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Abstract 
Background. Klebsiella pneumoniae is an important opportunistic pathogen responsible for a wide range of 

healthcare- and community-associated infections. Hypermucoviscous K. pneumoniae exhibits enhanced virulence 

due to the presence of specific virulence-associated genes that contribute to bacterial pathogenicity and disease 

severity. Aim. To determine the prevalence of hypermucoviscous Klebsiella pneumoniae isolates and investigate the 

distribution of selected virulence genes (k2, kfu, entB, hcp, rmpA, and magA) in comparison with classical K. 

pneumoniae isolates. Methods. Fifty-seven clinical isolates were collected from different clinical specimens, 

including urine, blood, sputum, cerebrospinal fluid, tissue artificial bone, burns, and wound samples, from several 

hospitals in Baghdad between August and November 2024. Bacterial isolates were identified using microscopic 

examination, cultural characteristics, biochemical tests, and the Vitek-2 Compact system. Hypermucoviscosity was 

evaluated using the string test. Polymerase chain reaction (PCR) was performed to detect the presence of the 

virulence genes (k2, kfu, entB, hcp, rmpA, and magA), and statistical analysis was conducted using the Pearson Chi-

square test. Results. Of the 57 collected isolates, 55 were confirmed as K. pneumoniae, with urinary tract infections 

representing the highest proportion (58.18%). Only five isolates (9%) exhibited the hypermucoviscous phenotype. 

PCR analysis of 35 representative isolates demonstrated that the entB gene was detected in 100% of isolates, 

followed by kfu and hcp genes (97.14% each), while the k2 gene was detected in 88.57% of isolates. Neither rmpA 

nor magA genes were detected in any isolate. Significant differences were observed in the distribution of virulence 

genes (p ≤ 0.005). Conclusion. The study demonstrated that both hypermucoviscous and classical K. pneumoniae 

isolates harbor multiple virulence genes, with entB being the most prevalent. The absence of rmpA and magA genes 

indicates that hypermucoviscosity is likely influenced by additional virulence determinants rather than these genes 

alone. 
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Introduction 

Klebsiella pneumoniae is an important 

intestinal bacterium and is one of the 

opportunistic pathogens that cause a wide 

range of diseases and show an increasingly 

frequent acquisition of antibiotic resistance 

(1, 2). Opportunistic diseases are caused by 

such as, urinary tract infections, pneumonia,  

 

sepsis, meningitis, soft tissue infections, 

diarrhea, and wound infections (3 4, ). 

K.pneumoniae bacteria are Gram-negative 

bacilli, immobile, anaerobic facultative 

(5,6). The rapid spread of multidrug-

resistant K. pneumoniae strains poses a 

major global health threat as these strains 

are responsible for a large number of 

infections in hospitals with high infection 
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and mortality rates, these bacteria are 

present in the environment (soil and surface 

water) and on abiotic surfaces such as 

medical  equipment (7,8,9). K. pneumoniae 

has a range of factors that contribute to 

virulence and pathogenicity including 

capsule (especially capsule serotypes k1 and 

k2), lipopolysaccharide, ferric carriers 

siderophores, fimbriae, outer membrane 

proteins, and type VI secretion system 

(T6ss) (10). In addition, a distinctive, 

hypervirulent strain of K.pneumoniae has 

emerged with a hypermucoviscous 

phenotype and has appeared as a pathogen 

responsible for invasive infections (11). It is 

an invasive variant that differs from the 

classic K.pneumoniae bacteria in it is 

characterized by hypermucoviscosity and 

hypervirulence, which causes community-

acquired infections such as pyogenic liver 

abscess, pneumonia, meningitis, and 

endophthalmitis (10). All virulence genes, 

individually or in combination, contribute to 

varying degrees to the initiation, invasion, 

spread and severity of K.pneumoniae (12). 

Many Gram-negative bacteria encode a 

molecular machine called the Type VI 

secretion system (T6SS) which is a tube 

connected to a membrane that looks like 

systolic bacteriophages physically and 

mechanically, and various substances such 

as antibacterial and anti-eukaryotic active 

substances are injected through this system 

(13). 

