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Abstract

Klebsiella pneumoniae is a major pathogen responsiple for nosocomial infections in world hospitals . One of the causes for the drug
resistance in the Klebsiella pneumoniae is the production of ESBIs enzymes.This research documented TEM , SHV , and CTX-M for the
first time among Klebsiella pneumoniae in Al-Anbar hospitals of Iragi. All studied clinical isolates of K. pneumoniae (30) resistant- beta
lactam from 100 isolates were collected from different clinicals sources such as (burned, wounds, sputum,and urine samples). The
susceptibility to different antibiotics was tested by VITEK-2 system. The bla TEM, SHV , and CTX-M genes were detected by conventional
PCR and the result showed 30/30 (100%) strains harbored these genes. This results showed the coexistence of these genes in one strains of
K. pneumoniae, while indicated widespread ESBLs in Anbar, Iraq.

Keywords: TEM , SHV, CTX-M , ESBLs, Klebsiella pneumoniae.

INTRODUCTION

Klebsiella pneumoniae is a significant Enterobacteriaceae considered as one of the opportunistic pathogens causing broad
spectra of diseases and showing increasingly frequent acquisition of resistance to antibiotics , specifically the extended-
spectrum B-lactamase (ESBL)-producing strains (1). Shiri et al. conducted that Klebsiella pneumoniae accounts for about one-
third of all Gram-negative infections such as urinary tract infections, cystitis, pneumonia, surgical wound infections,
endocarditis and septicemia (2).Extended-spectrum B-lactamases (ESBLS) are enzymes that hydrolyze penicillins, expanded-
spectrum cephalosporins, and monobactams and are commonly inhibited by B-lactamase inhibitors such as clavulanic acid,
sulbactam, tazobactam , and natural products such as medicinal herbs (3). Nowdays, More than 600 ESBL variants have been
described and the majority of them belong to the SHV, TEM and CTX-M families (4) .

K. pneumoniae infections are difficult to treat, particularly because of the pathogen’s high endogenous antibiotic resistance.
For example, K. pneumoniae is intrinsically resistant to cephalosporins, owing to the presence of ESBLs (SHV) encoding genes
in its chromosomal genome(5) . In addition it was incriminated for the appearance of multidrug resistant (MDR) strains against
third generation cephalosporins, fluoroquinolones, carbapenem and aminoglycosides(6). The correlation between its wide
ecological range and its ability to carry multidrug resistance genes makes of K. pneumoniae a good candidate for dissemination
and horizontal gene transfer among the Gram-negative species(7). Horizontal transfer of antibiotic resistance genes between
different species of bacteria is facilitated by mobile DNA elements such as transposons and plasmids. In the recent years, a
substantial portion of the resistance genes present on the plasmids and transposons of Gram-negative bacilli have been observed
to be integrated into DNA elements called integrons(8). This study aimed to detect TEM , SHV , and CTX-M among Klebsiella
pneumoniae isolates.
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Study Design:

One hundred Klebsiella pneumoniae isolates were isolated from patients admitted to Al-Ramadi Teaching Hospital , Al-
Fallujah and outpatients from Private Clinics. All samples (257) were collected during the period from August to November
2021. The patients were of different genders. Full informative history was taken from the patient or his parents or relatives. The
study specimens were obtained from midstream urinary tract infections and other infections, including burns, blood , sputum,
and wounds.

Ethics and approval committee:

All study techniques that involved patients were approved by the Ethical Approval Committee, University of Anbar, Ramadi,
Iraq (approval number 73, 27-6, 2022). Informed, written consent was provided by all patients participating in the study.

Identfication of Klebsiella pneumoniae:

All isolates were cultivated on MacConky agar, and blood agar, which were used for the primary morphological properties of
bacterial growth under a microscope , biochemical diagnosis , automated diagnosis using VITEK-2 compact system.

Antibiotic susceptibility test:

Antimicrobial susceptibility was performed test according to Kirby—Bauer method (9) which was modified by World
Health Organization (10) and using AST card by automated Vitek-2 system. As shown in figure 1.
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Figure 1 : Schematic diagram illustrating susceptibility test methods.
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Molecular study:
DNA extraction:

Genomic DNA of Klebsiella pneumniae isolates were extracted from different sources using PrestoTM Mini gDNA Bacteria
Kit, purification depending on the instruction of the manufacturing company (Geneaid , Taiwan) .The bacterial DNA was
extracted according to DNA - Extraction (Genomic) Kit provided by Geneaid Biotech Ltd. Company(Taiwan).

