Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 26-34

10.21608/avmj.2025.371998.1645 Assiut University web-site: www.aun.edu.eg

MOLECULAR INVESTIGATION AND COMPARATIVE STUDIES OF
THE BACTERICIDAL ACTION BETWEEN SILICA AND ZINC OXIDE
NANOPARTICLES AGAINST KLEBSIELLA PNEUMONIAE

ISRAA KHALAF ANEED '*; AMENAH HUSSEIN MOSUA ?;
GHUFRAN QASIM ABD ALKHALIQ !;
NOOR ALI ZAYED 3; MAHA F. LOTFY * AND EMAN M. SHARAF 3*

"Department of Biology, Mustansiriyah University College of Science, Baghdad, Iraq.

2 University of Baghdad College of Education AL_Haitham for pure sciences Dept. of Biology
3Ibn Sina University of Medical and Pharmaceutical Sciences, College of Dentistry, Iraq,
Baghdad.

* Microbiology Department, Faculty of Agriculture, Ain Shams University
> Bacteriology, Immunology and Mycology Dept., Animal Health Research Institute, Shebin El
Kom, Menofia (ARC), Egypt.

Received: 27 April 2025;  Accepted: 8 July 2025

ABSTRACT

Klebsiella pneumoniae has been linked to numerous infections that is responsible for high
mortality and morbidity rates. In our study, we evaluated and contrasted the antibacterial
properties of zinc oxide and silica nanoparticles against strains of Klebsiella penumoniae that
were obtained from mastitic cow milk. The bacterial strains were identified by biochemical
and molecular characterization based on PCR to detect certain genes including rmpA, K2 and
fimH genes. According to the PCR results, the size of the genes under investigation was 535,
641 and 508 for rmpA, K2, fimH, respectively. Using Aspergillus niger for silica nanoparticle
synthesis and Chlorella for ZnO nanoparticle synthesis, the nanoparticles were synthesized
using a green synthesis process. The physicochemical properties of the nanoparticles were
displayed through execution of several characterization techniques, such as scanning electron
microscope (SEM) and transmission electron microscope (TEM), in order to provide
additional information regarding the size, shape, and nanoparticles morphology. Minimum
inhibitory concentration (MIC) and inhibition zone values were determined by using the agar
well diffusion method to test the antibacterial activity of both types of nanoparticles. Only
zinc oxide type of nanoparticles had shown efficacy against isolated Klebsiella pneumoniae
strains, as MIC and inhibition zone diameter for it were 625 pg/ml and 13 mm, respectively.
Therefore, the research concluded that zinc oxide is a safe alternative to antibiotics for
combating Klebsiella pneumoniae strains.
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INTRODUCTION

Klebsiella pneumoniae has become a
prominent pathogen that causes pneumonia
and other major infections, including blood
stream and urinary tract infections. The
increasing prevalence of the strains of
Klebsiella  pneumoniae to multi-drug
resistant poses a critical challenge to the
community, particularly in hospital settings
where nosocomial infections are common
(Garza-Ramos et al., 2015). The resistance
of those strains to conventional antibiotics
has led to heightened morbidity and
mortality ~ rates,  necessitating  the
exploration of alternative therapeutic
strategies (Hladicz et al., 2017). Like other
novel medical approaches implemented for
diseases treatment, such as biological
molecules and enzymes, nanoparticles
have attracted attention for their potential
as antimicrobial agents (Haneen& Neihaya
2019, Jawad et al., 2023and Seror et al.,
2023). Nanoparticles of silica and zinc
oxide (ZnO) have demonstrated potential
in having bactericidal effects against a
wide range of pathogens (Akbar, 2021 &
Alhazmi, 2022) The application of green
synthesis techniques for formulation of the
nanoparticles not only minimizes environ-
mental impact, but also enhances their
biocompatibility, making them suitable
candidates for medical applications (Ijaz et
al,, 2020). The unique physicochemical
properties of those nanoparticles are
characterized by crystalline state, particle
size, morphology, and porosity. ZnO NPs
possess a diverse range of antimicrobial
properties that can be used to fight
microorganisms, such as E. coli, Staph.
aureus, Pseudomonas aeruginosa and
Bacillus subtilis (Jin & Jin. 2021). The
antimicrobial  effect against micro-
organisms can be related to many aspect
ratios and the different shapes of zinc
oxide nanoparticles, including spheres,
platelets, rods, and needles (Raghupathi et
al., 2011). The development potential of
Silica  nanoparticles  increases  the
prevalence of research hotspot. Inorganic
materials, such as silica nanoparticles

