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Antimicrobial Resistance (AMR): A global threat facing
Humanity!
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»AMR is one of the top global public health threats in the 21st century

»nappropiate use of antimicrobials in humans, animals and plants: Genetic
changes

»New resistance mechanisms are emerging and spreading

» Development of resistance: “superbugs”

>HAIl in the ICU+++
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AMR: Prioritisation of MDR Pathogens
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Acinetobacter baumannii

»Important nosocomial pathogen
»Severe infections/ critically ill patients +++
»Healthcare challenge:

Transmission end Spread of Acietohacter bawmsnmi
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- Intrinsic and acquired antimicrobial resistance++: Severe threat to a

successful treatment
- Prospensity for clonal spread

»Survive on inanimate surfaces for extended periods of time++

‘ Outbreaks and endemic persistence
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Acinetobacter baumannii

»Family: Moraxellaxeae (GNB)
»Genus: Acinetobacter

» Acinetobacter complexe baumannii
03 Major species :

* A.baumannii

 A. nosocomialis
* A. pittii



Expert consensus (CDC —ECDC) A baumannii XDR

 MDR (Multi-Drug Resistance) was defined as acquired non-
susceptibility to at least one agent in three or more antimicrobial
categories.

* XDR (eXtensive Drug Resistance) was defined as non-susceptibility to
at least one agent in all but two or fewer antimicrobial categories (i.e.,
bacterial isolates remain susceptible to only one or two categories).

* PDR (Pan Drug Resistance) was defined as non-susceptibility to all
agents in all antimicrobial categories.



P frontiers | Frontiers in Microbiology

Resistance to carbapenems

RND-superfamily CarC
MFS-superfamily I Omp HMP
Efflux pump ABC-superfamily OprD
MATE-family Ambler class A TEM SHV.CTX-

SMR-famity M,PERKPC,GES VEB

Ambler class B:NDM IMPVIM SIM

mbler class C:AmpC

TYPE Review
PUBLISHED 22 January 2024
oor 10.3389/fmich.2024.1332108

blgr class D:0XA subgroups

transmission of
multiple

mechanisms o
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Mechanisms underlying drug resistance in A. baumannii: B-lactamase production,
AMEs, and 16S rRNA methylase, efflux pump overexpression, antibiotic target location
alterations, Omp permeability alterations, and biofilm formation



Carbapenemases production

Resistant mechanism Class or subgroup Gene References
p-Lactamases Ambler class A TEM, SHV, PER, VEE, KPC Cerniauskiens et al. (2023)
IMP, vm,sm Chen et al. (2017), Lépez et al. (2019),
Ayibieke et al. (2018
Ambler class C Amp( Lin and Liu {2015)
I Ambler class D I |_ OXA23 famil Lin and Lan (2014], June et al. (2016),
OXAM tamily Huang et al. {2015}, Donald et al_ (2000),
OXA5] family Avd et al. (2023), Zhao et al {2019),
OXASE famil (Miveira et al. (2019), Liao et al. (2015)
OXAL43 family
OXA235 family
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Global maps of testing coverage by bacterial pathogen and antibiotic group
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Annual evolution of imipenem and colistin resistance rates
in A.baumannii Tunisian strains
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CRAB: Resistance levels to other antibiotics

Antibiotiques Fréguence de résistance
Nombre Pourcentage
Pipéracilline 926 100
Pipéracilline+Tazobactam 988 100
Céftazidime 996 100
Céfepime 894 100
Gentamicine 987 97,4
Amikacine 964 00,4
Ciprofloxacine 964 W
Cotrimoxazole 769 83,1
Colistine* 409 5,4

*. MICs were determined by microdilution methods



Prevalence of CRAB Tunisian strains in ICUs
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Objectifs

* To give an update on the current antimicrobial resistance profiles of A.
baumannii Tunisian strains.

* To identify the antibiotic resistance mechanisms in CRAB strains
(carbapenems, colistin, aminoglycosides, fluroquinolones)

* To describe the molecular epidemiology and the global distribution of
CRAB strains circulating in Tunisia



Materiel and Methods

Type of Study

JProspective multicenter study

106 Months (01 September 2024-31 March 2025)

 Participation of 16 centers



Total nb= 142

Materiel

1. The North of Tunisia

v

2. The center of
Tunisia: Sousse / 13. H Farhat Hached Sousse (n=4)
Monastir

14. H Sahloul (n=35)
il 15. H. Fattouma Bourguiba Monastir (n=0)

» 3, The south of Tunisia:
Sfax. Gafsa




Materiel

Study population

Included strains Non included strains Excluded strains

All  non duplicated A. A. baumannii stains Acinobacter strains not
baumannii strains causing isolated in other types of belonging to A baumannii
bacteremia ICUs specimens complex



Phenotypic Methods

Bacterial Identification (Origin Lab)
Conventional or automated methods
Antimicrobial susceptibility testing: CA-SFM recommandations

For XDR A. baumannii strains ==» MICs:
v Imipenem/meropenem: E-tests
v Colistin: Broth microdilution methods

All strains were sent to the NRL(HCN) with all correspond demographic
and phenotypic profiles Data



Genotypic Methods

Whole genome sequencing:

= 74 strains retained ( Budget limitation)
Centers that where sent < 12 strains: All were retained

Centers that where sent > 12 strains: we retained one strain out of 02 or 03
isolated on the same day or the next day.

