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Abstract 

 Background: Klebsiella pneumoniae (K. pneumoniae) is a microorganism associated 

with hospital acquired infections worldwide. There is hypervirulent (hvKp) variant of 

this microorganism with enhanced virulent characters that may be associated with 

antibiotics resistance. 

Aim: The aim of the present study was to detect the presence of hypervirulent K. 

pneumoniae among clinical isolates from pediatric patients with hospital acquired 

infections by Multiplex polymerase chain reaction (PCR). In addition, to study the 

association of this variety with carbapenem and Extended-Spectrum beta-lactamase 

(ESBL) antibiotics resistance. 

Method: The study was a retrograde cross- sectional study that included 178 isolates 

of K. pneuminae from pediatric patients with hospital acquired infections. The isolates 

were subjected to antibiotics sensitivity test and detection of carbapenemase and 

ESBL activity study. Identification of hvKp variety was performed by multiplex PCR. 

Results: Multiplex-PCR study for hvKp detected that 52 (29.2%) clinical isolates of 

Klebsiella penumoniae were positive. The hvKp was significantly associated with 

carbapenemase phenotype (P=0.001, OR 32.47, 95%CI 10.88-96.89) and with ESBL 

phenotype ( P=0.001, OR 5.04, 95%CI 2.4-10.4). The association of hvKp was 

insignificant with MDR in isolated K. pneumoniae (P=0.52). The comparison between 

hvKp positive and negative types of K. pneumonia revealed significant increase in the 

resistance to carbapenem antibiotics imipenem and meropenem among hvKp positive 
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types (P=0.001 for each). The hvKp negative type of K. pneumoniae was significantly 

associated with high resistance to ceftazidime and tetracycline (P=0.001 for each). 

Conclusion: The present study highlights the emergence of hvKp a variant of K. 

pneumoniae in children with hospital acquired infections. This variant is associated 

with antibiotics resistance to β-lactam antibiotics and carbapenem antibiotics. This 

finding is a warning finding which indicates changes in the spread of virulent with the 

need for implementation of strict antibiotics use and may need the use of new 

therapeutic agents.   

Keywords: K. pneumoniae, hypervirulent, ESBL, carbapenemase, MDR, children. 

 

Introduction 

Klebsiella pneumoniae (K. pneumoniae) is a Gram-negative bacillus and one of the   

opportunistic pathogens K. pneumoniae is responsible for varieties of hospital 

acquired infections such as urinary tract infections, pneumonia and blood stream 

infections (1).  It represents one pathogen known as ESKAPE group associated with 

antibiotics resistance. This acronym includes six bacterial pathogens including 

Enterococcus faecium, Staphylococcus aureus, K. pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa, and Enterobacter species.  K. pneumoniae 

organism is associated with the presence of extended-spectrum beta-lactamases 

(ESBLs) and carbapenem resistance (2). It has been listed by the World Health 

Organization (WHO) as a virulent organism with the need for the development of new 

antibiotics (3). 

   The pathogenicity of K. pneumoniae is also attributed to other virulence factors 

besides antibiotics resistance such as its capsule, lipopolysaccharide, types 1 and 3 

fimbriae, siderophores, and allantoin metabolism (4); these characteristics are 

controlled by large virulence plasmids and integrated chromosomal elements.   There 

are reports about the emergence of hypervirulence (hvKp) a variant of K. pneumoniae 

with high morbidity and mortality rates (5, 6).  There is a global concern about the 

emergence of carbapenem resistance associated with hykp K. pneumoniae (7, 8). 

There are studies about the hykp variant in adults with limited studies about the 

association of this variety in hospital acquired infections in children (9).  

 There are various genetic markers that can be used for identification of hykp like 

prmpA/A2 (capsule production regulator), iuc (aerobactin synthesis), and peg344 (a 
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metabolic transporter of unknown function) (10, 11). Phenotypic identification can be 

used by the hypermucoviscosity detections of the isolated colonies (12).  

 There are previous reports about the emergence of hyper virulence Klebsiella 

peumoniae in adults patients with hospital acquired infections in Egypt (13, 14), but 

studies are limited in children patients.  

