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Antibiotic-resistant bacteria (ARB) strains have become a global
health threat. This study aimed to determine the antibiotic
susceptibility pattern of Klebsiella pneumoniae and Pseudomonas
aeruginosa isolated from clinical specimens (urine and wound)
collected from 60 patients attending Federal Medical Center,
Yenagoa, Nigeria. A total of 60 specimens were analyzed by culture,
Gram staining and biochemical tests. The bacterial isolates were
tested against ten commonly used antibiotics using antibiotic disc
diffusion method. Plasmid profile analysis was done on the multidrug
resistant isolates. Out of the sixty specimens, thirty-five (35) isolates
were obtained with the percentage occurrence of Klebsiella
pneumoniae (45.7%) and Pseudomonas aeruginosa (54.3%). The
precentage frequency distribution of the bacterial isolates from wound
was 17(48.6%) comprising Klebsiella pneumoniae with 7(20%) and

Pseudomonas aeruginosa with 10(28.6%). While for urine; 18(51.4%)
with Klebsiella pneumoniae and Pseudomonas aeruginosa having
9(25.7%) respectively. The highest number of isolates was obtained in
urine with 18(51.4%). Most of the organisms were relatively sensitive
to gentamycin, augmentin, ciprofloxacin and tarivid while resistant to
reflacine, streptomycin, ceporex, nalidixic acid and augmentin. The
plasmid profile analysis revealed the presence of multiple plasmid
band only in P. aeruginosa at a molecular weight of 9498bp while
absence for Klebsiella pneumoniae. The elevated resistance level of
Klebsiella pneumoniae could be a sign of self-medication or usage of
antibiotics inappropriately, which should be discouraged in order to
curtail the menace of antibiotic resistance.

1.0. Introduction

In the history of chemotherapy, the greatest success is the discovery of antibiotics and their
subsequent development for the treatment of infectious diseases. Nonetheless, the indiscriminate
and extensive use of antibiotics over the past 70 years has resulted in the selection of strains that are
resistant to every antibiotic that has been made available to far. Resistance was noted in the late
1930s with the introduction of the first antimicrobial drugs, such as sulfonamides [1]. Antimicrobial
resistance (AMR) has been identified to be caused by several reasons. One of the main causes of
AMR is acknowledged to be human usage of antimicrobial medications, especially antibiotics.
Antibiotics are among the most well-known medications to the general population. As of 2015, it
was projected that over 35 billion daily doses of antibiotics were consumed worldwide [2].

Infections with multidrug-resistant (MDR) bacteria have emerged as a cause of public health threat
all over the world at a terrifying rate because they are hard to treat since few or even no treatment
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options remain. These MDR bacteria can be life threatening specially for critically ill and
hospitalized patients. In some cases, health care providers have to use antibiotics that are more toxic
for the patient. Due to the pacing advent of new resistance mechanisms and decrease in efficiency
of treating common infectious diseases, it results in failure of microbial response to standard
treatment, leading to prolonged illness, higher medical costs and an immense risk of death. Although
the development of MDR is a natural phenomenon, the inappropriate use of antimicrobial drugs,
inadequate sanitary conditions and poor infection prevention and control practices contribute to
emergence of and encourage the further spread of MDR. To decrease the rise and spread of MDR,
cooperative efforts are required globally to focus on areas which are susceptible to inappropriate
use of antimicrobials. This study provides up-to-date information on the multi-drug resistant
patterns of Pseudomonas aeruginosa and Klebsiella pneumoniae from clinical infections.
Antimicrobial resistance has always been a global health concern challenging treatment of human
infections caused by MDR bacterial pathogens. This problem has opened a wide range of research
studies investigating the possible strategies to address the problem. Various strategies have been put
forth to address AMR. Antimicrobial stewardship programs, which support and encourage the
responsible use of antibiotics, are one efficient approach to give interventions [3]. In order to prevent
AMR, the concept of "one health" has more traction in the fight against AMR. According to [4],
“one health” is a strategy for enhancing public health by encouraging and fostering collaboration
amongst diverse fields.

