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ABSTRACT

Urinary tract infections seem most important and prevalent hospital and community associated infections.
It can be unimicrobial or polymicrobial with most prevalent microbes like Escherichia coli. And Klebsiella
pneumoniae. It is hard to cured may be due to fluctuated antibiotic resistance mediated by arrays of
mechanisms like modifying enzyme and efflux pumps. The study included 50 isolates of each E. coli. and
K. pneumoniae confirmed by species specific genes, uidA and tryB. Antibiotic susceptibility for 25
antimicrobial agents were assessed. The results revealed that antibiotic susceptibility of E. coli, for
penicillin and cephalosporin the results revealed that it is fully resist to amoxicillin, ceftazidime and
cefotaxime while express moderate resistance to ceftriaxone (54%), cefixime (52%) and Cefoxitin (42%).
The isolates express high sensitivity for piperacillin (74%). Also the susceptibility results to monobactam
and carbapenem revealed that, (20%, 0.00% and 6% ) were resistant to Aztreonam, imipenem and
meropenem respectively while high sensitivity were documented (96%, 80% and 56%) for imipenem and
meropenem, Aztreonam respectively. For quinolones, the isolates show low resistance (26%, 14% and
12%) for ciprofloxacin , ofloxacine and levofloxacin respectively. At same time they are express high
sensitivity rate (82% and 80%) to ofloxacin and levofloxacin respectively. Susceptibility of E. coli to
aminoglycosides revealed that moderate resistance to kanamycin , streptomycin and tobramycin (42%, 36%
and 20% respectively). High sensitivity were stated (94%, 62%, 50%, 50%) to netilmicine, gentamycin
amikacin and tobramycin respectively. Also the isolates show high sensitivity to azithromycin (90%),
trimethoprim (64%), doxycycline (62%) and nalidixic acid (62%).The results of K. pneumoniae
susceptibility revealed that high resistance to penicillins and cephalosporins (ceftazidime 98%, ceftriaxone
92%, cefotaxime 92%, amoxicillin 92%, cefixime 84% and cefepime 80%). It is only sensitive to
piperacillin (66%). Additionally the isolates express high sensitivity to meropenem (86%), and imipenem
(76%) while moderate resistance to Aztreonam (58%). Quinolones susceptibility results reveal that, they
are highly sensitive to ofloxacin (90%) and moderate sensitivity to levofloxacin (58%) and ciprofloxacin
(46%). High level of sensitivity were conveyed to netlimicin (92%), amikacin (82%) and moderate
sensitivity to gentamycin (52%) while high resistance was for streptomycin (78%). They show high
sensitivity to azithromycin (76%) and nalidixic acid (68%) while express high resistance to trimethoprim
(76%) and nitrofurantion (58%). The current study conclude that, the most suitable drugs for UTIs-
associated E. coli/K. pneumoniae were piperacillin, netilmicine, amikacin, imipenem, meropenem,
levofloxacin. There is an increased emergence of resistance to cephalosporins along nitrofurantion and
trimethoprime.

