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Chapter 1. How we see things.
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Mental models.

https://jamesclear.com/mental-models4
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Mental models.
Mental models are the thinking tools to understand life, make decisions, and solve problems.
They are imperfect, fluid, and fuzzy but useful. 
They are unconscious, which makes them treacherous. 
https://jamesclear.com/mental-models
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Transmission?
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Colonisation or infection?
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Colonisation Infection

‘silent’ ‘noisy’

Invasion

Multiplication

Immune reaction

DamageDeath

Healing
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Colonisation Infection

‘silent’ ‘noisy’

Invasion

Multiplication

Immune reaction

DamageDeath

Healing

<— ‘Virulence’ —>
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‘Micro-transmission’?
19

How do we imagine infections?
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urinary tract infections
surgical site infections

bloodstream infections
pneumonia

~85% of all healthcare-associated infections
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Where are the ‘germs’?
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https://dirt.asla.org/2018/06/25/designing-cities-for-healthier-human-microbiomes/microbiome/27

40 trillion bacteria
30 trillion human cells

Ron Sender, Shai Fuchs, Ron Milo: Are We Really Vastly Outnumbered? Revisiting the Ratio of Bacterial to Host Cells in Humans, in: Cell 164, 
January 28, 2016  |  Luckey, T.D.: Am. J. Clin. Nutr. 25, 1292–1294 (1972).

40 trillion bacteria
30 trillion human cells

28

Microbiome / Microbiota

https://dirt.asla.org/2018/06/25/designing-cities-for-healthier-human-microbiomes/microbiome/

Ron Sender, Shai Fuchs, Ron Milo: Are We Really Vastly Outnumbered? Revisiting the Ratio of Bacterial to Host Cells in Humans, in: Cell 164, 
January 28, 2016  |  Luckey, T.D.: Am. J. Clin. Nutr. 25, 1292–1294 (1972).
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https://en.wikipedia.org/wiki/Microbiota29

https://thereader.mitpress.mit.edu/the-invisible-organ-shaping-our-lives-microbiome/30
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How do we imagine spread?

32



Hospital	Transmission	Networks.	What	Do	We	Know?
Prof,	Hugo	Sax,	University	of	Bern,	Switzerland

A	Webber	Training	Teleclass

Hosted	by	Paul	Webber		paul@webbertraining.com
www.webbertraining.com

17

MERS-CoV 
Outbreak
2015 South Korea
186 infected, 38 died
—> Superspreading

33

Chapter 2. So what do we know?
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Microbiology I.  In the ICU

35

Are HAI transmissible?

• 5 ICUs, 18 months, genetic typing of all strains of 10 pathogens, daily chart review, 
9-day time window for same strains between patients = transmission

• 28,498 patient days, 278 (431) infections, 41 (14.5%) were associated with transmission.

36

Grundmann H, Bärwolff S, Tami A, et al. How many infections are caused by patient-to-patient transmission in intensive care units? Crit Care Med 2005, 
33:946–951. https://journals.lww.com/ccmjournal/fulltext/2005/05000/how_many_infections_are_caused_by.5.aspx
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Microbiology II.  Literature review

37

How and how often do pathogens travel?
A systematic literature review 2018

38

Wolfensberger, A. Clack L, Kuster SP, Passerini S, Mody L Chopra V, Mann J, Sax H. Transfer of pathogens to and from 
patients, healthcare providers, and medical devices during care activity-a systematic review and meta-analysis. Infect 
Control Hosp Epidemiology 39, 1–15 (2018). https://doi.org/10.1017/ice.2018.156

32 of 13,121 articles included 

84% examined transfer from patients —>HCWs

Transfer frequency from the patient or their environment 
—>hands 33%
—>gloves 30%
—>gowns 10%

Only two studies investigate transfer HCW —>patients.

Increased risk: 
• moist body sites (n=7)
• longer duration of care (n=5)
• patients with an invasive device (n=3)
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Microbiology III.  Stopcocks

39

Overall 23% of stopcocks (126/548 cases) 

Sources of stopcock contamination in anesthesia.

