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ABSTRACT

Background: Pseudomonas aeruginosa (P. aeruginosa) associated with surgical site
infections (SSIs) is often multidrug-resistant and associated with delayed wound healing,
morbidity, and deaths. Molecular detection of P. aeruginosa is often required for specific
diagnosis for optimal care. Although SSls are prevalent in North-East Nigeria, there is a
lack of studies on molecular confirmation targeting virulence genes. This study aimed to
isolate and characterize P. aeruginosa isolates from surgical wound swabs and then
confirm them with a PCR assay targeting the oprL gene. Materials and methods: The
study was a cross-sectional study that analyzed 250 post-surgical wound swabs (n = 250)
from two hospitals in Bauchi State, Nigeria. The inclusion criteria include fever and
purulent pus from the incision site within 30 days of surgery. The conventional analyses
were bacterial colonial morphology on Cetrimide agar, Gram staining, and biochemical
characterization. The PCR assay was conducted with oprL as the target gene. Results: P.
aeruginosa was serially identified in 5 out of 250 swabs, with a prevalence of 2.0%. All
the isolates had the oprL gene with an amplicon size of 504bp. Conclusion: The
prevalence of Pseudomonas aeruginosa isolates associated with SSlIs was 2.0% from the
traditional assays. The PCR assay of the isolates detected the oprL gene in all the isolates.
The study confirms the increasing evidence of the specificity of the oprL virulence factor
for detecting Pseudomonas aeruginosa associated with SSls. It also recommends further
studies on the antibiogram assays associated with P.aeruginosa with the oprL gene to
optimize the treatment of SSls.

Introduction

Pseudomonas aeruginosa (Ps. aeruginosa)
is a ubiquitous Gram-negative opportunistic bacillus

and elevated temperatures of up to 42°C. Its water-
soluble pigments include pyocyanin (from
"pyocyaneus” meaning "blue pus") which is
characteristic of suppurative infections caused by

that is commonly associated with nosocomial
infections [1-3]. The bacterium is particularly
pathogenic and equipped with various virulence
factors that confer on it a wide range of antibiotic
resistance [4]. It is adapted to survive in diverse
environments like minimal nutritional requirements,
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Ps. aeruginosa. Pyocyanin is a redox-active
(oxidant)  phenazine that increases  the
bioavailability of iron by scavenging for it and
enhances virulence through oxidative stress [5,6].
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Ps. aeruginosa infections are favored by
immune-compromised  conditions, including
Acquired Immune Deficiency Syndrome, AIDS,
Diabetes Mellitus, etc. An alteration in the integrity
of epithelial tissues, including surgical site
infections, also favors the pathogenesis [7]. Surgical
site infections (SSIs) occur near or at the incision
site and/or deeper underlying tissue spaces and
organs within 30 days of a surgical procedure (or up
to 90 days for implanted prosthetics). It may be
superficial incisional when it involves the skin and
subcutaneous tissue of the incision; deep incisional
when it involves the deep soft tissue for example,
fascia, muscle; and organ/space when it involves
any part of the anatomy other than the incision that
was opened or manipulated during an operation [8].

Pseudomonas aeruginosa associated with
SSls usually occurs after some alteration of the
normal skin defense or architecture by the surgical
incision. The pathogenesis of Ps. aeruginosa
associated with SSls initiates with the introduction
of the bacilli from their reservoirs to the surgical
site. The reservoirs include water pools, fruits,
flowers, and unsterilized medical and hospital
instruments and devices [9]. Described three distinct
stages of the pathogenesis of SSls: (1) bacterial
attachment on compromised epithelial tissues. This
is aided by pili and flagella and subsequent
colonization through extracellular polysaccharide
slime called biofilm [10-12], (2) local invasion of
the whole epidermis tissue, and possibly the
subcutaneous tissue. This is aided by flagella
attachment and biofilms and extracellular enzymes
[13]. It impairs skin epithelial repair mechanisms
and resists phagocytosis by the host immune system
and (3) disseminated systemic disease, by blood-
borne transfer of the infection, to other distant
organs. The secondary infections may be urinary
tract infections (UTIs), otitis externa, meningitis,
brain abscess, osteomyelitis, endocarditis, and
Ecthyma gangrenosum [14-16]. The pathogenesis of
Ps. aeruginosa is linked to extracellular and cell-
mediated virulence factors such as toxA, exoU,exoS,
exoY,lasA,lasB ,oprD, oprL and oprl. These
virulence genes may be intrinsic genes or encoded
in plasmids. They play important functions in tissue
invasion, destruction and spread in the host body.
[17-20]. The virulence factors are coordinated by
bacterial cell-to-cell communication systems, called
quorum sensing [21].

The drug resistance of Ps. aeruginosa is
associated with the oprl and oprL genes. The outer

membrane proteins of Ps. aeruginosa play
important roles in the interaction of the bacterium
with the environment [22]. The L-peptidoglycan-
associated lipoprotein and I-lipoproteins are two
outer membrane proteins of Ps. aeruginosa that alter
membrane permeability and utilize efflux
mechanisms to confer antibiotic resistance for
Pseudomonas  species  and Pseudomonas
aeruginosa, respectively. These L and | outer
membrane proteins are coded by the oprL and oprl
genes, respectively. While the oprl is present in all
Pseudomonas species, the oprL is specifically
present in Ps. aeruginosa. Therefore, the oprL gene
is a fairly specific [23,24] and accurate [25,26] gene
for molecular identification of Ps. aeruginosa in
clinical samples, including surgical wound swabs.
Other factors that contribute to antibiotic resistance
of the bacteria are the biofilm matrix and acquired
antimicrobial resistance genes.

