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Genus Acinetobacter includes 57 species:

http://apps.szu.cz/anemec/Classification.pdf

Emergent hospital 
pathogen of 21st

century



3

Acinetobacter baumannii is a leading emerging pathogen of the 21st

century, which is frequently recovered from patients during hospital
outbreaks.
Acute community-acquired human infections suggest a source of this
pathogen outside of the hospital settings.
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Up to 2010 A. baumannii was considered as an exclusively hospital 
pathogen.

After 2010 onwards, there are reports on its occurrence outside 
hospital settings:
• Water of Seine River (2010) – 1 isolate
• Untreated hospital wastewater in Brazil (2011) – 3 isolates
• Untreated and chlorinated hospital wastewater in China (2013) – 9 

and 1 isolate
• Natural environment in Croatia (2014 onwards)
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The significance of environmental isolates in the epidemiology of A.
baumannii is under a great concern worldwide.

There is no clear evidence about:
• the way of introduction of A. baumannii into hospital environment,
• its propagation from hospital settings to the natural environment,
• its natural habitat outside hospitals.
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Aim: the overview of the presence of A. baumannii in natural
environment in Croatia.
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Environmental samples usually contain 105-106 CFU/mL of viable
bacteria.

There is no simple protocol for the isolation of viable A. baumannii
from environmental samples.
A. baumannii is usually overgrown by accompanied flora even on
selective and differential cultivation media.
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The recovery of A. baumannii was performed on commercial
CHROMagar Acinetobacter supplemented with 15 mg/L of cefsulodin
sodium salt hydrate after incubation at 42C/48h.
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Identification of environmental isolates I

Phenotypically by routine bacteriological techniques: Gram negative 
coccobacilli, with typical negative reaction on the Kligler Iron Agar, 
oxidase negative, catalase positive.
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Identification of environmental isolates II

 Matrix-assisted laser desorption ionization-time of flight mass 
spectrometry (MALDI-TOF MS) on cell extracts

AnalyteNam

e 

AnalyteI

D 

Organism(bes

t match) 

ScoreValu

e 

Organism(secon

d best match) 

ScoreValu

e 

B1( ++ ) ( A ) Š 2/6 
Acinetobacter 

baumannii 
2.232 

Acinetobacter 

baumannii 
2.195 

B2( ++ ) ( A ) Š 2/5 
Acinetobacter 

baumannii 
2.067 

Acinetobacter 

baumannii 
2.046 

B3( ++ ) ( A ) OB 3929 
Acinetobacter 

baumannii 
2 

Acinetobacter 

baumannii 
1.978 

B4( ++ ) ( A ) Š 2/7 
Acinetobacter 

baumannii 
2.102 

Acinetobacter 

baumannii 
2.048 

B5( ++ ) ( A ) Š 2/10 
Acinetobacter 

baumannii 
2.231 

Acinetobacter 

baumannii 
2.191 

 Range Description Symbols Color 

2.300 ... 3.000 highly probable species identification ( +++ ) green 

2.000 ... 2.299 secure genus identification, probable species identification ( ++ ) green 

1.700 ... 1.999 probable genus identification ( + ) yellow 

0.000 ... 1.699 not reliable identification ( - ) red 
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Identification of environmental isolates III

 amplification and sequencing of rpoB gene
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Genetic relationship of environmental and clinical isolates 
 PFGE (Pulsed field gel electrophoresis)
 MLST (Multilocus sequence typing) analysis of seven housekeeping
genes (cpn60, fusA, gltA, pyrG, recA, rplB, and rpoB)

 

Isolate 

Gene locus/allele Sequence 

type 

Clonal 

complex 

IC 

type 
gltA gyrB gdhB recA cpn60 gpi rpoD 

OB 3831 1 3 3 2 2 96 119 a 1421 a 92 2 

OB 3929 1 3 3 2 2 96 3 195 92 2 

OB 3930 1 3 3 2 2 100 3 425 92 2 

OB 4027 1 3 3 2 2 96 119 a 1421 a 92 2 

OB 4138 1 3 3 2 2 96 3 195 92 2 

S2/1 1 3 3 2 2 96 3 195 92 2 

S2/2 1 3 3 2 2 96 3 195 92 2 

IN32 1 3 3 2 2 96 3 195 92 2 
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Antibiotic resistance profile I

 Vitek2 system, E-test and broth microdilution
 interpretation according to EUCAST and CLSI criteria for clinical 

isolates of A. baumannii

Isolate

MIC values of antibiotics (mg/L)

