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Genus Acinetobacter includes 57 species:

TABLE 1. Updated list of validated named species of Acinetobacter

Commonly found human pathogens Emergent hospital
A. baumannii (genospecies 2) pathogen of 21t
A. nosocomialis (genospecies 13TU) century
A. pittii (genospecies 3)

A. calcoaceticus (genospecies 1)

Uncommon organisms in clinical infections
A baylyi A guillouiae A Lwoffii A soli
A beijerinckii A gyllenbergii A nectaris A tandoti
A bereziniae A. haemolyticus A. parvus A tjernbergiae
A boissiert A harbinensis A puyangensis A townert
A bouvetii A. indicus A gingfengensis A. ursingii
A brisouit A. johnsonii A radioresistens A venetianus
A gerneri A junii A rudis
A grimontii® A kookii A. schindlert

“Synonym of A. junii.

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




Acinetobacter baumannii is a leading emerging pathogen of the 21t

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

e Untreated and chlorinated hospital wastewater in China (2013) -9
and 1 isolate

* Natural environment in Croatia (2014 onwards)



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,
* jts natural habitat outside hospitals.

’!!,
2.’-7.,' 2

4
- q&4

',
‘J| b

. @




Aim: the overview of the presence of A. baumannii in natural
environment in Croatia.

Natural habitat of clinically important Acinetobacter baumannii
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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. .



CHROMagar™

www.CHROMagar.co

For detection of Acinetobacter and MDR Acinetobacter sp.
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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 42°C/48h.




Identification of environmental isolates |

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




Identification of environmental isolates Ii

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

AnalyteNam‘ Analytel | Organism(bes | ScoreValu | Organism(secon | ScoreValu
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Identification of environmental isolates lll

v amplification and sequencing of rpoB gene

@ EF6 KT314189
@ IN4 KT314188
@ IN12 KT346359
@ EF2 KT314186
@ IN18 KT314190
Acinetobacter baumannii CP007535
@ IN10 KT314187
Acinetobacter pittii CIP70 15 DQ207479
Acinetobacter junii CIP 64 5 DQ207486
Moraxella catarrhalis CP008804
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_ type complex type
— Isolate gltA | gyrB | gdhB | recA | cpn60 | gpi | rpoD

- 1

OB 3831 1 3 3 2 2 96 | 1192 14212 92

OB3929 1 2 2 96 3 195 92

OB3930 1 3 3 2 2 100 3 425 92

. OB 4027 1 3 3 2 2 96 | 1192  1421° 92

.r[};'r - £

o OB4138 1 3 3 2 2 96 3 195 92

S2/1 1 3 3 2 2 96 195 92

S2/2 1 3 3 2 96 3 195 92

IN32 1 3 3 2 96 3 195 92




Antibiotic resistance profile |

v' Vitek2 system, E-test and broth microdilution
v’ interpretation according to EUCAST and CLSI criteria for clinical
isolates of A. baumannii

olate MEM IPM (ol] LVX TOB GEN AMK MIN SAM TIM SXT CST
OB 3831 >16R >16R >4R R >16R >16R >64R 8! 16' 128R >320R8 <0.5
OB 3929 >16R >16R >4R 4R >16R >16R >64R p) 16' 128R >320R8 <0.5
OB 3930 >16R >16R 16' 128R >320R8 <0.5
OB 4027 >16R >16R 4 >128R >320R8 <0.5
OB 4138 >16R >16R 16' 128R <20 <0.5
s2/1 >16R >16R 8 128R >320R <0.5
52/2 >16R 8! <2 128R >320R >16R
s2/3 >16R >16R 8 >128R >320R <0.5
s2/4 8! >16R 64! >320R >16R
s1/1 >16R >16R <2 >128R >320R <0.5
s2/5 >16R >16R >32R >128R <20 <0.5
s2/6 >16R >16R >32R >128R <20 <0.5
S2/7 >16R >16R >32R >128R <20 <0.5
s2/8 >16R >16R >32R >128R <20 <0.5
s2/9 >16R >16R 16' >128R 160R <0.5
$2/10 8 >16R 4 64' >320R >16R
IN32 >16R >16R 16' 128R >320R <0.5
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Antibiotic resistance profile Il

v In carbapenem-resistant isolates the acquired oxacillinases:

bla oxa-23.1iker P1oxa-s0-iker PlOoxas8.1iker P1O0oxa-123.1% AFE S€Arched by
multiplex PCR

