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ABSTRACT: Pseudomonas aeruginosa is a frequent nosocomial pathogen that causes severe disease in many 

clinical and community settings. The objective of this paper was to isolate Pseudomonas aeruginosa from clinical 

samples and to investigate the occurrence of metallo β- lactamase enzyme production by collecting 145 males and 90 

females’ human clinical specimens from five selected health institutions within Kwara state, Nigeria. The samples were 
cultured immediately using standard microbiological procedures. Multiple drug resistance patterns of the bacteria to 

different antibiotics were determined using the Bauer Kirby disc diffusion technique. Metallo – β lactamase production 

was determined using E – test strip. Data were subjected to descriptive statistics using Statistical Package for Social 
Sciences (SPSS) software. A total of 145 isolates were identified as Pseudomonas aeruginosa from the clinical 

samples.Thirty were positive for metallo β lactamase production; 11 (8 %) males and 19 (13 %) females. Absolute 

resistance to ceftazidime (100 %), gentamicin (100 %), ceftriaxone (100 %) were observed while low resistance to 
ciprofloxacin (12.4 %), piperacillin (6.9 %) and imipenem (6.9 %). All isolates were sensitive to colistin.  This study 

had demonstrated that there is a high occurrence of metallo β lactamase enzyme producing and antibiotic-resistant strains 

of P. aeruginosa in clinical specimens from the studied area. Necessary measures must be implemented to stop the 
problems of this antibiotic resistance. 
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Pseudomonas aeruginosa is widespread in natural 

environments and considered an opportunistic 

secondary pathogen for humans that is capable of 

causing a major nosocomial infections and broad 

spectrum of infections such as urinary tract, burn, 

respiratory tract, meningitis, chronic otitis media and 

otitis externa, pseudomonal endocarditis, septicaemia, 

etc. (Singh et al., 2006; Yang et al., 2011). It is also 

implicated in 16 % of nosocomial pneumonia, 12 % in 

urinary tract infections, 8% in surgical infections, and 

10% in bloodstream infections. Otherwise, there is 

increasing evidence implication of the species in 

foodborne infections (Vitkauskienė et al., 2010). 

Pseudomonas aeruginosa is not only but one of the 

main causes of healthcare-associated infections mostly 

common among hospitalized patients (Kyaw et al., 

2015). Healthcare-associated infections 

predominantly lead to pneumonia, urinary tract 

infections as well as, skin and soft-tissue infections. 

Occasionally, P. aeruginosa can colonise human body 

sites, with a preference for moist areas, such as the 

perineum, axilla, ear, nasal mucosa and throat, stool as 

well as subungual areas of the hands (Hilmar et al., 

2018). The prevalence of colonisation in healthy 

individuals is usually low, higher colonisation rates 

can be encountered following hospitalisation, 

especially among patients treated with broad-spectrum 

antibiotics. A multidrug resistant (MDR) P. 

aeruginosa phenotype is defined as a bacterium which 

is resistant to three or more anti-pseudomonal anti-

microbial classes; carbapenems, fluoroquinolones, 

penicillins / cephalosporins and aminoglycosides 

(Magiorakos et al., 2012). The mechanism of 

resistance in MDR P. aeruginosa is possibly through 

the production of several enzymes that inactivate beta-

lactams and carbapenems such as extended spectrum 

beta lactamases (ESBLs) and metallo-β-lactamases 

(MBLs) (Vahdani et al., 2012). Therefore, this study 

was aimed at isolating Pseudomonas aeruginosa from 

clinical samples and investigating the occurrence of 

metallo β- lactamase enzyme among them. 

 

MATERIALS AND METHODS 
One hundred and forty five clinical specimens of 

Pseudomonas aeruginosa isolates were isolated from 

urine, wound, sputum, blood and indwelling medical 

devices. Specimens were collected from primary, 

secondary, tertiary hospitals, and private diagnostic 

centres across Kwara state, Nigeria 

 

Ethical consideration: Ethical approval was obtained 

from the Ethical Review Committee (ERC) of Kwara 

State Ministry of Health, Ilorin.  

