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Introduction 

Being an opportunistic pathogen, 

Klebsiella pneumoniae is a causative agent of wide 

range of infections such as pneumonia, intra-

abdominal infection, urinary tract infection and 

bacteremia [1] and can be divided into two main 

types: classical Klebsiella pneumoniae (ckp) and 

hypervirulent Klebsiella pneumoniae (hvkp). 

Classical Klebsiella pneumoniae (ckp) is an 

opportunistic bacterium that causes healthcare 

associated infections in hosts with associated 
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A B S T R A C T 

Background:  Klebsiella pneumoniae has two different pathotypes: hypervirulent 

Klebsiella pneumoniae (hvkp) and classical Klebsiella pneumoniae (ckp), hvkp is more 

potent than ckp causing vast types of severe disseminated infections. This cross sectional 

study done to detect frequency of hvkp versus ckp , their antibiotic resistance and risk 

factors associated with their infections. Methods: Samples were collected from admitted 

patients cultured on MacConkey agar, pink colonies were confirmed to be Klebsiella 

pneumonia and sensitivity were done by Vitek 2. String test was done for 

hypermucoviscosity and PCR to detect virulence genes. Results: 100 samples were 

collected from 2020 to 2023, 64 of them revealed hvkp which were isolated from old age 

with mean± SD of 62.7±20.5, most of isolates were from ICU from pneumonia patients. 

There was a significant difference in ceftriaxone, cefoxitin, gentamycin and tobramycin 

resistance between hvkp, ckp with p value 0.03, 0.04 ,0.01 and 0.02 respectively, 24% of 

hvkp strains were ESBL producers. Fourteen (14%) were pandrug resistant, 14(14%) were 

extremely drug resistant and 36(36%) were multidrug resistant. iucA was the most 

frequent virulence gene 62% followed by fimH (42%). Diabetes mellitus, hypertension 

and cardiovascular disease were the most significant risk factors associated with hvkp 

infection. Conclusion: hvkp is a serious pathogen that utilizes a battery of virulence factors 

for survival and pathogenesis, also has an ability to acquire drug resistance through transfer 

of genetic material, so we have to shed light on new strategies to improve diagnosis, 

treatment and prevention of hvkp causing infections. 
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comorbidities who are immunocompromised or who 

have invasive maneuvers (e.g., intravascular 

devices, endotracheal tube, or surgical wound). 

Hvkp is best described as a virulent pathogen. Most 

of reported hvkp infections are acquired in the 

community, hvkp are capable of infecting healthy 

individuals of any age, as well as causing multiple 

infections and/or subsequent dissemination [2]. 

Hvkp was first discovered in Taiwan in 1986, it has 

been identified as the main cause of pyogenic liver 

abscesses. Hvkp can disseminate to different parts 

of the body, e.g. 

ocular/pulmonary/meningitis/necrotizing fasciitis 

being the most common infections [3]. Hvkp 

infections were mainly in the Asia–Pacific region, 

which may be attributed to the higher rate of hvkp 

carriage among the healthy individuals in this 

area[4] and it was sensitive to all antibiotics except 

ampicillin, but unfortunately the scope of hvkp 

infection has gradually increased, its mutation 

frequency has expanded. Now, some strains of hvkp 

are resistant to carbapenems, polymyxin, 

tigecycline, extended-spectrumβ-lactamases 

(ESBLs), etc., have gradually evolved [5]. 

Efforts to detect this pathogen have been 

rendered by a lack of a definitive test for its 

detection. Identification has historically been done 

by unique clinical manifestations and phenotypic 

traits, which are not specific nor sensitive for hvkp 

[6]. Advances in genomic analysis enabled 

researchers to detect important virulence genes, 

which are more reliable for identification of 

hypervirulence. Phenotypic characters in hyper 

virulent Klebsiella pneumoniae are called 

hypermucoviscosity, it is a typical character of hvkp 

strain, but it is not specific. Currently, aerobactin has 

been considered to be an important virulence factor 

for hvKp, which is often associated with the 

hypermucoviscous phenotype. Based on this 

finding, Chinese researchers conducted research 

including multiple centers first described the 

molecular detection of hvKp (defined as aerobactin-

positive) isolates. The results of other studies 

revealed that invasive infections, especially 

pyogenic liver abscess (PLA), hypermucoviscous 

phenotype and most of the virulence factors such as 

rmpA, rmpA2 (that regulate of the mucoid 

phenotype),and magA (mucoviscosity-associated 

gene) and capsular serotype-specific genes (K1, K2) 

