
ABSTRACT
Background: The epidemiology of virulence genes of Klebsiella pneumoniae is developing rapidly and shows noted geographic 
differences in genotyping distribution of genes. K. pneumoniae have more virulence factors according to encoding for many 
virulent genes. 
Aim of the Study: Detection of virulent genes Khe, iuc, rmp and magA in isolates of K. pneumoniae that caused recurrent 
urinary tract infection.
Patients and Methods: Samples were cultured on MacConky agar, blood agar, nutrient agar and Chrom agar orientation for 
isolation and identification of bacterial isolates based on standard bacteriological methods, biochemical tests. And Vitek -2- was 
used to identify the bacterial isolates, se. Genomic deoxyribonucleic acid (DNA) was extracted using promega™ gDNA Bacteria 
Kit. Polymerase chain reaction (PCR amplification for detection virulence genes of K. pneumoniae Khe, iuc, rmp and magA.
Results: The results of PCR reaction for Khe genes showed 17 (56.66%) of K. pneumoniae contains this gene. Hemolysin 
considers proteins to work as exotoxin secreted by bacteria that destroy blood cells. Hemolysin gene are virulence factor for 
K. pneumonia to evade the immune system of the body and its break down red blood cell. The aerobactin synthase genes 
(iucC) is detected in 17 (56.66%%) among 30 isolates of K. pneumoniae. Moreover, results of PCR reaction don’t show any 
isolate of K. pneumoniae containing rmpA and magA genes.
Conclusion: Molecular assay is a suitable technology helpful in estimating the virulence factors such as hemolysin gene in 
isolates of K. pneumoniae that help diagnose disease caused by pathogenic bacteria. 
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INTRODUCTION
Klebsiella pneumoniae is considered opportunistic bacteria 
that are important causes for urinary tract and catheter-
associated urinary-tract infections in patients who stay in 
hospital and suffer immune compromise.1 Infection of medical 
instruments such as catheters are a major site of infections with 
K. pneumoniae and have played a role in forming biofilms on 
tissue surfaces.2 Over the last years, there has been an increase 
in researches activity designed to detect the pathogenesis and 
virulence of K. pneumoniae in the urinary tract infection. 
These detections have begun to define the virulence factors of 
bacteria that contribute to growth and formation of biofilm.3 
Many virulence factors have been detected to mediate  
K. pneumoniae infection, adhesion factors, capsular forming, 
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lipopolysaccharide layer, and siderophore.4 Both in-vitro and 
in-vivo methods of infection will lead to further determinants 
of the molecular pathogenesis of K. pneumoniae. As for 
most opportunistic bacteria. The role of host factors and 
bacterial traits are crucial in determining the infection.5 
Multidrug-resistant strains (MDR) bacteria have become a 
complex problem in treating infections with Klebsiella spp. 
Strategies to prevent and inhibit bacterial growth that causes 
infections need to be more developed.6 Morbidity associated 
with K. pneumoniae that caused urinary tract infections 
have increased. Because these bacteria become sources of 
resistance extended spectrum of antibiotics and represent a 
challenging problem in treating individuals.7 K. pneumoniae 
is an opportunistic pathogen and responsible for nosocomial 
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infections. Infection with this bacteria infects every part of 
the body. The urinary and respiratory tract infections are most 
commonly infected.8 K. pneumoniae has several virulence 
factors, which facilitate the microbe’s ability to spread and 
evade body immune system cause disease of human hosts. 
Include capsular polysaccharide, lipopolysaccharide, fimbriae 
and siderosphores.9 K. pneumoniae have many strategies to 
grow in the body and protect itself from the host immunity. Four 
major types of virulence factors have been characterized in K. 
pneumoniae, including the forming of hyper capsule in hyper 
virulence strains; lipopolysaccharide (LPS), siderophores, and 
fimbriae.10 Several other factors were identified as virulence 
factors for K. pneumoniae. Virulence factors include outer 
membrane proteins (OMPs), porins, efflux pumps, and systems 
for iron transport. Some genes, responsible for the synthesis 
of capsule K. pneumonia, although other virulence factors 
such as fimbriae, siderophores, and O antigen are present.11 
Chrosomal gene magA (Mucoviscosity–associated gene A) 
is responsible for capsule production in (K1) serotype.12 As 
for the lost magA but contain rmpA (Regulator of mucoid 
phenotype gene) responsible for hyper-muco viscosity of 
pathogenic strains. Presence other genes that contribute 
with production capsule, rmpA2, rmpA effect with iron  
availability.13 

AIM OF THE STUDY
Determination of virulent genes Khe, iuc, rmp, magA in  
K. pneumoniae isolated from urinary tract infection.

