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The genus Acinetobacter • Non-fermenting, oxidase negative, Gram-negative 

cocobacilli

• 74 named species

• Found in diverse environments; soil, water, sludge, 

nuclear reactors, animals....

• Most clinically relevant 

– A. baumannii

– VAP, UTI, sepsis, wound infections

– Causes outbreaks

– MDR, XDR, PDR

2
Alexandr Nemec (apps.szu.cz/anemec/anemec.htm) last updated 05/05/2022
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Acinetobacter baumannii isolated from multiple sources

Diverse habitats, but are the 
isolates the same?
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Bacterial typing
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Bacterial typing

Is A the same as B?

= ?



A. baumannii typing nomenclature

European clone

Sequence group

Sequence type/Clonal complex
Oxford and Pasteur

Worldwide clonal lineage

Global clone

International clone

Sporadic and Outbreak

OXA-51 type
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Defined as;

At least two isolates that have been collected from at least 

two countries showing a high degree of clonality 
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typing nomenclature

International clone



Why do we have different clonal lineages?
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pre-antimicrobial era



antimicrobial era

http://evolutionmedicine.com/2011/08/22/

Ciprofloxacin
Imipenem

Tigecycline

Imipenem

Ciprofloxacin
Tigecycline

We challenge

They fight back
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Carbapenems

Antibiotic resistant population

Pre-antibiotic exposure population

Aminoglycosides Cephalosporins
Fluoroquinolones
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bottlenecks



Dessication

Post-selection population

Pre-selection population

Host factors
Disinfectants

Adherence
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bottlenecks



A. baumannii genomes (n = 5257) encode:

1982 genes 
(strain Ab25) 

Median 3691 genes
(strain pet_ACB87)

9800 genes
(strain 4300STDY7045842)

There is a lot of genetic material available for selection

14

genetic armoury
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A few caveats;

• Species misidentification 

• Acinetobacter spp. ≠ A. baumannii "diluting" the species

• Publication bias 

• the majority of studies favour MDR/XDR/PDR isolates

• Incomplete metadata

• species, source, country, often missing 

• people don‘t submit data to PubMLST: frequency of ST‘s hard to determine
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• Using biotyping, antibiogram, cell envelope profiling, ribotyping, AFLP

• Isolates from Belgium, Rep. Ireland, Netherlands, Sweden, Denmark (1978-1990)

• Outbreak strains were more MDR than non-outbreak strains 

• Nearly all outbreak strains were resistant to gentamicin (bottleneck 1?)

• Outbreaks strains clustered in two groups that were termed

European clone I and clone II
18

European clones



Identification of European clone III

EU clones I-III:

gentamicin resistance

ciprofloxacin resistance (bottleneck 2?)

II

III

I

Beginning to see 
emergence of carbapenem 
resistance (bottleneck 3?)
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MLST 
• In 2005 typing became portable

 Bartual SG et al. 2005. J. Clin. Microbiol. 43: 4382-4390 (Oxford)

• Second MLST scheme

 Nemec A et al. 2008. J. Antimicrob. Chemother. 62: 484-489 (Pasteur)

 Diancourt L et al. 2010. PLoS One Apr 7;5(4):e10034

• First use of the term "international clone"

• IC1-3 and ST15 were more resistant than other STs

“…..A. baumannii is a genetically compact 
species that suffered a severe bottleneck in 
the recent past, possibly linked to a 
restricted ecological niche.”
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Higgins et al. 2010. J. Antimicrob. Chemother.

