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Abstract

Background Klebsiella pneumoniae (K. pneumoniae) is an important pathogen in hospital and community-
acquired urinary tract infections (HAUTI and CAUTI). It is showing a high resistance towards many
antibiotics

objective This study aims to estimate the percentage of K. pneumoniae in HAUTIs and CAUTIs, antibiotic
resistance, extended spectrum bata lactamase (ESBL), and detect the beta lactamase K.
pneumoniae carbapenemases (bla KPC) resistance gene and presence of mutation in this gene.

Methods A total of 200 urine samples were collected randomly; K. pneumoniae was cultured and isolated on
MacConkey agar, antibiotic sensitivity testing and ESBL detection were performed by Vitek 2
system, then DNA was extracted, polymerase chain reaction and sequencing for KPC gene were
done.

Results There was 7% (14 isolates) of K. pneumoniae (50%) HAUTI and (50%) CAUTI. ESBL was positive in 3
isolates (21.43%). Percentage of positive bla KPC gene was 42.8%. KPC gene sequencing showed
high rate of mutation in positive isolates reaching to 50 different nucleotides.

Conclusion This work has increased the knowledge on K. pneumoniae causing HAUTI and CAUTI in lraqi
patients.

Keywords Klebsiella pneumoniae, hospital acquired urinary tract infection, community acquired urinary tract
infection, ESBL, bla KPC gene.
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Introduction

lebsiella pneumoniae (K. pneumoniae)

is a significant pathogen in nosocomial

infections V), also it is the second most
common etiological agent involved in
community-acquired urinary tract infections
(CAUTI) @. Nosocomial health-care-associated
infection is described as an infection rising in a
patient hospitalized for more than 48 hours
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before the onset of signs and symptoms
consistent with the infection ©). Non-
nosocomial health-care-associated infection is
explained as an infection detected within 48
hours of admission in an outpatient with
extended healthcare contact ).

K. pneumoniae is showing a high resistance to a
broad spectrum of antibiotics including beta-
lactam antibiotics, fluoroquinolones, and
aminoglycosides 58, This resistance is leading
to arising worldwide problem with the choice
of the proper antibiotic treatment for hospital-
acquired infections (7).

KPC gene (Klebsiella pneumoniae
carbapenemase) belongs to the Ambler class A,
Bush subgroup 2f, serine based
carbapenemases, which are active against all
beta-lactams, including the carbapenems ).
This study aimed to estimate the percentage of
K. pneumoniae in HAUTI and CAUTI, study
antibiotic resistance and extended spectrum
beta lactamase (ESBL), detect the resistance
gene (bla KPC) and determine the presence of
mutation in bla KPC resistance gene.

Methods

Subjects

A total of (200) urine samples (100 from HAUTI
and 100 CAUTI) from (one day to 80 years old)
patients with UTlI were collected randomly
from the hospital laboratory of Al-Imamein Al-
Kadhimein Medical City Baghdad, Irag. The UTI
patients were diagnosed as HAUTI or CAUTI by
the specialists in a period from October 2020 to
February 2021. This study was approved by the
by the Institutional Review Board of the
College of Medicine, Al-Nahrain University
(No.1451) and conducted in the Microbiology
Department of this College. All collected urine
samples were cultured on MacConkey Agar
medium (Biolab, Hungary), incubated at 37°C
for 24 hours in aerobic conditions. The isolated
bacteria were recognized according to
morphological  characteristics and the
identification of the grown colonies was
confirmed by the VITEK-2 system.

Antimicrobial susceptibility tests

Resistance patterns of Klebsiella isolates to 14
different antibiotics were detected by disk
diffusion test (DDT) and by VITEK 2 System
according to Clinical and Laboratory Standards
Institutes (CLSI) 2016 @),

Detection of ESBL by double disk diffusion
method

A disk containing amoxicillin/clavulanate (AMC)
is placed in proximity to a disk containing
ceftazidime (CAZ) or another oxyimino-
cephalosporin.  The clavulanate in the
amoxicillin-clavulanate disk diffuses through
the agar and inhibits the lactamase
surrounding the ceftazidime disk.
Enhancement of the zone of the ceftazidime
disk on the side facing the
amoxicillin/clavulanate disk is interpreted as a
positive test (19),

Molecular study
DNA Extraction

DNA was extracted according to the
manufacture instructions by using Gram
negative bacteria Wizard genomic DNA

purification Kit. DNA concentration and purity
was determined by Nano-drop system.