= DNA extraction: Qiagen DNeasy Blood and Tissue Kit (Qiagen, 168 Hilden,
Germany), adhering to the manufacturer’s instructions



Genotypic Methods

Whole-Genome Sequencing and Read Quality Control

* Paired-end (2 x 150 bp) libraries were prepared using the lllumina
DNA prep Kit and sequenced on an Illumina iSeql00 system
according to the manufacturer’s instructions.

* Raw sequencing reads were quality-checked with FastQC v0.11.9 to
assess per-base quality scores, GC content, adapter contamination,
and sequence duplication levels.



Genotypic Methods

Species Identification and Multilocus Sequence Typing (MLST)

* Species assignment and sequence typing were performed via the
PubMLST database.

* Three MLST schemes: the Institut Pasteur scheme, the Oxford scheme,
and core-genome MLST (cgMLST)++
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Genotypic Methods

De Novo Genome Assembly and Genome Annotation

* High-quality reads were assembled de novo using the Proksee online
platform (web version accessed May 2025), producing draft genome
assemblies for each isolate.

* Prokka v1.14 beta was used for automatic de novo assembly annotation



Genotypic Methods

Antibiotic Resistance Gene Analysis:

Antibiotic resistance genes were identified using the CARD database
and ResFinder, applying identity thresholds of 100 % for B-lactamase
variants and 98 % for all other resistance genes.
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PRELIMINARY RESULTS




Distribution of strains by region and by hospital
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Time from admission to positive culture

160

135

140
120
100
80
60
40
20 7
0 I

< 48 hours of hospitalisation > 48 hours of hospitalisation

B number of isolates



Antimicrobial treatment in patients with at least one
antimicrobial administered

Antibiotics

Colistin

Imipenem

Glycopeptides 23 10.7
Third —generation cephalosporins 15 7
Tigecyclin 14 6.51
Piperacillin-Tazo 09 4.18
Ertapenem 07 3.25
Amoxicillin+ clavulanic Acid 01 0.46
Other antibiotics 40 18.6

215 100
Total



Risk factors of CRAB infections
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Resistance Profiles
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Distibutions of Colistin MICs

5,63% of resistance (n=8)
70
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Genome Analysis (n=74)

Species identification:

- A. baumannii (n=72)
- A pittii (n=2)



Distribution of acquired Carbapenemase
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Distribution of Carbapenemases detected by regions

Grand Tunis: OXA 23;NDM1, OXA72, OXA 24

Sousse: OXA 23;NDM1, OXA72

Sfax: OXA 23;NDM1
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Carbapenemases combinations CARB Tunisian strains!

NDM-1, OXA-24 l 1,4
_ 21’9
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‘ NDM-1, OXA-23

Percentage of Carbapenemases combinations



Combination NDM-1+0OXA-23
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Middle East
(N=77)
4% 3%

USA
(N=369)

South/Central America
(N=74)

7% 1%5%
1% 8%

Australia/Singapore
(N=31)

16%
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@ No “fbapﬁnemase . OXA-58 Clinical Infectious Diseases
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Clinical Outcomes and Bacterial Characteristics
of Carbapenem-resistant Acinetobacter baumannii
CID 2024:78 (15 February) « Wang et al Among Patients From Different Global Regions




Percentage of Isolates (%)
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Distribution of Aminoglycosides resistance genes
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Aminoglycosides resistance genes ... oo

Gene Combination

AAC(6')-lan, ANT(3")-lic, aadAS5, armA

AAC(6')-lan, ANT(3")-lic, APH(3")-lb, APH(6)-Id, aadAS5, armA
ANT(3")-lic, APH(3")-Ib, APH(B)-Id, armA

AAC(3)-1a, ANT(3")-lia, ANT(3")-lic, APH(3")-Ib, APH(3')-la, APH(3")-Via, armA
ANT(2'")-la, ANT(3")-lic

AAC(3)-la, ANT(3")-lia, ANT(3")-lic, APH(3")-1b, APH(3"')-la, APH(3')-Via
AAC(6")-lan, ANT(3")-llc, aadAS5, armA

