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 Klebsiella pneumoniae bacteria were isolated from different sources; 

urine, blood, burns and wound swab, sputum, ear swabs, fluid, pus, 

endotracheal swabs, CSF and abscess of biopsy as (37, 24, 16, 9, 4, 3, 3, 

2, and 1) % respectively. It showed different levels of antibiotic 

resistance with highest level of resistance against Ampicillin (100 %), 

also it showed that 53.13% of isolates were positive and 46.87% were 

negative for producing of β-lactamase. Biosynthesized Ag-NPs has 

inhibitory action (MIC) against K. pneumoniae with concentration 10 

mM and sub- MIC with concentration 5mM. XRD spectrum of silver 

nanoparticles exhibited at 2ø (32.5°) corresponds to the (101) plane of 

conventional XRD data of Ag- NPs Crystals, while FTIR analysis was 

showed that stretch for Ag-NPs discovered around 518.58 cm-1.  All 

isolates (100%) were positive to htrA, entB, blaCTX, and blaTEM before 

treatment with silver nanoparticles, but genes of htrA, entB, and blaTEM 

disappeared in the isolate no.1 after treatment with Ag-NPs at 

concentration (5mM). After gene sequence, the results have shown that 

before treatment with AgNPs, htrA, entB, blaCTX, and blaTEM genes 

were identical (100%) with NCBI, while after treatment with AgNPs in 

concentration (5 and 10) mM these genes were not affected. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

In 1834, Edwin Klebs made the discovery that would later be named after him: the Klebsiella pneumoniae 

bacteria [1]. K. pneumoniae is a human opportunistic pathogen that may colonize the skin, oropharynx, or 

gastrointestinal system, and it has the potential to build up resistance to many classes of antibiotics over 

time. It is the cause of serious infections in the community as well as in hospitals [2]. Extended-spectrum 

beta-lactamase (ESBL)-positive K. pneumoniae isolates have been found all over the globe during the last 

several decades, particularly in critical care units (ICU). In the United States, the prevalence of ESBL-

producing strains of K. pneumoniae ranges from 23 to 100 percent, but in Europe, the frequency ranges 

from 85 to 100 percent [3]. The primary components that contribute to the pathogenicity and virulence of K. 

pneumoniae are known as capsular polysaccharide (CPS), lipopolysaccharide (LPS), adhesions, and 
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siderophores [4]. One of the genes in K. pneumoniae that is involved for the manufacturing of LPS is called 

the htrA gene, which stands for the high temperature requirement A gene. This gene is genetically unique 

and disables novel mechanisms that K. pneumoniae has developed. This gene plays a significant role in 

assisting organisms in their fight for survival under harsh environmental conditions, such as high 

temperatures and oxidative stress [5]. Siderophores are tiny molecules that are iron-bound and have the 

ability to steal iron from the iron-chelating proteins of the host. Enterobactin (entB), Yersiniabactin (YbtS), 

and Aerobactin are the three types of siderophores that are produced in K. pneumoniae. The enterobactin 

(entB) is the most prevalent siderophore, and it obtains iron from the transferrin and lactoferrin that are 

found in host transport proteins [6]. The synthesis of numerous siderophores enables the organism to 

circumvent the host's ability to neutralize its effects [7]. Cefotaximases (CTX-M-ases) enzymes and beta-

lactamase (TEM) are the most prevalent types of beta-lactamases found in K. pneumoniae; the presence of 

these enzymes' encoded forms confers resistance to therapies [8]. These enzymes generate resistance to 

penicillin and a wide range of third generation cephalosporins in addition to cefotaxime, ceftazidime, 

ceftriaxone, and monobactams such as aztreonam [9]."blaTEM has the ability to hydrolyze ampicillin more 

than Carbenicillin, Oxacillin and Cefalotin, and has little activity against broad-spectrum Cephalosporin and 

inhibited by clavulanic acid” [10]. Nanoparticles (Ag-NPs or nano silver) have more attention because of 

their distinct characteristics related to their macro-scaled counterparts and their recognized antimicrobial 

and ant-inflammatory properties. The majority of atoms at nano-scale are found near or at the surface of 

materials, that provide them better properties and greater reactivity caused by the increased relative surface 

area [11]. Metallic nanoparticles show specific properties, like surface Plasmon resonance [12]. 