MEM IPM CIP LVX TOB GEN AMK MIN SAM TIM SXT CST

OB 3831 >16R >16R >4R 8R >16R >16R >64R 8I 16I 128R >320R <0.5

OB 3929 >16R >16R >4R 4R >16R >16R >64R 2 16I 128R >320R <0.5

OB 3930 >16R >16R >4R 4R <1 <1 16I 2 16I 128R >320R <0.5

OB 4027 >16R >16R >4R 8R >16R >16R >64R 8I 4 >128R >320R <0.5

OB 4138 >16R >16R >4R 8R >16R >16R >64R >16R 16I 128R <20 <0.5

S2/1 >16R >16R >4R 8R >16R >16R >64R 4 8 128R >320R <0.5

S2/2 >16R 8I >4R >8R >16R 8R >64R 2 <2 128R >320R >16R

S2/3 >16R >16R >4R 8R >16R >16R >64R 4 8 >128R >320R <0.5

S2/4 8I >16R >4R >8R 8R >16R >64R 4 4 64I >320R >16R

S1/1 >16R >16R >4R 8R >16R >16R >64R 8I <2 >128R >320R <0.5

S2/5 >16R >16R >4R 8R >16R >16R 8 8I >32R >128R <20 <0.5

S2/6 >16R >16R >4R 8R >16R >16R 8 >16R >32R >128R <20 <0.5

S2/7 >16R >16R >4R 8R >16R >16R 8 8I >32R >128R <20 <0.5

S2/8 >16R >16R >4R 8R >16R >16R 8 8I >32R >128R <20 <0.5

S2/9 >16R >16R >4R >8R >16R >16R 8 8I 16I >128R 160R <0.5

S2/10 8I >16R >4R 4R 4 8R >64R 2 4 64I >320R >16R

IN32 >16R >16R >4R 8R >16R >16R >64R 8I 16I 128R >320R <0.5
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Antibiotic resistance profile II 

 In carbapenem-resistant isolates the acquired oxacillinases:
blaOXA-23-like, blaOXA-40-like, blaOXA-58-like, blaOXA-143-like are searched by
multiplex PCR
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A. baumannii in soil

A single isolate of A. baumannii was incidentally recovered in the
abandoned quarry near City of Pula, from 0.1g of acid paleosol
(pH=2.55) influenced by illegally disposed solid waste.
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Minimum inhibitory concentration (MIC) values of tested antibioticsa against

environmental isolate of A. baumannii.
a carbapenems (MEM-meropenem, IPM-imipenem), fluoroquinolones (CIP-

ciprofloxacin, LVX-levofloxacin), aminoglycosides (TOB-tobramycin, GEN-gentamicin,

AMK-amikacin), penicillins/β-lactamase inhibitors (SAM-ampicillin/sulbactam),

folate pathway inhibitors (SXT- trimethoprim/sulfamethoxazole), polymyxins (CST-

colistin). R – resistant according to EUCAST and CLSI criteria.

Multidrug-resistance (MDR) to 
fluoroquinolones, gentamicin and 
trimethoprim-sulfamethoxazole 

Isolate MIC values of antibiotics (mg/L)

MEM IPM CIP LVX TOB GEN AMK SAM SXT CST

Paleosol ≤0.5 ≤0.5 ≥4R 4R ≤1 >16R 2 4 160R ≤0.5

A. baumannii in soil
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MDR A. baumannii from paleosol is related to a clinical isolate from
hospital in Pula.
Probable source: illegally disposed solid waste.

A. baumannii in soil
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Three isolates of A. baumannii were recovered from 0.01-1g of
technosol at a dump site Sovjak situated above City of Rijeka in a karst
pit.

A. baumannii in soil
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Minimum inhibitory concentration (MIC) values of tested antibioticsa against

environmental isolates of A. baumannii. R - resistant, I - intermediate according to

EUCAST and CLSI criteria.
a carbapenems (MEM-meropenem, IMI-imipenem), fluoroquinolones (CIP-

ciprofloxacin, LVX-levofloxacin), aminoglycosides (TOB-tobramycin, GEN-gentamicin,

AMK-amikacin), tetracyclines (MIN-minocycline), penicillins/β-lactamase inhibitors

(SAM-ampicillin/sulbactam, TIM-ticarcillin/clavulanic acid), folate pathway

inhibitors (SXT- trimethoprim/sulfamethoxazole), polymyxins (CST-colistin).