DiversiLab fingerprints

CRAb isolates 2004-2006 (n = 492)

IC1, IC2, IC3 correspond to EUI, EUII, EUIII

Evidence for a further 5 ICs 

International clones 1-8

IC3

IC2

IC4

IC5

IC7

IC6

IC8

IC1

21



Epidemiological group
No. of 

centres

No. of 

isolates
Country of origin

IC1 17 44 AR, BG, CH, DE, ES, GR, IN, IT, PK, PL, PR, SG, US

IC2 75 241
AU, AT, CN, DE, ES, GR, IE, IL, IT, KR, PK, PT, SG, TW, 

UK, US, ZA

IC3 14 23 ES, US, ZA

IC4 11 27 AR, CL, DE, HU, IN, PL, TR

IC5 26 80 AR, CO, DE, ES, MX, US, VE

IC6 2 12 HN, IT

IC7 8 13 AR, BG, CH, CO, MX, SG, VE

IC8 4 9 BG, ES, FR, TR

Unrelated 28 43
AR, AU, BG, BR, CL, CO, ES, IN, IT, MX, PL, SG, TW, 

US, VE

Total 185 492

AR, Argentina; AT, Austria; AU, Australia; BG, Bulgaria; BR, Brazil; CH, Switzerland; CL, Chile; CN, China; CO, Columbia; DE, Germany; ES, Spain; FR, France; 

GR, Greece; HN, Honduras; HU, Hungary; IE, Ireland; IL, Israel; IN, India; IT, Italy; KR, South Korea; MX, Mexico; PK, Pakistan; PL, Poland; PR, Puerto Rico; PT, 

Portugal; SG, Singapore; TR, Turkey; TW, Taiwan; UK, United Kingdom; US, United States; VE, Venezuela; ZA, South Africa

Europe

Australia

S. Africa

Middle East

Far East

Asia

USA

American

Intercontinental clones
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Minimum spanning tree based 
on cgMLST allelic profiles of 53 

A. baumannii isolates.

Typing in the genomic era

• repPCR no longer used

• MLST uses 7 partial alleles

• cgMLST using thousands of full alleles

• Higher resolution

Core genome 
of 2390 alleles



>1600 allelic 
differences between 
ICs and unclustered

1999

1642

1661
1762

1858

1788

1857

1862

1719

~1900

Carina Müller manuscript in preparation

IC9

IC1

IC5
IC7

IC2

IC8

IC4

IC6
USA-clone-1

Global CRAb 2.0

24

• 313 CRAb 
• 2012-2016
• 114 study centres
• 47 countries 



Region (no. of study centres) IC1 IC2 IC3 IC4 IC5 IC6 IC7 IC8 IC9 no IC

Africa (6) 1 23 1 2 1 1

Asia and Middle East (15) 2 74 2 2 3 5

Europe (56) 5 54 1 1 1 2 3

Latin America (15) 9 8 4 41 3 8 3

North America (22) 9 37 1 1 2 1 2

ALL (113) 26 196 2 5 44 3 12 5 6 14

cgMLST CRAb 2012-2016 (n = 313) IC2 most prevalent except in Latin America
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• So far it is all clinical isolates, what about from other sources?

• Are there more than 9 IC‘s?

• Is antibiotic resistance only found in the the hospital?

Open questions
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CC33: USA, Japan, Germany 

(Goose), Poland, Switzerland 

(calf, chicken), Australia, Bolivia

CC418: Czechia, Spain, Iran, Iraq, 

Germany, USA, Lebanon, France 

(animal), Nepal, Tanzania

CC497: USA, Japan, Taiwan

CC113: China, USA, Brazil, Kuwait, 

Saudi Arabia, Colombia

CC372: Taiwan, Spain, Croatia, 

Switzerland (chicken)
Pasteur MLST and 5 other putative ICs 30



A. baumannii from animals

• Companion

• Livestock

• Wild

31



Source Number Antibiotic resistance

Dogs 168 43 ISAba1-OXA-51-like*
2 x OXA-23

Cats 42 15 ISAba1-OXA-51-like*
1 x OXA-23

Rabbit, 
ferret, 
snake, 
rat, duck

13

*Growth on MEM ≥ 2-4mg/l

Elevated MEM MIC‘s 
associated with 
resistance to: 
SXT
CTX
PIP
TZP
LEV
CIP
GEN
TET
TGC

PFGE suggests spread of 
clones within and 
between veterinary 
clinics

Companion animals

MLST data identifies IC1, 
IC2, IC8 human 
(hospital) associated 
isolates
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Source Number Antibiotic resistance

