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Abstract:  
This study investigated the presence of Klebsiella pneumoniae in urine samples obtained in Wukari metropolis. Sterile containers 
with boric acid were used to collect mid-stream urine samples from 20 hospitalised and 20 non-hospitalised patients aged 18-50. 
Additionally, sterile swabs were used to collect samples from doorknobs in patient wards. Using the streak-plate technique, 
samples were cultured on MacConkey agar at 37°C for 24 hours. Morphological and biochemical characterizations were used to 
make a presumptive identification of the bacterial isolates. The khe genes common to Klebsiella species were identified using 
Polymerase Chain Reaction (PCR) methods with fw (5’-TGATTGCATTCGCCACTGG-3’) and rev (5’-
GGTCAACCCAACGATCCTG-3’) primers. The antimicrobial sensitivity assay was performed using the agar diffusion method. 
All isolates were sensitive to Chloramphenicol 30µg (≥21mm), Gentamycin 30µg (≥22mm), Streptomycin 30µg (≥22mm), and 
Ciprofloxacin 30µg (≥24mm). Additionally, the isolates showed multi-drug resistance to Augmentin 30µg (≤13mm) and 
Amoxicillin 30µg (≤11mm). Klebsiella pneumoniae was not isolated from any of the non-hospitalised patients' samples but was 
isolated from 25% of hospitalised patients' samples, indicating that Klebsiella pneumoniae is a hospital-acquired infection (HAI). 
Furthermore, Klebsiella pneumoniae was isolated from samples obtained from doorknobs in patient wards. Klebsiella 
pneumoniae has shown to be prevalent in the hospital environment, as evidenced by its isolation from samples obtained in patient 
wards and among hospitalised patients. Consequently, hospital equipment and environments should be kept clean at all times, and 
strict infection control protocols along with regular antimicrobial stewardship programs should be implemented in hospital 
settings to prevent the spread of multi-drug resistant Klebsiella pneumoniae.   
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1.        Introduction  
Nosocomial” describes any disease acquired in 
hospital environment [1]. Recently, “healthcare 
associated infections” (HIA) is being alternatively 
used to describe whatever Nosocomial implies [2]. 
Nosocomial pathogens may be isolated from 
asymptomatic patients or even hospital staffs and 
visitors. [4], [5]. HAI accounts for increased stay in 
hospitals [6]. This shift in terminology from 
"nosocomial" to "healthcare-associated infections" 
signifies a broader understanding of how infections 
are acquired within healthcare settings. The high 
prevalence in low-income countries indicates a 
pressing need for comprehensive strategies to address 
and mitigate the transmission of these infections 
across various cohorts within healthcare 
environments.  
Nosocomial infection is responsible for mortality and 
a number of socioeconomic challenges such as 
household poverty faced by millions of individuals 
globally [6]. According to a WHO report [7], about 
15% of hospitalized individuals are estimated to be 
infected with nosocomial pathogens. There is 
variation in the rates of nosocomial infection across 
the globe, with Africa and Asia facing higher 
occurrences compared to western countries [8]. 
About 10% of all hospitalizations in the western 

world results in nosocomial infections, while in 
Africa and Asia about 40% hospitalizations presents 
with nosocomial infections [8]. More than half of all 
neonatal death are attributed to nosocomial infection 
with over about 80% of these deaths occurring in 
parts of Africa and Asia [8]. The negative impact of 
nosocomial infection among infants is particularly 
alarming as it impedes the human capital 
development of a nation and the world at large. The 
increase in the rates of infant mortality associated 
with nosocomial infection is not unconnected to their 
vulnerability due to their developing immune system 
[8]. The uneven distribution of the health outcome 
caused by nosocomial infection across nations of the 
globe is health inequality raising significant concern 
on the effectiveness of current management policies 
of nosocomial infection, highlighting the urgent need 
for an invested region-specific interventions strategy 
to safeguard the most vulnerable population of 
society. 
Additionally, there are socioeconomic and cultural 
implications of nosocomial infections which cannot 
be ignored. Nosocomial infection is responsible for 
unnecessary stay in hospital incurring additional 
medical bill [9]. This aggravates the socioeconomic 
challenges of individuals whose household is already 
grappling with poverty [9]. In most part of 
underserved communities in rural parts of Africa, 
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there is a complete lack of healthcare infrastructure 
and resources. Even when there are, health care 
professionals lack basic trainings on infection control 
measures that can support effective prevention and 
treatment strategies [10]. Although, healthcare 
hesitancy based on cultural affiliations, beliefs, and 
practices has been identifies to contribute to the 
attitude of healthcare professionals and patients in 
adhering to specific infection prevention and 
management protocols [11].  The complete lack of 
universal health coverage and healthcare supports 
particularly in most part of Africa significantly 
worsens socioeconomic challenges in households 
who are frequently faced with prolonged stay in 
hospital due to nosocomial infection. The attitude of 
healthcare professionals towards hygienic and aseptic 
practices in hospital settings have been identified as a 
significant contribution to the prevailing rates of 
nosocomial infections [11].  
Nosocomial pathogens are a panel of microorganisms 
having the capacity to either cause infection 
independently or collectively [4]. While fungi and 
viruses are less prominent in HAI, more than 90% of 
nosocomial infections are caused by bacteria [12]. 
Bacteria pathogens which are commonly isolated 
from cases of HIA includes but not limited to, 
Klebsiella pneumonia, Acinetobacter, Staphylococcus 
aureus, Pseudomonas aeruginosa, Proteus mirablis, 
Bacillus cereus, Escherichia coli and Streptococcus 
species [4].  Unregulated and indiscriminate use of 
broad-spectrum antibiotics, in hospitals contributes 
significantly to the prevalence rates of nosocomial 
infections [6]. The dominance of bacteria in 
nosocomial infections is of significant concern due to 
their propensity to cause infections independently or 
collectively, compounding the challenges associated 
infection control particularly, antimicrobial resistance 
[4]. The varied spectrum of bacterial pathogens 
involved in nosocomial infection complicates 
chemotherapy. This is because, it is more difficult to 
treat infection caused by a single pathogen than 
multiple microorganisms based on the diverse 
sources and modes of transmission of the later within 
healthcare settings [11]. This occurrence demands 
rigorous infection control protocols and targeted 
antimicrobial stewardship initiatives [11]. 
Moreover, the overuse or unrecommended use of 
antibiotics particularly the broad-spectrum ones 
increase the potential of the emergence of antibiotic-
resistant traits among microorganisms, creating a 
formidable challenge in managing nosocomial 
infections [13]. Discouraging overreliance on broad-
spectrum antibiotics and adopting more judicious 
chemotherapy that is recommended is key in curbing 
the escalating rates of antibiotic resistance and, 
consequently, nosocomial infections [14][15]. 

