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This study aimed to determine the prevalence of coliform bacteria and their extended spectrum β-
lactamase (ESBL) phenotype isolated from surface waters of Hilla river. Over the period of four months
from January  to April 2015,a total of 101 water samples were obtained from 10 different sites of Hilla
river . Seventy-eight (77.22%) isolates were detected as coilform .Species identification revealed that
23(29.5%) were Escherchia coli,35(44.9%) were Klebsiella pneumonaie, 9 (11.5%) were Klebsiella
oxytoca and 11 (14.1%) were Enterobacter spp. Phenotypic detection of ESBL was carried out using  disk
approximation method and confirmed in 37 (47.43%) isolates . Antimicrobial susceptibility profiles of
both ESBL –producing and non ESBL-producing isolates were assessed using Kirby-Bauer disk diffusion
method. High levels of resistance were observed for ESBL-producing isolates when penicillin antibiotics
(ampicillin and piperacillin) recorded (94.59%) and (89.18%), respectively. The lowest rates were
detected for imipenem (5.4%), meropenem (8.1%) and levofloxacin (10.81%).These findings indicated the
occurrence of ESBL-producing coliforms polluted  Hilla river waters.
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INTRODUCTION

During recent decades, abuse and overuse of antibiotics in
medicine and agriculture has led to emergence of antibiotic
resistance among enteric bacteria (Chitanand et al.,2010).
Antibiotic-resistant bacteria constitute one of the more
hazardous biological contaminants  found in different water
bodies .Bacteria resist antibiotics by different mechanisms,
production of β-lactamases being one of these. Extended-
spectrum beta lactamase (ESBL) enzymes are a class of β-
lactamases that mediate resistance to all β-lactam antibiotics
excluding carbapenems and cephamycins, inhibited by β-
lactamase inhibitors such as  clavulanic acid, sulbactam and
tazobactam (Tisseria and Lee., 2013; Korzeniewska and
Harnisz, 2013). Predominantly detected in a wide range of
Gram-negative bacteria, some are  inhabitants of human
intestine and important pathogens not only in clinical settings
but the community as well (Laurent et al.,2008;Kang et
al.,2013). Infections caused by ESBL- producing organisms are
difficult to treat and the therapeutic options for clinicians is
limited (Kim et al.,2002; Liu et al.,2004) .ESBLs are plasmid
rather than chromosomally encoded β –lactamase, associated
with mobile genetic elements and conferring  multi-resistant
properties (Bradford,2001; Szczepanowski et al.,2009). They

are derived from the older TEM-1,TEM-2 and SHV-1 enzymes
by amino acid substitution , originally discovered in Germany,
in 1983 from Klebsiella pneumoniae. To date, over 300 types
have been detected worldwide (Bush and Jacoby ,2010). The
current study aimed to evaluate the prevalence of coliform
bacteria isolated from Hilla river waters, detect ESBL –
producing isolates by phenotypic test and determine the
susceptibility profiles of bacterial isolates.

MATERIALS AND METHODS

Samples collection

Between January and April of 2015,a total of  101 water
samples (from surface layer) were collected at 10 different
sites of Hilla river ,the main river in Babylon province ,Iraq. It
used for agriculture and drinking water for animals. Water
samples were collected in sterile glass bottles and kept on ice,
then transported to the laboratory to be analyzed within 2 hrs.

Samples processing and Microbiological analysis

Each sample was filtered through a sterile 0.22 μm pore
membrane (Millipore, Difco, USA). Ten-fold dilutions were
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plated by spreading 0.1 ml on plate count agar and incubated
aerobically at 37 Co for 24-48 hrs (Girlich et al.,2010 ;Moges et
al.,2014). After incubation, based on colony morphology
suspected colonies were selected and sub-cultured on different
selective and differential media such as blood agar
(Himedia),MacConkey agar (Himedia) and Eosin methylen
blue agar (Biolife) then identified biochemically following
standard methods described by Holt et al.(1994),Collee et al.
(1996) and MacFaddin (2000).

Antimicrobial susceptibility test

All bacterial isolates were submitted to susceptibility testing
against 13 antimicrobial agents using the Kirby-Bauer disk
diffusion method on Mueller-Hinton agar plates (Oxiod)
(Bauer et al.,1966) .The tested antibiotics included : Ampicillin
(10µg), Piperacillin (100 µg)  , Amoxicillin- Clavulanic acid
(10 µg), Cefotaxime(30 µg), Ceftazidime (30µg), Ceftriaxone
(30 µg),  Cefoxitin (30 µg), Aztreonam (30µg),
Erythromycin(15 µg) .After 18hrs of incubation at 37 Co ,the
zones of inhibition were measured and compared with the
Clinical and Laboratory Standards Institute (CLSI) guidelines
(CLSI, 2010). For quality control, Escherchia coli ATCC
25922 was used.