The detection of Ps. aeruginosa
associated with SSls is conventionally conducted
through phenotypical identification of the colonial
morphology, Gram staining, and biochemical
characterization tests of Ps.aeruginosa [27,28].
However, these traditional methods are often
lengthy and unreliable and may not always
specifically identify Ps. aeruginosa from other
closely related microbes [22,29]. Therefore,
Molecular techniques, such as polymerase chain
reaction (PCR), which are rapid and reliable have
been developed for the identification of Ps.
aeruginosa [22,30] and other microbial pathogens,
Various PCR-based diagnostic methods targeting
specific genes been developed to enhance the
accuracy of Ps. aeruginosa diagnosis, especially in
wound infections where early and precise
identification is critical to effective treatment. The
virulence gene oprL is a major constituent of outer
membrane lipoproteins of the bacteria and is utilized
as a marker for identifying Ps. aeruginosa-
associated infections.

The investigation of human infections like
Ps. aeruginosa and its prevalence within a hospital
is essential for the articulation of effective
preventive measures [31]. The World Health
Organization, WHO, recommends extensive
research on hospital-specific SSls for infection
control and to build national data on Hospital
Acquired Infections (HAISs) [32-34]. Globally, the
rates of SSI infections associated with Ps.
aeruginosa vary among patients, health facilities,
and geographical regions. In low- and middle-



onyi Tetal./ Microbes and Infectious Diseases 2025; 6(3): 5029-5041

5031

income countries, 11% of patients who undergo
surgery develop SSls [35]. This heavy burden of the
bacteria underscores the need for more studies on
Ps. aeruginosa associated with SSls and the drug
susceptibility pattern that is peculiar to the
environment [36,37]. In a systematic review and
meta-analysis, [38] found that the pooled
cumulative incidence of SSls in the 6 geopolitical
regions of Nigeria was 14.5% (95% confidence
interval [CI]: 0.113-0.184). These SSls included
those caused by Ps. aeruginosa. The highest
prevalence was reported from the northeastern
geopolitical zone of Nigeria (27.3%, 95% CI: 0.132-
0.481). This heavy disease burden of SSls
underscores the need for knowledge of the infecting
bacterial pathogens and the drug susceptibility
pattern that is peculiar to any setting [36,37]. It
underscores the need to conduct this study in a
hospital setting in northeastern Nigeria. The study
was conducted in two selected hospitals in Bauchi
State, north-eastern Nigeria. These hospitals -
Specialist Hospital Bauchi and New General
Hospital Bayara- render enormous services for out
and in-patients, including those managed for SSls.
However, such molecular confirmation after the
traditional methods of detecting Ps. aeruginosa
infection associated with SSI had not been
conducted at these facilities in the past. The study
was therefore conducted to have empirical evidence
of this molecular method and optimize the
management of Ps. aeruginosa associated with
SSils. Its findings might also be a reference for other
primary or secondary studies on infection control.

This paper reports the prevalence of Ps.
aeruginosa strains from surgical site wounds that
were identified through the conventional
identification of Ps. aeruginosa. It highlights the
molecular confirmation (using RCR) of the positive
strains using oprL as the target gene. The report on
the prevalence, distribution, and associated factors
of SSI linked to Ps. aeruginosa strains and on the
drug resistance pattern of the Ps. aeruginosa strains
are presented in other study reports.

Methods
The study design

The study was a cross-sectional, hospital-
based study
Study area and sample size determination

The study was conducted in two selected
hospitals in the Bauchi local government of Bauchi
State, Nigeria. These are the New General Hospital,

Bayara and the Specialist Hospital, Bauchi, Bauchi
State, Nigeria. The sample size for the study was
determined using the formula by [39]. A prevalence
of 19% reported for Ps. aeruginosa in surgical site
infection by [37], was utilized for estimating the
minimum sample size.

n=Z2Pq/L?

Where n = number of samples

Z = standard normal deviate at 95% CI = 1.96;
P=19%[37]=0.19q=1-0.19=0.81;

L = allowable error of 5% (0.05).
n=1.962*0.19*0.81/0.052 = 0.59122224/0.0025 =
236.48 ~ 237

A larger sample size of 250 surgical swabs
was utilized for the study. The inclusion criteria for
the participants were as recommended by the
Centers for Disease Control, CDC. The study
included consented patients who had surgeries and
were on admission within 30 days of the surgeries
and who had purulent discharge from the surgical
wound sites or/and at least had one of the following:
pain, tenderness, or high temperature (greater than
40°C) [40]. Patients who had received antibiotics
two weeks before the surgery or did not consent to
the study were excluded.

Sample collection and processing

Two hundred and fifty surgical site wound
swabs were collected from Bauchi Specialist
Hospital (205 samples) and New General Hospital,
Bayara patients (45 samples) within the five months,
January 2019 and May 2019. The demographic data
of participants included health facility, ward, age,
sex, surgery type, duration in hospital, and
occupation.

Bacterial isolation and identification

A total of two hundred and fifty (250)
surgical wound swab samples were collected during
wound review or wound dressings at the wards. The
swabs were labeled and transported in sterile ice
packs to the Abubakar Tafawa Balewa University
Teaching Hospital’s (ATBUTH’s) Microbiology
Unit for sample analysis. The sample analysis was
three steps: identification of culture on Cetrimide
agar, Gram staining, and biochemical analysis of
isolates [27,28].

For the phenotypic identification of culture
on Cetrimide agar, the swabs were inoculated into
Cetrimide Agar and incubated at 37°C for 48 hours.
After 48 hours of incubation, the culture plates were
examined for colonial morphology, shape, color,
and odor characteristics of Ps. aeruginosa.
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The next step was the Gram staining of the
pure isolates of Ps. aeruginosa. The Gram staining
procedure was conducted.

