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Abstract

Objective

This investigation aimed to investigate the prevalence of Klebsiella pneumoniae as a primary
causative agent of pneumonia in the Al-Muthanna governorate, Iraq, and to describe the molecular
profile of virulence genes related to hypermucoviscosity (e.g., mag4 and rmpA) in epidemic
strains extracted from lower respiratory tract samples of hospitalized patients with pneumonia at
Al-Rumaytha Hospital. Additionally, we estimated the prevalence of hypervirulent K.

pneumoniae (hvKp) and classical K. pneumoniae (cKp) strains.

Materials and methods

A total of 100 bacterial isolates were gathered from lower respiratory tract samples of patients at
Al-Rumaytha Hospital between April 18, 2024, and September 18, 2024. Isolates were identified
through below steps: colonial morphology on MacConkey agar, cell morphology via Gram and
capsule staining observed under a light microscope, physiological experiments, biochemical
experiments, molecular identification applying 16S rRNA gene sequencing, and diagnosis of
virulence genes (magAd and rmpA) via polymerase chain reaction (PCR) with gene-specific

primers amplifying fragments of 1283 bp for magA and 409 bp and 340 bp for rmpA.

Results
Of the 100 isolates, 20 exhibited a typical K. pneumoniae profile, with identity affirmed by 16S

rRNA gene sequencing. Sequences from 15 of these strains were deposited in GenBank under
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accession numbers PQ814166 to PQ814180. Phylogenetic analysis grouped these 15 strains into
10 clades: Clade A (PQ814167, PQ814177), Clade B (PQ814171), Clade C (PQ814166,
PQ814176), Clade D (PQ814179, PQ814180), Clades E, F, and G (PQ814169, PQ814173,
PQ814174, respectively), Clade H (PQ814170, PQ814175), Clade 1 (PQ814172), and Clade J
(PQ814168, PQ814178). The hypermucoviscosity genes magA and rmpA were detected in 55%
and 50% of the 20 K. pneumoniae isolates, respectively. The prevalence of hypervirulent K.

pneumoniae (hvKp) strains was 50%.

Conclusions

This investigation affirms K. pneumoniae as a meaningful cause of pneumonia in the Al-
Muthanna governorate, with a notable presence of hypervirulent strains (50%) described by magA
and rmpA genes. These results highlight the importance of molecular characterization in
understanding the pathogenicity and epidemiology of K. pneumoniae in clinical settings.
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Introduction

The identification of bacterial isolates from scratch is an issue of paramount importance in
the diagnostics field. Accuracy, sensitivity, and speed are three critical aspects for selecting the
appropriate method for validated bacterial identification to help reduce mortality and morbidity
in this context. Rapid and precise diagnosis enables timely treatment, curbing the spread of
infections and improving patient outcomes, exclusively in regions with high disease burden. The

genus Klebsiella was first discovered by Edwin Klebs, a German bacteriologist, in 1834. The

70

Agricultural Biotechnology Journal,  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