Introduction

Urinary tract infections (UTIs) are one of the most common bacterial infections and are causedby both
Gram-negative and Gram-positive bacterium [1]. It account for 32% of major healthcare-associated
infections [2]. Escherichia coli (E. coli) is reported as the most common pathogen of UTlIs, followed by
the second most common, Klebsiella pneumoniae(K. pneumoniae) [3]. UTI is a common painful human
illness that, unfortunately not responsive to commonly used antibiotics in the current practice [4]. Drug
resistance among Gram-negative pathogens is a risk factor for inappropriate empiric treatment which in
turn increases the risk for mortality[5]. Antimicrobial resistance is increasing among uropathogens and the
production of B-lactamases is a major resistance mechanism. Extended-spectrum beta-lactamase produced
by E. coli and K. pneumoniae reduces the number of therapeutic options for the infection caused by these
pathogens[6]. ESBL producer are resistant to penicillins, cephalosporins, and monobactam. The ESBL
producers can also develop co-resistance to other classes of antimicrobial agents, such as fluoroquinolones,
co-trimoxazole, and aminoglycosides,[7,8]. The resistance patterns may be multidrug resistance (MDR),
extensive drug resistance (XDR) or pan drug resistance (PDR). Manu studies stated that, bacteria exhibiting
MDR, XDR, and PDR are the principal organisms that undermine successful treatment [9-11]. Piperacillin-
tazobactam, cefepime, aminoglycosides, trimethoprim-sulfamethoxazole and quinolones might be effective
and can be considered as empirical therapy [8]. Until recently, lower UTIs were commonly treated with
fluoroquinolones, resulting in a rapidly increasing prevalence of quinolone-resistant E. coli in many
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countries[12]. It is recommend to use nitrofurantoin and fosfomycin as first-line options for lower UTI in
women and discourage the use of quinolones for acute cystitis because of their potential collateral damage
in terms of the selection of drugresistant organisms[13]. Nitrofurantoin and fosfomycin continue to have
good activity against most E. coli isolates, including ESBL producers, and have a smaller ecologic impact
than the fluoroquinolones [14-16]. The current study was conducted to investigate the resistance profile for
Uropathogenic E. coli and K. pneumoniae.

Materials and Methods

Sample Collection and Identification

In the present study, a total of 50 isolates of each of E. coli and K. pneumonia were collected during the
period from September 2020 to January 2021, from patients with cystitis whose attended different hospitals
in Hilla city, Al-Sadiq Hospital ,and Al-Hilla Teaching Hospital, Merjan Teaching city. All samples were
cultured on MacConkey's and Eosin methylene blue and incubated at 37 C° for 24 hrs. Identification was
confirmed by polymerase chain reaction (PCR) using species-specific primer pairs of E. coli (for uidA
gene) and (for tyrB gene) for K. pneumoniae (Table 1)

Table 1. Primer pairs sequences and PCR conditions

Primer Sequence (5’ to 3') Product | Annealing | Ref.

(bp) temp. (2C)

uidA-F | TGGTAATTACCGACGAAAACGGC 162 60.9 [18]

uidA-R | ACGCGTGGTTACAGTCTTGCG

tyrB-F | GGCTGTACTACAACGATGAC 931 56.5 [19]

tyrB-F TTGAGCAGGTAATCCACTTTG

DNA Extraction and PCR

G-Spin Genomic DNA Extraction Kit (for bacteria) are designed isolation of genomic DNA from a variety
of sample sources including fresh or frozen animal cells and Gram negative bacteria. Conventional PCR
was used to amplify the target DNA using specific primer pairs (Table 1). The PCR condition is illustrated
in Table 2 for the PCR mixture of 20ul consisted of 5 ul of Maxime PCR Premix kit (i-Taq)
(Intronbio/Korea), 2.5 pl of forward primer (10(pmole/pl), 2.5 pl of reverse primer (10 pmole/pl), (5 pl) of
target DNA, and 5ul of nuclease-free waterNew Biolabs/US.

Antibacterial Susceptibility Test

The in vitro susceptibility ofEnterobateraciaspp isolates to 26 antibiotics was determined by disc-diffusion
method according to the clinical and laboratory standards institute (CLSI, 2019) [17] Activation of isolates
was done using the nutrient broth for 18 h at37C and the growth was adjusted to 0.5 McFarland’s standard
(1.5%x108 CFU/mL), then spread on Mueller Hinton agar (MHA) with a cotton swab. Antibiotic discs were
placed on MHA, gently pressed down to ensure complete contact with the agar inoculated with bacteria,
and then incubated for 18-20 h at 37°C and then inhibition zone diameter in mm was
recorded.Interpretation of results as a sensitive or resist was achieved according to the CLSI, 2019.[17]