Chicken 6 Kan/Gen (2)

Geese 3 Kan-intermediate
/sulfamerazine-R (1)

Stork 
nestlings

212 0

Wild animals

Wilharm G, et al

Colonisation of storks 
is transient
A. baumannii probably 
comes their food

• Avian wildlife isolates don‘t 

cluster with major human 

lineages

33

• Avian livestock isolates

cluster with IC7, IC8



Cattle

 422 cattle screened

 126 (15.6%) harboured A. baumannii

 60.3% nose

 19 x IC2, 16 x IC3

 Peak occurance between May and August

 All 126 A. baumannii isolates showed resistance against ampicillin, amoxicillin-clavulanic acid, cefalexin, ceftiofur, nitrofurantoin and 

chloramphenicol, intermediate resistance was determined for piperacillin (6%) and rifampicin (25%)

 All isolates were susceptible to aminoglycosides, fluoroquinolones, polymyxin B and carbapenems

Klotz P, et al

Linked to use of 
sewage sludge as 
fertiliser

34

Wild type



35

High proportion of isolates carried tetA, tetB, dfrA, blaoxa-51-like, blaoxa-23-like, blaoxa-24-like, 
blaoxa-58-like, sul1, fosA3, and mcr-1 genes

Poultry

Not all isolates had OXA-51, probably not A. baumannii
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• 4-month outbreak of respiratory disease among Kajli sheep, 

Khizarabad, Pakistan

• 473/1200 animals died within 3 days of symptoms

• BAL samples identified A. baumannii

• Typing revealed the isolate was IC2

• Carried multiple antibiotic resistance genes

• Human-sheep transfer?

https://www.frontiersin.org/articles/10.3389/fmicb.2018.02616/full

(IC5)



• Germany: cats, dogs, horse: carbapenem-susceptible

• IC2 often isolated

• Gentamicin resistance not universal but IC clones were FQR

Zordan et al. 2011. EID

• Switzerland: commercial raw meat: poultry most contaminated, carbapenem-susceptible

• Genetically diverse, a few CC79 (IC5)

• MDR rare
Lupo et al. 2014. J. Food. Protect  

• Switzerland: cats, dogs, horses: carbapenem-susceptible

• IC1 and IC2

• Mostly gentamicin and/or ciprofloxacin resistant

Endimiani et al. 2011; JAC 

• Lebanon: water, food, animals: cows were a good source, carbapenem-susceptible

• Genetically diverse; only 4/42 IC1, IC3 or IC8

• Susceptible to most antibiotics. One CIPR

• Rafei et al. 2015. App. Environ. Microbiol

Other studies

37

• Japan: cats and dogs. Low-level gentamicin and ciprofloxacin resistance. A few ST25 (IC7)
Kimura et al. 2018. Microbiol Immunol

Acinetobacter baumannii: Its Clinical Significance in Human and Veterinary Medicine
Paola Nocera et al. 2021. Pathogens



Cattle

Avian

Are there links between 
cattle and avian isolates?

A few
(compare and contrast with human clinically associated isolates from different continents)

Clinical 
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Community-acquired A. baumannii

39



• Community acquired A. baumannii is mainly found in tropical areas

• Mortality can be as high as 64%

• Host prediposing factors or bacterial characteristics

• Characterised by fever (often rapid onset), severe respiritory symptoms and 

multi-organ disfunction

40

Community-acquired A. baumannii



Community-acquired Acinetobacter baumannii: clinical characteristics, epidemiology and pathogenesis
Carina Dexter et al. Expert Review of Anti-infective Therapy. Volume 13, 2015 - Issue 5

Regions that have reported cases of CA-Ab infections, numbers denote the number of cases reported per 
region

No evidence of IC‘s

No carbapenem-resistance

“….resistance to gentamicin …….from 26.3% of strains in Hong Kong and 14.3% 

of strains in Taiwan to no reports from Australia. 

Resistance to third-generation cephalosporins and fluoroquinolones are more 

common…….”