B, BN



o S,

Abd Al-Munem & Al-Hassani, 2025

nomenclature of Klebsiella was derived from its discoverer, Edwin Klebs. Later, in 2006,
Klebsiella was also designated as Friedldnder’s bacilli, as proposed by Brisse et al. (2006), in
recognition of Carl Friedldnder’s contributions to understanding its role in pneumonia.
Previously, the genus Klebsiella was divided into three species based on the profile of biochemical
reactions. However, it was subsequently stratified into six main species based on DNA homology:
K. pneumoniae, K. oxytoca, K. planticola, K. terrigena, K. ornithinolytica, and K. mobilis (Holt
et al., 1994). Among these, K. pneumoniae is further classified into three subspecies based on
biochemical reaction profiles: K. ozaenae, K. rhinoscleromatis, and K. pneumoniae. These
classifications highlight the diversity within the genus and its adaptability to numerous
environments and hosts. K. pneumoniae is distinguished as a rod-shaped, Gram-negative,
opportunistic pathogen. It is well-known to physicians as both a hospital-acquired and
community-acquired pathogen, often referred to as Friedldnder’s pneumonia (Lau, 2007). This
bacterium is a leading causative agent of pneumonia, exclusively in immunocompromised
individuals. K. pneumoniae is non-motile and lactose-fermenting, with a polysaccharide capsule
that enhances its pathogenicity by shielding it from host immune responses. Klebsiella is
announced to be an opportunistic bacterium inhabiting the intestine, where it is regarded as part
of the normal intestinal flora. Enteric bacteria typically do not create disease in the gut but can
modulate functional and nutritional processes. However, these bacteria can become pathogenic
when they reach tissues outside the intestinal core, like the respiratory tract or bloodstream
(Brooks et al., 2007). K. pneumoniae is exist in the feces and respiratory tract of approximately
5% of healthy individuals and is the etiological agent of bacterial pneumonia in about 1% of cases,
with higher prevalence in clinical settings. K. prneumoniae is well-distinguished as an
opportunistic pathogen with meaningful implications in a broad range of human infections,
encompassing bloodstream infections, pneumonia, wound infections, urinary tract infections, and
gastrointestinal tract infections (Sandegren et al., 2012). Its infections are related to both
community-acquired and hospital-acquired pneumonia, posing challenges in treatment due to
increasing antimicrobial resistance. The capsule polysaccharide (CPS) is designated as one of the
most meaningful virulence factors in K. pneumoniae, with a thickness of approximately 160 nm.
The CPS exhibits a complex acidic polysaccharide structure composed of repeating subunits of
4-6 sugars (e.g., glucose, galactose, mannose, fructose, and rhamnose) and frequent acids like
uronic acid, glucuronic acid, galacturonic acid, and pyruvic acid as negatively charged
components (Podschun and Ullmann, 1998). This capsule protects the bacterium from
phagocytosis and contributes to its survival in hostile environments. K. pneumoniae virulence
parameters vary based on infection sites, reflecting local variations in host defense mechanisms

(Highsmith and Jarvis, 1985). For instance, the profile of virulence factors in K. pneumoniae
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strains creating urinary tract infections likely differs from those creating respiratory tract
infections observed in the lungs of patients with bacterial pneumonia (Turton et al., 2010). This
site-specific variation underscores the need for targeted molecular investigations to understand
pathogenicity. Reports indicate that hypervirulent K. pneumoniae (hvKp) strains are prevalent in
the East Mediterranean region; however, freely accessible data stay scarce and are announced
only through laboratory surveillance for antimicrobial resistance (AMR) within healthcare
services or epidemiological surveys in a few countries (WHO, 2024). The emergence of hvKp,
described by enhanced virulence, poses a growing public health threat, exclusively in regions with
restricted surveillance infrastructure. Capsular polysaccharide genes consist of gene clusters
responsible for the synthesis of numerous CPS serotypes (Kawai, 2006). Different genes have
been distinguished as markers of virulence in K. pneumoniae, containing magA, rmpA, and 16S
rRNA genes. Mucoviscosity-related gene A (magAd), a chromosomal gene, was originally
identified. Hypermucoviscosity and magA are more prevalent in invasive K. pneumoniae strains.
magA-negative K. pneumoniae strains lack their exopolysaccharide layer and become susceptible
to phagocytosis. Notably, magA is confined to the gene cluster of K. pneumoniae capsule serotype
K1 (Lin et al., 2012). The regulator of mucoid phenotype A gene (rmpA), typically harbored on a
plasmid, confers a highly mucoviscous phenotype that enhances and regulates capsular
polysaccharide synthesis (Rivero et al., 2010). This trait is critical for the bacterium’s capability
to evade host immune defenses and persist in infected tissues. The 16S ribosomal RNA (16S
rRNA) gene has been pivotal in bacterial identification. Previously, K. pneumoniae subsp.
pneumoniae was identified based on the 16S-23S internal transcribed spacer. The 16S rRNA gene
is the gold standard for identifying bacterial isolates at both genus and species levels due to its
unique characteristics: universal distribution among bacterial species, a strong foundation for
comparative phylogenetic investigations, status as a core housekeeping gene, provision of
evolutionary data, and a structure of conserved regions interspersed with variable regions (Park
et al., 2011). Furthermore, the epigenome, encompassing mechanisms like DNA methylation,
chromatin remodeling, histone tail modifications, microRNAs, and long non-coding RNAs,
interacts with environmental factors like nutrition, pathogens, and climate to influence gene
expression profiles and the emergence of specific phenotypes (Mousavizadeh et al., 2009;
Mohammadabadi et al., 2021). Multi-level interactions between the genome, epigenome, and
environmental factors may occur, shaping bacterial adaptability and virulence (Sulimova et al.,
2007; Mohammadabadi et al., 2024b). Furthermore, evidence suggests that epigenome variation
influences health and productivity outcomes (Mohammadabadi, 2016). In eukaryotes, gene

