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Abstract     
      A total of 158 samples were collected from different clinical materials (urine ,sputum, wounds and 

burns swabs) during the period from January to June 2012, Only 46(29.1%) isolates were identified as 

Klebsiella pneumonia. 

    The molecular detecting of capsular polysaccharide gene (cps)was investigated by using PCR 

specific primer .It was found that only 43 isolates were positive for this marker ,whereas 3 isolates 

were negative to it.      

Genotyping of these isolates was indicated also carried out by using  K1,K2 specific PCR primers. 

      PCR technique was shown that 8 isolates were positive to K1 serotype , 14  isolates to K2 serotype, 

3 isolates were positive for both K1 and K2 so they were designated as K1/K2 and 18 isolates were 

negative for both markers. The mag A gene was  investigated, and it was found that 21 isolates were 

positive for mag A marker. 

Also ,rmpA,rmpA1  and rmpA2   markers were  investigates. rmpA is found in 21 isolates, whereas 

rmpA1and rmpA2 were positive in 19 isolates . 

 Klebsiella التنميط  الجيني والكشف الجزيئي لبعض عوامل الضراوة لبكتيريا
pneumonia المعزولة من حالات سريريه 

 الخـلاصة
الحروق,وعينات القشع, خلال الفتره من  الجروح,ومسحات اخذت من عينات سريريو مختمفو )الادرار,ومسحات (عينو185تم جمع )

 Klebsiella الرئويو الكمبسيلا ( عزلو من بكتريا46وتشخيص)  وخلال ىذه الدراسو تم عزل2012. الى حزيران   2012كانون الثاني 
 pneumonia. 

 )( و بادى خاص ليذا الجين) PCR)البممره  نتائج الكشف الجزيئي لجين متعدد السكرايد باستخدام تقنيو سمسمو التفاعل لانزيم  اظيرت
CPS  غير محتويو عمى ىذا الجين عزلات3 عزلو موجبو ليذا الجين في حين كانت  43 ان. 

( وقد اظيرت النتائج ان )  K2,K 1لمكبسولو ) تم عمل التنميط الوراثي ليذه العزلات باستخدام  بادى جيني لكل من النمط المصميو 
(في K1,K2عزلات موجبو لكل من النمط المصمي ) وثلاثو k2لمنمط المصمي  عزلو موجبو,K1  14ن(عزلات موجبو لمنمط المصمي8

 .(عزلو كانت سالبو لكلا النمطين18 حين ان ) 
 (عزلو موجبو  ,كما تمت دراسو الجينات المسؤولو عن تنظيم الزوجو21(وقد اظيرت النتائج بان )magAتم التحري عن جين الزوجو )

 rmpA(  وقد أظيرت النتائج بأن جين rmpA ,rmpA1,rmpA2الوراثيو ) المخاطيو باستخدام ثلاثو انواع من الموشرات والماده
 .(عزلو فقط19(موجودين في )rmpA1,rmpA2الموشرات) (في حين باقي21موجود في )

ــــــــ ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــ ـــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ــــــــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــــــــــ ــــــــــــــــ ـــــــــــــــــ ـــــــــــــــــــــــــ ـــــــــــ ـــــــــــــــــ ـــــــــــــــــ    ــــــ
Introduction 

n important nosocomial 

pathogen, causes a wide range 

of infections, including 

pneumonia, bacteremia, urinary tract 

infection, and life-threatening septic 

shock [1]. Clinically isolated K. 

pneumonia strains usually produce a A 
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large amount of capsular 

polysaccharide (cps), which confers 

not only a mucoid phenotype to the 

bacteria but also resistance to 

engulfment by professional phagocytes 

or to serum bactericidal factors [2] 

.Among at least 77 K serotypes 

distinguished, K. pneumonia strains 

belonging to serotypesK1 and K2, 

Animal studies have shown that K1and 

K2 isolates are more virulent than other 

serotypes [3].virulence gene magA 

(mucoviscosity associated gene) was 

identified in pathogenic strains from 

Taiwan causing liver abscess[4].magA 

is described as a novel virulencefactor 

responsible for the increased virulence 

of certain K. pneumonia strains [5,6]. 

