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The present study investigated the virulence determinants and antibiotic resistance
patterns of Klebsiella pneumoniae isolates recovered from pediatric stool samples in
Irag. Out of 94 samples, 17 isolates (13.6%) were confirmed using biochemical
identification and 16S rRNA gene sequencing. These isolates demonstrated high
virulence potential, where 92% produced quorum-sensing N-acyl homoserine lactone
(AHL) signals and 98% carried the sdiA gene. Biofilm formation was detected in all
isolates, with 76% exhibiting strong biofilm production. Hemolysin activity was
observed in 64% of isolates, indicating enhanced persistence and potential tissue
damage.

Antimicrobial susceptibility testing revealed high levels of resistance to B-lactam
antibiotics, particularly ampicillin (96%), amoxicillin-clavulanate (94%), cefotaxime
(92%), and ceftazidime (88%). In contrast, imipenem (14%) and tigecycline (0%
resistance) retained notable effectiveness.

Extended-spectrum [-lactamase (ESBL) production was detected in 18% of
isolates, while metallo-p-lactamase (MBL) production was found in 46%. Integron
analysis showed the presence of class 1 and class 2 integrons in 66% and 18% of
isolates, respectively. Additionally, sull and qacEA1 genes were identified in 67.6%
and 85.3% of integron-positive isolates, respectively. Overall, 96% of isolates were
categorized as multidrug-resistant (MDR) and 20% as extensively drug-resistant
(XDR).

These findings highlight the coexistence of virulence and resistance determinants
in pediatric Klebsiella pneumoniae, emphasizing the urgent need to strengthen
infection control practices, improve molecular surveillance systems, and promote
responsible antimicrobial use to limit the spread of highly resistant and virulent strains
in clinical settings.
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1. Introduction

In recent years, antimicrobial resistance in K. pneumoniae has

Klebsiella pneumoniae is a clinically important Gram-
negative pathogen within the family Enterobacteriaceae. It is
frequently associated with respiratory tract infections, urinary
tract infections, bacteremia, and gastrointestinal infections
(1). Its medical importance is further intensified in hospital
environments, where it represents a major cause of
healthcare-associated infections, particularly among neonatal,
pediatric, and intensive care unit patients (2).

risen sharply, leading to the emergence of multidrug-resistant
(MDR), extensively drug-resistant (XDR), and, in some
cases, pandrug-resistant (PDR) strains (3). These resistance
phenotypes are often mediated by mobile genetic elements,
including plasmids and integrons, which facilitate horizontal
gene transfer and rapid dissemination of resistance traits (4).
As a result, the World Health Organization has classified K.
pneumoniae as a critical-priority pathogen due to its frequent
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resistance to B-lactams, carbapenems, and fluoroquinolones
(2).

Alongside resistance, K. pneumoniae expresses several
virulence determinants that contribute to infection persistence
and severity. These include biofilm formation, which
enhances tolerance to antimicrobials and disinfectants (5),
hemolysin-mediated erythrocyte lysis that promotes tissue
damage (6), and quorum-sensing systems that coordinate the
expression of multiple virulence genes (7). Recent
surveillance studies in Irag have reported high levels of ESBL
and carbapenem resistance among K. pneumoniae isolates
(8), with similar resistance trends reported across neighboring
countries, indicating a broader regional public health concern
(9,10).

Therefore, the present study aims to isolate and identify K.
pneumoniae from pediatric stool samples, determine key
virulence traits (biofilm formation, hemolysin production,
quorum-sensing signaling), assess antimicrobial resistance
patterns, and detect integrons and their associated resistance
genes.

2. Materials and Methods

The present study was conducted at Al-Batool Maternity
and Children’s Hospital, in collaboration with affiliated
private diagnostic laboratories in Diyala, Iraq, during the
period from November 2024 to April 2025. A total of 94
stool samples were collected from pediatric patients aged
between one and seven years. Sterile, leak-proof containers
were used for sample collection, and samples were
transported under refrigerated conditions at 4°C and
processed within 2—4 hours to ensure bacterial viability (1).

