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CAXKETAK

IpucyctBo Klebsiella pneumoniae (K. pne-
umoniae) y nujahuM W TOBPIIMHCKHM BoJama
npeAcTaBjba WHAMKATOP (pekanHe KOHTaMHHA-
[Mje XyMaHOT W XHBOTHI-CKOT mopekna. K. pne-
umoniae ¥Ma CIOCOOHOCT J1a CTEKHE M MpeHece
reHe pesucreHuuje. V3zomaTu U3 >KUBOTHE cpe-
JWHE MOTY MpeICTaB/baTH Pe3epBOAP OBUX I'eHA
KOjH c€ MOTY MPEHETH W Ha Jpyre OakTepHjcKe
Bpcre. Llnib pazna je nzonanuja, naeHTudukanuja
U TeCTUpame aHTHOMOTCKE OCETILUBOCTH K. pne-
umoniae 3 nujahnx U NOBpIIMHCKHUX Bofa. [Ipo-
CIIEKTHUBHa cTyaWja (cmpoBeneHa ox 1. okToOpa
no 31. pmenemOpa 2015. romune) ucnuTana je
1276 y3opaka Bome. Y3opuu cy obpaljeHu mem-
OpaH-(pUITEPCKOM METOAOM. 3a HACHTH(UKA-
unjy K. pneumoniae xopumhenu cy craHaapIHu
ouoxemujckn TecTtoBH. OCET/HMBOCT HA aHTH-
OMOTHKE je TeCTHpaHa AUCK-TU(PY3UOHOM METO-
noMm. K. pneumoniae je mponahena y 2,98%
(38/1276) y3opaxa, ox kojux cy 42,11% (16/38)
oWy y30pIM MOBPUIMHCKUX, a 57,89% (22/38)
y3opuu mnujahe Bome. TectupaHu wu30maTH Cy
OWIM PE3UCTEHTHH Ha aMIUIMJIMH, JOK PE3H-

ABSTRACT

Presence of Klebsiella pneumoniae (K. pneu-
moniae) in drinking and surface water indicates
fecal contamination of human or animal origin. K.
pneumoniae has the ability to acquire and transfer
resistance genes. Isolates found in the environ-
ment may represent a reservoir of these genes,
which can be transmitted among different bacte-
rial species. The aim of the study was identifica-
tion and testing susceptibility of K. pneumoniae to
antibiotics after isolation from drinking and sur-
face water. Prospective study (conducted from
October the 1% 2015 to December the 31% 2015)
included 1276 samples of drinking and surface
water. The samples were processed by membrane-
filter technique. Standard biochemical tests were
used for identification of K. pneumoniae. Anti-
microbial susceptibility was determined by disk-
diffusion method. K. pneumoniae was found in
2.98% (38/1276) of samples, from both surface
42.11% (16/38) and drinking water 57.89%
(22/38). Tested strains were resistant to ampicil-
lin, but resistance to other antibiotics was not con-
firmed. K. pneumoniae could be found in drinking
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CTEHIMja Ha Jpyre aHTUOMOTHKE HHje 3abene-
xeHa. K. pneumoniae ce moxe Hahu y nujahoj
BOIIM YNpKOC npeunmhaBamby U XJIOPHHALUH. Y
HaIlleM UCTIHTUBAIbY, U30JI0BAaHH COjEBH Cy OWIH
OCEeTJbUBU Ha yoOW4ajeHo KopuiiheHe aHTHOHO-
THKE, 0€3 CTEUCHUX JIECTEPMHUHAHTH PE3UCTEH-
uje.

Kibyune peun: Klebsiella pneumoniae,
OCETJBMBOCT Ha aHTHOMOTHKe, nmujaha Boaa, MO-
BPILMHCKA BOJA.

YBOJ

MuKkpoOHONOIIKK HCIIpaBHA BoAa 3a muhe je
eCEHIINjallHA 32 31paBJbe JbYIH U HeHa JOCTYII-
HOCT je TaBHa Opura cmake 3ajemumie”. Kom-
TaMHUHAIMja pa3IMYUTUM NaTOreHUMa yKa3yje Ha
HeaJleKBaTHyY oOpany, 30or uera Boma 3a mwuhe
MOJUTEKE CTPOroj MHUKPOOUOJIONIKO] KOHTPOJIH
XHUTHjEHCKE UCIPAaBHOCTH .

[loBpmmHCKE BOAE, Ka0 IITO CY peKe, YeCTO
cazpKe BEUKH OpOj MAaTOreHUX MHUKPOOPraHU-
3aMa, yHje je mpUcycTBo, y HajBehoj Mepu, mo-
clequna JenoBama Jbyau . llpencraBibajyhm
OPUPOAHO MECTO 3a OTMagHe NPOAYKTE pa-
3MUYUTHX HHIYCTpHja, OOMHUYKHUX YCTAaHOBa M
(apMarieyTCKuX KOMIIaHHUja, MOBPIINHCKE BOJE
YMHE TIOBOJBHY CPEIMHY 3a mponudepanujy ¢e-
KamHUX KonupopMHUX GakTepuja®’.

Hanas xomudopmuux 6akrepuja y Boau (Es-
cherichia coli, Klebsiella spp., Enterobacter spp.,
Citrobacter spp., Serratia spp.) ykasyje na mo-
croju (eKkanmHa KOHTaMHHalWja JbYJACKOT WIN
KHBOTHESCKOT HOpeKia®. ako oBH MHKpOOpra-
HU3MH TIpelCTaBJbajy neo ¢u3noiomke ¢iope
JOBUX MapTHja WHTECTHHAJIHOT TPaKTa M IpU-
MapHO HHCY NAaTOTeHH, WIIAK MOTY Ja H3a30BY
pasiunTa oGosbera’.

Klebsiella pneumoniae (K. pneumoniae) je
¢ekanHa, xonudopmHa OakTepuja U3 damuimje
Enterobacteriaceae’, xoja ce onmcyje kao jeaHa
o7 Hajuemwhux y3pouyHHKa OONHUYKHX M BaHOONI-
HUYKHX HH(]EKIHja, jep ce JIaKo MPEHOCH KOH-
TAKTOM M MyTeM 3apakeHe xpaHe u Bozxe'. OBa
OakTepuja MMa BEIHKY CHOCOOHOCT CTHULAEka H
npeHoca resa pesucrenuuje "' M3omatu koju ce
Hal)y y )KHBOTHO] CpeIMHH, MIPEACTaBIbajy pe3ep-
BOap TUX Te€Ha, KOjU CE Jajbe MOTY IPEHOCHTH H
Ha apyre Oakrepujcke Bpcre. Tume ce pesu-
CTCHTHH COjEBM MOT'Y jaBHTH, HE caMoO y OOIHU-
YKUM CpeAMHaMma, TIe cy Hajuemhu ycien ce-
JIEKTUBHOT' TPUTHCKA HACTaJOr HEparroHATHOM
ynorpeboM aHTHOMOTHKA, Beh U y OMNILTOj MOIY-
nauju'®'?. Jledeme nHpeKUja y3pOKOBAHUX pe-
3UCTEHTHHM COjeBHMa je cBe Behu jaBHO-3apaB-

water despite the purification and chlorination. In
our study strains isolated from drinking and sur-
face water were susceptible to commonly used
antibiotics, without any markers of acquired re-
sistance.