Pseudomonas aeruginosa and Klebsiella pneumoniae, both Gram-negative rods, have been
implicated as major causes of nosocomial infections [5]. However, other organisms have been
associated with hospitals and the community that negate treatment because they are resistant to
multiple antibiotics [6, 7]. According to [8], Pseudomonas aeruginosa is the main bacterium
responsible for cystic fibrosis (CF) lung infections. A persistent infection with this bacterium is
resistant to antibiotic therapy, which worsens lung function and eventually causes death in CF
patients. Furthermore, P. aeruginosa is linked to a higher death rate in patients with chronic
obstructive pulmonary disease (COPD), accounting for more than 5% of infectious exacerbations
in this population [9]. As reported by [10] and [11], Klebsiella pneumoniae has shown a significant
level of resistance to a wide range of medications, including aminoglycosides, fluoroguinolones,
and beta-lactam antibiotics. Due to this resistance, there is an increasing global issue with selecting
appropriate antibiotics for hospital-acquired infections [1]. Among the most prevalent bacterial
illnesses are urinary tract infections (UTIs), which are common infections that are widespread in
both hospital and community settings, and there is a rising concern about the escalating antibiotic
resistance associated with them. The widespread use of broad-spectrum antibiotics for UTI
symptoms is linked to self-medication or ineffective empirical treatment of patients who visit clinics
or emergency rooms, which promotes the fast development of multidrug-resistant bacteria [12, 13].
Inadequate and prolonged antimicrobial prophylaxis increases resistance to antimicrobial drugs.
Indeed this is more evident in developing countries like Nigeria, where drugs including antibiotics
can be purchased over the counter without a doctor’s prescription. In addition, antimicrobials are
hawked and dispensed at street and market corners by anybody that has the means. This of course
comes with its concomitant abuse due to lack of proper legislation. In recent years antibiotic
resistance has become a significant human health issue. Multiple antimicrobial resistant bacteria are
considered presently as a great global threat to public health. Thus, this study was carried out to
investigate multi-drug resistant Pseudomonas aeruginosa and Klebsiella pneumoniae from clinical
infections.

2.0. Materials and Method

2.1. Study Area

The area of study was Federal Medical Centre (FMC), Yenagoa, Bayelsa State. FMC, Yenegoa is
located at Hospital Road, Ovum, Yenagoa. It is at the Southern part of Nigeria at longitude
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6.268198° E and latitude 4.938862°N. It is a Federal Medical Centre that provides quality tertiary
health services for patients.

2.2. Specimen Collection

A total of 60 clinical specimens which comprised 30 urine specimens and 30 wound specimens were
collected from 60 patients attending FMC, Yenagoa. The Laboratory analysis was carried out in
Microbiology Laboratory of Federal University Otuoke, Bayelsa State, West-Campus.

2.3. Ethical clearance

Ethical clearance for conducting this project was sought from the Hospital’s Ethical Committee
before commencement of the research project. No problem was envisaged with ethical clearance
since there are no manipulations in the human subjects that were involved.

2.4. Inclusion criteria
Patients who are not on any antibiotic treatment within the last 14 days.

2.5. Exclusive criteria
Patients currently on antibiotic treatment within the last 14 days.

2.6. Isolation of organisms

The specimens were cultured on MacConkey agar for K. pneumoniae and Centrimide agar for P.
aeruginosa and incubated overnight at 37°C. The isolates were sub-cultured on nutrient agar to
obtain pure culture.

2.7. Identification of isolates
The isolates were identified by Gram staining and biochemical tests such as oxidase test, indole test,
citrate test and motility test [14].

2.8. Antibacterial sensitivity testing

The disc diffusion method according to the modified Kirby-Bauer technique with Clinical
Laboratory Standards Institutes guidelines [15] was used. The disc diffusion method was performed
using Mueller-Hinton Agar (Hi Flown Biotech, UK). The inoculum was prepared using nutrient
broth (HI Media, India), the broth was incubated at 35°C until it achieves turbidity and the turbidity
was adjusted to 0.5 McFarland standard. Inoculation on Mueller-Hinton Agar was done by dipping
a sterile cotton swab into the standardized bacterial suspension and streaked. Using a sterile forceps,
the Gram-negative antibiotic discs containing ten (10) different antibiotics; gentamycin (10ug),
augmentin (30ug), ciprofloxacin (10ug), septrin (30ug), streptomycin (30ug), ceporex (30ug),
tarivid (10ug), nalidixic acid (20ug), ampicillin(10ug), and reflacine (10pg) were placed on the
surfaces of the inoculated plates. The plates were incubated at 35°C and observed for zones of
inhibition afterwards. The diameter of zones of inhibition were measured in mm and compared with
zone diameter interpretative chart, with the test results classed as Sensitive (S), Intermediate (I) or
Resistant (R) using the Clinical Laboratory Standard Institutes guidelines [15]. In cases where
isolates demonstrated resistance to three or more of the tested drugs, they were classified as
multidrug resistant [16].

