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Hospltal pathogen transmission

What we thlnk we know’?



http://saxhealthdesign.com

Chapter 1. How we ‘see’ things




Mental models.

https://jamesclear.com/mental-models






Mental models.

Mental models are the thinking tools to understand life, make decisions, and solve problems.
They are imperfect, fluid, and fuzzy - but useful - even if sometimes wrong.
They are unconscious, which makes them treacherous.

https://jamesclear.com/mental-models



Transmission?
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Colonisation versus infection?



‘silent’ ‘noisy’
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How do we imagine infections?



bloodstream infections

pneumonia .
surgical site infections

urinary tract infections .

~85% of all healthcare-associated infections






“HAI Is a non-transmissible disease.”



Where are the ‘germs’?



Microbiome / Microbiota

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).



Actinobacteria
Corynebacterineae

B Fropionibacterineae
B Micrococcineae
Qther Actinobacteria

Bacteroidetes
m= Cyanobacteria

Firmicutes

= Qther Firmicutes
Staphylococcaceae

Proteobacteria

m= Divisions
contributing < 1%

Unclassified

(Gb) Glabella-

(Al) Alar crease -

| (Ea) External auditory canal———

(Na) Nare

(Mb) Manubrium

(Ax) Axillary vault

(Ac) Antecubiial fossa
(V) Volar forearm

(Id) Interdigital web Space”v
(Hp) Hypothenar palm

(Ic) Inguinal crease
(Um) Umbilicus

| (Tw) Toe web space

Retroauricular crease (Ra) .

Occiput (Oc)

Back (Ba) “
-
l

Buttock (Bt)

-Gluteal crease (Gc) '

y

Popliteal fossa (Pc)

Plantar heel (Ph)

https://en.wikipedia.org/wiki/Microbiota
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Infected
individual
shedding virus in
respiratory & fecal
discharge,
contaminating
surfaces &
aerosolization

Droplet nuclei
>5um, traveling < Tm
(social distance)

Infectious virus
transmission
involving
combination of
both respiratory
and fecal-oral
routes

Aerosolized viral particles

<5um could potentially
travel |onger distance

Airborne/Aerosols

Droplet nuclei

Direct contact

Indirect contact

Susceptible
individuals




Conclusions of Chapter 1.

* Our brain uses ‘mental models’ to make sense of ‘the world’. They might be wrong.
* We distinguish:

* Transmission from transfer on mobile surfaces;

 Colonisation from infection;

 Endogenous from exogenous infection.
 Healthcare-associated infections are (mostly) endogenous.

* Microorganisms are everywhere - useful and/or harmful - as microbiota.



Chapter 2. So what do we really know?



The Initial Idea...



Are HAI transmissible?

20

5 ICUs, 18 months, genetic typing of all strains of 10 pathogens, daily chart review

Definition: within 9-day & same strain between patients => transmission

28,498 patient days, 141 transmissions, 278 infections

41 infections = 14.5% infections were associated with transmission.

Table 6. Ascertained transmission episodes and transmission-assaciated nosocomial infections related to indicator organisms in five intensive care unils

(Jan 2000 to July 2001)

Intensive
Care Unit

Transmissions,
n

57
21
33
12
18

Transmissions per
1,000 Patient
Davs (95% CI)

Average Waiting
Time Between
Transmisston in
Days (95% CI)

9.6 (12.6-7.4)°
26.0 (41.9-16.9)*
16.5 (37.9-15.7)%
45.4 (90.3-25.8)%
30.3 (50.2-19.1)°
23.2 (27.3-19.8)°

Proportion of
Nosocomial Infections Transmission-Associated
Caused by Indicator Nosocomial Infections
Organisms, n

111
28
40
17
82

278

Grundmann H, Barwolff 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



https://journals.lww.com/ccmjournal/fulltext/2005/05000/how_many_infections_are_caused_by.5.aspx

Conclusions

* A minority of healthcare-associated infections are caused by transmitted
bacteria.



A transmission literature review




29
How and how often do pathogens travel?

A systematic literature review 2018

32 of 13,121 articles included MRSA
. _ _ /@F N
84 % exam I ned tranSfer from patlentS/enVIr. E— > HCWS l pamn“pta%{t,‘ 38% by patient care (via hands) on wards and ICU (Ludlam et al. 2010)
\

Transfer from patient/their environment to:
—> hands in 33%

—> gloves in 30%
—> gowns in 10% L "@ ), 505 oy i st cat mrsng, e g ko 015

J 40% by impninting gloved hand on patients skin (Stiefel et al. 2011)

Cloves / 4
~ — -

N 58% by moming care (Boyce et al. 1997)

Only two studies investigate transfer HCW — >patients.