Polymerase chain reaction (PCR) screening bla
KPC resistance gene

Approximately 1.5 pl from both forward and
reverse primers sequence (Table 1) were apply
to yield a DNA fragment of (340) bp using
conventional PCR in a total volume 20 pul of
reaction mixture. Thermal profile of reaction
was showed in table (2).

Agarose gel electrophoresis for detection of
PCR products

Five ul of each PCR product and negative
control was subjected into 1.5% (wt/vol)
agarose gel electrophoresis with ethidium
bromide (0.5 pg /ml; Promega, USA) at 7 V/cm
for 1.5 hr. Five microliters of the 100bp DNA
ladder was included as a marker during PCR
products electrophoresis. Amplicon
visualization was performed using an UV light
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trans illuminator and then photographed by
mobile device camera (iPhone) (13),
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Table 1. Oligonucleotide's primers and product size of bla KPC resistance gene

Nucleotide sequences Products
Gene . . Reference
(5 — 3') bp
F TGTTGCTGAAGGAGTTGGGC
(11)
blakpC R ACGACGGCATAGTCATTTGC 340

Table 2. Polymerase chain reaction program for amplification of bla KPC resistance gene by
thermal cycler

No. Steps Temperature Time No. of cycles
1 Initial denaturation 95°C 5 minutes 1
2 Denaturation 95°C 1 minute
3 Annealing 56°C 1 minute 35
4 Extension 72°C 1 minutes
5 Final extension 72°C 5 minutes 1
PCR product of bla KPC resistance gene Antibiotic resistance of K. pneumoniae

In the conventional PCR were sequenced in
forward direction using the same primers used
in the PCR reactions; according to the
Macrogen, Inc. protocol (Korea) Results were
compared according to data base of Gene
bank.

Statistical methods

The statistical analysis system program
includes Fisher’s exact test that used to analyze
data of this study. Entry of data into Excel
systems and the exact tests were achieved by
statistical package for social sciences (SPSS)
version 20 (2020).

Results

The percentage of K. pneumoniae isolates was
7% (14 isolates out of 200 urine samples).
Regarding gender distribution, the percentage
of females was 42.9% (6 isolates) and males
were 57.1% (8 isolates). In the current study,
the percentage of hospital acquired urinary
tract infection patients were 50% and
community acquired urinary tract infection
patients were 50%.

isolates

The results of the antimicrobial susceptibility
test showed that all K. pneumoniae isolated
from HAUTI and CAUTI patients were complete
resistant (100%) to Amoxicillin/clavulanic acid;
while there was a high rate of resistance

(71.4%) to Aztreonam,
trimethoprim/sulfamethoxazole and
Trimethoprim in HAUTI and CAUTI, also

resistance to Cefotaxime and Ceftazidime were
(57.1% and 71.4%), whereas Ceftriaxone were
(42.8% and 71.4%) in both HAUTI and CAUTI.
The resistance was moderate to Ciprofloxacin
(57.1%), Gentamicin (57.1% and 28.5%),
Norfloxacin (42.8%) for both, Cefoxitin and
Amikacin (42.8% and 14.2%), Meropenem
(28.5% and 42.8%) and low to Imipenem

(28.5% and 28.5%) in HAUTI and CAUTI
respectively. Antibiotic resistance to
ceftriaxone, meropenem, ceftazidime and

cefotaxime is higher in CAUTI, while antibiotic
resistance to cefoxitin, gentamicin and
amikacin is higher in HAUTI as shown in the
table (3).
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Table 3. The percentages of resistance of Klebsiella pneumoniae isolates to different
antibiotics by disc-diffusion method in HAUTI and CAUTI