expression is temporally and multidimensionally controlled, with only a small subset of the
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genome expressed in each tissue type, depending on the developmental stage (Shahsavari et al.,
2023; Mohammadabadi et al., 2024a). Thus, gene expression in eukaryotes is tissue-specific
(Mohammadabadi et al., 2025). The quantity of gene products in a given tissue, as well as in other
tissues, regulates gene expression. A fundamental activity in molecular biology is studying genes
and proteins related to traits at the cellular or chromosomal level (Mohammadinejad et al., 2022;
Mohammadabadi et al., 2024c). Therefore, the aim of this investigation was to address the
prevalence of Klebsiella pneumoniae as a primary causative agent of pneumonia in the Al-
Muthanna governorate, Iraq. We sought to describe the molecular fingerprint of virulence genes
related to hypermucoviscosity (e.g., magA and rmpA) in epidemic strains extracted from lower
respiratory tract samples of hospitalized patients with pneumonia at Al-Rumaytha Hospital.
Additionally, we estimated the prevalence of hypervirulent K. pneumoniae (hvKp) and classical

K. pneumoniae (cKp) strains to better understand their distribution and impact in this region.

Materials and methods

Ethics statement: This investigation was managed in strict accordance with the ethical
principles outlined in the Declaration of Helsinki. The research protocol was reviewed and
approved by the Institutional Review Board and the Research Ethics Committee of the University
of Al-Qadisiyah, Iraq (IQ-UAQ.RES.2023.727).

Sample collection: In this investigation, 100 clinical samples were gathered from
hospitalized patients diagnosed with respiratory tract infections at Al-Rumaytha Hospital.
Samples were achieved applying sterile cotton swabs and immediately transferred to the
laboratory for bacterial pathogen culturing.

Preservation and maintenance of bacterial isolates: Bacterial strains applied in this
investigation were preserved at two levels: short-term and long-term. For short-term preservation,
nutrient agar slants were prepared and stored at 4°C for four weeks, with renewal managed
monthly. For long-term preservation, overnight broth cultures were prepared for each bacterial
strain, and sterile glycerol was added aseptically to a final concentration of 50% (v/v). The
glycerol stocks were stored at -80°C (Mahon and Lehman, 2022).

Culturing: The purity of each selected single colony was affirmed by successive streaking
on nutrient agar, incubated at 37°C for 24 hours, until single colonies with consistent color,
appearance, and texture (pure cultures) were achieved. Pure colonies were then sub-cultured on
MacConkey agar and incubated at 37°C for 24 hours to differentiate lactose fermenters from non-
lactose fermenters (Collee et al., 1996).

Colonial morphology: A single pure colony from each extracted bacterial strain was

cultured on MacConkey agar to evaluate lactose fermentation capability. Lactose-fermenting
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colonies appeared pink, while non-lactose-fermenting colonies appeared yellow on MacConkey
agar (Collee et al., 1996).

Cell morphology-gram stain: Cell morphology and Gram staining characteristics of each
bacterial strain were examined under a light microscope after staining with Gram stain. Gram-
negative bacterial cells stained red with safranin as the counterstain (Collee et al., 1996).

Capsule stain: Capsule staining was carried out to differentiate between capsulated and non-
capsulated bacterial strains (Collee et al., 1996).

Physiological experiments: Bacterial strains were subjected to physiological experiments,
containing enzyme production (catalase, urease, and oxidase), motility, growth at 10°C, gas
production from lactose after growth at 44.5°C, IMViC experiments (indole production, methyl
red experiment, Voges-Proskauer experiment, and citrate utilization), and glucose fermentation
with gas production but without H2S production (Collee et al., 1996).