Further, a collaborative effort which is aimed at 
refining antibiotic prescribing practices will mitigate 
the impact of nosocomial pathogens and safeguard 
patient well-being within healthcare environments 
[16][17]. 
Klebsiella is of the order Klebsiellae, a member of 
the family Enterobacteriaceae [18]. Klebsiella 
pneumoniae is a Gram-negative bacillus which 
normally exists as normal flora in the intestine but 
when they are introduced into the urinary tract and 
bile duct through the use of contaminated medical 
equipment during surgical operations or through the 
use of indwelling catheters, mechanical ventilators 
and complemented by sophisticated virulence factors 
[19]. Some of these factors include Pili, Capsular 
Polysaccharide, Serum Resistance, Siderophores, and 
Lipopolysaccharide. Nosocomial transmission of 
Klebsiella pneumoniae, particularly antibiotic-
resistant strains, is a significant concern in healthcare 
settings. Hospitals provide an environment where 
pathogens like Klebsiella pneumoniae can survive 
and spread [20]. Fomites, which are inanimate 
objects like medical equipment, bed linens, door 
handles, and other surfaces, can become 
contaminated with Klebsiella pneumoniae [21]. 
Nosocomial pathogens including Klebsiella 
pneumoniae can persist on surfaces for extended 
periods, contributing to transmission. Klebsiella 
pneumoniae can colonize the gastrointestinal tract 
and respiratory tract of patients asymptomatically 
[22]. Colonized patients can serve as reservoirs for 
the bacteria, facilitating its spread within healthcare 
settings [23]. When patients become infected, 
Klebsiella pneumoniae can cause a range of 
healthcare-associated infections, including urinary 
tract infections, bloodstream infections, pneumonia, 
and surgical site infections [21]. When Klebsiella 
pneumoniae gains access to the body it adheres and 
colonise the cell with the help of its Pilli [24]. The 
proliferation of the pathogen leads to the overriding 
of body immune response which subsequently results 
to the proliferation of the organisms and translocate 
to other parts of the human system most notably, the 
urinary tract.   
Klebsiella species are almost as ubiquitous as E. coli 
in nature and are readily isolated from sewage, soil 
and surface water [25]. Klebsiella can also be found 
in the mucosal surfaces of mammals such as humans. 
Globally, over 9% of all HAI are caused by 
Klebsiella pneumoniae [26]. This ranks Klebsiella 
pneumoniae as the 8th most significant pathogen in 
healthcare settings [27]. Transmission of Klebsiella 
pneumoniae within hospitals can occur through 
various routes. Direct contact with contaminated 
surfaces or healthcare workers' hands is a common 
mode of transmission [28]. Indirect transmission via 
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airborne particles or aerosols generated during 
medical procedures can also contribute to the spread 
of the bacteria [29]. Additionally, contaminated 
medical devices or equipment, such as urinary 
catheters, ventilators, or endoscopes, can serve as 
vehicles for transmission if not adequately cleaned 
and disinfected [30]. 
Hospitalized patients, especially those in intensive 
care units (ICUs) or with underlying health 
conditions, are particularly vulnerable to nosocomial 
infections [31]. Factors such as compromised 
immune systems, invasive medical procedures, 
prolonged hospital stays, and the use of medical 
devices like urinary catheters or ventilators increase 
the risk of acquiring Klebsiella pneumoniae [32]. 
Neonates are most at risk of Klebsiella pneumoniae 
infection owing to their immature body physiology 
[33]. More than 1.5 million neonatal deaths resulting 
from sepsis caused by Klebsiella pneumoniae are 
recorded annually in developing countries [34]. Also, 
immunocompromised individuals and the elderly are 
also at risk due to the increased hospital admission 
rates [35]. The global prevalence of Klebsiella 
pneumoniae demonstrates an alarming rise, with a 
retrospective study spanning 2008 to 2018 revealing 
an escalation from 2.5% to 15.8% in Carbapenem-
Resistant Klebsiella pneumoniae cases, notably 
affecting hospitalized ICU patients and individuals 
aged 60 years or older [36]. The prevalence of 
Klebsiella pneumoniae (K. pneumoniae) in various 
regions of Nigeria has been extensively studied. In 
South West Nigeria, Lagos State showed the highest 
prevalence at 45.7% (32/70), followed by Oyo State 
at 35.7% (25/70), with Ekiti State exhibiting the 
lowest at 22.9% (16/70) [37]. In a study at Barau 
Dikko Teaching Hospital, Kaduna, focused on 
women with UTIs during antenatal care, Klebsiella 
pneumoniae accounted for 7.39% (17/230) of cases 
in Kaduna [38]. Another investigation in Lagos 
across four medical centers in 2014 identified 
Klebsiella pneumoniae in 43 patients, representing 
34% of the cases [39]. These findings collectively 
indicate varied prevalence rates of Klebsiella 
pneumoniae across different regions and medical 
settings within Nigeria, emphasizing its significance 
as a causative agent in urinary tract infections and 
underscoring the importance of regional 
epidemiological studies for a comprehensive 
understanding of its prevalence and distribution 
patterns.  
The khe gene, found in certain strains of Klebsiella 
pneumoniae, encodes a hypervirulence factor known 
as the Khe hemolysin which enhances pathogenesis 
[40]. Hemolysins are proteins produced by bacteria 
that have the capability to lyse (rupture) red blood 
cells, which can play a significant role in the 

pathogenesis of various infections [41]. The khe gene 
belongs to a family of pore-forming toxins that can 
cause damage to host tissues and contribute to the 
severity of infections [40]. The khe hemolysin aids 
the bacteria in evading the host immune response, 
facilitating tissue invasion and dissemination [41]. 
The khe hemolysin, specifically, has been implicated 
in the virulence of Klebsiella pneumoniae [42]. 
Studies have shown that strains of Klebsiella 
pneumoniae carrying the khe gene exhibit enhanced 
hemolytic activity, which correlates with increased 
virulence in various infection models [43]. 
Furthermore, the expression of the khe hemolysin has 
been associated with the ability of Klebsiella 
pneumoniae to cause severe clinical manifestations, 
including urinary tract infections (UTIs), pneumonia, 
and bloodstream infections [44]. The hemolytic 
activity of khe gene can induce tissue damage, 
facilitating bacterial invasion of the urinary tract [45]. 
Additionally, khe ability to trigger an inflammatory 
response through cell lysis and release of 
inflammatory mediators contributes to UTI 
symptoms such as pain, inflammation, and tissue 
damage [44]. Furthermore, khe may aid in immune 
evasion by disrupting immune cells and functions, 
facilitating bacterial persistence and recurrence of 
UTIs [45]. Moreover, there is emerging evidence 
suggesting a role for khe in biofilm formation, a 
critical virulence factor in UTIs, which can protect 
bacteria from host defenses and antimicrobial agents, 
leading to persistent infections [46].  
The increased frequency of Klebsiella pneumonia 
isolates from reoccurring cases of urinary tract 
infection (UTI) and the emergence and spread of 
antibiotic-resistant strains of K. pneumoniae, 
including those producing extended-spectrum beta-
lactamases (ESBLs) has instigated the need to study 
its trends particularly regarding its antimicrobial 
resistance pattern. Also, the socioeconomic burden of 
nosocomial infection to public health cannot be 
overemphasized in terms of its pressure on lean 
hospital resources necessitated by prolonged stay in 
hospital as well as money spent in managing 
unforeseen extended hospital attention [9]. Hence, 
this research set out to investigate the 
epidemiological isolation of Klebsiella pneumoniae 
among hospitalized and non-hospitalized patients and 
establish the antibiogram associated with the isolates. 
Also, this essay shall employ molecular procedure 
using Polymerase Chain Reaction (PCR) to 
characterize culturally and biochemically identified 
isolates according to virulence.  
 
2.         Materials and Methods 
2.1 Study Area 
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The experimental research was conducted in Wukari, 
Taraba State, Nigeria. Wukari is the administrative 
hub of Wukari Local Government Area (LGA). The 
predominant languages spoken in Wukari are Jukun, 
Hausa, and English, while common occupations 
include farming, trading, artisanal work, civil service, 
business, and fishing. Wukari shares its borders with 
neighboring towns, including Takum to the northeast, 
Bali to the northwest, Donga to the southwest, and Ibi 
to the southeast. Key institutions within Wukari 
include the Federal University Wukari, pivotal in 
advancing tertiary education and fostering intellectual 
development, the Wukari General Hospital, a 
cornerstone of healthcare provision in the region, and 
the Wukari Local Government Secretariat, the 
administrative nucleus overseeing governance and 
service delivery. Additionally, the Wukari Main 
Market stands as a bustling center of commerce, 
facilitating trade among its predominantly trader and 
farmer populace. 
 
2 Methods 
2.2.1 Study design 
The study, conducted in Wukari, Taraba State, 
Nigeria, involved 40 patients (20 hospitalized, 20 
non-hospitalized) aged 10-42 receiving treatment in a 
hospital. Informed consent and ethical approval were 
obtained. Urine samples were collected in sterile 
containers, and swabs from doorknobs; negative 
controls were collected. Samples were transported 
with boric acid for preservation. Urine samples were 
streaked on MacConkey agar, swabs vortexed and 
plated; suspected Klebsiella pneumoniae colonies 
sub-cultured and analyzed. Antimicrobial sensitivity 
was tested using the agar-disc diffusion method. PCR 
was employed for molecular identification of the khe 
gene from isolates, confirming sizes via gel 
electrophoresis. 

2.2.2 Study population 
The study population consisted of patients in Wukari, 
Taraba State, Nigeria, who were receiving treatment 
in a hospital. Specifically, the study included both 
hospitalized and non-hospitalized patients within the 
ages of 10 to 42. The patients were actively receiving 
treatment, indicating that they were likely diagnosed 
with some form of illness or medical condition 
requiring medical attention. The study aimed to 
investigate potential nosocomial transmission routes 
of Klebsiella pneumoniae within healthcare settings, 
suggesting that the focus was on patients within 
hospital environments. Additionally, samples were 
collected from doorknobs in patient wards, further 
indicating the hospital setting of the study population 
 
 

2.2.3 Sample size 
The sample size for this study comprises 40 
participants, including 20 hospitalized and 20 non-
hospitalized patients. 
 
2.2.4 Ethical clearance and considerations 
Approval was sought from the Research Ethics 
Committee of the Department of Microbiology, 
Federal University Wukari. The research adhered 
strictly to ethical guidelines and regulations 
governing human subject research and sample 
acquisition. Patient and hospital data linked to the 
samples were anonymized to ensure confidentiality. 
 