The final step in the sample analysis was
the biochemical characterization of the isolates
using Oxidase and Catalase tests. In the Oxidase
test, a colony of the test organism was picked with a
wire loop and smeared on the oxidase strip paper.
The strip was impregnated with the substrate
tetramethyl-p-phenylenediamine  dihydrochloride.
The smeared area of the oxidase strip paper was
observed for the color change to deep blue or purple
(indophenols) within 10 seconds, for a positive
reaction. In the Catalase test, there was an
observation for bubbles of gas (positive reaction)
when a colony of the Ps. aeruginosa isolates was
added to two drops of 3% hydrogen peroxide (H202)
solution placed on the ends of a clean glass slide.
Positive samples from these three steps were further
analyzed with Polymerase Chain Reaction (PCR)
[9,27].

Confirmation of isolates using Polymerase Chain
Reaction (PCR)

The PCR analysis was conducted at the
Central Research Laboratories of Uthman Dan
Fodio University, Sokoto, Nigeria. The PCR
analysis was conducted with oprL, with an amplicon
size of 504, as the target gene. The primer sequence
for the PCR is shown in Table 1.

The primers were obtained from Ingaba
Biotec West Africa Ltd. (Co. Reg. No: RC1232028).
The Catalogue number of the Primers is: 17949735-
0001.

The three steps in this molecular
confirmation using PCR were: DNA extraction,
amplification, and Gel electrophoresis

DNA extraction

To minimize contamination, the procedure
was carried out on separate benches. DNA
extraction was conducted using a QIAGEN DNA
extraction kit. The kit’s details are QIAcube® (110
V), Catalogue n0:90006292.

The DNA extraction involved three
processes: collection of cells, lysing bacteria, and
DNA purification.

I. Collection of cells: One milliliter of
incubated bacterial culture was pipetted into a 2.0 ml
sterile Eppendorf tube. This was centrifuged for 5
minutes at 7500 rpm. The supernatant was discarded
into a 50 ml conical tube with 10% commercial
bleach marked “biohazard waste” [42-44].

ii. Lysing bacteria: 180 pl of Buffer ATL
(alkyltransferase-like protein, ATL) was added to
the mixture, followed by the addition of 20 pl of
Proteinase K. The bacterial cell pellet was
resuspended by ‘vortexing’ and incubated for 30
minutes. This was followed by the addition of 200
pl of Buffer AL and then mixed by vortexing [42-
44].

iii. DNA purification: The mechanism of
DNA purification is the selective absorption of
DNA to the silica of the spin column. The debris and
proteins were the discarded materials.

The lid of a ‘DNeasy’ spin column was
uniquely labeled (recorded identifier) for each of the
5 samples. Using a P1000 pipette, the full volume of
pre-treated bacterial cells was transferred to the
corresponding spin column. This was centrifuged at
8000 rpm for 1 minute, and then the collection tube
and its contents were discarded. The DNeasy spin
column was placed into a new 2.0ml collection tube.
Next, there was the addition of 500 pl of Buffer AW,
and then the mixture was centrifuged at 8000 rpm
for 1 minute. Next, the collection tube and its
contents were discarded. The DNeasy spin column
was again placed into a new 2.0 ml collection tube.
There was an addition of 500 pl of Buffer
AW?2(DNA Washing solution), and then the mixture
was centrifuged at 13000 rpm for 3 minutes. The
collection tube and its contents were discarded and
the spin column was examined to ensure that no
liquid remained on the spin column. The spin
column was placed in a new, sterile 1.5ml elution
tube labeled with a unique, recorded identifier.
There was an addition of 100 pl of Buffer EB
(Elution Buffer) to the spin column. The Buffer EB
was pre-incubated at 37°C to improve elution. The
new mixture was incubated at room temperature for
5 minutes and centrifuged at 8000 rpm for 1 minute.
The eluate was the purified DNA [42-44].

PCR amplification
Eight (8) microliters of extracted DNA
were dispensed in an aliquot of 0.2 mL of nuclease-
free microtubes.

Preparation of Reaction mix: The cocktail
was prepared 1.5ml nuclease-free microfuge tube by
these steps. First, 5 x 12.5ul of Qiagen Toptag PCR
master mix was added. Then, there was the addition
of 5 x 0.5 pl of 20mM of Forward Primer of oprL
Gene to all the tubes. Next is the addition of 5 x 0.5
pl of 20mM of Reverse Primer of oprL Gene. The
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next step was the addition of 2.5 pl of coral load and
then the addition of 1 pL of Nuclease-free water.
The whole cocktail was carefully mixed. Then,
14.2ul (71 pl /5) of the cocktail was dispensed into
each of the 5 PCR tubes (containing the template)
and carefully mixed.

The PCR tubes were capped and
transferred to the Applied Biosystem 9700
Thermocycler. The initial denaturation was at 95°C
for 5 minutes. This was followed by 30 cycles of
denaturation at 95 °C. The annealing temperature
was at 57°C for 30 seconds and the extension at 72°C
for 1 minute. The final extension was at 72°C for 10
minutes. Cooling was at 4°C for four minutes [42-
44].

Gel electrophoresis

The amplified products were resolved with
1% Agarose gel electrophoresis stained with
ethidium bromide and photographed using an
Ultraviolet transilluminator.

Preparation of 1% Agarose gel. One gram
of Agarose powder was measured out and placed in
a clean beaker and then 100ml of water was added
and then mixed. Next, 2ml of 1X Tris Acetate
Ethylene Diamine Tetra Acetate (TAE buffer) was
added, and then the mixture was heated for 3
minutes in a microwave. Next, 5ul of ethidium
bromide was added. Next, the gel is cast and cooled
in the electrophoresis chamber. Two hundred and
fifty milliliters of 1X TAE were added to the
chamber. Next, the samples were loaded into the
microwells using the micro-pipette.  The
electrophoresis was conducted at 80 volts for 45
minutes visualized under the ultraviolet illuminator
[42-44].