2.9. Plasmid Extraction

Extraction of plasmid from bacteria isolates was carried out using TENS-miniprep method [17]. An
overnight bacterial culture on agar plates was harvested using a sterile inoculating loop and
transferred into 100l of nutrient broth medium. Each Eppendorf tubes (5) were vortexed using a
vortex machine (Sci Finetech vortex mixer microfield) at high speed to resuspend the cells
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completely. 300pl of TENS buffer was added and the tubes were mixed by inverting them 3-5 times
until the mixture became sticky ensuring to prevent chromosomal DNA degradation which may
affect the plasmid DNA. 150ul of 3.0m sodium acetate (pH 5.2) was added into the tubes
respectively that contains the isolates harvested cells, all the tubes were vortex to mix the cells and
the reagents completely. After vortexing, the tubes were spun using microcentrifuge (Beckman
Coulter Microfuge) for 5 minutes at the highest revolution per minute (14,000rpm) in order to pellet
the cell debris and chromosomal DNA. After spinning, the supernatant was transferred into a fresh
labeled sterile Eppendorf tube, where it was mixed with 900ul of 100% ethanol (absolute) which
has been pre-cooled to -20C. Then spun for two (2) minutes at 1000rpm to precipitate the plasmid
DNA (white pellet is observed) from the supernatant. The supernatant was discarded; the pellet was
rinsed twice with 500ul of 70% ethanol, mixed by vortexing and spun for two (2) minutes at
14,000rpm. The supernatant was discarded by decanting, blotted and dried for 3hours at a safe and
sterile atmosphere. The plasmids extracted were packed in a Ziploc bag and was kept inside the
freezer for further use.

2.10. Agarose Gel Electrophoresis (AGE)

The plasmid and DNA were analyzed by gel electrophoresis. Agarose gel (1.5%) was prepared by
dissolving 1.5g agarose in 100ml of 1 X TBE (Tris borate EDTA) buffer. The slurry was heated on
an electric cooker to dissolve the agarose and the solution was allowed to cool to about 50°C. Two
(2) drops of ethidium bromide (EtBr) as an intercalating agent was added to the solution and was
gently swirl for even mixture. The solution was carefully poured into the horizontal gel casting tray
of which two (2) combs has been inserted prior to the pouring and the gel was left to set at room
temperature. The combs were carefully removed and 4pl each of the plasmid samples was mixed
with 1l of the loading dye giving 5ul each for nineteen (19) samples. The DNA ladder was loaded
in the first well and the samples were loaded using a micropipette into each well starting from the
second well. The gel was submerged in the electrophoresis tank and 0.5 X TBE buffer was poured
into the tank the buffer covers the surface of the gel. The electrodes were connected to the power
source and run at 80volts for 45 minutes. Plasmids were visualized on ultraviolet (UV-
Transilluminator) and the bands were photographed using gel documentation. Twelve (12) bands
were pictured from the 19 samples ran using gel documentation.

2.11. Plasmid Curing with Acridine Orange

Plasmid curing was carried out by treatment with acridine orange. After the gel documentation, the
two (2) bacterial isolates that produced bands were subjected to curing. The preserved bacterial
isolates were subcultured by streaking on nutrient agar plates and incubated at 37°C for 24 hours.
The overnight bacteria culture were harvested in 1ml of lysogeny broth, each labeled and incubated
at 37°C for 24 hours. 85ml of nutrient agar was prepared into a conical flask and it was supplemented
with 0.043g of acridine orange. The solution was carefully mixed by swirling and reaction (change
in colour) was observed. The overnight broth culture was vortexed for 1 minute to mix completely
and the micro-centrifuge was used for spinning at 10,000rpm for 5 minutes to pellet cell debris.
After spinning, the supernatant was discarded by decanting leaving the cell debris. 1ml of the
acridine orange broth was suspended in each of the Eppendorf tubes, mixed by vortexing and each
tube was wrapped with aluminum foil because acridine orange is light sensitive. The tubes were
incubated at 37°C for 24 hours in a rotary incubator.

