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AMR in Ukraine

Antimicrobial resistance
survelllance in Europe

2022

Fig. 5 K. pneumoniae: percentage of invasive isolates resistant to carbapenems (imipenem/meropenem), by country/

area, WHO European Region, 2020
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e 2019-2021 - 17 regional hospitals

MRSA: 41%

VRE (E. faecium): 12%

3GC-R Enterobacterales: 48%
CR non-fermenters: 71%

e 2014-2020 — 4 military hospitals
e Carbapenem-resistance:

A. baumannii: 68%
P. aeruginosa: 56%
K. pneumoniae: 33%
E. coli: 43%



What happened in Norway - June 2022
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Impact on CPE Norway — 2007/-2022
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Not only one CPE/CPO/MDR

» E. coli ST156, NDM-5

» K. pneumoniae ST395, NDM-5 + OXA-232
» K. pneumoniae ST147, NDM-1 + OXA-48
» K. pneumoniae ST147, NDM-1

» P.aeruginosa ST1047, IMP-1

» A. baumannii ST400, (GES-11)

» E. faecium ST117, VanA

2-6 CPE/Ukrainian patient
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WE. coli K. preumoniae Enterobacter spp.
B P. mirabilis Cimrobacter spp. WA morganii

B K. oxytoca species complex M Kliyvera sp.

216% increase 2021->2022
37% -> Ukraine

51% of K. pneumoniae -> Ukraine
18% of E. coli -> Ukraine
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P. stuartii

B Serratfia sp.
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MDR/XDR/PDR

Antibiotika

K. pneumoniae blaypy, 1 + blagys as

Amikacin

Meropenem+Vaborbactam

E. coli blayp,.4

Avibaktam+Ceflazidim

Ceflolozan+Tazobaktam

Aztreonam

Cefiderocol

Cefotaksim

Cefoksitin

Ceflazidim

Ciprofloksacin

Eravasyklin

Kolistin

Cefepim

Cefepim (ESEL)

Cefepim + Klavulansyre (ESBL)

Ertapenem
Fosfomycin

Gentamicin
Imipenem

Imipenem+Relebaktam

Meropenem

Nitrofurantoin

Piperacillin+ Tazobaktam

Temocillin

Resistenstabell 1
Amikacin R >128
Meropenem~+Vaborbactam R 16
Avibaktam + Ceftazidim R >32
Ceftolozan~Tazobaktam 'R =16
Aztreonam R >32
Cefiderocol R
Cefotaksim R >16
Cefoksitin >32
Ceftazidim R 32
Ciprofloksacin R >16
Eravasyklin R 2

| Kolistin S:2
Cefepim >
Cefepim (ESBL) >16
Cefepim — Klavulansyre (ESBL) | >4
Ertapenem R >4
Fosfomycin R 64
Gentamicin R >128
Imipenem R 16
Imipenem+Relebaktam R >8
Meropenem R >16
Nitrofurantoin S <16
Piperacillin+Tazobaktam R >32
Temocillin R >256
Tigesyklin R2
Tobramycin R 128
Trimetoprim+Sulfametoksazol R >16

Tigesyklin

Tobramycin
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Trimetoprim+Sulfametoksazol
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Kronikk | Antibiotikaresistens

Norge har for darlig
antibiotikaberedskap

Per Espen Akselsen
Arnfinn Sundsfjord
Kristian Tonby

Nar vi har tatt imot krigsofre fra Ukraina, har vi sett at
vi er godt rustet til & gi avansert medisinsk og
kirurgisk behandling. Men det har ogsa blottlagt var
sarbare antibiotikaberedskap.