Key Words: Klebsiella pneumoniae, anti-
biotic susceptibility, fecal contamination, drinking
water, surface water.

INTRODUCTION

Microbiologically safe drinking water is es-
sential for human health' and its availability is a
major concern of global community”’. Contami-
nation by different pathogens indicates an inade-
quate treatment, which is the reason why drinking
water undergoes through strict microbiological
control of hygienic quality”.

Surface waters, such as rivers, often contain
large number of pathogenic microorganisms
whose presence is mostly caused by human acti-
vity’. Being common place for waste products of
industries, hospitals and pharmaceutical compa-
nies, these surface waters are favorable environ-
ment for proliferation of fecal coliform bacteria®’.

Detection of coliform bacteria in water
(Escherichia coli, Klebsiella spp., Enterobacter
spp., Citrobacter spp., Serratia spp.) indicates that
there was fecal contamination of human or animal
origin®. Although these microorganisms represent
the portion of physiological flora of lower intesti-
nal tract and are primarily not considered to be
pathogenic, they can still cause different diseases"”.

Klebsiella pneumoniae (K. pneumoniae) is fe-
cal coliform bacteria from the family Enterobac-
teriaceaé’, which is described as one of the most
common causative agents of hospital and non-
hospital infections, because it is easily transmitted
through personal contact and by contaminated
food and water®. This bacterium has large poten-
tial to acquire and to transfer genes of resis-
tance'*!". Isolates that are found in the environ-
ment may represent a reservoir of these genes,
which could further be transferred among the
other bacterial species. Thereby these resistant
strains can appear not only in hospital settings,
where they are the most common due to selective
pressure caused by irrational use of antibiotics,
but also in community'®'*, Treatment of infec-
tions caused by resistant strains is growing public
health problem, primarily due to limited choice of
effective antimicrobial agents and absence of
effective therapy". Ability of this bacterial spe-
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CTBEHH IpobieM, mpe ceera 300r cyxeHor u300-
pa epukacHUX aHTUMUKPOOHHX JICKOBA Ia YaK U
oICycTBa neNoTBOpHE Tepamuje”. CnocoGHOCT
oBe OakTepujcke BpcTe Aa ce Op3o mupu y 0oi-
HUYKO], aJii ¥ BaHOOJHUYKOj, KA0 IITO je BOJEHA
CpenuHa, U ’heHa MOTEeHIMjajlHa Pe3UCTeHLrja Ha
NPUPOAHE M CHHTETCKE aHTHUMHUKPOOHE JIEKOBE
cBpcraBa K. pneumoniae y BUCOKO PU3HYHE MU-
KpOOpTaHu3Me, MoceOHO Kajia ce paju O OCETIbH-
BHUM TpylamMa Kao IITO Cy MMYHOKOMIIPOMHTO-
Bany nauujentu'’. L[i/b pana je yTBpAUTH mpH-
cyctBo K. pneumoniae 'y y3opuuMa IIOBp-
IIMHCKUX BOJa W Boxe 3a nuhe, Kao U oapehu-
Bame OCETJBMBOCTH HM30J1aTa Ha aHTUMHKPOOHE
JIEKOBE.

MATEPHUJAJI U METOJIE

YSOPKOBaH)e BOIE

CrpoBefieHa je TPOCIEKTHBHA CTyAHja Koja
je odyxBaruna 1276 y3opaka CakyIJbaHUX y Tie-
puony ox tpu Mecena (ox 1. 10. 2015. no 31. 12.
2015. rogune). Y3opuu MNOBPIIMHCKUX BOJA CY
MPUKYIJbEHH W3 HEKOJIHMKO peKa, ca BHUIIE pa-
3MYUTHX MECTa Koja ce yoOu4yajeHO KOpUCTE Kao
NyHKTOBH 3a CaHUTapHa WCOHTUBama. U3
MOjeAMHUX peka je y3eT Behm Opoj y3opaka ca
Pa3IMYUTUX MECTa PEYHOT KOpUTA, MPH YeMy je
u3 Behux peka yser Behu Opoj y3opaka. ¥Y3opuu
nujahie Boge Cy y3eTH U3 HEeKOJIMKO U3Bopa (LeH-
TpajlHE W JIOKaJHE BOJOBOAHE MpEKE M jaBHU
BOIHM 00jeKkTH - OyHapH, KanTHpaHe 4YecMe U
OTBOpEHA M3BOPHIITA) KaKO OM Ce MOKPUJIH CBH
Moryhn HaumHM BojocHaOzeBama. J[ame cy
y3opuu mnujahe Bome KimacuduKoBaHH TIpeMa
HaunHy 00pajne Boje npe ynorpede. CBuU y30pIiu
ONMUCaHM y pagy cy wu3abpaHu MeETOIOM
ciy4dajHor omabupa ox Beher Opoja y3opaka Ko-
puiheHnx 3a pyTHHCKE aHaH3e.

VY30p1u cy cakyljbaHU y CTEpUIIHE, 3aTBOpPE-
He Oome kopuctehn craHgapAHy TEXHHUKY Y
cxiagy ca ISO 5667-1, ISO 5667-2 u ISO 5667-
3. Cee Gome cy TpaHCIIOPTOBaHE Y (PIKHIEPY
Ha TemmnepaTypu of 4°C y poky ox 2 o 4 cata
07l y30pKoBama. McnutuBame je 00aBJbEHO Ha
Onespemy 3a caHUTapHY OakTepuonorujy Llentpa
3a xurdjeny MHcTuTyTa 3a jaBHO 37ApaBibe
Bojsoaune y HoBom Cany.

HN3onaunja 6akTepuja

Kao merona 3a nokasuBame YKyNMHUX H (e-
KaJTHUX KonudopMHUX OakTepuja kopuuiheHa je
MeMOpaH-QuITEp TEXHUWKA. AmapaT 3a (QuITpa-
uujy (Sartonius Membranfilter, Hemauka) je xa-

cies to expand rapidly inside hospitals, but also in
natural surroundings such as an aqueous environ-
ment, and its potential resistance to natural and
synthetic antimicrobial drugs, classifies K. pneu-
moniae as highly dangerous microorganism, par-
ticularly when it comes to vulnerable groups such
as immunocompromised patients'®. The aim of
this study was to investigate presence of K. pneu-
moniae in samples of surface and drinking water
as well as to test sensitivity of isolates to anti-
microbial drugs.

