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Streszczenie. Drobnoustroje lekooporne to obecnie nie tylko problem kliniczny, poniewaz coraz
czesciej podczas analiz mikrobiologicznych materiatu Srodowiskowego (wody i gleby) izolowane
sg bakterie odporne na powszechnie stosowane w terapii antybiotyki, co moze stanowic
znaczne zagrozenie dla zdrowia. Celem niniejszych badan byta ocena stanu sanitarnego wody
i czestotliwosci wystepowanie szczepow Escherichia coli opornych na antybiotyki. Przeprowadzono
badania w 10 punktach pomiarowych zlokalizowanych na rzece Dunajec oraz w zbiornikach
wodnych na terenie Krakowa i Kryspinowa wykorzystywanych do celéw rekreacyjnych. Na
potrzeby oceny liczebnosci bakterii E. coli pobrane probki wody zostalty poddane analizie
metodg filtracji membranowej. Lekoopornos¢ badano z wykorzystaniem metody dyfuzyjno-
-krazkowej, ponadto zbadano wystepowanie mechanizmu ESBL zgodnie z zaleceniami KORLD
i EUCAST. Na podstawie uzyskanych wynikéw stwierdzono, ze w dwdéch punktach pomiarowych
Zlokalizowanych na rzece Biaty Dunajec liczebnos¢ E. coli przekraczata normy dopuszczalne
dla kgpielisk. Oporne szczepy izolowano gtéwnie z kgpieliska w Kryspinowie — Na Piaskach, ale
byly one réwniez obecne w wodach Dunajca. Zaobserwowano gtéwnie opornos¢ na jeden
z testowanych antybiotykdw; nie stwierdzono obecnosci wielolekoopornych bakterii. Najczesciej
izolaty byty oporne na tykarcyling, sulfametoksazol/trimetoprim i tetracykling. Wszystkie testowane
szczepy byty ESBL negatywne.

Key words: water, Escherichia coli, water, drug resistance, ESBL.
Stowa kluczowe: Escherichia coli, woda, lekoopornosé¢, ESBL.

INTRODUCTION

Poland is ranked among the countries which have poor water resources. The annual
resource water is only about 1600 m?® per capita. An entirely different situation is in the other
European countries, where resources are estimated at approximately 4600 m?® per year
(Gutry-Korycka et al. 2014). Water resources in Poland are characterized by significant
seasonal variations and uneven geographical distribution. Poland also does not have sufficient
protection from intermittent excesses or deficits of water (Maty Rocznik Statystyczny 2015).
Taking into account such small domestic water resources, it becomes highly important to
control both — the chemical and microbiological quality.
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Examination of the sanitary condition of water (based on bacteriological indicators) is
constant monitoring of sources (surface water reservoirs, water catchment areas, boreholes,
wells) and devices which treat and distribute water (Libudzisz and Kowal 2000).

The presence of fecal coliforms is an essential parameter in the water quality assessment
(Rompreé et al. 2002; Grisey et al. 2010), moreover, this group is increasingly used also as an
indicator of the state of the soil environment (Topp et al. 2003; Estrada et al. 2004; Brochier
et al. 2012).

Enterobacteriaceae are a large group of closely related bacteria most often used as indicators
of the poor sanitary state not only in the environment evaluation. Most bacteria of this family
are opportunistic pathogens, or conditionally pathogenic microorganisms mainly colonizing
the intestines of humans and animals. Most of them grow on conventional microbiological
media in a wide range of temperatures and pH, and so are well suited to the role of indicators
of sanitary conditions (Rompré et al. 2002; Stevens et al. 2003; Jarzgb et al. 2011).

Among frequently caused by the Enterobacteriaceae there are urinary and respiratory
tract infections, infections of wounds, skin and sepsis. Their pathogenesis is often related to
their relocation from the place the physiological existence to other places where they have
good conditions for their growth and development. Bacteria Enterobacteriaceae exhibited
specific resistance to many antibacterial agents. This is related to their heightened genetic
variability (Kayser et al. 2007).

The most sensitive indicator of bacteriological contamination of water is the presence of
Escherichia coli because its occurrence in water intended for drinking, bathing and food
industry indicates fecal contamination of water and a potential epidemiological threat.