Genomic bacterial DNA extraction and PCR: An overnight broth culture of each clinical
bacterial strain was prepared at 37°C with an agitation speed of 150 rpm. Five milliliters of each
culture were transferred to 15 mL Falcon tubes, and bacterial cells were harvested by
centrifugation at 8,000 rpm for 5 minutes. The supernatant was discarded, and the cell pellet was
resuspended in 200 pL of lysozyme. The mixture was incubated at 37°C for 30 minutes in a water
bath, followed by the addition of 20 uL of proteinase K and 200 pL of LB1 buffer to each sample.
The mixture was then incubated at 60°C for 15 minutes. Subsequently, 200 uL of 100% ethanol
was added and mixed by vortexing. Each sample mixture was applied to a silica spin column
(Qiagen, Germany) and centrifuged at 8,000 rpm for 1 minute. The flow-through was discarded,
and the spin columns were placed in new collection tubes. Five hundred microliters of buffer W2
(washing buffer) were added to each spin column, followed by centrifugation at 8,000 rpm for 1
minute, and the flow-through was discarded. This washing step was repeated with an additional
500 pL of buffer W2, followed by centrifugation at 8,000 rpm for 1 minute, and the flow-through
was discarded. The empty columns were centrifuged at 8,000 rpm for 1 minute to remove residual
ethanol. Each spin column was then placed in a new 1.5 mL Eppendorf tube and left at room
temperature for 20 minutes to evaporate any staying ethanol. Subsequently, 50-100 pL of buffer
EL3 (elution buffer) was added to each spin column, and the columns were incubated at room
temperature for 5 minutes to facilitate DNA elution. The columns were then centrifuged at 12,000
rpm for 1 minute. The eluted genomic DNA samples were stored at -20°C for further apply. The

primer sets applied in this investigation are listed in Table 1.
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Results and discussion

Klebsiella pneumoniae strains in clinical samples: One hundred clinical isolates, gathered
from hospitalized patients with respiratory tract infections (RTI) at Al-Rumaytha Hospital in
Samawa, Iraq, were included in this investigation. Twenty of the 100 clinical isolates (20%) were
identified as the pathogenic bacterium Klebsiella pneumoniae, a global threat as announced by
the Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO,
2024). Klebsiella pneumoniae is a major causative agent of healthcare-related infections,
containing nosocomial pneumonia, urinary tract infections, and bacteremia (Russo and Marr,
2019). Increasingly, this pathogen has been classified among the top ten multidrug-resistant
pathogens, with hypervirulent strains and problematic Gram-negative bacteria noted in WHO

statistics (WHO, 2024).

Table 1. Sequence of primer sets applied in this investigation

Target Product size

gene Primer sequence (5°-3°) (bp) Reference
16STRNA  F8-27: AGAGTTTGATCCTGGCTCAG 1500 Edelr;gtl al,
R151-1492:
CTACGGCTACCTTGTTACGA
magA F: GGTGCTCTTTACATCATTGC 1283 Yu et al., 2006
R: GCAATGGCCATTTGCGTTAG
rmpA F: ACTGGGCTACCTCTGCTTCA 409

R: CTTGCATGAGCCATCTTTCA

Community-related hypervirulent strains of K. pneumoniae have been assigned to sequence
types ST23, ST65, ST66, and ST86. Sixteen countries (e.g., Algeria, Argentina, Australia,
Canada, India, Iran, Japan, Oman, Philippines, Switzerland, Thailand, and the United Kingdom)
announced the prevalence of the ST23 hvKp (hypervirulent Klebsiella pneumoniae) strain (WHO,
2024). In the East Mediterranean region, freely accessible data on hvKp strain prevalence are
scarce and announced only through laboratory surveillance for antimicrobial resistance (AMR)
within healthcare services or epidemiological surveys in a few countries. Consequently, this
investigation aimed to elucidate the molecular epidemiology of K. pneumoniae strains in
respiratory tract infection samples from hospitalized patients in Iraq, with an additional centralize
on identifying hvKp strains among the extracted K. pneumoniae strains. The identification of
these 20 bacterial isolates as K. pneumoniae was affirmed through a five-step protocol. This
identification scheme included colonial morphology, microscopic cell morphology, physiological