On the other hand rmpA plays a minor 

role in virulence compared with the 

presence of serotype K1 or K[(7] 

However, K. pneumonia is still 

considered as weak pathogen 

according to the virulence factors 

because some strains have no complete 

virulence genes [3]. 

Aim of  study: 

Genetic study of genes responsible for 

capsular polysaccharides such as, K1, 

K2,  K1/K2, non K1/K2(mag A 

,rmpA,rmpA1,rmpA2)  by using 

molecular methods (PCR). 

Patients: 

A total of 158 clinical sample were 

collected from patients admitted to the 

main two hospitals in Hilla 

city/Babylon  province (Teaching 

Hospital of Hilla  and Teaching Merjan 

Hospital) the period of collecting 

extendied from  January ,2012 to 

June,2012.              

 DNA extraction: 

DNA was extracted by using a 

Promega DNA purification kit and in 

accordance with the manufacturer's 

protocols. 

Polymerase chain reaction (PCR): 

Polymerase Chain Reaction(PCR) 

were performed in a total volume of 25 

μl containing 2.5 μl of both the 

forward and the reverse of the primer, 

12.5 μl master mix, 2.5 μl free water 

nuclease and 5 μl of the extracted 

DNA (as DNA template), then DNA 

amplification was carried out with the 

thermal cycler. 

primers: the primers used in this study 

are indecated in Table (1). 
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Table 1 the primers used in the present study 

Markers Oligonucleotide Sequences 5'- 3' 
 Size of 

amplicon 
Thermal cycler conditions 

cps- F 

cps- R 

GTCGGTAGCTGTTAAGCCAGGGGCGGT

AGCG 

 

TATTCATCAGAAGCACGCAGCTGGGAG

AAGCC 

418 

95
o
C for 4 min 

94
o
C for 30sec 

59
o
C for 30sec  30 cycles 

72
o
C for 30sec 

72
o
C for 5min 

MagA- F 

MagA –R 

TAGGACCGTTAATTTGCTTTGT 

GAATATTCCCACTCCCTCTCC 
1282 

95
o
C for 4 min 

94
o
C for 30sec 

57
o
C for 30sec  30 cycles 

72
o
C for 30sec 

72
o
C for 5min 

K1 –F 

 

K1-R 

GTAGGTATTGCAAGCCATGC 

GCCCAGGTTAATGAATCCGT 
1283 

95
o
C for 4 min 

94
o
C for 30sec 

57
o
C for 30sec  30 cycles 

72
o
C for 30sec 

72
o
C for 5min 

 

K2  -F 

 

K2  -R 

 

GGAGCCATTTGAATTCGGTG 

 

TCCCTAGCACTGGCTTAAGT 

646 

94
o
C for 3min 

94
o
C for 2min 

65
o
C for 1min  28 cycles 

72
o
C for1min 

72
o
C for7min 

 

rmpA -  F 

 

rmp A –R 

 

GCAGTTAACTGGACTACCTCTG 

 

GTTTACAATTCGGCTAACATTTTTCTTT

AAG 

553 

95
o
C for 2.5 min 

94
o
C for30sec 

55
o
C for 1min 30 cycles 

72
o
C for30sec 

72
o
C for7min 

 

rmpA1-F 

 

rmpA1-R 

 

CTGTGTCCACATTGGTGGG 

 

GATAGTTCACCTCCTCCTCC 

 

448 

95
o
C for 2.5 min 

94
o
C for30sec 

55
o
C for 1min 30 cycles 

72
o
C for30sec 

72
o
C for7min 

 

 

rmpA2-F 

 

rmpA2-R 

 

5-TGGCAGCAGGCAATATTGTC-3 

 

5-GAAAGAGTGCTTTCACCCCCT-3 

 

 

 

496 

94
o
C for 3min 

94
o
C for 2min 

65
o
C for 1min  28 cycles 

72
o
C for1min 

72
o
C for7min 

Preparation of  1% agarose gel: 

After the complication of 

electrophoresis is complete, the 

molecules in the gel can be visible by 

UV-transilluminator. Ethidium 

bromide, in the analyte molecules 

fluoresce under ultraviolet light, a 

photograph can be taken of the gel 

under ultraviolet lighting conditions. 
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Results and Discussions 

Identification  of Klebsiella 

pneumonia: 
A total of 158 clinical samples were 

collected from different infections, 

only 46 isolates (29.1%) of Klebsiella 

pneumoniae were identified according 

to morphological characterization and 

biochemical tests of which 43 isolates  

were confirmed by detection of cps 

gene. 

