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Ljudski je otpad opce poznat izvor razliCitih patogena koji se mogu Sir

It

u prirodnom okolisu, predstavljajuci javnozdravstveni rizik.




Rod Acinetobacter broji 53 imenovane vrste:

TABLE 1. Updated list of validated named species of Acinetobacter

Commonly found human pathogens emergentni bolni¢ki
A. baumannii (genospecies 2)
A. nosocomialis (genospecies 13TU)
A. pittii (genospecies 3)
A. calcoaceticus (genospecies 1)

patogen 21. stoljeca

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




Akutne sporadicne infekcije ukazuju na mogudi izvor Acinetobacter
baumannii izvan bolnickog okruzenja.

Nakon 2010. javljaju se nalazi ovog patogena izvan bolnickog
okruzenja:

e voda rijeke Seine (2010)

* sirove bolnicke vode u Brazilu (2011)

e sirove i klorirane bolnicke vode u Kini (2013)

e sirove i proCiséene urbane vode u Zagrebu (2016).



Prisutnost bakterije A. baumannii u prirodnom okoliSu je od
posebnog znacaja, buduci da nije razjasnjena veza izmedu okolisnih
izolata i pojave humanih infekcija.

Za A. baumannii nisu razrijeseni:

* nacin ulaska u bolnicko okruzenije,

* Sirenje iz bolnickog okruzenja u prirodni okolis,
e prirodno staniste.



Cilj:
U ovom radu dan je pregled prisutnosti multiplo-rezistentnih (MDR) A.

baumannii u prirodnom okolisu pod utjecajem krutog i tekuc¢eg otpada
u Hrvatskoj.

Lokacije na kojima su izolairani A. baumannii.



-

Ne postoji jednostavan protokol za izolaciju vijabilnih A. baumannii iz

- okolidnih uzoraka.

f‘_Bél{terijsku vrstu A. baumannii obicno preraste popratna flora ¢ak i na
selektivnim i diferencijalnim podlogama.
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CHROMagar™

www.CHROMagar.co

For detection of Acinetobacter and MDR Acinetobacter sp.
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B Medium Performance
e Gram(+) bacteria and yeasts <I> One unique Red colour: Detection of A. baumanii from traditional culture media
Sl might be a difficult and tedious task due to the abundance of background flora found
in collected specimens, especially when using media based on differentiation by the
lactose/non-lactose fermentation ability. To overcome these difficulties, CHROMagar
For detection of MDR Acinetobacter sp Acinetobacter was designed as a highly selective medium, allowing the orO\\th of
iing the optional suppiement CR102 Acinetobacter in conspiciously red colonies, after overnight incubation.



lzolacija A. baumannii provedena je na komercijalnom CHROMagar
Acinetobacter oplemenjenom s 15 mg/L cefsulodina nakon inkubacije
na 42°C/48h.




Identifikacija okolisnih izolata |

Ciste kulture suspektnih A. baumannii porasle na 42°C na hranjivom
agaru se najprije karakteriziraju rutinskim bakterioloskim tehnikama:
Gram negativni kokobacili, oksidaza negativni, katalaza pozitivni,
tipicne reakcije na Kliglerovom zeljeznom agaru.




Identifikacija okolisnih izolata Il

Potvrda identifikacije:

v’ matricom potpomognuta ionizacija laserskom desorpcijom
spektrometrom masa s vremenom proleta - MALDI-TOF MS (Microflex
LT, Bruker Daltonics) na stani¢nim ekstraktima

AnalyteNam‘ Analytel | Organism(bes | ScoreValu | Organism(secon | ScoreValu

e

ﬂ(++)(A)‘ S 2/6
B_2(++)(A)‘ S 2/5
B_3(++)(A)‘ OB 3929

@(H)(A)‘ S 2/7

@(H)(A)‘

t match)

Acinetobacter
baumannii

Acinetobacter
baumannii

Acinetobacter
baumannii

Acinetobacter
baumannii

Acinetobacter
baumannii

d best match)