The rmpA gene (Regulator of the 

mucoid phenotype) provides a 

hypermucoviscous phenotype of 

K.pneumoniae, magA (Mucoviscosity–

associated gene A) is responsible for capsule 

polysaccharide production in the K1 

serotype (14). The Kfu gene is an ABC 

ferric transport system that promotes and 

regulates capsule formation, 

hypermucoviscosity and ferric iron uptake 

(15). The k2 gene of the capsule type k2 is 

the most common virulence factor in the 

bacteria K.pneumoniae (16), as well as the 

entB gene that codes for siderophore, which 

entß enhances the virulence of 

K.pneumoniae due to the excessive encoded 

of enterobactin and thus promotes ferric 

absorption and the formation of the biofilm 

(17,18). hcp gene is a key gene for the 

secretory system of type VI and in the 

bacteria K. pneumoniae is essential for 

competition between bacteria, and affects 

drug resistance. Deleting this gene further 

regulates resistance genes and changes 

physiological pathways, highlighting its role 

in pathogenicity and competitiveness (19). 

This study aimed to determine the virulence 

genes of hypermucoviscous K.pneumoniae. 

Material and Methods 

Isolation and diagnosis of bacteria 

Fifty seven samples were collected 

from different clinical sources from 

Baghdad hospitals belonging to 

K.penumoniae at the period August to 

November 2024, eighteen isolates from Ibn 

Al-Baladi Hospital for Children and 

Gynecology, three from Imam Ali Hospital, 

two from Al-Yarmouk Teaching Hospital, 

three from the Central Child Teaching 

Hospital, fifteen from Imamian Al-

Kadhimin Medical Hospital, fourteen from 

Al-Shaheed Ghazi Al-Hariri Hospital for 

Specialized Surgery, two from the 

Specialized Wounds and Burns Hospital. 

These isolates including 34 isolates from 

urinary tract infection patients, 10 isolates 

from blood, 6 from sputum, 2 from spinal 

fluid, Tissue artificial bone and burns, and 1 

from wounds. 
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All of them were cultured on the of 

MacConkey agar and their fermentation of 

lactose was observed and then examined 

under a microscope and all isolates were 

tested using biochemical tests for the 

purpose of diagnosing bacteria, which 

include; Catalase, oxidase, Simmons citrate, 

Voges Proskauer, Indol and Methyl red tests 

followed by confirmation of diagnosis using 

Vitek-2 compact system. 

Hypermucoviscosity assay 

The hypermucoviscosity of bacterial 

isolates was detected using the String test. In 

this test, one of the single colonies growing 

on MacConkey agar was taken and stretched 

using the loop and formed a sticky chain 

longer than 5 mm, indicating positive testing 

(20). 

DNA extraction and PCR reaction 

DNA was extracted from K. 

pneumoniae using the extraction kit 

prepared by (ABIO pure,USA) according to 

the company's instructions and the extracted 

DNA was stored at a temperature of -20 for 

subsequent use, polymerase chain reaction 

was used to detect virulence genes and the 

primers sequences and amplification size 

were summarized in (Table 1) and according 

to (13, 21) Each reaction from the 

polymerase chain reaction was adjusted to a 

total volume of 20 μl of the main 

polymerase chain reaction mixture 10 μl 

Master MiX, 1 μl from the forward primer, 1 

μl from the reverse primer, 3 μl from the 

DNA and then completely 5 of Nuclease-

free water (Table 2). After amplification 5 μl 

of the PCR mixture was analyzed by 

electrophoresis of the agarose gel (1.5% 

agarose in the TAE buffer with ethidium 

bromide satin). 100 base pair ladder was 

used as a marker of DNA size ,and 

photographes of ethidium bromide stain 

lines in the gel was used using the gel 

imaging system under condition (Table 3). 

Table (1): Primer used in the study 

Reference Product size  pb Primer Sequence (3’-5’) Gene 

13 242 
F: TCCCGACCGATAACAACAACACC 

R: GATGTCGTGCATCAGGGGAT 

hcp 

 

21 400 
F-GTCAACTGGGCCTTTGAGCCGTC 

R-TATGGGCGTAAACGCCGGTGAT 
entB 

21 461 
F-CATAAGAGTATTGGTTGACAG 

R- CTTGCATGAGCCATCTTTCA 
rmpA 

21 531 
F-CAACCATGGTGGTCGATTAG 

R-TGGTAGCCATATCCCTTTGG 
k2 

21 638 
F-GGCCTTTGTCCAGAGCTACG 

R-GGGTCTGGCGCAGAGTATGC 
kfu 

21 1283 
F-GGTGCTCTTTACATCATTGC 

R-GCAATGGCCATTTGCGTTAG 
magA 

 

Table (2): Contents of the polymerase chain reaction mix k2, rmpA, magA, kfu, entB, hcp. 

Contents of the reaction mix Size in microliters 

Master Mix 10 

Forward primer 1 

Reverse primer 1 

Nuclease Free Water 5 

DNA 3 

Total volume 20 
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Table (3): Optimal conditions for gene detection. 