AAC(B')-1b9, ANT(3")-lia, ANT(3')-lic, APH(3')-la, armA

ANT(3'")-llc

AAC(3)-la, ANT(3")-lia, ANT(3")-lic, APH(3')-la, APH(3')-Via, armA
ANT(3")-lic, armA

ANT(3")-lic, APH(3')-Via

ANT(2")-1a, ANT(3")-llc, APH(3')-Via

AAC(6')-1b9, ANT(3")-lic, APH(3")-la, aadA, armA

AAC(6')-1b9, ANT(3")-lia, ANT(3")-lic, APH(3")-1a, APH(3")-Via, armA
AAC(B')-1b9, ANT(3")-lia, ANT(3")-lic, APH(3")-lb, APH(B)-1d, armA
AAC(6')-lanarmA, ANT(3")-llc, aadAS5

AAC(3)-la, ANT(3')-lla, ANT(3")-lic, APH(3")-Ib, APH(3')-la, armA.
ANT(3")-lic

ANT(2")-la, ANT(3')-lic

AAC(B')-lan, ANT(3")-lic, APH(3")-1b, APH(3")-Via, APH(6)-I1d
APH(3")-la, APH(3')-VIa

AAC(6')-lan, ANT(3")-llc, APH(3")-1b, APH(6)-1d, aadA5, rmA
ANT(2")-la, ANT(3")-lic, APH{3"')-Vla

AAC(6")-1a, ANT(3")-lic, APH(3')-Ib, APH(6)-Id, aadA5, armA
ANT(3")-lla, armA

AAC(6")-1b9, ANT(3")-lIc

AAC(6')-lan, ANT(3")-lic, APH(3")-1b, APH(6)-Id, armA

ANT(3")-lic, APH(3")-lb, APH(3"')-Via, APH(&)-Id

ANT(2")-la, ANT{3")-lic, APH(3"")-Ib, APH(3"')-Vla, APH(6)-1d

ANT(3")-lic, APH(3")-lb, APH(3")-Via, APH(6)-Id, armA

AAC(B")-1b9, ANT(3")-lia, ANT(3")-lic, APH(3")-1b, APH(3")-la, APH{3")-Via, APH(6)-Id, armA

4 [5
Number of Isolates



Percentage of Isolates (%)
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TYPE Review

? frontiers | Frontiers in Microbiclogy PUBLISED 22 January 2024
bol 10.3389/fmich. 2024.1332108

Resistance to colistin

Lipopolysaccharide Structure
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Acinetobacter baumannii: an
evolving and cunning opponent
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Resistance to colistin

All colistin resistant strains:
v No plasmid genes (mcr-1, mcr-2,mcr-3)

v' Mechanisms of colistin resistance: Mutations++++



Tetracyclin Resistance



M tetA M tetB

100

75

I I I I 25

Hopital CHU F.H Sousse CHU Hbourguiba Clinique CMNT CTGB HEBHT HMPIT CHU La Rabta CHU Sahloul
Abderrahmen Sfax Carthagene
Mami



Trimethoprim Resistance



HdfrA1 mdfrA7




Distribution of Resistance
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Resistance to desinfectants !!!

* Gene gacEA1 is detected in 63% of strains

» Am J Trop Med Hyg. 2023 Dec 11;110(1):136-141. doi: 10.4269/ajtmh.23-0247 &

Characterization of the Disinfectant Resistance Genes gacEA1 and cepAin

Carbapenem-Resistant Klebsiella pneumoniane lenlates , . ,
2> Int J Food Microbiol. 2023 Nov 2:404:110319. doi: 10.1016/}.ijfoodmicro.2023.110319.

Xiaoli Liu %", Lin Gong !, Ernan Liu !, Changfeng Li 2, Yimei Wang * Epub 2023 Jul 13.

Class 1 integron carrying qacEA1 gene confers
resistance to disinfectant and antibiotics in

Salmonella

Shujuan Chen 1, Jingxia Fu 2, Ke Zhao 2, Shengzhi Yang 3, Chun Li #, Petri Penttinen 2, Xiaolin Ao
Aiping Liu 1, Kaidi Hu 7, Jianlong Li 1, Yong Yang ', Shuliang Liu 7, Li Bai ?, Likou Zou ®



Sequence Type (ST) identification by MLST
et cg MLST



MLST: Pasteur Scheme
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Cg-MLST
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Take home messages

J The majority of Tunisian A baumannii strains are CRAB

1 The resistance to other antibiotics is very important

1 Acquired carbapenemases: OXA23+++, emerging of NDM-1

[ Resistance to colistin (5.4%): Mutations++

(JResistance to desinfectants (63%)

[ Circulating strains are belonging essentially to ST 164 and ST 1077

dPrevention and control measures must be applied



The way forward...

* Virulence genes

* Molecular epidemiology and the global distribution of CRAB strains

circulating in Tunisia: Phylogenetic study

e Publication
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