2.2.5 Inclusion criteria 
The inclusion criteria for the study encompassed 
patients aged between 10 to 42 years old who were 
either hospitalized or receiving treatment outside 
hospital settings in Wukari. Patients who were not 
actively undergoing treatment at the time of the study 
and those who did not give consent to participate in 
the study were excluded. 
 
2.2.6 Samples Collection and Transportation 
Sterile universal containers were used to collect early 
morning mid-stream urine samples from study 
participants. Some of the urine samples were clear 
while some were cloudy (not clear). Samples were 
labelled appropriately with patient’s data. One gram 
of boric acid powder was added to each urine sample 
container and were immediately transported to the 
laboratory. This was done in order to preserve the 
microbiological standard of the specimen and 
prevents overgrowth during transportation to the 
laboratory. Furthermore, sterile swabs moistened 
with Amies transport media were used to collect 
samples from doorknobs in patient wards. Negative 
control samples were collected from areas such as 
storage rooms with no patient contact or minimal 
human activity to assess background contamination. 
This is to further validate the investigation of 
potential nosocomial transmission routes of 
Klebsiella pneumoniae within healthcare settings. 
 
2.2.7 Storage and Stability 
Samples and reagents were stored and handled 
meticulously to maintain integrity and efficacy. Urine 
samples were preserved with boric, while swab 
samples were stored in buffer solutions. All 
specimens were promptly transported to the 
laboratory under suitable conditions to prevent 
degradation. Reagents were stored according to 
manufacturer guidelines to ensure stability. Quality 
control measures were implemented to monitor 
reagent effectiveness. Overall, stringent protocols 
were followed to ensure accurate results. 
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2.3 Laboratory Analysis  
2.3.1. Isolation of Klebsiella pneumoniae 
Using streak plate technique, a sterilized wire loop 
was used to collect a loop-full of urine sample and 
was applied to a small area of already prepared plates 
of MacConkey agar following the standard procedure 
of [47] and incubated at 37°C for 24 hours. Also, 
swabs were placed in tubes containing appropriate 
buffer solutions and vortexed to ensure 
homogenization of collected microbial contaminants. 
Serial dilutions of sample suspensions were prepared, 
and aliquots were plated in MacConkey agar. 
Inoculated plates were incubated aerobically at 37°C 
for 24-48 hours to allow for the growth of Klebsiella 
pneumoniae colonies. All suspected growth, which 
appeared pinkish in colour and mucoid on the line of 
streaking were picked and were sub-cultured into 
MacConkey agar plates and incubated for 24 hours at 
37°C in order to get discrete colonies of isolates 
which were further subjected to Gram staining, 
biochemical analysis, gene amplification and 
antimicrobial susceptibility testing. Reference strain 
of Klebsiella pneumoniae ATCC 700603, was used 
as quality control and validate assay performance.  
 
2.3.2. Antibiotic sensitivity test 
Antibiotics sensitivity of Klebsiella pneumoniae to 
streptomycin 30µg, Gentamycin 30µg, Ciprofloxacin 
30µg, Nalidixic acid 30µg, pefloxacin 30µg, 
ampicillin 30µg, Augmentin 30µg, Amoxicillin 
30µg, Ofloxacin 30µg and Cephalexin 30µg was 
carried out using agar-disc diffusion method as 
described by Bauer and Kirby [48] A sterile cotton 
wool was used to collect pure isolates of Klebsiella 
pneumoniae mixed in peptone water and spread on 
the surface of the nutrient agar. Using a sterile 
forceps, the antibiotics sensitivity discs were placed 
on the surfaces of the nutrient agar in such a way that 
it did not touch the edges of the plate. This was done 
close to a bursen burner flame in order to avoid 
contamination. The forceps were sterilized by 

flaming and when cool, were used to press the disc 
tightly down so that they would be in contact with the 
nutrient agar plates. The lids were used to cover the 
plates and were labelled. The plates were inverted 
and incubated overnight at 37°C. Klebsiella 
pneumoniae strains that 
were sensitive to the antibiotics were inhibited at a 
large distance from the discs, while those strains that 
were resistant to the antibiotics had no zone of 
inhibition, they grew to the edges of the discs or they 
had a very small zone of inhibition. This procedure 
was performed multiple times on each isolate to 
ensure the reliability of results, assess statistical 
significance, identify potential sources of variability, 
validate findings, and address outliers. 
 
2.3.3. Molecular identification of the khe gene 
Polymerase Chain Reaction was used to detect the 
khe hemolysin gene. The DNA of culturally and 
biochemical confirmed Klebsiella pneumoniae 
isolates was extracted by boiling method. The PCR 
procedure was carried out with mixture of reagents 
consisting of sterile distilled water, GoTaq PCR 
reaction buffer, GoTaq DNA polymerase, 1 μl DNA 
template, 0.2 mM PCR nucleotide mix, and 0.5 μl 
each of forward and reverse DNA primers shown in 
Table 1, giving a final volume of 50 μl. Specific 
primers selected to target 428 bp segment of the khe 
invasive gene of Klebsiella pneumoniae are shown in 
Table 1. Amplicons were subjected to electrophoresis 
to confirm amplicon sizes using 1% agarose gel 
prepared with tris-borate-
ethylenediaminetetraaceticacid (TBE). Size of 
amplicons were determined with the aid of a 100 bp 
marker. 
 
2.4 Statistical Analysis 
Data was analyzed using Microsoft Excel.  
 
 
 

 
Table 1: Primer set for khe gene 

Target 
gene 

Primer sequence Amplicon size Reference 

Khe fw (5’-TGATTGCATTCGCCACTGG-3’) 

rev (5’-GGTCAACCCAACGATCCTG-3’) 

428bp [49] 

           
3.0   Results and Discussion 
3.1 Results  
3.1.1 Prevalence of Klebsiella pneumonia 
No isolate of Klebsiella pneumoniae was identified in 
any of the 20 non-hospitalized patients' urine samples 

(Table 2). However, 5 of the 20 hospitalised patent’s 
urine sample were positive for Klebsiella 
pneumoniae. A total of 2 of the male patients' urine 
samples had Klebsiella pneumoniae while 3 of the 
female patients' urine sample (Table 2). Out of the 10 
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hospitalized male patients' urine samples examined in 
this current study, Klebsiella pneumoniae contributed 
a percentage of 20% and out of the 10 hospitalized 
female patients' urine samples examined, Klebsiella 
pneumoniae contributed 30%, which means that 
Klebsiella pneumoniae occurred more in the female 
urine samples. Furthermore, analysis of the various 
groups in the table shows that between the ages of 
10-20 in the hospitalized male and female patients' 
urine samples, Klebsiella pneumoniae contributed no 
percentage. While between the ages of 21-31 in the 

hospitalized male and female patients' urine samples 
examined, Klebsiella pneumoniae contributed 17% 
and 20% respectively. Also, between the ages of 32-
42 in the hospitalized male and female patients' urine 
samples examined, Klebsiella pneumoniae 
contributed 33% and 50% respectively. This indicates 
that Klebsiella pneumonia is more prevalent in older 
patients than the younger ones, owing to more time 
spent in emergency and intensive care units. Also, 
Klebsiella pneumoniae was isolated from samples 
obtained from doorknobs in patient wards. 

 
Table 2: Age Group and Sex of participants Examined for the Presence of Klebsiella pneumoniae 

 Hospitalised patients Non-Hospitalised patients Total 

AGE GROUPS 10 -20 21-31 32-42 10 -20 21-31 32-42  

Sex M F M F M F M F M F M F 

Samples Examined   1 1 6 5 3 4 3 2 3 5 2 5 40 

Positive Sample  0 0 1 1 1 2 0 0 0 0 0 0 5 

Positive % 0 0 17 20 33 50 0 0 0 0 0 0 12.5 

Key: M: Male, F: Female 
 

3.1.2. Microbial features of Isolate 
Klebsiella pneumoniae isolate from this study 
exhibited distinct morphological characteristics, 
appearing pinkish and mucoid. Biochemical tests 
indicated positive results for urease, methyl red, 
lactose fermentation, sucrose fermentation, and 
glucose fermentation, while catalase activity was 

absent and does not produce indole. Additionally, 
motility and gas production were observed. Gram 
staining revealed the isolate to be a negative rod. 
These findings collectively confirm the identity of the 
isolate as Klebsiella pneumoniae based on its 
morphological, biochemical, and Gram stain 
characteristics.

 

Table 3: Features of isolates of Klebsiella pneumoniae 

Isolate 

 

Morphological 

Characteristic 

Biochemical test Gram 

stain CAT URE MR LAC SUC GLU IND GAS 

Klebsiella 

pneumoniae 

Pinkish and 

mucoid 

appearance 

  -   +  +   +   +  +   -   + Negative 

rod 

Key: +: Positive, -: Negative, CAT: Catalase, URE: Urease, MAL: Maltose, LAC: Lactose, SUC: Sucrose, 
GLU: Glucose, IND: Indole, GAS: Gas production.

