
Multidrug resistant Acinetobacter
baumannii – a decade of the

successful clone in Croatia

Ivana Goić Barišić

University Hospital of Split 

University of Split School of Medicine





Countries that have reported an outbreak of carbapenem-resistant Acinetobacter
baumannii. Red signifies outbreaks reported before 2006, and yellow signifies
outbreaks reported since 2006.

Peleg et al., Clin Microbiol Rev., 2008

Acinetobacter baumannii: Emergence of a Successful Pathogen



MDR Acinetobacter baumannii



MDR Acinetobacter baumannii

• crude mortality rates in patients with A. baumannii
bacteremia varied between 30 and 76%

• factors associated with worse prognosis include 
immunosuppression, drug resistance, severity of
underlying illness, inappropriate antimicrobial
therapy, septicemia, and prior antibiotic exposure

Front Cell Infect Microbiol, 2017
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Resistance to carbapenems in Croatia 
2005-2009 



Clinical isolate from UHS in 2004

Goić-Barišić I., PhD, 2009



Clinical isolate from UHS in 2004

Goić-Barišić I., PhD, 2009



Mechanism of resistance – hyperproduction of OXA-107 due to 
the ISAba1 location upstream of the gene

Evans et al., CMI, 2008





Resistance to carbapenems in Croatia 
2009-2017 



2009 - 2019
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Goić-Barišić I.



Molecular investigation - PFGE

• PFGE typing of new
clone in UHC Split

• similarity in PFGE 
profile

• similarity in antibiotic
resistance

• OXA-40 (OXA-72) 
carbapenemase
(Macrogen, Europe)



Croatia

Carina Müller manuscript in preparation

Carbapenem-resistant isolates (2012-2016) 

CC Ox CC Pas
OXA-51 
variant

IC1 CC109 CC1 OXA-69

IC2 CC92 CC2 OXA-66

IC3 CC929 CC124 OXA-71

IC4 CC103 CC15 OXA-51

IC5 CC227 CC79 OXA-65

IC6 CC944 CC78 OXA-90

IC7 CC110 CC25 OXA-64

IC8 CC447 CC10 OXA-68

IC9 CC1078 CC464 OXA-94

Each IC has an 
OXA-51 variant 

courtesy Paul Higgins, 2019



MLST typing IC2 from 2009-2016 

• According to the MLST analysis by 
using Oxford scheme fragments
of seven housekeeping genes
(gltA, gyrB, gdhB, recA, cpn60, gpi
and rpoD) were amplified by PCR 

• Previously most common
ST-195 inside CC 2

• ST – 231 in Pula and Zagreb

MLST results have  revealed that all 
isolates belong to the ST (sequence 
type) 502, within the  clonal complex 
92 and IC 2 

Seruga Music et al., J Hosp Infect, 2017 

Ladavac R et al., J Glob Antimicrob Resist 2017



MLST typing IC2 in 2017 

• New resistotype and new
ST 502 in UHS in 2017

• OXA-72 carbapenemase

• Unusual resistance 
pattern with MIC for 
imipenem inside 
susceptible range 
according EUCAST rules 
and high level of 
resistance to meropenem



CC 92 inside IC 2 

• dominant clone in hospitals in Croatia

• biofilm formation

• survival in the environmental conditions, 
including seawater 

• reduced susceptibility to disinfectants of  A.
baumannii biofilms 



CC 92 inside IC 2 

• dominant clone in hospitals in Croatia

• biofilm formation

• survival in the environmental conditions, 
including seawater 

• reduced susceptibility to disinfectants of  

A. baumannii biofilms 
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Kaliterna V. et al., 2015



Multicenter investigation in Croatia

Kaliterna V., Goić-Barišić I.,
Croatian Committee for Antibiotic Resistance Surveillance, 
2014

- more than 100 clinical isolates of A. baumannii (2009)

- focused on ability to form biofilm in correlation to genotypes  
(clones), origin of tested isolates  and resistance to antibiotics



Ability to form biofilm

• from respiratory 
specimens

• in ICUs

• in susceptible and 
intermediate 
susceptible isolates to 
imipenem, meropenem
and amikacin

Stronger ability to form biofilm 

• Kaliterna V. et al., 2015



CC 92 inside IC 2 

• dominant clone in hospitals in Croatia

• biofilm formation

• survival in the environmental conditions, 
including seawater 

• reduced susceptibility to disinfectants of  A.
baumannii biofilms 



Acinetobacter baumannii - long survival among

Gram-negatives

Acinetobacter isolate A

Acinetobacter

isolate B

Klebsella pneumoniae

Hrenović J. et al., Eurosurveillance, 2016 



Acinetobacter baumannii - long survival among

Gram-negatives
survival in seawater during 50 days days of monitoring
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Transmission and survival of carbapenem resistant Acinetobacter baumannii

outside hospital setting

Ana Kovacic, Martina Seruga Music, Svjetlana Dekic, Marija Tonkic, Anita Novak,

Zana Rubic, Jasna Hrenovic, Ivana Goic-Barisic*

First prospective study in Croatia
Wastewater was sampled for five times, in the 
period from October 2014 until April 2015.
10 isolates of A. baumannii were recovered from 
hospital wastewater and compared with 4 isolates
from hospitalized patients.



CC 92 inside IC 2 

• dominant clone in hospitals in Croatia

• biofilm formation

• survival in the environmental conditions, 
including seawater 

• reduced susceptibility to disinfectants of  A.
baumannii biofilms 



Susceptibility to disinfectants

• benzalkonium chloride and chlorhexidine

EU2 and ST4 showed the highest resistance to both disinfectants

Ivanković T., Goić-Barišić I., Hrenović J.,  2017 



Susceptibility to disinfectants

Ivanković T., Goić-Barišić I., Hrenović J.,  2017 



Susceptibility to disinfectants

• The biofilm bacteria were more resistant to 
disinfectants than the planktonic populations, as 
more than 50 % of the biofilm population and 
none of the planktonic population survived 5-
minute exposure to disinfectans tested in this
study

• The biofilm populations on ceramic tiles were 
significantly more resistant than those on glass 
coverslips, even though the amount of biofilm 
was practically the same on ceramics and glass

Ivanković T., Goić-Barišić I., Hrenović J., 2017 



Conclusion

• decade of persistence CC 92 in Croatia

• similar results from Iran, China, Brazil, 
Colombia, India

• OXA-72 and OXA-23 most common
oxacillinases in CRAB

• ability to form biofilm and reduced
susceptibility to disinfectans

• endemic in hospitals in Croatia



Conclusion

• Once endemic in a 
healthcare unit, A. 
baumannii is extremely 
difficult to eradicate.

• Nevertheless, it is still 
possible to eradicate 
these organisms from a 
unit when an 
uncompromising 
approach is taken to 
infection control.

Towner K. J., Hospit Infect, 2009
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