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Abstract

The study aimed to isolate and identify Klebsiella pneumoniae bacteria based on
biochemical and molecular characteristics from various clinical sources. It also sought to
investigate their virulence factors both phenotypically and molecularly, determine their
antibiotic resistance, and assess their ability to produce extended-spectrum beta-lactamases
(ESBLs) and metallo-beta-lactamases (MBLs). Additionally, the study evaluated the use of N-
acetyl L-cysteine as an inhibitor of bacterial growth and biofilm formation.

A total of 186 clinical samples were collected from hospitalized patients in Mosul city
hospitals (Ibn Sina Hospital, Ibn Al-Atheer Hospital, and Mosul General Hospital) during the
period from June 2023 to October 2023. The samples were obtained from both genders and
various age groups. The collected samples included 75 urine samples, 46 cerebrospinal fluid
samples, 23 sputum samples, 16 blood samples, 9 body fluid samples, 6 bronchitis samples, 4
stool samples, 2 catheter samples, 2 wound samples, 2 bone marrow samples, and 1 burn
sample.

The results of cultural, morphological, and biochemical tests, along with confirmation
using the API 20E and Vitek 2 systems, as well as molecular identification based on the 16S
rRNA gene, confirmed that 23 isolates belonged to the species Klebsiella pneumoniae.

The results also indicated that most isolates were obtained from urine samples, with 12
isolates accounting for 6.45%, followed by cerebrospinal fluid samples, with 3 isolates
representing 1.6%.

The susceptibility and resistance of the bacterial isolates to 11 antibiotics were studied.
The results revealed variations in the resistance rates among the isolates. The highest
resistance was observed against piperacillin at 95.6%, followed by ampicillin at 86.9%. In
contrast, the isolates showed higher sensitivity to imipenem and meropenem, with a rate of

78.26%.

The findings also demonstrated that all isolates produced beta-lactamase enzymes, with
100% positivity for both acidic beta-lactamases and metallo-beta-lactamases. Additionally,
60.8% of the isolates produced extended-spectrum beta-lactamases (ESBLs).

The results of virulence factor detection showed that all Klebsiella pneumoniae isolates
contained capsules and were non-producers of the hemolysin enzyme. However, they
demonstrated the ability to produce biofilm, with 76% of the isolates exhibiting strong biofilm
production using the tube method.

In the standard plate method, the percentage of strong biofilm production was 52.1%.
The production of the slime layer was detected using the Congo red method, and the results
showed that 19 isolates (82.6%) were positive for slime layer production.

The production of the urease enzyme was detected, and the results showed that 95.65%
of the bacterial isolates were urease producers. The production of siderophores was also
investigated, and the study revealed that all isolates were positive for siderophore production.
Furthermore, the isolates exhibited the presence of protease, lipase, lecithinase, and gelatinase
enzymes at percentages of 8.69%, 13.04%, 4.34%, and 8.69%, respectively.
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All isolates demonstrated 100% bacterial stability. Moreover, none of the isolates
produced a string, indicating the absence of hypermucoviscosity, thus classifying them as
belonging to the classical type.

The virulence-associated genes rmpA, wabG, fimH, and wzi were investigated, with
only 11 bacterial isolates selected for virulence gene detection. The wzi gene, responsible for
capsule formation, was present in 100% of the isolates, as well as the fimH gene, which is
involved in adhesion, and the wabG gene, which participates in the formation of
lipopolysaccharides (LPS). The results showed that these genes were detected in 100% of the
isolates. However, the rmpA gene, associated with hypermucoviscosity, was not detected in
any of the isolates.

Antibiotic resistance genes were also investigated molecularly by detecting the blaIMP
and blaTEM genes.

The results revealed that the blaTEM gene was present in 100% of the isolates, whereas
the blaIMP gene showed no results, indicating that the isolates were free of this gene.

The inhibitory activity of NAC (N-acetyl-L-cysteine) against some isolates was
investigated using the well diffusion method. The results demonstrated that NAC exhibited
inhibitory activity with varying inhibition zone diameters, ranging from 8 to 20 mm,
depending on the type of isolates.

The effect of NAC (N-acetyl-L-cysteine) on biofilm formation was also studied using
the slide method. A concentration of 10 mg/mL showed partial inhibition, while a higher
concentration of 80 mg/mL completely inhibited biofilm formation. Furthermore, the ability
of NAC to inhibit biofilm formation was assessed using the standard plate method, which
demonstrated varying degrees of biofilm inhibition.

In our study, NAC proved to be a potential therapeutic option, as it was able to
eliminate bacterial stability at different concentrations. The cytotoxicity of NAC on bacteria
was also evaluated. Previous studies have shown that NAC is safe and non-toxic for
therapeutic use in humans, especially when administered intravenously for treating various
clinical conditions.

Therefore, our findings support the use of NAC at specific concentrations as a treatment
option for infections caused by antibiotic-resistant or multidrug-resistant bacteria.

This study is the first to locally report the inhibitory effect of NAC on the growth of
Klebsiella. Further studies are required to investigate the mechanism of this effect.
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