Detection of Cps gene in 

K.pneumoniae by PCR: 

Capsular polysaccharide gene (cps)was 

investigated through specific primer 

for 46 isolates that identified by 

biochemical test  .It was found that 43 

isolates of Klebsiella pneumonia  gave 

positive  results for this gene whereas  

3  isolates  gave   negative  results, this 

will confirm that these three isolates 

may be not belonging to Klebsiella 

pneumonia  for  that  they are excluded 

from other experiments. 

      In fact, the presence of cps genes 

are correlated with the presence of 

capsule in  K. pneumoniae,  and  the   

overproduction    of mucoid 

phenotypes may correlate with the 

presence of rcs  genes  which  are 

chromosomally located and rmpA 

genes which  are  mostly    plasmid 

encoded gene cps may  have  a large  

role  in  resistance  of  action  of 

phagocytosis and serum resistance. 

This result is in agreement with the 

result of [8)] who stated that cps genes 

are available in most K. pneumonia 

isolates. Also,  [9] found that cps of K. 

pneumonia is mostly responsible for 

serotype K. pneumonia capsular 

polysaccharide.  

      Besides, [10] found that cps of K. 

pneumonia is mostly responsible for 

serotype K. pneumonia capsular 

polysaccharide, cps is considered as 

the major determent for K. pneumonia 

infections that could protect the 

bacteria from phagocytosis and killing 

by serum factors  ,Also cps  help the 

bacteria to colonize the tissues and 

Biofilm formation  [11].
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Figure 1 Agarose gel electrophoresis of PCR for detecting of Capsular 

polysaccharide (cps) gene amplicon product in Klebsiella pneumoniae. Lane  1-12 

refer to  isolates' number .L Allelic ladder 

 

    

The presence of cps in most isolated 

bacteria means that all these isolates 

may contain the genes of cps 

biosynthesis ( rcs A and rcs B ) as 

mentioned by[ 13].  

However, the presence of cps reduces 

the binding of antimicrobial peptides to 

bacterial surface and this will promote 

the bacterial resistance to antibiotics 

[14].  

Genotyping of K. pneumonia isolates 

PCR primers of K1 and K2 antigens 

were used for Genotyping of K. 

pneumonia into K1 group, K2 group, 

K1 /K2 group and non K1/K2 group. It 

was found that only [8]isolates gave 

positive PCR products for K1,  [14] 

isolates gave positive with K2, [3] 

isolates with K1/K2, and the rest (non 

K1/K2) was 18 isolates, It was seen that 

the prevalence of K2  isolates were 

higher than K1 isolates.  

     However ,25 isolates gave positive 

for  K1 and K2 antigen which ensure 

that isolates are highly virulent than 

other as mentioned by [15].So, 

Klebsiella isolates were distributed 

according to their serotypes int[13]  

who showed that K1 and K2 isolates 

more virulent than other serotypes.  K1 

and K2 isolates were found to be 

significantly more resistant to 

phagocytosis than non K1 / K2 isolates. 

However  This results is disagreement 

with [14] who found that K1 serotype 

is striking that general prevalence of 

the K1 serotype is significantly higher. 

418 

418 
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This result unlike [15] who found that 

K1 most common serotype found in 

community acquired and nosocomial 

K. pneumonia. 

On the other hand ,[21] isolates where 

classed as non K1/K2 these isolates 

may be belonging to other serotypes 

such as K5, K14 , K20   [14].  

 

Table2 distribution of Klebsiella pneumonia genotyping. 