are strongly associated with aerobactin-positive Kp 

[7] . Iron acquisition genes and the genes that encode 

the hypermucoviscous phenotype are located on the 

same virulence plasmid, which is present in most 

hvkp isolates but rarely present in cKp strains [8]. 

Thus, it may be more appropriate to combine 

aerobactin positivity and hypermucoviscosity when 

defining hvkp, so the aim of this study is to 

determine the frequency of hvkp versus ckp, their 

antibiotic resistance and risk factors associated with 

their infections. 

Patients and methods 

This single center cross sectional study was 

conducted at Sohag University Hospital, 

Department of Medical Microbiology and 

Immunology from June 2020 to December 2023, 

after taking ethical approval from Ethical 

Committee in our faculty with IRB number: SOH-

MED-23-05-04MD. 

Inclusion criteria 

Patients with healthcare associated 

infections (HCAIs are infections that first appear 48 

hours or more after hospitalization or within 30 days 

after having received health care) [9] and their 

samples were positive for Klebsiella pneumoniae. 

Exclusion criteria 

 Samples harboring organisms other than 

Klebsiella pneumoniae or mixed infections. 

Sample collection and identification 

A total of 100 samples were collected from 

different departments (Internal medicine, 

Neuropsychiatry and General surgery) and ICUS 

(intensive care unit, coronary care unit) in the 

hospital after obtaining written consent of the 

participants, samples included (Pus, urine, sputum, 

tracheal aspirate and blood). 

Samples were collected under complete 

aseptic conditions [10] sent immediately to 

microbiology lab for further processing. Samples 

were cultured on MacConkey agar (Himedia), 

colonies with pink color were confirmed to be 

Klebsiella pneumoniae by VITEK 2 compact 

(BioMérieux, France) and antibiotic sensitivity was 

also done by VITEK using AST GN 73 cards. One 

hundred Klebsiella pneumoniae isolates were 

included in this study. The strains were stored on 

20% glycerol at -60 ° C until PCR was done. 

Phenotypic detection of hypermucoviscosity by 

string test 

Bacterial colonies grown overnight on 

MacConkey agar plate at 37 °C were stretched by a 

standard bacteriological loop. If a mucoviscous 
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string ≥ 5 mm in length was formed, the test was 

considered positive, and the isolate was identified as 

hypermucoviscous [11]. 

Molecular detection of capsular genes 

and some virulence associated genes by 

conventional PCR 

DNA extraction 

DNA was extracted from freshly 

subcultured bacteria according to the method of 

[12], extracted DNA was stored at -20 for further 

use. 

Polymerase chain reaction (PCR) 

Conventional PCR (biometra, Germany) 

was done to detect capsular genes (k1, k2), virulence 

genes (fim H, rmp A1, rmpA2 and iucA), sequences 

of primers (Invitrogen, Thermo fisher), cycling 

condition and amplicon size are as mentioned by 

[13] Table 1. Each PCR reaction was adjusted to a 

total volume of 25 μl using the following reaction 

mixture: 12.5 μl of cosmo red PCR Master Mix [2x] 

(Willowfort, Uk), 1.25 μl of forward primer , 1.25 μl 

of reverse primer , 3 μl of template DNA then the 

reaction was adjusted to 25 μl with nuclease free 

water. Negative control tubes were also included 

with no DNA template. After amplification, 10μl of 

the PCR amplicon was analyzed by gel 

electrophoresis (2% agarose in Trisacetate-EDTA 

stained with ethidium bromide). The gene ruler 50 

bp DNA ladder (invitrogen, Thermo fisher) was 

used as a DNA size marker. Visualization of bands 

was done by DNA documentation system. 