MATERIAL AND METHODS
Sampling of water

A prospective study that included 1276 sam-
ples collected in a period of three months (from
01 October 2015 until 31 December 2015) was
conducted. Samples of surface waters were col-
lected from several rivers and from several differ-
ent places established as sampling points for
sanitary testings. In cases of some rivers several
samples were taken from different parts of the
same riverbed, with larger number of samples in
cases of bigger rivers. Samples of drinking waters
were taken from several sources (central and local
water supplying network and public water sup-
plying objects - wells, capped faucet and open
springs) in order to cover all possible water sup-
plying sources. Further on, drinking water sam-
ples were classified according to the treatment
method before its use. All of the processed sam-
ples in this paper were chosen randomly from a
larger group of samples used for routine analyses.

The samples were collected in sterile sealed
bottles using standard technique in accordance
with ISO 5667-1, ISO 5667-2 and I1SO 5667-3".
All bottles were transported in a refrigerator at
4°C within 2 to 4 hours of sampling. The testing
was conducted in the Department for sanitary
bacteriology of the Center for Hygiene in Institute
of Public Health of Vojvodina, Novi Sad.

Isolation of the bacteria

Membrane-filter technique was used as a
method for detection of total and fecal coliform
bacteria. Apparatus for filtration (Sartonius Mem-
branfilter, Germany) had a capacity of 500 ml
(Figure 1). Sterile nitrocellulose membranes of 50
mm in diameter with pore diameters of 0.45 um
(Millipore, USA) were used. Before the start of
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narutera 500 ml (Ciiuka 1). Kopumihene cy cre-
puiiHE MeMOpaHe 0l HUTPOLENyI03€e, AujaMerpa
50 mm ca nmopama npomepa 0,45 pm (Milipore,
CAJl). Ilpe mouerka ¢unTpanuje Bome, CBH Je-
JIOBY arapara cy CTEPHIUCAHU.

3ampeMnHa WCIUTHBAHUX Yy30paka Bone je
ouna 100 ml. ¥ umipy Opxe u epukacauje ui-
Tpauuje, kopuiiheHa je Bakyym mymmna. [1o o0as-
JbeHO] ¢unTpauuju, MeMmMOpaHa ce€ CTEpUIIHO
cKua | moctasjba y llerpujeBy 1mospy Ha moa-
JoTY.

the water filtration all parts of the apparatus were
sterilized.

Volume of the water samples was 100 ml. In
order to perform faster and more efficient filt-
ration vacuum pump was used. Upon completion
of filtration the membrane was aseptically remo-
ved and placed in the Petri dish.

Cnuxa 1. Anapar 3a ¢unrpanyjy ca y3opLuuMa BoJe U NPUIPEMIbEHIM XPaHIBHUBHUM ITOJIOTaMa

Figure 1. An apparatus for filtration of water samples with prepared agar plates

H3onanuja Klebsiella pneumoniae

3a ykynHe KkonudopMmHe Oakrepuje ce
KOPUCTU €HJo-arap KOju ce UWHKyOmpa Ha
temnepatypu ox 37°C y Toky 24 daca, a 3a
¢dekanHe xomudopmHe Oakrepuje MexkKonku
arap koju ce nHkyoupa Ha 44°C y Toky 24 yaca.
MekKonkn arap u eHpmo-arap Cy MOMIOre Ha
kojuma Klebsiella pneumoniae pacte y BHULY
MOjeANHAYHUX, KPYMHHUX, JIAKT03a-TO3UTHBHHUX
KOJIOHWja, BemuumHe A0 3 mm. Komonwuje cy
KOHBeKcHE Y M opmu.

Bunoxemujcka naenTuguKanmja
Klebsiella pneumoniae

Buoxemujcku TectoBu KopuIIhieHH 3a WIEH-
tudukanujy K.pneumoniae cy moapazyMeBalu:
TecT (pepMeHTaLMje AEKCTPO3Ee M JIAKTO3€, CIIO-
coOHOCT KopHuinhewma LUTpaTa, TECT pasjarama
ypee, peakiujy MeTWI-IPBEHO, TECT CTBapama
BOJIOHUK-CYN(pra, TECT NOKPETIEUBOCTH U TECT
CTBapama WHAOJNA U3 TpUnTodaHa.

TecTtupame aHTUONOTCKE 0CETILUBOCTH

3a cBaku WACHTH(UKOBaHH cOj m3paleH je
anTuOuorpam. Kopumihena je Oakrepujcka cy-

Isolation of Klebsiella pneumoniae

For examination of total coliform bacteria,
endo agar was incubated at 37° C for 24 hours,
whereas for the fecal coliform bacteria MacCon-
key agar was incubated at 44° C for 24 hours.
MacConkey agar and endo agar are substrates on
which Klebsiella pneumoniae grows in single
large lactose-positive colonies of up to 3 mm in
diameter. The colonies are convex in M shape.

Biochemical identification of
Klebsiella pneumoniae

Biochemical tests used to identify K. pneumo-
niae included: fermentation test of dextrose and
lactose, ability to utilize citrates, test of urea de-
composition, the reaction of methyl red, test of
hydrogen sulphide production, motility test and
test of indole production from tryptophan.

Antibiotic susceptibility testing
For each identified strain an antibiogram was

made. The bacterial suspension prepared from a
pure culture, which was no more than 24 hours
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CIIEH3Mja TpHUIIPEMaHa OJ YHCTE KYIType, He
crapuje ox 24 uaca (Cnuka 2), ryctune 0,5
Mex®apnana ctanaapaa.

Hakon mHOKynanuje Ha HOBpIIMHY Muep-
XWHTOH arapa, CTEpHUJIHOM NHHLETOM Cy CTaB-
JbeHU JUCKOBH ca antuOmormimMa (BIO-RAD,
Opannycka) (Tabema 1), a 3atum cy miaode
nHKyOHpaHe y Toky 18-24 yaca na 35-37°C. 3a
UCTIUTUBAakbE aHTHOMOTCKE OCETJBHBOCTU CYy KO-
pumheHn craHgapAd W Tpenopyke EBporickor
KOMHUTETa 32 UCIUTHBAKE aHTUMHUKPOOHE OCET-
muBoctu (EUCAST)'™.

old (Figure 2), with the density of 0.5 McFarland
standard, was used.