experiments, 16S rRNA gene sequencing analysis, and molecular diagnosis of virulence-encoding
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genes (Figure 1). The following sections exist the results of each step in the five-step identification
scheme. Regarding the frequency of K. pneumoniae in respiratory tract infection samples, 20%
of the isolates were identified as K. pneumoniae based on the five-step identification scheme
described earlier. This percentage is relatively high compared to previous reports. Retrospective
investigations in Makkah and Bisha, Saudi Arabia, announced frequencies of 14.7% and 18.6%,
respectively (Jalal et al., 2023; Ibrahim et al., 2018). Investigations in Iran (Rahimi and Vesal,
2017) and Greece (Maraki et al., 2024) announced frequencies of 7.4% and 6.8%, respectively,
for K. pneumoniae in lower respiratory tract infection samples from hospitalized patients. An
investigation in South Africa in 2022 announced a 15.5% frequency in lower respiratory tract
infection samples from infants (Zar et al., 2022). In Italy, a frequency of 10.9% was observed
(Santella et al., 2021). Kaseb et al. (2023) announced a higher frequency of K. preumoniae in
respiratory tract infection samples in Iran compared to our results. A recent investigation in
Indonesia announced a notably higher frequency of 39.96% (Prastiyanto et al., 2024). Two
investigations announced frequencies of 37.5% (Behera et al., 2020) and 27.5% (Duan et al.,
2020) in respiratory tract infection samples from intensive care unit patients. In Egypt, Klebsiella
spp. accounted for 34.7% of clinical isolates from Menoufia University Hospitals, with K.
pneumoniae being the predominant species (91.3%) (Elbrolosy et al., 2020). El-Badawy et al.
(2017) found Klebsiella spp. to be the most frequent pathogens (38%) among nosocomial isolates.
It was announced a 37.93% frequency for K. pneumoniae in lower respiratory tract specimens. In
Iraqg, an investigation revealed a 54.84% frequency for K. pneumoniae in lower respiratory tract
infection specimens (Madhi et al., 2024), while a lower percentage (12%) was announced in
respiratory tract specimens from Iraq (Almjalawi et al., 2022). The variation in K. pneumoniae
frequency across investigations may be attributed to differences in sample size, epidemiological
factors, regional variations in hygiene status, and patient inclusion criteria. This highlights the
need for larger sample sizes in future investigations to align with another research.

Colonial morphology of K. pneumoniae strains: Twenty out of 100 bacterial strains were
extracted on MacConkey agar at 37°C after 24 hours. The typical colonial morphology of K.
pneumoniae on MacConkey agar showed pink, regular-edged, mucoid, lactose-fermenting
colonies (Figure 2). The selective and differential MacConkey agar medium inhibits the growth
of Gram-positive bacteria and distinguishes lactose-fermenting isolates (pink colonies) from non-
lactose-fermenting ones (yellow colonies). The medium contains crystal violet as a Gram-positive
growth inhibitor and lactose as the differential agent. The colonial morphology strongly supported
the presumptive identification of these strains as K. pneumoniae and facilitated progression to the

next identification step (cell morphological features) in the scheme.
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MacConkey Agar: Pink Colonies, Regular Edge,
Mucoid

Gram Negative, Capsule Positive

Non-motile, Oxidase Negative

Confirmed Molecular Identification by 16S rRNA
Sequence Analysis

Gram Negative, Capsule Positiv, Non Motile,
Oxidase Negative

Figure 1. A chart deciphering the five-step identification scheme employed in this
investigation to verify the identity of bacterial strains extracted from clinical samples as

Klebsiella pneumoniae

Figure 2. K. pneumoniae colonies showed pink, mucoid, regular-edged appearance on a

MacConkey agar plate incubated at 37°C for 24 hours

Cell morphological features of K. pneumoniae strains: The 20 bacterial strains

presumptively identified as K. pneumoniae based on colonial morphology were subjected to the
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second step of the five-step identification scheme: examination of cell morphological features
under a light microscope. The experimented features included Gram type, evaluateed by Gram
staining, and the presence or absence of a capsule, identified by capsule staining. All 20 strains
were affirmed as Gram-negative based on Gram staining results. Additionally, all 20 strains
exhibited a capsule, as evidenced by capsule staining (Figure 3). These morphological results
prepared further evidence supporting the identification of the 20 strains as K. pneumoniae and

justified progression to the third step: physiological experiments.

Figure 3. A capsule stain photo illustrating the presence of a capsule in one of 20

experimented bacterial strains, as a representative example

Physiological experiments of K. pneumoniae strains: A series of physiological
experiments was managed, containing enzyme production (catalase, urease, and oxidase),
motility, growth at 10°C, gas production from lactose at 44.5°C, the IMViC experiment (indole
production, methyl red experiment, Voges-Proskauer experiment, and citrate utilization), and
glucose fermentation with gas production and without H>S production. The results are presented
in Table 2. The physiological experiment profile was consistent with that of K. prneumoniae,
providing additional evidence for the identification of the 20 experimented strains as K.
pneumoniae.