 

The aim of this study to characterize genes of blaCTX, blaTEM, entB and htrA in local clinical isolate of K. 

pneumoniae, and determined the relationship between ESBLs production and antibiotic resistance, and 

examine the effect of Ag-NPs against these genes in K. pneumoniae isolates. 

 

2. Materials and Methods 

 

2.1 Isolation of Bacteria 

Several types of clinical samples, totaling 108, were obtained from patients in the city of Baghdad. 

Specimens cultivated for 24 hours at 37 degrees Celsius on Nutrient agar, MacConkey agar, and Blood 

agar. 

 

2.2 Resistance to antibiotic 

Standard antibiotic discs used in sensitivity testing according to the Kirby- Bauer technique include 

ampicillin, amoxicillin/clavulanate, cefotaxime, piperacillin/tazobactam, imipenem, amikacin, gentamicin, 

trimethoprim/sulfamethoxazole, ciprofloxacin, ceftazidime, and cefepime [13]. The assay to determine the 

extent of extended spectrum -lactamase production (ESBLs) 

 

The CLSI reports that a double-disk approach was used in order to screen K. pneumoniae isolates for the 

presence of ESBLs. The amoxicillin/clavulanate discs were positioned in the middle of the Mueller Hinton 

agar plate, and the discs containing ceftazidime and cefotaxime were spaced 20 mm apart from the 

amoxicillin/clavulanate discs. The plates were kept in an incubator at 37 degrees Celsius for 18 to 24 hours. 

After incubation, a good result was denoted if the inhibition zones around either of the cephalosporin discs 

were larger in comparison to the disc that contained clavulanic acid [14]. 

 

2.3 Biosynthesis and characterization of AgNPs 

Preparation of AgNo3 from supernatant of E. coli according to [15], and preparation of AgNO3 solution 
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with 10 mM con. as mentioned in [16]. To Identify AgNPs, X-Ray Diffraction (XRD) and Fourier 

Transform Infrared Spectroscopy (FTIR) were used [17]. 

 

2.4 Determination of Ag nanoparticles MIC 

Microtiter plate method was used to determine the MIC of Ag nanoparticles according to [18]. 

 

2.5 Detection of virulence associated genes 

K. pneumoniae DNA was extracted by using DNA extractions kit before treatment with AgNPs, and by 

boiling method after treatment with it, and polymerase chain reaction was used in this study to detect entB, 

htrA, blaTEM and blaCTX genes, as shown in table (1). 

 

Table (1) Primers used in this study 

Primers 
 

Primer’s sequence  size(bp) References 

entB 

 

F-GTCAACTGGGCCTTTGAGCCGTC 

R-TATGGGCGTAAACGCCGGTGAT 

400 [19] 

htrA FGCTGGTGAACCTCAACGGCGAA 
R-ACCTGGGTCTGGTTGCTCTGCT 

 

447 
 

 

[5] 

blaTEM F-CATTTCCGTGTCGCCCTTATTC 
 R-CGTTCATCCATAGTTGCCTGAC 

800 [20] 

blaCTX F- GCTTTGCGATGTGCAGCACCAG 

R-AACCCAGGAAGCAGGCAGTCCA 

 

497 [5] 

 

2.6 DNA Sequencing 

Sanger method of (ASCO Macrogen in Korea) was used to detect the virulence genes of bacteria before and 

after treatment with AgNPs, and compared with NCBI [21]. 

 

3. Results and Discussion 

 

3.1 Bacterial isolates 

About 100 isolates of K. pneumoniae were detected from different clinical sources; urine, blood, burns and 

wound swab, sputum, ear swabs, fluid, pus, endotracheal swabs, CSF and abscess of biopsy as (37, 24, 16, 

9, 4, 3, 3, 2, and 1) % respectively. 