@ IN12 oxa51 KT284731

@ EF2 oxa51 KT284735

8778-0xa51 LN611405

100 | @ IN10 oxa51 KT284732

@ IN18 oxa51 KT284733

@ IN4 oxa51 KT284730

SR355-oxab1-like KJ584924
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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.

AEM
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Jasna Hrenovic,® Goran Durn,” lvana Goic-Barisic,® Ana Kovacic® ‘
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A. baumannii in soil

Minimum inhibitory concentration (MIC) values of tested antibiotics® against
environmental isolate of A. baumannii.

@ carbapenems (MEM-meropenem, IPM-imipenem), (CIP-
ciprofloxacin, LVX-levofloxacin), aminoglycosides (TOB-tobramycin, GEN-gentamicin,
AMK-amikacin), penicillins/B-lactamase inhibitors (SAM-ampicillin/sulbactam),
folate pathway inhibitors (SXT- trimethoprim/sulfamethoxazole), polymyxins (CST-
colistin). R — resistant according to EUCAST and CLSI criteria.

fluoroquinolones

Paleosol

MEM

IPM

CIP

(A

GEN

AMK

SAM

SXT

CST

<0.5

<0.5

>AR

4R

>16R

160R

<0.5
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A. baumannii in soil

MDR A. baumannii from paleosol is related to a clinical isolate from

hospital in Pula.
Probable source: illegally disposed solid waste.

- PFGGE A. baumannii

4 entries

ool isolale
enviranment
Hospital Pula
EUN
EUI
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A. baumannii in soil

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.

SciTotal Environ. 2017 Dec 31,607-608:1045-1055. doi: 10.1016/].scitotenv.2017.07.108. Epub 2017 Jul 27.

Extensively and multi drug-resistant Acinetobacter baumannii recovered from technosol at a
dump site in Croatia.

Hrenovic J', Durn G2, Music MS', Dekic S', Troskot-Corbic T2,

+ Author information b ) - j{',

Abstract .
In a karst pit above City of Rijeka in Croatia the hazard ) ' 4
was periodically used as an illegal dump site. The surf: i F
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the spread of clinically important A. baumannii in natur

Copyright © 2017 Elsevier B.V. All rights reserved.

KEYWORDS: Bacteria; Environment; Hydrocarbons; Tar; Waste

PMID: 28724243 DOI: 10.1016/j.scitotenv.2017.07.108
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A. baumannii in soil

Minimum inhibitory concentration (MIC) values of tested antibiotics® against
environmental isolates of A. baumannii. ® - resistant, ' - intermediate according to
EUCAST and CLSI criteria.

@ carbapenems (MEM-meropenem, IMl-imipenem), fluoroquinolones (CIP-
ciprofloxacin, LVX-levofloxacin), aminoglycosides (TOB-tobramycin, GEN-gentamicin,
AMK-amikacin), tetracyclines (MIN-minocycline), penicillins/B-lactamase inhibitors
(SAM-ampicillin/sulbactam, TIM-ticarcillin/clavulanic acid), folate pathway
inhibitors (SXT- trimethoprim/sulfamethoxazole), polymyxins (CST-colistin).

plate ALD alues orT antibic

0 Ji-B MEM | IPM CIP | LVX | TOB | GEN | AMK | MIN | SAM | TIM SXT CST
Sovjak1l 2.036 >168 | 216R | 4R 4R <1 | <1 | 328 | <1 16' | >128R | <20 | <0.5
Sovjak2 2.086 >168 | 216R | 4R 4R <1 | <1 | 16 <1 16' | >128R | <20 | <0.5
ELE] 2.000 >168 | 216R | 24R 4R <1 | <1 |>64R| 8 16' | >128R | >320% | <0.5




