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 41 

ABSTRACT 42 

 43 

Pseudomonas aeruginosa is one of the pathogens of human concern with high intrinsic multi-drug 44 

resistance capabilities. The genomic investigation of blaPAO and blaOXA-50 was done on multi 45 

drug-resistant Pseudomonas aeruginosa that were also resistant to carbapenem among the isolates 46 

collected from a total of 128 clinical samples in Abeokuta, Nigeria. Pseudomonas aeruginosa 47 

isolates were obtained from pure culture, and profiled for antibiogram by disc diffusion method. 48 

Genomic DNA from isolates were typed for blaPAO and blaOXA-50 with PCR. A total of 75 49 

samples (58.6%) yielded the growth of bacterial isolates. Bacteria isolated were Escherichia coli 50 

(18.8%), Klebsiella pneumoniae (16.4%), Staphylococcus aureus (8.6%,), Pseudomonas 51 

aeruginosa (7.8%), Streptococcus pnuemoniae (3.1%), Proteus mirabilis (2.3%), and 52 

Enterobacter aerogenes (1.6%). Only ten (30%) isolates were confirmed to be Pseudomonas 53 

aeruginosa. All the P. aeruginosa isolates were resistant to ampicillin, cloxacillin, erythromycin, 54 

and tetracycline. Out of these ten multidrug Pseudomonas aeruginosa isolates, only three (30%) 55 

were resistant to carbapenems. Only two of these isolates expressed blaOXA-50 and blaPAO, 56 

while one possessed only blaPAO. Close Continuous monitoring of these antibiotic-resistant 57 

pathogens and hospital surveillance needs to be adopted to reduce their spread to other healthcare 58 

facilities. 59 

 60 
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 82 

INTRODUCTION 83 

 84 

Pseudomonas aeruginosa is one of the most common pathogens isolated from patients who have 85 

been hospitalized longer than one week and it is a leading cause of nosocomial infections in 86 

hospital settings and death cases have also been reported (1). Pseudomonas aeruginosa are 87 

ubiquitous and are found in several environmental niche and can spread to patients and healthcare 88 

providers in clinical settings particularly when exposed to contaminated clinical instruments, 89 

surfaces, beddings, water or soil. There is high risk of infection with patients on ventilators or other 90 

medical devices such as intravenous catheters (2). Nosocomial Pseudomonas aeruginosa infection 91 

include bloodstream infection, pneumonia, urinary tract infections and surgical wound infection. 92 

These infections mostly affect hospitalized patients especially those with weak immune systems 93 

and those on long term treatments (3). Pseudomonas aeruginosa has been recognized to have 94 

survival and adaptation abilities in a wide range of environments such as soil, water, sewage and 95 

hospitals (4). Despite therapy the mortality due to nosocomial is approximately 70%. 96 

Pseudomonas aeruginosa develops resistance to most of antibiotics thereby preventing the 97 

selection of appropriate treatment (5). P. aeruginosa are particularly problematic because the 98 

organism is inherently resistant to many drug classes and is able to acquire resistance to all 99 

effective antimicrobial drugs (6). Multi Drug Resistant Pseudomonas aeruginosa (MDRPA) is a 100 

condition that bacteria resistant to three or more classes of antibiotics such as penicillins, 101 

cephalosporins, monobactam, carbapenem, aminoglycosides and fluoroquinolones. Inappropriate 102 

antibiotics administration can cause P. aeruginosa resistant to several classes of antibiotics (7). P. 103 

aeruginosa nosocomial infections is generally difficult to treat because of the possibility intrinsic 104 

resistance and its ability to obtain faster resistance mechanism against many groups of 105 

antimicrobials (8). P. aeruginosa is naturally resistant to beta-Lactams. Furthermore, they easily 106 

acquire resistance to new antibacterial agents by mutational changes or acquisition of genetic 107 

material. Most pseudomonads known to cause diseases in humans are associated with 108 

opportunistic infections. These include Pseudomonas fluorescence, Pseudomonas putida, 109 