 

 

Klebsiella pneumonia (43)genotyping isolates 
  
 

 
 

 

   
 

 
 

However, all K. Pneumonia isolates 

reveal mucoid phenotype regardless of 

genotype polysaccharide (cps) is very 

important tool identifying and in 

genotyping of these bacteria  indicates 

that genotype strongly associated with 

high invasive disease. Where large 

numbers of cases have been reported in 

geographically very wide spread [(15].  

Genotyping of K. Pneumonia is very 

important tool to know the prevalence 

of bacteria, genotypes particularly K1 

and K2 which are common in our 

province. However non K1 /K2 could 

not be classified into other K antigen 

groups rather them K1 or K2. 

      Serologically, K. pneumonia 

belonging to serotypes K1 and K2 

which are the most common types that 

are highly virulent [ 16] 

      According to the results obtained 

by this study, only [22] isolates were 

found to be positive for K1 or K2 or 

K1/K2 that give an indicator that these 

isolates are highly virulent than the 

other [13].  

        Also, Regarding to this study, K2  

was found to be more prevalent than 

K1.this is in agreement with [17] who 

have indicated that K2 was more 

predominant in human infections but is 

very rarely identified in the natural 

environment. 

  In addition to that, three isolates were 

found to have K1, and K2 and these 

isolates are considered as h[18] and the 

presence of both antigen may be due to 

gene transfer  mechanisms [12]    

  Furthermore, no specific pattern for 

differentiation of K. pneumoniaeK1 or 

K2 isolates from urinary tract infection 

or from respirator aspirates could be 

detected pyogenic UTI or RTI caused 

by K. pneumonia with distant 

metastasis to UT, RT may be due to 

virulent capsule or host factors which 

could not be found in this study. 

Further analysis of the cps gene and 

host factors may provide due to 

 

nonK1/K2 

(18) 

K1/K2 

(3) 
 

K 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 K1 
      (8) 

 

K2 

(14) 
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understanding the pathogenesis of K. pneumonia UTI , RTI [16]. 

 

Figure 2 A garose gel electrophoresis of PCR products for detection of K1 gene  

amplicon product in Klebsiella pneumonia lane 1-7  refer to  isolates' number..L 

Allelic ladder 

 

To differentiate between UTI, RTI 

,burns ,wounds  capsular of K. 

pneumonia serotypes K1, K2 and non 

K1/K2 to compare phagocytic rate 

between them ,there are no significant 

difference of phagocytic of non K1/K2 

was absorbed in all sample but in K1 

,K2 there are significant phagocytic in 

all sample isolated for K. pneumonia 

[5]  

Many studies have shown that K. 

pneumonia isolates belong to serotypes 

K1 and K2 are the most  virulent [5] 

,[17] .  

However, the predominance of 

serotypes of K1 and K2 in pyogenic 

suggests that those serotypes have 

more invasive capsular antigen. 

 

1283 
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Figure 3 A garose gel electrophoresis of PCR products fo detection of K2 gene 

amplicon product in Klebsiella pneumonia ,lane 1-7  refer to  isolates' number. Allelic 

ladder 

This result is in agreement with [7] 

who showed that has been 

demonstrated that strain with capsule 

such as (K1, K2) were virulent to 

human. whereas serotypes without 

capsule are less virulent or without 

virulent. 

Molecular detection of magA gene 

(mucoviscosity associated gene A): 
A total of 43 isolates of K .pneumonia , 

the molecular detection for magA gene 

by PCR was also investigated, it was 

found that  only(21) isolates were 

positive for this gene where 16 positive 

found among K1 serotypes results 4 in 

non K1/K2 isolates and only one in K2 

serotypes, 

through using specific primer . 

Although this gene is high important 

for Klebsiella pneumonia which 

confirm the bacteria mucoid viscosity 

,but is prevalence and among 

Klebsiella pneumonia local isolates is 

not high .this means that there are 

other means play a role in formation 

the mucoid viscosity. 