ATM  CRO NOR CTX FOX

CIP AMC  SXT CN AK

IPM MEM CAZ TMP

% of resistance in HAUTI  71.4 42.8 42.8 57.1 42.8
% of resistance in CAUTI 714 714 428 71.4 14.2

57.1 100 714 571 428 285 285 571 714
57.1 100 714 285 142 285 428 714 714

Aztreonam (ATM), Ceftriaxone (CRO), Norfloxacin (NOR), Cefotaxime (CTX), Cefoxitin (FOX), Ciprofloxacin (CIP), Amoxicillin/Clavulanic acid (AMC),
Trimethoprim/sulfamethoxazole (SXT), Gentamicin (CN), Amikacin (AK), Imipenem (IPM), Meropenem (MEM), Ceftazidime (CAZ), Trimethoprim (TMP)

Detection of
Lactamase (ESBL)
The percentage of positive ESBL in this study
was 21.43% (3 isolates). The percentage of
ESBL was (28.5%) in CAUTI (2 isolates) and
(14.28%) in HAUTI (1 isolate). The ESBL positive
K. pneumoniae isolates, were resistant to all 14
antibiotics used in this study except one isolate
that was resistant to ciprofloxacin, Norfloxacin,
Amoxicillin/Clavulanic acid only.

Extended Spectrum Beta

Polymerase chain reaction screening for bla
KPC resistance gene

Sequence amplification of Klebsiella

pneumoniae bla KPC resistance gene was done
by PCR technique with product size 340 bp as
shown in figure (1). Current study revealed that
percentage of bla KPC gene was 42.8% (6
isolates).

Figure 1. Gel electrophoresis of PCR products (340 bp) for bla KPC resistance gene. Lane 1:
100bp ladder. Lanes 2-13: PCR products of Klebsiella pneumoniae isolates. (1.5% agarose, 7
v/cm, 45 min)

Study KPC resistance gene

The results of antimicrobial susceptibility test
showed that all Klebsiella pneumoniae isolates
were completely resistant (100%) to
Amoxicillin/clavulanic acid whether KPC gene
positive or negative; KPC negative isolates
showed a higher rate of resistance to
Aztreonam (87.5%), Ceftriaxone (62.5%),
Norfloxacin ~ (50%), Cefotaxime  (75%),
Ciprofloxacin (62.5%),
Trimethoprim/sulfamethoxazole (75%),

Imipenem (37.5%), Meropenem (37.5%), and
Trimethoprim (75%). While KPC positive
isolates showed a slightly higher resistance for
Cefoxitin (33.3%), Gentamicin (50%), Amikacin
(33.3%), and Ceftazidime (66.6%) as shown in
table (4).

Association Between ESBL and KPC gene
In current study there is no significant
association between ESBL and KPC gene as
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shown in table (5).
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Table 4. Association between percentages of resistance bla KPC gene negative and bla KPC gene
positive with different antibiotics

ATM CRO NOR CTX FOX CIP AMC  SXT CN AK IPM MEM CAZ TMP
% of resistance in KPC gene negative  87.5 62.5 50 75 25 62.5 100 75 37.5 25 37.5 375 625 75
% of resistance in KPC gene positive 66.6 50 33.3 50 33.3 50 100 66.6 50 333 16.6 333 66.6 66.6
Aztreonam (ATM), Ceftriaxone (CRO), Norfloxacin (NOR), Cefotaxime (CTX), Cefoxitin (FOX), Ciprofloxacin (CIP), Amoxicillin/Clavulanic acid (AMC),
Trimethoprim/sulfamethoxazole (SXT), Gentamicin (CN), Amikacin (AK), Imipenem (IPM), Meropenem (MEM), Ceftazidime (CAZ), Trimethoprim (TMP)
Table 5. Association between ESBL and KPC gene
KPC_gene
ESBL -8 Total
Absent Present
Count 6 5 11
Negative % within ESBL 54.5% 45.5% 100.0%
% within KPC gene 75.0% 83.3% 78.6%
Count 2 1 3
Positive % within ESBL 66.7% 33.3% 100.0%
% within KPC gene 25.0% 16.7% 21.4%
Count 8 6 14
Total % within ESBL 57.1% 42.9% 100.0%
% within KPC gene 100.0% 100.0% 100.0%

KPC resistance gene sequencing

Gene sequencing is backed by automated DNA
sequencing methods and computer software
(BLAST which means Basic Local Alignment
Search Tool) to assemble the enormous
sequence data.