 

3.2 Antibiotic Sensitivity Test 

Klebsiella pneumoniae showed different levels of antibiotic resistance, and the highest level of resistance 

was against Ampicillin (100%), as shown in figure (1). 
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Figure (1): Antibiotic sensitivity test for Klebsiella pneumoniae 

 

Antibiotics prescribed to hospitalized patients have contributed to a rise in the prevalence of Klebsiella 

pneumoniae as well as the evolution of multidrug-resistant pathogens that generate extended spectrum beta-

lactamase (ESBL). Additionally, it is due to the genes that are located on conjugant plasmids and 

transferred through the processes of conjugation, transformation, or transduction. Alternatively, the 

resistance genes may be located on the chromosome of bacteria and jumped to resistant plasmids through 

the process of transposition [22]. It is generally seen from the general context of the antibiotic that K. 

pneumoniae were multi-drug resistant pathogens, and they have a relatively high level of resistance to 

cephalosporins. However, the relative variation in the patterns of resistance of K. pneumoniae towards the 

antibiotics is because of many reasons, such as the size of studied samples, geographical differences, source 

of specimens, site of infection, and predisposition patient. Some of these reasons include: size of studied 

samples; geographical differences; source of specimen (Abdel-Rhman, 2020). 

 

3.3 Analysis on the Production of Extended-Spectrum -Lactamase 

According to CLSI, the double-disk method was used to test K. pneumoniae isolates for the presence of 

ESBLs. The results showed that 53.13 percent of the isolates were positive for producing -lactamase, while 

46.87 percent of the isolates were negative for producing the enzyme. These results are clarified in figure 

(2) and figure (3). (3). 

 

Isolates that produce -lactamase are deemed to be multi-drug resistant since the inhibition zones around 

either of the cephalosporin discs (ceftazidime, cefotaxime) grew in the direction of the disc containing 

clavulanic acid, and this indicated for a good outcome [25]. 

 

 
Figure (2) ESBLs Production 
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Figure (3): positive result of ESBLs production 

 

The findings of [20] demonstrated that fifty percent of K. pneumoniae isolates tested positive for ESBL 

production. This research found an ESBL generating rate that was much greater than the 12% rate reported 

in the United States and the 33% rate seen in Europe [26]. This production of -lactamase enzymes that 

cause the hydrolysis of -lactamase ring resulting in inactivation of -lactam antibiotics is what has made 

klebsiella pneumoniae resistant to -lactam antibiotics. -lactamase enzymes cause the inactivation of -lactam 

antibiotics by hydrolyzing the -lactamase ring [22]. The prevalence of ESBL enzymes varies greatly among 

the clinical bacterial isolates found across the globe, and this diversity is quickly shifting over the course of 

time. At the moment, ESBL-producing Klebsiella species are considered to be one of the six types of drug-

resistant bacteria that are in desperate need of novel treatment chemicals [23]. 

 

According to the findings of this study, the majority of ESBL producing K. pneumoniae isolates 17 (53.1%) 

from blood, pus, and urine were resistant to ampicillin, ciprofloxacin, gentamicin, Cefepime, cefotaxime, 

and ceftazidime these isolates (6, 8,24, 25, 27,100,51,14, 62,65,75, 77,85,94, 99,104,108), as shown in table 

(2) 

 

Table (2): Antibiotic Resistance, and ESBLs Production of K. pneumoniae. 

Isolate 

Number 

Antibiotic 

Resistance* 

ESBLs 

Production 

6 + + 

8 + + 

23 + - 

24 + + 

25 + + 

27 + + 

100 + + 
51 + + 

14 + + 

62 + + 
63 + - 

65 + + 

71 + - 

74 + - 

75 + + 

76 + - 
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77 + + 

81 + - 

82 + - 

84 + - 

85 + + 

94 + + 
96 + - 

99 + + 

102 + - 

103 + - 

104 + + 

106 + - 

108 + + 
118 + - 

36 + - 

68 + - 

Notes: (+) positive, (-) Negative, * Resistant to ampicillin, ciprofloxacin, gentamicin, Cefepime cefotaxime 

and ceftazidime 

 

In Iran, [27] found that 44.9% of K. pneumoniae isolates were multidrug-resistant, and that 25.5% of K. 

pneumoniae isolates were ESBL-producers. They also found that there was a high resistance rate for 

cefotaxime and ceftazidime, which is in agreement with the results of the current study. The findings of the 

current study are in line with the findings of several other studies that have been conducted in the past. 

