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 epidemiology of emerging hospital pathogen A. baumannii
 methods to reduce their numbers in contaminated environment



Acinetobacter baumannii is an emerging pathogen causing outbreaks 
in hospitals. Over the last decade, hospital-acquired infections due to 
A. baumannii have increased dramatically worldwide including in 
Croatia.

Acute community-acquired human infections have been reported 
mainly from tropical and subtropical areas. Even if such infections 
represent a minor proportion of all A. baumannii infections 
worldwide, they suggest a source of this pathogen outside of the 
hospital.
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Globally distributed isolates of A. baumannii are designated as 
international clones (IC) 1-3, while some isolates still remain 
nonclonally related. 

In Croatian hospitals isolates of A. baumannii:
- belonging to IC1 evidenced from 2002,
- belonging to IC2 evidenced from 2009,
- nonclonal isolates also persist. 
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A. baumannii express the: 
- resistance to multiple antibiotics (MDR) as well as disinfectants, 
- survives in adverse conditions, 
- leading to long-term persistence in the hospital environment. 

Additionally, virulence factors such as ability to form biofilm on abiotic
or biotic surfaces influence the success of A. baumannii.
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Crucial questions regarding the epidemiology of A. baumannii remains 
incompletely understood: 
- are the infected patients and hospital environment the only sources 
of A. baumannii, 
- at which extent A. baumannii are released from hospitals in nature, 
- do they survive or even multiply in nature, 
- do they have natural habitat outside hospitals.

Current work:
- screen the hospital wastewater
- municipal wastewater 
- soil for the presence of viable A. baumannii.
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Sampling of hospital wastewater was performed at the central
manhole of one Zagreb’s hospital from which the clinical isolates of
A. baumannii were recovered.
Hospital wastewaters are released into the sewage system without
pre-treatment, and reach the central wastewater treatment plant.
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Sampling of municipal wastewater was done at the influent and
effluent of the largest Croatian wastewater treatment plant of the City
of Zagreb (capacity 1,200.000 population equivalents).
Municipal wastewater consisted of domestic, industrial, hospital and
storm wastewaters pasages the secondary type of treatment.

Wastewater treatment plant of the City of Zagreb 
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The isolation of A. baumannii was performed at 42°C/48h on
CHROMagar Acinetobacter either without or with the addition of
commercial supplement CR102 (CHROMagar) which allows the growth
of carbapenem-resistant isolates. Cefsulodin sodium salt hydrate
(Sigma-Aldrich) was added at 15 mg/L to suppress the growth of
Pseudomonas and Aeromonas spp.

Pure culture of A. baumannii grown on CHROMagar Acinetobacter
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Sampling 

date 

Isolate 

name 

Origin MALDI TOF 

score value 

Antibiotic profile 

MEM IPM CIP LVX TOB GEN AMK SXT CST 

11.9.2015 OB 3831 Sputum 2.128 R R R R R R S R S 

18.9.2015 OB 3929 Tracheal aspirate 2.000 R R R R R R S R S 

OB 3930 Bronchial aspirate 2.282 R R R R S S I R S 

24.9.2015 OB 4027 Sputum 2.242 R R R R R R S R S 

2.10.2015 OB 4138 Bronchial aspirate 2.021 R R R R R R S S S 

20.10.2015 OB 4358 Bronchial aspirate 2.194 R R R R S R S R S 

22.10.2015 OB 4402 Swab of decubitus 2.019 R R R R S R S R S 

 

Date of sampling, origin, MALDI-TOF MS score values, and antibiotica profile of
A. baumannii clinical isolates. All isolates were determined by Vitek 2 system
as A. calcoaceticus-baumannii complex.
R - resistant; I - intermediate; S - sensitive according to EUCAST criteria.
a carbapenems (MEM-meropenem, IMI-imipenem), fluoroquinolones (CIP-
ciprofloxacin, LVX-levofloxacin), aminoglycosides (TOB-tobramycin, GEN-
gentamicin, AMK-amikacin), SXT- trimethoprim/sulfamethoxazole, CST-colistin.

Resistant to carbapenems and majority of tested antibiotics 
except colistin, MDR.

Resistance to carbapenems in Croatia is drastically increasing 
from 10% in 2008 to 82% in 2014.
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A. baumannii isolates from hospital wastewater.

Sampling 

date 

Isolate 

name 

MALDI TOF 

score value 

Antibiotic profile 

MEM IPM CIP LVX TOB GEN AMK SXT CST 

27.8.2015 Š2/1  2.045 R R R R R R R R S 

Š2/3 2.101 R R R R R R R R S 

 

 

6.10.2015 

Š1/1 2.271 R R R R R R R R S 

Š2/5 2.067 R R R R R R S S S 

Š2/6 2.232 R R R R R R S S S 

Š2/7 2.102 R R R R R R S S S 

Š2/8 2.077 R R R R R R S S S 

Š2/9 2.041 R R R R R R S R S 

 

Resistant to carbapenems and majority of tested antibiotics 
except colistin, MDR.
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A. baumannii isolates from 
municipal wastewater. 

Isolates named as IN were 
isolated from influent 

wastewater and isolates 
named as EF were isolated 
from effluent wastewater.