Results
Socio-demographic data

Table 1. Primer sequence

From Table 2, the majority of the patients
were males (57.2%). Most (35.6%) of the patients
were in the age bracket 21-30 years of age,
compared to the age bracket of 51 to 60, with the
least figure (3.6%). The majority (47.6%) of the
patients had no formal education compared to
about 5%, who had tertiary education. Most (34%)
of the patients were traders, while the least
occupations were football players and hotel
managers.

Phenotypic identification

Culture morphology, Gram-staining, and
biochemical tests. The isolates that were identified
as Ps. aeruginosa had a colony morphology
characterized by a blue-green smooth colony with
smooth edges and an elevated appearance. The
colonies had the smell of ‘grapefruit’. On Gram
staining, they were Gram-negative rods (Figure 1).
They were all Oxidase and Catalase positive.

Figure 1 shows the microscopic view of
Gram-stained Ps. aeruginosa with numerous pink
rods or curved structures on a pink background. This
is characteristic of a Gram-negative bacterium.

The Prevalence of Pseudomonas aeruginosa
isolates

From Table 3, 5 isolates out of 250 (2.0%)
were identified as Ps. aeruginosa. All five samples
were obtained from Specialist Hospital Bauchi
while no positive sample was obtained from New
General Hospital Bayara. These isolates were
further analyzed with PCR assay.

Gel Electrophoresis Graph of oprL gene with an
amplicon size of 504 bp

From Figure 2, all the five (5) isolates (A-
E) showed the amplicon size of 504bp. Therefore,
the PCR confirmed that all five isolates, that were
morphologically and biochemically identified, had
the oprL virulence gene.

Target gene 5’-sequence-3’ Size of Target gene
[41]
oprL-F ATGGAAATCTGAAATTCGGC 504 bp

oprL-R CTTCTTCAGCTCGACGCGACG
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Table 2. Socio-demographic data

Variables Frequency (%)
Sex

Male 143(57.2)
Female 107(42.8)
Total 250(100)
Age

1-10 10(4.0)
11-20 62(24.8)
21-30 89(35.6)
31-40 61(24.4)
41-50 19(7.6)
51-60 9(3.6)
Total 250(100)
Education Status

No formal education 119(47.6)
Primary 88(35.2)
Secondary 31(12.4)
Tertiary 12(4.8)
Total 250(100)
Occupation

Unemployed 9(3.6)
Domestic work 43(17.2)
Student 46(18.4)
Manual labour 9(3.6)
Trading 85(34.0)
Hotel management 1(0.4)
Professional Soccer 1(0.4)
Public relations 3(1.2)
Civil service 14(5.6)
Driving 11(4.4)
Farming 28(11.2)
Total 250(100)

Table 3. Prevalence of Ps. aeruginosa associated with SSls in selected hospitals in Bauchi, Nigeria.

No. Tested No. Positive X? df P-value
Variables =250 | | ()
Specialist Hospital
Bauchi \ 205 \ 5(2.4%) \ 1.12 \ 1 0.029
New General Hospital
Bayara ‘ 45 ‘ 0(0.0%) ‘ ‘

Key: X?=Chi Square; P-value < 0.05 is Statistically significant; p-value= and > 0.05
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Figure 1. Microscopic view of Gram-negative rods of Ps.aeruginosa

Figure 2. Gel electrophoresis of oprL gene with amplicon size of 504 bp

Key:

Lane NC = Negative control

Lanes A-E = Samples

Lane M = 100bp molecular marker

Discussion

The use of molecular techniques in
confirming Ps. aeruginosa isolates associated with
surgical site infection, offers several advantages
over the conventional methods. An intrinsic
virulence gene, the oprL gene, which is often present

«—1000bp

+«— 504bp 500bp

“—100bp

in the outer membrane of Ps.aeruginosa, was
utilized for accurate confirmation of Ps.aeruginosa
strains identified by the traditional method [45-48].

The study analyzed 250 surgical site
samples from two hospitals in Bauchi, Nigeria. The
study found that 5(2.0%) of the wound swabs were
infected with Ps.aeruginosa.. In this study, the
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prevalence of Ps. aeruginosa isolates was 2.0%.
This is comparable to the 2.75% reported by [49]. It
is however much lower than the 19.0% reported in
the study by [37] in Nguru, Yobe State,in North-
Eastern Nigeria. Similarly, the overall prevalence is
lower than the 19.4% reported by [50] in three
selected hospitals in Sokoto, North-Western
Nigeria, and 29.6% reported by [51] in India. The
variations in the prevalences may be due to the
Ps.aeruginosa gene diversity which varies among
populations studied, geographic regions, and
immune statuses of individuals [35]. Most of the
patients were males, in the active population, 21 to
30 years, mostly trade and possibly exposed to the
environment.

The reported prevalences at Specialist
Hospital Bauchi and New General Hospital Bayara
were 2.4% and 0.0% respectively. New General
Hospital Bayara had a lower prevalence than
Specialist Hospital Bauchi probably because of
lower patient density compared to the latter which is
located in Bauchi capital metropolis and attends to a
larger number of patients.