Pseudomonas cepacia, Pseudomonas stutzeri, Pseudomonas maltophila and Pseudomonas 110 

putrefaciens. In Nigeria, a study from the South west showed species, P. mallei and P. 111 

pseudomallei, isolated from human disease glanders and meliodosis. Pseudomonas aeruginosa are 112 

both invasive and toxigenic bacteria and has become increasingly recognized as an emerging 113 
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opportunistic pathogen of clinical relevance (9). This organism has been incriminated in cases of 114 

meningitis, septicaemia, pneumonia, ocular and burn infections (10). Wound infections related to 115 

burn patients often leads to bacteraemia. Bacteraemia and septic shock are mostly observed in 116 

immuno-compromised patients that are associated with high mortality rates (from one-third to 117 

almost two-thirds of cases) (11). Different conditions such as severe neutropenia, mucosal ulcers, 118 

and malignancies lead to a risk for bacteraemia (12). Pseudomonas aeruginosa is most commonly 119 

found in cystic fibrosis patients. The abnormal airway epithelia of these patients allow long-term 120 

colonization by this bacterium and, once they get infected, they rarely fade away and lead to 121 

chronic lung diseases (12, 13). P. aeruginosa possess various virulence genes that contribute to its 122 

pathogenicity such as exotoxin The blaOXA -50 gene (formerly known as the PA5514 gene) is an 123 

oxacillinase gene identified in silici in the genome of Pseudomonas PAO1 (14). It has been 124 

reported that blaOXA – 50 naturally exists in all P. aeruginosa and does not appear to have been 125 

acquired based on the similar GC% content of the blaOXA – 50 gene to the overall P. aeruginosa 126 

genome (15). Carbapenems are β-lactam antibiotics that consist of a four-membered β-lactam ring 127 

fused with a secondary five-membered thiazolidine ring through the nitrogen and adjacent 128 

tetrahedral carbon atom. Unlike other β-lactams, carbapenems have two substitutions, at position 129 

one there is a substitution of sulfur for a carbon atom and at the fourth position of the thiazolidinic 130 

moiety, a carbon is substituted for a sulfone (16, 17). So far, four carbapenems, including 131 

ertapenem, meropenem, doripenem, and imipenem, have been approved for use in the US. These 132 

members differ in their side chains, influencing their antimicrobial activity. Carbapenems inhibit 133 

cell wall synthesis by preventing the formation of cross-linkages in peptidoglycan via binding to 134 

peptidoglycan binding protein (PBP), thus leading to cell lysis and death (18). 135 

 136 

MATERIALS AND METHODS 137 

Sampling, Isolation and Identification 138 

One hundred and twenty-eight clinical samples from Federal Medical Centre, Abeokuta, in 139 

southwest Nigeria were analyzed between June 2023 and January 2024. P. aeruginosa isolates 140 

obtained from the clinical samples were preserved in semi-solid Brain Heart Infusion (BHI) 141 

(Oxoid, Basingstoke, UK) supplemented with glycerol and re-characterized for confirmation 142 

following standard biochemical methods previously described (19). 143 
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 144 

Antimicrobial Susceptibility 145 

The susceptibility profile of antibiotics commonly prescribed for Pseudomonas aeruginosa 146 

infections was determined using Kirby-Bauer disc diffusion in accordance with CLSI 147 

recommendations and guidelines (20, 21). Overnight culture from cetrimide agar was sub-cultured 148 

on BHI and further incubated for 24 h at 37 ◦C. Bacterial suspension of 0.5 MacFarland turbidity 149 

was spread on BHI using sterile swab stick. Twelve different antibiotics with different disc 150 

concentrations, such as Gentamycin (Gen) 10 µg/disc, Erythromycin (Ery) 15 µg/disc, Ceftriaxone 151 

(Cef) 30 µg/disc, Imipenem (Imp) 10 µg/disc, Meropenem (Mem) 10 µg/disc, Tetracycline (Tet) 152 

30 µg/disc, Cefuroxime (Str) 30 µg/disc, Cloxacillin 30 µg/disc (Cxc), Ampicillin (Amp), 30 153 

