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Each year, 4.3 million patients in hospitals in the EU are
affected by healthcare-associated infections

* Pneumonia and LRTI (incl. COVID-19): 29.3%

* Urinary tract infections : 19.2%
» Surgical site infections : 16.1%
* Bloodstream infections : 11.9%

healthears-associatead (ntnctions
and antimicroblal use in Luropean
wtile carv honpitals

2022~2023

LRTI: Low respiratory tract infections

Micro-organisms involved %
Enterobacterales 34.2%
E. coli 12.7%
K. pneumoniae 11.7%
Gram positive cocci 26.9%
S. aureus 9%
Enterococci 10%
Other Gram negative bacilli 12.9%
P. aeruginosa 7.9%
A. baumannii 3.2%
Anaerobes 9.%
Fungi 5.3%
Viruses 10.3%
Others 1.2%

https://www.ecdc.europa.eu/en/publications-data/PPS-
HAI-AMR-acute-care-europe-2022-2023



Multi-drug resistant key pathogens

ESBL-E: Extended-spectrum MRSA: methicillin-resistant VRE: Vancomycin CPE: carbapenemase
beta-lactamase-producing Staphylococcus aureus resistant Enterococci producing
Enterobacterales Enterobacterales

CPPA: Carbapenemase producing CRAB: Carbapenem resistant
Pseudomonas aeruginosa Acinetobacter baumannii



WHO Priority Pathogens

Source: WHO Bacterial Priority Pathogens List, 2024

WHO BPPL 2017

o Acinetebacter baumanhii,
carbapenem-resistant
Pseudoinonas aeruginosa,
e carbapenem-resistant

e Klebsiella pheumonide, third-
generation cephalosporin-resistant
Escherichia coli, third-generation
cephalosporin-resistant

Klebsiella pneurnoniae,
carbapenem-resistant
Enterobacter species, third-
generation cephalosporin-resistant
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Serratia species, third-generation

. cephalosporin-resistant
. Proteus species, third-generation
cephalosporin-resistant

Enterobacter species,
. carbapenem-resistant
10 Escherichia coli,

carbapenem-resistant
Enterococcus fdecium,

i vahcomycin-resistant
Providencia species, third-

generation cephalosporin-resistant

13 Staphylococcus aureus
methicillin-resistant

14 Citrobacter species, third-

generation cephalosporin-resistant
Helicobacter pylori,
clarithromycin-resistant
Morganella species, third-
generation cephalosporin-resistant
Cartnpylobacter species,
fluoroquinclone-resistant
Salmonella Typhi,
fluoroquinolone-resistant
Neisseria gonorthoeae,
fluoroquinclone-resistant
Streptococcus pheutnoniae,
macrolide-resistant

Non-typhoidal Saltnonella,
fluoroquinclone-resistant
Neisseria gonorrhoeae, third-
geheration cephalosporin-resistant
Haernophilus influenzae,
ampicillin-resistant
Staphylococcus aureus,
vahcomycin-resistant

Shigella species,
fluoroquinolone-resistant
Streptococcus pneurmnoniae,
penicillin non-susceptible
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Removed Added

WHO BPPL 2024

Klebsiella pneurnonide,
carbapenem-resistant

Escherichia coli, third-generation
cephalosporin-resistant
Acinetobacter baumannii,
carbapenem-resistant
Mycobacterium tuberculosis,
rifampicin-resistant

Escherichia coli,
carbapenem-resistant

Klebsiella pneumoniae, third-
generation cephalosporin-resistant
Salmonella Typhi,
fluoroquinolone-resistant

Shigella species,
fluoroquinoclone-resistant
Enterococcus faecium,
vahcomycin-resistant
Pseudotnohas geruginosa,
carbapenem-resistant
Non-typhoidal Salinonella,
fluoroquinolone-resistant
Enterobacter species,
carbapenem-resistant

Neissetia gonotrhoeae,
fluoroquinoclone-resistant
Staphylococcus aureus
methicillin-resistant

Enterobacter species, third-
generationcephalosporin-resistant
Citrobacter species, third-
generation cephalosporin-resistant
Proteus species, third-generation
cephalosporin-resistant

Serratia species, third-generation
cephalosporin-resistant

Neissetia gonotrhoeae, third-
generation cephalosporin-resistant
Group A Streptococci,
macrolide-resistant
Streptocoecus pneumoniae,
macrolide-resistant

Haemophilus influenzae,
ampicillin-resistant

Motganella species, third-
generation cephalosporin-resistant
Group B Streptococci,
penicillin-resistant



AMR transmission in a One Health context: Plasmid
mediated colistin resistance, mcr