A. baumannii in soil

A. baumannii from technosol share features characteristic for clinical

isolates:

 MDR/XDR antibiotic resistance profile

e Affiliation to IC1 and 2

* Resistance to carbapenems mediated by acquired blagy,,, and
blagya,3 gENES

Sequence Clonal IC type
type complex & S2 KY781178 .
& S1KY781179
Sovjak 1 231 109 1 OXA-72
Sovjak 2 231 109 1 OXA-72 oxad0 AB285 GU199040 | oxad0-like
Sovjak 3 195 92 2 OXA-23 ﬁ oxa24 pBA49 JN207494
oxaT2 AY739646 i
Probable source.: 6344/13 LN558579 ]
|IlegaIIy dISpOSEd ZZAB51-0xa23 KP203815
. . oxa23-like
hospltal SO“d 100 AB030 CP009257
waste. A S3IKYT811TT i




A. baumannii in hospital wastewater

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

J Hosp Infect. 2017 Aug;96(4):323-327. doi: 10.1016/].jhin.2017.04.005. Epub 2017 Apr 11.

Emission of extensively-drug-resistant Acinetobacter baumannii from hospital settings to the
natural environment.

Seruga Music M', Hrenovic J2, Goic-Barisic 12, Hunjak B* Skoric D', Ivankovic T'.

+ Author information

Abstract
BACKGROUND: Acinetobacter baumannii is a leading emerging pathogen that is frequently recovered from patients during hospital
outbreaks. The role of environmental A. baumannii reservoirs is therefore of great concern worldwide.

AIM: To investigate the connection between A. baumannii causing hospital outbreaks and environmental isolates from hospital
wastewater, urban sewage and river water as the final natural recipient of wastewaters.

METHODS: Clinical isolates from patients with hospital-acquired pneumonia and environmental isolates from water were collected
during a two-month monitoring period. Recovery of A. baumannii was performed using CHROMagar Acinetobacter plates, incubated at
42°C for 48 h. Identification was performed by matrix-assisted laser desorption ionization-time of flight mass spectrometry and
analyses of rpoB gene. The antibiotic resistance profiles were interpreted according to criteria given for clinical isolates of

A. baumannii. The sequence types (ST) were retrieved by multi-locus sequence typing.

RESULTS: Fourteen of 19 isolates recovered from patients, hospital wastewaters, urban sewage and river water belonged to ST-195
The remaining five isolates recovered from patients and river water were assigned to ST-1421. All isolates showed very strong
relatedness and clustered into CC92, which corresponds to IC2. All isolates were non-susceptible to at least one agent in all but two or
fewer antimicrobial categories, and thus were classified as 'extensively-drug-resistant' (XDR). Heteroresistance to colistin was found in
fwo isolates from hospital wastewater.

CONCLUSION: Close relatedness of clinical and environmental isolates suggests the emission of XDR A. baumannii via the untreated
hospital wastewater in the natural environment.




A. baumannii in hospital wastewater

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

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
S2/1 195
S2/2 195
S2/3 27.8.2015 195
S2/4 195
S1/1 Hospital 195
S2/5 wastewater 195
S2/6 195
S2/7 6. 10. 2015 195
S2/8 195
S2/9 195

N NININDNINDNDNDNDNN

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




A. baumannii in hospital wastewater

MIC values of antibiotics (mg/L)
Isolate MEM TOB GEN AMK @ MIN SAM
0B 3929 >16R >16R | >16R | >64R 16/
OB 4138  >16R >16R | >16R | >64R
S2/1 >16R >16R | >16R | >64R
S2/2 >16R >16R 8R >64R
S2/3 >16R >16R | >16R | >64R
S2/4 8! 8R >16R >64R
S1/1 >16R >16R | >16R | >64R
S2/5 >16R >16R | >16R 8
S2/6 >16R >16R | >16R
S2/7 >16R >16R | >16R
S2/8 >16R >16R | >16R
S2/9 >16R >16R | >16R

8
8
8
8

All isolates extensively drug-resistant (XDR)




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.