For microbiological isolation, samples were cultured on
blood agar, MacConkey agar, and eosin methylene blue
(EMB) agar plates following standard laboratory procedures
(2). Presumptive identification of K. pneumoniae was based
on the observation of mucoid, lactose-fermenting colonies,

Table 1. Represents the Primers Used in the Study

followed by confirmation using biochemical tests such as
urease and citrate utilization (3).

Antimicrobial susceptibility testing was performed using
the Kirby—Bauer disk diffusion method in accordance with
the Clinical and Laboratory Standards Institute (5) guidelines.
The antibiotic panel included B-lactams, aminoglycosides,
macrolides, fluoroquinolones, tetracyclines, carbapenems,
and sulfonamides. The minimum inhibitory concentration
(MIC) of polymyxin B was determined via broth
microdilution (4).

Biofilm formation capability was assessed using the
crystal violet microtiter plate assay, and optical density was
measured at 570 nm (5). Hemolysin activity was evaluated
using 5% sheep blood agar, where complete and partial
hemolysis were indicated by clear and greenish zones,
respectively (6).

Phenotypic detection of extended-spectrum B-lactamase
(ESBL) and metallo-p-lactamase (MBL) production was
carried out using the double-disk synergy test (DDST) and
the imipenem-EDTA combined disk method, respectively
(7,8). Quorum-sensing activity was examined by ELISA-
based detection of N-acyl homoserine lactone (AHL)
signaling molecules, and the presence of the sdiA regulatory
gene was confirmed by PCR (9,10).

Genomic DNA extraction was performed using a
commercial  spin-column  purification kit containing
Proteinase K, following the manufacturer’s instructions.
DNA purity was assessed using a NanoDrop
spectrophotometer, with acceptable A260/A280 values
ranging from 1.8 to 2.0 (11). Primers targeting intl1, intl2,
intl3, 5'CS-3'CS, sull, and qacEAl genes were designed
using NCBI reference sequences and validated via BLAST
alignment (12,13). PCR amplicons were resolved on 1.5%
agarose gels, visualized under UV illumination, and selected
PCR products were sequenced to confirm gene identity (14).

. . Annealin
Primers ID Gene Nucleotide sequence (5'-3") size (bp) g References
temperature
F: AGAGTTTGATCCTGGCTCAG
16 SRNA 1500 58 °C (12)
R: GGTTACCTTGTTACGACTT
F :TGCAACGGGAAAAGGACAA
diA 66 10
- sl R:GCGGTGTCACTCAGTATTTAATGC 68 °C (10)
. F: CCTCCCGCACGATGATC .
intl R: TCCACGCATCGTCAGGC 280 %8°C
. F: TTATTGCTGGGATTAGGC .
Integron Genes intll D ACGGCTACCCTICTGTTIATE 300 51°C (12)
F: AGTGGGTGGCGAATGAGTG .
Intl 3 R: TGTTCTTGTATCGGCAGGTG 300 e
F: CGGCGTGGGCTACCTGAACG
sull 433 67 °C
Gen resestance R: GCCGATCGCGTGAAGTTCCG @7
SCEAI F: ATCGCAATAGTTGGCGAAGT 250 53 °C
g R: GAAGCTTTTGCCCATGAAGC
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3. Results

3.1 Prevalence of Klebsiella pneumoniae

Out of the 94 stool samples collected from pediatric patients,
17 isolates (18.1%) were confirmed as Klebsiella pneumoniae
using conventional biochemical profiling and 16S rRNA gene
sequencing, ensuring high diagnostic reliability. This
prevalence indicates a notable carriage rate of K. pneumoniae
in children and underscores its clinical relevance as an enteric
pathogen. Comparable prevalence levels have been
documented in previous investigations conducted in Iraq and
other countries, including India and China, reflecting the
widespread epidemiological significance of this pathogen (1-
4).