Increasingly, attention is paid to occurrence, in the environment outside hospitals, of
microorganisms characterized by resistance to many antibiotics used in the routine treatment
of infections of various origin. The presence of antibiotic-resistant strains of E. coli in bathing
water can be a significant health problem, even if their number does not exceed standards.

Bacteria that are resistant to antibiotics have different specific resistance mechanisms
such as: the inactivation of antibiotics, the replacement of the target by a new molecule that
has no affinity to the drug, structural changes in the site of drug action, getting rid of the drug
from the cell by the actively pumping it out, reducing the ability of the antibiotic to penetrate
the cell membranes (Nikonorow et al. 2013; Oliphant and Eroschenko 2015).

However, one of the most important and increasingly dangerous resistance mechanisms
of bacteria is the production of B-lactamases. There are specific enzymes that hydrolyze the
B-lactame ring. Another mechanism is related to proteins which bind penicillin (PBP) —
B-lactams inhibit the growth of bacteria as they permanently bind the proteins and thus
inhibit their enzymatic activity. Bacterial resistance can also be determined by the
mechanisms which have the ability to limit the penetration of bacterial cells by B-lactams. In
Enterobacteriaceae is observed one of the most important epidemiologically resistant
mechanism — it is the production by these bacteria of B-lactamases with extended spectrum
(ESBL) (Gniadkowski 2008; Martinez-Martinez 2008).

ESBL enzymes were identified for the first time in 1983 (Knothe et al. 1983). These
enzymes cause the hydrolysis of penicillins, aztreonam and some cephalosporins. Strains
which exhibit ESBL are more dangerous since, despite the fact that their growth is inhibited
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eg. by clavulanic acid, sulbactam and tazobactam (which are B-lactamase inhibitors), they
increasingly exhibit resistance to B-lactams combined with inhibitors (Gniadkowski et al. 2009;
Oliphant and Eroschenko 2015).

Considering the growing threat arising from the presence of multidrug resistant bacteria in
the surface waters, the aim of this study was the assessment of water sanitary state and the
occurrence of drug resistant strains of Escherichia coli in ten sampling points located on
selected water reservoirs used for recreation on the Dunajec river and reservoirs in Krakow
area and Kryspinow.

MATERIAL AND METHODS

Water samples for microbiological examination were collected in 10 sampling points
located on selected water reservoirs used for recreation on the Dunajec river (the river is
a tourist attraction, a popular site for fishing, kayaking and rafting, there are also numerous
bathing areas), and reservoirs in Krakéw area and Kryspinéw (bathing areas).

Samples were collected 19th April 2015 from ten locations (Table 1) — five points on the
river Dunajec (Czarny Dunajec in Witéw and Ludzmierz, Biaty Dunajec in Poronin and Szaflary,
Dunajec in Kroscienko) three recreational areas in Krakéw (Przylasek Rusiecki, Bagry, Zakrzéwek)
and two in Kryspinéw (reservoir in Piaski and Budzynski) as recommended by standards
(PN-EN ISO 19458 : 2007; Rozporzadzenie Ministra Zdrowia z dnia 8 kwietnia 2011 r.).

Microbiological analysis was carried out by the membrane filtration method (PN-EN ISO
9308-1 : 2014-12) on agar TBX Agar (Tryptone Bile Agar with X-Glucuronide, a chromogenic
medium for the detection of E. coli) (Biocorp). After 24 hours of incubation in 44°C colonies of
coliforms on membranes were counted. After the incubation the pure cultures of Escherichia
coli were isolated on the chromogenic TBX medium (BTL) and than their taxonomic position
was confirmed.

The study of drug resistance of randomly selected strains was performed by the disc
diffusion method according to the recommendation of KORLD (National Reference Center for
Microorganisms Susceptibility Testing) and EUCAST (The European Committee on Antimicrobial
Susceptibility Testing) on Mueller-Hinton (Biocorp) medium (Kayser et al. 2007; Gniadkowski
et al. 2009; Breakpoints tables... 2015).