“Thus, these results do not suggest that anesthesia providers are the major 
reservoir for intra-operative bacterial transmission. Instead, we observed that 
the surrounding patient environment was a more likely source.”

Source of stopcock contamination
Swabs from: 
• anaesthesiologists (hands)
• patient (nose, axilla)
• environment (anesthesia dials)
• stopcock

Density of hand hygiene per hour was not associated 
with stopcock contamination.

Anesthesiologists’ hands proven transmission in 27%.

No bloodstream infection occurred but 40 other HAI.

40
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Microbiology IV.  Microbiota

41

Methods

‣ Repeated sampling of patients environment 

‣ Combination of short-read shotgun 
metagenomics with nanopore sequencing of 
antibiotic-resistant mixed cultures

‣ Antibiotic resistance genes in microbial 
genomes, closed plasmid sequences

Conclusions

‣ MDROs persist in the hospital environment for 
>8 years and infect patients opportunistically

‣ Found >60% novel sequences

Distinct ecological niches define dynamic architecture of hospital resistome and mobilome.

42
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CTB

CTA
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Microbiology V.  Surrogate tracers

47

How and how often do pathogens travel?
Silica nanoparticles with encapsulated DNA (SPED)

48

Scotoni M, Koch J, Clack, L, PItal AK, Wolfensberger A, Grass R, Sax H. Silica nanoparticles with encapsulated DNA (SPED) – a 
novel surrogate tracer for microbial transmission in healthcare. Antimicrob Resist Infect Control 9, 152 (2020). 
https://doi.org/10.1186/s13756-020-00813-7
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How and how often do pathogens travel?
Silica nanoparticles with encapsulated DNA (SPED)

49 Scotoni M, Koch J, Clack, L, PItal AK, Wolfensberger A, Grass R, Sax H. Silica nanoparticles with encapsulated DNA (SPED) – a 
novel surrogate tracer for microbial transmission in healthcare. Antimicrob Resist Infect Control 9, 152 (2020). 
https://doi.org/10.1186/s13756-020-00813-7

How and how often do pathogens travel?
Silica nanoparticles with encapsulated DNA (SPED)

50 Ullrich, C., Luescher, A. M., Koch, J., Grass, R. N. & Sax, H. Silica Nanoparticles With Encapsulated DNA (SPED) to Trace the
Spread of Pathogens in Healthcare. (2021) doi:10.21203/rs.3.rs-870804/v1
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Mathematical modelling

51

Mathematical models of infection transmission in healthcare settings.
A systematic review 2017

0

1

2

3

4

5

6

2002-2006 2007-2011 2012-2016

Medical records Shadowing Surveys Sensors

Assab, R. et al. Mathematical models of infection transmission in healthcare settings. Curr Opin Infect Dis 30, 410–418 (2017).

Conclusions
Models incorporating such data are limited to a 
small number of countries, settings, and pathogens, 
while there is a steady emergence of network 
graphs to study the contact and structure of patient 
movement and interactions with HCWs.

52
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Agent-based model derived from sensor data.

53 Hornbeck, T. et al. Using sensor networks to study the effect of peripatetic healthcare workers 
on the spread of hospital-associated infections. 206, 1549–1557 (2012).

A contact was defined as a time period where 
both motes recorded each other’s presence 
above a predefined minimal RSSI for at least 30 
seconds.

We modeled the spread of nosocomial 
pathogens using an agent-based, discrete-event 
simulator of our own design that replays 
individual HCW–HCW and HCW–patient
contacts and hand hygiene opportunities 
reconstructed from the data collected in the 
MICU.

Each 360-hour simulation is replicated 1000 
times (using randomly chosen initial conditions), 
and aggregate results (eg, means, medians) are 
reported.

Agent-based model derived from sensor data.

54 Hornbeck, T. et al. Using sensor networks to study the effect of peripatetic healthcare workers 
on the spread of hospital-associated infections. 206, 1549–1557 (2012).