Acinetobacter
baumannii

Acinetobacter
baumannii

Acinetobacter
baumannii

Acinetobacter
baumannii

Acinetobacter
baumannii

Range Description || Symbols | Color |

2.300 ... 3.000 highly probable species identification (+++) || green |
secure genus identification, probable species identification (++) || green |

1.700 ... 1.999 probable genus identification (+) || yellow |

(-) | red | 11

I
I
2.000...2.299 |
I
I

0.000 ... 1.699




Identifikacija okolisnih izolata lIli

Potvrda identifikacije:

v amplifikacija i sekvenciranje gena za B-podjedinicu RNA-polimeraze
(rpoB)

@ 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




Geneticka srodnost okolisnih i klinickih izolata A. baumannii

v’ gel-elektroforeza u pulsiraju¢em polju (PFGE)

v MLST (multilocus sequence typing) analiza sedam konstitutivnih
gena (cpn60, fusA, gltA, pyrG, recA, rplB, and rpoB), Oxford shema

Ir43
P10
[P
Ird4
[
r111
[

—ra

SRR A S UE|

Gene locus/allele Sequence  Clonal IC

| - - type complex e
Isolate gItA gyrB gdhB | recA  cpn60 @ gpi P : ot

OB 3831 14213 92
| OB 3929 92
OB 3930 1 3 3 92

195 92
195 92
195 92

92 2
2
2
(OB4027 1 | 3 | 3 198 1421% 92 | 2
2
2
2
2

195 92




Profili antibiotske rezistencije |

v’ Vitek 2 sistem te E-test, razrjedenje u bujonu
v tumacdenje prema EUCAST i CLSI kriterijima za klini¢ke izolate

olate MEM IPM cIp LVX TOB GEN AMK MIN SAM TIM SXT cST
OB 3831 >16R >16R >4R 8R >16R >16R >64R 8 16' 128R >320R <0.5
OB 3929 >16R >16R >4R 4R >16R >16R >64R p) 16' 128R >320R <0.5
OB 3930 >16R >16R >4R 4R <1 <1 16' p) 16' 128R >320R <0.5
OB 4027 >16R >16R >4R 8R >16R >16R >64R 8 4 >128R >320R <0.5
OB 4138 >16R >16R >4R 8R >16R >16R >64R >16R 16' 128R <20 <0.5
s2/1 >16R >16R >4R 8r S >16R >64R 4 8 128R >320R <0.5
s2/2 S 8! >4R >8R S 8R >64R ) <2 128R >320R >16R
s2/3 >16R >16R >4R 8k S >16R >64R 4 8 >128R >320R <0.5
s2/4 8 >16R >4R >8R 8R >16R >64R 4 4 64! >320R >16R
$1/1 >16R >16R >4R 8R >16R >16R >64R 8 <2 >128R >320R <0.5
s2/5 >16R >16R >4R 8R >16R >16R 8 8 >32R >128R <20 <0.5
s2/6 >16R >16R >4R 8R >16R >16R 8 >16R >32R >128R <20 <0.5
s2/7 >16R >16R >4R 8R >16R >16R 8 8 >32R >128R <20 <0.5
52/8 >16R >16R >4R 8R >16R >16R 8 8 >32R >128R <20 <0.5
$2/9 >16R >16R >4R >8R >16R >16R 8 8 16' >128R 160R <0.5
s2/10 8 >16R >4R 4R 4 8R >64R p) 4 64! >320R >16R
IN32 >16R >16R >4R 8R >16R >16R >64R 8 16' 128R >320R <0.5
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Profili antibiotske rezistencije Il
v’ U karbapenem rezistentnih izolata utvrduje se prisutnost gena

bla oys-51-1iker P10 0xa-23-liker P10 0xa-55-1iker P10 0xa-40-1ike | PlO0xA-123-1ke TMETODOM
visestruke lancane reakcije polimerazom (multiplex PCR)