41

Sounds like livestock-associated A. baumannii



Farrugia DN, Elbourne LDH, Hassan KA, Eijkelkamp BA, Tetu SG, et al. (2013) The Complete Genome and Phenome of a Community-Acquired 
Acinetobacter baumannii. PLOS ONE 8(3): e58628. https://doi.org/10.1371/journal.pone.0058628
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058628

“The phylogenetic relationship of 
D1279779 to other A. baumannii
strains was also consistent with 
the notion that community-
acquired isolates are 
epidemiologically distinct from 
nosocomial isolates”

Australia

 No resistance 

island

42

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058628


Peng et al. Clin Microbiol Infect 2012;18:E491–E493

“….. results suggest that the 

epidemiology of A. baumannii 

from the community is of 

multiclonal origins, different from 

those in hospital settings.”

43

China



Chen et al Journal of Microbiology, Immunology and Infection Volume 51, 
Issue 5, 2018, Pages 629-635

Multidrug resistance rates were higher in nosocomial A. baumannii isolates 
than in those acquired in the community (81.5% vs 38.9%,p ≤ 0.002)

Ghewade B, et al.  J Assoc Chest Physicians 2017;5:83-6.

India

• The isolate was sensitive to imipenem and 
resistant to amikacin

44

Taiwan



• 41 CAP were investigated

• Pasteur ST-10 (IC8) was the dominant ST (59% of isolates)

• Community-onset isolates are not MDR, but are closely related 

to MDR clinical isolates

Phenotypic antimicrobial susceptibilities and antimicrobial resistance genes
45

Australia



• Generally, community-acquired A. baumannii isolates do not exhibit antimicrobial 

resistance, and are mostly unrelated to clinically relevant lineages

• What other differences are there between hospital- and community-acquired A. 

baumannii?

46

Community-acquired A. baumannii



Risk factors in the hospital

• Indwelling catheters

• Contaminated surfaces

Risk factors in the community

• Excess alcohol consumption

• Diabetes

• Smoking

• Chronic lung disease

Different patient groups

47



A. baumannii from the environment

Most studies look for 
resistant isolates

48



Girlich D, Poirel L, Nordmann P

A. baumannii B9 was recovered from water of 
the Seine river in downtown Paris

Where do the isolates come from?

49



Recovered from sewage but not 
after disinfection

Hospital sewage

50



Two isolates 
IC2 (ST-195)
XDR

Three isolates 
IC2 and IC1
MDR
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IC5

IC1

IC2

MDR/XDR/PDR clinical 
isolates from Zagreb

Unc

Unc

Unc
Unc

MDR/XDR/PDR isolates from WWTP 

cluster mostly with IC2 clinical isolates

 Human-associated

Water Research 140 (2018) 261-267 

52

WWTP



Molecular epidemiology of clinical, animal, and environmental isolates of A. baumannii

53

Summary



Bovine

WWTP

Avian

Human

cgMLST of 481 isolates
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IC2

IC1

IC9

Bovine

WWTP

Avian

Human

IC1 and IC2 mostly hospital 
isolates, with WWTP isolates 
clustering, and a single bovine 
isolate
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IC7

IC8

IC4

IC5

IC6

IC3

Bovine

WWTP

Avian

Human

Avian (livestock) 
IC7 and IC8

Avian 
(livestock) and 
WWTP with IC5

Vast majority of 
Avian (stork) 
and Bovine 
isolates do not 
cluster with ICs
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Hospital
MDR/XDR/PDR

IC1-9
IC2 worldwide

IC5 Latin America

Community
Susceptible

Unique
IC8

Wastewater
MDR/XDR/PDR

IC2
Livestock

Low levels of 
resistance

IC1,2,3,5,7,8
Unique

Companion 
animals

MDR
IC1,2,8

Wild animals
Susceptible

Mostly unique

conclusions

Why IC2/IC5 
prevalence? 
Resistance?
Host factor?

Low-level 
resistance 
provide a 
toehold 
from 
livestock to 
the clinic?

What makes 
IC’s  
adapted to 
human and 
animal 
hospitals?
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