µg/disc, Cefuroxime (Cxm) 30 µg/disc, Ceftazidime (Caz) 30 µg/disc, Cefepime (Cef) 30 µg/disc 154 

and Ciprofloxacin (Cip) 5 µg/disc were used in this study. The antimicrobial sensitivity test of 155 

each isolate was carried out as described by the Kirby-Bauer disc diffusion method. The turbidity 156 

of the bacterial suspensions was compared with 0.5 Macfarland’s barium sulfate standard solution. 157 

The standardized bacterial suspension was inoculated on Muller Hinton Agar (Lab M Laboratories, 158 

Mumbai, India) and left to dry for 10 minutes before placing the antimicrobial sensitivity discs. 159 

Antibiotic-impregnated discs of 8 mm in diameter were used for the test. After incubation, the 160 

diameter of the zone of inhibition was measured and compared with the zone diameter 161 

interpretative chart (20, 21) to determine the sensitivity of the isolates to antibiotics. The standard 162 

strain, P. aeruginosa ATCC 27853, was used as a control. Isolates showing resistance to at least 163 

one agent in more than three classes of the antibiotic group were classified as multi-drug resistant 164 

P. aeruginosa (MDR P. aeruginosa) according to Magiorakos et al. (22). Multi antibiotic resistance 165 

index (MARI), was calculated for each isolated tested, using the formula below 166 

 MARI = No of resistant antibiotics ÷ Total number of antibiotics tested 167 

 168 

Chromosomal DNA Extraction 169 

Purified genomic bacterial DNA was extracted from overnight cultures of the three multidrug-170 

resistant Pseudomonas aeruginosa isolates after growth on TSA medium using a genomic DNA 171 

mini kit (QIAGEN, QIAamp®, USA) according to the manufacturer’s instructions. This serves as 172 

the template DNA. The concentration of the eluted DNA was measured using a NanoDrop 2000 173 

spectrophotometer. 174 
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 175 

 176 

Agarose gel electrophoresis 177 

Powdered agarose (0.8% w/v) was boiled in tris-acetic EDTA (TAE) buffer intermittently until 178 

the solution became a clear gel. The agarose solution was allowed to cool to 45oC before 7 µl of 179 

ethidium bromide was added. The clear gel solution was poured into the gel tray with the comb in 180 

place and allowed to solidify. Thereafter, the gel tray and the comb were removed. The gel was 181 

placed into the tank containing the gel buffer. Then, 2µl of the tracking dye (bromophenol blue) 182 

was mixed with 1µl of the marker and loaded into the first well. Thereafter, 20µl of the 183 

bromophenol blue with 20µl of the sample was mixed and loaded into other wells. The cover of 184 

the tank was carefully placed on it and plugged into the power source to run from a negative to a 185 

positive direction, making sure it did not run a distance of far more than ¾ of the gel for 186 

approximately 30 minutes. Then, the gel was viewed via the UV transilluminator (23). A 1.5kb 187 

standard DNA molecular weight marker (Gene Mate, UK) was used in the study. 188 

Polymerase Chain Reaction 189 

The pure DNA of each of the three different Pseudomonas aeruginosa was subjected to the 190 

polymerase chain reaction (PCR), with the genes blaPAO and blaOXA-50 being targeted. The 191 

PCR reaction was performed with primer sets blaPAO forward F-192 

TGCCTGGTAGTGGGGGATAA, reverse F-TGCCTGGTAGTGGGGGATAA, and blaOXA50 193 

forward F-AATCCGGCGCTCATCCATC reverse R: GGTCGGCGACTGAGGCGG a total 194 

volume of 50 µL, containing 25 ng of DNA template, 10 mM Tris-HCl, 50 nmol KCl, 1.5 mM 195 

MgCl2, 200 µM dNTP (Fermentas), 12.5 pmol of each primer, 1 U Taq DNA polymerase 196 