After inoculation on the surface of Mueller-
Hinton agar, discs with antibiotics (Bio-Rad,
France) were placed with sterile forceps (see Ta-
ble 1) and then the plates were incubated for the
next 18-24 hours at 35-37° C. For the testing of
antibiotics, standards and recommendations of
the European Committee for antimicrobial sus-
ceptibility testing (EUCAST)'® were used.

Cnuxa 2. Uncra xynrypa Klebsiella pneumoniae Ha XpBHOM arapy (JI€BO) U Ha €HJI0-arapy (JecHO)

Figure 2. Mono-cultures of Klebsiella pneumoniae on blood agar (left) and endo-agar (right)

Tabena 1. Tlpuka3 aHTHOMOTHKA KOPUITNCHUX 32 UCIIUTHBAKHC AHTUMHKPOOHE OCETIHUBOCTH

KJIaca aHTHOHOTHKA

HA3UB aHTHOHOTHKA

KOHIIEHTPALKja AaHTHONOTHKA 110

AUCKY
MCHUWIMHA AMIUIAITHH 10 pg
aAMOKCHIIUIUH +
TICHULWINHY + 30 ug
KJIaBYJIAHCKa KHUCEIMHA
MHXHOUTOpH OeTa- JaKTamasa
MMUTICPAIIINH + Ta300aKTaM 30+6pug
nedypoxcum 30 ug
e aroCIIOpuHA e TPUAKCOH 30 pug
nedenuM 30 pug
MMUTICHEM 10 ug
KapOareHeMH MCpOTICHEM 10 ug
epTaneHeM 10 ug
JIOpUTIEHEM 10 ug
TeHTaMULIUH 10 ug
AMHUHOTITUKO3U TN
aMUKaIuH 30 pug
UIPOQIIOKCALIMH 5ug
(iryopucaHU XUHOJIOHHU HteBodIIOKCaLH 5 g

aHTaroHUCTH (horaTa

cyndaMeToKcasol + TPUMETOIIPUM

25 g
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Table 1. Overview of antibiotics used for antimicrobial susceptibility testing

class of antibiotics

used antibiotic

concentration of antibiotic per

disc

penicillins ampicillin 10 ug

penicillins + C?gﬁ?;iliglgg d 30 pug

beta-lactamase inhibitors - —

piperacillin + tazobactam 30+ 6 ug

cefuroxime 30 ug

cephalosporins ceftriaxone 30 pug

cefepime 30 pug

imipenem 10 g

carbapenems meropencm 10 g

ertapenem 10 g

doripenem 10 g

. . gentamicin 10 g

aminoglycosides amikacin 30 ng

fluoroquinolones cip roﬂoxa({in S 1g

levofloxacin 5ug

folate antagonists sulfamethoxazole + trimethoprim 25 ug

PE3VJIITATH

[pucycrBo K. pneumoniae je npoHaheHo y
2,98% (38/1276) ucnutanux yszopaka Boge. On
YKymHOT Opoja MO3MTUBHUX Yy3opaka, 42,11%
(16/38) cy unHMIIE TOBPIIMHCKE Bone, a 57,89%
(22/38) nujahe BoxeE.

VY ykynHo 16 y30opaka MOBPIIMHCKUX BOJA
KOje cy MOpeKiIoM Hu3 6 pasnYuTHX peKa MOT-
BpheHa je K. pneumoniae. Y Tabemu 2 je nmat
MpHKa3 y30paka MO3UTUBHUX Ha K. pneumoniae y
3aBHCHOCTHU O] peKe U3 Koje je y3eT y3opak (Ta-
Ocma 2).

K. pneumoniae je npoHaljeHa u y y3opuuma
nujahux Boxga. [Tujahe Boge cy Ouie knacuduko-
BaHE Yy 3aBUCHOCTH OJ Tora JAa JH Cy
npeunithene/nenpeuninhene u xmuopucane/ He-
xnopucane. Y Tabenu 3 je maT mpuKa3 y3opaka
MO3UTUBHUX Ha K. pneumoniae y 3aBUCHOCTH Of
HaunHa oOpazne Bone (Tabena 3).

Kon cBux mcnuranux nsonata K. pneumo-
niae Hal)eHa je pe3ucTeHLMja Ha aMIuIuiInH. Pe-
3UCTEHIMja Ha OCTajle HCIUTHBAaHE aHTHOMOTHKE
Huje yrephena. Mzonatu K. pneumoniae cy ounm
OCeTJbUBM HA MEHHULWINHE Ca HWHXUOMTOpHMA
Oera-nakTaMasa, nedanocropuHe, KapOamneHeme,
aMHUHOTJIMKO3HE, (IyopucaHe XHHOJIOHE U
anTaronucte Qomnara (Tabena 4).

RESULTS

Presence of K. pneumoniae was confirmed in
2.98% (38/1276) of tested water samples. Out of
total number of positive samples, 42.11% (16/38)
were surface waters and 57.89% (22/38) were
drinking waters.

Presence of K. pneumoniae has been confir-
med in 16 samples of surface waters (originating
from 6 different rivers). In Table 2 the samples
positive on presence of K. pneumoniae are pre-
sented, depending on the river where the sample
was taken (Table 2).

K. pneumoniae was also found in the samples
of drinking water. Drinking waters were classi-
fied depending on whether the water was puri-
fied/unpurified and chlorinated/unchlorinated. In
the Table 3 samples positive on the presence of
K. pneumoniae are shown with reference to the
mode of water treatment (Table 3).

In all tested K. pneumoniae isolates resistan-
ce to ampicillin was found. Resistance to other
tested antibiotics was not proved. K. pneumoniae
isolates were sensitive to penicillins with beta-
lactamase inhibitors, cephalosporins, carba-
penems, aminoglycosides, fluorinated quinolones
and folate antagonists (Table 4).
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Tabena 2. Y3opuu NOBPIIMHCKUX BoJa y KojuMa je HaheHa K. pneumoniae mpeMa MecTy y30pKOBamba

MECTO y30pKOBama | Opoj MO3UTHBHMX y30paka | Opoj TeCTHPaHHUX y30paKa npoueHar
NO3UTUBHHUX Y30paKa
Aynas 7 303 231
berej 3 76 303
Hepa 2 37 5,41
Mopasuua 2 a1 4.8
Tuca 1 183 0.55
Tamum 1 9% 1.04
b2 16 736 2,18

Table 2. The samples of surface water in which K. pneu.