RAPID COMMUNICATIONS

Emergence of plasmid-mediated colistin resistance = J7A YY) Ide.ntiﬁcation ofa nove! plasmidjm(:':diate.d coli§tin—
mechanism MCR-1 in animals and human beings in China: resistance gene, mcr-2, in Escherichia coli, Belgium, June

a microbiological and molecular biological study 2016

Yi-Yun Liu*, Yang Wang*, Timothy R Walsh, Ling-Xian Yi, Rong Zhang, James Spencer, Yohei Doj, Guobao Tian, Baolei Dong, Xianhui Huang, BB Xavier*23, C Lammens *23, R Ruhal®23, S Kumar-Singh *34, P Butaye 5¢7, H Goossens 23, S Malhotra-Kumar *23
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5-25% in food animal products

<1% in hospital patients

——

= Prevalence of mcr-2 in porcine colistin-resistant E. coli (11/53) in Belgium was higher ~—-
than that of mcr-1 (7/53) K

= 1,617 bp phosphoethanolamine transferase harboured on a highly transferable IncX4
plasmid

= Shares = 80% identity at protein level and 77% at nucleotide level with mcr-1



AMR transmission in a One Health context: mcr spread highlights the role of
the plasmid backbone in aiding transmissibility and inter-species transfer
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Liu et al, 2024., Trends in Microbiol.



A dynamic reservoir in the clinical environment: the patient

= Increasing intestinal colonization by ESBL-E. coli

increased 3-fold from 7% 1n 2001-2005 to 25.7% (@ "esereensowe WoaeT 2 Emvronmenta Source \
in 2016-2020 among inpatients and 10-fold from Ié'

2.6% to 26.4% within community settings /

« Parallel increased incidence of ESBL-E infections ey @
from 2012 to 2017 by 53.3% (from 37.55 to 57.12 e
77 cases per 10,000 hospitalizations), primarily | " . oo

attributed tO an increas e in CommunitY—acquired L Reservoir: Frequently touched surfaces Reservoir: Hard to clean infrastructure y
infections

Sukhum et al, 2022., Comms. Medicine



New tools: 3" generation sequencing

Sequence Type

Virulence

Epidemiology
Phylogeny
Rk
Characterisation
: 1 of strains
Short read
E. coli Sequencing

[ Comparison of

strains

Resistance

Plasmids

Comparison of
plasmids

cg or wg MLST
SNP analysis

SNP: single nucleotide polymorphism

m< O
Long read ©

E. coli :
sequencing

BLAST/SNPs
analysis




Tracing carriage, acquisition, and transmission of ESBL-producing
Escherichia coli over two years in a tertiary care hospital

Admitted
N= 3824 patients

——

Included
N= 3703 patients (96.8%)

Patients refused screening |
N= 121 patients (3.2%)

PA-ESBL cohort
ESBL-E positive at admission
N= 456 patients (12.3%)

NA-ESBL cohort
ESBL-E negative at admission
N= 3247 patients (87.7%)

Lost ESBL-colonisation follow-up
N= 979 patients (30.2%)

NA-ESBL cohort with follow up
information
N= 2268 patients (69.8%)

HA-ESBL cohort
ESBL-E positive after 48 hours post-admission
N= 240 patients (10.6%)

ESBL-colonisation-free cohort
ESBL-E negative throughout
N= 2028 patients (89.4%)

ESBL-E colonisation:
N= 233 patients (97.1%),

ESBL-E colonisation and infection:
N=39 patients (8.6%),

ESBL-E colonisation:
N= 417 patients (91.4%),

ESBL-E colonisation and infection :
N=7 patients (2.9%),

n= 659 ESBL-E strains

ESBL-Ec colonisation:
N= 336 patients (80.6%),
n= 509 ESBL-Ec strains

n=126 ESBL-E strains
(67 colonising and 59 infecting)

ESBL-Ec colonisation and infection:
N= 25 patients (64.1%),
n= 74 ESBL-Ec strains

n= 339 ESBL-E strains

|

ESBL-Ec colonisation:
N= 170 patients (73.0%),
n =225 ESBL-Ec strains

n= 20 ESBL-E strains
(12 colonising and 8 infecting)

|

ESBL-Ec colonisation and infection:
N= 5 patients (71.4%),
n = 14 ESBL-Ec strains

(38 colonising and 36 infecting)
ESBL-Ec sequenced:
N= 102 patients, 230 strains

(8 colonising and 6 infecting)