Primary antibiogram for 41 strains was made using the following antibiotics: amoxicillin/
/clavulanic acid AMC (20/10), ampicillin AM (10 pg), cephalothin CF (30 pg), cephazolin
CZ (30 ug), cefamandole MA (30 ng), cefuroxime CXM (30 pg), fosfomycin + glucose-6-
-phosphate FOS (200 ug), gentamicin GM (10 pg), nitrofurantoin F/M (300 pg), norfloxacin
NOR (10 ug), ofloxacin OFX (5 ug), sulfamethoxazole/trimethoprim SXT (23,75 ug/ 1,25 ug),
tetracycline TE (10 pg) as well as expanded antibiogram using: amikacin AN (30 ug)
aztreonam ATM (30 pg), cefepime FEP (30 ug), cefotaxime CTX (30 pg), ceftazidime CAZ
(30 pg), imipenem IPM (10 pg), meropenem MEM (10 pg), ticarcillin TIC (75 pg). Evaluation
of susceptibility was based on the size of inhibition zone acording to the EUCAST guidelines
(Breakpoints tables... 2015).

ESBLs were determined by two discs with ceftazidime CAZ (30 pg) and cefotaxime CTX
(30 ug) placed in a distance of 2 cm (between centers) from the disc with amoxicillin/
/clavulanic acid AMC (20/10) — Gniadkowski et al. (2009).
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RESULTS AND DISCUSSION

The tested waters differed in temperature. The temperature of the Dunajec increased with
distance from the source, however, did not exceeded 7°C (Table 1), which is typical for cold
waters of mountain rivers. The temperature of reservoirs in Krakéw and Kryspinéw oscillated
around 10°C. Low temperatures do not create favorable conditions for the growth and
development of microorganisms in water, but the time of survival of E. coli in low temperatures
can extend (Van Elsas et al. 2011), posing a greater threat to users of reservoirs and
watercourses.

Table 1. Sampling points location and water and air temperature during sampling
Tabela 1. Lokalizacja punktéw badawczych oraz temperatura wody i powietrza w czasie poboru prébek

S . . Longitude Latitude Temperature Tempergture
ampling pomt DIUgosE Szerokosé of water of air
Punkt pobrania 90 ) Temperatura  Temperatura
geograficzna geograficzna wody [°C] powietrza [°C]
1. Czarny Dunajec — Witéw 019°51'05.9"E 49°17'30.5"N 5.0 2.0
2. Czarny Dunajec — LudZmierz 019°58'64.8"E 49°27'52.1"N 6.1 3.0
3. Biaty Dunajec — Poronin 020°00'06.7"E 49°20'19.2"N 4.9 2.0
4. Biaty Dunajec — Szaflary 020°01'37.1"E 49°25'35.6"N 5.3 3.0
5. Dunajec — Kroscienko 020°25'31.6"E 49°26'41.4"N 7.0 8.0
6. Krakow — Przylasek Rusiecki 020°09'36.8"E 50°02'54.5"N 11.7 9.4
7. Krakéw — Bagry 019°59'36.6"E 50°02'00.1"N 10.5 9.5
8. Krakéw — Zakrzowek 019°54'44.4"E 50°02'04.5"N 9.6 9.4
9. Kryspindéw — Na Piaskach 019°47'44.7"E 50°02'53.5"N 11.0 8.1
10. Kryspindw — Reservoir Budzynski ~ 019°47'13.9"E 50°03'01.4"N 10.0 8.1

The most polluted, and thus not meeting the criteria of microbiological contamination for
water intended for recreational purposes, were the Biaty Dunajec waters (Table 2) in sampling
points located both in Poronin and in Szaflary, because it exceeded the permissible value
of 1000 CFU - 100 cm™3; others can be seen as waters of excellent quality as Escherichia
coli generally did not exceeded 200 CFU - 100 cm= (Rozporzgdzenie Ministra Zdrowia
z 8 kwietnia 2011 r.). Surprising may seem high microbiological contamination of cold flowing
waters of the Biaty Dunajec, however, the impact on it could have the fact that the areas are
more urbanized and many households still do not drain sewage into the treatment which may
adversely affect the condition of the surrounding watercourses.