2.12. Application of Antibiotics Sensitivity Disc
The two (2) isolates in acridine orange broth incubated in a shaking/rotary incubator was brought
out and each was swabbed with a sterile swab stick on Mueller-Hinton agar plates. Antibiotic
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susceptibility testing was performed using Kirby-Bauer disc diffusion method according to the
recommended standard of Clinical Laboratory Standard Institute [18]. The eight (8) different discs
(Rapids Labs International) contained the following antibiotics for Gram negative: gentamicin CN
(10ug), azithromycin AZM (15upg), chloramphenicol C (30ug), cefpodoxime CPD (10ug),
amoxicillin-clavulanic acid AUG (30ug), cefotaxime CTX (30ug), ciprofloxacin CIP (5u9),
tetracycline TE 30ug. The results were recorded after 24 hours of incubation and the diameter of
the inhibitory zone surrounding each disc was measured and interpreted as sensitive, intermediate
and resistant using CLSI guideline [19, 20].

2.13. Statistical Analysis
The data obtained was subjected to analysis of variance (AVOVA) test to determine the significant
difference at 95% confidence limit.

3.0. Result

The result of this study revealed the presence of K. pneumoniae and P. aeruginosa isolates from
wound and urine. Out of the sixty specimens, thirty-five (35) isolates were obtained, the occurrence
of the isolates were K. pneumoniae (45.7%) and P. aeruginosa (54.3%). The percentage distribution
of bacterial isolates from wound was 17(48.6%) comprising K. pneumoniae with 7(20%) and P.
aeruginosa with 10(28.6%). While for urine; 18(51.4%) with K. pneumoniae and P. aeruginosa
having 9(25.7%) respectively. The highest number of isolates was obtained in urine with 18(51.4%).
The distribution of the bacterial isolates from wound and urine by age showed age group 16-25
years with 17(48.6%) had the highest number of isolates while the least number was within the age
group 56-65years with 3(8.6%) as shown in Table 1. No significant difference; P>0.05 between the
distribution of bacteria isolates from wound and urine was seen.

Table 1: Distribution of bacterial isolates from wound and urine specimens of patients in
Federal Medical Centre, Yenagoa by age

Age interval Number of bacterial Number of bacterial ~ Total number of
(years) isolates from wound isolates from urine isolates

16-25 5 12 17

26-35 3 1 4

36-45 3 4 7

46-55 4 0 4

56-65 2 1 3

Total 17 18 35

Table 2 shows the frequency distribution of K. pneumoniae and P. aureginosa from wound and
urine specimen. The frequency distribution of bacterial isolates from wound was K. pneumoniae
7(20%) and P. aeruginosa 10(28.6%), whereas from urine, K. pneumoniae and P. aeruginosa were
9(25.7%) respectively.

Table 2: Frequency distribution of K. pneumoniae and P. aureginosa from wound and urine
specimens

Organisms Number of isolates from Number of isolates ~ Total number of
wound (%) from urine (%) isolates (%)
K. pneumoniae 7(20.0) 9(25.7) 16(45.7)
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P. aeruginosa 10(28.6) 9(255.7) 19(54.3)

Total 17(48.6) 18(51.4) 35(100)

The percentage distribution of K. pneumoniae and P. aeruginosa isolates from wound and urine is
as shown in Figure 1. The percentage distribution of bacterial isolates from wound was K.
pneumoniae 7(20%) and P. aeruginosa 10(28.6%). While for urine, K. pneumoniae and P.
aeruginosa had 9(25.7%) respectively.
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Figure 1: Percentage distribution of K. pneumoniae and P. aeruginosa isolates from wound and
urine.

Figures 2a and 2b show the antibiogram pattern of P. aeruginosa isolates from urine and wound
respectively. The organism was sensitive to gentamycin, ciprofloxacin and tarivid in both urine and
wound specimen. Resistance was observed with augumentin, septrin, ampicillin, ceporex and
nalidixic acid for both urine and wound specimen. There is no significant difference between the
antibiogram of P. aeruginosa isolates from urine and wound at P>0.05.
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Figure 2a: Antibiogram pattern of P. aeruginosa isolates from urine
Key: CN-gentamycin, AU- augmentin, CPX-ciprofloxacin, SXT-septrin, PN-ampicillin,
S- Streptomycin, CEP-ceporex, OFX-tarvid, NA- nalidixic acid and PEF-reflacine.
NS: number of sensitive, NI: number of intermediate, NR: number of resistant.
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Figure 2b: Antibiogram pattern of P. aeruginosa isolates from wound.