Recognition of hypervirulent Klebsiella 

pneumoniae by the presence of iucA and one of 

rmpA1 or rmpA2 genes [14]. 

Statistical analysis 

The collected data were coded and verified 

prior to computerized data entry. The collected data 

was statistically analysed using Statistical Package 

for the Social Science (SPSS) version 26 program 

14 and expressed in tables and graphs. The data were 

tested for normality by Kolmogorov-Smirnov. Chi-

square test was used for qualitative data difference 

between groups. Mann Whitney for non-parametric 

data to get the p value between groups in age and 

length of stay data. In all analyses, P < 0.05 

indicated statistical significance. 

Results 

One hundred samples were collected from 

patients with healthcare associated infections, hvkp 

was detected by the presence of iucA genes and one 

of the two genes rmpA1, pmpA2. 

The mean age ± SD of patients with hvkp 

infections was 62.7±20.5 years.  The range for age 

was (48:79) years. While the mean age ± SD of 

patients with ckp was 63.2±24.9, The range for age 

was (48:82) years, males were more frequent than 

females both in hvkp and ckp with a ratio of 42%, 

26% respectively. Different departments were 

included in the study. ICU was the most frequent 

department containing both hvkp and ckp with a 

ratio of 58%, 30% respectively, also hvkp were 

more prevalent in patients with pneumonia 38%, 

followed by ventilator associated pneumonia 14% as 

shown in Table 2. 

Antimicrobial susceptibility profile of isolated 

strains by Vitek 2 system 

The following antibiotics were used 

(Ampicillin, Ampicillin/Sulbactam, Piperacillin –

Tazobactam, Cefazolin, Cefoxitin, Ceftazidime, 

Ceftriaxone, Cefepime, Meropenem, Amikacin, 

Gentamycin, Tobramycin, Ciprofloxacin, 

Levofloxacin, Trimethoprim/Sulfamethoxazole and 

Nitrofurantoin) and results were interpreted 

according to CLSI 2017. 

The highest resistance was to 

Trimethoprim/Sulfamethoxazole and Nitrofurantoin 

(100%) followed by Ciprofloxacin (98%), 

Levofloxacin (92%), Cefepime (82%), Tobramycin 

(74%) and Amikacin (70 %) (Table 3). 

When comparing antibiotic resistance 

pattern in hvkp and ckp, we found a significant 

difference  in ceftriaxone, cefoxitin, gentamycin and 

tobramycin resistance between hvkp, ckp with p 

value 0.03, 0.04 ,0.01 and 0.02 respectively, 24% of 

HVKP strains were ESBL producers, also14(14%) 

of HVKP were Pandrug resistant (to the tested 

antibiotics), 14(14%) were extremely drug resistant 

and 36(36%) were multidrug resistant as in Table 4. 

MDR: Acquired non-susceptibility 

(resistant or intermediate) to at least one agent in 

three or more antibiotic categories. XDR: Non-

susceptibility to at least one agent in all but bacterial 

isolates remain susceptible to only one or two 

antimicrobial categories. Pandrug-resistant (PDR): 

Non-susceptibility to all agents in all antibiotic 

categories [15]. 

The ESBLs are plasmid mediated b-

lactamases that are capable of hydrolysing b-

lactams, including penicillins, cephalosporins and 

monobactams, and they may be inhibited by b-

lactamase inhibitors, including clavulanic acid, and 

avibactam [16]. 
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Phenotypic and genotypic detection of 

hypermucoviscosity and virulence genes 

Regarding phenotypic determination of 

hypermucoviscosity of Klebsiella strains, 28% of 

HVKP had positive string test while 36 (36%) had 

negative test, in CKP 18 (18%) had positive string 

test while18 (18%) had negative test. 

Molecular detection of different genes of 

virulence in HVKP and CKP 

All genes (K1, K2, fimH, iuc A, rmpA1, 

rmpA2) were present more frequently in hvkp, iuc 

A was the most frequent (62%) followed by fimH 

(42%), K2 and rmpA1 with a ratio of (40%) as in 

Table 5. 