This gene is highly diveresed. Despite it is
chromosomal gene; but exposed to highly
mutation. So it might affect antibiogram and
selective pressure of mutated strain. 71, 72, 73,
74 and Z5 are blasting with gene bank. The
closest strain to Z1 is E16KP0102 which has
been submitted to Gene bank with 98%
identities and 1% Gaps. The types of mutation
are insertion and transition as seen in figure
(2).

The closest strain to Z2 is KPN1344 which has
been submitted to Gene bank with 94%

identities and 2% Gaps. The types of mutation
are insertion, transition and transversion as
seen in figure (3).

The closest strain to Z3 is E17KP0052 which has
been submitted to Gene bank with 86%
identities and 3% Gaps. The types of mutation
are insertion, transition and transversion as
shown in figure (4).

The closest strain to Z4 is KPN236 which has
been submitted to Gene bank with 99%
identities and 0% Gaps. The type of mutation is
insertion as shown in figure (5).

The closest strain to Z5 is E17KP0052 which has
been submitted to Gene bank with 98%
identities and 1% Gaps. The types of mutation
are insertion and transversion as shown in
figure (6).
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Kiebsiella pneumoniae strain E16KP0102 chromosome, complete genome
Sequence ID: CP052309.1 Length: 5458571 Number of Matches: 1

Range 1: 3444679 o 3444806 Canpank  Cuzohics

Expect [dentities Japs Strand

359 bits(194) 5e-95 204/208(98%) 3/208{1%) Plus/Minus
Query 13 AGGT - CGLCAGE TEGE - GACAGC - MGC TGC TEAT TAAGGAAGAGACCATCTTTACCCTCG 69
[LIE LEEELELLTT ELPLEELERRRRER L TRt
Sbjct 3444886 AGGTACGCCAGCTGGCGGACAGCAMGCTGCTGAT TAAGGAAGAGACCATCTTTACCCTCG 3444827
Query SCCGGCTGECGLTEGGTCAGGATCTCTATCGCGAGAAGGTGATCAATC 129
11 EELLULE TREREERRLET VL ERRRERrtniiit
Sbict SCCEGCTGHCGC TEGGCCAGGATCTCTATCGCGAGAAGGTGATCAATC 3444767
Query 128 GCCCGCGCOTTTTCCAGTGGCTGCTECOOG TGGAACC TRAGCTGTCTCACTTCAAGGCCG 189

[ALLERRRELELELT] ELLLERLLIETRR R LR ity
Sbict 3444766 GCCCGCGCGTTTTCCAGTGGCTGLTEOGGE TGGAACCTRAGCTGTCTCACTTCAMGGLCG 3444707

Query 198 GGACCTATCGCTTCACGCCGCARATGAC 217
ILLEEREELLENLLLY [T
Sbjct 3444706 GGACCTATCGCTTCACGCCGCABATGAC 3444679

Figure 2. Gene blasting of Z1: Closest strain in gene bank is E16KP0102 within 98% Identities.
Query means the studied strain, while subject means strain in the gene bank

Klebsiella pneumoniae strain KPN1344 chromosome
Sequence 1D: CPO33901.1 Length: §343965 Number of Matohes: 1

Rangs §: 1422721% to 142372422 Lauliais s suiuts
LI Expucy Tike Gape Stramy
313 bas{169) S5e-81 196/208(94%) 5/208{2%) Plus/Minus
Features: ol Qnmon oten YLes
Qurry 12 AGCT - CG TGGCGGA - AGC - AGCTOGCTGATTAAAGAAGACACCATCTTTALCCCTCO
i1l I !‘lll 111 [Lli ISEERRRREEY! (BRARRRRRNRARRRY
Sbhijce 1427422 ALCTACGCCAGC TOLLGLACAGLAAGC TUCTGAT TAAAGAA ACCATCTTTALCCCTCG 1427363