 
3.1.3 Antibiogram of Klebsiella pneumoniae 
isolates 
The antibiotic sensitivity test revealed that all the 
presumed 5 isolates of Klebsiella pneumoniae were 

sensitive to streptomycin, gentamycin, ciprofloxacin, 
nalidixic acid and pefloxacin, and resistant to 
ampicillin, Augmentin and amoxicillin (Table 4). 
Two (2) isolates were sensitive to ofloxacin and 
cephalexin.
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Table 4: Antibiogram of Klebsiella pneumoniae isolates 
  

 
Antibiotics 30µg 

Klebsiella pnuemoniae isolates 
           A                              B                               C                              D                              E 

Streptomycin + + + + + 
Gentamycin + + + + + 
Ampicillin _ _ _ _ _ 
Augmentin _ _ _ _ _ 
Amoxicillin _ _ _ _ _ 
Ciprofloxacin + + + + + 
Nalidixic Acid + + + + + 
Pefloxacin + + + + + 
Cephalexin _ _ + _ + 
Ofloxacin + _ _ + _ 

Key: +: Positive, -: Negative, A-E: Isolates of Proteus mirabilis 
 
3.1.4 Molecular identification of khe gene 
Molecular analysis as shown in fig 1 indicates that all 
5 isolates of Proteus mirabilis possess the haemolytic 
khe gene (Fig 1). t indicates that the molecular 
analysis demonstrates the presence of the haemolytic 
khe gene in all five isolates. This finding suggests a 
shared genetic characteristic among the isolates, 
specifically  
 
 

 
regarding the presence of the khe gene associated 
with hemolysis. 
 
 
 
 
 
 

 
Figure 1: Agarose gel electrophoresis showing PCR amplification products of 428 bp khe gene in Klebsiella 

pneumoniae isolates. 
Lane M: 100 bp marker, Lane N: Negative control, Lane 1-5: amplicons 

 
3.2    Discussion of Results 
The simultaneous presence of Klebsiella pneumoniae 
in hospitalised patient’s samples and hospital 
environment samples suggests a potential link 
between patient colonization or infection and 
environmental contamination. Hospitalised patients 
may serve as reservoirs for the pathogen, shedding it 
into their surroundings and contributing to the 
persistence of the organism within the healthcare 
environment. This finding indicates that hospitalised 
patients stand more chance of contracting urinary 
tract infection caused by Klebsiella pneumoniae than 
outpatients. Hence, Klebsiella pneumoniae is a HAI. 

This agrees with [50] who discovered that following 
admission in the intensive care units (ICU) in 
hospital, there was an increased possibility of the 
colonization rates of resistant strains of Klebsiella 
pneumoniae among individuals especially those 
receiving broad-spectrum antibiotics. UTI may be 
persistent among out patients but Klebsiella is rarely 
isolated from UTI cases among healthy persons [51]. 
This explains the unique susceptibility of individuals 
within hospital settings to Klebsiella pneumoniae 
[52], a concerning trend that necessitates stringent 
infection control measures and judicious antibiotic 
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practices to mitigate the risk of hospital-acquired 
infections [53].  
Findings from this study raises important 
implications regarding infection control and the 
spread of nosocomial infections within healthcare 
facilities. Firstly, the presence of Klebsiella 
pneumoniae in patient urine samples suggests a 
potential urinary tract infection (UTI). Secondly, the 
detection of Klebsiella pneumoniae on doorknobs in 
patient wards indicates environmental contamination 
within the hospital setting. Besides, Bedside 
furniture, bed railings, catheters, and other patient 
care equipment, can also harbour Klebsiella 
pneumoniae [21]. These fomites can also become 
contaminated with Klebsiella pneumoniae through 
direct contact with infected patients, and 
contaminated hands of healthcare workers [28], [29], 
[30]. Nonetheless, regular cleaning and disinfection 
of bedside furniture and bed railings are essential to 
minimize the risk of transmission to patients and 
healthcare workers [54]. Also, improper insertion, 
maintenance, or removal of catheters can introduce 
Klebsiella pneumoniae into the urinary tract, 
bloodstream, or other body sites, leading to infections 
[55]. If a patient is infected with Klebsiella 
pneumoniae, there is a risk of transmission to other 
patients or medical personnels [28]. This is possible 
when patients in healthcare facilities come in contact 
with one another through various interactions such as 
sharing rooms, communal areas, or during medical 
procedures [29]. Consequently, efforts to prevent and 
control nosocomial infections must capture both 
patient-centred interventions, such as hand hygiene, 
antimicrobial stewardship and infection prevention 
measures, as well as vigilant surveillance to prevent 
the escalation and spread of nosocomial pathogens 
[56].  
The higher occurrence of Klebsiella pneumoniae in 
female urine samples compared to male urine 
samples in this study raises important considerations 
regarding gender-specific factors influencing 
susceptibility to urinary tract infections (UTIs) 
caused by this pathogen. While both male and female 
patients are susceptible to UTIs, there are several 
anatomical and physiological differences between the 
sexes which contributes to variations in infection 
rates. One key factor is the anatomical difference in 
the length of the urethra between males and females. 
Females typically have shorter urethras than males, 
which facilitates the ascent of bacteria into the 
bladder and increase the risk of urinary tract 
infections (UTIs) [57]. Additionally, the proximity of 
the female urethra to the anus increases the likelihood 
of fecal contamination, further predisposing women 
more to UTIs [57]. Furthermore, hormonal influences 
may also play a role in gender-based differences in 

infection rates. Estrogen, a hormone predominantly 
present in females, can influence the composition of 
the vaginal microbiota and the integrity of the 
urogenital epithelium [58]. Fluctuations in estrogen 
levels throughout the menstrual cycle affects the 
susceptibility of women to UTIs. Decreased estrogen 
levels during menopause can lead to changes in the 
vaginal environment, making women more prone to 
bacterial colonization and subsequent infection [59]. 
Furthermore, factors such as urinary catheterization 
can also predispose women to UTIs. About 40% of 
all infections that develop in hospitalized patients are 
in the urinary tract [60]. Hospitalized patients who 
are usually at higher risk of UTIs are those with 
indwelling urinary catheters and patients undergoing 
major surgical procedure [60]. The presence of 
urinary catheters creates a direct pathway for 
bacterial colonization, increasing the likelihood of 
infection [23]. Urinary catheterization, which is more 
commonly performed among female patients due to 
anatomical reasons, is a significant risk factor for 
healthcare-associated UTIs [61]. On the other hand, 
while male urethras are longer, they are not immune 
to UTIs [62]. Conditions such as benign prostatic 
hyperplasia (BPH) or urethral strictures can impede 
urinary flow and increase the risk of bacterial 
colonization and infection [63]. However, these 
conditions may not be as frequently encountered as 
the aforementioned risk factors in females. 
Importantly, an abrupt rise in the frequency of sexual 
activity among women increases the likelihood of 
UTIs, particularly in those employing a diaphragm as 
a contraceptive method [64]. When the diaphragm is 
incorrectly positioned, intensified sexual activity can 
cause physical irritation near the bladder, creating 
vulnerable sites for uropathogenic infiltration [65]. 
Moreover, this increased sexual activity can disrupt 
the natural microbial balance in the urogenital area 
[66]. Consistent use of spermicides contributes 
significantly to the prevalence of UTIs among 
women [67]. Spermicidal products, often contains 
chemicals like nonoxynol-9, which immobilize 
sperm, yet inadvertently disrupts the natural balance 
of bacteria in the vaginal and urinary tracts [68] [69]. 
This compromise of the body's immunological 
mechanisms, allowing for opportunistic infections 
caused by ubiquitous uropathogens such as Klebsiella 
pneumoniae and Escherichia coli [70]. Moreover, 
variations in healthcare-seeking behaviors between 
males and females significantly contributes to 
differences in infection rates. Women are observed to 
seek medical care more frequently than men, 
particularly for conditions such as UTIs [71]. This 
leads to an increased opportunities for urine sample 
collection, testing, and treatment. Social and cultural 
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factors have been argued to influence gender 
disparities in healthcare seeking behaviour [72]. 
The observed trend of higher prevalence of Klebsiella 
pneumoniae in older patients, as indicated by the 
increasing percentages of positive urine samples 
across age groups, suggests several potential 
explanations related to healthcare exposure and 
physiological factors associated with aging. Firstly, 
older patients have more frequent and prolonged 
interactions with healthcare settings, including 
emergency and intensive care units, due to age-
related health conditions or comorbidities [73]. 
Prolonged hospital stays and exposure to invasive 
medical procedures, such as urinary catheterization or 
mechanical ventilation, increases the risk of acquiring 
nosocomial infections like UTIs [32]. Additionally, 
older adults may have compromised immune 
function or underlying medical conditions that 
predispose them to infections, making them more 
susceptible to colonization and infection by 
opportunistic pathogens [35]. Patients undergoing 
major surgeries often experience compromised 
immune systems and physiological stress, rendering 
them more vulnerable to bacterial infiltration [74]. 
Immunocompromised patients with other underlying 
conditions such as Tuberculosis, Diabetes and 
Acquired Immunodeficiency Syndrome (AIDS) who 
stay long in the hospital are usually predisposed to 
infections in their urinary tract [31]. Their weakened 
immune responses, diminishes their ability to combat 
bacterial infections effectively prompting longer 
hospital stay [75],[76]. Prolonged hospitalization 
exacerbates these risks, as it increases the exposure to 
nosocomial pathogens, necessitating tailored care and 
vigilant monitoring to prevent and manage infections 
including UTIs among these vulnerable populations 
[31]. The need for a policy review on hygiene and 
ascetic protocols in hospitals using evidenced based 
guidelines is crucial. Routine training for health 
workers is critical in the enforcement and adherence 
of hygienic and ascetic protocols [11]. Furthermore, 
physiological changes associated with aging, such as 
decreased bladder function, urinary retention, or 
alterations in the urinary microbiota, contributes to an 
increased susceptibility to UTIs in older patients [77]. 
These age-related changes disrupt the natural defence 
mechanisms of the urinary tract, allowing for the 
proliferation of uropathogenic bacteria [78]. The 
elderly have reduced immunological response 
capacity with even more challenging factor of 
antimicrobial resistance stemming from prolong use 
of antimicrobials over the years [79]. Hence, 
alternative treatment regimen should be prioritized 
for the elderly using antimicrobials from plant origin 
or even a combination of both antibiotics and 
antimicrobials of plant extracts [79]. 