 

Clinical samples were collected from different hospital 

wards of University of Ilorin Teaching Hospital, the 

samples include: urine, sputum, catheter tip, cornea 

scraping, blood, wound swab and ear swab. They were 
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processed, cultured and the bacteria identified at the 

Medical Microbiology and Parasitology laboratory 

unit of University of Ilorin Teaching Hospital (UITH) 

Ilorin. 

 

Innoculation and Incubation: The clinical samples 

were collected into a transport media (Nutrient broth) 

and it was further transported into the laboratory. The 

culture was incubated overnight at 42 °C for 24 hours. 

The overnight broth culture was futher sub-cultured on 

MacConkey agar and Blood Agar. Incubation of the 

cultured plates was done under aerobic conditions. The 

bacterial growth was observed for colonies 

morphologically resembling Pseudomonas 

aeruginosa on MacConkey agar in aerobic conditions. 

Colonies morphologically resembling P. aeruginosa 

were subjected to further characterization.  

 

Confirmation of Pseudomonas aeruginosa strains: 

Production of pigments such as pyocyanin was tested 

by growing the isolates on cetrimide agar for 

confirmation results obtained were compared with 

specifications in Bergey’s Manual of Systematic 

Bacteriology. 

 

Antimicrobial susceptibility testing: Antibiotic 

susceptibility testing was performed using modified 

Kirby-Bauer disc diffusion method following 

guidelines of Clinical and Laboratory Standards 

Institute (CLSI, 2015).  

 

Metalo-β-lactamase enzyme detection: The inoculum 

of Pseudomonas aeruginosa was prepared (CLSI, 

2015). Each isolates of P. aeruginosa was inoculated 

on a separate Mueller Hinton plate. MBL E-test strips 

containing concentration gradient (1 - 64 µg/ml) of 

imipenem (IP) on one end of the strip and imipenem 

overlaid with a constant concentration of EDTA (IPI) 

on the other end of the strip were placed onto the plate 

and incubated at 42°C aerobically for 18-24 hours as 

shown in plates 3.7a and 3.7b. Negative control was 

set along with the test using P. aeruginosa ATCC 

27853. A reduction in the Imipenem minimum 

inhibitory concentration (MIC) in the presence of 

EDTA of greater than or equal to eight-fold (IP/IPI ≥ 

8) indicated MBL positivity. 

 

RESULTS AND DISCUSSION 
Out of the 145 P. aeruginosa isolates examined. Table 

1 shows the distribution of P. aeruginosa according to 

the sources of infection which include urine, sputum, 

cornea scrapping, wound swab, ear swab, catheter tip 

and vaginal swab. P. aeruginosa isolates (32.5 %) 

were mostly isolated from ear infection, which was 

followed by wound infection. The lowest percentage 

of isolates was found in catheter tip.  30 (21 %) were 

MBL producing P. aeruginosa while 115 (79 %) were 

negative for MBL production. Of the 30 MBL positive 

isolates the male population account for about 11 (8 

%) while the female population account for 19 (13 %) 

while 115 isolates were found to be negative for MBL 

production in which the female population accounts 

for 63 (43 %) while 52 (36 %) was found in the male 

population this is shown in Table 2. During the study 

period, MBL positive isolates were found to be 

resistant to ceftriaxone and ceftazidime (100 %) while 

a relative decrease in the susceptibility pattern of the 

MBL negative isolates to ceftriaxone and ceftazidime 

with 55 isolates (37.9 %) susceptible and 90 isolates 

(62.1 %) respectively as presented in Table 3.  Of the 

30 MBL positive isolates, 18 (12.4 %), 5 (3.4 %) were 

susceptible to ciprofloxacin and gentamicin? while 12 

(8.3 %), 15 (10.3 %) were resistant for ciprofloxacin 

and gentamicin, respectively. In addition, out of the 

115 MBL negative isolates, 67 (46.2 %) and 100 (69.0 

%) were susceptible to ciprofloxacin and gentamicin 

respectively. 