(Fermentas), and 5 µL PCR buffer 10X. Reactions were initiated at 1 cycle at 94° for 3 min, 197 

followed by 30 cycles at 94°C for 30 s, 55 for 1 min, 72°C for 1.5 min, and a final elongation step 198 

at 72°C for 5 min (24). 199 

 200 

Data analysis 201 

The results were analyzed using descriptive Statistical methods. Graphs were generated with the 202 

libraries ggplot2; Rcolorbrewer and pheatmap in R-studio (www.rcoreteam ). The dendogram was 203 

generated un DendroUPGMA software using the MARI scores of the isolates to generate a 204 
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similarity matrix for the dendrogram construction. The subsequent tree was visualized in TVBOT 205 

(https://www.chiplot.online/tvbot.html ). 206 

RESULTS 207 

 208 

From a total of 128 clinical samples were collected in this study; 75 (58.6) had the growth of 209 

bacteria (table 1). Bacteria isolated were Escherichia coli (24), Klebsiella pneumoniae (21), 210 

Staphylococcus aureus (11), Pseudomonas aeruginosa (10), Streptococcus pnuemoniae (4), 211 

Proteus mirabilis (2), and Enterobacter aerogenes (2), which constituted 18.8%, 16.4%, 8.6%, 212 

7.8%, 3.1%, 2.3%, and 1.6%, respectively (table 2). The distribution of Pseudomonas aeruginosa 213 

isolates from the different clinical samples in relation to sex and age is shown in table 4. Age 214 

groups within 11–20 years, 51–60 years, and 61–70 years had 0.8% Pseudomonas aeruginosa 215 

occurrence, respectively, while age groups 11–20 years and 31–40 years had 1.6% Pseudomonas 216 

aeruginosa occurrence, respectively. 217 

The resistance pattern of the Pseudomonas aeruginosa isolated from clinical samples to antibiotics 218 

showed that all the Pseudomonas aeruginosa isolates identified were resistant to 4 of the 219 

antibiotics used namely; ampicillin, cloxacillin, erythromycin and tetracycline respectively, and 220 

had 30% resistant to imipenem and meropenem respectively (Figure 1). The multi-drug-resistant 221 

Pseudomonas aeruginosa isolates (n=3, 30%) were resistant to carbapenem. The result revealed 222 

that one of the Pseudomonas aeruginosa isolates was resistant to seven classes of antibiotics, while 223 

three were resistant to six classes. Antibiotic resistance related was investigated using 224 

dendroUPGMA and the isolates clustered into 2 clades based on their MARI scores (Figure 2a), 225 

both clusters harbored positive PCR positive ESBL isolates. Figure 2b shows a heatmap containing 226 

antibiotic resistance profiles of the isolates according to the clases of antibiotics tested, including 227 

the bla-OXA50 and bla-PAO positivity rates of the isolates tested. From the heat map majority of 228 

the isolates were fully susceptible to carbapenem and quinolonce class of antibiotics while the 229 

chephalosporins class showed the highest resistance rates (Figure 2b). Figure 3 shows the Agarose 230 

gel pictures of the PCR reaactions, showing the bla-PAO bands seen in multi-drug resistant 231 

Pseudomonas aeruginosa while plate 2 showed the bla-OXA50 bands seen in the multi-drug 232 

resistant Pseudomonas aeruginosa. 233 

 234 

 235 
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 236 

 237 

Table 1. Distribution of bacteria growth among clinical samples 238 

 239 

Samples No. of samples  

(%) 

No. of Yielded Growth 

(%) 

No. of Non-Bacteria 

Growth (% 

Urine 58(45.3) 36(28.1) 22(17.2) 
Wound swab 22(17.2) 11(8.6)              11(8.6) 

Sputum 20(15.6) 12(9.4)                   8(6.3) 
Pus 15(11.7) 7(5.5) 8(6.3) 

Ear swabs 8(6.3) 6(4.7) 2(1.6) 
Burns 5(3.9) 3(2.3) 2(1.6) 

Total  128(100.0) 75(58.6) 53(41.4) 

 240 

 241 
 242 

 243 
 244 

Table 2. Percentage of occurrence of bacterial isolates in the clinical samples 245 
 246 

Isolates n = 128 Number (%) of bacterial isolates 

Escherichia coli  24(18.8) 