Key: CN-gentamycin, AU- augmentin, CPX-ciprofloxacin, SXT-septrin, PN-ampicillin,
S- Streptomycin, CEP-ceporex, OFX-tarvid, NA- nalidixic acid and PEF-reflacine.
NS: number of sensitive, NI: number of intermediate, NR: number of resistant.

Figures 3a and 3b show the antibiogram pattern of K. pneumoniae isolates from wound and urine
specimens respectively. The organism was sensitive to augmentin and tarivid in both urine and
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wound specimen. K. pneumoniae was resistant to septrin, ampicillin, streptomycin, ceporex and
nalidixic acid for urine while in wound, it was resistant to ciprofloxacin, septrin, ceporex, nalidixic
acid and reflacine. There is no significant difference between the antibiogram pattern of K.
pneumoniae isolates from urine and wound specimen at P>0.05.
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Figure 3a: Antibiogram pattern of K. pneumoniae isolates from wound

Key: CN-gentamycin, AU- augmentin, CPX-ciprofloxacin, SXT-septrin, PN-ampicillin,
S- Streptomycin, CEP-ceporex, OFX-tarvid, NA- nalidixic acid and PEF-reflacine.
NS: number of sensitive, NI: number of intermediate, NR: number of resistant.
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Figure 3b: Antibibiogram pattern of K. pneumoniae isolates from urine

Key: CN-gentamycin, AU- augmentin, CPX-ciprofloxacin, SXT-septrin, PN-ampicillin,
S- Streptomycin, CEP-ceporex, OFX-tarvid, NA- nalidixic acid and PEF-reflacine.
NS: number of sensitive, NI: number of intermediate, NR: number of resistant.

48



Anyiam, I. V. and Nnagbo, P. A. /Journal of Science and Technology Research
6(1) 2024 pp. 41-55

The antibiotic susceptibility test of multidrug resistant K. pneumoniae and P. aeruginosa before and
after curing using plasmid profiling is as indicated in Tables 3a and 3b below. After curing, the
majority of antibiotics to which the K. pneumoniae had previously exhibited resistance still showed
resistance while for P. aeruginosa; there was sensitivity to the previously resistant antibiotics except
for azithromycin.

Table 3a: Antibiotics Susceptibility test before curing.

Organisms CN AzM C CPD AUG CTX CIp TE
K. pneumoniae - 12 10 - - - 13 10
P. aeruginosa 12 - 11 14 12 13 15 16

All measurements are in millimeter (mm). CN - gentamicin, AZM- azithromycin,
C - chloramphenicol, CPD- cefpodoxime, AUG- amoxicillin-clavulanic acid, CTX- cefotaxime,
CIP - ciprofloxacin, TE - tetracycline

Table 3b: Antibiotics susceptibility test after curing

Organisms CN AZM C CPD AUG CTX CIP TE
K. pneumoniae - - - - - - - -

P. aeruginosa 17 - 19 16 15 25 23 17

All measurements are in millimeter (mm). CN - gentamicin, AZM - azithromycin,
C-chloramphenicol, CPD - cefpodoxime, AUG - amoxicillin-clavulanic acid, CTX - cefotaxime,
CIP - ciprofloxacin, TE- tetracycline

In Table 4, The highest sensitivity were seen with cefotaxime and ciprofloxacin, exhibiting the
zones of inhibition of 25mm and 23mm respectively for P. aeruginosa .

Table 4: Interpretation of Susceptibility test before and after Plasmid curing

Antibiotics Susceptibility test before curing Susceptibility test after curing
K. pneumoniae P. aeruginosa K. pneumoniae P. aeruginosa
S I R S | R
S I R S I R
Gentamicin 0 12 0 17
Azithromycin 12 0 0 0
Chloramphenicol 10 11 0 19
Cefpodoxime 0 14 0 16
Amoxicillin-clavulanic 0 12 0 15
acid
Cefotaxime 0 13 0 25
Ciprofloxacin 13 15 0 23
Tetracycline 10 16 0 17
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The Plasmid profile of K. pneumoniae and P. aeruginosa from wound and urine is illustrated
in Figure 4. The plasmid analysis indicates the presence of multidrug-resistant P.
aeruginosa isolates harbor multiple plasmid DNA with a molecular weight of 9498kbp while there
was the absence of plasmid in K. pneumoniae.

bp

23130 cm—

2225 e

Figure 4: Molecular weight of plasmid DNA on an agarose gel stained with ethidium bromide. Lane
(M) marker DNA - 23130bp DNA ladder, lanes 1, 2, and 3: no plasmid band of K. pneumoniae,
lane 4 multiple plasmid DNA bands of multidrug drug-resistant P. aeruginosa.