PCR phase Temperature Time Cycle number   

Initial Denaturation 95 05:00 1 

Denaturation 95 00:30 
 

35 
Annealing 42 OR 60 00:45 

Extension 72 00:45 

Final extension 72 07:00 
1 

Hold 10 10:00 

 

Statistical analysis 

The Pearson-chi square was utilized to 

determine the significant between different 

percentage of isolates and genes under 

study. Statistical significance was defined as 

a probability value (p≤ 0.05) (22). 

Results  

Diagnosis of bacteria 

Klebsiella pneumoniae isolates were 

diagnosed by microscopic, cultural 

characteristics and biochemical tests. All 

isolates were Gram-positive and gave 

growth on MacConkey agar. They were 

large and round pink colonies in the form of 

a shiny dome with a mucous texture. Also, 

the results of the biochemical tests showed 

that all the isolates examined were positive 

for the Catalase test, negative for the oxidase 

test and positive for both the Simmons 

citrate and Voges Proskauer tests, while 

negative for the indol and methyl red tests 

(Table 4). The diagnosis was confirmed 

using the ViTek 2 compact system which 

was recorded 87-99%  )Table 5). Fifty five 

isolates were identified as Klebsiella 

pneumoniae. Urinary tract infection (UTI) 

specimens represented the highest 

proportion of isolates (58.18%), followed by 

blood (18.18%), sputum (10.90%), burns 

(3.63%), cerebrospinal fluid (3.63%), tissue 

artificial bone (3.63%), and wounds 

(1.81%). A statistically significant 

difference was observed among the different 

clinical sources (p ≤ 0.001) (Table 5). 

Table (4): Biochemical tests 

Result   Test   

 +  Growth on MacConkey agar  

 -  Oxidase 

 +   Catalase 

 +   Simon citrate media 

 +   Voges Proskauer 

 -  Methyl red 

 -  Indol 
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Table (5): Number and percentage of K.pneumoniae according of source 

Percentage 
No. of 
K.pneumoniae 

No. of clinical sample Source 

58.18%a 32 34 UTI 

18.18%b 10 10 Blood 

10.90%c 6 6 Sputum 

3.63%d 2 2 Burns 

1.81%d 1 1 Wounds 

3.63%d 2 2 Spinal cord fluid 

3.63%d 2 2 Tissue artificial bone 

0.001*   p-value 
*Significant differences at p≤0.001, Similar latters indicated that non-significant differences, Different latters 

indicated that significant differences. 

Hypermucoviscosity test 

The results of the detection of 

hypermucoviscosity in K.pneumoniae 

showed that among the selected isolates 

were five isolates with a rate of 9% 

hypermucoviscosity. They formed a 

viscosity chain of more than 5 mm long 

(Figure 1), which was considered positive 

for the chain test on the formation of 

hypermucoviscosity (Table 6). 

 
Figure (1): Hypermucoviscosity of Klebsiella pneumoniae on MacConkey agar 

 
Table (6): Number and percentage of K.pneumoniae with hypermucoviscosity. 

No. of isoaltes 
Hypermucoviscosity> 5mm Hypermucoviscosity< 5mm 

Number Percentage Number Percentage 

55 5 9 % 50 90.90. % 
 

 

Molecular detection of virulence genes 

After the DNA extraction of the 

isolates of the bacterium K.pneumoniae 

using the extraction kit prepared by (ABIO 

pure, USA) using a special initiator for the 

bacteria K.pneumoniae, which targets a 

specific sequence of genes (hcp, entB, k2, 

Kfu, magA, rmpA) for the purpose of 

knowing the isolate had these genes, the 

genes were detected for clinical isolations. 
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Thirty-five antibiotic-resistant clinical 

isolates (22 urine, 6 blood, 4 sputum, 2 

tissue artificial bone and 1 burn) were tested 

and it was noted that the isolates possess, the 

k2 gene by 88.57%, the kfu gene by 97.14%, 

and the entB gene by 100%, 97.14% hcp 

gene, and isolates were not observed to have 

any of the magA and rmpA genes (Table 7 

and Figure 2).  

 

Table (7): Detection of some virulence genes of K.pneumoniae bacteria. 

Percentage Number of gene-containing 

isolates 

Total number of isolates Gene 

88.57%a 31 35 k2 

97.14%b 34 35 Kfu 

100%b 35 35 entB 

97.14%b 34 35 hcp 

0.00%c 0 35 rmpA 

0.00%c 0 35 magA 

0.005*   p-value 
*Significant differences at p≤0.005. 

-Similar latters indicated that non-significant differences. 

-Different latters indicated that significant differences. 