moniae was found classified by sampling points

sampling point number of positive samples | number of tested samples percesn;nfl)li;llz (S)s1tlve
Danube 7 303 2.31
Begej 3 76 3.95
Nera 2 37 5.41
Moravica 2 41 4.88
Tisa 1 183 0.55
Tami§ 1 96 1.04
)y 16 736 2.18
Tabena 3. Y3opun nujahux Boaa y kojuma je HaljeHa K. pneumoniae ipemMa HauuHy oOpase.
. . npoueHar
HAYMH TPeTMAaHA Bojie 0poj no3HTHBHHX Opoj TecTHpanux MO3UTHBHUX
y3opaka y3opaka
y3opaka
HenpeunheHa U HeXJIopHcaHa 16 109 14,68
npedninheHa 1 HeXJIopucaHa 3 72 4,17
HerpeunheHa 1 XJIopucana 1 152 0,66
npeuninhena u XJopucaHa 2 207 0,97
)y 22 540 4,08
Table 3. The samples of drinking water in which K. pneumoniae was found,
classified by water treatment method
number of positive number of tested percgl.lt of
water treatment method positive
samples samples
samples
unpurified and unchlorinated 16 109 14.68
purified and unchlorinated 3 72 4.17
unpurified and chlorinated 1 152 0.66
purified and chlorinated 2 207 0.97
)y 22 540 4.08

Tabena 4. 3acrymbenoct censutuBHUX (C) n pesucrenTHUX (P) cojeBa y ogHOCY Ha pa3iuuuTe AaHTHOMOTHKE

KJ1aca aHTHOMOTHKA HA3MB AaHTHONOTHKA C(%) P(%)
MNESHULIUJIMHU AMIIUIUAJIMH 0 100
aAMOKCHIIWINH +
NECHUIMINHA + » 100 0
KJIaBYJTAHCKA KHCCITMHA
WHXUOUTOpH OeTa- JTaKTaMasa
MMUTICPAIIINH + Ta300aKTaM 100 0
e ypoKCcuM 100 0
nedazocriopuHn neTpuakcon 100 0
nedenM 100 0
HMHIICHEM 100 0
KapOarneHeMu MEpONeHeEM 100 0
epTaneHeM 100 0
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JIOPHUIIEHEM 100 0
TeHTaMHLIH 100 0
AMUHOTJIUKO3HN
aMHKaIH 100 0
(IryopucaHl XHHOJIOHH LHIpOdIOKCaLHI 100 0
yoP J1eBOIIOKCAIINH 100 0
AHTaroHMCTU QoaTa cyndaMeToKcasol + TPUMETOIPUM 100 0
Table 4. The presence of sensitive (S) and resistant (R) isolates to different antibiotics
Antibiotic class Antibiotic S(%) R(%)
penicillins ampicillin 0 100
L amoxicillin +
penicillins + 100 0
beta-lactamase inhibitors clavulanic acid
piperacillin + tazobactam 100 0
cefuroxime 100 0
cephalosporins ceftriaxone 100 0
cefepime 100 0
imipenem 100 0
carbapenems meropenem 100 0
ertapenem 100 0
doripenem 100 0
. . gentamicin 100 0
aminoglycosides
amikacin 100 0
. ciprofloxacin 100 0
fluoroquinolones
levofloxacin 100 0
folate antagonists sulfamethoxazole + trimethoprim 100 0

JTUCKYCHJA

Hanas K. pneumoniae y BOmu mpencraBiba
uHAMKaTOp (exanHor 3arahema. YKOIHMKO ce
u3onyje u3 ys3opaka nujahe Bome ykasyje Ha
jonry obpany Te BOA€ y CMUCITY mpeynihaBama
n xnopunanuje. OxpeheHn cojeBH MOKazyjy
3Ha4yajHy PE3UCTEHIN]y Ha XJIOPUHALIM]Y [TOCpe-
CTBOM OpOjHHX MeXaHH3aMa, Kao LITO je U3MEHa
MeMOpaHCKuX nunuaa OaxTepujcke hemmje, 300r
Yera ce JIOBOAM Y NMUTame MOrOJHOCT XJIOpWHA-
1Hje Kao MeToze 3a TperMaH nujahux Boma'. Kao
mro je OWio u odeknBaHo, Hajsehin Opoj mo3u-
TUBHUX y30paka nujahe Boje MpHmagao je rpynu
HenpeuninhieHnx, HexJIopucaHux Bopa. Wmak, y
HaIlleM UCIHTUBamY, 2 y30pKa y KOjuMa je Io-
mBphena K. pneumoniae cy Owne mnpeuninheHe,
xyopucane, a 1 y3opak HempeuuinhieHa, XJIOpH-
caHa BO/a, LITO MOTBphyje CyMBbY y epUKacHOCT
oBe wMmerone. HajHoBuju mpuctyn edukacHoj
WHAKTHBAaLMjH Tep3ucTupajyhux matoreHa vy
BOZ[I/llmgjeCTe OKCUJalWja TUTAHUjyM-THOKCH-
oM .

Mmnoro roauHa je BOACHA Cpc€aAnHa Oumna He-
MMpero3HaTa Kao HOTCHLII/IjaJ'IHI/I HU3BOp I'CHA pE3u-

DISSCUSION

Detection of K. pneumoniae in the water is an
indicator of fecal contamination. If it is isolated
from a sample of drinking water, it can indicate
poor treatment of water in terms of purification
and chlorination. Certain strains show significant
resistances to chlorination which is mediated
through a number of mechanisms, such as change
of bacterial cell lipid membrane which can
consequently bring into question the adequacy of
chlorination as a method for treatment of drinking
water'®. As it was expected, the highest number of
positive drinking water samples belonged to the
group of unpurified and unchlorinated waters.
However, in our examination, 2 of the drinking
water samples, that were positive on K. pneumo-
niae, were previously purified and chlorinated and
1 sample was from unpurified and chlorinated
water, which raises doubts about the effectiveness
of this method. The newest approach to effective
inactivation of persistent pathogens in water is
oxidation with titanium dioxide'*"’.
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CTEHIIMje KOjU CE€ MOr'y MpEHETH Ha KIMHUYKH
3Ha4ajHe Oaktepuje. ['eHM Mory na ce mpeHoce,
HEe caMo yHyTap ucrte, Beh u Ha pasnnuute Oax-
tepujcke Bpcre. CTora KIMHUYKH 3Ha4YajHU
COjeBH, aKo ce Hal)ly y TakBOj CpeIuHH, MOTY
crehn pe3rcTeHNnHjy Ha aHTHOMOTHKE ca KOjuMa
Hukaga Hucy uHTteparosamn' > *?.  TloceGuy
MaXiy MPUBIAYM YAECHUIIA Ja cy OpojHe Oera-
nakTamase (uedanocrnopuHase, kapbaneHemase),
Kao W JIPYrd CGH3MMH OJATOBOPHH 32 PE3UCTEH-
1H1jy, KOju ce yoOudajeHo He Hanase kof K. pneu-
moniae, UACHTU(OUKOBAHU KOJ| OBE OaKTepHjcKe
BpCTE MHOTO NIPE Y OAHOCY Ha OcTaje MpHUIaIHuU-
ke eHTepobaktepuja. OBaj mporiec je TBOCMepaH-
y Oaktepujama kao wto cy Escherichia coli,
Pseudomonas spp. u Acinetobacter spp.ce 4ecto
Haja3e T'eHH PE3HMCTEHIUje 3a KOje je MOJIeKY-
JapHUM MeToJama yTBpheHo Ja Cy MOpeKIoM U3
Klebisella spp.".