3.1. Discussion

Wound is one of the most common causes of hospitalization. Patients with open wound are at high
risk for nosocomial infections with opportunistic environmental bacteria [21]. As such, prevention
of bacterial transmission from hospital environments to patients or directly from one patient to
another especially MDR strains, can decrease morbidity and mortality in burns [22]. In healthcare
settings, microbial contamination of wounds is a major issue particularly in surgical practice where
the site of a sterile procedure may become contaminated and subsequently infected, potentially
leading to the onset of illness [23].

Urinary tract infection (UTI) remains a significant healthcare challenge on a global scale
representing a leading cause of mortality despite the array of therapeutic options available for its
management. Notably, the treatment of urinary tract infections acquired in community settings faces
a growing threat from antimicrobial resistance. The current investigation unveiled the detection of
K. pneumoniae (45.7%) and P. aeruginosa (54.3%) in individuals presenting with urinary tract and
wound infections. The prevalence of these identified bacteria in urinary tract infections was found
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to be 18 out of 30 cases (60%) while in wound infections, it was 17 out of 30 cases (56.7%). Within
the age range of 16 to 25 years, microbial colonization of the urinary system and wound infection
were noted.

Our results are comparable to the study conducted in Southern Uganda by [24] where they found
that the age group of 10-19 years exhibited the highest infection rates, although our study noted the
most affected age group is slightly older. In the case of urinary tract infection (UTI), the incidence
of K. pneumoniae and P. aeruginosa within the age group could be attributed to suboptimal hygiene
practices. Conversely, for wound infections, factors such as inadequate hygiene practices, unhealthy
lifestyle choices and nutritional deficiencies may contribute to the observed patterns. Notably, our
study observed age group of 56-65 years displayed the least incidence of wound infections. In
contrast, [25] reported individuals >60 years as the most affected, suggesting a discrepancy with our
findings. The lower infection rate observed in our age group may be associated with a greater
emphasis on avoiding contamination and adherence to practicing good hygiene, thereby reducing
the risk of cross-infection and endogenous infection. While our findings align with the results of
[26], it is essential to acknowledge that these observations may not necessarily imply a direct
relationship between age and susceptibility to wound infections.

K. pneumoniae and P. aeruginosa were identified as predominant pathogens in urinary tract
infections, accounting for 9(25.7%) of cases. This result is in line with a 2009 study by [27] where
P. aeruginosa and Klebsiella spp. were similarly reported as the predominant bacteria in urinary
tract infections respectively. Additionally, [28] documented K. pneumoniae as the predominant
bacteria in UTIs, corroborating our findings. In contrast, a study encompassing a diverse range of
uropathogens indicated the presence of Klebsiella spp. and P. aeruginosa in urine cultures from
patients exhibiting clinical symptoms of urinary tract infections, with E. coli identified as the
primary pathogen, followed by Klebsiella spp. and P. aeruginosa [29]. These collective
observations underscore the consistency of microbial patterns in urinary tract infections across
different studies, providing valuable insights into the prevalence and distribution of specific
bacterial strains associated with this clinical condition.

P. aeruginosa emerged as the predominant bacterium in wound infections with a prevalence rate of
33.3% (10/30) in our study. This finding is consistent with the work conducted by [30] in Abia state,
Nigeria where a comparable prevalence rate of 32.9% was reported. Additionally, a study in the
United Arab Emirates (U.A.E) documented a microbiological examination of 67 surgical wound
patients where 35.6% were diagnosed with P. aeruginosa infection, although this rate exceeded our
observed prevalence [31]. Disparities in prevalence may be attributed to variations in study
populations and hygienic practices. Furthermore, a global study highlighted Nigeria's isolation rate
of 30.6% for P. aeruginosa in surgical wound infections [32] while the median frequency of P.
aeruginosa isolation for the entire African region was documented at 23% [33]. The elevated
prevalence of P. aeruginosa in our investigation may be attributed to its common role as an
opportunistic pathogen as noted in studies by [34] and [35]. Additionally, P. aeruginosa virulence
and adaptability to hospital environments have been well-documented [36]. However, our findings
further highlights the prevalence of P. aeruginosa in wound infections within diverse geographic
and emphasizing the importance of vigilance in infection control measures within healthcare
settings.