27

(sNPs) are produced in a variety of particle
ranges from 1 to 100 nm. Their distinctive
features include a specific surface area that
is easily synthesized and amplified, easy
surface modification, and robust delivery
systems (Li et al., 2020).

The aim of the research is to provide a
novel antimicrobial strategy that can deal
with the major issue of antibiotic
resistance. The findings may give
instructive details about the application
prospective of those nanoparticles in
clinical settings, ultimately improving
treatment outcomes for infections caused
by multi drug resistance (MDR) strains of
Klebsiella pneumoniae.

MATERIALS AND METHODS

1. Process of sampling

Forty milk samples were collected
randomly from 40 cows in 7 dairy farms
that were diagnosed with clinical mastitis.
Each sample was collected in 30 ml

volumes into sterile centrifuge tubes,
which were then transported to lab.
Without delay on ice for further
examination.

2. Isolation of Klebsiella pneumoniae
Strains

A MacConkey plate and 100 milliliters of
milk were plated on macConky plate and
then incubated aerobically at 37°C for 24
to 48 hours. The typical colony was
subcultured on MacConkey plate and
blood agar. A nutrient broth was used to
cultivate single colonies for 24 to 48 hours
at 37°C. After that, they were stored using
15% glycerol at -80°C (Yang et al., 2021).

3. Bacterial strains identification

3.1. Biochemical methods

To wverify the presence of Klebsiella
pneumoniae, a variety of biochemical
assays were performed on the isolated
colonies. Tests included catalase, oxidase,
urease, methyl red, and citrate utilization
tests. The results were interpreted
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according to standard microbiological
protocols (McFadden 2000).

3.2.PCR

The procedure of polymerase chain
reaction (PCR) was used to confirm the
identity of the bacterial strains. Primers
specifically designed to target the 16S
rRNA gene of bacteria were utilized. The
detection of a specific band corresponding
to the anticipated size validated the
identities of the strains when the PCR
results underwent electrophoresis on
agarose gel. Process of DNA extraction
from samples was achieved using the
QIAamp DNA Mini kit (Qiagen, Germany,
GmbH). 200 pl of the sample suspension
was incubated for 10 minutes at 56 °C with

200 ul of lysis solution and 10 pl of
proteinase K. Subsequent to incubation, the
lysate was combined with 200 pul of 100%
ethanol. The sample was subsequently
purified and centrifuged, following the
manufacturer's guidelines. 100 pl of
elution buffer was employed to elute the
nucleic acid. Metabion-Germany supplied
the primers utilized (Table 1). In a 25 pnl
reaction, 12.5 pl of EmeraldAmp Max
PCR Master Mix (Takara, Japan) was
employed, accompanied by 1 pl of each
primer at a concentration of 20 pmol, 5.5
ul of water and 5 ul of DNA template. The
operation was executed using an Applied
Biosystem 2720 heat cycler (Yeh et al.,
2007; Siu et al., 2011).

Table 1: Cycle conditions, amplicon sizes, target genes and primer sequences.

Sequences of Amplified Iy Amplification (35 cycles) exlt:;rrll:lilon Reference
Gene Primers segment Denat
(bp) 2ry denat Annealing Extension
ACTGGGCTACCT 79°C
CTGCTTCA 94°C, 94°C, 50°C, 72°C, ’
mpA T TGCATGAGCC 535 Smin. 30sec. 40sec.  45sec, L0 (Yeheral.,2007)
ATCTTTCA i
GACCCGATATTC
ATACTTGACA 79°C
GAG 94°C, 94°C, 50°C, 72°C, ’ .
K T CCTGAAGTAAAA 641 S5min. 30sec. 40sec. 45 sec. HL(I)I (Siu et al.,2011)
TCGTAAATA
GATGGC
TGCAGAACGGAT
AAGCCGTGG .
SfimH GCAGTCACCTGC 508 94°C, 94°C, 50°C, 72°C, 7210(:’ (Garza et
CCTCCGGTA Smin. 30 sec. 40 sec. 45 sec. min. al.,2015)
TGCCGCAGGACT
CGGAGGTC