Risk factors associated with hvkp 

Regarding risk factors associated with 

HVKP infections there was a significant difference 

between hvkp and ckp in the following risk factors: 

Cardiovascular disease, hypertension and diabetes 

mellitus with p value 0.02 as in Table 6. 

Table 1. Sequences of the target genes. 

Target genes Primer name Primer sequence (5’–3’) 
Amplicon 

size (bp) 

reference 

K1 
K1-F GTAGGTATTGCAAGCCATGC 1047 

K1-R GCCCAGGTTAATGAATCCGT 

[13] 

K2 
K2-F GGAGCCATTTGAATTCGGTG 641 

K2-R TCCCTAGCACTGGCTTAAGT 

fimH 
FimH-F TGCTGCTGGGCTGGTCGATG 550 

fimH-R GGGAGGGTGACGGTGACATC 

iucA 
iucA-F GCTTATTTCTCCCCAACCC 583 

iucA-R TCAGCCCTTTAGCGACAAG 

prmpA1 
rmpA-F GAGTAGTTAATAAATCAATAGCAAT 332 

rmpA-R CAGTAGGCATTGCAGCA 

prmpA2 
rmpA2-F GTGCAATAAGGATGTTACATTA 430 

rmpA2-R GGATGCCCTCCTCCTG 

Table 2.  Demographic and clinical characteristics of included patients according to type of klebsiella. 

Parameters HVKP (64) CKP (36) Total P value 

Age (years) 

Mean ± SD 

Range 

62.7±20.5 

(48.2:79.7) 

63.2±24.9 

(48:82) 

62.9±22 

0.5 (NS) by Mann-Whitney 

Sex     Male 

  Female 

42(42%) 

22 (22%) 

26 (26%) 

10(10%) 

68 (68%) 

32 (32%) 

0.5 (NS) 

By Chi-square test 

Department  

CCU 

ICU 

Internal medicine 

Neuropsychiatry 

General surgery 

2(2%) 

58(58%) 

0(0%) 

2(2%) 

2(2%) 

4(4%) 

30(30%) 

2(2%) 

0(0%) 

0(0%) 

6(6%) 

88(88%) 

2(2%) 

2(2%) 

2(2%) 

0.07 (NS) 

By Chi-square test 

Length of stay 

Mean ± SD 9.8±3. 9.8±4 9.8±3.5 

0.7 (NS) by Mann-Whitney 

Type of infection: 

-Ventilator associated pneumonia. 

- Pneumonia  

-  sepsis 

-SSI 

-UTI 

14(14%) 

38(38%) 

0(0%) 

10(10%) 

2(2%) 

4(4%) 

24(24%) 

2(2%) 

2(2%) 

4(4%) 

18(18%) 

62(62%) 

2(2%) 

12(12%) 

6(6%) 

0.1(NS) 

0.4 (NS) 

0.057(NS) 

0.1(NS) 

0.1(NS) 
CCU: coronary care UNIT   ICU: intensive care unitSSI: surgical site infection   UTI: urinary tract infection 
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Table 3.  Antibiotic profile of isolated Klebsiella pneumoniae. 

Antibiotic Resistance Total (100) 

R I S 

Ampicillin 58(58%) 0(0%) 42(42%) 

Ampicillin/Sulbactam 44(44%) 2(2%) 54(34%) 

Piperacillin -Tazobactam 52 (52%) 2(2%) 46 (46%) 

Cefazolin 48(48%) 6(6%) 46 (46%) 

Cefoxitin 52 (52%) 6 (6%) 42(42%) 

Ceftazidime 46 (46%) 6 (6%) 48 (48%) 

Ceftriaxone 44 (44%) 8 (8%) 48 (48%) 

Cefepime 82 (82%) 2(2%) 16 (16%) 

Meropenem 62 (62%) 2(2%) 36(36%) 

Amikacin 70 (70%) 0 (0%) 30 (30%) 

Gentamycin 56 (56%) 0 (0%) 44 (44%) 

Tobramycin 74 (74%) 0 (0%) 26 (26%) 

Ciprofloxacin 98 (98%) 0 (0%) 2 (2%) 

Levofloxacin 92 (92%) 4 (4%) 4 (4%) 

Trimethoprim/Sulfamethoxazole 100 (100%) 0 (0%) 0 (0%) 

Nitrofurantoin 100 (100%) 0 (0%) 0 (0%) 

Table 4.  Antibiotic resistance according to type of Klebsiella. 