168 ribosomal RNA (16S rRNA) gene sequence analysis of K. pneumoniae strains: The
full length of the 16S rRNA gene (1500 bp) was successfully amplified by PCR from the 20
experimented clinical strains of K. preumoniae in this investigation (Figure 4). Molecular
identification via 16S rRNA gene sequencing, combined with colony morphology, cell
morphology, and physiological experiments, affirmed all 20 strains as K. pneumoniae. A
BLASTN (Basic Local Alignment Search Tool) similarity search revealed sequence similarity
ranging from 98% to 99.8% with other K. pneumoniae 16S rRNA gene sequences deposited in

NCBI. Based on molecular identification guidelines, a sequence similarity >98% affirms species-
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level identification. The 16S rRNA gene sequences for 15 of the experimented strains were
deposited in the GenBank database under accession numbers: PQ814166, PQ814167, PQ814168,
PQ814169, PQ814170, PQ814171, PQ814172, PQ814173, PQ814174, PQ814175, PQ814176,
PQ814177, PQ814178, PQ814179, and PQ814180.

Table 2. Physiological experiments profile for 20 K. pneumoniae strains

Experiment K. pneumoniae
Motility -
Urease +

Indole production -
Methyl Red experiment A"
Voges-Proskauer experiment +
Citrate utilization +
Oxidase production -

Catalase production VvV

Growth at 10°C -

Gas production from lactose at 44.5°C +

Gas production from glucose (acid butt/acid slant), no HzS production +

*(+): positive result, (-): negative result, (V): variable result.

A multiple sequence alignment, managed applying the MUSCLE algorithm in MEGA 11,
compared the 15 nucleotide sequences of the 16S rRNA gene from the experimented K.
pneumoniae isolates with eight sequences from closely related species deposited in GenBank, as
identified by BLASTN analysis (Figure 5). The alignment revealed near-complete matching
among the 23 sequences, with single nucleotide polymorphisms (SNPs) at specific positions
across the gene. In spite of these variations, all 15 experimented isolates were affirmed as K.
pneumoniae. However, these nucleotide differences highlighted variability among the 15 strains,
which was further elucidated in the phylogenetic tree (Figure 6). The SNPs, randomly distributed
along the 16S rRNA gene, may reflect the polymorphic nature of the gene, with multiple copies
of the rRNA operon (16S rRNA gene, internal transcribed spacer, tRNA gene, 23S rRNA gene,
and 5S rRNA gene) exist within the same strain. The genetic relatedness of these 15 strains to
other closely related species was examined through a phylogenetic tree constructed applying
MEGA 11 (Figure 6). In spite of the restricted capability of 16S rRNA gene sequencing to
differentiate strains within the same species, the tree revealed that the K. pneumoniae isolates
from this investigation formed 10 clades. Clade A included PQ814167 and PQ814177; Clade B
included PQ814171; Clade C comprised PQ814166 and PQ814176; Clade D involved PQ814179

and PQ814180; Clades E, F, and G included PQ814169, PQ814173, and PQ814174, respectively;
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Clade H included PQ814170 and PQ814175; Clade I included PQ814172; and Clade J comprised
PQ814168 and PQ814178. Other closely related K. pneumoniae strains from countries like
Mexico, China, Hungary, Germany, Saudi Arabia, India, and Greece showed distinct genetic
affiliations, more distant than the local clinical strains from this investigation. This suggests that
the Iraqi K. pneumoniae clinical strains investigated here exhibit a unique pattern, except for
Clade G. Thus, further genotyping investigations applying methods like multi-locus sequence
typing (MLST), core-genome MLST, rRNA-MLST, and random amplified polymorphic DNA
(RAPD) are warranted to describe these strains at the strain level. The 16S rRNA gene sequence
analysis strongly verified the identity of 15 out of 20 clinical K. pneumoniae strains, supporting

progression to the final step: diagnosis of predominant virulence genes.

Figure 4. 1% agarose gel electrophoresis showing the amplification of the full length of the
16S rRNA gene from a K. pneumoniae clinical strain in this investigation as a representative

example

Conventional identification of K. pneumoniae has relied on phenotypic biomarkers, like
biochemical profiles (Podschun and Ullmann, 1998), which often fail to prepare accurate
identification. In spite of limitations, biochemical profile-based methods stay routine tools for
rapid bacterial identification. Polyphasic identification protocols have long been recommended
for bacterial identification. Thus, confirmation of conventional methods via molecular approaches
is essential. Our polyphasic identification protocol included five steps, culminating in 16S rRNA
gene sequence analysis. Our results showed 100% concordance between conventional phenotypic
methods and molecular identification for all 10 isolates submitted for sequencing. In contrast, He
etal. (2016) announced 86% (13/15) concordance between phenotypic and molecular approaches.
Our molecular identification successfully affirmed the isolates at both genus and species levels,
unlike He et al. (2016), where identification was restricted to the genus level. Similarly, Abbas et
al. (2020) announced 100% concordance between phenotypic and molecular approaches for K.
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pneumoniae strains from wound and burn infections. Discrepancies in 16S rRNA-based trees
across investigations suggest the need for additional genes, like khe and rpoB, to ensure
identification at both genus and species levels. Although 16S rRNA gene sequencing is attended
the gold standard for bacterial identification, it struggles to distinguish closely related species,