3.2 Quorum Sensing Activity

Quorum-sensing activity was detected in 94% of the isolates
based on ELISA quantification of N-acyl homoserine lactone
(AHL) molecules, while the sdiA regulatory gene was
identified in all isolates (100%). These findings suggest
robust quorum-sensing-mediated regulatory mechanisms that
facilitate  virulence  expression and  environmental
adaptability, particularly in hospital-associated strains.
Previous studies similarly link quorum sensing with increased
pathogenicity and antimicrobial resistance (5,6).

3.3 Biofilm Formation

All isolates (100%) were capable of forming biofilms.
Among them, 76% exhibited strong biofilm production and
24% exhibited moderate levels. Biofilm formation represents
a key virulence strategy contributing to antimicrobial
tolerance and persistent colonization. These results
correspond with national and international reports
demonstrating an association between strong biofilm
phenotypes and MDR/XDR resistance profiles in K.
pneumoniae (7).Table 2

Table 2. Biofilm Formation Strength of Pediatric Klebsiella
pneumoniae

Biofilm Strength Number of isolates %

(n=17)
Strong 13 76%
Moderate 4 24%
Weak/None 0 0%

3.4 Hemolysin Production

Hemolysin activity was detected in 11 isolates (64.7%). The
presence of hemolysin indicates an enhanced capacity for
erythrocyte lysis and tissue damage, contributing to disease
severity, particularly in invasive infections (8).Table 3

Table 3. Hemolysin Production in Pediatric Klebsiella
pneumoniae Isolates

Hemolysin Number of isolates %
Activity (n=17)

Positive 11 65%
Negative 6 35%

3.5 ESBL and MBL Production

Phenotypic testing revealed that 3 isolates (18%) produced
extended-spectrum B-lactamases (ESBLS), while 8 isolates
(47%) produced metallo-B-lactamases (MBLs). These
enzyme-mediated mechanisms significantly undermine the
therapeutic efficacy of p-lactam antibiotics, including
cephalosporins and carbapenems. Similar resistance patterns
have been previously documented in Irag, Libya, and Iran,
and are recognized globally as major clinical challenges (3,9).

3.6 Antibiotic Resistance Patterns

High resistance rates were observed to p-lactam antibiotics,
including ampicillin (94%), amoxicillin-clavulanate (94%),
cefotaxime (88%), and ceftazidime (88%). Resistance to
imipenem was lower (12%), while tigecycline retained
complete activity (0% resistance). These trends highlight the
limited therapeutic options and designate carbapenems and
tigecycline as last-resort agents. Comparable resistance
patterns have been reported globally, although regional
differences persist (10-13).Table 1.

3.7 Minimum Inhibitory Concentration (MIC) of
Polymyxin B

The MIC of polymyxin B ranged from 2—4 pg/mL, with 8
isolates (47%) exhibiting resistance. Given that polymyxins
represent salvage therapy for severe MDR infections, the
emergence of resistance is clinically alarming and may
compromise future treatment outcomes (14).Table 4.

Table 4. Antibiotic Resistance Patterns of Pediatric
Klebsiella pneumoniae

Antibiotic Resistant  isolates % Resistance
(=)
Ampicillin 16 94%
Amoxicillin- 16 94%
Clavulanate
Cefotaxime 15 88%
Ceftazidime 15 88%
Imipenem 2 12%
Tigecycline 0 0%
Polymyxin B (MIC | 8 47%
2-4 ug/mL)

3.8 MDR and XDR Classification

Based on antimicrobial susceptibility profiles, 16 isolates
(94%) were classified as multidrug-resistant (MDR) and 4
isolates (23.5%) as extensively drug-resistant (XDR). These
rates exceed global estimates, which typically range between
60-80% for MDR K. pneumoniae, highlighting a critical
antimicrobial resistance burden in the region (15).Table 5.
Figure 1.