 
A. The amplification of k2 gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 1-18 resemble 531 bp 

PCR products. 
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B. The amplification of k2 gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 19-35 resemble 531 bp 

PCR products. 
 

 
C. The amplification of kfa gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 1-18 resemble 638 bp 

PCR products. 

 
D. The amplification of kfu gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 19-35 resemble 638 bp 

PCR products. 



                                                                 Iraqi Journal of Biotechnology                                                         

 

298 

 

 
E. The amplification of entB gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 1-18 resemble 400 bp 

PCR products. 
 

 
F. The amplification of entB gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 19-35 resemble 400 bp 

PCR products. 

 
G. The amplification of hep gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 1-18 resemble 242 bp 

PCR products. 
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H. The amplification of hep gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 19-35 resemble 242 bp 

PCR products. 
 

 
K. The amplification of rmpA gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 1-18 resemble 461 bp 

PCR products. 

 
I. The amplification of rmpA gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 19-35 resemble 461 bp 

PCR products. 
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J. The amplification of magA gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 1-18 resemble 1283 bp 

PCR products. 
 

 
M. The amplification of magA gene of K.pneumoniae were fractionated on 1.5% agarose gel 

electrophoresis stained with Eth.Br. M: 100-1500 bp ladder marker. Lanes 1-18 resemble 1283 bp 

PCR products. 

Figure (2): Virulence genes amplification assay of K.pneumoniae 

Discussion 

The predominance of K. pneumoniae 

isolates recovered from urinary tract 

infections observed in the present study is 

consistent with previous reports. It was 

reported that 30% of K. pneumoniae 

isolates originated from urine, followed by 

blood (24%), sputum and wounds (18%), 

and burns (10%) (23). Similarly, it was 

found that urinary tract infections accounted 

for 66% of K. pneumoniae infections, 

whereas wounds and tissues represented 

10%, blood and cerebrospinal fluid 

infections were less frequent, and 

pneumonia accounted for 15% (7). 

Likewise, it was reported that urine 

represented the most common source of 

isolation (29.88%), followed by blood 

(28.73%), while burns, sputum, and wounds 

showed lower prevalence (18). These 

findings support the present results and 

confirm that the urinary tract remains the 
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primary source of K. pneumoniae clinical 

isolates. 

Only 9% of the isolates exhibited the 

hypermucoviscous phenotype in the present 

study. This prevalence was lower than that 

reported by (24), who detected 

hypermucoviscosity in 35.9% of isolates, 

but was comparable to the findings of (25), 

who reported a prevalence of 13.39%. It 

was suggested that hypermucoviscosity is 

closely associated with bacterial 

hypervirulence and is influenced by 

mutations and genes involved in 

metabolism and transport pathways, which 

may regulate biofilm formation (26). It was 

also reported that hypermucoviscous 

isolates are commonly associated with 

capsule serotypes K1 and K2 because of 

enhanced iron acquisition and increased 

capsule production (27). 

The molecular analysis demonstrated 

that entB was the most prevalent virulence 

gene, followed by kfu, hcp, and k2. Similar 

findings were reported by (21), who 

observed that entB was the predominant 

virulence gene among K. pneumoniae 

isolates. It was also demonstrated a high 

prevalence of the hcp gene, supporting its 

important role in bacterial virulence and 

interbacterial competition (13, 28). 

Neither rmpA nor magA genes were 

detected in the present isolates. Similar 

findings were reported by (14), who also 

failed to detect these genes. It was 

suggested that rmpA may be lost during 

bacterial adaptation associated with 

antimicrobial resistance (29). It was 

proposed that hypermucoviscous isolates 

lacking rmpA may rely on other virulence-

associated genes (12). Likewise, it was 

reported the absence of both rmpA and 

magA, indicating that these genes are not 

the only determinants of 

hypermucoviscosity (30). It was further 

demonstrated that hypermucoviscous 

isolates belonging to capsule serotype K2 

lacked both rmpA and magA, suggesting 

that hypervirulence is a multifactorial trait 

(31). It was identified K2 as the 

predominant capsule serotype among 

hypermucoviscous isolates (32), whereas 

(33) demonstrated that hypermucoviscosity 

may occur independently of rmpA due to 

the presence of alternative genetic 

determinants regulating capsule production 

and mucoviscosity. 

Conclusion 

From the study, it was concluded that 

hypermucoviscous K.pneumoniae and 

classic K. pneumoniae contain virulence 

genes. 

Ethical Approval 

This study was conducted in 

accordance with the ethical principles of the 
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approval No. 5487, dated 4 August 2024. 

Clinical samples were collected after 

obtaining the necessary permissions from 
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