Phenotypic detection of extended spectrum β-lactamases

Phenotypic detection of ESBLs producing isolates was
determined using disk approximation method as modified by
Coudron et al.(1997). Briefly, antibiotics disks containing
30µg of ceftazidime, cefotaxime, ceftriaxone and aztreonam
,placed at a distance of 15mm (edge to edge )  from a central
disk containing amoxicillin-clavulanic acid (20 /10 µg) on
Mueller –Hinton agar plate previously inoculated with test
isolate.

RESULTS AND DISCUSSION

Out of  101 water samples,78 (77.22%) isolates were recovered
during this study ,E.coli comprised 23(29.5%) isolates
,K.pneumoniae 35 (44.9%),K.oxytoca 9(11.5%) and 11(14.1%)
Enterobacter spp. (Table-1).In one study, Ngozi et al. (2010)
identified 18 isolates as coliforms, 11(4.4%) isolates were
E.coli ,4(1.6%) Klebsiella spp. and 3 (1.2%) Enterobacter spp.
obtianed  from sachet-water manufactured and sold  in Nigeria.
In another  work carried out by Korzeniewska and Harnisz
(2013) demonstrated that E.coli, Citrobacter freundii and
Klebsiella spp. were the most predominant species isolates
from hospital sewage in Poland ,all were ESBLs-producers.

Results of the current study revealed that 37(47.43%) isolates
were identified as ESBL-producers using  disk approximation
method. Of which,11(29.73%) isolates belonged to E.coli,17

(45.95%) isolates were K.pneumoniae ,2(5.40%) were
K.oxytoca and 7 (18.92%) isolates were Enterobacter spp.
(Table-2).  This result was higher than that reported in
Bangladesh by Talukdar et al. (2013) who characterized that 22
/233 bacterial isolates were ESBL-producer by this method.
Also, Nogzi et al. (2010) noticed that out of 18 tested
coliforms,2 (18%) strains of E.coli were confirmed as ESBL
producer by double disk synergy test.

Contamination of Hilla river waters by these agents may be
related to discrete discharge of Babylon Teaching Hospital for
Maternity and Pediatric sewage containing strong multi-
resistant pathogenic bacteria, runoff from agricultural areas
,bathing of animals and release their excretions directly into
river water, industrial effluents, waste products of Hilla
laboratories is discharged directly  into river water with high
doses of  pathogens.

Antibiotics susceptibility of ESBL-producing and non –
producing isolates was estimated, table-3.

The highest rates of resistance were observed for ESBL-
producing isolates with (94.59%) to ampicillin followed by
(89.18%) to piperacillin, (86.48%) to amoxi-clav ,(81.08%) to
cefoxitin, (75.67%) to ceftazidme, (70.27%) to cefotaxime,
(62.16%) to ceftriaxone, (45.94%) to aztreonam ,(43.24%) to
nalidixic acid and (40.54%) to erythromycin. Higher
percentages of resistance against penicillin antibiotics among
ESBL-producers were recorded by other researchers, Ngozi et
al. (2010) in Nigeria, Tacao et al. (2012) in Portagal. Andersen
and Sandaa (1994) stated that the presence of coliforms with
higher resistance to ampicillin and other antibiotics may reflect
human effect in the natural environment.

However, lower rates of resistance were noticed for imipenem ,
meropenem and levofloxacin with (5.4%,8.1% and 10.81%)
resistance rate, respectively. Table-3. The lower values of
resistance toward imipenem and meropenem has been reported
among ESBL-producing E.coli and K.pneumoniae isolated
from effluent wastewater in Eygpt (Amine,2013).

In a Malaysian study ,Tissera and Lee (2013) recorded 19
isolates as ESBL-producers from urban surface waters, all were
sensitive to imipenem and meropenem antibiotics. Moreover,
non-ESBL-producer isolates showed less resistant rates against
tested  antibiotics, table -3. This result in agreement with the
findings of Prado et al. (2008) in Brazil who recorded highest
levels of resistance among ESBL-producing K.pneumoniae
strains.

Table 1 Types, numbers and percentages of coliform
bacteria isolated from Hilla river waters.

Type of bacteria Numbers Percentages
Escherchia coli 23 29.5

Klebsiella pneumoniae 35 44.9
Klebsiella oxytoca 9 11.5
Enterobacter spp. 11 14.1

Total 78 100

Table 2 Frequency of potential ESBL-producing isolates
by disk approximation test.

Type of isolate No. of isolates No.(%) of ESBL-producing
isolates

Escherchia coli 23 11(29.73)
Klebsiella pneumoniae 35 17(45.95)

Klebsiella oxytoca 9 2(5.40)
Enterobacter spp. 11 7(18.92)

Total 78 37(100)
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CONCLUSION

Results of the present work have shown that Hilla river waters
are contaminated with ESBL-producing coliform bacteria .The
presence of these agents may provide an indication of water
borne diseases and poses a major risk to exposed  human
populations.
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