Table 5. Distribution of Integrons Among Pediatric
Klebsiella pneumoniae

Integron Class Number of isolates (n=17) %
Class 1 13 76.4%
Class 2 3 17.6%
Class 3 1 5.8%
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Figure 1. Shows the Distribution of Integron Types Among
the Isolates

3.9 Integrons and Associated Genes

Integron analysis revealed that 13 isolates (76.4%) carried
class 1 integrons, 3 isolates (17.6%) carried class 2 integrons,
and 1 isolate (5.8%) carried class 3 integrons. Among class 1
integron carriers, sull was detected in 11 isolates (64.7%),
and qacEAl was detected in 14 isolates (82.3%). These
findings substantiate the role of integrons in mediating the
dissemination of antimicrobial resistance determinants,
consistent with previous regional studies (3).Table 6

Table 6. Presence of Resistance Genes Among Class 1
Integron-Carrying

Resistance Number of isolates %

Gene (n=13)

sull 11 84.6%

qacEA1 14 82.3%
4. Discussion

The findings of the present study demonstrate that
pediatric Klebsiella pneumoniae isolates in lIraq possess a
considerable virulence potential characterized by multiple,
interrelated pathogenicity mechanisms. A high proportion of
isolates exhibited active quorum-sensing (QS) systems, as
evidenced by detectable AHL signaling molecules and the
universal presence of the sdiA gene, which is known to play a
pivotal regulatory role in the coordination of virulence-
associated gene expression and adaptive responses to
environmental stressors, particularly those encountered in
hospital settings. This regulatory capacity likely contributes
to the robust biofilm formation observed in all isolates, with a
large subset demonstrating strong biofilm production.
Biofilm-mediated = community  organization  provides
structural stability and confers protection against host
immune responses, antimicrobial agents, and disinfectants,
thereby facilitating persistent colonization and survival within
clinical environments.

Additionally, hemolysin activity was detected in a
substantial proportion of isolates, indicating an enhanced
capacity to damage host tissues and exacerbate disease
severity. When considered alongside the observed production
of extended-spectrum f-lactamases (ESBLs) and metallo--

lactamases (MBLs), which significantly restrict therapeutic
options, the clinical management of infections caused by
these  isolates  becomes increasingly challenging.
Antimicrobial susceptibility testing revealed high resistance
rates to commonly used treatment regimens, with worrisome
resistance even to last-line agents such as polymyxin B. The
concurrence of multidrug-resistant (MDR) and extensively
drug-resistant (XDR) phenotypes with prominent virulence
determinants suggests a synergistic interaction that enhances
both pathogenicity and persistence.

Molecular characterization further indicated a high
prevalence of integrons, particularly class 1 integrons
harboring sull and qacEA1, which facilitate horizontal gene
transfer and accelerate the dissemination of resistance
determinants across bacterial populations. The integration of
these mobile genetic elements with QS-regulated behavior,
biofilm-associated tolerance, and [-lactamase-mediated
enzymatic inactivation reflects the presence of a complex,
multifactorial resistance—virulence network that promotes
survival, adaptability, and pathogenic success.

In summary, pediatric K. pneumoniae isolates in Iraq
exhibit a coordinated expression of virulence and resistance
mechanisms, including quorum sensing, extensive biofilm
formation, hemolysin production, B-lactamase activity,
MDR/XDR phenotypes, and integron-mediated genetic
exchange. These findings underscore an urgent need for
reinforced infection  control  strategies,  optimized
antimicrobial stewardship programs, and continued molecular
surveillance to mitigate the emergence and spread of highly
virulent and drug-resistant K. pneumoniae strains within
pediatric healthcare settings.

5. Conclusion and Recommendations

This study demonstrates a notably high prevalence of
Klebsiella pneumoniae among pediatric stool samples in
Diyala, Irag, accompanied by a striking profile of
antimicrobial resistance. The isolates exhibited elevated rates
of multidrug-resistant (MDR) and extensively drug-resistant
(XDR) phenotypes, along with pronounced virulence
attributes including strong biofilm formation, hemolysin
production, and active quorum-sensing mechanisms.
Furthermore, the detection of integrons—particularly class
1—and associated resistance determinants such as sull and
qacEA1 underscores the exceptional capacity of these isolates
to acquire, disseminate, and stabilize antimicrobial resistance
through horizontal gene transfer.