The positive isolates were all confirmed
through PCR, with the oprL gene, with an amplicon
size of 504, as the target gene. The PCR results
showed that 5 (100%) of 5 Ps. aeruginosa isolates
were positive for oprL genes. Previous studies have
reported the effectiveness of targeting the oprL gene
for molecular confirmation of conventional
biochemical tests for Ps. aeruginosa identification
[45-48], all reported a 100% confirmation of Ps.
aeruginosa culture-positive isolates with PCR using
oprL target gene. The finding from this study
reinforces the notion that molecular techniques can
be a valuable adjunct or alternative to conventional
methods, particularly in cases where accuracy is
paramount. It also reaffirms the reliability of oprL
gene on the account of the high degree of specificity
of the target gene in the molecular detection of
Ps.aeruginosa in the wound and other clinical
samples [48,52]. The 100% molecular confirmation
in this study contrasts that of [50] who reported
discrepancies between culture-positive isolates and
the PCR analysis using the oprL gene as the target
gene. This difference between this study and the
study by [43] might be due to the gene mutation,
degree of contamination, and immune status of
individual patients [53].

OprL gene is one of the virulence factors
wielded by multidrug-resistant  P.aeruginosa

associated with SSIs. These virulence factors co-
exist and affect pathogenicity, multidrug-resistance
and extreme drug resistance (XDR)[54]. The blasny,
blactx-m and blarem genes of P.aeruginosa isolates
were among the extended-spectrum p-lactamase-
producing P.aeruginosa associated with multidrug-
resistance [55]. Abdulhaq et al. reported that the
psla gene is associated with biofilm formation and
multidrug-resistance in clinical isolates of
P.aeruginosa [56]. Biofilm formation and
multidrug  -resistance of P.aeruginosa were
similarly reported by Olaniran et al. [57]. Therefore
multiplex PCR assays of P.aeruginosa oprL gene
and other virulence factors is recommended for the
surveillance of these virulence factors and the drug
susceptibility pattern of the P.aeruginosa isolates
associated with SSIs. Molecular assays of MDR
P.aeruginosa associated with SSls are involved in
aimed at providing novel therapies in the
management of P.aeruginosa associated with SSls.
Vaccines, nanoparticles, bacteriophages that target
and infect P.aeruginosa, and their combination
therapies are promising therapy for combatting
MDR P.aeruginosa infections [58]. Studies have
reported successfully use of Phage phPS127[59] and
podovirus  vB_PaeP_PS28 [60] to lyse
P.aeruginosa. In a related study, P.aeruginosa outer
membrane vesicles (PA-OMVSs) conjugated with the
diphtheria toxoid (DT) formulated with alum
adjuvant (PA-OMVs-DT + adj) was associated with
an increase in antibodies against P.aeruginosa of
wound infection in a mice model [61].

Although the present study is limited to
molecular confirmation of Ps. aeruginosa isolates
using the oprL gene, it provides supporting evidence
for the broader body of literature. By utilizing the
PCR technique, the accuracy of species
identification is significantly improved. This is
especially crucial in settings where accurate
identification is essential for appropriate patient
management, such as hospitals and clinical
laboratories.

Conclusion

The study found a prevalence of 2.0%
(2/250) of Ps. aeruginosa associated with SSIs in
the selected hospitals in Bauchi, Nigeria. It also
found a 100% molecular confirmation of all the Ps.
aeruginosa isolates using the oprL target gene for all
the five isolates that were identified through
phenotypic and biochemical analysis of surgical
wound swabs. This study adds to the growing body
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of evidence supporting the efficacy of molecular
methods for accurate species identification. It also
demonstrates the importance of integrating
molecular techniques into routine identification
protocols. Future studies could explore the
feasibility of incorporating these techniques into
clinical practice, considering cost-effectiveness and
potential impacts on patient outcomes.

Financial support and Sponsorship
None
Conflicts of interest

The authors declare that they do not have
any conflict of interest.

References

1- Klockgether J, & Timmler B. Recent advances
in understanding Pseudomonas aeruginosa as a
pathogen. F1000Research 2017;6.

2- Tang Y, Ali Z, Zou J, Jin G, Zhu J, Yang J et
al. Detection methods for Pseudomonas
aeruginosa: history and future perspective. Rsc
Advances 2017; 7(82): 51789-800.

3- Pollack M. Pseudomonas aeruginosa.
Principles and practice of infectious diseases
1990:1673-91.

4- Mohammad HH. Phenotypic Investigation for
Virulence Factors of Pyocine producing
Pseudomonas aeruginosa Isolated from Burn
Wounds, Irag. Int. J. of Sci. & Eng. Res. 2013;
4(7): 2114-2121.

5- Wu W, Jin Y, Bai F, Jin S. Pseudomonas

aeruginosa. In Molecular medical
microbiology 2015 (pp. 753-767). Academic
Press.

6- McKnight SL, Iglewski BH, Pesci EC. The
Pseudomonas quinolone signal regulates rhl
guorum sensing in Pseudomonas aeruginosa. J.
bacterial. 2000 ; 182(10): 2702-8.

7- El Zowalaty ME, & Gyetvai B. Effectiveness
of  Antipseudomonal  Antibiotics  and
Mechanisms of Multi drug Resistance in
Pseudomonas aeruginosa. Pol. J. Microbiol.
2016; 65(1): 23-32.

8- Centers for Disease Control and Prevention.
Pseudomonas. CDC. Accessed on 23-09-202
through
https://www.cdc.gov/hai/organisms/pseudom
onas.html.

9- Pollack M. Pseudomonas aeruginosa. In:
Mandell GL, Bennett JE, Dolin R, eds.
Principles and Practice of Infectious Diseases.
5th ed. Churchill Livingstone, 2000: 2310-
2327,

10-Brandenburg KS, Calderon DF, Kierski PR,
Brown AL, Shah NM, Abbott NL. et. al..
Inhibition of Pseudomonas aeruginosa biofilm
formation on wound dressings. Wound Repair
Regen  2015; 23(6): 842-54.  doi:
10.1111/wrr.12365. Epub 2015 Nov 4. PMID:
26342168; PMCID: PMC4980578.

