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BACKGROUND x

a2 From 2015 - 2019. project ,Natural habitat of clinically important
Acinetobacter baumannii” funded by Croatian Science Foundation

2 A. baumannii is an emerging opportunistic pathogen causing hospital-
acquired infections, multi-drug resistant, extensive-drug resistant and pan-
drug resistant

o carbapenem-resistance in clinical isolates of Acinetobacter baumannii
rapidly increased from 10 % in 2008 to 87 % in 2015




BACKGROUND v

2 One of the tasks was monitoring of carbapenem-resistant bacteria in
wastewater treatment plant (WWTP)

o Carbapenems are beta-lactam class antibiotics, used for treatment of
MDR bacterial infections and are widely used in hospital patients

o Resistance to carbapenems has been worldwide confirmed in
Enterobacteriaceae (Klebsiella pneumoniae), Pseudomonas aeruginosa
and Acinetobacter baumannii




m | https://www.statnews.com/2017/02/27/who-list-bacteria-antibictic-resistance/
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HEALTH

WHO releases list of world’s most @ 7 712" esweis e
dangerous superbugs

“Within a generation, without new antibiotics, deaths from drug-resistant
infection could reach 10 million a vear. Without new medicines to treat deadly
infection, lifesaving treatments like chemotherapy and organ transplant, and

routine operations like caesareans and hip replacements, will be potentially fatal.”
The full list is:

Priority 1: Critical
1. Acinetobacter baumannii, carbapenem-resistant
2. Pseudomonas aeruginosa, carbapenem-resistant

3. Enterobacteriaceae, carbapenem-resistant, ESBL-producing

Priority 2: High

4. Enterococcus faecium, vancomycin-resistant

060600000

5. Staphvlococcus aureus, methicillin-resistant, vancomycin-intermediate and

resistant



EXPERIMENT e

o2 Abundance of carbapenem-resistant bacterial population (CRBP) was
monitored during 10 months in major parts of WWTP of city of Zagreb

o WWTP - 1 200 000 PE, secondary type treatment (activated sludge)
a2 combined sewage consisted of domestic, industrial, hospital and storm
wastewaters

a2 20 samplings in total
September 2015. - June 2016.



EXPERIMENT

o Bacteriological analyses:
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RESULTS v

Imipenem | Meropenem | Meropenem
metabolite
Sample Q BOD COD | M nfluent °C) 0, He le | CR37 | CR42
(m?d?) ] (mgl?) | (mgl™) | (f i 198.4 20.0 18.6 (mgL7)
::T:llem 2.6x10° | 73.0 109.0 MAX. HolEe v S, 1.5 0.0 7.2 | 40 | 3.2 | 15
MAX | o | Eae Median 2011.8 169.2 156.5 38 3 on | sm | wx | 2
Median | 3.2x10° | 170.0 | 352.5 SD 1550.9 261.2 730.6 55 | 34 | 76 | a6 | 40 | 23
SD 9.0x10° | 57.2 | 885 Effluent s | 19 | 02| 05| 03 | 04
Effluent MIN 78.4 6.4 6.5
MIN 2.5x10° | 2.0 16.0 MAX 1137.9 823.2 549.4 17 | 7w 44 | 07 | 07 | -0.9
MAX 5.6x10° 6.2 32.0 Median 256.1 260.2 37.4 L.6 10.0 55 2.7 29 | 12
Median | 3.1x10° 3.2 25.0 SD 347.0 271.0 139.1 7.1 8T 5.1 1.9 | 1.8 | 0.2
SD 8.9x10° | 1.4 41 Imipenem 1.000 0.054 0526 .6 0.7 04 | 05 | 05 | 0.6
He 0048 | 0750 | 0799 | || Meropenem 1.000 -0.248 223 | -0.768 | 1.000
le 0061 | 0781 | 0817 | | \eropenem metabolite 1.000 407 | -0.691 |0.804 | 1000
CR37 0026 [ 0738 | 0756 | || He 0.781 0.084 0.566 )33 | 0811 | 0.803 | 0.734 | 1.000
CR42 0057 |TO779 | 0788 | | |0 0682 0.105 0.659 192 | -0.721 | 0818 | 0.777 | 0.801 | 1.000
CR37 0.609 -0.138 0.667
CR42 ~ 0.586 0.149 0.516
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2 WWTP are hotspots for proliferation of drug-resistant bacteria ?

o 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)

2 In here presented research the CRBP were not favoured in relation to total heterotrophic
population or intestinal enterococci during the WWTP process

o 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

a2 The presence of antibiotics in wastewaters selects in favour of antibiotic
resistant bacteria?

o 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)

o Even though imipenem and meropenem concentrations were above the theoretical selective
concentration (PNEC) no selective advantage for carbapenem-resistant bacteria was
recorded in any part of full-scale WWTP treatment process in here presented research

Liu A, Fong A, Becket E, Yuan J, Tamae C, Medrano L; Maiz M, Wahba C; Lee C; Lee K, Tran KP, Yang H, Hoffman RM, Salih A, Miller JH. 201.1. Selective advantage of resistant strains at trace levels of
antibiotics: a simple and ultrasensitive color test for detection of antibiotics and genotoxic agents. Antimicrob. Agents. Chemother. 55: 1204-1210.
Gullberg E, Albrecht LM, Karlsson C, Sandegren L, Andersson DI. 2014. Selection of a multidrug resistance plasmid by sublethal levels of antibiotics and heavy metals. mBio 5:e01918-14.

Gullberg E, Cao S, Berg OG, llback C, Sandegren L, Hughes D, Andersson DI: 2011, Selection of resistant bacteria at very low antibiotic concentrations: PLoS Pathog. 7:e1002158.
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2 The CRBP was found in all parts of Zagreb WWTP except lime treated
stabilized sludge

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

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

2 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

o 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

210 months of monitoring showed the importance of effluent and sludge
disinfection in preventing dissemination of carbapenem-resistant bacteria
to the environment
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