Isolate MALDI 

TOF score 

value

MIC values of antibiotics (mg/L)

MEM IPM CIP LVX TOB GEN AMK MIN SAM TIM SXT CST

Sovjak1 2.036 ≥16R ≥16R ≥4R 4R ≤1 ≤1 32R ≤1 16I ≥128R ≤20 ≤0.5

Sovjak2 2.086 ≥16R ≥16R ≥4R 4R ≤1 ≤1 16I ≤1 16I ≥128R ≤20 ≤0.5

Sovjak3 2.000 ≥16R ≥16R ≥4R 4R ≤1 ≤1 >64R 8I 16I ≥128R ≥320R ≤0.5

Two isolates (Sovjak 1, 2) multidrug-resistant (MDR)
One isolate (Sovjak 3) extensively drug-resistant (XDR)

A. baumannii in soil
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A. baumannii from technosol share features characteristic for clinical
isolates:
• MDR/XDR antibiotic resistance profile
• Affiliation to IC1 and 2
• Resistance to carbapenems mediated by acquired blaOXA72 and

blaOXA23 genes
Izolat Sequence

type

Clonal

complex

IC type blaOXA

Sovjak 1 231 109 1 OXA-72

Sovjak 2 231 109 1 OXA-72

Sovjak 3 195 92 2 OXA-23

Probable source: 
illegally disposed 

hospital solid 
waste. 

A. baumannii in soil
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A. baumannii in hospital wastewater

Hospital wastewater was collected at the central manhole of one
hospital in Zagreb.



23

A. baumannii from wastewater and clinical isolates 
belong to the same ST.

Isolate Origin Date Sequence type International 

clonal lineage

OB 3929 Tracheal aspirate 18. 9. 2015 195 2

OB 4138 Bronchial aspirate 2. 10. 2015 195 2

S2/1

Hospital 

wastewater

27. 8. 2015

195 2

S2/2 195 2

S2/3 195 2

S2/4 195 2

S1/1

6. 10. 2015

195 2

S2/5 195 2

S2/6 195 2

S2/7 195 2

S2/8 195 2

S2/9 195 2

10 isolates were recovered from 0.001 - 0.01 mL hospital wastewater.

A. baumannii in hospital wastewater
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Isolate

MIC values of antibiotics (mg/L)

MEM IPM CIP LVX TOB GEN AMK MIN SAM TIM SXT CST

OB 3929 >16R >16R >4R 4R >16R >16R >64R 2 16I 128R >320R <0.5

OB 4138 >16R >16R >4R 8R >16R >16R >64R >16R 16I 128R <20 <0.5

S2/1 >16R >16R >4R 8R >16R >16R >64R 4 8 128R >320R <0.5

S2/2 >16R 8I >4R >8R >16R 8R >64R 2 <2 128R >320R 80R

S2/3 >16R >16R >4R 8R >16R >16R >64R 4 8 >128R >320R <0.5

S2/4 8I >16R >4R >8R 8R >16R >64R 4 4 64I >320R 20R

S1/1 >16R >16R >4R 8R >16R >16R >64R 8I <2 >128R >320R <0.5

S2/5 >16R >16R >4R 8R >16R >16R 8 8I >32R >128R <20 <0.5

S2/6 >16R >16R >4R 8R >16R >16R 8 >16R >32R >128R <20 <0.5

S2/7 >16R >16R >4R 8R >16R >16R 8 8I >32R >128R <20 <0.5

S2/8 >16R >16R >4R 8R >16R >16R 8 8I >32R >128R <20 <0.5

S2/9 >16R >16R >4R >8R >16R >16R 8 8I 16I >128R 160R <0.5

All isolates extensively drug-resistant (XDR)

A. baumannii in hospital wastewater
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A. baumannii in urban wastewaters

Urban wastewaters in Zagreb are consisted of: domestic, hospital,
industrial and storm waters.
Monitoring was performed at the central wastewater treatment plant.
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Isolate Sequence

type

International clonal 

lineage

Influent ST-195 IC2

ST-195 IC2

ST-1604 IC1

ST-1523 unclustered

Activated

sludge

ST-195 IC2

ST-195 IC2

ST-1524 IC5

Digested

sludge

ST-195 IC2

ST-195 IC2

ST-231 IC1

ST-1525 unclustered

Effluent ST-195 IC2

ST-195 IC2

ST-195 IC2

ST-195 IC2

ST-1523 unclustered

A. baumannii recovered 
from each stage of 

wastewater treatment, 
except alkaline lime-

treated stabilised sludge 
(pH 12). 