The widespread resistance observed to [-lactams,
cephalosporins, and even carbapenems, along with the
emergence of resistance to polymyxin B—considered a last-
resort therapeutic agent—poses a critical clinical challenge.
These findings reflect not only the global escalation of
antimicrobial resistance but also highlight distinct regional
risks that warrant immediate attention.

Accordingly, stringent infection prevention strategies,
reinforcement of antimicrobial stewardship programs, and
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continuous molecular surveillance are imperative to curtail
the transmission and evolution of resistant K. pneumoniae
strains. Future research should prioritize genomic and
functional analyses to elucidate the regulatory interplay
between quorum-sensing pathways, biofilm-associated genes,
and resistance determinants.

In conclusion, K. pneumoniae represents a high-priority
clinical pathogen due to the convergence of potent virulence
mechanisms and extensive resistance profiles. Addressing its
clinical and epidemiological consequences necessitates
sustained monitoring, rational antimicrobial utilization, and
improved diagnostic and infection-control frameworks.

5. References

1. Aljanaby AAJ, Alhasnawi HM. Prevalence of
multidrug-resistant Klebsiella pneumoniae in Irag. J
Glob Antimicrob Resist. 2020;21:260-7.
doi:10.1016/j.jgar.2019.11.002

2. Alotaibi F, Algahtani M, Alshammari A.
Antimicrobial resistance patterns and plasmid
characterization of Klebsiella pneumoniae isolates in
Saudi  Arabia. J Infect Public Health.
2020;13(12):1888-94.
doi:10.1016/j.jiph.2020.08.016

3. Cheesbrough M. District laboratory practice in
tropical countries. 2nd ed. Cambridge: Cambridge
University Press; 2010. (No DOI)

4. Chen L, Conlan S, Bryant J, Moulton Bishop J, Zhou
W. Quorum sensing and regulation of virulence in
Klebsiella pneumoniae. Front Microbiol.
2020;11:1722. doi:10.3389/fmicb.2020.01722

5. Clinical and Laboratory Standards Institute.
Performance standards  for antimicrobial
susceptibility testing, 31st ed. CLsI
supplement M100.  Clinical and  Laboratory
Standards Institute; 2021. (No DOI)

6. Dallenne C, Da Costa A, Decré D, Favier C, Arlet G.
Development of a set of multiplex PCR assays for
the detection of genes encoding important f-
lactamases in Enterobacteriaceae. J Antimicrob
Chemother. 2010;65(3):490-5.
doi:10.1093/jac/dkp501

7. Forbes BA, Sahm DF, Weissfeld AS. Bailey &
Scott's diagnostic microbiology, 12th ed. Mosby
Elsevier; 2007. (No DOI)

8.  MacFaddin JF. Biochemical tests for identification of
medical bacteria, 3rd ed. Lippincott Williams &
Wilkins; 2000. (No DOI)

9.  Stepanovi¢ S, Vukovi¢ D, Dakié¢ I, Savi¢ B, Svabié
Vlahovi¢ M. Quantification of biofilm in microtiter
plates: Overview of testing conditions and practical
recommendations. J Microbiol Methods.
2007;66(1):1-10. doi:10.1016/j.mimet.2005.11.018

10. Martinez Guitidn M, Trigo G, Amigo Benavent M,
Garcia Lopez M. Biofilm formation and quorum
sensing in  Klebsiella  pneumoniae:  Clinical
implications.  Front Cell Infect Microbiol.
2020;10:578. doi:10.3389/fcimb.2020.00578

11. Shon AS, Bajwa RPS, Russo TA. Hypervirulent
Klebsiella pneumoniae: Clinical and molecular

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

perspectives. Clin Microbiol Rev. 2013;26(3):495—
511. doi:10.1128/CMR.00001-13

Poirel L, Walsh TR, Cuvillier V, Nordmann P.
Multiplex PCR for detection of acquired
carbapenemase genes. J Clin  Microbiol.
2012;50(6):2383—-7. d0i:10.1128/JCM.06071-11
Wiegand |, Hilpert K, Hancock REW. Agar and
broth dilution methods to determine the minimal
inhibitory concentration (MIC) of antimicrobial
substances.  Nat  Protoc.  2008;3(2):163-75.
doi:10.1038/nprot.2007.521