11-Jensen LK, Johansen AS, Jensen HE. Porcine
models of biofilm infections with focus on
pathomorphology. Front. Microbiol.2017; 8:
289441. doi:10.3389/fmich.2017.01961.

12-Maunders E, & Welch M. Matrix
exopolysaccharides; the sticky side of biofilm
formation. FEMS Microbiology Letters. 2017;
364: 120. doi:10.1093/female/fnx120

13-Garcia M, Morello E, Garnier J, Barrault C,
Garnier M, Burucoa C. Pseudomonas
aeruginosa flagellum is critical for invasion,
cutaneous persistence, and induction of
inflammatory response of skin epidermis.
Virulence 2018; 9: 1163-1175.
doi:10.1080/21505594.2018.1480830.

14- Adhikari S, Khadka S, Sapkota S, Rana JC,
Khanal S, Neupane A, et. al. Prevalence and
antibiograms of uropathogens from the
suspected cases of urinary tract infections in
Bharatpur Hospital, Nepal. Journal of College
of Medical Sciences-Nepal. 2019; 15(4): 260-
266.



5038

onyi Tetal./ Microbes and Infectious Diseases 2025; 6(3): 5029-5041

15-

16-

17-

18-

19-

20-

.Lamichhane A, Sapkota S, Khadka S,
Adhikari S, Thapa A, Rana JC, et. al.
Incidence of ESBL-Producing Gram-Negative
Bacteria of Lower Respiratory Tract Infection
in Bharatpur Hospital, Nepal. Anti-Infective
Agents 2021; 19(5): 14-21.

Reid TM, & Porter IA. An outbreak of otitis
externa in competitive swimmers due to
Pseudomonas aeruginosa. J Hyg (Lond) 1981;
86(3): 357-62. doi:
10.1017/s0022172400069114. PMID:
6787118; PMCID: PM(C2133987.

Choi JY, Sifri CD, Goumnerov BC, Rahme
LG, Ausubel FM, Calderwood SB.
Identification of virulence genes in a
pathogenic strain of Pseudomonas aeruginosa
by representational difference analysis. J
Bacteriol. 2002; 184(4): 952-61. doi:
10.1128/jb.184.4.952-961.2002. PMID:
11807055; PMCID: PMC134824.

Galloway DR. Pseudomonas aeruginosa
elastase and elastolysis revisited: recent
developments. Mol Microbiol 1991; 5(10):
2315-21. doi: 10.1111/5.1365-
2958.1991.tb02076.x. PMID: 1791748.

Peters JE, & Galloway DR. Purification and
characterization of an active fragment of the
LasA protein from Pseudomonas aeruginosa:
enhancement of elastase activity. J Bacteriol
1990; 172(5): 2236-40. doi:
10.1128/jb.172.5.2236-2240.1990. PMID:
2110137; PMCID: PMC208853.

Haghi F, Zeighami H, Monazami A, Toutouchi
F, Nazaralian S, Naderi G. Diversity of
virulence genes in multidrug resistant
Pseudomonas aeruginosa isolated from burn
wound infections. Microb Pathog 2018; 115:
251-256. doi: 10.1016/j.micpath.2017.12.052.
Epub 2017 . PMID: 292735009.

21-Lee J, & Zhang L. The hierarchy quorum

sensing network in Pseudomonas aeruginosa.
Protein & Cell 2015; 6: 26-41.
d0i:10.1007/s13238-014-0100-x.

22-Qin X, Emerson J, Stapp J, Stapp L, Abe P,

Burns JL. Use of real-time PCR with multiple
targets to identify Pseudomonas aeruginosa
and other nonfermenting gram-negative bacilli
from patients with cystic fibrosis. J. Clin.
Microbiol. ~ 2003;  41(9):  4312-4317.
d0i:10.1128/JCM.41.9.4312-4317.2003

23-Osayande JO. Easy identification of difficult-

to-type Pseudomonas aeruginosa clinical and
environmental isolates. Internet J. Microbiol.
2008; 7(2): 45-51.

24-Douraghi M, Ghasemi F, Dallal MM, Rahbar

M, Rahimiforoushani A. Molecular
identification of Pseudomonas aeruginosa
recovered from cystic fibrosis patients. J. Prev.

Med. and Hyg. 2014; 55: 50-53.

25-De Vos D, Lim A Jr, Pirnay JP, Struelens M,

Vandenvelde C, Duinslaeger L, et. al.Direct
detection and identification of Pseudomonas
aeruginosa in clinical samples such as skin
biopsy specimens and expectorations by
multiplex PCR based on two outer membrane
lipoprotein genes, oprl and oprL. J. Clin.
Microbiol. 1997; 35(6): 1295-1299.
doi:10.1128/jcm.35.6.1295-1299.1997

26-Anuj SN, Whiley DM, Kidd TJ, Bell SC,

Wainwright CE, Nissen MD, et. al.
Identification of Pseudomonas aeruginosa by a
duplex real-time polymerase chain reaction
assay targeting the ecfX and the gyrB genes.
Diagn. Microbiol. Infect. Dis. 2009; 63(2):
127-131.
doi:10.1016/j.diagmicrobio.2008.09.018

27-Pitt TL, & Simpson AJ. Pseudomonas

aeruginosa and Burkholderia spp. In: Hawkey



onyi Tetal./ Microbes and Infectious Diseases 2025; 6(3): 5029-5041

5039

PM, Gillespie SH, eds. Principles and Practice
of Clinical Bacteriology. 2006; pp 427-435.