The antimicrobial susceptibility in this study revealed 
important insights into the resistance profiles of the 
Klebsiella pneumoniae isolates and the effectiveness 
of various antibiotics tested against the pathogen. The 
resistance of all five isolates to ampicillin, 
amoxicillin, and augmentin emphasizes the 
prevalence of beta-lactamase-mediated resistance 
mechanisms among isolates, which render these 
antibiotics ineffective against the bacteria by 
hydrolysing the beta-lactam of these drugs [80]. This 
expresses specific challenge in treating infections 
caused by multidrug-resistant strains of Klebsiella 
pneumoniae, particularly in healthcare settings where 
antibiotic selection pressure is high. Extensive and 
unregulated use of antibiotics has repeatedly been 
blamed for this trend.  Frequent antibiotic usage can 
disrupt the balance of bacteria in the body, 
eliminating both beneficial and harmful microbes 
[13]. This imbalance can lead to the overgrowth of 
pathogenic bacteria like Escherichia coli and 
Klebsiella pneumoniae, potentially causing infections 
and other health complications [80]. Consequently, 
the colonization of body sites, including the urinary 
tract, by uropathogens, poses a challenge for 
chemotherapy due to acquired antibiotic resistance. 
Therefore, judicious use of antibiotic is critical in 
preserving the host’s defensive endogenic 
mechanisms preventing rapid microbial growth in the 
host. Conversely, the sensitivity of the isolates to 
streptomycin, gentamicin, ciprofloxacin, nalidixic 
acid, and pefloxacin indicates the potential efficacy 
of these antibiotics in treating Klebsiella pneumoniae 
infections. Streptomycin and gentamicin belong to 
the aminoglycoside class of antibiotics, which inhibit 
bacterial protein synthesis and are often used as 
second-line agents for treating Gram-negative 
infections. This corroborates the findings of [81], that 
the amino glycosides bind to the 30s ribosomal 
subunits of Klebsiella pneumoniae thereby inhibiting 
protein synthesis and the growth of the pathogen. The 
sensitivity of the isolates to ciprofloxacin, nalidixic 
acid, and pefloxacin, which are fluoroquinolone 
antibiotics, suggests the efficacy of this class of 
antibiotics in treating Klebsiella pneumoniae 
infections, particularly in cases of beta-lactam 
resistance. This finding is in accordance with earlier 
reports by [82, 83] that the effectiveness of 
fluoroquinolones against Klebsiella pneumoniae is 
due to their ability to inhibit the action of DNA 
gyrase enzyme, thereby inhibiting DNA replication 
and consequently the growth of the pathogen. The 
sensitivity of some isolates of Klebsiella pneumoniae 
to cephalexin and ofloxacin provides additional 
options for antibiotic therapy in cases where other 
commonly used antibiotics are ineffective due to 
resistance. Cephalexin is a first-generation 
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cephalosporin antibiotic that works by disrupting 
bacterial cell wall synthesis [82]. Ofloxacin, on the 
other hand, is a fluoroquinolone antibiotic similar to 
ciprofloxacin and pefloxacin, which inhibit bacterial 
DNA replication and transcription [82]. Some 
isolates' sensitivity to cephalexin suggests an absence 
of resistance mechanisms seen in beta-lactam 
antibiotics like ampicillin and amoxicillin. Thus, 
cephalexin could be considered for treating infections 
caused by Klebsiella pneumoniae isolates resistant to 
beta-lactam antibiotics. Similarly, the sensitivity of 
some isolates to ofloxacin provides an alternative 
fluoroquinolone option for treatment. Ofloxacin, like 
other fluoroquinolones, is effective against a broad 
spectrum of bacteria, including Gram-negative 
pathogens like Klebsiella pneumoniae [82]. However, 
as with all fluoroquinolones, the emergence of 
resistance is a concern, and appropriate use and 
monitoring are essential to prevent its development 
[82]. Hence, antibiotic selection should be guided by 
antimicrobial susceptibility testing results, patient 
factors, and local resistance patterns to ensure the 
most effective and appropriate therapy while 
minimizing the risk of resistance development.  
As seen in this current study, the khe gene was 
isolated from HAI samples of patients who are 
already undergoing prolong antibiotic therapy. This 
finding is closely related with findings of [83] who 
discovered the khe invasive gene in more than 50% 
of samples analysed. The khe gene is considered a 
significant virulence component of Klebsiella 
pneumonia, aiding its manoeuvring of the host’s 
immune structure [84]. It induces a major red blood 
cell breakdown, causing rapid infection in the human 
system [85]. This process defies the human immune 
response and may necessitate unnecessary 
chemotherapeutic regimens [86]. According to [84] 
khe gene is often associated with multidrug resistant 
Klebsiella pneumoniae isolates. This rapid invasion 
of the host immune system, by the pathogenic 
organisms harbouring the khe gene poses a serious 
challenge of antimicrobial resistance to conventional 
antibiotics, limiting the efficacy of standard 
treatments [85]. This outcome does not only intensify 
the sophistication of the pathogenetic mechanism of 
the pathogen and severity of clinical manifestations, 
but also complicates its management within 
healthcare environments where the pathogen 
dominates. This is because, rapid invasion of the 
immune system and subsequent reproduction of the 
pathogen requires prolonged antibiotic use leading to 
antimicrobial resistance. Another concern is the 

ability of Klebsiella pneumoniae harbouring the khe 
gene to transfer it to other strains via bacterial 
conjugation, a process enabling the exchange of 
genetic material between bacteria [86]. This 
facilitates the spread of virulence traits to other 
members of the human microbiome. This outcome 
necessitates the intensification of existing policies on 
infection control, surveillance, and the development 
of alternative treatment options to combat these 
virulent strains effectively [87].  
Despite the valuable insights provided by this study, 
several limitations warrant consideration. These 
include the relatively small sample size, and the focus 
on a single geographic location. Future research 
endeavours should aim to address these limitations by 
conducting larger-scale epidemiological studies 
encompassing diverse patient populations and 
geographic regions. Expanding the sample size would 
allow for more robust statistical analysis and 
generalizability of findings. Moreover, broadening 
the geographic scope of studies can reveal regional 
variations in Klebsiella pneumoniae epidemiology 
and antimicrobial resistance patterns, informing 
tailored approaches to infection control and 
antimicrobial stewardship. 
 

4. Conclusion 
The study has shown that Klebsiella pneumoniae was 
isolated only from the urine samples of hospitalized 
patients, and on fomites in the hospital environment. 
This indicates that Klebsiella pneumoniae causes 
urinary tract infection in hospitalized patients. Hence, 
patients infected with Klebsiella pneumoniae should 
be quarantined, otherwise, they remain a transmitter 
of the pathogen to other patients who they share 
communal ward with. Apart from improved sanitary 
protocols, strict adherence to protocols for catheter 
insertion and care should be encouraged to reduce the 
risk of catheter-associated infections and subsequent 
transmission of pathogens. Also, advocating for a 
coordinated plans and actions aimed at judicious and 
ethical use of antibiotics should be explored to 
restrain the indiscriminate use of antibiotics. The use 
of plant extracts has been very effective in 
compacting infections caused by antimicrobial 
resistance stains of microorganisms. The 
effectiveness of research advancements in policy 
making decisions surrounding the management of 
nosocomial infections cannot be overemphasized. 
This is because, molecular evolution of 
microorganisms is rapid.