RESEARCH ARTICLE

Carbapenem-resistant isolates of Acinetobacter
baumannii in a municipal wastewater treatment plant,
Croatia, 2014

Correspondence: Jasna Hrenovic (jasma.hrenovic@blol.pmif.hr)



A. baumannii in urban wastewaters

Isolate Sequence International clonal
type lineage
Influent ST-195 1IC2
ST-195 1IC2
ST-1604 IC1

ST-1523 unclustered A. baumannii recovered
Activated ST-195 1IC2 from each stage of
sludge ST-195 IC2 wastewater treatment,

>1-1524 €5 except alkaline lime-
treated stabilised sludge

Digested ST-195 1IC2

sludge ST-195 1IC2
ST-231 IC1 (pH 12).

ST-1525 unclustered
Effluent ST-195 1IC2
ST-195 1C2
ST-195 1C2
ST-195 1C2
ST-1523 unclustered
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Clonal lineage

IC1

IC5

unclustered

Acquired blag,,

blagya.23
blagya.23
blagya.23
blagya.23
blagya.»3
blagya.23
blagya.»3
blagya.23
blagya.»3
blagya.23
blagya.7,

blagya 72

Intrinsic blag,,

blagya.ee
blaga-ee
blagya.e6
blaga.ee
blagya.e6
blaga.ee
blagya.e6
blaga.ee
blagya.e6
blaga.ee
blagya.69
blagya.eo
blagya.es

blagya s1

A. baumannii in urban wastewaters

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.

blagya-208jike

blagya.117-iike




A. baumannii in urban wastewaters

Oxacillinases from carbapenem-resistant environmental isolates are
highly related to those from clinical isolates.

MICROBIAL DRUG RESISTANCE
Vclume 22, Number 7, 2016

© Mary Ann Liebert, Inc.

DOI: 10.1089/mdr.2015.0275

Emergence of Oxacillinases in Environmental
Carbapenem-Resistant Acinetobacter baumannii
Associated with Clinical Isolates

Ivana Goc-Barisic!? Jasna Hrenovic® Ana Kovacic? and Martina Seruga Music¢®

Six carbapenem-resistant isolates of Acinetobacier baumannii were recovered from untreated and treated municipal
wastewater of the capital city of Zagreb, Croatia. Molecular identification of environmental isolates of A. baumanniiwas
performed by amplification, sequencing, and phylogenetic analyses of rpoB gene. The presence of blagx s genes
encoding OXA-type carbapenemases (OXA-51-like, OXA-23, and OXA-40-like) was confirmed by multiplex PCR
and sequencing. Phylogenetic analyses corroborated the affiliation of detected blagy, genes to three different clusters
and showed association of environmental OXAs with those described from clinical isolates. This result suggests that
isolates recovered from municipal wastewater are most probably of clinical origin. Furthermore, the presence of OXA-
40-like (OXA-72) in an environmental A. baumannii isolate is reported for the first time. Persistence of A. baumennii
harboring the clinically important OXAs in the wastewater treatment process poses a potentially significant source for
horizontal gene transfer and implications for wider spread of antibiotic resistance genes.

Keywords: Acinetobacter baumannii, carbapenemase, oxacillinanase, microbial drug resistance, molecular
characterization, public health
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A. baumannii in urban wastewaters

= Susceptible
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Activated sludge Digested sludge

Stages of wastewater treatment

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. 29




A. baumannii in urban wastewaters

Wicrob Drug Resist. 2016 Oct 28. [Epub ahead of print]

Pan Drug-Resiatant Environmental Isolate of Acinetobacter baumannii from Croatia.
Goic-Barisic1'?, Seruga Music M, Kovacic A* Tonkic M'-2, Hrenovic J®.