like Klebsiella and Shigella (He et al., 2016).
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Figure 5. A screenshot of a multiple sequence alignment, carried out by MEGA 11,
comparing 15 nucleotide sequences of the 16S rRNA gene (PQ814166, PQ814167,
PQ814168, PQ814169, PQ814170, PQ814171, PQ814172, PQ814173, PQ814174, PQ814175,
PQ814176, PQ814177, PQ814178, PQ814179, and PQ814180) from K. pneumoniae strains
in this investigation with eight sequences (0Q171561.1, PP500766.1, PP177909.1,
OR426211.1, OP355258.1, 0Q918362.1, ON78192.1, and ON945615.1) of closely related
species deposited in GenBank, selected based on BLASTN analysis. Identity (100%) at the
nucleotide level was evident at most positions, with some bases showing variation along the

gene

Additionally, 16S rRNA-based trees in Enterobacteriaceae are inconsistent across
publications regarding the relative positions of genera (Granier et al., 2003). This variability may
stem from the polymorphic nature of the 16S rRNA gene, with multiple copies announced across
bacterial species and strains (Hashimoto et al., 2003). Our 16S rRNA-based tree revealed
variations among the K. pneumoniae isolates, supporting their grouping into different clades
(Figure 6). This underscores the polymorphic nature of the gene. However, further discrimination

needs molecular approaches like multi-locus sequence typing (MLST).
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Figure 6. A phylogenetic tree constructed with MEGA 11 illustrating the genetic relatedness

of 15 K. pneumoniae clinical strains extracted in this investigation with other closely related
K. pneumoniae strains from numerous countries. Clades represent groups of closely related
K. pneumoniae strains based on 16S rRNA gene sequences. Local K. pneumoniae clinical
strains are highlighted with filled red circles. Numbers on branches represent bootstrap

values from 1000 resamplings
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Diagnosis of virulence genes in K. pneumoniae strains-diagnosis of Mucoviscosity-
related gene A (magA): PCR amplification of a 1283 bp fragment of the capsular virulence factor
magA gene yielded varied results among the 20 experimented clinical K. pneumoniae strains
(Figure 7). Data showed that genomic DNA from 11 of 20 strains (55%) successfully amplified

the magA fragment, while 45% were negative.
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Figure 7. 1% agarose gel electrophoresis showing the amplification of a 1283 bp fragment
of the magA gene from 20 clinical K. pneumoniae strains. L: DNA ladder. Lanes 1-20: PCR

products from magA gene amplification applying genomic DNA from the 20 strains

The magA and rmpA genes are implicated in K. pneumoniae virulence, exclusively
mucoviscosity (Lin et al., 2012). Our data revealed 55% and 50% occurrence of magA and rmpA
genes, respectively, among the 20 experimented isolates (Figures 7 and 8). In contrast, Zamani et
al. (2013) announced a lower 3.8% occurrence of mag4 in K. pneumoniae from clinical samples.
However, researchers found a 98% occurrence of magA in K. pneumoniae from liver abscesses.

Diagnosis of regulator of mucoid phenotype A gene (rmpA): PCR amplification of a 409
bp fragment of the capsular virulence factor rmpA gene showed varied results among the 20
experimented K. pneumoniae strains (Figure 8). Data indicated that genomic DNA from 10 of 20
strains (50%) successfully amplified the rmpA4 fragment, with 50% negative. The rmpA gene
exhibited a 58% occurrence in K. pneumoniae from urine samples in Egypt and 16.5% in Poland
(Kot et al., 2023). In India, occurrence rates were 22% for rmpA, 11% for magA, and 7% for co-
occurrence of both genes (Devanathan et al., 2024). Ali et al. (2020) announced a 7.34%
occurrence of magA in K. pneumoniae from ICU and infectious disease ward patients in
Bangladesh. Amraie et al. (2014) observed a 2.3% occurrence of magA4 in 173 K. pneumoniae
strains from numerous clinical samples in Iran. Liu et al. (2018) announced 43.53% and 62.87%
occurrence of rmpA and magA, respectively, in K. pneumoniae from elderly hospitalized patients
in China. Another investigation in China in 2016 showed a 40% occurrence of rmpA (Zhang et
al., 2016). In Iraq’s Najaf Governorate, magA and rmpA exhibited 58% and 62% occurrence,