Water as an element of the environment is probably the most exposed to chemical and
bacteriological contamination. Rivers and water reservoirs have been used as receivers of
wastewater for years, which resulted in the degradation of many of them. The appearance or
constant presence of pathogenic microorganisms in the water poses a risk of occurrence and
spread of infectious diseases (Michatkiewicz and Madrecka 2009). Although progress in
water and wastewater management has eliminated epidemics on a large scale, however not
everywhere has it solved the problem of effective wastewater treatment (Langergraber and
Muellegger 2005; SmyHa, http://www.ietu.katowice.pl/wpr/Aktualnosci/Czestochowa/Referaty/).
In 2014, the National Institute of Hygiene, one of whose goals is to assess the health
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situation of the population in Poland, recorded 11 344 bacterial intestinal infections in our
country (Materiaty Narodowego Instytutu Zdrowia Publicznego, www.pzh.gov.pl) and the
cause of many of them was bacteriologically contaminated water.

Table 2. The mean number of Escherichia coli in tested water samples
Tabela 2. Liczebnos¢ Escherichia coli w badanych prébkach wody

Sampling point Number of — Liczebnos¢ E. coli
Punkt pobrania [CFU - 100 cm—]
1. Czarny Dunajec — Witéw 27
2. Czarny Dunajec — Ludzmierz 72
3. Biaty Dunajec — Poronin 1860
4. Biaty Dunajec — Szaflary 1040
5. Dunajec — Kroscienko 203
6. Przylasek Rusiecki — Krakow 2
7. Bagry — Krakow 9
8. Zakrzowek — Krakow 0
9. Na Piaskach — Kryspinéw 60
10. Reservoir Budzynski — Kryspinéw 0

Bacteriological contamination of waters is not just a local problem of southern Poland, but
according to research published in the literature, this is a problem on a global scale.
Analyzing the results obtained during this study, it can be stated that the risks arising from
the presence of drug-resistant bacteria in the tested waters is relatively low comparing with
the data forwarded by other researchers, mainly outside of Poland, because among the
tested strains rare occurrence of resistant bacteria was detected, among which resistance to
one antibiotic dominated, however almost 80% of the isolates were sensitive to all of the
tested substances (Fig. 1).
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Fig. 1. Percentage of E. coli strains resistant on different number of antibiotics
Ryc. 1. Odsetek szczepdéw E. coli opornych na rézng liczbe antybiotykow
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However, in the studied samples the presence of strains resistant to ticarcillin,
sulfamethoxazole/trimethoprim, tetracycline was revealed, as well as single isolates not
sensitive to amikacin, ampicillin, aztreonam, cefuroxyme, nitrofurantoin, norfloxacin, ofloxacin,
The number of resistant strains did not exceed 15% (Table 3).

Table 3. Percentage of strains resistant on tested antibiotics and its origin
Tabela 3. Odsetek szczepdw opornych na poszczegdlne antybiotyki i ich pochodzenie

Antibiotics™® Resistant strains Origin of resistant strains
Antybiotyki Szczepy oporne [%] Pochodzenie opornych szczepow
Amikacin AN 2.44 Kryspinéw — Na Piaskach
Ampicillin AM 2.44 Dunajec — Kroscienko
Aztreonam ATM 2.44 Kryspinéw — Na Piaskach
Cefuroxyme CXM 2.44 Kryspinéw — Na Piaskach
Nitrofurantoin F/M 2.44 Biaty Dunajec — Szaflary
Norfloxacin NOR 2.44 Kryspinéw — Na Piaskach
Ofloxacin OFX 2.44 Kryspinéw — Na Piaskach
. 4.88 Kryspinéw — Na Piaskach (2.44%
Tetracycline TE C;yarrr)]y Dunajec — Witéw (;.44%))
14.64 Kryspindow — Na Piaskach (7,32%)
' e Dunajec — Kroscienko (2.44%
Ticarcillin TIC Czarriy Dunajec — Witc’J(w (2.44?%)
Biaty Dunajec — Szaflary (2.44%)
Sulfamethoxazole/ 7.32 Czarny Dunajec — Witow (4.88%)
Trimethoprim SXT Dunajec — Kroscienko (2.44%)

*The table does not include antibiotics that inhibit the growth of all tested strains — W tabeli nie uwzgledniono
antybiotykdéw, ktére hamujg wzrost badanych szczepow.