I'enn pesucreHnuje cy yOMKBUTapHH U TO-
THUy U3 IpeBHUX Bpemena'’. BakTepuje koje Ha-
CTamyjy BOJACHY CPEAWHY M ATHPajy MHIHOHU-
Ma TOAWHA Ipe aHTHOMOTCKE epe Hoce y cebu
TeHe KOju Cy OATOBOPHU 32 HACTAHAK PE3UCTEH-
1Yje Ha HEKe O] ecEHIMjaHMX aHTUOMOTKa 3a
NaHaumy MeauuuHy . Hekomuko crymuja je
MoKa3aJio Ja mojenuHe OakTepuje, Koje ce MpH-
POAHO Haja3e y BOAM, MOTY MPOAYKOBATH aHTH-
OMOTCKE CYTICTaHIE Kao CeKyHAapHe MeTaboauTe
KOjH MEP3UCTHPAjy Y BOJCHO] CPEAUHU U CTYyIajy
Yy KOHTakT ca OakTepHjamMa MPUCYTHHM Y TOM
exocucrteMy. Ha Tte merabonute Gakrepuje Mory
crehn pe3rcTeHNHjy Koja MOXKe OUTH YKpIUTEHA
ca HEKOM 3HA4ajHOM TPYNOM aHTHOMOTHKA KO-
puirheHnX Yy caBpeMeHO] Tepanuju HH(eEK-
Y MHOruMm cryngjama je moTBpheHo
MPHUCYCTBO PE3UCTEHTHUX H3onatra K. pneumo-
niae, TOCEOHO Y OABOAHMM IleBuMa OonHMna. Ha
OCHOBY €MUAEMHOJIOMIKAX CTyIHja ce CyMma Ja
Te KieOcHjene MOTHYY U3 CIOJbaIlbe CPEAnHE, a
Jla ofatiie Hoce U pesucreHnujy' >,

YTumaj doBeka Ha pa3BOj PE3UCTCHIIN]C
HEeMmoOUTHO je orpomad. Joml ox mepuoaa WHIY-
CTpHjaji3alyje na cBe A0 AaHAaC, y CIOJbALlbY
CpeAuHy Cy WCHYIITEHE MWIHjaple TOHAa aHTH-
OuoTuka, mWTO OMoryhasa OakTepujamMa y TakBoj
CpeIVHM J]a pa3BHjajy MeXaHu3Me OopOe MmpoTHB
mux'’. XOCHHTATH30BAHH MALMEHTH CY 4ECTO
KOJIOHU30BaHH  PE3UCTEHTHUM  OaKTEpHjCKUM
COjeBMMa, KOjH Y peKe MOry AOCIETH IPEeKo
oTHagHUX OOMHUYKMX Boja. Mcmymrame oTmai-
HUX TpoAaykaTa H3 OOJNHWYKMX YCTaHOBa, IIO-
ceOHO je MHTEPEcaHTHO W ca acmekTa (apmako-
KWHETHKe onpeeHNX aHTUOMOTHKA, KOjU cCe
U3IY4yjy U3 OpraHu3Ma HElpOMEHEHH T€ UCITY-
mTalkeM OTHAAHUX BOJAA, MCIYHITAMO U aHTHU-

For many years aquatic environment remained
unrecognized as a potential source of resistance
genes that can be transfered to clinically relevant
bacteria. Genes can be transmitted not only within
the same species, but also between different bacte-
rial species. Therefore, clinically relevant strains,
when found in suitable environment, can acquire
resistance to antibiotics with whom they have ne-
ver previously interacted'*'*?. It is especially
interesting that numerous beta-lactamases (cep-
halosporinases, carbapenemases), as well as other
enzymes which are responsible for the resistance
and which are usually not found in K. pneumo-
niae, can be identified in these bacterial strains
more frequently than in other species of entero-
bacteria. This is a two-way process: in bacteria
such as Escherichia coli, Pseudomonas spp. and
Acinetobacter spp. resistance genes originating
from Klebisella spp. can often be found (identified
by molecular methods)'°.

Resistance genes are ubiquitous and they date
from ancient times'®. The bacteria that inhabit the
aquatic environment and are dating millions of
years before the antibiotic era, carry certain genes
which are responsible for development of resi-
stance towards some of the antibiotics essential
for modern therapy”"*. Several studies showed
that some bacteria, which are naturally found in
water, can produce antibiotic substances as
secondary metabolites which may persist in
aquatic environment and come into contact with
the bacteria present in that specific ecosystem.
Bacteria can acquire resistance to these metaboli-
tes and this can be an opportunity for cross-resi-
stance with important groups of antibiotics used in
modern medicine'**. Many studies have confir-
med presence of resistant isolates of K. pneumo-
niae, especially in hospital drainage pipes. Based
on epidemiological studies it is believed that these
Klebsiella spp. are originating from the external
environment, from where they also received these
resistance genes'®**,

Human impact on the development of resi-
stance is clearly enormous. Since the period of
industrialization and until today, billions of tons
of antibiotics were released into the environment,
allowing the bacteria to develop mechanisms to
struggle against them'®. Hospitalized patients are
often colonized with resistant bacterial strains,
which could enter into rivers through hospital
waste water. Therefore the disposal of waste pro-
ducts from hospitals is particularly interesting
from the aspect of the pharmacokinetics of certain
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ouoruxe'"'*. Bepriyua u capaaHuIE® Cy HCIH-
Tyjyhu pexy Ctonron y llIBenckoj kBaHTHHKO-
BaqM UUOPO(IOKCANH, KIAPUTPOMHUIMH U
KIMHIAMHLMH Ha TOPHHUM TpaHHIAaMa J03BOJbe-
HUM 32 TpeTHpaHe OTHAaJHE BOAE, a 3HA4YajHO
MPEKO A03BOJbEHE IPAHUIIEC MOTBPEHO je mpHcCy-
CTBO TPHMETOIIpHMa y KOHLEHTpanuju ox 24
ng/L. ¥ toky 2013. ronune Ha ceepy I[lakucra-
Ha y 6 pa3snUUUTHX peKa KBaHTU(HKOBAHO je 8
BpcTa aHTHOMOTHKAa Yy KOHIEHTpalujamMa Hu [0
49000 ng/L*.