-AGGATCTCTATCGCGAGAAGG T A’ClnTL 126
[JR3 3 ‘IIIl SERNRRERERNER 111

CALGATCTCT Inuu AGCAAGGTLAT L-»T( 1427383

Quury &8 GTTGAGGCTG
| 1 I

Sthjce 1427362 GCTGGCGC TG

Quury 127 STT CTGGLCTGCTOOGGATCCAGCCTGAGCTGTATCACTTCAAA G 186
|1 1111 111 (NSRS RNRENARANNERERENE |
Sbice 1427302 LG L GTCGCTACTOLGGATOGAGCC TOAGCTOGTCTCACT TCAAGLCCG 1427243
Quury 187 GGACCTATCGCTTCA 214
ERPALLEERY QAR RMTIQEERE i1 o
Sbjcr 1427242 GGACCTATCGTTTCACGLCGCAAATGAL 1427215

Figure 3. Gene blasting of Z2: Closest strain in gene bank is KPN1344 within 94% Identities.
Query means the studied strain, while subject means strain in the gene bank

Klebsiella pneumoniae strain E17KP0052 chromosome, complete genome
Sequence ID: CP052224.1 Length: 5192824 Number of Matches: 1

Strand

Plus/Minus

-0

-
o

©

I IHHIII l Tl lII.I[ lHlll |
T CGCCARAARCTGATCAATCGLCCRCGTITTCCARTGG CTC(TA;G&’TGGAAU 2770494

Query 159 {em’smcs.c[rlr-ﬁmflqect?ec.acﬂAﬁeﬂTE:csccml.Cﬂﬁc' 289
[ LECLEEEEECELEEREEREEL LR ERELEY |
Sbjct 277493 TGAGCTGTCTCACTTCANGGCCGGGACCTATCGCTTCACGCCGCAAATGAC 2776443

Figure 4. Gene blasting of Z3: Closest strain in gene bank is E17KP0052 within 86% Identities.
Query means the studied strain, while Subject means strain in the gene bank
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Kiebsiella pneumoniae strain KPN236 chromosome, complete genome
Sequence ID: CP072492.1 Length: 5397482 Number of Matches: 1

1 1126932 o

1122144 Confans

Range

181 bits{206)

CCGCGCGTTTITCCAGY

224

| SRR
GCGCGTTTTCCAGTGG

Plus/Minus

Figure 5. Gene blasting of Z4: Closest strain in gene bank is KPN236 within 99% Identities.
Query means the studied strain, while Subject means strain in the gene bank

Klebsiella pneumoniae strain E17KP0052 chromosome, complete genome
Sequence ID: CP052224 1 Length: 5192824 Number of Matches: 1

3ank

Range 1: 2770443 to 2770050 &

359

bits(194)
Query
Shict
Query

Sbic

GGACCTATCGLC

CTGCTACGGGTGGAACCTGAGCTGTCTCAC

GGGTGGAACCTGAGCTGTCTCACTTCAAGGLCG

Plus/Minus
70

LLLITILT

SATTAAGGAAGAGACCATCTTTACCCTCG

1778591

AGGTGATCAAT( 130

LELLLELL) (111

Figure 6. Gene blasting of Z5: Closest strain in gene bank is E17KP0052 within 98% Identities.
Query means the studied strain, while Subject means strain in the gene bank

Discussion

In the present study the percentage of K.
pneumoniae in HAUTI and CAUTI were 50% and
50% respectively. In a study published in
Moroco by El Bouamri et al. in 2015 4, the
prevalence of K. pneumoniae causing UTI was
(22%) (321 isolates), in which (82%) (263
isolates) of isolated strains of K. pneumoniae
caused CAUTIs. Whereas in study conducted in
Portugal by Caneiras et al. in 2019 (%) the
frequency of total K. pneumoniae isolates was
81 (50 CAUTI and 31 HAUTI). This difference in
the prevalence of K. pneumoniae in the current
study and previous studies could be due to the
larger sample size included in mentioned

studies, differences in geographical areas, in
addition to the differences of methods used in
each study and the skill of researchers.
Emergence of antibiotic resistance is an
important process due to its capacity to resist
and acquire various resistance mechanisms
against antibacterial drugs.