A. baumannii in urban wastewaters
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A. baumannii in urban wastewaters

Clonal lineage Acquired blaOXA Intrinsic blaOXA

IC2

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

blaOXA-23 blaOXA-66

IC1 blaOXA-72 blaOXA-69

blaOXA-72 blaOXA-69

IC5 - blaOXA-65

unclustered
- blaOXA-51

- blaOXA-208-like

- blaOXA-117-like

Carbapenem-resistant
isolates belonged to
IC2 carrying the
acquired OXA-23
(dominant) or IC1
carrying OXA-72.

Susceptible isolates
belonged to IC5 or
were unclustered.
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Oxacillinases from carbapenem-resistant environmental isolates are
highly related to those from clinical isolates.

A. baumannii in urban wastewaters
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Antibiotic susceptibility profile of A. baumannii isolates recovered 
from different stages of the wastewater treatment process.

Number of isolates: influent 45; activated sludge 18; digested sludge 
20; effluent 36; all stages (total) 119.

A. baumannii in urban wastewaters
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A. baumannii in urban wastewaters
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87% of isolates carbapenem-resistant, IC 1 i 2 = 
clinically important

13% of antibiotics-sensitive isolates, unclustered = 
native strains in natural habitat?

A. baumannii in urban wastewaters
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A. baumannii in river

Four isolates of A. baumannii were recovered from 10mL of water
from Sava River downstream the City of Zagreb, after discharge of the
urban wastewaters into the natural recipient.



33

Minimum inhibitory concentration (MIC) values of tested antibioticsa against

environmental isolates of A. baumannii. R - resistant, I - intermediate according to

EUCAST and CLSI criteria.
a carbapenems (MEM-meropenem, IMI-imipenem), fluoroquinolones (CIP-

ciprofloxacin, LVX-levofloxacin), aminoglycosides (TOB-tobramycin, GEN-gentamicin,

AMK-amikacin), tetracyclines (MIN-minocycline), penicillins/β-lactamase inhibitors

(SAM-ampicillin/sulbactam, TIM-ticarcillin/clavulanic acid), folate pathway

inhibitors (SXT- trimethoprim/sulfamethoxazole), polymyxins (CST-colistin).

Isolte MIC values of antibiotics (mg/L)

MEM IPM CIP LVX TOB GEN AMK MIN SAM TIM SXT CST

Sava3 >16R >16R >4R >8R >16R >16R >64R 4 16I >128R >320R <0.5

Sava4 >16R >16R >4R >8R <1 8R 16I 8I 8 >128R >320R <0.5

Sava5 >16R >16R >4R >8R >16R >16R >64R 8I 8 >128R <20 <0.5

Sava6 >16R >16R >4R >8R >16R >16R >64R 4 16I >128R >320R <0.5

A. baumannii in river

All isolates extensively drug-resistant (XDR)
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Isolate Origin Date Sequence

type

International 

clonal lineage

OB 3831 Sputum 11. 9. 2015 1421 a 2

OB 3929 Tracheal aspirate 18. 9. 2015 195 2

OB 4027 Sputum 24. 9. 2015 1421 a 2

OB 4138 Bronchial aspirate 2. 10. 2015 195 2

S2/1

Hospital 

wastewater

27. 8. 2015

195 2

S2/2 195 2

S2/3 195 2

S2/4 195 2

S1/1

6. 10. 2015

195 2

S2/5 195 2

S2/6 195 2

S2/7 195 2

S2/8 195 2

S2/9 195 2

IN32 Urban sewage 23. 9. 2015 195 2

Sava3

Sava River 11. 10. 2015

1421 a 2

Sava4 195 2

Sava5 1421 a 2

Sava6 1421 a 2

A. baumannii
from Sava, 

urban sewage, 
hospital 

wastewaters, 
and clinical 

isolates belong 
to the same ST.

a new ST

A. baumannii in river
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Hospital wastewaters are discharged into the urban sewage system
without pre-treatment.
Urban wastewater, treated or not, is discharged into the Sava River.

Probable source of A. baumannii in Sava River: hospital and
consequently urban wastewater.

Hospitalized 
patients

Hospital 
wastewater

Urban 
sewage

Natural 
recipient

A. baumannii in river
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Conclusion:

 Human solid and liquid waste is a source of clinically relevant A.
baumannii in environment

 Natural environment could represent a secondary habitat of A.
baumannii

 Measures for prevention of spread of A. baumannii in
environment:

• proper management and disposal of human solid waste
• novel technologies of disinfection of hospital wastewater.
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Thank you for attention!

This research was supported by the Croatian Science Foundation
(grant no. IP-2014-09-5656) under the project title „Natural habitat of
clinically important Acinetobacter baumannii“.

https://www.pmf.unizg.hr/naturaci


