 2018

 Index strain slightly different from the strains recovered from secondary cases, 

likely because prior long-term carriage (3 years) by the index patient allowed for 

genetic mutations over time with intra-individual strain variation



VRE outbreak

- Geneva, 
surgical unit



Incidence density of hospital-acquired VRE 

HUG, January 2010 – June 2018
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Courtesy:  D. Blanc - CHUV



Serratia outbreak

Geneva ICU



Epidemiologic outbreak investigation 

=> nosocomial transmission?

Routine Serratia Surveillance 

=> Epidemic curve in the ICU
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-Selection and sequencing of 

multiple S.marcescens

isolates (incl. outbreak strains) 

stored in the microbiological

laboratory

Genomic investigation



Epidemiologic
investigation

-Data collection to retrieve

epidemiological links based on 

genomic data (small monoclonal 

cluster from 2015 to 2017)

-Epidemiological investigation 

based on geospatial, 

microbiological and medical

information (respiratory

procedures, respiratory therapy, 

surgery etc…)

BUT

- Selection & detection

bias (missing cases)

- Misclassification bias

- Information bias

(retrospective study)



Conclusions



WGS can reveal detailed spatial and temporal dynamics of nosocomial

transmission events and MDRO evolution, but we need:

• Quality standards, proficiency testing for routine use

• Standard-operating procedures for sampling, data extraction…

• Agreements on data sharing practices (larger outbreaks)

• Shorter TAT

• Reduced costs

• Streamlined data analyses

• Thresholds to determine clustering and transmission events

• Most importantly: demonstrate impact of WGS on preventive measures

and clinical decision making (compared to less expensive tools)

Future improvements to help hospital epidemiologists



Thanks
for your

attention!