Sampling  

date 

Isolate  

name 

MALDI TOF   

score value 

Antibiotic profile 

MEM IPM CIP LVX TOB GEN AMK SXT CST 

 

16.4.2014 

EF1 2.262 R R R R R R S S S 

EF2 2.352 R R R R R R S S S 

EF3 2.329 R R R R R R S S S 

 

 

 

11.6.2014 

 

IN4 2.231 R R R R R R S S S 

IN5 2.085 R R R R R R S S S 

IN6 2.157 R R R R S R S S S 

IN8 2.168 R R R R S R S S S 

IN9 2.167 R R R R R S S S S 

IN10 2.193 R R R R R R S S S 

IN11 2.409 R R R R R R S S S 

 

 

 

 

 

29.10.2014 

EF4 2.191 R R R R R R R S S 

EF5 2.161 R R R R R R R S S 

EF6 2.219 R R R R R R R S S 

IN12 2.190 R R R R R R S S S 

IN13 2.118 R R R R R R S S S 

IN14 2.213 R R R R R R S S S 

IN15 2.121 R R R R S R S S S 

IN16 2.244 R R R R R R S S S 

IN17 2.163 R R R R R R S S S 

IN18 2.048 R R R R R R S S S 

IN19 2.090 R R R R R R R S S 

5.11.2014 IN21 2.328 S S S S S S S S S 

 

 

3.12.2014 

IN22 2.118 R R R R R R R S S 

IN24 2.168 R R R R R R R S S 

IN25 2.041 R R R R R R R S S 

IN26 2.223 R I S S S S S S S 

IN27 2.199 I S S S S S S S S 

IN28 2.085 R I S S S S S S S 

 

 

 

23.9.2015 

IN31 2.119 S S S S S S S S S 

IN32 2.104 R R R R R R R R S 

IN33 2.180 R R R R R R R R S 

IN34 2.066 R R R R R R R S S 

IN35 2.164 R R R R R S S R S 

IN36 2.184 S S S S S S S S S 

IN37 2.038 R R R R R R R S S 

IN38 2.075 R R R R R R R S S 

EF9 2.174 R R R R R S S R S 

 

90% of isolates 
resistant to 

carbapenems and 
majority of tested 
antibiotics except 

colistin, MDR

10% of isolates 
sensitive to all 

antibiotics
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Six A. baumannii isolates recovered from effluent wastewater
multiplied and survived in sterilised effluent wastewater up to 50
days.
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The most important mechanism of carbapenem resistance in A.
baumannii involves OXA-type carbapenemases, which are encoded
by blaOXA lineage genes.
Among 14 isolates tested, all harboured the constitutive blaOXA-51-like

gene, while the acquired blaOXA-23-like and blaOXA-40-like genes were
found in 10 and 3 isolates, respectively.
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 EF2 oxa51

 SR355-oxa51-like

 IN12 oxa51

 8778-oxa51 LN611405

 IN18 oxa51

 IN4 oxa51

 IN10 oxa51

 EF6 oxa51

oxa51

 IN4 oxa23

 EF2 oxa23

 A baumannii

 6344/13 LN558579

 IN18 oxa23

 ZZAB51-oxa23 KP203815

oxa23

 oxa40 AB285 GU199040

 oxa24 pBA49 JN207494

 IN12 oxa40

 oxa72

oxa40

100

100

72

100
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The OXAs in carbapenem resistant isolates of A. baumannii recovered
from untreated and treated municipal wastewater are closely related
to clinical isolates.
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MDR A. baumannii was 
isolated from acid (pH 

2.55) paleosol in Croatia. 



21

Dendrogram based on ApaI-digested DNA from different isolates 
of A. baumannii

MDR A. baumannii was related to clinical isolate.
In paleosol, the isolate was able to survive a low pH, desiccation, and a
high temperature (50°C).
The probable source of A. baumannii in paleosol is illegally disposed
waste of external origin situated in the abandoned quarry near the
sampling site.
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Investigation in progress:
The environmental isolates of A. baumannii should be compared
with clinical isolates causing outbreaks and community-acquired
isolates.

 OB3930

 OB4027

 OB3831

 A baumannii XH856 CP014541

 S2 10

 S2 9

 S2 3

 S2 4

 S2 1

 S2 2

 IN32

 RUH IN134

 S2 6

 S2 7

 Oxf cpn60 2

A. baumannii

 A junii NBRC109759 LC102572

 A pittii AP 882

 Moraxella catarrhalis BBH18 CP002005

99

89

10

Multilocus sequence 
typing (MLST) of 

housekeeping gene cpn60
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Isolates of A. baumannii were able 
to produce biofilm
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The anti-biofouling activity of novel composites against the clinical
isolate of MDR A. baumannii.
The composite material for ventilator tubes was prepared by addition
of micronized silver-exchanged natural zeolite (Ag-NZ) into poly(vinyl
chloride) (PVC), followed by coating of the composites with D-Tyrosine
(D-Tyr).
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SEM images after 24 h of contact 
(a) immobilised cells of A. baumannii 
without any sign of biofilm formation
on the surface of the Ag-NZ15 
composite
(b) the absence of bacterial cells on 
the surface of the Ag-NZ15-Tyr
composite. 
The side of one surface of the 
composites was somewhat coarse 
due to the addition of NZ (imaged 
for Ag- NZ15-Tyr), while the side of 
the other surface was shiny
(imaged for Ag-NZ15).
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Conclusion:

• Municipal wastewaters of Zagreb are continuously polluted with
MDR A. baumannii probably due to the input of untreated
hospital wastewaters.

• More frequent isolation of A. baumannii from influent than from
effluent suggests its moderate elimination, but also its persistence
in the secondary type wastewater treatment system.

• MDR A. baumannii can occur and have the ability to survive in the
environment.

• Finding of antibiotic-sensitive isolates in raw municipal
wastewater opens the possibility that A. baumannii could have
natural habitat in sewage system.

• Development of novel antibacterial materials for biomedical
applications is promising in control of hospital acquired infections
due to A. baumannii.
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