4. Biosynthesis of Nanoparticles

4.1. Preparation of Chlorella Aqueous
Extract and Zinc Oxide Nanoparticles
Synthesis

Chlorella (a green microalga) was
harvested and washed with distilled water.
Aqueous extract was produced through
boiling 10 grams of chlorella for 15
minutes in 100 milliliters of distilled water,
followed by filtration to obtain the clear
extract. Zinc oxide nanoparticles were
produced by adding 10 milliliters of the
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Chlorella extract to 90 mL of zinc acetate
solution (0.1 M) and heating the mixture
for 2 hours at 60°C. The produced
precipitate was collected, washed using
distilled water, then kept at room
temperature to be dried (Morowvat et al.,
2023).

4.2. Preparation of Aspergillus niger
Culture and Silica Nanoparticles
Synthesis

Potato dextrose agar (PDA) was used to
cultivate Aspergillus niger at 28°C for 5
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days. Sterile saline was added to the culture
to create a spore suspension and filtered
through  sterile  gauze. For silica
nanoparticles synthesis, 10 mL of the
Aspergillus niger spore suspension was
mixed with 90 mL of tetracthyl
orthosilicate (TEOS) solution (0.1 M) then
incubated at room temperature for 24
hours. The yield of silica nanoparticles was
collected, washed with ethanol, and air
dried (Morowvat et al., 2023).

5. Characterization of Nanoparticles
Several methods were used to characterize
the produced nanoparticles. Transmission
electron microscopy (TEM) was employed
to determine the size and morphology of
the nanoparticles. Scanning electron
microscopy (SEM) was used to analyze the
surface features (Khaing et al., 2018).

6. Nanoparticles Bactericidal Activity
Evaluation

The diffusion method of agar wells was
applied to assess the produced silica and
zinc oxide nanoparticles' antibacterial
efficacy. Wells made on Mueller-Hinton
agar (plates inoculated with Klebsiella
pneumoniae) were filled with varying
concentrations of nanoparticle. Bactericidal
efficacy was assessed by measuring the
inhibition zones following the incubation
period of 24 hours at 37°C for the plates.
Additionally, by creating successive
dilutions of the nanoparticles and
measuring bacterial growth following
incubation, minimum inhibitory concen-
trations (MIC) were ascertained (Hindler et
al., 1994).

RESULTS

1. Klebsiella pneumoniae strain isolation

Serial dilution method was applied to the
collected milk samples. The inoculated
plates were incubated at 37°C 24-48 hours
on MacConkey agar plates growing typical
colonies for Klebsiella pneumoniae (red,
mucoid and with a diffuse red
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pigment color) were picked up for further
identification (Table 2).

Table 2: The number of isolated strains of
Klebsiella pneumoniae

Number of The numbers of isolated
samples (Total)  strains of K. pneumoniae
40 16
2.  Klebsiella  pneumoniae  strains
identification
2.1 Biochemicals
Isolated colonies were investigated

additionally, by applying a number of
biochemical tests (Table 3).

Table 3: Klebsiella pneumoniae has been

identified by the following
biochemical tests
Biochemical tests Result
Catalase test +ve
Voges- Proskauer test (VP) +ve
Citrate test +ve
Urease test +ve
Indole test -ve
Oxidase test -ve
Methyl red test -ve
2.2. PCR

Electrophoresis on agarose gel (1.5%) was
used to separate the PCR products. Each
slot of the gel was loaded with twenty
microliters. To determine the band position,
a generuler 100 bp ladder was employed
(Figure 1).