 The aim of the present study was to detect the presence of hypervirulent K. 

pneumoniae among clinical isolates of K. pneumoniae isolated from pediatric patients 

with hospital acquired infections by Multiplex polymerase chain reaction (PCR). In 

addition, to study the association of this variety with carbapenem and ESBL 

antibiotics resistance. 

Material and Method 

 The study was a retrograde cross- sectional study that included  K. pneuminae 

isolated from pediatric patients  with hospital acquired infections from January 2019  

till October 2021  from Mansoura University Children hospital, Egypt during the 

surveillance of hospital acquired infections.  The diagnosis of hospital acquired 

infections was performed according to the criteria of Center of Diseases control (15). 

The study was approved by Mansoura Faculty of Medicine Ethical committee 

(R.23.02.2015). The study was performed according to the declaration of Helsinki 

ethical guidelines. 

Microbiological Identification of K.pneumoniae  

The isolated K. pneumoniae from the clinical samples other than blood samples were 

cultured on MacConkey agar media (Oxoid, Germany) for 24 hours at 37°C and 

identified with Gram stain and biochemical reactions by the use of Vitek system.  

Blood samples from children was obtained under complete sterile conditions and 

inoculated on Bact/ alert blood culture system. When blood culture bottles were found 

positive, subculture was performed on MacConkey agar media (Oxoid, Germany). 

Molecular identification was performed by PCR by the use of of polygalacturonase 

(pehX) gene as described previously (16). 

 

Antibiotics Discs Sensitivity 

The antibiotics sensitivity of the isolated K. pneumoniae was determined by the discs 

diffusion method according to the clinical and laboratory standards institute 

guidelines (CLSI) (17) .  The discs used were ceftazidime (30µg), cefepime (30µg), 
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cephotaxime (5μg), imipenem (10µg), meropenem (10µg), cefoxitin (10μg), 

gentamicin (10µg), tetracycline (10μg) and  trimethoprim/sulfamethoxazole (25μg) 

(Oxoid-Thermofisher-UK) The results were interpreted according to CSLI (17) Multi 

drugs resistant (MDR) K. pneumoniae was identified when the isolate was ≥ resistant 

to classes of antibiotics. 

 Detection of ESBL Activity by Combined Disc Test (CDT) 

 K. pneumoniae resistant to to ceftazidime and/ or cefotaxime was further studied for 

the ESBL activity by the CDT as described by    CLSI  (17).  The isolates were 

subcultured on Muller-Hinton agar (Oxoid-Germany) with placing discs of 

ceftazidime and cefotaxime (30µg each) at a 20-mm distance from two discs of  

ceftazidime/clavulanic acid  (30//10µg) and cefotaxime/ (30/10µg), respectively.  The 

increase in the inhibition zones around clavulinic acids containing disc was more than 

5 mm, these isolates were ESBL producing strains. 

Phenotypic Detection of Carabapenemase   

 K. pneumoniae isolates resistant to imipenem and// or meropenem were further 

studied to carbapenemase activity by the EDTA discs method as described by CLSI 

method (17).  The isolated K. pneumoniae were subcultured on Muller- Hinton agar 

media and discs of imipenem and meropenem were applied with and without 20μl  of  

0.5M  EDTA  with incubation at 37C for 24 hours.. The result was reported positive if 

the difference in the inhibition zone between meropenem and/or imipenem discs with 

or without EDTA was ≥5 mm (15).  

 Multiplex PCR for Identification of hykp K. pneumoniae 

 DNA Extraction of K. pneumoniae 

  DNA of the isolated K. pneumoniae was extracted by the  the  silica-based 

membrane technology and  spin column by the use of  commercial kit  Gene JET 

genomic DNA purification kit  according to the manufacturer instructions(Thermo 

Fisher Scientific, Waltham, MA, USA). The extracted DNA was kept frozen at -80°C 

till further amplification. 

 Multiplex PCR of hykp K. pneumoniae 

  Ready to use amplification kit  (Applied Biosystems-USA) was used for the 

amplification by the method described previously. The used primers for the multiplex 

PCR were in previous study (11). The amplification conditions were an initial 

denaturation step of 94°C for 10 min, followed by 35 cycles at 94°C for 30 s, 60°C 
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for 30 s, 72°C for 60 s, and a final extension step of 72°C for 5 min. Amplicons were 

visualized after running at 100 V for 1.5 h in 1.5% agarose gels (11).  