Acknowledgement 
We acknowledge the staffs and management of the 
Department of Microbiology, Federal University 

Wukari, their supports during the course of the 
research. 
 



COVENANT JOURNAL OF HEALTH AND LIFE SCIENCES; VOL..2 NO 2, JUNE 2024 
 

5 
 

References 
[1] Onori, R., Gaiarsa, S., Comandatore, F., 
Pongolini, S., Brisse, S., Colombo, A., ... & Toniolo, 
A. (2015). Tracking nosocomial Klebsiella 
pneumoniae infections and outbreaks by whole-
genome analysis: small-scale Italian scenario within a 
single hospital. Journal of clinical 
microbiology, 53(9), 2861-2868. 
[2] Brusaferro, L., Arnoldo, G., Cattani, E., Fabbro, 
B., Cookson, R., Gallagher, M et al. (2015). 
Harmonizing and supporting infection control 
training in Europe. J Hosp Infect, 89(4), 351-356. 
[3] Obiero, W.C., Seale, A.C., & Berkley, J.A. 
(2015). Empiric treatment of neonatal sepsis in 
developing countries. Pediatr Infect Dis J, 34(6), 
659-661. 
[4] Pezhman, B., Fatemeh, R., Amir, R. et al. (2021). 
Nosocomial infections in an Iranian educational 
hospital: an evaluation study of the Iranian 
nosocomial infection surveillance system. BMC 
Infect Dis, 21(1256). 
[5] Murray, R., Rosenthal, K.S., & Pfaller, M.A. 
(2017). Medical microbiology (5th ed.), Mosby Inc, 
Missouri 20(05).  
[6] Abhadionmhen, A.O., Osheku, Z.I., & Okoye, 
C.U. (2023). Bactericidal significance of aqueous 
extracts of Jatropha tanjorensis on Salmonella 
isolates from domestic chicken coops; Ayurveda and 
Universal health coverage. International Journal of 
Multidisciplinary Research Update, 05(01), 001–006. 
[7] WHO. (2015). Urgent action needed to prevent a 
return to pre-antibiotic era: WHO. Geneva. 
[8] WHO. (2016). Preventing bloodstream infections 
from central line venous catheters. Geneva. 
[9] Mo, Y., Low, I., Tambyah, S. K., & Tambyah, P. 
A. (2019). The socio-economic impact of multidrug-
resistant nosocomial infections: a qualitative study. 
Journal of Hospital Infection, 102(4), 454-460. 
[10] Lemiech-Mirowska, E., Kiersnowska, Z. M., 
Michałkiewicz, M., Depta, A., & Marczak, M. 
(2021). Nosocomial infections as one of the most 
important problems of healthcare system. Annals of 
Agricultural and Environmental medicine, 28(3). 
[11] Jayasree, T., & Afzal, M. (2019). 
Implementation of infection control practices to 
manage hospital acquired infections. Journal of Pure 
and Applied Microbiology, 13(1), 591-7. 
[12] Gatermann, S., Fünfstück, R., Handrick, W., 
Leitritz, L., Naber, K., Podbielski, A. et al. (2011). 
Urinary Tract Infections: Quality standards for 
microbiological infections. Urban & Fischer 
München, 8-21.\ 
[13] Ye, C., Li, W., Yang, Y., Liu, Q., Li, S., Zheng, 
P., ... & Ma, Y. (2021). Inappropriate use of 
antibiotics exacerbates inflammation through OMV-

induced pyroptosis in MDR Klebsiella pneumoniae 
infection. Cell Reports, 36(12). 
[14] Manesh, A., & Varghese, G. M. (2021). Rising 
antimicrobial resistance: an evolving epidemic in a 
pandemic. The Lancet Microbe, 2(9), e419-e420. 
[15] Al Rahbi, F., Al Salmi, I., Khamis, F., Al 
Balushi, Z., Pandak, N., Petersen, E., & Hannawi, S. 
(2023). Physicians’ attitudes, knowledge, and 
practices regarding antibiotic prescriptions. Journal 
of Global Antimicrobial Resistance, 32, 58-65. 
[16] Navon-Venezia, S., Kondratyeva, K., & 
Carattoli, A. (2017). Klebsiella pneumoniae: a major 
worldwide source and shuttle for antibiotic 
resistance. FEMS Microbiology Reviews, 41(3), 252–
275. 
[17] Chen, H.Q., Shen, M.Y., Shao, H.W., & Han, 
C.M. (2020). Practice of nosocomial infection 
management in the burn department based on the 
American hospital evaluation standard of the Joint 
Commission International. Chinese journal of burns, 
36(6), 488–492. 
[18] Han, L., Jie, M., Jingyang, S., Zhendong, Q., 
Biao, J., Wei, L., Qing, W., Youlu, S., Li, L., & 
Chun, L. (2023). Identification and Characterization 
of Klebsiella pneumoniae from Farmed American 
Bullfrogs (Rana catesbeiana). Microbiology 
spectrum, 10(6). 
[19] Esposito, E.P., Cervoni, M., Bernardo, M., 
Crivaro, V., Cuccurullo, S., Imperi, F., & Zarrilli, R. 
(2018). Molecular Epidemiology and Virulence 
Profiles of Colistin-Resistant Klebsiella pneumoniae 
Blood Isolates from the Hospital Agency "Ospedale 
dei Colli," Naples, Italy. Front Microbiol, 9(1463). 
[20] Chia, P. Y., Sengupta, S., Kukreja, A., SL 
Ponnampalavanar, S., Ng, O. T., & Marimuthu, K. 
(2020). The role of hospital environment in 
transmissions of multidrug-resistant gram-negative 
organisms. Antimicrobial Resistance & Infection 
Control, 9, 1-11. 
[21] Jaradat, Z. W., Ababneh, Q. O., Sha’aban, S. T., 
Alkofahi, A. A., Assaleh, D., & Al Shara, A. (2020). 
Methicillin resistant Staphylococcus aureus and 
public fomites: a review. Pathogens and Global 
Health, 114(8), 426-450. 
[22] Owen, L., & Laird, K. (2020). The role of 
textiles as fomites in the healthcare environment: a 
review of the infection control risk. PeerJ, 8, e9790.  
[23] Joseph, L., Merciecca, T., Forestier, C., 
Balestrino, D., & Miquel, S. (2021). From Klebsiella 
pneumoniae colonization to dissemination: an 
overview of studies implementing murine models. 
Microorganisms, 9(6), 1282. 
[24] Le, T., Wang, L., Zeng, C., Fu, L., Liu, Z., & 
Hu, J. (2021). Clinical and microbiological 
characteristics of nosocomial, healthcare-associated, 
and community-acquired Klebsiella pneumoniae 



