


Molecular Detection of Carbapenemase and Fluoroquinolone Resistance Genes in Pseudomonas aeruginosa Isolated from Hospital Waste


ABSTRACT

Hospital waste poses a significant environmental and public health threat due to its potential to harbour and spread antibiotic-resistant pathogens. Among these, Pseudomonas aeruginosa, a well-known opportunistic bacterium, is particularly concerning due to its multidrug resistance and ability to persist in hospital environments. This study aimed to determine the prevalence, antimicrobial resistance profiles, and molecular detection of carbapenem and fluoroquinolone resistance genes in P. aeruginosa isolated from hospital waste.
A total of 60 hospital waste samples were aseptically collected from the laboratory, outpatient and surgery units of Nnamdi Azikiwe Medical Centre. Isolation and identification were performed using cetrimide agar and standard microbiological methods. Antimicrobial susceptibility testing was carried out using the Kirby-Bauer disk diffusion method in accordance with CLSI (2022) guidelines. PCR assays were conducted to detect the presence of carbapenemase (NDM, KPC) and fluoroquinolone (QnrA) resistance genes. Among the 60 samples analysed, 22 (36.7%) were confirmed as P. aeruginosa. High resistance rates were observed for levofloxacin (77.3%), ofloxacin (59.1%), ciprofloxacin (54.5%), imipenem (50%), and meropenem (40.9%). Six isolates (27.3%) were identified as multidrug-resistant. PCR analysis revealed the presence of the blaKPC, blaNDM, and QnrA genes among the isolates, indicating the presence of multiple resistance mechanisms. These findings demonstrated that hospital waste serves as a significant reservoir for multidrug-resistant P. aeruginosa, which carries clinically relevant resistance genes. Effective treatment of hospital waste, strict enforcement of infection control practices, and the implementation of antibiotic stewardship programs are essential to mitigate the environmental spread of antimicrobial resistance.
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1. INTRODUCTION

Healthcare waste constitute a significant environmental concern due to its potential to harbour antibiotic resistant bacteria. Healthcare waste is a by-product of health care that includes sharps, non-sharp blood contaminated items, blood, body parts and tissues, chemicals, pharmaceuticals and radioactive materials It is generated from diverse sources, including hospital wards, laboratories, surgical units, pharmaceuticals, veterinary clinics and research canters (WHO, 2024).  Although the majority of healthcare waste is non-hazardous, approximately 15% is classified as hazardous, with the potential to be infectious, toxic, or radioactive (Janik-Karpinska et al., 2023). According to data update on WASH in health care facilities by World Health Organization, only 61% of hospital had basic health-care waste management services. Improper management of healthcare waste poses serious risks to both human health and the environment, particularly in low- and middle-income countries where waste disposal practices are often inadequate (Marcos et al., 2022; WHO/UNICEF, 2024).

Hospital waste frequently harbours pathogenic microorganisms, including both Gram positive and Gram-negative bacteria which can be transmitted to healthcare workers, patients, and surrounding communities, contributing to healthcare-associated infections (HAIs). Among the bacterial species commonly isolated from hospital waste, Pseudomonas aeruginosa is of particular concern due to its persistence in moist environments and its ability to spread within healthcare settings, causing outbreaks of severe infections (Verdial et al., 2023).

Pseudomonas aeruginosa is a motile, non-fermenting, Gram-negative bacterium belonging to the family Pseudomonadaceae. It is ubiquitous in nature and known for its ability to thrive in diverse environment, production of numerous virulence, and antibiotic resistance mechanisms. Consequently, P. aeruginosa is recognized as one of the leading causes of hospital-acquired infections, particularly in immunocompromised patients, and has been identified by the World Health Organization as a “critical priority pathogen” for research and development of new antibiotics (Diggle et al., 2020). 