L rmpA

fimH

508 bp
c? -

et b

Figure 1. Band position corresponded to each
amplified gene. The band positions
for rmpA, K2, fimH are 535, 641 and
508 respectively.
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3. Nanoparticle characterization nanoparticles displayed the spherical
3.1. Scanning electron microscope (SEM) shaped silica nanoparticles and mixture of
Scanning electron microscope results of rod and zinc nanoparticles' spherical shapes

silica nanoparticles and zinc oxide

det | dwell [ mag O
ETD | 10ps [ 2500 | 9.7 mm | 166 ym

i ———— i oo |5
Figure 2: Scanning electron microscope image of both, silica nanoparticles and zinc oxide
nanoparticles. (A). Silica nanoparticles. (B) Zinc oxide nanoparticles.

3.2. Transmission electron microscope have an average silica particle size of 20

(TEM) nm and a zinc oxide particle size of 30 nm.
SEM results of silica nanoparticles and
zinc oxide nanoparticles revealed that they

(57

/100 nm

Figure 3: Transmission electron microscope of silica nanoparticles and zinc oxide
nanoparticles. (A). Silica nanoparticles. (B) Zinc oxide nanoparticles.

4. Assessment of bactericidal activity the two types of nanoparticles against
Minimum inhibitory concentration (MIC) Klebsiella pneumoniae (Table 4 & Figure
value and inhibition zone diameter were 4).

measured in order to reveal the efficacy of

30



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 26-34

Table 4: The inhibition zone and minimum inhibitory concentration (MIC) of zinc oxide and
silica nanoparticles against Klebsiella pneumoniae

Tested nanoparticle agents

Inhibition zone (mm)

Minimum inhibitory
concentration (ug/ml)

Zinc oxide

13

625

Silica

Figure 4: Inhibition zone diameter of both zinc oxide nanopartic

=——

les (41 A) and silica

nanoparticles (4 B) against Klebsiella pneumoniae

DISCUSSION

The scientific community is now more
concerned about Klebsiella pneumoniae
strains that have undergone mutations,
which generate the bacteria's hypervirulent
or resistant forms. (Merino et al., 1992).
To put it concisely, Klebsiella pneumoniae
is a bacteria that is gram-negative with a
capsule, a unique characteristic that allows
it to thrive in soil, surface waters, and
medical equipment (Bagley 1985 & Rock
et al., 2014) As evidenced by previous
studies on the use of nanoparticles as
antibacterial agents, nanotechnology has
revealed a number of advantageous
properties that can be applied to both
scientific and industrial operations. The
unique characteristics of nanoparticles,
such as their chemical, physical, and
biological characteristics make them
appealing for a variety of applications. The

use of nanoparticles, which have
antibacterial activity against bacteria,
fungus, viruses, and protozoa, has
significantly enhanced microbiological

applications (Renata & Gerson 2020). In
the present study, the antibacterial
qualities of biosynthesized nanoparticles
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were evaluated against strains of Klebsiella
pneumoniae, that were isolated from
mastitic cow milk (Frey et al., 2013). Both
PCR and biochemical assays had been
used to identify the bacterium, and all
identification  techniques had been
validated like earlier publications that were
published in the same context (Yogesh et
al., 2011). Since green synthesis is
believed to be more ecologically friendly
than chemical synthesis, it was used to
biosynthesize  the nanoparticles for
manufacture and characterization. The
physicochemical report of silica and zinc
oxide nanoparticles was also obtained by
means of a variety of techniques, such as
TEM and SEM for the purpose of
visualizing and imaging the nanoparticles.
Previous research had confirmed the
characterization and production proce-
dures (Nuha, 2023). The agar well
diffusion technique has been used to assess
the use of nanoparticles as an antibacterial
agent; inhibition zone and MIC values
have been obtained, and DMSO was
employed as a control. The antibacterial
activity of silica and zinc oxide
nanoparticles could be evaluated using the
agar well diffusion methodology, which is
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agreeable with numerous results of earlier
research (Seetharam er al, 2018). The
results revealed that only zinc oxide
possessed an efficacy against Klebsiella
pneumoniae.