Antibiotic resistance HVKP (64) CKP (36) P value 

R R 

Ampicillin 38(38%) 20(20%) 0.7 (NS) 

Ampicillin/ 

Sulbactam 

28(28%) 16(16%) 0.5(NS) 

Piperacillin- 

Tazobactam 

36(36%) 16 (16%) 0.1(NS) 

Cefazolin 30 (30%) 18 (18%) 0.1(NS) 

Cefoxitin 36 (36%) 16 (16%) 0.04* 

Ceftazidime 34 (34%) 12(12%) 0.1(NS) 

Ceftriaxone 32 (32%) 12(12%) 0.03* 

Cefepime 54(54%) 28(28%) 0.2(NS) 

Meropenem 40(40%) 22(22%) 0.15(NS) 

Amikacin 44 (44%) 26(26%) 0.7(NS) 

Gentamycin 42 (42%) 14(14%) 0.01* 

Tobramycin 52(52%) 22(22%) 0.02* 

Ciprofloxacin 64 (64%) 34(34%) 0.05(NS) 

Levofloxacin 56 (56%) 36(36%) 0.08(NS) 

Trimethoprim  

Sulfamethoxazole 

64 (64%) 36(36%) --- 

Nitrofurantoin 64 (64%) 36 (36%) --- 

ESBL 

Positive 

Negative 

24(24%) 

40 (40%) 

8(8%) 

28 (28%) 

0.11 (NS) 

By Chi-square test 

Antibiotic resistance: 

Pan drug resistance 

Extreme drug 

resistance 

Multidrug resistance 

14(14%) 

14(14%) 

36(36%) 

8(8%) 

4(4%) 

24 (24%) 

0.9(NS) 

0.1(NS) 

0.3(NS) 
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Table 5.  Virulence genes and string test according to type of Klebsiella. 

Virulence genes HVKP (64) CKP (36) P value 

Positive Negative Positive Negative 

K1 gene 10(10%) 54(54%) 8(8%) 28(28%) 0.4 (NS) 

K2 gene 40(40%) 24(24%) 14(14%) 22(22%) 0.02* 

fimH 42 

(42%) 

22 (22%) 20 (20%) 16 (16%) 0.3(NS) 

iucA gene 62 

(62%) 

2 (2%) 0 (0%) 36 (36%) <0.001*** 

rmpA1 gene 40 

(40%) 

24 (24%) 20(20%) 16 (16%) 0.5 (NS) 

rmpA2 gene 28 

(28%) 

36 (36%) 22 (12%) 14 (14%) 0.09 (NS) 

String test 28(28%) 36 (36%) 18 (18%) 18 (18%) 0.5 (NS) 

Table 6.  Risk factors associated with hvkp. 

Risk factors HVKP (64) CKP (36) Total P value P value 

Cancer 2 (2%) 0(0%) 2 (2%) 0.2(NS) 0.004** 

By chi-

square test 
Cardiovascular disease 24(24%) 6(6%) 30(30%) 0.02* 

Cerebral stroke 2(2%) 0(0%) 0(0%) 0.2(NS) 

Chronic renal failure 0(0%) 2(2%) 2(2%) 0.057(NS) 

Sepsis 0(0%) 2(2%) 2(2%) 0.057(NS) 

Diabetes mellitus 10(10%) 12(12%) 22(22%) 0.04* 

Diabetes mellitus, 

hypertension 

8(8%) 0(0%) 0(0%) 0.02* 

DM, HTN, IHD and 

ESRD 

2(2%) 0(0%) 0(0%) 0.2(NS) 

Epilepsy 0(0%) 2(2%) 2(2%) 0.057(NS) 

Hypertension 12(12%) 10(10%) 22(22%) 0.2(NS) 

Liver cirrhosis 2(2%) 2(2%) 4(4%) 0.5(NS) 

Lymphadenopathy 2(2%) 0(0%) 2(2%) 0.2(NS) 
DM: Diabetes mellitus   HTN: Hypertension     IHD: Ischemic heart disease 

ESRD: End stage renal disease. 
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Figure 1. Gel electrophoresis showing bands of different genes: 

A: k1 gene with band size 1024 bp.      B: K2 gene with band size 641 bp. 