 

646 
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Figure 4 A garose gel electrophoresis of PCR products fo detection of (Mag A) gene  

amplicon product in Klebsiella pneumonia  lane 1-7  refer to isolates' number..L 

Allelic ladder 

Also , (3) found that magA gene was 

not prevalent in K2 serotype but high 

prevalent in K1 that may be attributed 

that mag A is located  in cps gene 

cluster K1 of Klebsiella pneumonia and 

it is restricted to serotype K1 isolates .     

 

Table 3 Distribution of mag A according to the serotypes : 

Serotypes mag A 

K1 16 

K2 1 

Non (K1 / K2)  4 

Total 21 

 

Molecular detection of rmpA 

marker in Klebsiella isolates : 

rmpA, rmpA1and rmpA2 were detected 

by using PCR markers, It was found 

that rmpA gave the present in (21) 

isolates and absent in (22) isolates, also 

rmpA1 was found to be available in 19 

isolates and absent in 24 isolates, and 

the results were the same for rmpA2 

where 19 isolates were positive, for 

this gene and 24 were negative for it.   

rmpA gene encodes for the regulation 

of mucoid phenotype which may be 

located on bacteria chromosome or on 

plasmid and so the of absence a such 

genes may be related where these  

genes are located in Klebsiella 

genome( 19). 

According to serotypes it was found 

that rmpA1 and rmpA2 was prevalent 

more in K2 than  and also in non K1/K2 

isolates this will enhance the severity 

of Klebsiella pneumoniae  isolates are 

shown in table (3-5) .  

 

 

1282 
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Table 4 Distribution of rmpA , rmpA1 and rmpA2 according to the serotypes: 

K. pneumoniae rmpA rmpA1 rmpA2 

K1 1 2 1 

K2 16 12 13 

Non (K1 / K2)  4 5 5 

Total 21 19 19 

 
Also, The multi-copy plasmid carrying 

rmpA restored cps production in the 

rmpA1 or rmpA2 mutant but not in the 

rcsB mutant. Transformation of rmpA 

detection mutant with an rcsB carrying 

plasmid also failed to enhance cps 

production suggesting that a 

cooperation of rmpA with an rcs gene 

is required for regulatory activity. This 

was further corporated by the 

demonstration of interaction between 

rmpA and rcsB using two hybrid 

analysis. The express of rmpA is 

regulated by the availability of iron 

and is negatively controlled by [20].

 

 

Figure 5 A garose gel electrophoresis of PCR products fo detection of (rmp A ) gene  

amplicon product in Klebsiella pneumoniae, lane 1-7  refer to isolates' number. 

LAllelic ladder 

However  The deletion of rmpA1 

reduced capsular  polysaccharide (cps) 

biosynthesis result decreased colony 

mucoid and virulence. 

553 
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Figure 6 A garose gel electrophoresis of PCR products fo detection of (Rmp A1) 

gene  amplicon product in Klebsiella pneumonia lane 1-7  refer to isolates' number..L 

Allelic ladder 

 

Figure 7 Agarose gel electrophoresis of PCR products for detection of (rmp A2 ) 

gene amplicon product in Klebsiella pneumonia lane 1-7  refer to  isolates' number..L 

Allelic ladder 
Although, previous study on rmpA 

were  restricted  to serotype K2 strain.  

This study  showed that rmpA also 

exists in serotype, other than K2.   

448 

496 

pb 
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      Besides, among rmpA positive 

isolates, the K1 or K2 group has more 

significant phagocytosis resistance rate 

and high lethality than the non K1/K2 

group. 

This difference may be related to a 

higher prevalence of virulent serotypes 

in certain regions. Rapid detection of 

the virulent K1serotype will be most 

helpful in diagnosis and treatment to 

decrease the risk of severe metastatic 

infections, aswell as inepidemiological 

studies. Traditional sera-typing is 

cumbersome and requires access to 

high quality antisera. Our results show 

that magA is restricted to isolates of the 

K1 serotype. We therefore suggest 

detection of magA by hybridization or 

PCR analysis as an easy, fast and 

highly specific diagnostic method for 

identification of the K. pneumonia K1 

capsule serotype. Klebsiella 

pneumonia usually causes urinary tract 

infections, pneumonia, and other 

infections in hospitalized persons 

whose immunity is compromised by 

underlying diseases. 
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