Determination of DNA concentration and purity using spectrophotometry method:
The DNA concentration of samples was estimated by using Nano drop Spectrophotometer, as follows :
1 pl of TE buffer was used as blanking .

1 pl of the extracted DNA was put in the Nanodrop instrument to detect concentration in ng/ul, and purity was detected
by the ratio of absorbance at wavelength 260/280 nm

Primer dilution:

All primers were supplied by bioneer Company as a lyophilized product of different picomols concentrations and
resuspension using nuclease free water to reach a final concentration for 10 picomols /pl of suspension.

Detection of ESBLs genes :

The PCR reactions were prepared in a total volume of 25 plL and amplification was performed in a thermaocycler (Bioapplied
cycler®, USA) as follows

Detection of bla SHV and bla TEM : initial denaturation 94°C for 5 min. 35 cycles of denaturation 94°C for 40 s,
annealing 60°C for 40 s, extention 72°C for 1 min with a final elongation step at 72°C for 7 min and 4°Cco.

Detection of bla CTX-M: initial denaturation 96°C for 10 min. 35 cycles of denaturation 94°C for 1 min, annealing
58°C for 1 min and elongation 72°C for 1 min with a final elongation step at 72°C for 10 min , and 4°Cco.

Reaction of PCR :

For Polymerase chain reaction (PCR) analysis of ESBLs and integrons genes, bacterial DNA was extracted from thirty
isolates of Klebsiella pneumoniae using DNA extraction kits . As shown in table 1.

Table 1: The original PCR reagents and final concentrations of the protocol.

Component Volume
Go Tag Green Master Mix 2x 12.5 pl
Forward primer lpl
Reverse primer 1yl
DNA template 1 pl (60 ng)
Nuclease free water 9.5 ul
Final volume 25 ul

Agarose gel electrophoresis:-

After PCR amplification, agarose gel electrophoresis was adopted to confirm the presence of amplification. PCR was
completely dependable on the extracted DNA criteria.
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Results and discussion
Isolation of Klebsiella pneumoneae :

A total of (257 ) samples were collected from August to November of 2021 from the Al-Ramadi Teaching Hospital, Maternity
and Children Hospital patients, and from outpatients visiting private clinics in this city during this period. These samples
included: burns and wounds, urine, sputum and blood samples. Samples were collected using sterile cotton swabs, while the
mid-stream urine and sputum samples were collected in sterile plastic containers.

In the current study, 100/257(38.9105%) samples were identified as Klebsiella pneumoneae and other samples were identified
as different bacterial species with ratio 61.0895% . Numerous studies reported that K. pneumoniae has such percentages as
4.03%, 17.36%, and 32.48%(11);(12);(13). These differences in the mean prevalence rates among various studies could be
related to differences in geographical location and hygienic practices of the population (14);(15). K. pneumoniae is the most
prevalent cause of nosocomial infections and is considered an opportunistic pathogen due to the difficulty and misclassification
in the detection of this bacterium in the laboratory (16).

Identification of Klebsiella pneumoneae

A shown in table 4-1, results of biochemical test that bacreta identified as K. pneumoniae . The bacterial strain was confirmed
using the biochemical reactions by Bergey’s Manual of Systemic bacteriology and Finegold and Marti (17) .Specific
biochemical tests were performed for additional verification, including gram-negative rods. One-hunderd specimens show a
positive outcome for catalase and negative for oxidase and gram stain. The IMViC tests are a group of individual tests used in
microbiology lab - biotechnology department testing to identify an organism . The term "IMViC" is an acronym for each of
these tests. "I" is for indole test; "M" is for methyl red test; "V" is for Voges-Proskauer test, and "C" is for citrate test. The
lowercase "i" is merely for "in" as the Citrate test requires coliform samples to be placed "in Citrate".

Table 4-1: Biochemical tests for Klebsiella pneumoniae bacteria isolates

Test Characteristics Klebsiella pneumoniae
Catalase +ve
Oxidase -ve
large, mucoid, pink, and lactose fermenter colonies MacConkey agar
y-hemolytic grey-white, and mucoid colonies Blood agar
%) Indole -ve
S Methyl Red -ve
= Citrate +ve
Urease +ve
VP +ve

Automated identification :

The VITEK 2 system combines several advantages that may be of clinical interest for routine testing of gram-negative rods
isolated from clinical samples: rapid identification (3hr), a simple methodology, a high level of automation, and taxonomically
updated databases. In our study the VITEK 2 system identified all Klebsiella pneumonia with high level probability ranged
94% to 99% with a time 3.5 hr , While Escherichia coli ATCC25922 (Appendix5)isolates identifies with high level 99%
probability at 7hr . Results from previous studies indicate that the VITEK 2 system correctly identified 85.3 to 100% of P.
aeruginosa strains (18). The VITEK 2 system identified a significant number of fermenting gram-negative rods within 3 h,
which may be clinically relevant, because rapid reporting of microbiology results to physicians has been shown to significantly
reduce the mortality rate and to favor earlier initiation of appropriate antimicrobial therapy, a shorter hospital stay, and a lower
average variable cost per patient (19) , (20).
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Antibiotics Susceptibility Test:

The antibiotic sensitivity test was chosen in the present study because it is the primary and basic test in determining Klebsiella
pneumonia isolates producing —ESBLs. On the other hand, Extended spectrum B-lactamase (ESBL)-producing Klebsiella
pneumonia poses unique challenges to clinical microbiologists, clinicians, infection control professionals and antibacterial-
discovery scientists. ESBLs are enzymes capable of hydrolysing many antibiotics such as penicillins, broad-spectrum
cephalosporins and monobactams. ESBLSs are often located on plasmids that are transferable from strain to strain and between
bacterial species.

One hundred isolates of K. pneumoniae from the wound, burn, sputum , blood and urinary tract infection patients were
verified for antibiotic sensitivity by Kirby Bauer disks diffusion method and AST card based on the recommendation of (21)
appendix 2, it's Susceptibility was tested to twelve antimicrobials including Ampicillin, Piperacillin-Tazobactam, Amox-clav,
Ceftriaxon, Cefotaxime, Ceftazidime, Cefipime, Meropenem, Imipenem, Amikacin, Ciprofloxacin, Levofloxaccin , and
Tigecycline. This study showed that there was a high level of antimicrobial resistance among K. pneumoniae isolates. Of the
100 K. pneumoniae isolates tested in this study demonstrated resistance to antimicrobials such as ampicillin 90%, piperacillin-
tazobactam 85% , amox-clav 95%, ceftriaxon 77%, cefotaxime 74%, ceftazidime 69% , cefipime 47%, meropenem 33%,
imipenem 31% , amikacin 30% , ciprofloxacin 31% , levofloxaccin 27% , tigecycline 10% figure 2.The results revealed
variations of isolates resistant to all antibiotic used in the present study. The increase of bacterial resistance to several antibiotics
considered is as a tremendous therapeutic difficulty.

Figure (2): Kirby-Bauer Disk Diffusion Susceptibility Test for antibiotics in K. pneumoniae

Classification of isolates based on their drug resistance pattern:

As shown in Figure 3, among 30 bacterial isolates, 22 (73.33%), 6 (20%), and 2(6.667%) were MDR, XDR, and PDR
respectively.
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Figure (3): Distribution of PDR , XDR , and MDR among K. pneumoniae in AL-Anbar province.

MDR K. pneumoniae has become an important challenge in treatment of nosocomial infections worldwide (22). There are
previous studies about p-lactam resistance in Anbar province during three years ago . Shiammaa and Myadaa reported that of
MDR 72% , Extensively Drug XDR 24%, and PDR 4%. On other hand , a modern study documented that MDR, XDR, and
PDR were 45% , 33.33% , and 22.22 % respectively (23). Ahmed reported that (42.8%) MDR , (27.5%) XDR , and (8.2%)
(PDR) in Erbil province (24). The results of a study conducted by Manjula, CM (25) supported this finding. They showed that
out of 41 isolates, 37 (90.2%) of them were MDR.Another study conducted by(26), Among 88 K. pneumoniae isolates, 43
(48.8%) and 20 (22.7%) were MDR and XDR, respectively.

Detection of genes using conventional PCR :
Detection of extended spectrum beta-lactamases-producing isolates genes:

Resistance to cephalosporins antibiotics is considered as an international public health threat. Throughout the world there are
increasing cases of clinical infections with ESBLSs, including Enterobacteriaceae such as Klebsiella pneumoniaea, and E. coli.
Based on kirby bauer disk diffusion , confirmation test for ESBLs and ESBLS assay , 30 of the 100 ESBLs isolates were
detected in this study by conventional PCR .1t is worth noting, that the annealing temperature of all primers was used different
, including 55,56 ,57, 58,59, and 60 °C .