C: fimH gene with band size 550 bp.     D: iucA gene with band size 583 bp. 

E: rmpA1 gene with band size 332 bp.   F: rmpA2 gene with band size430 bp. 

1. 2. 

3. 
4. 

5. 6. 

A B 

C D 

E F 
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Discussion 

Hypervirulent Klebsiella pneumoniae is an 

increasingly mentioned pathotype of K. pneumonia 

characterized clinically by its ability to cause life-

threatening infections in immunocompetent and 

even healthy individuals. 

We collected 100 Klebsiella pneumoniae 

from different samples; hvkp was detected in 64% 

of the isolated bacteria.  This finding is higher than 

previous study of [11] who reported 15.8% hvkp 

rate. 

The mean age ± SD of the patients that had 

hvkpwas 62.7±20.5 years, 63.2±24.9 in ckp which 

is near to [17]  who found that mean age ±SD was 

of (57±14), but different from [11] who reported 

prevalence of hvkp was common in young patients. 

The highest number of K. pneumoniae associated 

infections was seen in the older age group of 48–81 

years with highest number of cases in males, this 

could be due to their weak immune system and high 

chances of co morbidities as noted by other studies 

[18]. 

The highest percentage of patients were 

admitted in ICU and suffered from pneumonia like 

[17] who found that patients with CR-hvKP mainly 

had pneumonia (77.8%). In our study, most of the 

isolates were collected from ICU patients, 

suggesting that the majority of hvKp infection 

comes from the hospital environment,contaminated 

surfaces in hospital environments which act as a 

reservoir for hvkp infections. Several studies have 

demonstrated that hvkp strains are increasingly 

detected within hospitals [19]. 

Our results are different from [20]  Who 

reported that (14 of 18; 77.7%) of hvkp were 

isolated from cases of septicaemia, pyogenic 

infections, and UTI. 

Regarding antibiotic resistance of all 

isolated Klebsiella including ckp and hvkp, the 

highest resistance was to 

Trimethoprim/Sulfamethoxazole and Nitrofurantoin 

(100%) followed by Quinolone resistance 

(Ciprofloxacin98%, Levofloxacin92%), Cefepime 

(82%), Tobramycin (74%) and Amikacin (70 %). 

Our results are similar to [21]    who reported that 

the majority of strains were non-susceptible to 

Nitrofurantoin (NIT), Ciprofloxacin (CIP), and 

Trimethoprim-sulfamethoxazole. 

 Ciprofloxacin resistance in our study 

(98%) is lower than [21] who reported 100% 

Ciprofloxacin resistance.  

Carbapenem-resistant K. pneumonia is a 

“serious concern” for the World Health 

Organization. In the current study, the resistance 

rate of hvkp Meropenem is 62% which is higher 

than [22, 21]  who reported 48% Meropenem 

resistance, this difference could be explained by 

increasing use of this antibiotic in our patients.When 

comparing antibiotic resistance patterns in hvkp and 

ckp, we found a significant difference in 

Ceftriaxone, Cefoxitin, Gentamycin and 

Tobramycin resistance between hvkp, ckp with p 

value 0.03, 0.04 ,0.01 and 0.02 respectively. 

As regards ESBL production in hvkp; 24% 

of HVKP strains were ESBL producers. Our results 

differ from [11] who reported the resistance rate to 

common antibiotics in hvKp strains was 

significantly lower than in cKp strains and that 

ESBL production was more frequent in the cKp 

strains than in the hvKp strains. The present study 

percentage of ESBL-producing Kp was 38%. Other 

studies showed different rates of ESBL-producing 

Kp ranging from 9.6% to 81.1%. The difference in 

ESBL-producing Kp percentages may be explained 

by the exposure to beta-lactam antibiotics in this 

organism or by plasmid transfer that carries the 

ESBL genes. The growing prevalence of ESBL-

producing Kp and carbapenemase-producing Kp in 

humans and chickens provide health risk and need 

more judicious use of antibiotics in farms to prevent 

the dissemination of both ESBL and carbapenem 

resistance in Kp [23]. 