+ Author information

Abstract

Acinetobacter baumannii is an emerging nosocomial pathogen with also emerging resistance to different antibiotics. Multidrug and pan
drug-resistant clinical isolates were reported worldwide. Here we report the first evidence of pan drug-resistant environmental isolate
of A. baumannii. The isolate was recovered from the effluent of secondary treated municipal wastewater of the City of Zagreb, Croatia.
The isolate was resistant to pemmllmsﬁﬁ -lactamase inhibitors, carbapenems, fluoroguinolones, aminoglycosides, folate pathway
inhibitors, and polymyxins, excepr =hy-susceptible to minocycline and tigecycling. Intrinsic chromosomally located blagy.
=1.ike dene and acquired plasmid-located blagys o ke @2ne were related to clinical isolates. Pan drug-resistant A. baumannii can

occur in natural cnvironments outsia ospital. Sccondary trcatcd municipal wastcwater represcnts a potential cpidemiological
reservoir of pan drug-resistant A. baumannii and carbapenem resistance gene.

KEYWORDS: Acinetobacter baumannii; antibiotics; micrabial drug resistance; public health; wastewater
nol 10 408G mdr 2018 07240

SR355-0xa51-like KJ584924 ]
@ EF7 oxa51 Kx468062
8778-oxa51 LN611405
———— A424 oxa107 EF650033
A EF7 oxa23 KX468063
= i ABO30 CP009257
6344/13 LN558579

oxa-b1-like




A. baumannii in urban wastewaters

87% of isolates carbapenem-resistant, IC1i2 =
clinically important

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

Journal of Hospital Infection

Available online 11 April 2017

InPres cted Proof— Note to users

Emission of extensively-drug-resistant Acinetobacter
baumannii from hospital settings to the natural environment

M. Seruga Music?, J. Hrenovic> ® - ™ | Goic-Barisict, B Hunjak®, D. Skoric?

Show more

https://doi.org/10.1016/}.jhin.2017.04.005

Summary

Background

Acinetobacter baumanniiis a leading emerging pathogen that is frequently recovered
from patients during hospital outbreaks. The role of environmental A. baumannii
reservoirs is therefore of great concern worldwide.

Aim

To investigate the connection between A. baumannii causing hospital outbreaks and
environmental isolates from hospital wastewater, urban sewage and river water as the
final natural recipient of wastewaters.




A. baumannii in river

Minimum inhibitory concentration (MIC) values of tested antibiotics® against
environmental isolates of A. baumannii. ® - resistant, ' - intermediate according to
EUCAST and CLSI criteria.

@ carbapenems (MEM-meropenem, IMI-imipenem), fluoroquinolones (CIP-
ciprofloxacin, LVX-levofloxacin), aminoglycosides (TOB-tobramycin, GEN-gentamicin,
AMK-amikacin), tetracyclines (MIN-minocycline), penicillins/B-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)

TOB  GEN | AMK | MIN | SAM TIM SXT | CST

>16R | >16R | >64% | 4 16! | >128R | >320R  <0.5

<1 8R 16 8! 8 >128R | >320% ' <0.5
>16R | >16R | >64R 8! >128% | <20 | <0.5
>16R | >16R | >64R 4 >320R | <0.5

All isolates extensively drug-resistant (XDR)

33



Isolate

OB 3831
OB 3929

OB 4027
OB 4138

S2/1
S2/2
S2/3
S2/4
S1/1
S2/5
S2/6
S2/7
S2/8
S2/9
IN32
Sava3

Sava4d
Savas

Savab

Origin Date

Sputum 11.9. 2015
Tracheal aspirate | 18.9. 2015

Sputum 24.9. 2015
Bronchial aspirate 2. 10. 2015

Hospital
wastewater

Urban sewage 23.9. 2015

Sava River 11. 10. 2015

Sequence

type
1421 @

195

1421 @
195

195
195
195
195
195
195
195
195

International

clonal lineage
2

2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

A. baumannii in river

A. baumannii
from Sava,
urban sewage,
hospital
wastewaters,
and clinical
isolates belong
to the same ST.




A. baumannii in river

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 . Hospital Urban Natural

patients

wastewater sewage recipient
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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