The results of this study showed that 100% of
K. pneumoniae isolates were resistant to
Amoxicillin/clavulanic acid in both HAUTI and
CAUTI. Similar findings in a study conducted in
Iran by Ranjbar et al. in 2020 ), who reported
that, the high rate of resistance to
Amoxicillin/clavulanic acid was (95.65%)
making this antibiotic a poor choice for
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treatment of infections with Klebsiella
pneumoniae that causes hospital acquired
urinary tract infection.

The current study included high rate of
resistance (71.4%) to Aztreonam,
trimethoprim/sulfamethoxazole and

Trimethoprim in HAUTI and CAUTIL. In a study
conducted in Iran by Ranjbar et al. in 2020 (19),
that percentage of resistance to Aztreonam
was (74.78%,) which is compatible with the
current results. In study that done in South
Africa by Vasaikar et al. in 2017 7, showed
high percentage of resistance to
Trimethoprim/Sulfamethoxazole (70.8%) and
aztreonam (62.4%), which agree with the
current one.

In the present study resistance to Cefotaxime
and Ceftazidime were (57.1% and 71.4%),
whereas Ceftriaxone was (42.8% and 71.4%),
Ciprofloxacin (57.1% and 57.1%) in HAUTI and
CAUTI respectively. This study is in compatible
with the study done in north-central Iran by
Yazdansetad et al. in 2019 “8) who reported
that the percentage of resistance of
Cefotaxime (40%), Ceftazidime (55%) and
Ciprofloxacin (60%) in HAUTI.

The study conducted in Bobo-Dioulasso by
Sagna et al. in 2019 (19, found the resistance to
Cefotaxime was (56.4%), Ceftazidime (49.1%),
Ceftriaxone (1.8%), which disagree with the
current results.

In the present study the resistance was
moderate — to - low to Gentamicin (57.1% and
28.5%), Norfloxacin (42.8% and 42.8%),
Cefoxitin and Amikacin (42.8% and 14.2%),
Meropenem (28.5% and 42.8%) and Imipenem
(28.5% and 28.5%) in HAUTI and CAUTI
respectively. The current study shows a kind of
compatibility with a study published in South
Africa by Vasaikar et al. in 2017 18 the
resistance to Amikacin (5%), Imipenem (0%),
Meropenem (0%), Norfloxacin (1.5%), Cefoxitin
(8.9%), Ciprofloxacin (29.7%) were low. Also,
this study agrees with the study published in
north-central Iran by Yazdansetad et al. in 2019
(18) the resistance of Gentamicin was (30%),
Norfloxacin  (65%), Amikacin (50%) and
Imipenem (15%) in nosocomial UTI.

In the current study, the percentage of the
positive ESBL was 21.43%. (28.5% positive in

CAUTI and 14.28% positive in HAUTI). While in
a study that published in Kurnool by
Sarojamma et al. in 2011 29, ESBL was positive
in (28%) of the hospital isolates compared to
(6%) of community isolates.

Antibiotic resistance has been increased in Iraq
because these antibiotics are taken without
prescription (abuse of antibiotics). Also, the
bad mark that imported, bad storage of
antibiotics leads to develop MDR (multidrug
resistance) and XDR (extensively drug
resistance) strains.