The bacterial isolates exhibited sensitivity to gentamycin, augmentin, ciprofloxacin and tarivid. A
finding consistent with the study conducted by [37]. However, K. pneumoniae demonstrated notable
multidrug-resistant (MDR) resistance, aligning with the findings reported by [38] and a study in
Saudi Arabia which documented high resistance rates (> 60%) for K. pneumoniae against various
tested antibiotics [39]. In comparison with P. aeruginosa, K. pneumoniae demonstrated elevated
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resistance levels especially in wound infections in our study. The elevated resistance observed in K.
pneumoniae raises concerns about potential self-medication practices or inappropriate antibiotic
usage by patients, suggesting uncontrolled access to these antimicrobial agents. This may be
indicative of a lack of effective policy enforcement regarding antibiotic sales, contributing to
widespread availability through unregulated outlets. The substantial antimicrobial resistance
reported underscores the importance of minimizing antibiotic use by patients, urging clinicians to
exercise caution in prescribing antibiotics and considering combined therapies when deemed
necessary for the prevention and treatment of bacterial or hospital-acquired infections particularly
in vulnerable patient populations. Moreover, our study suggests a potential association between the
genetic profiles of P. aeruginosa and K. pneumoniae isolated from clinical specimens given their
similar antibiotic susceptibility patterns. This observation could further contribute to the exploration
of the interconnectedness between these bacterial strains.

The multiple antibiotics-resistant K. pneumoniae and P. aeruginosa were subjected to curing
procedures. Before curing, the multidrug-resistant K. pneumoniae and P. aeruginosa isolates were
resistant. The resistance found in P. aeruginosa could be due to a combination of different antibiotic
resistance genes leading to a wide range of multidrug resistance [40] or possibly modifications of
target sites the drugs due to mutation, biofilm-mediation, and development of multidrug-tolerant
persister cells [41]. After curing, P. aeruginosa became sensitive to most antibiotics, displaying the
highest sensitivity, particularly to cefotaxime and ciprofloxacin with zones of inhibition measuring
25mm and 23mm respectively. In contrast, K. pneumoniae retained resistance to all antibiotics after
the curing process. Multidrug-resistant isolates of K. pneumoniae were found to lack plasmids while
P. aeruginosa exhibited plasmids with a molecular weight of 9498 base pairs as determined by
plasmid analysis. The observed resistance in K. pneumoniae possibly plasmid-related, demonstrates
the association between plasmids and various forms of drug resistance. Plasmid has been linked as
primary carriers of antimicrobial resistance genes in multidrug K. pneumoniae, and are nearly
present in all antimicrobial-resistant K. pneumoniae as reported by [42] and [43]. These findings
align with the research conducted by [44] and [45], further contributing to the role of plasmids in
mediating antibiotic resistance. [46] stated that infections caused by K. pneumoniae are through
gene or plasmid transfer. Therefore, the resistance in K. pneumoniae among the patients with urinary
tract infections in this study could also be attributed to the presence of chromosomal and plasmid-
encoded antimicrobial resistance genes [47].

4.0. Conclusion

The outcomes of this study highlights the presence of antibiotic-resistant bacteria within hospital
settings, posing potential challenges such as therapeutic complexities, prolonged hospitalization,
heightened mortality and morbidity rates and escalated treatment costs. Consequently, hospital
infection control authorities are tasked with striking a delicate balance between ensuring the
availability of safe and efficacious medications. In response to the emergence of antibiotic
resistance, we advocate for the development of novel antimicrobial drugs and the exploration of
combination therapies to effectively counter the evolving landscape of resistant pathogens.
Additionally, there is a critical need for the establishment of comprehensive guidelines for the
systematic monitoring and recording of antibiotic resistance cases on a global scale. This proactive
approach could be essential for understanding of the dynamics of antibiotic resistance, guiding
therapeutic strategies and ultimately mitigating the adverse impacts of resistant bacterial strains in
healthcare settings.
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