28-Henry D, & Speert D. Pseudomonas. In:

Versalovic J, Carroll K, Funke G, Jorgensen J,
Landry M, Warnock D, editors. Manual of
Clinical Microbiology. 10th ed. Washington
DC: ASM press; 2011. pp. 677-691.

29-Procop GW. Molecular diagnostics for the

detection and characterization of microbial
pathogens. Clin Infect Dis 2007 Sep 1; 45
Suppl 2:599-S111. doi: 10.1086/519259.
PMID: 17683022

30-Motoshima M, Yanagihara K, Fukushima K,

Matsuda J, Sugahara K, Hirakata Y, et. al.
Rapid and accurate detection of Pseudomonas
aeruginosa by real-time polymerase chain
reaction with melting curve analysis targeting
gyrB gene. Diagn Microbiol Infect Dis 2007;
58(1): 53-8. doi:
10.1016/j.diagmicrobio.2006.11.007.  Epub
2007 Mar 26. PMID: 17368797.

31-Sanjay KR, Nagandar-Prasad MN,

Vijaykumar GJ. A study on isolation and
detection of drug resistance gram-negative
bacilli with special importance to post-
operative wound infection. J. Microbiol.
Antimicrob. 2010; 2(6): 68-75.

32-World Health Organization. A report on

burden of endemic health-associated infections
worldwide. WHO 2011 A systematic review of
literature Accessed on 12-09-2011
through.https://WHO/report on burden of
endemic health-associated infections world

wide/apps/en/index.htm

33-Tacconelli E, Carrara E, Savoldi A, Harbarth

S, Mendelson M, Monnet DL. Discovery,
research, and development of new antibiotics:
the WHO priority list of antibiotic-resistant
bacteria and tuberculosis. Lancet Infect. Dis.

2017; 18: 318-327. doi:10.1016/S1473-
3099(17)30753-3.

34-World Health Organization. Prioritization of

pathogens to guide discovery, research and
development of new antibiotics for drug-
resistant  bacterial infections, including
tuberculosis. WHO, 2017. Accessed on
20/10/2020 through
https://www.who.int/publications/i/item/WH
O-EMP-1AU-2017.12

35-World Health Organization. Infection Control.

WHO 2018. Accessed online on 12-09-2019
through
https://apps.who.int/iris/bitstream/handle/106
65/277399/9789241550475-eng.pdf?ua=1.

36-Mulu A, Moges F, Tessema B, Kassu A.

Pattern and multiple drug resistance of
bacterial pathogens isolated from wound
infection at University of Gondar Teaching
Hospital, North West Ethiopia. Ethiop. Med. J.
2006; 44(2): 125-131.

37-Yasidi BM, Denue BA, Onah JO, lJibrin YB,

Umar HM, Gabchiya NM, et. al. Retrospective
Analysis of Bacterial Pathogens Isolated from
Wound Infections at a Tertiary Hospital in
Nguru, Yobe State, Nigeria. Am. J. Biomed.
Life Sci. 2015; 3(1): 1-6.
doi:10.11648/j.ajbls.20150301.11.

38-Olowo-Okere A, lbrahim Y, Olayinka BO,

Ehinmidu JO. Epidemiology of surgical site
infections in Nigeria: A systematic review and
meta-analysis. The Niger. Postgrad. Med. J.
2019; 26(3): 143-151.
d0i:10.4103/npmj.npmj_72_19.

39-Thrushfied M. Vetenary Epidemiology 3rd

Edition. Blackwell Science Ltd, Oxford; 2007.
Accessed through:

www.blackwellpublishing.com.

40-Centers for Disease Control and Prevention.

Surgical Site Infections. CDC, 2018. Accessed



onyi Tetal./ Microbes and Infectious Diseases 2025; 6(3): 5029-5041

on 23-09-2020 through
https://www.cdc.gov/hicpac/SSl/table7-8-9-
10-SSl.html

41-Jami Al-Ahmadi G, & Zahmatkesh Roodsari

R. Fast and specific detection of Pseudomonas
aeruginosa from other pseudomonas species by
PCR. Ann Burns Fire Disasters 2016 ; 29(4):
264-267. PMID: 28289359; PMCID:
PMC5347312

42- Adabi M, Talebi-Taher M, Arbabi L, Afshar

M, Fathizadeh S, Minaeian S, et. al.. Spread of
efflux pump overexpressing-mediated
fluoroquinolone resistance and multidrug
resistance in Pseudomonas aeruginosa by
using an efflux pump inhibitor. Infect.
chemother 2015; 47(2): 98.
d0i:10.3947/ic.2015.47.2.98

43-Rashno Taee S, Khansarinejad B, Abtahi H,

Najafimosleh M, Ghaznavi-Rad E. Detection
of algD, oprL and exoA Genes by New
Specific Primers as an Efficient, Rapid and
Accurate Procedure for Direct Diagnosis of
Pseudomonas aeruginosa Strains in Clinical
Samples. Jundishapur J Microbiol 2014; 7(10):
€13583. d0i:10.5812/jjm.13583

44-Shaaban MT, Emam SM, Ramadan DS.

Molecular detection of virulence genes in
Pseudomonas aeruginosa isolated from
patients with burn wound infections from Burn
and Plastic Surgery Department at Benha
teaching hospital. Egypt. J. Med. Microbiol.
2019; 28(4): 27-32.

45-Nitz F, de Melo BO, da Silva LCN, de Souza

Monteiro A, Marques SG, Monteiro-Neto V,
et. al.. Molecular Detection of Drug-
Resistance Genes of blaOXA-23-blaOXA-51
and mcr-1 in Clinical Isolates of Pseudomonas
aeruginosa. Microorganisms 2021; 9(4): 786.
doi: 10.3390/microorganisms9040786.