Antimicrobial resistance represents one of the most pressing global health problems in the healthcare system. The uncontrolled use of antibiotics in healthcare setting exposes bacteria to antibiotics, which has led to emergence and dissemination of resistant bacterial strain, posing severe threats to both public health and healthcare systems (Endalamaw et al., 2024). Carbapenem, a subclass of β-lactam antibiotics, are considered the last line of defence against MDR Gram-negative infections due to their broad-spectrum activity. However, the emergence of carbapenem-resistant strains of P. aeruginosa poses a severe public health threat. Resistance is often mediated by carbapenemase genes such as blaKPC, blaIMP and blaNDM (Caterina et al., 2022; Nikhil et al., 2023). Similarly, fluoroquinolones, which have good pharmacokinetic properties and a major class of antibiotics widely used in treatment of P. aeruginosa infections by inhibiting DNA gyrase and topoisomerase IV, are increasingly compromised by resistance mechanisms, including plasmid-mediated Qnr genes and efflux pump overexpression (Zhao et al., 2020).

Given the interconnectedness of humans, animals, and the environment in the transmission of resistant pathogens, the One Health approach has been endorsed globally as an effective framework for combating AMR. This integrated strategy emphasizes collaborative action to optimize the health of people, animals, and ecosystems (WHO, 2023; Bir et al., 2024). Studies on the molecular detection of carbapenem and fluoroquinolone resistance in P. aeruginosa from healthcare waste remain limited in Nigeria, particularly in the study area. Knowledge of the prevalence and genetic determinants of resistance in this setting is essential for infection control and antibiotic stewardship.


2. MATERIALS AND METHODS

2.1 Sample Collection: 
A total of 60 waste samples were collected aseptically from various departments including the laboratory unit, outpatient ward, and surgery ward at Nnamdi Azikiwe Medical Centre. Each sample was collected using a sterile containers and swab sticks. The samples were immediately transported to the laboratory for microbiological analysis under aseptic conditions. 

2.2 Isolation and Identification of Pseudomonas aeruginosa: 
The samples collected were inoculated on the cetrimide agar, a selective medium for Pseudomonas species, and incubated aerobically at 37°C for 24 hours. Colonies showing greenish-blue pigmentation and grape-like clusters were picked and further identified using biochemical tests such as Gram staining, oxidase, catalase and motility tests. Pure colonies were stored in Tryptic Soy Broth (TSB) with 20% glycerol at -20°C for other analysis.

2.3 Antibiotics Susceptibility Testing
Confirmed isolates were subjected to antibiotic susceptibility testing using the Kirby-Bauer disk diffusion method as previously described by Nwajiobi et  al., (2022), following Clinical and Laboratory Standards Institute (CLSI, 2022) guidelines.  A 0.5 McFarland standard suspension of the isolate was prepared and spread on Mueller-Hinton agar plates. The following antibiotics were tested: Fluoroquinolones: Levofloxacin (5µg), Ofloxacin (5µg), Ciprofloxacin (5µg) and Carbapenem: Imipenem (10µg), Meropenem (10µg).  plates were incubated at 37°C for 24 hours, and zones of inhibition were measured and interpreted as susceptible, intermediate, or resistant according to CLSI standards. Isolates resistant to three or more classes of antibiotics were considered multidrug-resistant (MDR).
. 
2.4 Genomic DNA Extraction
Genomic DNA was extracted as described by Umeaku Chinyelu Nkiru et al., (2021). Five millimetre of an overnight broth culture of the bacterial isolate was spun at 14000rpm foe 3 min. the cells were re-suspended in 500µl of normal saline and heated at 95℃ for 20 min. the heated bacterial suspension was cooled on ice and spun for 3 min at 14000rpm. The supernatant containing the DNA was transferred to 1.5ml micro centrifuge tube and stored –20 °C until use.

2.5 PCR Amplification of Resistance Genes
Polymerase chain reaction (PCR) was performed to detect blaNDM, blaKPC and QnrA genes as previously described by (Nwajiobi et al., 2025). Each 25 µl reaction mixture contained OneTaq Quick-Load 2X Master Mix (New England Biolabs, USA), 0.5 µl of each primer, DNA template, and nuclease-free water. PCR amplification were performed in an Eppendorf Nexus Gradient Master cycler (Germany) under the following cycling conditions:

· NDM-1:  Initial denaturation at 94 °C for 5 min; denaturation at 35 cycles of 94 °C for 30 s, annealing at 55 °C for 30 s, extension 72 °C for 60 s; and final extension at 72 °C for 5 min.
· KPC: Initial denaturation at 94 °C for 3 min; denaturation at 40 cycles of 94 °C for 60 s, annealing at 59.4 °C for 60 s, extension at 72 °C for 60 s; and final extension at 72 °C for 5 min.
· Qnr : Initial denaturation at 95 °C for 2 min; denaturation at 45 cycles of 95 °C for 10 s, annealing at 56 °C for 40 s, extension at 72 °C for 60 s and final extension at 72 °C for 10 min. 