Synergy testing ceftazidime-avibactam + aztreonam

Clinical Microbiology and Infection 28 (2022) 521-547

Contents lists available at ScienceDirect
.. . . . LINICAL
Clinical Microbiology and Infection G
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]:LS];\“:R journal homepage: www.clinicalmicrobiologyandinfection.com FEESCMID T
Guidelines
European Society of Clinical Microbiology and Infectious Diseases l ‘ & ' ;
(ESCMID) guidelines for the treatment of infections caused by [ ’. \ a ‘

multidrug-resistant Gram-negative bacilli (endorsed by European . = \
society of intensive care medicine) “m}! : %/
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For patients with severe infections caused by CRE carrying metallo-p-lactamases and/or
resistant to new antibiotic monotherapies, we suggest aztreonam and ceftazidime-avibactam
combination therapy.



Other Nordic countries

Number of CPE isolates
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Data from: Kristjan Orri Helgason, Kati Rdisanen, Anette Hammerum/Frank Hansen, Barbro Mékitalo/Karin Westmo



Onward transmission?

RAPID COMMUNICATION
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in the Netherlands, March to August 2022 «...four potential transmission events of K. pneumoniae
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Varisha A Ganesh! , Angela de Haan', Jeroen Bos!, Jacinta Bakker! , Caroline Schneeberger-van der Linden? , Ed | Kuijper",
Sabine C de Greeff*"* , Antoni PA Hendrickx*" , on behalf of the Dutch CPE and MRSA Surveillance Study Groups?

Centre for Infectious Disease Control (CIb), National Institute for Public Health and the Environment (RIVM), Bilthoven, the

Metherlands

2. SWAB Working Group Surveillance of Antibiotic Resistance, Department of Medical Microbiology and Infectious Diseases,
Erasmus University Medical Center, Rotterdam, the Netherlands

3. The members of the network are acknowledged at the end of the article

1.
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Transmission before transfer

sekvenstype

O 22

O 30

O 147

O 307

O 305

O ST-ukjent

F3-
CieA-181

F5-
CieA-181

1790

PE0-
HDA-1

1515

1168

P15 13

47

PTT-
NDM-1+
OXA-45

P47-
MDM-1+
ORA-43

Challenge - How to identify transmission between UKR-patients within Norway?

K-res unpublished data



Denmark vs. The Netherlands

Species/MLST Carbapenemase | Numbers | Cluster | Numbers | Numbers
of MNo. of Danish | of Dutch
Danish 1solates in | 1solates in
isolates the the
from clusters clusters
patients from from
with patients patients
relation with with
to relation to | relation to
Ukraineg Ukraine Ukraineg
(n=77)
K. pneumoniae (n=38)
STl6 NDM-5 |
ST23 NDM-1, OXA- |
48
ST39 NDM-1 | KPI | 1
KPC-2 |
ST147 NDM-1 | KP2 | 1
NDM-1, OXA- 10 KP3 7 3
48!
NDM-1 | KP4 | 1
NDM-1 | KP5 1 1
NDM-1 |
ST307 OXA4R |
NDM-1 | KP& | 5
NDM-1 3
NDM-9 |
ST392 OXA48 |
ST395 OXA4R 3 KP7 3 1
OXA4R 3
NDM-1* 3 KP8 3 1
NDM-1 2 KP9 2 1
ST5859 NDM-1, OXA- 2 KP10 2 2
712

Stolberg RS et al. unpublished data.

Isolates from Ukrainian patients in Denmark is related to
isolates from Ukrainian patients in The Netherlands



Onward transmission

sekvenstype
O 22

O 30

O 147

O 307

O 305

O ST-ukjent

P P51-
A 181 QA48

F5-
CieA-181

1790

PE0-
MND-1

1515

1168

F15- 14 PaG-
MDM-5+ MNDM-5
F28- OFA-232
47

1

F20-
OXA-244

NDM-1 + OXA-48

P47-
MDA

K. pneumoniae ST395 <«p» @

K. pneumoniae ST147-NDM-1

+ E. coli STA6-NDM-5(?)

K-res unpublished data



Onward transmission other Nordic countries?