ESBL-Ec seq ed:
N= 99 patients, 136 strains

| | Sequenced colonising and infecting :
i ! ESBL-Ec: I
1 ! N= 5 patients (100%), I
! I

|

Sequenced colonising and infecting
ESBL-Ec:

| |
i ! N= 94 patients (55.3%),
: N= 25 patients (100%), : i
| |
| I

|

|

N= 77 patients (22.9%), 1
ins___| 122 EsBLEc st

6 ESBL-Ec

I
L
B n= 74 ESBL-Ec strains

n= 14 ESBL-Ec strains

(36 infecting and 38 colonising)

_______________________________ 8 colonising and 6 infectin

|~ ‘One colonising strain | | Multiple colonising strains | e e e . |~ "One colonising strain | | Multiple colonising strains | Lm0 cOlONISHE SHEFD nfecti e ___
| ! I 3 5 ! | " ! 1 7 » " |

| isolated: | | isolated at different time | | isolated: | | isolated at different time |

: : : points: I : I : points: }

| N= 3 patients (3.9%), : | N= 74 patients (96.1%), : | N=70 patients (74.5%), : | N=24 patients (25.5%), {

{_ n= 3 ESBL-Ec strains | IL n= 153 ESBL-Ec strains | IL n= 70 ESBL-Ec strains | L n= 52 ESBL-Ec strains |

Nguyen et al, 2024, Genome Medicine



High prevalence of nosocomial acquisition of ESBL-E in a non-ICU
setting

= 12.3% (456/3703) patients were ESBL-  »__
positive-at-admission (PA-ESBL). =

= 10.6% (240/2268) ESBL-negative-at- .
admission (NA-ESBL) patients with
follow-up samples acquired ESBL-E
(HA-ESBL), with an incidence density e Waaw
rate of 7.96 cases/1000 patient-day, i
notably higher in patients receiving
antibiotics (P < 0.001).
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Nguyen et al, 2024, Genome Medicine



Tracing carriage, acquisition, and transmission of ESBL-producing
Escherichia coli over two years in a tertiary care hospital

= PA- and HA-ESBL patients developed ’ =
significantly more ESBL-E infections than %g -
ESBL-free patients (P < 0.001). - j
= Sequenced ESBL-Ec showed high clonal
diversity dominated by the multidrug- E—
resistant and highly virulent ST131 clade, B
C2/H30-Rx -2
- Among ESBL-Ec infections, 60% (18/30) were == _
endogenous. i n-
Nguyen et al, 2024, Genome Medicine ,...




Patient-to-patient putative clonal transmissions at the ward level
in both cohorts o

= Putative transmission clusters identified among 5 l;:j::
ST131 and other STs by SNP distance < 10 = =
- Supported by strong epidemiological links: e oy —
patients stayed in the same wards = o
(represented by the colours of patient ID) and = F e
with overlapping periods of hospitalisation e st
durations represented by blue and pink bars T e
for PA- and HA-ESBL patients, respectively L == :::; )
- Direct between-patients transmission clusters | E55 - — i
(n=21) involved 23.9% (48/201) of patients | == % : ..
1 ey

Nguyen et al, 2024, Genome Medicine



Risk factors for AMR gut colonization of neonates %=

= [nfants on neonatal units are at risk of severe bacterial infections,
particularly those born at <32 weeks

Infants colonised by resistant bacteria have an increased risk of sepsis

24 sites in 8 countries conducted 4 cross-sectional surveys in a one-
month period and collected clinical data, stool samples

Stool samples were analysed by PCR

Gene targets of interest in stool samples
= Carbapenem resistance: blaKPC, blaNDM, blaVIM, blalIMP, blaOXA-48
= Extended-spectrum beta-lactamase: blaCTX-M group1, blaCTX-M group9

= Vancomycin resistance: vanA, vanB




Risk factors for AMR gut colonization of neonates "=

Resistant bacterial colonisation was low overall (20%,
301/1447 samples)

Significant variation between units and countries : — e T

( p<0- OO 1) ’ ES1 ES2 GR1 GR2 GR3
Both low- and high-risk infants were colonised . ——— . HHEl=
Unit-level IPC interventions target both direct and @ —Ee
. . . . . é”’ ..-. ] — e T — —
indirect effects of colonisation regardless of risk . s — ——
status (| | (P —

: | Iy e B
Interventions focusing only on infants at high risk of - EESSERSE Wews Ja

sepsis will miss significant resistant bacterial
colonisation in low-risk infants

€ NeolPC



Contamination of inanimate surfaces as a source of HAI

= Inanimate surfaces may be contaminated by a
range of HAl pathogens

= This contamination plays a role in acquisition
of HAIl via direct or indirect contact with
contaminated surfaces

= Contamination with clinically relevant
pathogens may persist for several months

= Duration of contamination is influenced by
several factors

= 20% of HAI outbreaks can be attributed to an
environmental source

16




How long do nosocomial
pathogens persist on
inanimate surfaces?