 
Table 1: Distribution of P. aeruginosa according to the sources of 

infection 

Sources of 

Pseudomonas 

aeruginosa Frequency (%) 

Urine 10 (14.5) 

Sputum 15 (21.8) 

Cornea Scrapping 8 (11.6) 
Wound Swab 36 (52.2) 

Ear swab 40 (58) 

Catheter tip 5 (7.25) 
Vaginal Swab 32 (46.4) 

Total 145 

 

Table 2: The gender distribution of patients infected with P.  
aeruginosa. 

Gender 

MBL 

Producers (%) 

Non MBL 

Producer (%) 

Male 11 (8) 52 (35.9) 
Female 19 (13) 63 (47.6) 

Total 30 (21) 115 (79) 

 

Plate 1 displays the photograph of MBL positive P. 

aeruginosa showing a phantom zone which is 

characteristic of MBL producers while plate 2 displays 

the photograph of MBL positive P. aeruginosa 

showing IP/IPI≥8 
 

 
Plate 1: Photograph of MBL positive P. aeruginosa showing a 

phantom zone which is characteristic MBL producers. 
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Table 3: Frequency of Antibiotics susceptibility pattern of MBL and Non MBL P. aeruginosa. 

Antibiotics Used 

Total number 

of Isolates 

N=145 

MBL 

Producers 

N=30 (%) 

Non MBL 

Producers 

115 (%) X2 p-value 

Ceftazidime S 0 (0) 90 (62.1) 66.552 0.000 

 I 0 (0) 10 (6.9)   
 R 30(100) 15 (10.3)   

Gentamicin S 0 (0) 100 (69.0) 288.448 0.000 

 I 0 (0) 5 (3.4)   
 R 30 (100) 10 (6.9)   

Ciprofloxacin S 18 (12.4) 67 (46.2) 68.138 0.000 

 I 12 (8.3) 18 (12.4)   
 R 0 (0) 30 (20.7)   

Ceftriaxone S 0 (0) 55 (37.9) 38.621 0.000 

 I 0 (0) 15 (10.3)   
 R 30 (100) 45 (31)   

Piperacillin/tazobactam S 10 (6.9) 100 (69.0) 251.207 0.000 

 I 5 (3.4) 5 (3.4)   
 R 15 (10.3) 10 (6.9)   

Imipenem S 10 (6.9) 95 (65.5) 251.207 0.000 

 I 5 (3.4) 10 (6.9)   
 R 15 (10.3) 10 (6.9)   

Colistin S 25 (17.2) 112 (77.2) 219.221 0.000 

 I 0 (0.0) 0 (0.0)   
 R 5 (3.4) 3 (2.1)   

 

 
Plate 2: Photograph of MBL positive P. aeruginosa showing 

IP/IPI≥8 

 

Pseudomonas aeruginosa is commonly implicated as 

a cause of health care acquired infections with high 

mortality rates (Lambert et al., 2011).  The high rate of 

microbial resistance to the cephalosporins as observed 

in this study is a cause for concern as because many 

clinicians fall back on them for the treatment of Gram-

negative pathogens in the face of multi-drug 

resistance. The high incidence of the isolates resistant 

to the cephalosporins and quinolones may be attributed 

to cross-resistance to the class occasioned by high non-

prescription use of ciprofloxacin in the area as well as 

possible drug faking. The results of the antibiotic 

resistance profile of the isolates to beta-lactam 

antibiotics showed increased beta-lactamase enzyme 

production among the isolates. Many of the MBL 

producing isolates were resistant to ceftriaxone (100 

%), ceftazidime and ciprofloxacin (100 %) 

respectively, Anupurba et al. (2006) reported the 

isolation of cephalosporin resistant P. aeruginosa 

among in-patients and outpatient clinics, made a 

similar observation. In this study the prevalence of 

MBL producing P.aeruginosa was found to be 21 %. 

This result was lower than 36.07 % reported by 

Sasirekha et al., 2010 and higher than the prevalence 

reported in Lagos (Aibinu et al., 2007), and in Belgium 

(Berges et al., 2007) where the prevalence was 4.1 % 

and 4.4 %, respectively. It is also higher than the 

prevalence of 10.0% and 14.0% obtained in Enugu, 

south east, Nigeria (Ejikwegu et al., 2014) and India 

(Hemalatha et al., 2005), respectively.  