@ IN12 oxa51 KT284731

@ EF2 oxa51 KT284735

8778-oxa51 LN611405

@ IN10 oxa51 KT284732

@ IN18 oxa51 KT284733

@ IN4 oxa51 KT284730

SR355-0xa51-like KJ584924
@ EF6 oxa51 KT284734
A IN4 oxa23 KT284736
A EF2 oxa23 KT284737
ABO030 CP009257
A IN18 0xa23 KT284738
6344/13 LN558579

oxa72 AY739646

H IN12 oxa40 KT284739
AB285 oxa40 GU199040

741 pBA49 oxa24 JN207494

oxad(-like

15



A. baumannii u tlu

Jedan izolat A. baumannii je slucajno izoliran iz 0.1g kiselog (pH=2.55)
paleotla u napustenom kamenolomu, Sveti Lovrec¢ pokraj Pule.

Zeleno-sivo paleotlo u kamenolomu Tri Jezerca pokraj Svetog Lovreca, Pula.

16



A. baumannii u tlu

MALDI-TOF MS analizom dobivena je pouzdana vrijednost od 2.354,
identificirajuci izolat kao A. baumannii.

Occurrence of an Environmental Acinetobacter baumannii Strain
Similar to a Clinical Isolate in Paleosol from Croatia

Jasna Hrenovic,® Goran Durn,” Ivana Goic-Barisic,° Ana Kovacic?

Over the past decade, bacteria of the genus Acinetobacter have emerged as a leading cause of hospital-acquired infections. Out-
breaks of Acinetobacter infections are considered to be caused exclusively by contamination and transmission in hospital envi-
ronments. The natural habitats of clinically important multiresistant Acinefobacter spp. remain to be defined. In this paper, we
report an incidental finding of a viable multidrug-resistant strain of Acinetobacter baumannii, related to clinical isolates, in acid
paleosol from Croatia. The environmental isolate of A. baumannii showed 87% similarity to a clinical isolate originating from a
hospital in this geographic area and was resistant to gentamicin, trimethoprim-sulfamethoxazole, ciprofloxacin, and levofloxa-
cin. In paleosol, the isolate was able to survive a low pH (3.37), 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.
cteria could have been leached from waste by storm water and thus infiltrated the paleosol.

Acinei FG!PHL ters
but at that  clinic
eptible to  such
antimicrobials. Acinetobacter spp. have an in- The prevalence of clinically important
stance to u:mmnm]}. used antimi- Ihllurt‘ and tht‘lr p:l ial ta grate into Lmd.::r out o
ing to limited options for antibiotic
pnpuhtmm of bacte
isolates hm‘n h

B10"Wse ' wae//:djy woly pepeojumoq
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A. baumannii u tlu

Minimalne inhibitorne koncentracije (MIC) testiranih antibiotika® prema okoliSnom
izolatu A. baumannii. ® — rezistentni prema EUCAST i CLSI kriterijima; n.m. - nije
mjereno.

2 karbapenemi (MEM-meropenem, IMI-imipenem), fluorokinoloni (CIP-ciprofloxacin,
LVX-levofloxacin), aminoglikozidi (TOB-tobramycin, = GEN-gentamicin, AMK-
amikacin), tetraciklini (MIN-minocycline), penicilin/B-laktamazni inhibitori (SAM-
ampicillin/sulbactam, TIM-ticarcillin/clavulanic acid), inhibitori folatnog puta (SXT-
trimethoprim/sulfamethoxazole), polimiksini (CST-colistin).

MEM | IPM | CIP | LVX | TOB | GEN | AMK | MIN | SAM | TIM | SXT | CST
Paleosol | <0.5 | <0.5 | 24R | 4R <1 | >16R| 2 nm.| 4 n.m. | 160% | <0.5

trimetoprim-sulfametoksazolu

18




A. baumannii u tlu

MDR A. baumannii iz paleotla je srodan klinickom izolatu iz bolnice u
Puli.