VYnorpeba aHTHOMOTHKA Y HWHAYCTPUjU
Meca MocTala je jenHa of IMaBHUX MeTa 3a 0opOy
MPOTHUB PE3HUCTEHIIM]jE 300T OrPOMHHUX KOJMYMHA
YTPOLICHUX U3 TOANHE Y ToauHy. Y JlaHckoj je y
toky 2010. romuue 71% cBuX aHTHOMOTHKA KO-
puiheHo 3a XUBOTHECKY npuMeHy. Konzyma-
LIMjOM OBaKBOI' Meca HEMOTPEOHO ce YHOCE BEH-
KE KOJIMYMHE aHTUOMOTHKA KOje, OCUM IITO Ha-
pymaBajy (M3MOJOMIKK CacTaB WHTECTHHAIHE
MUKpodJIiope, myTeM (eKalTHuX OTIaJHUX BOAA
JIOCTIEBA]y Y CIIOJBAILEY CPEaHHY .

VY oBOj crymuju HHCYy npoHalheHH pe3u-
CTGHTHH COj€BHM y HCIOUTHBAaHUM Y30pLHMa W3
pasmuuntux peka ([ynas, Tuca, berej, Hepa,
Tamum, Mopasuna) u u3Bopa nujahe Boge. Y-
BpheHa je jequHO pe3HuCTeHLMja Ha aMIMIWINH.
OBa pesucTeHIMja je MHTPUH3MYKA U TIOCPENO-
BaHA XPOMO3OMCKHM Gera-maktamasama'’. Ilo-
CToje WHAMLHMje Ja OM pe3ynTatu OWIHM Ipy-
raudju ako OM ce WCHUTHBAKkE MOHOBUJIO Y He-
KOM J[pyroM I€pHOLy TOOMHE, jep je cacTaB
MOBPIIMHCKUX BOJa BeOMa BapHjaOMiaH U 3aBU-
cu o OpojHux (hakTopa Kao IUTO Cy ITUHAMHKA
UCIyIITama OTMAJHUX BOJA, KOJIWYHMHA Maja-
BUHA, IIOIJIABE, TEMIIEpaTypa M CIM4HO. CaMo
npucycTBo K. pneumoniae y BOIHA OTBapa MoO-
ryfiHOCT #a TH cojeBH CTeKHY onpeleHu TeH pe-
sucrennmje . Ckapujauan U capagHumu’ Cy
ucnuTyjyh GakTepHONOIIKY HCIPABHOCT peEKe
Kasepu y Unauju yrBpannum na je 93,51% cojeBa
MYJITHPE3UCTEHTHO, a HICIUTHBaHE KieOcujere cy
MoKasalie pe3UCTEHIH]y Ha 4YakK 26 paziuuyuTHX
anTrOnoruka. Kneocujene s peke JlamOoBute y
PymyHuju mokaszane cy OTmopHOCT Ha 16 aHTH-
ouotuka, a 60% cojeBa je OHIIO MYATHPE3H-
crentHo”’. Y Typckoj, y pern CenxaH, H30/10Ba-
He KkieOcujene cy Mokasale pe3UCTCHIHUjy Ha
aMIULIINH, CTPENTOMULWH, Hepa3oduH U KO-
TpI/IMOKcaSOJ'I28. Y peuun Mxnarxyze y JyxHo-
a¢ppuukoj PenyOnuum Halene cy knebdeujene Koje
cy pesucreHtHe Ha 10 pa3nuuuTHX aHTHOU-
otuka”. KoMmapanujy ca cTyaujamMa y HAIoj
3eMJbM  HHje Moryhe HampaBUTH Yycjien He-
JOCTaTKa TMojaTaka O OaKTEPUOJIOIMIKOM CacTaBy

antibiotics. These antibiotics are excreted from the
body in unchanged form and disposal of waste
waters also consequently expose the environment
to these antibiotics'"'*. Berglund and coworkers®
have examined Stangan river in Sweden and
quantified ciprofloxacin, clarithromycin and
clindamycin on the upper limits allowed for trea-
ted waste water and confirmed the presence of
trimethoprim in levels significantly above the li-
mit, precisely in a concentration of 24 ng/L. In
2013, in the North of Pakistan in 6 different ri-
vers, 8 antibiotics were quantified in concentrati-
ons up to 49000 ng/L*.

Use of antibiotics in the meat industry has be-
come one of the main targets for combat against
antibiotic resistance due to the enormous quantity
of drugs used on a yearly basis. In Denmark du-
ring 2010, 71% of all antibiotics were used for
treatment of animals. Consumption of such meat
can unnecessarily expose an indivudal to large
amount of antibiotics. Besides the fact that they
impair physiological intestinal microflora, they
can be transferred to local environment through
fecal waste water'*.

In our study, resistant strains were not found
in the tested samples gained from different rivers
(Danube, Tisa, Begej, Nera, Tami§, Moravica) or
in the samples of drinking water and only resi-
stance to ampicillin was determined with statisti-
cal significance. This resistance is intrinsic and
mediated via chromosomal beta-lactamases'.
There are indications that the results would be dif-
ferent if the study was repeated at some other time
of the year because the composition of the surface
waters is very variable and depends on the nu-
merous factors such as the dynamics of disposal,
rainfall, flooding, temperature and others’. The
mere presence of K. pneumoniae in water creates
opportunity for these strains to acquire a certain
genes of resistance””’”'. Skariyachan and
coworkers’ examined bacteriological quality of
the river Kaveri in India and found that 93.51% of
strains were multiresistant and Klebsiella spp.
strains, which were examined in this study,
showed resistance to as many as 26 different anti-
biotics. Strains from Dambovita River in Romania
have shown resistance to 16 antibiotics and 60%
of them were multiresistant”’. In Turkey, in the ri-
ver Seihan, isolated strains showed resistance to
ampicillin, streptomycin, cefazolin and co-
trimoxazole?®. In river Mhlathuze in South Africa,
the detected strains were resistant to 10 different
antibiotics®. Comparison with studies in our
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MOBPIIMHCKHUX BOAA y JOCTYIHO] TUTEPATYPH.

Konsymupame XUTHjeHCKH HEHCIIPaBHE BOJIE
WIH KOHTAKT Ca KOHTAMHUHUPAHUM TOBPIIMH-
CKMM BOAaMa MOTY JOBECTH [0 KOJOHH3alHje
WHTECTHHAJIHOT TPaKTa MaTOreHHM, PE3UCTEHT-
HUM OaKTEpUjCKUM COjeBUMa KOJ MOTIYHO 37pa-
BUX JbYIH, KOjU HUKaJa HUCY OopaBuin y 0o-
HUIM, HUTH y3uMany antu6noruxe'’. Mudeknuje
PE3UCTEHTHUM COjeBHUMa MOcTajy cBe Behu Tepa-
MUjCKH Tpo0ieM, mMTo Boxu 10 moBehama Mop-
OuguTera, MOpTaJIUTETa, W MOBehama TPOIIKOBA
nedema’.