In comparison, in the rivers of the United States (Ash and Iverson 2002) the largest
number of the tested bacteria showed resistance to trimetoprim—sulfmetaksazol (about 63%)
and tetracycline 27%. Da Costa et al. (2008) found that many of the tested strains showed
resistance to ampicillin (about 57%), tetracycline (81%) and trimetoprim—sulfmetaksazol
(about 48%). Based on studies of water within Ojcowski National Park (streams and springs)
Chmiel (2013) found that, among the tested strains of E. coli, 19% were resistant to three or
more antibiotics. Bartosiewicz et al. (2014) conducted a study whose purpose was to analyze
resistance to selected antibiotics Escherichia coli isolated from streams within the city of
Sopot. Srains isolated by them showed a very diverse level of resistance, but the greatest
resistance was observed to gentamicin (approx. 90% of all tested strains). Based on the
results and the literature data, it can be seen that coliforms were mostly resistant to
antibiotics normally used in the treatment of bacterial infections. Such an image of drug
resistance can attest to the fact that the source of these bacteria are people or livestock,
which had or have contact with antibiotics. There is also a possibility that the presence of
antibiotics in water is responsible for the modification of genes, including those responsible
for resistance to these substances (Matejczyk et al. 2015).

Gram-negative bacteria are a common causes of community- and nosocomial-acquired
infections and antimicrobial resistance is rapidly increasing among this bacteria (Oliphant
and Eroschenko 2015). The problem of increasing resistance among diverse groups of
bacteria is mainly caused by the overuse of antibiotics. Increasingly, there are strains which
are resistant to most of p-lactam antibiotics — means ESBL. The phenomenon of spreading
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of these strains is due to a very intensive use of antibiotics, leading to the selection of newly
acquired resistance mechanisms. These include the majority of B-lactams at the same time
(Baraniak 2011). Fortunately, among the tested isolates, the presence of ESBL bacteria was
not confirmed. To stop the spread of resistance among microorganisms we must first of all,
avoid using antibiotics randomly and use mainly antibiotics with a narrow spectrum of action.

CONCLUSIONS

1. Water reservoirs in Krakéw and Kryspindw may be used for bathing, because the number
of Escherichia coli should not exceed the permissible standards, but the Biaty Dunajec
river pollution makes it unsuitable for recreational purposes.

2. Resistant strains were isolated mainly in one recreational reservoir Kryspinow — Na
Piaskach, but they were also present in the waters of the Dunajec river.

3. 25% of analyzed strains were resistant to at least one of the tested antibiotics, but none of
the studied strains of Escherichia coli produced ESBL.

4. Of the surveyed waters were no isolated multidrug resistant E. coli strains.

5. Most isolates were resistant to ticarcillin, sulfamethoxazole/trimethoprim and tetracycline.
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Abstract. The presence of multi-drug resistant bacteria is no longer only a clinical problem
because increasingly, during the microbiological water and soil analysis, the antibiotic resistant
bacteria are isolated, which can be a significant health hazard. The aim of this study was the
assessment of water sanitary quality and the occurrence of drug resistant strains of Escherichia
coli in 10 sampling points located on selected water reservoirs used for recreation on the
Dunajec river and reservoirs in Krakdw area and Kryspinéw. Collected water samples were
examined by the membrane filtration technique to assess the number of E. coli. Drug resistance
was tested using the disc diffusion method as well as the ESBL assay according to KORLD and
EUCAST standards. Based on the results, it was found that in two sampling points located on
the Biaty Dunajec river the population of E. coli exceeded standards intended for bathing.
Resistant strains were isolated mainly in one bathing place - Kryspinéw — Na Piaskach, but they
were also present in the waters of the Dunajec river. Most often isolates were resistant only to
one of the tested antibiotics, the multidrug resistant E. coli were no isolated. The tested strains
were mainly resistant to ticarcillin, sulfamethoxazole/trimethoprim and tetracycline. All the
tested strains were ESBL negative.






