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BACKGROUND

� From 2015 - 2019. project „Natural habitat of clinically important 

Acinetobacter baumannii” funded by Croatian Science Foundation

� A. baumannii is an emerging opportunistic pathogen causing hospital-

acquired infections, multi-drug resistant, extensive-drug resistant and pan-

drug resistant

� carbapenem-resistance in clinical isolates of Acinetobacter baumannii

rapidly increased from  10 % in 2008 to 87 % in 2015



BACKGROUND

� One of the tasks was monitoring of carbapenem-resistant bacteria in 

wastewater treatment plant (WWTP)

� CarbapenemsCarbapenemsCarbapenemsCarbapenems are beta-lactam class antibiotics, used for treatment of

MDR bacterial infections and are widely used in hospital patients

� Resistance to carbapenems has been worldwide confirmed in

Enterobacteriaceae (Klebsiella pneumoniae), Pseudomonas aeruginosa

and Acinetobacter baumannii 





EXPERIMENT

� Abundance of carbapenem-resistant bacterial population (CRBPCRBPCRBPCRBP) was 

monitored during 10 months in major parts of WWTP of city of Zagreb

� WWTPWWTPWWTPWWTP – 1 200 000 PE, secondary type treatment (activated sludge)

� combined sewage consisted of domestic, industrial, hospital and storm 

wastewaters

� 20 samplings in total

September 2015. – June 2016.



EXPERIMENT

� Bacteriological analyses:

BacteriaBacteriaBacteriaBacteria MethodMethodMethodMethod

Total heterotrophic bacteria Nutrient agar, 22°C / 72h

Intestinal enterococci Slanetz-Bartley agar, 37°C / 72h

Confirmed on Bile esculin azide agar 

44°C/4 h

CRBP grown at 37°C CHROMagar Acinetobacter 

supplemented with CR102 

(CHROMagar) after incubation at 37 

and 42°C/48 h

CRBP grown at 42°C
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RESULTS

� nononono physico-chemical parameter was found to have specific influence to 

CRBP when compared to total bacterial count or abundance of intestinal 

enterococci as faecal indicators.

� presence of measured antibiotics (imipenem, meropenem) had nononono

influence on abundance of CRBP in wastewater specifically



DISCUSSION

� WWTP WWTP WWTP WWTP areareareare hotspots for proliferation of drughotspots for proliferation of drughotspots for proliferation of drughotspots for proliferation of drug----resistant bacteria resistant bacteria resistant bacteria resistant bacteria ????

� conditions in WWTP were considered favourable for proliferation of antibiotic-resistant

bacteria and resistance gene transfer (Kim et al. 2007; Huang et al. 2012; Davies 2012; 

Bouki et al. 2013, Rizzo et al. 2013)

� In here presented research the CRBPCRBPCRBPCRBP were not favoured in relation to total heterotrophic 

population or intestinal enterococci during the WWTP process

� Simillar conclusions to here presented research were reported in Ahmad et al. 2009; Munck

et al. 2015; Bengtsson-Palme et al. 2016
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DISCUSSION

� The presence of antibiotics in wastewaters selects in favour of antibiotic The presence of antibiotics in wastewaters selects in favour of antibiotic The presence of antibiotics in wastewaters selects in favour of antibiotic The presence of antibiotics in wastewaters selects in favour of antibiotic 

resistant bacteria?resistant bacteria?resistant bacteria?resistant bacteria?

� resistant bacterial strains have selective advantage over susceptible strains even at 

antibiotic concentrations way lower than respective minimal inhibitory concentration (sub-

MIC) (Liu et al. 2011; Gullberg et al. 2011; Gullberg et al. 2014)

� Even though imipenem and meropenem concentrations were above the theoretical selective 

concentration (PNEC) no selective advantage no selective advantage no selective advantage no selective advantage for carbapenem-resistant bacteria was 

recorded in any part of full-scale WWTP treatment process in here presented research
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CONCLUSIONS

� The CRBP was found in all parts of Zagreb WWTP except lime treated 

stabilized sludge

� Relative abundance of CRBP when compared to total bacterial count was 

very similar in influent, activated and digested sludge, and even lowered 

in effluent

� No significant correlation was found between any physico-chemical 

parameter of wastewater or sludge nor carbapenem concentrations in 

wastewater that would influence CRBP in particular



CONCLUSIONS

� There was no evidence that Zagreb WWTP selects for CRBP; resistant 

bacteria were “behaving” as a part of regular microbial flora through all 

the parts of treatment process

� 10 months of monitoring showed the importance of effluent and sludge 

disinfection in preventing dissemination of carbapenem-resistant bacteria

to the environment



THANKTHANKTHANKTHANK YOUYOUYOUYOU FOR FOR FOR FOR YOURYOURYOURYOUR

ATTENTIONATTENTIONATTENTIONATTENTION!!!!

from Croatia with love!