 

The biological production of silver nanoparticles 

After 24 hours of incubation, the color of the E. coli supernatant that was mixed with an aqueous solution of 

silver nitrate (concentration 10 mM) changed from yellow to brown, which was an indication that 

nanoparticles were being synthesized in the medium. This is seen in figure (4): 

 

 
A                                    B 

Figure (4): Synthesis of silver nanoparticles (A) Silver nitrate, (B) AgNPs with 10mM con. 

 

3.4 Characterization of synthesized silver nanoparticles 

1- X-ray Diffraction (XRD) 

Figure (5) exhibited one high peak in the XRD spectrum of produced silver nanoparticles at 2ø (32.5°) at 
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which corresponds to the (101) plane of conventional XRD data of nano silver Crystals. 

 

 
Figure (5): XRD range of synthesize Ag-NPs 

 

Silver nanoparticles face-centered cubic crystals have four unique diffraction peaks planes at (38.16°, 

44.44°, 64.55°, and 77.41°) according to XRD spectra of the material. Plane (111), (200), (220), and (311) 

of the crystalline silver respectively, worked by [28]. 

 

2- Fourier Transform-Infrared spectroscopy (FT-IR) 

FT-IR analysis of AgNPs synthesized by E.coli  noted in the range of (400- 4000) cm-1 as shown in Figure 

(6). 

 

 
Figure (6): FTIR analysis of silver nanoparticles 

 

FT-IR analysis of Ag-NPs revealed the presence of prominent bands at (3361.93, 2927, 2341.85, 1367.53, 

1031.92, 677.01, and 518.85 cm1) While the band at (2341.58) for O-H stretching corresponds to 

carboxylic acid, the band at (1367.53) corresponds OH-bend resembling phenolic compounds, which can 

potentially affect the synthesis and stability of AgNPs. The stretch for Ag-NPs was discovered around 

518.58 cm-1, and the other band at (3361.93) corresponds to –OH- free. (2927) showed the H–C–H 

Asymmetric. The band at the frequency of 1031.92 demonstrates the C-O stretch, while the band at the 

frequency of 677.01 corresponds to the C-H stretching of the phenyl ring of the substitution band. These 
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findings are in accordance with those found in earlier publications; [29] 

 

3.5 Determination MIC of Silver nanoparticles 

By using a Resazurin-mediated microtiter plate assay, Ag-NPs were tested against K. pneumoniae to 

determine the MIC. Color change of the Resazurin indicator was used to visually reflect the inhibitory 

action of Ag-NPs. The results have shown Ag-NPs has inhibitory action (MIC) against K. pneumoniae with 

concentration 10 mM and sub- MIC with concentration 5mM. Determination of MIC is important for 

bacteria to determine the lowest concentration of AgNPs that is necessary for inhibition of visible bacterial 

growth after incubation period at 37°C for18-24 h [30]. 

 

3.6 Detection of entB, htrA, blaTEM and blaCTX genes 

Concentration of DNA extracted from K. pneumoniae isolates was between 32-45 ng/μl as showed in 

Figure (7): 

 

 
Figure (7): DNA extracted from eight isolate of K. pneumoniae 

 

In order to discover virulence factors, the genes htrA, entB, blaCTX, and blaTEM were amplified using 

polymerase chain reaction in 8 different isolates of K. pneumoniae. According to the findings obtained prior 

to treatment with silver nanoparticles, one hundred percent of the isolates tested positive for the presence of 

htrA, entB, blaCTX, and blaTEM, as shown in the figures (8, 9, and10). 