Bmm > Feb.24.2022 - Jan. 23.2023: 77 CPO from Ukrainian patients vs. 371 CPO National CPO surveillance
-> No further nosocomial spread

+ » No further nosocomial spread

I .
N » No further nosocomial spread

Stolberg RS et al. unpublished data; Kati Raisdnen pers. communication; Barbro Makitalo/Karin Westmo pers. communication.



K. pneumoniae - High-risk clones & a diversity of carbapenemases

K. pneumoniae - Ukraine -> Norwa L
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* Globally disseminated high-risk clones: ST147, ST307, ST395

e ST23: hypervirulent K. pneumoniae!

K-res unpublished data; Stolberg RS et al. unpublished data.
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Genomic evolution of the globally disseminated multidrug-
resistant Klebsiella pneumoniae clonal group 147
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Emergence and rapid global dissemination of CTX-M-15-associated
Klebsiella pneumoniae strain ST307
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Mohammad Hamidian (3 *, Benjamin P. Howden®, Iren H. Léhr?# and Kathryn E. Holt' €%

ST395  ST5859

NDM-9 mNDM-1+0OXA-48 m NDM-1+0XA-232 m OXA-48

Shaidulina et al Genome Medicine (2023 159

Genome Medicine
hitpsy/doi org/10.1186/513073.02301159-6

RESEARCH Open Access
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high-risk clonal lineage Klebsiella pneumoniae
sequence type 395
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E. coli - High-risk clones & a diversity of carbapenemases

E. coli - Ukraine -> Norway L E. coli - Ukraine -> Denmark
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ST131 ST156 ST361 ST405 ST46 ST38  ST46  ST101  ST131  ST167  ST349  ST405  ST2313
Sequence type (ST) Sequence type (ST)
ENDM-1 mNDM-5 mNDM-S+KPC-3 mOXA-48 m OXA-244 B KPC-3 M NDM-1 B NDM-5 B NDM-5+KPC-3 M NDM-1+OXA-48 M OXA-48 M OXA-181

1l e Clinical Microbiology
&Y i Reviews”

* Known high-risk clones: ST131, ST167, ST38, ST405

Global Extraintestinal Pathogenic Escherichia coli (ExPEC)
Lineages

Amee R. Manges,® Hyun Min Geum,* Alice Guo,” Thaddeus J. Edens,® Chad D. Fibke,® Johann D. D. Pitout=



Rare carbapenemase-producing Enterobacterales

; 100 o
“ = B 5 5 R Species ST-carbapenemase
_ B R B B EN E. hormaechei (n=2) ST231-NDM-1 (n=2)
’ 2007 2008 2009 2010 2011 2012 2013 3014’ 2015 2016 2017 2018 2019 2020 2021 2022 K. Oxytoca (n:2) STZ-NDM-]_ (n:]_), ST19—NDI\/I—1 (n:]_)
P. mirabilis (n=4) NDM-1 (n=4)
= i CO_]?-I}_]_ E':"-;?J;me,’o;‘ifae E?JE(.’?‘O%)[K‘I(..’.?‘S})}) P. .?J:It[f.i‘)‘?'f P. Stuart“ (n:4) NDM']. (n:2); NDM_5 (n:2)
W P. mirabilis Citrobacter spp. B M morganii W Serratia sp. .
B K. oxyvtoca species complex B Kliyvera sp. Sel’ratla Sp. (n:].) OXA'48

K-res unpublished data
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Spread to other Enterobacterales

Conjugative NDM-1 plasmid
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Hendrickx APA et al. National Institute for Public Health and the Environment, The Netherlands, unpublished data.



Conclusions

* High risk of CPE associated with Ukrainian patients

* Import of CPE from Ukraine only partially explain increase in CPE in the
Nordic countries

* «Ukrainian» CPE population — high-risk clones and a diversity of
carbapenemases

* Frequent transmission of clones before transfer to the Nordic countries -
Onward transmission within Nordic countries has occurred
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