Klebsiella pnuemoniae  21(16.4) 
Pseudomonas aeruginosa  10(7.8) 

Staphylococcus aureus  11(8.6) 
Streptococcus pneumoniae  4(3.1) 

Proteus mirabilis  3(2.3) 

Enterobacter aerogenes  2(1.6) 

Total  75(58.6) 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 
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 256 

 257 

Table 3. Distribution of Pseudomonas aeruginosa isolated from clinical samples in relation 258 

to sex and age. 259 

Sex Total examined 

n (%) 

Number (%) yielded growth of  

Pseudomonas aeruginosa 

Male 55(42.9) 4(3.2) 

                Female 73(57.1) 6(4.6) 

 128(100)                                10(7.8) 

Age group   

<10  12(9.4) 0(0.0) 

11 – 20 6(4.6) 2(1.6) 

21 – 30 34(26.6) 1(0.8) 

31 – 40 28(21.9) 2(1.6) 

               41 – 50 22(17.2) 3(2.3) 

               51 – 60 18(14.1) 1(0.8) 

               61 – 70 14(10.9) 1(0.8) 

> 71 4(3.1) 0(0.0) 

Total 128(100) 10(7.8) 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 
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 270 

 271 

Figure 1. Bar chart showing antibiotic resistance distribution among the various antibiotics tested 272 

against Pseudomonas aeruginosa isolated from patients in Abeokuta, Nigeria.  273 

 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 
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 283 

Figure 2a 284 

 285 

Figure 2b 286 

Figure 2a. Dendogram showing the antimicrobial based clustering and relatedness, showing, 287 

MARI scores and ESBL-PCR positivity. Figure 2b. Heatmap showing resistance profiles of the 288 

Pseudomonas aeruginosa isolates against the different classes of antibiotics. 289 
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 290 

 291 

Bla-PAO positive 292 

 293 

bla-OXA50 positive 294 

Figure 3. Agarose gel pictures of PCR positive samples showing, DNA ladder on the first row, no 295 

template control along with PCR positive samples.  296 

 297 

 298 

 299 

 300 

 301 

 302 

 303 
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 304 

DISCUSSION 305 

Pseudomonas aeruginosa is a versatile bacterium that causes a wide range of severe opportunistic 306 

infections in patients with serious underlying medical conditions. The prevalence of Pseudomonas 307 

aeruginosa in this study was 7.8%. Pseudomonas aeruginosa is currently one of the most frequent 308 

nosocomial pathogens, and infections due to this organism are often difficult to treat due to 309 

antibiotic resistance (25). All the P. aeruginosa isolates were completely resistant to ampicillin, 310 

cloxacillin, erythromycin, and tetracycline. This finding was in agreement with Akingbade et al. 311 

(26), who reported that P. aeruginosa was 90% resistant to ampicillin and cloxacillin in south-312 

west Nigeria. According to Juan et al., (27) P. aeruginosa is the third most prevalent bacterium 313 

identified from infections contracted in intensive care units and is the main cause of morbidity and 314 

death in people with cystic fibrosis (CF), chronic obstructive pulmonary disease (COPD), diabetes, 315 

and severe kidney and liver failure. Hospital and community Pseudomonas aeruginosa infection 316 

control could suffer major setbacks due to high-level resistance to cell wall biosynthesis inhibitors 317 

(particularly augmentin, ceftazidime and ampicillin) which are most prescribed antibiotics (28). 318 

 319 

All ten Pseudomonas aeruginosa isolates were resistant to three or more classes of antibiotics, and 320 

their multidrug patterns cut across all the commonly used drugs prescribed in the clinical setting. 321 

This is also consistent with other findings from Egypt (29). The spread of these antibiotic-resistant 322 

P. aeruginosa strains is increasing within the hospital environment. This multiple resistance could 323 

be attributed to the misuse of antibiotics, which necessitates strict prescription policies to 324 

overcome this problem.  325 

 326 

Antibiotic resistance is a major problem observed among most of the P. aeruginosa infections in 327 

the clinical setting. It can also be seen from these results that P. aeruginosa isolates were resistant 328 

to most of the commonly used antibiotics. P. aeruginosa screened had 60% resistant to gentamycin 329 

in this study, and this is similar to the low susceptibility rate reported in two different studies 330 