Table |I: Persistence of clinically relevant bacteria on dry inanimate surfaces.

Type of bacterium Duration of persistence (range)
Acinetobacter o9, A days o 5 months
Bordetello pertusss 35 days

Campylobocter jepurs up to 6 days

Costndam dfficle (spores) Smonths
Chiomydio pneumomce. C trochomaots < 30 hours

Chiomydia psittoo IS days

Coryneboctenum diphthenioe 7 days — 6 months
Coryneboctenum pseudotuberculoss 1-8 days

Eschenchwo cob 1.5 hours — 16 months
Enterococcus spp. including VRE and VSE 3 days — 4 months
Hoemophdus influenzoe 12 days

Helicobocter pylon < 90 minutes

Klebsiella spp 2 hours to > 30 months
Listeria spp. | day -~ months
Mycobocterum bovs > 2 months

Mycoboctenum tuberculoss | day - 4 months

Nesssena gonorrhoeoe | =3 days

Proteus wuigaris | =2 days

Pyeudomonas gerupinasa 6 hours - 16 months: on dry floor 5 weeks.
Saimonefic typhi 6 hours — 4 weeks

Salmonello typhimurnum 10 days ~ 4.2 years
Saimonella spp. | day

Serratio marcescens 3 days ~ 2 months; on dry floor: 5 weeks
Shigella spp. 2 days ~ S months
Stophylococcus oureus, inchuding MRSA 7 days - 7 months
Streptococcus pneumnonioe I - 20 days

Streptococcus pyogenes 3 days - 6.5 months

Vibno choleroe | =7 days

Kramer et al, 2006, BMC Infectious Dis.



Cartography of opportunistic pathogens and AMR genes in a
tertiary hospital environment

= Repeated sampling (up to 1.5 years apart) of 179
sites associated with 45 beds a

= Both shotgun metagenomics and culture
enriched long read metagenomics was
performed

= Phylogenetics identified a few multidrug-
resistant strains as being widely distributed and
stably colonizing across sites.

5

= Comparisons with clinical isolates indicated that
such microbes can persist in hospitals for
extended periods (>8 years), to opportunistically
infect patients

Chng et al, 2024, Nature Medicine



Uncovering hidden antimicrobial resistance patterns within the
hospital microbiome

a 1 week 1.5 years b
Timepoint | ——— Timepoint2 ——  » Timepoint 3

/ Culture enrichment and antibiotic selection

- | ya N )
e / \ Long-read nanopore sequencing
i ; Aerator
Phs \
I
7 \ Sink | Ul
.l Cardiac table \ trap,
' Bed rail Pulse \ Antibiotic-resistant bacterial species (n = 69)
i el =l oximeter

05

Structural analysis

Short-read shotgun
metagenomic sequencing

Chromosomal assemblies
Species-specific and stable
mediators of ARGs

Plasmids (n=5910)
Dynamic mediators generating
diverse ARG combinations

Short-read shotgun metagenomic sequencing

Phylogenetic analysis

Y

Enrichment of multi-antibiotic

Community type A

= 1 Skin bacteria

¢ 1 Microbiome turnover

¢ 1 Human influence

* 1 ARGs at | frequencies

Community type B

* 1 Biofilm-associated bacteria
¢ | Microbiome turnover

* | Human influence

* | ARGs at 1 frequencies

l

l

Low abundance of multidrug-resistant organisms

resistant strains over
Bacteriophages (n = 1693) sites and timepoints
Widely present

disseminators of ARGs ) .
1 Genomic relatedness with

isolates collected during

hospital-acquired
infection outbreaks

Chng et al, 2024, Nature Medicine



Unusual reservoirs of AMR in a LMIC setting

= Samples from surgical site infections R S
(SSls), hospital surfaces (HSs) and / \ / \
arthropods (summer and winter 2016) / S |
were investigated to gauge the fouase
incidence and transmission of AMR \ / . \ / s

Cu pbo rdh ndle blagyy,

pathogens in a public hospital in .

Pakistan | / \ / \

= blaypy Was most commonly detected, |
with 15.5%, 15.1% and 13.3% of i |
samples positive in SSls, HSs and \ / /

arthropods, respectively

Hassan et al, 2021, Nature Microbiology



Conclusions

Healthcare systems differ in the type and abundance of AMR pathogens
and therefore also the environmental niches that need to be screened

LMIC settings might have local reservoirs relevant to the climate, and
other socioeconomic differences

Mapping the spread of multidrug-resistant organisms within healthcare
systems will remain an important pillar of the global effort to reduce the
spread of AMR in this most important setting
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