 Statistical Analysis 

 The data of the study  was analyzed by the SPPS22. The numerical data was 

expressed as  mean and standard deviation if parametric and as  minimum and 

maximum and median if non parametric. The qualitative data was expressed as 

number and percentages and the comparison was performed by Chi- square test, P 

was considered significant if <0.05.  

Results 

 The study included 178 children with hospital acquired infections due to Klebsiella 

pneumonia. They were 106(59.9%) males and 72 (40.4%) females with age from one 

month up to 14.0 years. The clinical sources of the isolated Klebsiella. pneumoniae 

were sepsis in 41.6%, urinary tract infections (24.7%), wound infections (19.1%) and 

pneumonia (14.6%). The common associated devices were urinary tract catheter 

(50%), followed by central venous catheter (29.8%), table 1.  

 Antibiotics resistance of the isolated K. pneumonia revealed high résistance to the 

third generation of cephalosporines, Cefotaxime(66.3%), cefepime(49.4%), 

ceftazidime (49.4), cephotaxime (44.4%) and fourth generation cephalosporine 

Cefepime (49.4%) and marked resistance for carabepnem, imipenem and meropenem 

(46.6% and 45.5% respectively). Moreover, high resistance was detected toward 

trimethoprim/sulfamethoxazole (60.7%), tetracycline (64.04%) and gentamicin 

(41.6%), data not shown. 

 The phenotypic study of ESBL and carbapenemase resistance of K. pneumoniae 

revealed high frequency of ESBL (48.3%) and high frequency of carbapenemase 

(51.7%). MDR was detected in 69.7% 0f the isolates, table 2  

Multiplex-PCR study for hvKp detected that 52 (29.2%) clinical isolates of Klebsiella 

penumoniae were positive.  

The comparison between hvKp positive and negative types of K. pneumonia revealed 

significant increase in the resistance to carbapenem antibiotics imipenem and 

meropenem among hvKp positive types (P=0.001 for each). The hvKp negative type 

of K. pneumonia was significantly associated with high resistance to ceftazidime and 

tetracycline (P=0.001 for each), table 3 
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Table (1): Basic demographic and clinical data of the studied children 

  

Sex 

Male 

Female 

 

106   59.6% 

72    40.4% 

Age 

Minimum 

Maximum 

Median 

 

1.0 month 

14.0 years 

Type of primary infections 

Sepsis 

Urinary tract infections 

Wound infections 

Pneumonia 

 

 

74  41.6 

44  24.7 

34   19.1 

26   14.6 

 

Associated devices 

Central venous catheter 

Urinary tract catheter 

 

53  29.8 

89  50 

 

 

Table (2); ESBL, carabapenemase and MDR of clinical K. pneumoniae 

 No.    % 

Extended Spectrum Beta 

lactamase resistance 

 

86    48.3 

Carbapenemase resistance 82    51.7 

MDR  124   69.7% 
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Table (3): Comparison of antibiotics resistance between Antibiotics resistance of the 

hvKp Positive and hvKp negative  K.pneumoniae 

  hvKp 

Positive 

(n=52) 

hvKp 

Negative 

(n=126) 

  P 

Cefepime 21 55 0.7 

Ceftazidime 39 49 0.001 

Imipenem 48 35 0.001 

Meropenem 47 34 0.001 

Cefoxitin 31 63 0.2 

Gentamicin 25 49 0.25 

Trimethoprim/sulfa 33 75 0.72 

Tetracycline 24 90 0.001 

Cephotaxime 31 82 0.2 

 

  

The hvKp was significantly associated with carbapenemase phenotype (P=0.001, OR 

32.47, 95%CI 10.88-96.89) and also significantly associated with ESBL phenotype ( 

P=0.001, OR 5.04, 95%CI 2.4-10.4). The association of hvKp was insignificant with 

MDR in isolated K. pneumoniae (P=0.52), table 4 

Table (4): Comparison of hvKp genotypes positive and negative regarding ESBL, 

carbapeneamse and MDR 

 

  hvKp Positive 

(n=52) 