Then, we tried to assess the frequency of 

MDR, XDR, pan drug resistance in both hvkp and 

ckp. We found higher frequency of MDR, XDR and 

pan drug resistance in hvkp as follows: 14(14%) of 

HVKP were Pandrug resistant, 14(14%) were 

extremely drug resistant and 36(36%) were 

multidrug resistant while 8(8%) of CKP were 

Pandrug resistant, 4(4%) were extremely drug 

resistant and 24(24%) were multidrug resistant. 

Our results are dissimilar to [21] who 

reported a significant and worrying level of 

multidrug resistant strains, being ten strains 

classified as MDR (10/14,71%) and three strains as 

XDR (3/14, 21%). None of the strains were 

classified as PDR. 

A previous study reported two main 

mechanisms of MDR-hvKp development: One is the 
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acquisition of virulence-associated genes in cKp 

[24]. The other is the acquisition of various 

resistance genes/plasmids in hvKp [25]. The study 

of [25] found that ST65 hvkp had acquired both 

resistance genes and MDR plasmids that produced 

the MDR-hvkp phenotype, shedding light on the 

urgent need to enhance surveillance to prevent 

dissemination. 

Regarding the virulence factors and 

hypermucoviscosity, string test (phenotypic 

detection of hypermucoviscosity) was positive in 

28% of hvkp. These results are near to [27] who 

found 22% hvkp with positive string test. 

The capsule is also considered the major 

virulence factor in K. pneumoniae, there are several 

types of K-antigens. K1 and K2 are the most 

important serotypes as they frequently result in 

severe infections. In our study, k2 was significantly 

present in hvkp in contrast to [11]who found k1 gene 

is more predominant in hvkp.The genes responsible 

for the hypermucoviscous phenotype (rmpA1, 

rmpA2) are considered another virulence 

determinants in addition to K1/K2 . Our results 

showed that rmpA1, rmpA2 were not significantly 

associated with hvkp strains in contrast to [11] who 

found significant association of rmpA1, rmpA2 and 

hvkp. This could be explained by although the 

presence of rmpA+/rmpA2+ combined with 

virulence genes is  generally a known marker of 

hvkp, there are other combinations e.g.rmpA—

/HMV+, rmpA—/rmpA2+/HMV+, and 

rmpA+/HMV—. This exclusion illustrates that K. 

pneumoniae is capable of hypervirulence with or 

without presence of ramp genes [28]. 

 Aerobactin is considered an important 

virulence determinant of hvkp [29]. Our results 

showed that aerobactin was significantly associated 

with hvKp as showed by [11]. Therefore, our results 

showed that k2, iucA virulence factors are more 

strongly associated with hvkp than with ckp. 

FimH is present in 42% of hvkp less than 

[29] who detected fimH in 63% of the isolates. 

FimH, which encodes type 1 fimbrial adhesins, 

which mediate binding to epithelial cells and 

promote biofilm development which add apoint to 

virulence  [29]. 

Our results revealed that diabetes mellitus 

and hypertension and cardiovascular disease were 

statistically significant risk factors associated with 

hvkp infections and that there were no significant 

differences between hvkp and ckp strains regarding 

other underlying conditions of participants, but [11]  

reported that diabetes was the only significant risk 

factor in his study, our results could be explained 

that our patients are in old age and cardiovascular 

disease, diabetes and hypertension are common in 

this age group. 

Conclusion 

The frequency of hvkp is high in the 

healthcare setting and become a dominant 

healthcare associated pathogen with high rates of 

antibiotic resistance, the infection of hvkp is great in 

elderly ICU patients. Awareness of detection and 

management is a must. 

Recommendations 

Our study is an alarm to the presence of 

hvkp in our hospital with high percentage and with 

high resistance rates to the most commonly used 

antibiotics, which need strict awareness to infection 

control measures and wise use of antibiotics 

according to the antibiotic sensitivity testing.   
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