 

 

Figure (8): The percentage of genes in K. pneumoniae isolates before treatment with AgNPs 
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Figure (9): PCR amplification of virulence genes in K. pneumoniae before treatment with silver 

nanoparticles. The PCR products were separated on a 1% Agarose gel, 70v for 70 min, to isolates (K1, K2, 

K3, K4, K5) to blaCTX, htrA, entB, and blaTEM genes. M: molecular size marker (in bp, measurements on 

left from 100 to 1200bp). 

 

 
Figure (10): PCR amplification of virulence genes in K. pneumoniae before treatment with silver 

nanoparticles. The PCR products were separated on a 1% Agarose gel, 70v for 70 min, to isolates (K6, K7, 

K8) to entB, htrA, blaCTX, and blaTEM genes. 

 

The results after treatment with silver nanoparticles with concentration (5mM) for two isolates of K. 

pneumoniae (which have all seven genes), showed that blaCTX (100%) present, so there is no effect of 

AgNPs on them, and htrA, entB, blaTEM, (50%) effected by AgNPs. While with concentration (10mM), 

blaCTX, htrA, entB, blaTEM (100%) present, so there is no effect of AgNPs on them, as show in figures 

(11, 12 and13). 

 

 

Figure (11): Percentage of genes in K. pneumoniae isolates after treatment with silver nanoparticles with 

concentration (5mM) 
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Figure (12): Percentage of genes in K. pneumoniae isolates after treatment with silver nanoparticles with 

concentration (10 mM) 

 

 
Figure (13): PCR amplification of virulence genes in K. pneumoniae after treatment with silver 

nanoparticles. [Abstract] On a 1% Agarose gel at 70v for 70 minutes, the PCR products were separated 

according to the concentration of the blaCTX, entB, htrA, and blaTEM genes for isolates (1,2) with a 

concentration of 5 mM, and (3) and (4) according to the same isolates but with a concentration of 10 mM. 

M: molecular size marker (in bp, measurements on left from 100 to 5000bp). 

 

The findings shown in figure (13) demonstrated that the entB, htrA, and blaTEM genes were eliminated 

from isolate (1) when AgNPs were present at a concentration of 5 mM. AgNPs do not seem to have any 

effect on the blaCTX gene. The nanoparticle that was discovered as a target for the function of interfering 

with cell membrane was responsible for generating the creation of cellular reactive oxygen species (ROS), 

which is essential for antibacterial activity [31]. Because nanoparticles may be smaller than the holes on 

bacteria, they are able to enter the cell, where they can impair the function of the cell or interfere with the 

creation of DNA or proteins [32]. 

 

3.11.3 The sequencing process known as Sanger 

According to the findings, the genes of htrA, entB, blaCTX, and blaTEM were identical (100%) with NCBI 

before treatment with AgNPs. However, after treatment with AgNPs in concentrations of 5 and 10 mM to 

genes that did not disappear, these genes were not affected by AgNPs, as shown in figure. This was the case 

regardless of the concentration of AgNPs (14 ,15,16, 17). Nanoparticles are so small that their size does not 
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exceed 100 nanometers, which makes it possible for them to interact closely with the membranes of 

microorganisms. This allows the effect of the nanoparticles to be amplified even further. Nanoparticles 

molecules demonstrated that the destruction of plasmid genomic DNA has an effect on the prevention of the 

spread of infection and gene transfer [33]. 

 

 
Figure (14); The results of sequence before and after treatment with AgNPs to gene htrA 

 

 
Figure (15); The results of sequence before and after treatment with AgNPs to gene entB 

 

 
Figure (16); The results of sequence before and after treatment with AgNPs to gene blaCTX 

 

 
Figure (17); The results of sequence before and after treatment with AgNPs to gene blaTEM 
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4. Conclusion 

Most of Klebsiella pneumoniae isolates was ESBLs producer, and multiple resistance to antibiotics. All 

isolates were positive to htrA, entB, blaCTX, and blaTEM, and after treatment with silver nanoparticles 

(5mM con.) htrA, entB and blaTEM, disappeared and with concentration 10mM, no one of the genes has 

affected. The sequences of genes were determined that (htrA, entB, blaCTX, and blaTEM,) are identical 

100% with NCBI before treatment with AgNPs, and after treatment with 5 and10 mM of AgNPs 
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