 

The prevalence of MBL producing P. aeruginosa in 

male to female in this study is 7.59 % as compare to 

13.1 %. This is in line with the study by Mojtaba et al. 

(2014). Females were more affected than males (53 % 

to 47 %).  This is in contrast with the study carried out 

by Sandhya and Swathi, (2015) reported 7:1. Some 

studies shows that more males are infected with P. 

aeruginosa than female (Sandhya and Swathi, 2015)  

 

The highest number of susceptibility of P. aeruginosa 

isolates was recorded for colistin (77.2 %) followed by 

imipenem (65.5 %). This result for colistin contradicts 

studies from Nwankwo and Shaibu (2010) who 

reported 78.9 % susceptibility of P. aeruginosa but 

corroborate result of Aibinu et al. (2007) and Olayinka 

et al. (2009) who reported 95.6 % and 94.6 % 

respectively. They explained that the duration of the 

hospital stay was directly proportional to a higher 

prevalence of the infection. Aminoglycosides 

(streptomycin and gentamicin), on the average, had 

less activity and showed more microbial resistance 

profile compared to β-lactam drugs and carbapenem. 

The reason for this high resistance to the 

aminoglycosides could be as a result of indiscriminate 

use of gentamicin in the area. The drug though a 

prescription only medicine is purchased as over-the-

counter in the open markets  in the community and is 

commonly used by unqualified personnel in the 
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treatment of “infections”. Several studies show that 

gentamicin and streptomycin are effective 

against Pseudomonas species and E. coli, but if 

misused, the organisms may also develop resistance to 

them.  This research findings is similar to that of 

Sasirekha et al. (2010) where they recorded 82.1 % 

susceptibility of the isolates to gentamicin and 41.8 % 

to streptomycin probably although they worked on 

clinical isolates generally and not on ESBL producers 

alone.  

 

The high resistance profile of the isolates in this study 

is a reflection of the high incidence of MBL and ESBL 

isolates observed. P. aeruginosa, much 

like Mycobacterium tuberculosis is intrinsically 

resistance to several antimicrobial classes and 

therefore poses considerable limitation in the range of 

antibiotic options for treating infections caused by 

them. These increase further the risk for emergence of 

resistant strains. Bacteria usually encode multiple 

antibiotic resistance genes. 

 

MBL producers were found more in females than 

males, this may be due to the fact that women are 

relatively weaker and more sensitive. The results of 

susceptibility pattern of P. aeruginosa isolates  to 

antimicrobial agents  in this study showed that the 145 

P. aeruginosa strains tested against seven 

antimicrobial agents; shows that all the MBL strains of 

the isolates were resistant ceftazidime, and gentamicin 

recording 100%. Piperacillin and imipenem have the 

same sensitivity pattern for MBL while Colistin has 

the highest percentage of sensitivity with few isolates 

resistant to the drugs this is because it is an 

amphiphatic drug. That is why it is always used as a 

last resort to multi drug resistance strains.  

 

The result of this study showed that there is an increase 

in resistance to the quinolones by strains of P. 

aeruginosa. In previous studies by Oduyebo et al. 

(1997) and Kesah et al.(1999) in this environment, P. 

aeruginosa strains were found to be highly susceptible 

to the quinolones (96%); but from this study, our data 

shows increase in resistance to this family of 

antibacterial agents by the current clinical strains of P. 

aeruginosa. Ofloxacin was observed to have the 

highest activity (41%) and was closely followed by 

ciprofloxacin (39%). This result implies that 

quinolones alone, cannot be depended upon as an 

antipseudomonal antimicrobial in this environment. 

They will have to be used in combination or replaced 

with another antimicrobial preferably. The activities of 

carbapenems, ceftazidime, piperacillin/tazobactam 

and amikacin against P. aeruginosa strains is still high 

and they can be considered as therapeutic options 

available for P. aeruginosa infection treatment in this 

region. 

 

Conclusion: Metallolo-β-lactamase producing P. 

aeruginosa strains were found in Kwara State which is 

the North central Nigeria and result of this work shows 

the presence of this enzyme in the pathogen, P. 

aeruginosa in environment which may also confer 

resistance on the organism. 
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