CONCLUSION

From the obtained results, we can conclude
that zinc oxide nanoparticles can be used to
suppress the Klebsiella pneumoniae as a
good antibacterial agent instead of the
antibiotics especially for bacteria which
may resist the conventional treatment by
antibiotics.

DATA AVAILABILITY STATEMENT

The article Material lists the original
contributions of the study; if you have any
more queries, you can get in touch with the
corresponding author.

DECLARATION OF CONFLICT OF
INTEREST

According to the authors, there were no
financial or commercial ties that might
have been perceived as a conflict of
interest in conducting the study.

ACKNOWLEDGMENTS

We thank Mustansiriyah  University
(http://www.uomustansiriyah.edu.iq)
Baghdad- Iraq for its support in the present
work.

REFERENCE

Akbar, N.; Aslam, Z.; Siddiqui, R.; Shah,
M.R. and Khan, N.A. (2021): Zinc
oxide nanoparticles conjugated with
clinically-approved medicines as

potential antibacterial molecules.
AMB Express, 11(1).
https://doi.org/10.1186/s13568-021-
01261-1

Alhazmi, N.M. (2022): Fungicidal Activity
of Silver and Silica Nanoparticles

32

against Aspergillus sydowii Isolated
from the Soil in Western Saudi
Arabia. Microorganisms, 11(1), 86.
https://doi.org/10.3390/microorganis
ms11010086.

Bagley, ST. (1985): Habitat association of
Klebsiella species. Infect Control
6:52-58.

Frey, Y., Rodriguez, J.P., Thomann, A.,
Schwendener, S., and Perreten, V.
(2013): Genetic characterization of
antimicrobial resistance in
coagulase-negative staphylococci
from bovine mastitis milk. Journal of
Dairy Science, 96(4), 2247-2257.
https://doi.org/10.3168/jds.2012-
6091.

Garza-Ramos, U.; Moreno-Dominguez, S.;
Hernandez-Castro, R.; Silva-
Sanchez, J.; Barrios, H.; Reyna-
Flores, F. and Moncada-Barron, D.
(2015): Identification and
Characterization  of  Imipenem-
Resistant Klebsiella pneumoniae and
Susceptible Klebsiella
variicolalsolates Obtained from the
Same Patient. Microbial Drug
Resistance, 22(3), 179-184.
https://doi.org/10.1089/mdr.0181.

Haneen A. Ibrahim and Neihaya H. Zaki.
(2019): The Biological Activity of
Protein Extracts of Bacillus spp.
Isolated from Soil against Some

Pathogenic Bacteria. Al-
Mustansiriyah Journal of Science.
Volume 30, Issue 4, DOI:

http://doi.org/10.23851/mjs.v30i4.68.
Hindler, JA.; Howard, B.J. and Keiser,
JF. (1994): Antimicrobial agents
and  Susceptibility testing. In:
Howard BJ(Editor), Clinical and
pathogenic Microbiology. Mosby-
Year Book Inc., St. Louis, MO,

USA.
Hladicz, A.; Kittinger, C. and Zarfel, G.
(2017): Tigecycline Resistant

Klebsiella pneumoniae Isolated from
Austrian River Water. International
Journal of Environmental Research
and Public Health, 14(10), 1169.


https://doi.org/10.1186/s13568-021-01261-1
https://doi.org/10.1186/s13568-021-01261-1
https://doi.org/10.3390/microorganisms11010086
https://doi.org/10.3390/microorganisms11010086
https://doi.org/10.3168/jds.2012-6091
https://doi.org/10.3168/jds.2012-6091
https://doi.org/10.1089/mdr.0181
http://doi.org/10.23851/mjs.v30i4.68

Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 26-34

https://doi.org/10.3390/ijerph141011
69.

ljaz, M.; Zafar, M.; Islam, A.; Afsheen, S.
and Igbal, T. (2020): A review on
antibacterial properties of
biologically synthesized zinc oxide
nanostructures. Journal of Inorganic
and Organometallic Polymers and

Materials, 30(8), 2815-2826.
https://doi.org/10.1007/s10904-020-
01603-9.