. ‘{mds afer govel 3% by routine patient care on ICU (Morgan et al. 2012, Snyder et al 2008)
Increased risk: Jemon g
. . \
= mOISt bOd S|teS n =7 4 - 6% by routine patient care on ICU (Morgan et al. 2012, Snyder et al 2008)
1
. / 14% by routine patient care in nursing home (Roghmann 2t al. 2015)
* longer duration of care (n=5) NG

e patients with an invasive device (h=3)

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



https://doi.org/10.1017/ice.2018.156

Conclusion

* [ransmission of pathogens from patients to healthcare worker is frequent.

e Moisture increases the risk.

o Studies are lacking, especially transmission TO the patient.



Where iIs the reservoir?



Sources of stopcock contamination during anesthesia care.

Swabs from the first 2 consecutive patients of the day -> puls field electrophoresis

I W#* “
: | start <
2nd case

Loftus, R. W. et al. Multiple reservoirs contribute to intraoperative bacterial transmission. Anesthesia and Analgesia 114, 1236—1248 (2012).



Sources of stopcock contamination during anesthesia care.

Swabs from the first 2 consecutive patients of the day -> puls field electrophoresis

Within Patients  ----emmmmmmm oo 5

Source

end < : | start <
2nd case

Loftus, R. W. et al. Multiple reservoirs contribute to intraoperative bacterial transmission. Anesthesia and Analgesia 114, 1236—1248 (2012).



Sources of stopcock contamination during anesthesia care.

Swabs from the first 2 consecutive patients of the day -> puls field electrophoresis

: I w I
Stopcock Dial (environment) :
|

|

Provider Patient

within patients -----coooeeaannnn A e eenanans S 5
Source
between patients £ Hocooosacotbosoanaonsa:
2nd case _ | start <

Loftus, R. W. et al. Multiple reservoirs contribute to intraoperative bacterial transmission. Anesthesia and Analgesia 114, 1236—1248 (2012).



Sources of stopcock contamination during anesthesia care.

Swabs from the first 2 consecutive patients of the day -> puls field electrophoresis

Contamination

23% stopcock (126/548)
- 30 within patients
- 14 between patients

Stopcock Dial (environment)

within patients  *~-------. 47%.----30%

Source

between patients 14% ------- 21%-----64% --------;

end < : | start <
2nd case

Loftus, R. W. et al. Multiple reservoirs contribute to intraoperative bacterial transmission. Anesthesia and Analgesia 114, 1236—1248 (2012).



Sources of stopcock contamination during anesthesia care.

Swabs from the first 2 consecutive patients of the day -> puls field electrophoresis

Stopcock Dial (environment) w II
l

within patients *--------- 47%:---- 30% -------- 23%
Source
v v
between patients 14% ------- 21%-

No bloodstream
infection occurred but
40 other HAI.

*

end <

2nd case

Contamination

23% stopcock (126/548)
- 30 within patients
- 14 between patients

27% hand
transmission.

But hand hygiene
density NOT associated.

| start <

Loftus, R. W. et al. Multiple reservoirs contribute to intraoperative bacterial transmission. Anesthesia and Analgesia 114, 1236—1248 (2012).



Conclusion

* [ransfer of microorganisms in anesthesia is frequent.
* The reservoirs are high-touch surfaces > healthcare workers > patients.

« Stopcock colonisation did not lead to bloodstream infections.
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How (far) do pathogen travel?



Silica nanoparticles with encapsulated DNA (SPED)
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Scotoni M, Koch J, Clack, L, Pltal 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



https://doi.org/10.1186/s13756-020-00813-7

Silica nanoparticles with encapsulated DNA (SPED)
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Scotoni M, Koch J, Clack, L, Pltal 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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ica hanoparticles with encapsulated DNA (SPED)