No.   % 

hvKp 

Negative 

(n=126) 

No.   % 

 P OR  95%CI 

ESBL 39   75 47    37.3  0.001 5.04 2.4-10.4 

Carbapeneamse 48   92.3 34    26.9 0.001 32.47 10.88-96.89 

MDR 38   73.1 85     67.5 0.52 1.26 0.61-2.6 
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Discussion 

 Hospital acquired infections is a global risk for hospitalized patients depending upon 

the immune state of the patients, severity of the underlying diseases and the presence 

of antibiotics resistant microrganisms in the hospital environment (18). Hospitalized 

children are vulnerable groups of patients susceptible to these infections as they have 

immature immune response beside frequent use of invasive devices when admitted to 

the hospitals (19, 20). 

 In the present study, the underlying sources of isolated K. pneumoniae were mainly 

from blood stream infections, followed by urinary tract infections, wounds infections 

and pneumonia. This finding was similar in previous studies  with blood stream 

infections, urinary tract infections and pneumonia the most common hospital acquired 

infections in children(21-25). This can be attributed to the frequent use of urinary 

catheter and central venous catheter in hospitalized patients (26, 27).. Central venous 

catheter represents a vehicle for enterance of colonized flore from the patients skin,  

through the hands of the health care workers, via contaminated solutions and via 

connections of line leadings to infections (21, 28), The reduction of invasive devices 

associated infections requires optimal adherence to the infection control guidelines 

such as proper hand hygiene, application of maximum sterile barrier precaution when 

insertion is performed and adequate skin asepsis and dressings, reduce inappropriate 

use of invasive procedures, and remove catheter as soon as it is no longer needed (27).   

   Antibiotics resistance of Klebsiella pneumoniae isolated from patients with hospital 

acquired infections represent health care problem worldwide. In the present study, 

there was marked resistance to antibiotics resistance of the isolated K. pneumoniae 

revealed high résistance to the third generation of cephalosporines, and fourth 

generation cephalosporine and marked resistance for carabepnem imipenem and 

meropenem.  This resistance was reported in previous, studies (29- 31). K. 

pneumoniae is known for its antibiotics resistance to β-lactam antibiotics including a 

variety of other vital therapeutic drugs (31). There is an evidence that this organism 

may residue in the hospital environment acting as a source for infections with the 

need for strict infection prevention and control practices. (31).  

  Hypervirulent Klebsiella pneumoniae was detected in the present study by multiplex 

PCR in 29.2% of isolated K. pneumoniae. The prevalence of this variant of K. 

pneumoniae varied among different studies from 3.7% 37.8% in different 
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geographical regions  (32-36). The differences in the detections can be attributed to 

the difference of the used genetic biomarkers used to identify the hypervirulent 

variety whether it is least one genetic biomarker or five virulence genes to identify 

hgKp such in the present study by multiplex PCR. Also, the prevalence rates differ 

according to the age of the included patients whether adults or children (37). 

Antimicrobial resistance rate was generally low among hvKp isolates, with 25.9% 

multi-drug resistance and only 11.1% carbapenems resistance, therefore, the 

prevalence of CR-hgKp was also much lower than adults (23.3%, 30/129 vs. 34.2%, 

360/1052) (32). The  observed spread of hvKp in children and emphasize the urgent 

need for further epidemiological studies of hvKp 

In hypervirulent variant of K. pneumoniae, MDR was insignificantly this online with 

previous studies (38). However, there was statistically significant association between 

this variant and ESBL and carabapemenase production. The presence of this 

association can be explained by the acquisition of plasmids of the virulence genes 

with the plasmids coding for antibiotics resistance (37). This finding is a warning 

finding which points to continuous evolving under abuse of antibiotics leading to 

outbreaks of hospital acquired infections in hospitalized children.  

Conclusion 

 The present study highlights the emergence of hypervirulence( hvKp) a variant of K. 

pneumoniae in children with hospital acquired infections. This variant is associated 

with antibiotics resistance to β-lactam antibiotics and carbapenem antibiotics. This 

finding is a warning finding which indicates changes in the spread of virulent with the 

need for implementation of strict antibiotics use and may need the use of new 

therapeutic agents.  
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