COVENANT JOURNAL OF HEALTH AND LIFE SCIENCES; VOL..2 NO 2, JUNE 2024 
 

6 
 

infections in Guangzhou, China. Antimicrob Resist 
Infect Control, 10(41). 
[25] Jin, Y., Dong, C., Shao, C., Wang, Y., & Liu, Y. 
(2017). Molecular epidemiology of clonally related 
metallo-ß-lactamase-producing Klebsiella 
pneumoniae isolated from newborns in a hospital in 
Shandong, China. Jundishapur J Microbiol, 10(1), 
40-46. 
[26] Marwah, P., Chawla, D., Chander, J., Guglani, 
V., & Marwah, A. (2015). Bacteriological profile of 
neonatal sepsis in a tertiary-care hospital of Northern 
India. Indian Pediatr, 5(2), 158–159. 
[27] Anes, J., Hurley, D., Martins, M., & Fanning, S. 
(2017). Exploring the genome and phenotype of 
multi-drug resistant Klebsiella pneumoniae of clinical 
origin. Front Microbiol, 8(1), 9-13. 
[28] Heireman, L., Hamerlinck, H., Vandendriessche, 
S., Boelens, J., Coorevits, L., De Brabandere, E., ... & 
Leroux-Roels, I. (2020). Toilet drain water as a 
potential source of hospital room-to-room 
transmission of carbapenemase-producing Klebsiella 
pneumoniae. Journal of Hospital Infection, 106(2), 
232-239. 
[29] Fils, P. E. L., Cholley, P., Gbaguidi-Haore, H., 
Hocquet, D., Sauget, M., & Bertrand, X. (2021). 
ESBL-producing Klebsiella pneumoniae in a 
university hospital: molecular features, diffusion of 
epidemic clones and evaluation of cross-
transmission. PLoS One, 16(3), e0247875. 
[30] Onosakponome, E. O., Nyenke, C. U., & 
Okafor, R. A. Health Care Associated Infections. 
[31] Despotovic, A., Milosevic, B., Milosevic, I., 
Mitrovic, N., Cirkovic, A., Jovanovic, S., & 
Stevanovic, G. (2020). Hospital-acquired infections 
in the adult intensive care unit—Epidemiology, 
antimicrobial resistance patterns, and risk factors for 
acquisition and mortality. American journal of 
infection control, 48(10), 1211-1215. 
[32] Chang, D., Sharma, L., Dela Cruz, C. S., & 
Zhang, D. (2021). Clinical epidemiology, risk factors, 
and control strategies of Klebsiella pneumoniae 
infection. Frontiers in microbiology, 12, 750662. 
[33] Jawetz, E., Melnick, J.L., & Adelberg, E.A. 
(2004). Urinary Tract in: Medical Microbiology 
(23rd Edition). McGraw Hill Book Company, New 
York, 754-758. 
[34] Sękowska, A., Gospodarek, E., & Kusza, K. 
(2014). The prevalence of infections and colonisation 
with Klebsiella pneumoniae strains isolated in ICU 
patients. Anaesthesiology Intensive Therapy, 46(4), 
280–283. 
[35] Barwa, J., Obed, R.K., & Bishop, H.G. (2022). 
Prevalence and antibiotic susceptibility profiles of 
Escherichia coli and Klebsiella pneumoniae in urine 
of students of Ahmadu Bello University. Science 
World Journal, 17(1), 134 – 137. 

[36] Hu, Y., Liu, C., Shen, Z., Zhou, H., Cao, J., 
Chen, S., ... & Zhang, R. (2020). Prevalence, risk 
factors and molecular epidemiology of carbapenem-
resistant Klebsiella pneumoniae in patients from 
Zhejiang, China, 2008–2018. Emerging microbes & 
infections, 9(1), 1771-1779. 
[37] Odewale, G., Jibola-Shittu, M. Y., Ojurongbe, 
O., Olowe, R. A., & Olowe, O. A. (2023). Genotypic 
Determination of Extended Spectrum β-Lactamases 
and Carbapenemase Production in Clinical Isolates of 
Klebsiella pneumoniae in Southwest Nigeria. 
Infectious Disease Reports, 15(3), 339-353. 
[38] Abdulfatai, K., Sanusi, S. B., Usman, A., Lawal, 
S. M., & Idris, H. (2023). Prevalence and 
antimicrobial susceptibility pattern of Klebsiella 
pneumoniae and Pseudomonas aeruginosa among 
women with urinary tract infections attending 
antenatal care in Kaduna, Nigeria. Science World 
Journal, 18(1), 114-119. 
[39] Akinyemi, K. O., Abegunrin, R. O., Iwalokun, 
B. A., Fakorede, C. O., Makarewicz, O., Neubauer, 
H., Pletz, M. W., & Wareth, G. (2021). The 
Emergence of Klebsiella pneumoniae with Reduced 
Susceptibility Against Third Generation 
Cephalosporins and Carbapenems in Lagos 
Hospitals, Nigeria. Antibiotics (Basel, Switzerland), 
10(2), 142.  
[40] Yang, J., Li, Y., Tang, N., Li, J., Zhou, J., Lu, S., 
... & Feng, J. (2022). The human gut serves as a 
reservoir of hypervirulent Klebsiella pneumoniae. 
Gut Microbes, 14(1), 2114739. 
[41] Shahid, A., & Rafiq, A. (2021). Effects of 
Staphylococcus aureus hemolysin toxins on blood 
cells and association with skin and soft tissue 
infections. Abasyn Journal of Life Sciences, 4(1), 
152-160. 
[42] Al-Aajem, B. M., Jasim, H. M., & Saleem, A. J. 
Detection of Virulent genes Khe, iuc, rmp, magA in 
Klebsiella pneumoniae Isolated from Urinary Tract 
Infection. 
[43] M. Shafik, S., Abbas, H. A., Yousef, N., & 
Saleh, M. M. (2023). Crippling of Klebsiella 
pneumoniae virulence by metformin, N-
acetylcysteine and secnidazole. BMC microbiology, 
23(1), 229. 
[44] He, M., Li, H., Zhang, Z., Jiang, J., Li, H., Yang, 
W., ... & Wang, F. (2022). Microbiological 
characteristics and pathogenesis of Klebsiella 
pneumoniae isolated from hainan black goat. 
Veterinary sciences, 9(9), 471. 
[45] Cao, Y., Tian, Y., Huang, J., Xu, L., Fan, Z., 
Pan, Z., ... & Ren, F. (2024). Crispr/Cas13-assisted 
carbapenem-resistant Klebsiella pneumoniae 
detection. Journal of Microbiology, Immunology and 
Infection, 57(1), 118-127. 



COVENANT JOURNAL OF HEALTH AND LIFE SCIENCES; VOL..2 NO 2, JUNE 2024 
 

7 
 

[46] Mirzaei, B., Ebrahimi, A., Keshavarzi, S., 
Hydarzadeh, S., Badmasti, F., Dadar, M., & Moradi, 
N. (2023). Antibiotic Susceptibility, Biofilm-Forming 
Ability, and Prevalence of Extended-Spectrum Beta-
Lactamase (ESBL)-and Biofilm-Associated Genes 
Among Klebsiella Pneumoniae Isolates from 
Hospitalized Patients in Northwest of Iran. Current 
Microbiology, 80(5), 175. 
[47] Prasad, M., Shetty, S.K., Nair, B.G., et al. 
(2022). A novel and improved selective media for the 
isolation and enumeration of Klebsiella species. Appl 
Microbiol Biotechnol, 106(8), 8273–8284. 
[48] Bauer, A. W., & Kirby, W. M. M. (1956). 
Antibiotic susceptibility testing by a standardized 
single disk method. American Journal of Clinical 
Pathology, 45(4), 493–496. 
[49] Chen Z, Liu M, Cui Y, Wang L, Zhang Y, Qiu J, 
Yang R, Liu C, Zhou D. A novel PCR-based 
genotyping scheme for clinical Klebsiella 
pneumoniae. Future Microbiol. 2014;9(1):21–32. 
[50] Shariati, A., Arshadi, M., Khosrojerdi, M.A., 
Abedinzadeh, M., Ganjalishahi, M., Maleki, A., 
Heidary, M., & Khoshnood, S. (2022). The resistance 
mechanisms of bacteria against ciprofloxacin and 
new approaches for enhancing the efficacy of this 
antibiotic. Frontiers in Public Health, 10(10), 1-28. 
[51] Jalil, M. B., & Al Atbee, M. Y. N. (2022). The 
prevalence of multiple drug resistance Escherichia 
coli and Klebsiella pneumoniae isolated from patients 
with urinary tract infections. Journal of Clinical 
Laboratory Analysis, 36(9), e24619. 
[52] David, S., Reuter, S., Harris, S. R., Glasner, C., 
Feltwell, T., Argimon, S., ... & Grundmann, H. 
(2019). Epidemic of carbapenem-resistant Klebsiella 
pneumoniae in Europe is driven by nosocomial 
spread. Nature microbiology, 4(11), 1919-1929. 
[53] Caneiras, C., Lito, L., Melo-Cristino, J., & 
Duarte, A. (2019). Community-and hospital-acquired 
Klebsiella pneumoniae urinary tract infections in 
Portugal: virulence and antibiotic resistance. 
Microorganisms, 7(5), 138. 
[54] Michael, N., & Nguyen, T. (2022). Role of 
Nurses in Preventing and Controlling Risk of 
Acquiring Healthcare-Associated Infections from 
Common Touch Surfaces: An Instructional Video. 
[55] De Simone, B., Sartelli, M., Ansaloni, L., & 
Catena, F. (2021). How to prevent and treat catheter-
associated urinary tract infections. Infections in 
surgery: prevention and management, 73-88. 
[56] in Pediatrics, E. (2020). 12th Excellence in 
Pediatrics Conference–2020 Book of Abstracts. 
Cogent Medicine, 7(1), 1848781. 
[57] Kaur, R., & Kaur, R. (2021). Symptoms, risk 
factors, diagnosis and treatment of urinary tract 
infections. Postgraduate medical journal, 97(1154), 
803-812.  