Bakrepujcki reHOM je BEMUKH M XHIIEpBa-
pHujabmiiad U TO HaM OTeXaBa JAa ACHUHHILEMO
rZle ¥ Kaja je TayHo JOLUIO J0 CTBapama U mpe-
HOCa T'eHa pe3ucTeHunuje. BaxHo je pasymeru
3Ha4aj BOICHE CPEJNHE Y HACTAHKY M €BOIYLHjH
reHa pesucreHuyje. [lorpeGHO je cMamuUTH yHo-
TpeOy aHTHOMOTHKA y XyMaHO] U BETEPUHAPCKO]
MeIuIuHA. MehyTium, caMo cMamemhe CeleKTHB-
HOI' TIPUTUCKa aHTUOWOTMKA Hehe moBecTH 10
CMameha PE3UCTEHIN]je YKOIUKO CE PE3UCTEHT-
HU COjeBYy Oyay KOHCTaHTHO I0jaBJbUBAIIM U3 Pa-
3MMYUTHX U3BOpa. 300T Tora je HeomxoaHa CTaj-
Ha KOHTpPOJa W MHKPOOHOJIOIIKO HCIHTHUBAE
y30paka ynpaBO W3 BOIEHE cpeAuHe. BaxHo je
CXBaTUTU Ja €BOJyLMja PE3UCTEHIHje HHUje JIO-
kajHu, Beh mehyHapoauu npobiem. Y Tome ria-
BHY yJIOTY MMajy IIyTOBama M riodajiHa TProBu-
Ha xpaHoM''. CBeommuTH Ham30p je Kbyd Gopbe
ca oBuM mpobmemom, 30or uera je CBercka
3apaBcTBeHa opranm3auja 7. ampuia 2011. ro-
nuHe y JKeHeBH JOHENa OMTYKY O MOKpETamy
npojekra "No action today - No cure tomorrow".
OBa MHHIIMjaTUBAa UMa 33 LUJb CMaECHE YIIOTpe-
0c aHTHOMOTHKA Y OOTHUYKUM U BaHOOTHUYIKHM
YCIOBHMa, Ka0 H y MecHOj HuaycTpuju’ .

OBHUM pagoM ykaszyjeMo Ha 3Hauaj MOHHTO-
pHHTa pe3uCTEHIIHje Y BOJCHO] cpenuHu. Taj Mo-
HUTOPUHT MoOpa OWTH KOHTHHYHMpaH W 3aXTeBa
BEJIMKE Hamope OpojHUX TpaHa HAayKe W HHIY-
CTpHje, ajlH jeANHO CHHEPTUCTHYKUM AEIOBamheM
Pa3IUYUTUX CEKTOpa MOXKE ce JOhM A0 MpHUMET-
HUX IPOMEHa Ha OBOM TIOJBY.

Hama crtyamja je yka3zama Ha TpPUCYCTBO
K. pneumoniae v y Bogama 3a mmhe u y mo-
BpIIMHCKMM Boaama. OBaj YCIIOBHO IaTOTCHHU
MHUKpPOOpPraHU3aM je JIOKa3aH YIPKOC NpPUMEHHU
aJCKBaTHUX MeEpa 3a HbErOBY CIMMUHAIH]Y.
OBuM ce yka3yje Ha 3Ha4ya] KOHCTAHTHE MHKPO-
OMOJIONIKE KOHTPOJIE, alldi M TIOCTaBJba MUTAC
aJICKBaTHOCTH NPUMEHEHUX CAHUTAPHUX MeEpa.
Yopkoc UYHMBCHHIM Ja Cy M30JaTH OwWin
OYEKHBAHE OCETJBUBOCTH M 0€3 CTeUeHe pe3H-
CTCHIIMjE, WJCAIHU pe3yaTaTH O IOoKa3aiu

country is not possible due to lack of data of the
bacteriological composition of surface waters in
the available literature.

Consumption of hygienically inadequate
water or contact with contaminated surface waters
can lead to colonization of intestinal tract with
pathogenic, resistant bacterial strains in
completely healthy individuals who have never
been hospitalized or taken antibiotics'*. Infections
with resistant strains are becoming an increasing
therapeutic problem, which can lead to increased
morbidity, mortality and costs of treatment™.

Bacterial genome is large and hypervariable,
so it is difficult to define exact place and time of
the creation and transfer of resistance genes. It is
necessary to understand the importance of the
aquatic environment in the development and evo-
lution of resistance genes. Moreover it is
mandatory to reduce usage of antibiotics in human
and veterinary medicine. However, reducing only
the selective pressure of antibiotics will not lead
to reduction of resistance if the resistant strains
are constantly appearing from different sources.
That is why constant control and microbiological
testing of samples from the water environment
must be performed. It is important to understand
that resistance evolution is not local, but interna-
tional problem, in which the main focus is on tra-
velling and global food market'. Overzealous
control is the key to overcome this problem. The-
refore the World Health Organization on April the
7™, 2011 in Geneva decided to launch the project
"No action today - No cure tomorrow". This ini-
tiative aims to reduce the use of antibiotics in ho-
spitals, community and in the meat industy'**".

This paper highlights the importance of mo-
nitoring the bacteria resistance in aqueous media.
This monitoring should be continuous and it
requires great effort by many branches of science
and industry. However, it is clear that only
synergistic efforts of different sectors can bring
notable changes in this field.

Our study pointed to the presence of K. pneu-
moniae both in drinking and surface waters. This
opportunistic pathogen is detected despite the im-
plementation of appropriate measures for its eli-
mination. This indicates the importance of con-
stant microbiological control, but also raises the
question of the appropriateness of sanitary
measures. Despite the fact that the isolates were of
expected sensitivity and without acquired resi-
stance, ideal results would show absolute absence
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aTiCoNlyTHO OACYCTBO cojeBa K. pmneumoniae 'y
nujahuM 1 moBpMHCKUM Bozjama. CaMo mpucy-
CTBO OBOT' MMKPOOpTaHH3Ma y BOAM OTBapa MO-
ryfiHOCT /1a OHa y CBaKOM MOMEHTY CTEKHE T'eHe
pE3HCTEHLIM]jE PA3TUUYNTHM MEXaHU3MHMa, Kao U
Jla MCTe TpeHece IpyruM OaKTEepHjCKUM BpcTama.
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