PATIENTS AND METHODS
A total of 302 urine samples were collected from patients women 
suffering from UTI who attend Baquba teaching hospital and 
Al-Batool teaching hospital from November 2019 to June 
2020. The ages of patients women were ranged between 5 to 
65 years old. A volume of 10 mL aliquots of mid-stream urine 
samples was taken from each subject, kept in a sterile, screw-
capped tube, and transferred immediately to the laboratory 
and analyzed within two hours. Samples were cultured 
on MacConky agar, blood agar, nutrient agar, and Chrom 
agar Orientation for isolation and identification of bacterial 
isolates based on standard bacteriological methods and many 
biochemical tests.14,15 And VITEK -2- was used to identify the 

isolates of pathogenic bacteria, antibiotics susceptibility test. 
Genomic DNA was extracted using promega™ gDNA Bacteria 
Kit. According to the protocol stated by the kit manufacturer, 
DNA was extracted from cultures of the pathogenic bacterial 
isolates. Quantus Fluorometer was used to detect the purity 
of extracted DNA for downstream steps of applications. After 
PCR amplification, PCR steps were completed. 
Primers Preparation
Lyophilized primers are indicated in Table 1. Dissolve primer 
in a nuclease free water to give stock solution with final 
concentration of 100 pmol/μL. A working solution10 pmol/μL 
was prepared by adding 10 μL of primer stock solution (stored 
at freezer -20°C) to 90 μL of nuclease free water, as indicated 
in the following Table 2: 
Optimization of PCR Program
Optimum conditions for the implication of each transposable 
element was described in Table 3 and 4.

RESULTS
Detect the presence of haemolysin genes (Khe) in K. pneu-
moniae and detection of Khe gene in isolates of MDR  
K. pneumoniae. The results showed that 17 (56.66%) of 
K. pneumoniae contains this gene as shown in Figure 1. 
Hemolysin gene as virulence factor for K. pneumonia to evade 
the immune system of the body and its break down red blood 
cell.16 In the present study, the results of PCR reaction for Khe 
gene showed high rate (56.66%) of K. pneumoniae contain-
ing this gene. In al-Qadisiyah province, detected hemolysin 
gene in 70% (14/20) of K. pneumoniae as virulence factors 
by molecular assay.17 And these results are closely related 
to findings of some previous researches.18,19 Molecular tech-
nique a benefits method for detection of virulence genes of  
K. pneumoniae.20 Although 22(73.33%) of K. pneumoniae as 
non-hemolytic in pheno typing detection, 13(43.33%) isolates 
did not express hemolysin. This difference between pheno-
typing and molecular detection is possible due to bacterial 
isolates having other systems to draw and regulate iron in 
tissues or production of hemolysin in small quantities, the 
effect of which cannot be noted. PCR is a specific approach as 
a good tool for the detection of virulence genes of pathogenic  
bacteria.21

Table 2: Primers preparation

Primer Name
Volume of nuclease free 
water (μL)

Concentrations 
(pmol/μl)

khe-Forward 300 100
khe- Revesrward 300 100
iucC- Forward 300 100
iucC- Revesrward 300 100
rmpA- Forward 300 100
rmpA- Revesrward 300 100
magA- Forward 300 100
magA- Revesrward 300 100

Table 1: Oligonucleotide primers 

Primer 
name Sequence (5→3)

Annealing 
Temp. (ºC) 