Jawad N.K. Makassees, Neihaya H. Zaki
and Asmaa, A. Hussein. (2023):
Antibacterial and anticancer
activities of free and immobilized
elastase produced by Klebsiella
pheumoniae. HIV Nursing
23(3);736-741.

Jin, S. and Jin, H. (2021): Antimicrobial
Activity of Zinc Oxide
Nano/Microparticles and  Their
Combinations against Pathogenic
Microorganisms  for  Biomedical
Applications: From Physicochemical
Characteristics to Pharmacological
Aspects. Nanomaterials, 11(2), 263.
https://doi.org/10.3390/nano1102026
3.

Khaing, M.M.; Thu, M.K.; Kyaw, T.; Tin,
T. and Lwin, T. (2018): Green
synthesis of zinc oxide nanoparticles
using tropical plants and their
characterizations. J. Res. Sci. Eng.,
9(8): 2229 5518.

Li, Z.; Mu, Y.; Peng, C.; Lavin, M.F.;

Shao, H. and Du, Z (2020):
Understanding the mechanisms of
silica nanoparticles for
nanomedicine. Wiley
Interdisciplinary Reviews
Nanomedicine and
Nanobiotechnology, 13(1).

https://doi.org/10.1002/wnan.1658.

McFadden, J.F. (2000): Biochemical tests
for identification medical bacteria.
Warery Press Inc., Baltimore, Md.
21202 USA.

Merino, S.; Camprubi, S.; Alberti, S.;
Benedi, VJ. and Tomas, JM. (1992):
Mechanisms of Klebsiella
pneumoniae resistance to

33

complement-mediated killing. Infect
Immun 60:2529-2535.

Morowvat, M.H.; Kazemi, K.; Jaberi,
MA.; Amini, A. and Gholami, A.
(2023): Biosynthesis and

Antimicrobial Evaluation of Zinc
Oxide Nanoparticles Using Chlorella
vulgaris Biomass against Multidrug-
Resistant Pathogens. Materials, 16,
842.

https://doi.org/10.3390/ma16020842.

Nuha M. Alhazmi (2023): Fungicidal
Activity of Silver and Silica
Nanoparticles against Aspergillus
sydowii Isolated from the Soil in
Western Saudi Arabia.
Microorganisms 2023, 11, 86. https: /
/ dol.org /10.339
0/microorganisms11010086.

Raghupathi, K.R.;, Koodali, R.T. and
Manna, A.C. (2011): Size-Dependent
Bacterial Growth Inhibition and
Mechanism of Antibacterial Activity
of Zinc Oxide Nanoparticles.
Langmuir, 27, 4020-4028. [Google
Scholar] [CrossRef].

Renata, K.T. Kobayashi and Gerson
Nakazato (2020): Editorial:
Nanotechnology for Antimicrobials.
EDITORIAL published: 09 July
2020 doi: 10.3389/fmicb. 01421.

Rock, C.; Thom, KA., Masnick, M.
Johnson, JK.; Harris, AD. and
Morgan DJ. (2014): Frequency of
Klebsiella pneumoniae
carbapenemase (KPC)- producing
and non-KPC-producing Klebsiella
species contamination of healthcare
workers and the environment. Infect
Control Hosp Epidemiol 35:426—

429.  http :/ /  dx.dol.org
/10.1086/675598.

Seetharam  Charannya.;  Dasarathan
Duraivel.;  Krishnan  Padminee.;
Saravanan Poorni.; Cruz
Nishanthine and Manali
Ramakrishnan ~ Srinivasan (2018):
Comparative Evaluation of

Antimicrobial Efficacy of Silver
Nanoparticles and 2% Chlorhexidine
Gluconate When Used Alone and in


https://doi.org/10.1007/s10904-020-01603-9
https://doi.org/10.1007/s10904-020-01603-9
https://doi.org/10.3390/nano11020263
https://doi.org/10.3390/nano11020263
https://doi.org/10.1002/wnan.1658

Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 26-34

Combination Assessed Using Agar
Diffusion Method: An In vitro Study.
Contemporary Clinical Dentistry |
Volume 9 | Supplement 2 |
September (PMID: 30294145).