Detection of CTX-M gene

CTX-M gene was identified by traditional PCR technique for all the present studied isolates by using specific primer that
targets the specific sequence of the target gene. After that, the amplified products were carried on 1.5% agarose gel for 1.5 hr.
When the agarose gel was checked under ultraviolet, one line of bands was observed in the wells of gel and at the same level
for the bacterial isolates that possessed this gene. This indicates that the primer binds with its complementary sequence
in the DNA strand.The results revealed that 30/30 (100%) of isolates were have this gene, whereas the bands appeared
within the expected size the gene (544 bp) for all positive isolates. Figure 4.
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Figure 4: Conventional PCR amplification fragments for the detection of bla CTX-M gene (544) bp. Lanes 1 — 15: Klebsiella
pneumoniae; Lane M: 100-bp DNA ladder; NC: negative control. Amplicons were electrophoresed on agarose gel (1.5%) at 70
Vicm for 1.5 hr, stained with ethidium bromid, and visualized using an UV transilluminator documentation system.

Detection of blaSHV gene :

blaSHV gene was detected by conventional PCR technique for all clinical isolates by using a specific primer. After that,
the amplified products were carried on 1.1 % agarose gel for 1 hr . When the agarose gel was checked under ultraviolet, one
line of bands was observed in the wells of gel and at the same level for the bacterial isolates that possessed this gene.

The results revealed that 30/30 (100%) of isolates had this gene, whereas the bands appeared within the expected size of
the gene (1016 bp ) for all positive isolates as shown in figure 5.
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Figure 5 : Conventional PCR amplification fragments for the detection of bla SHV gene (1016) bp. Lanes 1 — 15: Klebsiella
pneumoniae; Lane M: 100-bp DNA ladder; NC: negative control. Amplicons were electrophoresed on agarose gel (1.1%) at 70
V/cm for 1.5 hr, stained with ethidium bromid, and visualized using an UV transilluminator documentation system.
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Detection of blaTEM gene :

BIaTEM gene was detected by conventional PCR technique for all clinical isolates by using specific primer. After that,
the amplified products were carried on 1 % agarose gel for 1 hr . When the agarose gel was checked under ultraviolet, one line
of bands was observed in the wells of gel and at the same level for the bacterial isolates that possessed this gene.

The results revealed that 30/30 (100%) of isolates were have this gene, whereas the bands appeared within the expected size
the gene (1080 bp ) for all positive isolates.As shown figure 6.
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Figure 6 : Conventional PCR amplification fragments for the detection of bla TEM gene (1080) bp. Lanes 1 — 12: Klebsiella
pneumoniae; Lane M: 100-bp DNA ladder; NC: negative control. Amplicons were electrophoresed on agarose gel (1%) at 70
Vicm for 1.5 hr, stained with ethidium bromid, and visualized using an UV transilluminator system.

As a global challenge, antimicrobial resistance in pathogenic bacteria is accompanied by high rates of mortality and morbidity.
In addition, because of multidrug resistant patterns, infections have been reported to be difficult or even impossible to treat with
conventional antimicrobials. Because many healthcare centers fail to diagnose causative microorganisms and their patterns of
antimicrobial susceptibility timely in patients with bacteremia and other serious infections, antibiotics are broadly, liberally and
mostly unnecessarily used (27).

Our results showed that occurrence of blaCTX-M gene, blaTEM gene and bla SHV gene in K. pneumoniae was 100%. In
2018, 22.0% K. pneumoniae isolated from Ramadi hospitals were resistant for carbapenem . Genotypic testing on six CRE
isolates revealed that the blaOXA-48 and blaVIM genes were equally detected in these isolates, followed by blakPC (23) ,(28).
Moreover, Mohammed and Safaa reported blaFOX11 (42.3%), blaACC8 (30.7%), blaDHA 8 (30.7%), blaCIT 9(34.6%) and
blaMOX 7 (26.92%) (29). Many researchers reported spread A. baumannii resistant to different antibiotics in Irag hospitals .
A. baumannii possess high capacity to acquire new resistance genes. (30),(31)

For the first time, this work identifies NDM-1 producing Escherichia coli isolates from Baghdad governance(32). The
increasing prevalence rate of bla IMP in carbapenem —resistant A. bauamani and Pseudomonas aeroginosa isolates from
wounds /Iraq(32),(33)

In this study , disseminating new genes in the province of Anbar as a result of terrorist foreign organizations of different
nationalities which destroyed our town in 2014, as carbapenemases were not registered previously. Moving people to local and
global cities, medical tourism and cross-border transfer of patients who are particularly involved in the development and
distribution of different variants of carbapenemase encoding genes can play an important role in the development (23),(34).
Figure 7 .
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Awaad and laith , 2020 reported OXA-51, and OXA-23 in A. bauammanii in Ramadi hospitals (35),(36) . Another study by
Yoser and Ali , 2021 reported blaFOX gene was detected in 13 isolates (56.5%), blaACC gene was detected in 12 isolates
(52.1%) , bla DAH gen was detected in 12 isolate (52.1%),8 isolate (34.7% ) had bla CIT gene , bla EBC Where was identified
in 6 isolates (26.08), while the lowest percentage for bla MOX gene was identified in 5 isolates (21.7%) (37),(38) . In 2021 ,
Shaimaa and Mayada reported bla CTX-M2 and bla OXAL genes (39),(40).
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Figure 7 : Distribution of resistance genes among bacteria in Al-Ramadi hospitals from 2010 to 2022