The current study exhibited a percentage of
positive ESBL as 21.43%. (28.5% in CAUTI and
14.28% in HAUTI). Prevalence of ESBL
producers in any hospital depends upon
various factors like antibiotic policy, the
carriage rate among the hospital personnel,
and the type of disinfection used especially in
ICU @Y, In a study conducted in in Africa by
Sirot et al. in 1987 (2 the percentage of
positive ESBL was 22.8% in which is compatible
with the current results. In a study done in
China by 23. Rodriguez-Martinez et al. in
2011 @3 positive ESBL was 49.2% which is not
compatible with the present results. This
differences in prevalence of high resistance
rate of antimicrobials and high prevalence of
ESBL producing K. pneumoniae strains may be
attributable to the differences degrees in
virulence strains, antimicrobial stewardship
program, geographic differences and infection
control practices (2425,

In this study, bla KPC resistance gene was
identified in K. pneumoniae isolates using PCR
technique. Current study revealed that the
percentage of bla KPC gene by conventional
PCR was 42.8%. Whereas in study that
conducted in Brazil by Ferreira et al. in 2018
(26) 3l isolates (100%) were positive for the bla
KPC gene which is not compatible with the
current results.

The results of antimicrobial susceptibility test
showed that all Klebsiella pneumoniae isolates

were complete resistant  (100%) to
Amoxicillin/clavulanic  acid regardless of
whether KPC gene positive or KPC gene

negative; while there is high rate of resistance
(87.5%) to Aztreonam, (75%) to each
cefotaxime, Trimethoprim/Sulfamethoxazole

[@loslel



and Trimethoprim alone in KPC gene negative.
While resistance to these mentioned
antibiotics were moderate in KPC gene
positive. Also, the resistance was moderate -
to- low to Ceftazidime (62.5 % and 66.6 %),
Ceftriaxone and Ciprofloxacin (62.5 % and 50
%), Gentamicin (37.5 % and 50 %), Norfloxacin
(50 % and 33.3 %), Cefoxitin and Amikacin (25
% and 33.3 %), Meropenem (37.5 % and 33.3
%) and Imipenem (37.5 % and 16.6 %) within
each KPC gene negative and KPC gene positive
respectively.

In study conducted in Iran by Bina et al. in 2015
(27) 14.65% of the K. pneumoniae strains were
resistant to carbapenems. The antibiotic
susceptibility test results exhibited that the
highest resistance to the antibiotic were
related to Gentamicin and Cefepime ©8)
whereas, the lowest rate was related to
Imipenem, Meropenem, Ertapenem and
Ceftazidime 2. In the MHT (modified Hodge
test), 80.5% strains were positive for KPC. All
41 carbapenem resistant K. pneumoniae
isolates were negative for bla-KPC gene.

While, other studies in the USA 39 China ()
and ltaly ®? confirm the presence of the bla-
KPC gene in carbapenem resistant K.
pneumoniae isolates by PCR. This difference
can be due to decreased susceptibility to at
least one extended-spectrum Cephalosporin (33)
and another mechanism such as of
carbapenem resistance as a result of a
combination of an ESBL or AmpC-type enzyme
with porin loss (3433),

In the current study, there was no significant
association between ESBL and bla KPC gene.
While in a study done in Brazil by Peirano et al.
in2019 ), the isolates that were positive for
KPC were ESBL phenotype production. ESBL-
encoding gene bla KPC-2 (six isolates)
carbapenemase was detected among isolates.
Most KPC producers are ESBL producers as well
which is not compatible with the current
results 37),

The present study observed that KPC gene is
highly diverse. Despite it is a chromosomal
gene; it is highly mutating. This might affect
antibiogram and selective pressure of mutated
strain. As Study that was published in Virginia
by Sheppard et al. in 2016 38, explained that

KPC leads to multidrug resistance, with KPC-
producing Enterobacteriaceae becoming
increasingly  widespread in  nosocomial
infections. This gene revealing a high level of
genetic diversity, with the most prevalent
lineage being ST941 (39),

The power of the current study was finding
Imipenem as the most effective antibiotic can
be used for treatment of UTI caused by K.
pneumoniae. Also, finding different types of
mutation of bla KPC gene which have positive
effect in antibiotic susceptibility of K.
pneumoniae isolates.

While the limitations in the present study was
as in most empirical studies, it was limited by
the time, Sample size, location of study,

sampling technique wused and variables
selected.
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