Moze prezivjeti kiseli pH tla tijekom 2 dana, susenje i visoku
temperaturu od 50°C.

Vjerojatan izvor A. baumannii u paleotlu je ilegalno odbacen bolnicki
kruti otpad u okolici napustenog kamenoloma.

i s B35 - PFGE A. baumarmii 4 entries

ol isolate
enviranment
Hospital Pula
EUN
EUI
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A. baumannii u smetlistu

Tri izolata A. baumannii izdvojena su iz 0.01-1g tla na odlagalistu
otpada Sovjak iznad Rijeke.

20



A. baumannii u smetlistu

Minimalne inhibitorne koncentracije (MIC) testiranih antibiotika® prema okolisSnim
izolatima A. baumannii. ® - resistentni, ' — intermedijarni prema EUCAST i CLSI
kriterijima.

2 karbapenemi (MEM-meropenem, IMI-imipenem), fluorokinoloni (CIP-ciprofloxacin,
LVX-levofloxacin), aminoglikozidi (TOB-tobramycin, = GEN-gentamicin, AMK-
amikacin), tetraciklini (MIN-minocycline), penicilin/B-laktamazni inhibitori (SAM-
ampicillin/sulbactam, TIM-ticarcillin/clavulanic acid), inhibitori folatnog puta (SXT-
trimethoprim/sulfamethoxazole), polimiksini (CST-colistin).

DI ALD PANC d DIO

0 MEM | IPM CIP | LVX | TOB | GEN | AMK | MIN | SAM | TIM SXT CST
Sovjak1l 2.036 >16R | 216R | 24R 4R <1 | <1 | 328 | «1 16' | 2128% | <20 | <0.5
Sovjak2 2.086 >16R | 216R | 24R 4R <1 | <1 | 16 <1 16' | 2128% | <20 | <0.5
NELES 2.000 >16R | 216R | 24R 4R <1 | <1 | >64R| 8 16' | 2128% | >320% | <0.5




A. baumannii u smetlistu

Izolati A. baumannii iz tla na Sovjaku dijele mnoge osobine opisane za

klinicke izolate:

pripadnost IC1 i 2 (u Hrvatskoj opisani od 2002. i 2009.)

MDR profil antibiotske rezistencije

rezistenciju na karbapeneme posredovanu genima blagy7, |

blagypr3.ie

Izolat Sequence Clonal
type complex

Sovjak 1 231 109
Sovjak 2 231 109
Sovjak 3 195 92

Vjerojatan izvor
A. baumannii je

IC
type

1

blaOXA

& 52 KYT81178
& S1KYT81179

oxadl ABZ285 GU193040 oxa40-like

ﬁ oxaZd4 pBA4T JN207494

oxard AY 739646
6344/13 LN55EB5TY

ZZABE1-0xa23 KP203815
oxa23-like

ilegalno odbacen
bolnicki kruti
otpad.

ABD30 CPO09257

A 53 KYTE1TT




A. baumannii u smetlistu

Tlo u vrtaci na odlagalistu otpada Sovjak sadrzavalo je 76 wt% naftnih
ugljikovodika: zasi¢eni ugljikovodici 33; aromatski ugljikovodici 14;
smole 8; asfalteni 46.

karakteristi¢no za
uzorke podvrgnute
atmosferilijama i
biodegradaciji

~ ey " |.nM_|L | ‘ ) |
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. B 4
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Plinski kromatogram alkanske frakcije: gubitak laganih ugljikovodika do

n-C23 te nerazlucena grba u visSem molekularnom rangu.
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A. baumannii u smetlistu

Simulacija daljnje bioremedijacije in vitro kroz 58 dana nije rezultirala
smanjenjem ukupne koncentracije naftnih ugljikovodika u tlu (76 wt%).
Razlog: rezistencija visih naftnih  ugljikovodika na proces
biodegradacije.