respectively (Al-Kamoosi and Al-Azawi, 2021). Another Iraqi investigation announced 45.65%
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and 23.91% occurrence of rmpA and magA, respectively, in K. pneumoniae from Babylon
Hospital (Abdul-Razzaq et al., 2014). In Najaf City, Iraq, occurrence rates were 7% for magA and
27.7% for rmpA (AL-Aammar et al., 2023). Bakhtiari et al. (2021) announced a 27.07%

occurrence of rmpA in K. pneumoniae from hospitalized patients in Tehran, Iran.
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Figure 8. 1% agarose gel electrophoresis showing the amplification of a 409 bp fragment of
the rmpA gene from 20 clinical K. pneumoniae strains. L: DNA ladder. Lanes 1-20: PCR

products from rmpA gene amplification applying genomic DNA from the 20 strains

Ratio of hvKp to cKp: The ratio of hypervirulent K. pneumoniae (hvKp) to classical K.
pneumoniae (cKp) strains was estimated. Data revealed that 10 of 20 experimented strains (50%)
harbored both magA4 and rmpA virulence genes, denoting 50% were hvKp and 50% were cKp.
Hypervirulent K. pneumoniae (hvKp) is an emerging pathotype with greater virulence than
classical K. pneumoniae (cKp). The hvKp pathotype is often described by multidrug resistance.
Distinguishing between cKp and hvKp is critical for diagnostics, predicting patient outcomes after
antibiotic treatment, and controlling prevalence through epidemics. Knowledge gaps regarding
hvKp include: (a) incidence across nations, (b) rising antibiotic resistance profiles, (c)
mechanisms of pathogen entry, (d) delineation of hvKp virulence genes, (e) effective control
strategies, (f) treatment duration, (g) mechanisms of metastatic spread, (h) benefits of prophylaxis
for close contacts, and (i) infection control in intensive care units through hvKp infections. Our
results revealed that 50% of the 20 experimented isolates were hvKp, raising concerns about the
prevalence of hvKp in Iraq, especially given the scarcity of data in the East Mediterranean region,
where information is restricted to laboratory surveillance for AMR in a few countries. Our data
align with an investigation in China reporting a 47.52% (96/202) occurrence of hvKp among K.
pneumoniae from elderly hospitalized patients (Liu et al., 2018). Another investigation in China

in 2016 announced a 37.8% occurrence (Zhang et al., 2016). In Najaf City, Iraq, a 2023
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investigation announced an 80% (80/100) occurrence of hvKp in K. pneumoniae from numerous
clinical samples (AL-Aammar et al., 2023). Variations in the occurrence of magA and rmpA
across investigations may be attributed to factors like sample size, diagnosis method sensitivity,
source of clinical samples, antibiotic apply, geographical distribution, and the number of genes
evaluateed for hypermucoviscosity and biofilm formation in K. pneumoniae isolates.
Conclusions: Our results underscore the critical role of molecular characterization in
elucidating the pathogenicity and epidemiological patterns of Klebsiella pneumoniae in clinical
settings. This investigation highlights distinct molecular features that contribute to the virulence
and spread of this pathogen, emphasizing the need for targeted research to further investigate
these mechanisms. Specifically, our data strongly advocate for additional researches to investigate
the molecular differences between hypervirulent K. pneumoniae (hvKp) and classical K.
pneumoniae (cKp) pathotypes, as these distinctions could inform clinical management and
infection control strategies. Furthermore, we recommend the apply of the rpoB gene for
phylogenetic tree construction to accurately differentiate closely related Klebsiella species,
containing K. pneumoniae, K. quasipneumoniae, and K. oxytoca, thereby enhancing taxonomic
resolution and diagnostic precision. Additionally, our results robustly support the application of
multilocus sequence typing (MLST) as a reliable method to distinguish strains within K.
pneumoniae, facilitating a deeper understanding of strain diversity and transmission dynamics.
These insights pave the way for improved therapeutic approaches, surveillance programs, and

public health interventions to mitigate the impact of K. preumoniae infections.
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