[58] Shen, L., Zhang, W., Yuan, Y., Zhu, W., & 
Shang, A. (2022). Vaginal microecological 
characteristics of women in different physiological 
and pathological period. Frontiers in Cellular and 
Infection Microbiology, 12, 959793. 
[59] Deka, N., Hassan, S., Seghal Kiran, G., & 
Selvin, J. (2021). Insights into the role of vaginal 
microbiome in women's health. Journal of basic 
microbiology, 61(12), 1071-1084. 
[60] Khan, H.A., Fatima Kanwal Baig, F.K., & Riffat 
Mehboob, R. (2017). Nosocomial infections: 
Epidemiology, prevention, control and surveillance. 
Asian Pacific Journal of Tropical Biomedicine, 7(5), 
478-482. 
[61] Öztürk, R., & Murt, A. (2020). Epidemiology of 
urological infections: a global burden. World journal 
of urology, 38, 2669-2679. 
[62] Queissert, F., Bruecher, B., Ruiz, S., Virseda-
Chamorro, M., Schrader, A. J., & Angulo, J. C. 
(2022). Compression or obstruction: Prospective 
analysis of the function of the Adjustable 
Transobturator Male System (ATOMS) based on 
preand postoperative urodynamic data. Canadian 
Urological Association Journal, 16(5), E256. 
[63] Amend, G. M., Baird, A., Baradaran, N., Bele, 
U., Breyer, B. N., Cito, G., ... & Pereira e Silva, R. 
(2020). Influences and Complications. Lower Urinary 
Tract Symptoms in Adults: A Clinical Approach, 
217-266. 
[64] Kaur, R., & Kaur, R. (2021). Symptoms, risk 
factors, diagnosis and treatment of urinary tract 
infections. Postgraduate Medical Journal, 97(1154), 
803-812. 
[65] Esther, S. A. (2022). Urinary Tract Infections in 
Sexually Active Women Between 2018-2021 in 
North Cyprus: A Retrospective Study. 
[66] Barton, B. E., Erickson, J. A., Allred, S. I., 
Jeffries, J. M., Stephens, K. S., Hunter, M. I., ... & 
Winuthayanon, W. (2023). Reversible female 
contraceptives: historical, current, and future 
perspectives. Biology of Reproduction, ioad154. 
[67] Cai, T. (2021). Recurrent uncomplicated urinary 
tract infections: definitions and risk factors. GMS 
infectious diseases, 9. 
[68] Chappell, B. T., Griffin, B. L., & Howard, B. 
(2022). Mechanisms of action of currently available 
woman-controlled, vaginally administered, non-
hormonal contraceptive products. Therapeutic 
Advances in Reproductive Health, 16, 
26334941221107120. 
[69] Xu, M., Zhao, M., Li, R. H. W., Lin, Z., Chung, 
J. P. W., Li, T. C., ... & Chan, D. Y. L. (2022). 
Effects of nonoxynol-9 (N-9) on sperm functions: 
systematic review and meta-analysis. Reproduction 
and Fertility, 3(1), R19-R33. 



COVENANT JOURNAL OF HEALTH AND LIFE SCIENCES; VOL..2 NO 2, JUNE 2024 
 

8 
 

[70] Dabee, S., Passmore, J. A. S., Heffron, R., & 
Jaspan, H. B. (2021). The complex link between the 
female genital microbiota, genital infections, and 
inflammation. Infection and Immunity, 89(5). 
[71] Izett‐Kay, M., Barker, K. L., McNiven, A., & 
Toye, F. (2022). Experiences of urinary tract 
infection: A systematic review and meta‐
ethnography. Neurourology and Urodynamics, 41(3), 
724-739. 
[72] Kostas-Polston, E. A., Buechel, J. J., Ryan-
Wenger, N. A., & Remesz-Guerrette, J. (2022). US 
active-duty service women's urogenital health and 
operational readiness through the lens of the IBM-
WASH model: A systematic integrative review. 
Applied Nursing Research, 67, 151620. 
[73] Blum, M. R., Sallevelt, B. T., Spinewine, A., 
O’Mahony, D., Moutzouri, E., Feller, M., ... & 
Rodondi, N. (2021). Optimizing therapy to prevent 
avoidable hospital admissions in multimorbid older 
adults (OPERAM): cluster randomised controlled 
trial. bmj, 374. 
[74] Li, F., Zhu, J., Hang, Y., Chen, Y., Gu, S., Peng, 
S., ... & Xiong, J. (2023). Clinical Characteristics and 
Prognosis of Hospital-Acquired Klebsiella 
pneumoniae Bacteremic Pneumonia versus 
Escherichia coli Bacteremic Pneumonia: A 
Retrospective Comparative Study. Infection and 
Drug Resistance, 4977-4994. 
[75] Müller, L., Di Benedetto, S., & Pawelec, G. 
(2019). The immune system and its dysregulation 
with aging. Biochemistry and cell biology of ageing: 
Part II clinical science, 21-43. 
[76] Meli, H., Cissoko, Y., Konaté, I., Soumaré, M., 
Fofana, A., Dembélé, J. P., ... & Dao, S. (2020). 
Tuberculosis and HIV coinfection complicated by 
nosocomial infection caused by Klebsiella 
pneumoniae: About 4 cases in a Department of 
Infectious diseases in Mali. The Pan African Medical 
Journal, 37, 141-141. 
[77] Ligon, M. M., Joshi, C. S., Fashemi, B. E., 
Salazar, A. M., & Mysorekar, I. U. (2023). Effects of 
aging on urinary tract epithelial homeostasis and 
immunity. Developmental biology, 493, 29-39. 
[78] Schoevaerdts, D., Sibille, F. X., & Gavazzi, G. 
(2021). Infections in the older population: what do 
we know? Aging clinical and experimental research, 
33(3), 689-701. 
[79] Alhumaid, Saad, Abbas Al Mutair, Zainab Al 
Alawi, Murtadha Alsuliman, Gasmelseed Y. Ahmed, 
Ali A. Rabaan, Jaffar A. Al-Tawfiq, and Awad Al-
Omari. "Knowledge of infection prevention and 
control among healthcare workers and factors 

influencing compliance: a systematic review." 
Antimicrobial Resistance & Infection Control 10, no. 
1 (2021): 1-32. 
[80] Mehta, Y., Gupta, A., Todi, S., Myatra, S., 
Samaddar, D.P., Patil, V., Bhattacharya, P.K., & 
Ramasubban, S. (2014). Guidelines for prevention of 
hospital acquired infections. Indian journal of critical 
care medicine, 18(3), 149–163. 
[81] Jian-li, W., Yuan-yuan, S., Shou-yu, G., et al. 
(2017). Serotype and virulence genes of Klebsiella 
pneumoniae isolated from mink and its pathogenesis 
in mice and mink. Sci Rep, 17(291). 
[82] Peterson, D.L., & Bonomo, R.A. (2005). 
Extended Spectrum, β-lactamase: A Clinical Update. 
Clin.Microbiol. Rev, 18, 675-686. 
[83] Al-Aajem, M.R., Hamed, M.J., & Ali, J.S. 
(2021). Detection of Virulent genes Khe, iuc, rmp, 
magA in Klebsiella pneumoniae Isolated from 
Urinary Tract Infection. IJDDT, 11(4), 1470 – 1473. 
[84] He, M., Li, H., Zhang, Z., Jiang, J., Li, H., Yang, 
W., ... & Wang, F. (2022). Microbiological 
Characteristics and Pathogenesis of Klebsiella 
pneumoniae Isolated from Hainan Black Goat. 
Veterinary Sciences, 9(9), 471. 
[85] Wu, X., Liu, J., Feng, J., Shabbir, M. A. B., 
Feng, Y., Guo, R., ... & Wang, Y. (2022). 
Epidemiology, Environmental Risks, Virulence, and 
Resistance Determinants of Klebsiella pneumoniae 
From Dairy Cows in Hubei, China. Frontiers in 
Microbiology, 13, 858799. 
[86] Ashwath, P., Bhavyashree, C., Gatty, A. M., 
Kavitha, G. M., & Sannejal, A. D. (2022). Presence 
of Extended Spectrum Beta Lactamase, Virulence 
Genes and Resistance Determinants in Biofilm 
Forming Klebsiella pneumoniae Isolated from Food 
Sources: A Potent Risk to the Consumers. Journal of 
Pure & Applied Microbiology, 16(3). 
[87] Mirzaei, B., Ebrahimi, A., Keshavarzi, S., 
Hydarzadeh, S., Badmasti, F., Dadar, M., & Moradi, 
N. (2023). Antibiotic Susceptibility, Biofilm-Forming 
Ability, and Prevalence of Extended-Spectrum Beta-
Lactamase (ESBL)-and Biofilm-Associated Genes 
Among Klebsiella pneumoniae Isolates from 
Hospitalized Patients in Northwest of Iran. Current 
Microbiology, 80(5), 175.  
 
 
 
 
 
 

 
 
 
 