Results and Discussion

The results revealed that 50 isolates were lactose fermenter with green metallic sheen on EMB while the
other 50 isolates were lactose fermenter with deep purple mucoid appearance on EMB. The first screening
on EMB were confirmed using species specific primers (uidA gene) for E. coli and (tyrB gene) for K.
pneumoniae (Figure 1 and 2).B-D-glucuronidase, encoded by the gene uidA, is routinely used to
specifically identify E. coli. Many studies revealed that uidA was found in about 97% of all strains of E.
coli. This gene encodes an enzyme specific to E. coli and is therefore widely used in identification kits and

http://annalsofrscb.ro 1337



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 1336 - 1347
Received 05 March 2021; Accepted 01 April 2021.

as a specific marker for E. coli [20-23]. It was found that uidApresent in of ETEC [24], E. coli isolated
from meat[25], diarrhoea[26-28], wastewater [29], pigs [30], cattle [31]. Concern using of tyrB gene
(which encode for Tyrosine aminotransferase) for specific identification of K. pneumoniae, many studies
proved their specificity for identification of this bacteria isolated from different clinical samples [32-35].

Concern antibiotic susceptibility of E. coli, for penicillin and cephalosporin the results revealed that it is
fully resist to amoxicillin, ceftazidime and cefotaxime while express moderate resistance to ceftriaxone
(54%), cefixime (52%) and Cefoxitin (42%). The isolates express high sensitivity for piperacillin (74%)
(figure 3). Also the susceptibility results to monobactam and carbapenem revealed that, (20%, 0.00% and
6% ) were resistant to Aztreonam, imipenem and meropenem respectively while high sensitivity were
documented (96%, 80% and 56%) for imipenem and meropenem, Aztreonam respectively (figure 4). For
quinolones, the isolates show low resistance (26%, 14% and 12%) for ciprofloxacin , ofloxacine and
levofloxacin respectively. At same time they are express high sensitivity rate (82% and 80%) to ofloxacin
and levofloxacin respectively (figure 5). Susceptibility of E. coli to aminoglycosides revealed that moderate
resistance to kanamycin , streptomycin and tobramycin (42%, 36% and 20% respectively). High sensitivity
were stated (94%, 62%, 50%, 50%) to netilmicine, gentamycin amikacin and tobramycin respectively
(figure 6). Also the isolates show high sensitivity to azithromycin (90%), trimethoprim (64%), doxycycline
(62%) and nalidixic acid (62%) (figure 7). It seem that the E. coli isolates have extend spectrum beta-
lactamases due to their resistance to ceftazidime, cefotaxime and moderately to ceftriaxone. This is may be
attributed to blaCTX-M type especially (blaCTX-M-15. blaCTX-M-27)[36], blaCTX-M-1, blaCTX-M-2,
blaCTX-M-8, blaCTX-M-9[37], bla-TEM and bla-SHV [38,39], blaOXA and AmpC[40]. Resistance to
aminoglycosides may be mediated by modifying enzymes like aac(6')-1b, aac(3)-Il, ant(3")-1 (8.4%)
and aph(3')-VI [41,42]. Carbapenem-resistant E. coli isolates may be due to blakPC-2 and blaNDM-1[43].
Additionally the resistance to more than one antibiotics may be attributed to efflux pumps [45]. AcrAB-
TolC was the predominant efflux pump for most of antibiotic classes [46-48]. EmrAB-TolC was also staed
as more prevalent efflux pump of UPEC[49]