(32.2% and 33%, respectively) by Samad et al. 2017 (30) and Diggle et al. 2020 (31). The result 331 

is also in agreement with those from Spagnolo et al., 2021 (69%) (32), Langendonk et al., 2021 332 

(77%) (33), and Shimaa et al., 2023 (73%) (34), but differs from those of Tuon et al., 2022 (31%) 333 
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(35). Aminoglycosides are an essential part of the antipseudomonal chemotherapy used to treat a 334 

number of illnesses caused by P. aeruginosa (36, 37). The result also showed that ciprofloxacin 335 

inhibited the growth of only 40% of P. aeruginosa, and this is in contrast to a 2012 report by 336 

Akingbade et al. (26) in Abeokuta, Ogun State. Imipenem, a member of the carbapenem class, is 337 

the most effective antibiotic (70%) against the strain of P. aeruginosa in this study. This is in line 338 

with research conducted by Shimaa et al. (2023) (34) that found 87.2% of the P. aeruginosa 339 

isolates susceptible to imipenem. This study revealed the presence of blaPAO and blaOXA-50 340 

among the three strains of MDR-P. aeruginosa using the PCR technique. Many studies have 341 

reported the prevalence of blaPAO and blaOXA50 in the P. aeruginosa genome (38). Due to the 342 

ability of P. aeruginosa to develop resistance to a wide variety of antibiotics through diverse 343 

molecular pathways, the emergence of MDR-P. aeruginosa is, in fact, a worldwide health concern.  344 

 345 

In the present study, MDR-P. aeruginosa showed resistance to different antibiotics, such as 346 

ampicillin, cloxacillin, erythromycin, tetracycline, cefuroxime, ceftazidime, ceftriaxone, and 347 

cefepime. It was also resistant to aminoglycosides (gentamycin) and fluoroquinolones 348 

(ciprofloxacin). Recent studies have provided detailed descriptions of each resistance mechanism 349 

and contribution to each class of antibiotics (5, 39). It is known that some strains of P. aeruginosa 350 

have highly developed and acquired resistance mechanisms that enable them to withstand the 351 

majority of antibiotics. The molecular analysis of three multidrug-resistant P. aeruginosa shows 352 

that two of the P. aeruginosa possessed the two types of genes screened for (blaPAO and blaOXA-353 

50). Similar studies have also shown a high incidence of the blaPAO and blaOXA-50 genes among 354 

MDR-P. aeruginosa (40, 41). It was observed that the two P. aeruginosa isolates (p-5 and p-7) 355 

that possessed both blaPAO and blaOXA-50 genes were resistant to penicillin, aminoglycosides, 356 

tetracyclines macrolides and carbapenems classes respectively. One of this Pseudomonas 357 

aeruginosa isolates (P7), was also, sensitive to cephalosporin classes while the other (p-5) was 358 

resistant to cephalosporin classes. The P. aeruginosa isolate (p-3) that possess only blaPAO gene 359 

was resistant to penicillin, aminoglycosides, tetracyclines, cephalosporins, macrolides and 360 

carbapenems classes respectively and was sensitive to gentamycin, an aminoglycoside class. 361 

Hospital and community antibiotic stewardship need to be strengthened with proper information 362 

on combining these antibiotic classes and regulation of drug prescription, particularly in local 363 
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364 outlets (28). The decreased susceptibility of P. aeruginosa to commonly used antibiotics has also 

365 been shown in different studies (39, 5, 42).  

366  conclusion : 

367 , this study shows that the three MDR-Pseudomonas aeruginosa that have blaPAO 368 and     

                  blaOXA-50 beta-lactamases are resistant to penicillin, macrolide, tetracycline, 

369 fluoroquinolones, tetracycline, and carbapenems. Newer clinical approaches are needed to curtail 

370 the increasing resistance by considering the innovative integrated system in prescription and 

371 therapeutic formulation, with combined synergistic mechanism of action (28). 
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