The spread of plasmid-encoded extended-spectrum B-lactamase (ESBLS) genes (41), conferring resistance to third-generation
cephalosporins including cefotaxim and ceftriaxone (42) is considered a major contributor to the ongoing emergence of
antimicrobial resistance. The proportion of Klebsiella pneumoniae isolates displaying an ESBL-phenotype among those
recovered from clinical different sources in Ramadi found here was 49%, which is in the range of values found in other countries
like Kenya 12% (43) and Libya 13.4% (44). Interestingly, very different values were found in isolates also retrieved in Iran
(45)(25.9%), China (41)(5.6%) or USA (46)(7%). In developing countries, patients often receive antibiotics treatment without
antibiotic susceptibility testing or prescription which will exert a selective pressure on the existing Klebsiella pneumoniae,
whereas in developed countries strategies for reducing antimicrobial use have been put in place (45). However, this result is in
agreement with previous reports by Vatopoulos et al. (47)that found that Klebsiella pneumoniae bearing transferable Resistance
plasmids were more often associated with antibiotic resistance among females than males. ESBLs positive strains from our
study were highly resistant to cephalosporins, which is similar to the reports of Miao et al. (48) and Valenza et al. (49). All
phenotypic ESBLSs producing strains were susceptible to imipenem in agreement with reports from Tanzania(50) , Libya (51),
China (52), and in contrast with the study of Hamprecht et al. (53) in Germany. The full susceptibility of isolates to imipenem
may be attributable to the relatively low or non-usage of carbapenem drugs among the population. All the ESBLs positive
isolates (genotypic) were resistant to tetracycline, similar to the report from Egypt (54) and Libya (51) (88.9% resistance),
which could be due to an extensive use of this drug among humans and animals.

blaCTX-M was very prevalent among the ESBL-positive isolates, in agreement with previous studies suggesting this gene is
widespread worldwide (48) , (45) ,(54), (51), although blaTEM-1 was also found in approximately three quarter of all ESBL
isolates tested. No data on the presence of ESBL associated genes was available for clinical isolates in Nigeria. The range of
values reported from Egypt (55) (73.7% blaCTX-M), Turkey (56) (73.43% blaTEM) and USA (46) (74% blaCTX-M). This
study also shows that the carriage of multiple bla genes complicates the phenotypic interpretation of the resistance phenotypes,
which is related to complex antimicrobial resistance (57). Isolates with multiple combinations of bla genes and especially those
carrying blaCTX-M+blaTEM and blaCTX-M+blaTEM+blaSHV were resistant to a larger number of B-lactams (>92%
resistance). blaCTX-M in combination with blaTEM gene was found in 46.7% of the isolates, similar to the findings of Harada
et al.(58), which reported 48.8% of E. coli carried blaCTX-M+blaTEM in clinical isolates from Japanese tertiary hospital, but
higher than the result of Tawfick et al. (54) who found only 21.7% of E. coli isolates from diarrhoeic stool in Egypt carrying
both blaCTX-M and blaTEM.
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Moreover , the development of resistance to cephalosporins may be due to intrinsic or acquired resistance mechanisms or both.
Large numbers of bacteria, both commensals and pathogens, naturally tend to be resistant to certain classes of antimicrobial
agents. This insensitivity is termed intrinsic resistance,the occurrence of which limits and complicates drug selections for
treatment. This can increase the risk of the development of acquired resistance. Gram-negative organisms reduce the uptake of
B-lactam drugs, by selectively altering their cell membrane porin channels. The reduction of outer membrane permeability in
this manner prevents the B-lactams from reaching their targets.

Conclusion:

It can be concluded that antimicrobial resistance in K. pneumoniae is a clear and present danger in Anbar province which needs
strong surveillance to curb this menace. Although low resistance rate to carbapenem, Amikacin, Ciprofloxacin ,Levofloxaccin
,Tigecycline were recorded in this thesis, more cautious efforts should be made to develop a new line of antimicrobials as
resistance to these drugs are surging. The present study revealed a high level of K. pneumoniae strains harboring extended
spectrum B-lactamases in our hospitals, which may lead to the dissemination of multiple antibiotic resistance.
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