3
Run-1 | Toilet use sequence Reported activity during eight-hour Eight hour follow-up
] ‘ - - L. Muses omee -‘1 _ I oSS PatientA | PatientB | Nurse . . .. DO G O et ettt et ees ettt
f - g \ ey No particular Reported the Did not touch the  Reported not o
y o 8 a - ] - e e— T activity reported application of hand patients; used her performing any HoNom
‘ o S &= Z cream and mobile phone physical
L A e repetitive use of examination on 130
Restroam - A . 4
— . " e " — - 8 o bedside TV any patient during e
a 2 o . y ' . i E Eo (l f; touchscreen this peried
| ‘b 1020 oM
o [ E . :
(" — 5 = = = —— == — — — = 2 — | T »x Ly
1\ Patien's’ §
QI 8 ‘ 10
Run-2 { T — ‘ o - No particular Reported frequent No report No report o
r- J | Nurs=s" ullice ! _,4 Doctor's ofice é oy SRS SOUVRY NepOed; hand C'eanslng oy
e =————] T —— O FH = === S E reported no TV with soap and i
| £ = f (C g use water and alcohol- i
/- . o = | . 0 r | — ! 0- . : E e based hand %
=P Ea | v - ‘ s : ‘ pl & sanitizer (immuno-
* o5 e
Restroom 4 mmp‘om‘sed
7 TR S~ W 8 VA N I WL S— A L SRS £ ™ patient) e
(+] T L Do o LA TS LR : :
0 - - | ‘.e -
Patients’ room I I
................ T e
™ —— No particular Same patient as in  Reported using her Not available for R
& 7 ' activity reported Run-2: Reported  mobile phone after reporting activity '
Run-3 — 3 g ewe frequent hand prior handwashing -
¥ - ) o . . cleansing with with soap and
. Doctor'a office ]_ l - Nuraza’ office Sal=s ‘-: e | soap and water water 10000 |
{ B 1YY Y T T e T 1we | and alcohol-based 1000 |
Restroom 4 ‘ . - ,;: m; hpnd sanitizer ol
@ " n a ~ ) ; (immuno- :
' 3 | compromised 0
' ‘ patient)
= " - ! LI
N P I I o
o= o 2 L o < Q < o < m < w < o < [+1] c a < * 5
- N N R Y N A ) IR B EREEEE BEREEREERANE ISR
*Patients’ fyom . S S35 2 3R 2B AR GOE OB § % 8§ B S HS<Smeser 882 5 S»
e £33 5 5 & a e c o @ o & a4 o a §x &= g 29 g 2% £ 38
/ g§<m§2 £f &8 ¥ ©® & ® .~E‘.§‘§§ b ggog,os'giﬁ 225£QE
do ¥ ¥ 3 % 5 5 &8 § % € s 5 F 5 £ P 3&§¢:% 3" ) e
SEEEEREREERR £33 i 1°f ¢
Fig. 1 Floor plan of the Patient expariment’ vard with room assicnments. The flocrplan shows the study ward three timas (once for each study run) S "1_ . =2 ; a § g g § g :§ E S :
i o . p - s = = = ps =
and the localisation of the two-bed sa:ie:*t roomr, shared resticom, nurses and doctor's office in the study ward. In Run-1 the doctor’s office was - c% -§ B t;:‘_-‘ § 3 .g E 5 o no sample available
situated on another floor ard does therefore not appear in thz floor pan. The plus signs indicat= rooms with one or more positive SPED swabbing B OO .17 O I - . A, s e R D ———
results at &-h follow-up. Detalled swabbing stes s. Table 1. SPED silica nanoparticies wity encapsulated DNA 1 . . .
- ) M Legend: SPED, silica nanoparticles with encapsulated DNA.

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




Silica nanoparticles with encapsulated DNA (SPED)
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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



Conclusions

e Surrogate tracers help to investigate transmission pathways.
 Pathogens can ‘travel’ far and quick.
 The ‘last inch’ of transmission —> transmission by fingers versus palms.

* |ntroducing cell phones can create new transmission pathways.



Microbiota - an enlarged view



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

> Repeated sampling of patient environment, 1 hospital, 45 beds.
>  Combination of:

> short-read shotgun metagenomics with

> nanopore sequencing

T . : 60 AmandaH
» of antibiotic-resistant mixed cultures. . \,m'DenisBertrand‘ .1 Michae

Natrajan'
> Antibiotic resistance genes in:
> microbial genomes and

> closed plasmid sequences.

i ol
Atthough disinfect el Sy

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

> >60% novel sequences

Chng, K. R. et al. Cartography of opportunistic pathogens and antibiotic resistance genes in a tertiary hospital
environment. Nat Med 26, 941-951 (2020).
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Conclusion

 Modern analytical methods allow to ‘see’ the microbial life (and survival) in
hospital environment and patients.

* Colonisation & infection of patients from the hospital up to 8 years.
 What is going on under the hood can be surprising...

* This will help to understand and upgrade our mental models on
transmission and infection.



Transmission network analysis



Social network analysis

[Wikipedia

Social network analysis characterises network structures in terms of
(individual actors, people, or things within the network) and the ties, , Or
inks (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.



Network analysis by patient based on EMR data.

Simulation of transmission of influenza virus and
@Stanford Medical Center

7/0-day period, 4891 patient days

Day 1 Day 2 Day 3

Patient 1 D
Patient 2 '—l—”g—.Q
o. \

x ~
~
Patient 3 W
.
™
N
Pat'enl 5 Intectious
Model of transmission based on probabilities (literature) Patients’ room sharing Patients’ healthcare worker sharing
Cusumano-Towner, M., Li, D. Y., Tuo, S., Krishnan, G. & Maslove, D. M. A social network of
54 hospital acquired infection built from electronic medical record data. J Am Med Inform Assn 20,

427-434 (2013).
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Network analysis by patient based on EMR data.

A. One infected patient in
step down unit.

Simulated probability of MRSA colonization by department
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Results of methicillin-resistant
simulations conducted using a social network of hospital inpatients.

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).

B. Same with 50%
Increase in hand hygiene.
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Individual hand hygiene behaviour matters.
The PROHIBIT European central-line prevention study.
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Fig. 1 Individual change of hand hygiene compliance, stratified by intensive care unit. Each line represents one HCW. Impr., improving healthcare
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Conclusions

 Network analysis/graph theory can augment our understanding
* Simulations can create hypotheses about:

* transfer pathways

* the effect of interventions.

* |ndividual hand hygiene might have a disproportional impact.
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