PCR products were separated on 1.5% agarose gels and visualized by ethidium bromide staining.
Primers Used for Amplification. Primers used for PPCR amplification was shown in Table 1 below.

Table 1. Primer Sequences Used for PCR Amplification

Target Gene       Primer Name             Sequence (5′→3′)                            Annealing        Product Size
                                                                                                                         Temp (°C) 
NDM                     NDM-F                      GGTGCATGCCCGGTGAAATC            55                 401 bp
                             NDM-R                      ATGCTGGCCTTGGGGAACG 

KPC                      KPC-F                      GCTCAGGCGCAACTGTAAG               59.4              150 bp                         
                              KPC-R                     AGCACAGCGGCAGCAAGAAAG

QnrA                     QNR-F                     AGAGGATTTCTCACGCCAGG              56                 510 bp
                             QNR-R                     TGCCAGGCACAGATCTTGAC


2.6 Data Analysis 
Data were analysed using SPSS version 20, descriptive statistics were used to determine the frequency and antibiotic resistance.



3. RESULTS

3.1 Identification of Pseudomonas aeruginosa
Out of the 60 hospital waste samples analysed, a total of 22 isolates (36.7%) were confirmed as Pseudomonas aeruginosa based on colony morphology and biochemical characteristics. Table 2 shows the distribution of isolates across different hospital units.

Table 2. Frequency of P. aeruginosa in Hospital Waste Samples 

Hospital Unit                 No of Samples              No of P. aeruginosa        Frequency (%)
                                                                              Isolates    
Laboratory Unit                  20                                10                                    16.67
Surgery Ward                     20                                8                                      13.33 
Outpatient Ward                 20                                4                                      6.67                       
Total                                   60                                22                                   36.67                           
 Frequency (%) was measured as (number of isolates ÷ number of samples collected) ×100



3.2 Morphological and Biochemical Characteristics of the Isolate
 
All isolates produced greenish, moist colonies on cetrimide agar and exhibited positive results for oxidase and citrate utilization tests. They were Gram-negative, rod-shaped and motile. Table 3 shows the morphological and biochemical characteristics of the isolates. 
 
Table 3. Morphological and Biochemical Characteristics of Pseudomonas aeruginosa Isolates

Morphological Characteristics                       Observation   
Growth on cetrimide agar                                   Greenish, moist pigmentation
Surface                                                               Smooth colonies
Gram staining                                                     Gram-negative rods

Biochemical Characteristics                            Observation

Oxidase                                                              Positive
Citrate utilization                                                 Positive
Motility                                                                Motile

3.3 Antibiotics Resistance Pattern 

The resistance profiles of the 22 P. aeruginosa isolates are shown in Figure 1. Resistance fluoroquinolone was high; levofloxacin (77.3%), followed by ofloxacin (59. 1%) and ciprofloxacin (54.5%). Carbapenem resistance was also significant with imipenem (50%) and meropenem (40.9%). (Figure 1).

  
Fig1. Antibiotic Resistance Profile of P. aeruginosa Isolates (N = 22)
                                                   

3.4 Multidrug Resistance Distribution of the isolated P. aeruginosa
Table 4 shows the multidrug-resistant of the isolate. Out of 22 isolates tested, six (6) isolates were identified as multidrug-resistant (MDR), exhibiting resistance to at least one agent in three or more antimicrobial classes (Magiorakos et al., 2012).  MDR prevalence = (6 ÷ 22) × 100 = 27.3%

Table 4: Distribution of Multidrug-Resistant P. aeruginosa Isolates

MDR Status                            Number of Isolates            Percentage (%)
MDR                                          6                                          27.3
Non-MDR                                 16                                        72.70


3.5. Molecular Detection of Resistance Genes 
PCR screening revealed the presence of blaNDM, blaKPC, and QnrA genes among isolates. resistance genes: The gel electrophoresis image confirmed the expected amplicon sizes for blaKPC (150bp), bllaNDM (500bp) and QnrA(516bp) as shown in Figure 2. 