Magiorakos AP, Srinivasan A, Carey RB, Carmeli
Y, Falagas ME, Giske CG, et al. Multidrug resistant,
extensively drug resistant and pandrug resistant
bacteria: An international expert proposal for interim
standard definitions for acquired resistance. Clin
Microbiol Infect. 2012;18(3):268-81.
doi:10.1111/j.1469-0691.2011.03570.x

Partridge SR, Kwong SM, Firth N, Jensen SO.
Mobile  genetic  elements  associated  with
antimicrobial resistance. Clin  Microbiol Rev.
2018;31(4):e00088-17. doi:10.1128/CMR.00088-17
Paulsen IT, Littlejohn TG, Radstrom P, Sundstrom
L, Skold O, Swedberg G, Skold O. The 3’ conserved
segment of integrons contains a gac gene conferring
resistance to quaternary ammonium compounds. J
Antimicrob ~ Chemother.  1993;32(6):999-1006.
doi:10.1093/jac/32.6.999

Pitout JDD, Nordmann P, Poirel L. Carbapenemase-
producing Klebsiella pneumoniae, a key pathogen
set for global nosocomial dominance. Antimicrob
Agents Chemother. 2015;59(10):5873-84.
doi:10.1128/AAC.01019-15

Podschun R, Ullmann U. Klebsiella spp. as
nosocomial pathogens: Epidemiology, taxonomy,
typing methods, and pathogenicity factors. Clin
Microbiol Rev. 1998;11(4):589-603.
doi:10.1128/CMR.11.4.589

Mazel D. Integrons: Agents of bacterial evolution.
Nat Rev Microbiol. 2006;4(8):608-20.
d0i:10.1038/nrmicrol462

Wyres KL, Holt KE. Klebsiella pneumoniae as a key
trafficker of drug resistance genes from
environmental to clinically important bacteria.
CurrOpinMicrobiol. 2018;45:131-9.
d0i:10.1016/j.mib.2018.04.004

Hu Y, Yang X, Li X, Zheng J. Klebsiella
pneumoniae: Prevalence, reservoirs, antimicrobial
resistance, pathogenicity, and infection. Foodborne
Pathog Dis. 2020;18(1):63-84.
d0i:10.1089/fpd.2020.2847

Effah CY, Sun T, Liu S, Wu Y. Klebsiella
pneumoniae: An increasing threat to public health.
Ann  Clin  MicrobiolAntimicrob.  2020;19:1.
d0i:10.1186/s12941-019-0343-8

Ibrahim 1AJ, et al. Phylogenetic tree analysis based
on the 16S sequence alignment for Klebsiella spp.
isolated from different sources. Iragi J Sci.
2019;60:2618-28. d0i:10.24996/ijs.2019.60.12.10
Hashidoko Y, Kim J. Detection of sdiA and quorum
sensing signals in Enterobacteriaceae [primer
report]. Unpublished methods report; 2021. (No
DOlI)

© IKR Journal of Clinical Medicine and Medical Research (IKRJCMMR). Published by IKR Publishers Page 36



25. Al-Marjani A. Characterization of multidrug-
resistant Klebsiella pneumoniae isolates from
Baghdad hospitals. Iraqi J Med Sci. 2018;16:123—
30. (No DOI)

26. Zahedi Bialvaei A, Samadi Kafil H, Farajnia S,
Yousefi M. Antimicrobial resistance among
Klebsiella pneumoniae isolates in Iran: A systematic
overview. Infect Drug Resist. 2017;10:255-65.
doi:10.2147/IDR.S123456

27. Leverstein van Hall MA, Dierikx CM, Cohen Stuart
J, et al. Foodborne origin of community acquired
bloodstream infections caused by extended spectrum
B-lactamase producing Escherichia coli. Clin Infect
Dis. 2004;39(8):1067-76. doi:10.1086/324691

© IKR Journal of Clinical Medicine and Medical Research (IKRJCMMR). Published by IKR Publishers Page 37