Amplicon 
size (bp) 

khe
F: TGATTGCATTCGCCACTGG

55 428
R:GGTCAACCCAACGATCCTGG

iucC 
F: GTGCTGTCGATGAGCGATGC

65 944
R: GTGAGCCAGGTTTCAGCGTC

rmpA
F: ACTGGGCTACCTCTGCTTCA

55 535
R: CTTGCATGAGCCATCTTTCA 

magA F: TCTGTCATGGCTTAGACCGAT 55 1137
R: GCAATCGAAGTGAAGAGTGC 
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Molecular Detection of Aerobactin genes (iucC) in  
K. pneumoniae
The aerobactin synthase genes (iucC) is detected in 
17(56.66%%) among 30 isolates of K. pneumoniae. Figure 2  
showed iucC gene in MDR K. pneumoniae. Many studies 
showed that aerobactin synthesis is a more important virulence 
factor in isolates of K. pneumonia.22 Genotyping studies 
of K. pneumoniae reveal the iuc plasmid associated with 
carbapenemase-producing isolates with 100% mortality.23 The 
biosynthesis of siderophores aerobactin (iuc) is common among 
MDR K. pneumoniae that cause chronic community-associated 
infections such as UTI.24 Iuc gene plays the most critical role 
in bacterial virulence. These plasmids also carry additional 
virulence genes, rmpA, and magA genes that upregulate the 
capsular production of MDR strains.25

The study detects the presence of regulator of mucoid 
gene rmpA and Mucoviscosity-associated gene magA in 
K .pneumoniae and prevalence gene in therty isolates of 

K. pneumoniae. PCR results don’t appear any isolate of  
K. pneumoniae contains these genes as appear in Figure 3 and 4.  
Found magA gene among 173 of K. pneumoniae isolates 
were 4 (2.31%) positive and 169 (97.68%) were negative.26 
Prevalence of magA in Taiwan was 17% in isolates of  
K. pneumoniae . The magA gene in isolates of K. pneumoniae 
macke high viscosity and more pathogen.25 PCR analysis for 
detection K. pneumoniae strain K1 and K2 to prevalence 
magA in K. pneumoniae strain K1 isolated from invasive 
pyogenic infections in rate 52.3%. prevalence isolates coding 
rmpA gene was related to the MDR phenotype in invasive  
infections.278

CONCLUSION
The results of PCR reaction for Khe gene showed high rate 
(56.66%) of K. pneumoniae containing this gene. The molecular 
assay is a suitable technology helpful in the detection of Khe 
gene. Iuc gene plays the most critical role in bacterial virulence 

Table 3: PCR program for amplification of 12, APHA1, ERMB1, int, 
xis transposable elements 

No. of 
cyclesTime m:s

Temperature 
(°C)Step

105:0095Initial Denaturation

30
00:3095Denaturation
00:4555Annealing
00:4572Extension

107:0072Final extension

Table 4: PCR program for amplification of  
TETM2 transposable elements

No. of 
cycles

Time 
(m:s)

Temperature 
(°C)Step

105:0095Initial Denaturation

30
00:3095Denaturation
00:4560Annealing
00:4572Extension

107:0072Final extension

Figure 1: Amplification product of K. pneumoniae Khe gene after 
electrophoresis on 1.5% agarose gel for 90 min at 70 volt/ cm.  

(M): DNA ladder marker; Lanes (1–30): Bacterial isolate number.

Figure 2: Amplification product of K. pneumoniae iucC gene after 
electrophoresis on 1.5% agarose gel for 90 min at 70 volt/cm.  

(M): DNA ladder marker; Lanes (1-30): Bacterial isolate number. 
Molecular detection of regulator of mucoid genes (rmpA) and 

Mucoviscosity –associated gene(magA) in K .pneumoniae.

Figure 3: Amplification product of K. pneumoniae rmpA gene after 
electrophoresis on 1.5% agarose gel for 90 minutes at 70 volt/cm.  
(M): DNA ladder marker; Lanes (1-30): Bacterial isolate number.

 Figure 4: Amplification product of K. pneumoniae magA gene after 
electrophoresis on 1.5% agarose gel for 90 minutes at 70 volt/cm.  
(M): DNA ladder marker; Lanes (1–30): Bacterial isolate number.
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in MDR isolates. The results of the PCR reaction don’t show 
any isolate of K. pneumoniae containing these genes. 
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