Seror A. Abdul Hussein, Neihaya H. Zaki

and Khetam H. Rasool (2023):

pneumoniae from raw cow milk in
Jiangsu and Shandong provinces,
China. Transbound Emerg Dis.; 68:
1033-1039.
https://doi.org/10.1111/tbed.13787.

Yeh, K.; Kurup, A.; Siu, L.K.; Koh, Y.L.;

Fung, C.; Lin, J.; Chen, T.; Chang,

Biological activities of purified
prolidase from pathogenic E.coli.

F. and Koh, T. (2007): Capsular
Serotype K1 or K2, Rather than

Bionatura Issue 1 Vol 8 No 1. magA and mmpA, Is a Major
Siu, L.K.; Fung, C.P.; Chang, F.Y.; Lee, Virulence Determinant for Klebsiella
N.; Yeh, KM.; Koh, T.H. and Ip, M. pneumonia  Liver  Abscess in

(2011): Molecular typing and
virulence analysis of serotype Kl
Klebsiella ~ pneumoniae strains
isolated from liver abscess patients Yogesh Chander, M.A. Ramakrishnan,
and stool samples from noninfectious Naresh Jindal Kevan Hanson and
subjects in Hong Kong, Singapore, Sagar M. Goyal. (2011):
and Taiwan. J Clin Microbiol.; Differentiation of Klebsiella
49(11):3761-5. pneumoniae and K. oxytoca by
Yang, Y.; Peng, Y. and Jiang, J. (2021): Multiplex Polymerase Chain
Isolation and characterization of Reaction. Vol. 9, No. 2, Intern J
multidrug-resistant Klebsiella Appl. Res. Vet. Med.

Singapore and Taiwan. JOURNAL
OF CLINICAL MICROBIOLOGY,
Feb. 2007, p. 466-471.

Cro LN Cilapaay G by piSall JLAN Al 45 jlaal) cilad jall g (A ) Cla gl
A 50 Sl 1 3 dda el 3l ] g Ll

‘ J’,IU".[GJJJ':JJBJ/.!:@M@'(]W cwy&m&‘ﬁai‘ .&Lfﬁdfi;bu/
s dgana Gla) ¢ Sl 5 48 lga

Email: dr_emansharaf@yahoo.com  Assiut University web-site: www.aun.edu.eg

L Uil o (3 b gl ¥ane gl ) (g A g sl Lpnaad) (al 5eY) (g0 22210 2 65501 ShausalS 4 558 ks )
sl Sl GV ae Ll bl Glapen s i3 208y LSl Saliaall Gailadl) 45 jliay
A Al 4 gal) Clalaally 0 dadail Jlain @by g gl Clgily Bad) a1 cula (e daliiudl)
Alee Jorlil) Gl sl o3 o5 Jusludiall ) e sl Jeliii g 4 saadl 40basS sl Cllia gl JOA (e Ly ,iSl) g jas
Sl Je Téreeye ¢ fimH K2 STMPA (& A el euldUail) &) ge ilS cJudisiall 3 e gl Jelas
4l i3l 3l il B33 S )N 5 508 il ISl Cilasn B850 jat alia aus) ylad aladin o3
Glapadl Ll 5 400 3l (aibiadd) Cana @ a3 Apludl 4l JBY) Cuiadl 2501 A8 las Al aladiuly
baslsdysey US4y ana Jon dflal Cloglae gl ey mulall (b5 SV el aladinly 4l
e O sil) SIS LSl ) Jadial) 38 il ad aad oy gill) (TEM)RUD g 5SIY) eaall s(SEM) bl
A aall 465 1 SluadSI Y aa Adlad L el 1 2l g 5 (e Ay il Clapuadl @ jedal 4 S Clagual)
sl e ae VY5 defal je 5 )Sae TY0 Lyl dihaie kg (MIC) oY) Jadiall 38 5l o) aall &y Cua

A sl DlannlI Y aa 4 sl ilabicaall Y Jaadl g el 1 aanST ) Sl aliiid ale

34


https://doi.org/10.1111/tbed.13787
mailto:dr_emansharaf@yahoo.com
http://www.aun.edu.eg/