—e-Sovjak1
©-Sovjak3

—a—E. ludwigii (1)
A—E. ludwigii (3)

<)
o
<
©
=
B
[
-
<
©
o
—
=
o

lako naftno zagadenje pokazuje znakove prirodne bioremedijacije,
daljnja bioremedijacija starog zagadenja bi vjerojatno bila vrlo slabo
ucinkovita. 2



A. baumannii u rijeci

Cetiri izolata A. baumannii izdvojena su iz 10mL vode rijeke Save ispod
Zagreba nakon ulijevanja urbanih otpadnih voda u rijeku kao prirodni
prijemnik.

Journal of Hospital Infection

Available online 11 April 2017

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

¢3,J. Hrenovic® & ™ | Goic-Barisict, B Hunjak®, D. Skoric

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 u rijeci

Minimalne inhibitorne koncentracije (MIC) testiranih antibiotika® prema okoliSnim
izolatima A. baumannii. R - resistentni, ' — intermedijarni prema EUCAST i CLSI
kriterijima.

akarbapenemi (MEM-meropenem, IMI-imipenem), fluorokinoloni (CIP-ciprofloxacin,
LVX-levofloxacin), aminoglikozidi (TOB-tobramycin, GEN-gentamicin, AMK-amikacin),
tetraciklini inhibitori (SAM-
ampicillin/sulbactam, TIM-ticarcillin/clavulanic acid), inhibitori folatnog puta (SXT-
trimethoprim/sulfamethoxazole), polimiksini (CST-colistin).

(MIN-minocycline), penicilin/B-laktamazni

D13 ALL PANC d DIO

MIN

O MEM IPM CIP | LVX | TOB | GEN | AMK SAM | TIM SXT | CST
Sava3 2.075 >16R | >16R | >4R | >8R | >16R | >16R | >64% | 4 16' | >128R | >320R | <0.5
Savad 2.081 >16R | >16R | >4R | >8R | <1 8R 16' 8! 8 >128R | >320R | <0.5
Sava5 2.149 >16R | >16R | >4R | >8R | >16R | >16R | >64R | 8! 8 >128R | <20 |<0.5
Savab 2.052 >16R | >16R | >4R | >8R | >16R | >16R | >64% | 4 16' | >128R | >320R | <0.5




A. baumannii u rijeci

Izolat Porijeklo Sequence Clonal IC type
type complex
OB 3831 1421 92 2
oB3929 | Klinicki 195 92 2
OB 4027 izolati 1421 3 92 2
OB 4138 195 92 2 |zolati su pokazali visoku
52/1 195 92 2 srodnost s klini¢kim
S2/2 195 92 2 olati - iad
oG 195 92 , izolatima iz je .ne |
s2/4 195 92 7 zagrebacke bolnice |
$1/1 Bolnicka 195 92 2 izolatima iz bolnicke
S2/5 otpadna 195 92 2 otpadne vode
S2/6 voda 195 92 2
S2/7 195 92 2
S2/8 195 92 2
$2/9 195 92 2
Sava3 1421 @ 92 pi
Sava4 Sava 195 92 2
Savas 1421 @ 92 pi
Sava6 1421 2 92 2
27




A. baumannii u rijeci

Bolnicke vode u Zagrebu se bez pred-tretmana ispustaju u zajednicki
kanalizacijski sustav.

Otpadne vode iz skupnog kanalizacijskog sustava se s ili bez
procCiS€avanja ispustaju u prirodni prijemnik, rijeku Savu.

Najvjerojatniji izvor A. baumannii u Savi su bolnicke i posljedicno
urbane otpadne vode.

Pan Drug-Resistant Environmental Isolate of Acinetobacter baumannii from Croatia.
|1 - a ' "
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Zakljucci:

» MDR A. baumannii prisutni su u prirodnom okolisu pod utjecajem
ljudskog krutog i tekuceg otpada u Hrvatskoj.

» NuZno je potrebno pravilno zbrinjavanje ljudskog otpada kako bi se
sprijecilo sirenje MDR A. baumannii u prirodu.

1}_ ACINETOBACTER
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