The results of K. pneumoniae susceptibility revealed that high resistance to penicillins and cephalosporins
(ceftazidime 98%, ceftriaxone 92%, cefotaxime 92%, amoxicillin 92%, cefixime 84% and cefepime 80%).
It is only sensitive to piperacillin (66%) (figure 8). Additionally the isolates express high sensitivity to
meropenem (86%), and imipenem (76%) while moderate resistance to Aztreonam (58%) (figure 9).
Quinolones susceptibility results reveal that, they are highly sensitive to ofloxacin (90%) and moderate
sensitivity to levofloxacin (58%) and ciprofloxacin (46%) (figure 10). High level of sensitivity were
conveyed to netlimicin (92%), amikacin (82%) and moderate sensitivity to gentamycin (52%) while high
resistance was for streptomycin (78%)(figure 11). They show high sensitivity to azithromycin (76%) and
nalidixic acid (68%) while express high resistance to trimethoprim (76%) and nitrofurantion (58%) (figure
12). Resistance of K. pneumoniae to beta-lactam also may be mediated by beta-lactamases like blaOXA-48
and blaKPC[50]. CTX-M-15 was the most frequent ESBL identified in K. pneumoniae[51]. blaAmpC was
also detected in K. pneumoniae[52,53]. ESBL producers represented one-third of E. coli/K.
pneumoniae UTI episodes[54]. Resistance to quinolone may be mediated by gnrS, gnrB and gnrA . The
most prevalent quinolone efflux pump gene was ogxB , followed by ogxA and gepA [55]. It was found
that ciprofloxacin-resistant strains of K. pneumoniae have overexpressed AcrAB, MacAB and OxqAB-
TolC efflux pump genes[56-59]. Current treatment options for UTIs due to ESBL-producing
Enterobacteriales include nitrofurantoin, fosfomycin, fluoroquinolones and carbapenems[60].

=

PR ——— - — ——— — — —

Figure 1. Agarose gel electrophoresis (1.5% in TBE) for uidA amplicon (162bp), M represent 100bp
DNA marker , other lanes represent E. coli isolates
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Figure 2. Agarose gel electrophoresis (1.5% in TBE) for tyrB amplicon (931bp), M represent 100bp
DNA marker , other lanes represent K. pneumoniae isolates
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Figure 7. Antibiotic resistance patterns % of E. coli for other classes of antibiotics

http://annalsofrscb.ro 1341



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 1336 - 1347

Received 05 March 2021; Accepted 01 April 2021.

Antibiotic

W sensitive

cefoxitin

cefotaxime

cefixime

cefepime

ceftazidime

ceftriaxone

20

16

34
46

Peperacilin

Amoxicillin

80

66

84

92

92

92

98

0 10 20

B Intermediate

M Resistent

40 50 60

Pattren%

70 80

90

100

Figure 8. Antibiotic resistance patterns % of K. pneumoniae for penicillins and cephalosporins

Antibiotic

W sensitive

Aztreonam

Meropenem

Imipenem

B Intermediate

58
86
6
8
76
12
12
0 10 20 30 40 50 60 70 80 90

M Resistent

Pattren%

Figure 9. Antibiotic resistance patterns % of K. pneumoniae for monobactam and carbapenem

http://annalsofrscb.ro

1342



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 1336 - 1347
Received 05 March 2021; Accepted 01 April 2021.

.
90
ofloxacin 2
8
2
§ 46
2 Ciprofloxacin 26
-
c
Z 28
58
Levofloxacin 32
10
0 10 20 30 40 50 60 70 80 90 100
m sensitive M Intermediate M Resistent Pattren%
Figure 10. Antibiotic resistance patterns % of K. pneumoniae for quinolones
1
92
Netlimicin 4
4
trept i 4 18
streptomycin
p y 78
Sk i 226
S anamycin
5 Y 50
2
£ Tob i 12 a4
obramycin
< Y 44
52
Gentamycin 8
40
82
Amikacin 8
10

0 10 20 30 40 50 60 70 80 90 100

Pattren%
I sensitive M Intermediate M Resistent

Figure 11. Antibiotic resistance patterns % of K. pneumoniae for aminoglycosides
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Figure 12. Antibiotic resistance patterns % of K. pneumoniae for other classes of antibiotics

Conclusion:

The current study conclude that, the most suitable drugs for UTls-associated E. coli/K. pneumoniae were
piperacillin, netilmicine, amikacin, imipenem, meropenem, levofloxacin. There is an increased emergence
of resistance to cephalosporins along nitrofurantion and trimethoprime.
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