S1: All HCWs are equally compliant.
S2: The single least-connected HCW is noncompliant.
S3: The 2 least-connected HCWs are noncompliant.
S4: One randomly selected HCW is noncompliant.

Day shift Night shift Day shift Night shift Day shift Night shift

Distribution of contacts Distribution of ‘infectivity’ Distribution of ‘infectivity’

S5: Two randomly selected HCWs are noncompliant.
S6: The single most-connected HCW is noncompliant.
S7: The 2 most-connected HCWs are noncompliant.
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Individual hand hygiene behaviour matters.
The PROHIBIT European central-line prevention study.

55 Kooi, T. van der et al. Hand hygiene improvement of individual healthcare workers: results of 
the multicentre PROHIBIT study. Antimicrob Resist Infect Control 11, 123 (2022).

Network analysis

56
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Social network analysis
[Wikipedia]  

Social network analysis characterizes networked structures in terms of 
nodes (individual actors, people, or things within the network) and the ties, 
edges, or links (relationships or interactions) that connect them.

Centrality assigns numbers or rankings to nodes within a graph corresponding 
to their network position. Applications include identifying the most ‘influential’ 
person(s) in a social network.  

57

Network analysis by HCW based on EMR data.

Degree centrality is defined as the number of links incident upon a node (i.e., the number of 
ties that a node has).

Network density is the proportion of direct ties in a network relative to the total number 
possible.

Clustering coefficient is a measure of the likelihood that two associates of a node are also 
associates. A higher clustering coefficient indicates a greater 'cliquishness'.

Example individuals

58 Kang, H., Waselewski, M. E. & Lobo, J. M. Understanding provider-level properties that influence the transmission of 
healthcare associated infections using network analysis. Operations Res Heal Care 23, 100223 (2019).
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Network analysis by HCW based on EMR data.

Kang, H., Waselewski, M. E. & Lobo, J. M. Understanding provider-level properties that influence the transmission of 
healthcare associated infections using network analysis. Operations Res Heal Care 23, 100223 (2019).

Example individuals

59

To understand factors associated with provider contact 
frequency with CRE-positive patients we built a Poisson 
regression model that includes provider-related characteristics 
and measures drawn from each provider’s patient network. 

Network analysis by patient based on EMR data.

Patients healthcare worker sharingPatients room sharing

Cusumano-Towner, M., Li, D. Y., Tuo, S., Krishnan, G. & Maslove, D. M. A social network of 
hospital acquired infection built from electronic medical record data. J Am Med Inform Assn 20, 
427–434 (2013).60
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Network analysis by patient based on EMR data.

Cusumano-Towner, M., Li, D. Y., Tuo, S., Krishnan, G. & Maslove, D. M. A social network of 
hospital acquired infection built from electronic medical record data. J Am Med Inform Assn 20, 
427–434 (2013).61

Matrix showing the probabilities for spread of influenza 
between wards.

Results of methicillin-resistant Staphylococcus aureus (MRSA) 
simulations conducted using a social network of hospital inpatients. 
A. One infected patient in step down unit. B. 50% increase in hand 
hygiene.

Results of methicillin-resistant Staphylococcus aureus (MRSA) simulation 
conducted using a social network of hospital inpatients, starting with one 
infection in the magnetic resonance imaging (MRI) department. The x-axis 
shows the probability of infection in each department at the end of 3 days 
and is based on room-sharing and healthcare worker-sharing links, as well 
as patient visits to the MRI suite.

62

Epilog
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63

Infection or colonisation?
Exogenous or endogenous infection?
Transmission or transfer?
The last mile (or better, mm): micro-transmission?
Individual behaviour data? 

64

Please join the discussion:
saxhealthdesign.com
hugo.sax@saxhealthdesign.com
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2023 Lecture Schedule ... coming soon

January 12, 2023  ...  Using Humor in Infection Control
presented by Prof. Didier Pittet

virox.comdiversey.com

gamahealthcare.com

Thanks to Teleclass Education
PATRON SPONSORS

gojo.com