46-Jaffe RI, Lane JD, Bates CW. Real-time
identification of Pseudomonas aeruginosa
direct from clinical samples using a rapid
extraction method and polymerase chain
reaction (PCR). J. Clin. Lab. Anal. 2001,
15(3): 131-137. doi:10.1002/jcla.1016.

47-Levenir R, Jocktane D, Laurent F, Nazaret S,
Cournoyer B. Improved reliability of
Pseudomonas aeruginosa PCR detection by the
use of the species-specific ecfX gene target. J.
Microbiol. Methods 2007; 70: 20-29.

48-Anuj SN, Whiley DM, Kidd TJ, Bell SC,
Wainwright CE, Nissen MD, Sloots TP.
Identification of Pseudomonas aeruginosa by a
duplex real-time polymerase chain reaction
assay targeting the ecfX and the gyrB genes.
Diagn. Microbiol. Infect. Dis. 2009; 63: 127-
131.

49- Ullah W, Qasim M, Rahman H, Bari F, Khan
S, Rehman ZU, et. al. Multi-drug resistant
Pseudomonas aeruginosa: pathogen burden
and associated antibiogram in a tertiary care
hospital of Pakistan. Microb. Pathog. 2016; 97:
209-212.

50-Abdulmutallib S, Muntari B, Bunza MN,
Ganau MA. Antibiogram profile of
Pseudomonas aeruginosa isolated from
wounds of patients attending some selected
hospitals in Sokoto metropolis, Nigeria. GSC
Biol. Pharm. Sci. 2019; 09(02): 032-043.

51-Ranjan KP, Ranjan N, Bansal SK, Arora DR.
Prevalence of Pseudomonas aeruginosa in
post-operative wound infection in a referral
hospital in Haryana, India J. of Lab. Physicians
2010; 2(2): 74-77. doi:10.4103/0974-2727.

52-Jami Al-Ahmadi G, & Zahmatkesh Roodsari
R. Fast and specific detection of Pseudomonas
aeruginosa from other Pseudomonas species
by PCR. Annals of Burns and Fire Disasters
2016; 29(4): 264-267.



onyi Tetal./ Microbes and Infectious Diseases 2025; 6(3): 5029-5041

5041

53-Aljebory IS. PCR detection of some virulence

genes of Pseudomonas aeruginosa in Kirkuk

city, Iraq,” Journal of Pharmaceutical Sciences
and Research 2018; 10(5): 1068-1071.

54-Awanye AM, Ibezim CN, Stanley CN, Onah

H, Okonko 10, Egbe NE. Multidrug-Resistant
and Extremely Drug-Resistant Pseudomonas
aeruginosa in Clinical Samples From a
Tertiary Healthcare Facility in Nigeria. Turk J
Pharm  Sci  2022; 19(4):  447-454.
doi:10.4274/tjps.galenos.2021.66066

55-Olowo-Okere A, Ibrahim YKE, Olayinka BO.

Molecular characterisation of extended-
spectrum  B-lactamase-producing ~ Gram-
negative bacterial isolates from surgical
wounds of patients at a hospital in North
Central Nigeria. J Glob Antimicrob Resist
2018; 14: 85-89.
doi:10.1016/j.jgar.2018.02.002

56-Abdulhag N, Nawaz Z, Zahoor MA, Siddique

AB. Association of biofilm formation with
multidrug resistance in clinical isolates of
Pseudomonas aeruginosa. EXCLI journal
2020; 19: 201-208. doi: 10.17179/excli2019-
2049. PMID: 32256266; PMCID:
PMC7105944.

57-Olaniran OB, Donia A, Adeleke OE, Bokhari

H. Prevalence of Type Il Secretion System
(T3SS) and Biofilm Development in
Genetically Heterogeneous Clinical Isolates of
Pseudomonas aeruginosa from Nigeria. Curr
Microbiol 2023; 80(11): 349.
doi:10.1007/s00284-023-03467-x

58-Yin C, Alam Mz, Fallon JT, Huang W.

Advances in Development of Novel
Therapeutic Strategies against Multi-Drug
Resistant Pseudomonas aeruginosa.
Antibiotics  (Basel) 2024; 13(2): 119.
doi:10.3390/antibiotics13020119

59-Abo Kamer AM, Abdelaziz AA, Nosair AM,

Al-Madboly LA. Characterization of newly
isolated bacteriophage to control multidrug-
resistant Pseudomonas aeruginosa colonizing
incision wounds in a rat model: in vitro and in
vivo approach. Life Sci 2022; 310: 121085.
doi: 10.1016/j.1fs.2022.121085. Epub 2022
Oct 17. PMID: 36265569.

60-Abdelghafar A, El-Ganiny A, Shaker G,

Askoura M. lIsolation of a bacteriophage
targeting Pseudomonas aeruginosa and
exhibits a promising in vivo efficacy. AMB
Express 2023; 13(1): 79. doi:10.1186/s13568-
023-01582-3

61-Zare Banadkoki E, Rasooli I, Ghazanfari T,

Siadat SD, Shafiee Ardestani M, Owlia P.
Pseudomonas  aeruginosa PAO1  outer
membrane vesicles-diphtheria toxoid
conjugate as a vaccine candidate in a murine
burn model. Sci Rep 2022; 12(1): 22324.
doi:10.1038/s41598-022-26846-z

Onyi T, DOKO MHI, ELLA E. Molecular detection of oprL gene in Pseudomonas aeruginosa associated with
surgical site infections in Bauchi, Nigeria. Microbes Infect Dis 2025; 6(3): 5029-5041.