                                                      [image: ]
Fig 2. Gel electrophoresis of KPC (150 bp), NDM (500 bp), and QNR A (516 bp) genes in isolated P. aeruginosa from Hospital waste samples using 500-1000 bp ladder.

4. DISCUSSION


The present study revealed that hospital waste serves as a potential reservoir for antibiotic-resistant Pseudomonas aeruginosa strains. The overall prevalence of P. aeruginosa (36.7%) shows the persistence of this organism in the hospital environment. Similar findings were reported by ASO et al., (2020), who observed high recovery rate of P. aeruginosa from hospital waste in Nigeria.  

In the present study, out of 22 isolates recovered, a high fluoroquinolone resistance, particularly to levofloxacin (77.3%) and ciprofloxacin (54.5%) was observed, suggesting frequent exposure and misuse of these drugs in hospital settings. Levofloxacin and ciprofloxacin are one of the most used fluoroquinolones antibiotics that in treatment of variety of P. aeruginosa infection. Therefore, resistance to these antibiotics can cause serious complications in the therapeutic settings. Our findings are comparable with study done by Roulová et al., (2022) and Nwajiobi et al., (2023) who reported similar resistance pattern by P. aeruginosa in hospital wastewater and infected wound respectively. However, the present result differs from the report of MD Abu et al., (2024) and Makinde, (2023), who observed high sensitivity of P. aeruginosa (75%) from hospital waste to ciprofloxacin and ofloxacin. 
The observed carbapenem resistance (50% to imipenem and 40.9% to meropenem) reflects a worrying trend, as carbapenem are considered the last resort for treating severe infections. Similar findings were reported in study by Hosu et al., (2021), where significant resistance of P. aeruginosa to meropenem (41.7%) and imipenem (50%) was observed from nonclinical samples. The high frequency of carbapenem resistance observed in this study aligns with the global trend of increasing carbapenem-resistant P. aeruginosa (Tenover et al., 2022).
In the present study, 27.3% of the isolates were classified as multidrug-resistant isolates This prevalence, though moderate compared to some earlier reports is significant and showed that hospital waste serves as an important reservoir for MDR bacteria. Hosu et al., (2021) reported a much higher MDR rate (55.6%) among P. aeruginosa from clinical environment. However, Santaro et al., 2015 recorded a lower MDR rate (22.2%) in hospital wastewater in Rio de Janeiro. These variations may be due to differences in local antibiotic usage patterns, infection control measures and waste management practices. 

The molecular analysis revealed the presence of KPC, NDM, and Qnr genes in the isolated P.  aeruginosa.  KPC and NDM genes are among the most clinically significant carbapenemase-encoding genes contributing to multidrug-resistance on P. aeruginosa. Detection of KPC in the present study indicates the dissemination of Klebsiella pneumonia carbapenemase genes that hydrolyses a broad range of β-lactam antibiotics, including carbapenem beyond enterobacteriaceae. Our finding is in agreement with the study done in Nigeria by Olaken et al., (2023) who observed high rates of carbapenemase-producing Pseudomonas aeruginosa from clinical samples. Roulová et al., (2023) also reported KPC producing P. aeruginosa isolates from hospital environment, emphasizing the environmental spread of these genes. The identification of NDM (New Delhi metallo-β-lactamase) gene among the isolates revealed the emergence of NDM producing P. aeruginosa in the hospital environment. This finding is in agreement with the study of Okafor et al., (2023) who detected high prevalence of blaNDM in P. aeruginosa isolated from hospital wastewater effluents in Nigeria.  The detection of qnrA further confirms the presence of fluoroquinolone resistance determinants. The coexistence of these genes in the same isolates demonstrates multidrug resistance and poses a risk for dissemination of resistance traits within the environment. The detection of multiple resistant genes in the present study suggests that P. aeruginosa present in hospital waste may serve as a reservoir for carbapenemase and fluoroquinolone genes, facilitating their spread to the environment 

Conclusion

These findings showed that hospital waste serves as a significant reservoir for multidrug-resistant P. aeruginosa that carries clinically relevant resistance genes. Effective treatment of hospital waste, strict enforcement of infection control practices, and the implementation of antibiotic stewardship programs are essential to mitigate the environmental spread of antimicrobial resistance.
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