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ABS TRACT  
 

BACKGROUND 

Infections due to carbapenem resistant Pseudomonas aeruginosa (CRPA) are 

considered a threat to public health and identifying the mechanism of resistance is 

important to achieve successful therapeutic outcomes. The objectives of the present 

study were to determine the prevalence of carbapenem resistant P. aeruginosa in our 

hospital settings, identify the antimicrobial susceptibility pattern of CRPA and 

carbapenem sensitive Pseudomonas aeruginosa (CSPA) isolates, detect the 

prevalence of multiple drug-resistant (MDR) P. aeruginosa among CRPA isolates and 

identify the prevalence of metallo–beta-lactamase (MBL) producing P. aeruginosa 

among the CRPA isolates. 

 

METHODS  

This is a prospective, descriptive study. We investigated all samples received in our 

clinical microbiology laboratory during the study period of one year from Feb 2018 

to Jan 2019. Samples showing growth of Pseudomonas aeruginosa were included in 

the study. Antimicrobial susceptibility testing of the isolates was done by Kirby-Bauer 

disc diffusion method on Mueller-Hinton agar and isolates were identified as MDR 

and CRPA according to Clinical and Laboratory Standards Institute, 20193 (CLSI) 

guidelines. CRPA isolates were further subjected to phenotypic detection of MBL by 

combined disc test (CDT). 

 

RESULTS 

The total number of Pseudomonas aeruginosa isolates was 134. Antimicrobial 

susceptibility test identified 29 (21.64 %) and 105 (78.35 %) isolates as CRPA and 

CSPA, respectively. CRPA isolates were recovered from the respiratory tract (n = 11, 

37.93 %), urine (n = 9, 31.03 %), ear swab (n = 4, 13.79 %), blood (n = 3, 10.34 %) 

and pus (n = 2, 6.89 %). We observed that resistance rate of CRPA was significantly 

higher as compared to that of CSPA. Percentage prevalence of MDR-PA among CRPA 

isolates was 51.7 % (n = 15). 29 CRPA isolates were subjected to combined disc test 

and majority 24 (82.75 %) of them were found to be MBL producers. 

 

CONCLUSIONS 

Detection of MBL should be a routine practice. This early detection not only helps the 

clinicians to optimise the antibiotics in an effective way but also prevents 

dissemination of these isolates. 
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BACK GRO UND  
 

 

 

In the recent times, there is dramatic increase in the 

prevalence of infections caused by multidrug resistant P. 

aeruginosa worldwide. Carbapenems such as imipenem or 

meropenem are the cornerstone in the treatment of such 

infections. Unfortunately, infections due to carbapenem 

resistant Pseudomonas aeruginosa (CRPA) have been 

identified and reported worldwide. These infections are 

considered as public health crisis as it limits the therapeutic 

choice and often associated with high mortality. 

Development of carbapenem resistance in P. aeruginosa 

may be due to alterations in outer membrane permeability 

(loss of porin channels-OprD), upregulation of efflux pump 

(MexA–MexB-OprM) or by the production of class B beta-

lactamases, Metallo–beta-lactamase.1 

MBLs are designated in class B under Ambler 

classification, requires the metal cofactor for its catalytic 

activity (Zn). It hydrolyses almost all beta-lactams including 

cephalosporins, penicillins and carbapenems except 

monobactams. It is inhibited by (ethylenediaminetetraacetic 

acid) EDTA and thiol compounds. Genes encoding MBL in P. 

aeruginosa are located on integron class 1 or plasmids which 

confers not only their ability to spread to other strains but also 

to different genera like Acinetobacter or Enterobacteriaceae. 

This can have an impact on increasing the burden of resistant 

strains. Early detection is of at most important to reduce their 

spread and select appropriate antibiotics.2 

 

 

Obje c ti ve s  

 To determine the prevalence of carbapenem resistant P. 
aeruginosa (CRPA) in our hospital settings. 

 To identify the antimicrobial susceptibility pattern of 
CRPA and CSPA  solates. 

 To detect the prevalence of MDR P. aeruginosa among 
CRPA isolates. 

 To identify the prevalence of MBL producing P. 
aeruginosa among the CRPA isolates. 

 

 
 

ME TH OD S  
 

 

This is a descriptive, prospective study conducted at clinical 

microbiology laboratory of a teaching tertiary care hospital 

and research institute for a period of 1 year. Institutional 

ethical committee approval was obtained. Samples such as 

pus, urine, blood, sputum, tracheobronchial aspirate, 

bronchoalveolar lavage, throat swab, ear swab, wound swab 

and different body fluids received during the study period 

were analysed. 

Blood agar and MacConkey agar plates were inoculated 

with sample and incubated at 37 C for 24 – 48 hrs. P. 

aeruginosa was identified by Gram staining morphology, 

colony characteristics, motility, catalase and oxidase test, 

growth at 420 C and confirmed by standard microbiological 

procedures. 

 

 

In clu si o n Cr i ter i a  

Samples showing growth of Pseudomonas aeruginosa was 

included in the study. 

An ti mi cr o bi al  Su s cep ti b i l i ty  Te s ti n g  

Antimicrobial susceptibility testing of the isolates was done by 

Kirby-Bauer disc diffusion method on Mueller-Hinton agar 

according to CLSI guidelines. Following antipseudomonal 

antibiotic discs were used. 

Gentamicin (10 μg), amikacin (30 μg), ciprofloxacin (5 μg), 

levofloxacin (5 μg), ceftazidime (30 μg), cefepime (30 μg), 

ampicillin (10 μg), piperacillin (100 μg), piperacillin-

tazobactam (100 μg / 10 μg), aztreonam (30 μg), imipenem 

(10 μg) and meropenem (10 μg). The zones of inhibition were 

interpreted as per CLSI guidelines.  

ATCC 27853 - Pseudomonas aeruginosa was used as the 

control organism for antibiotic sensitivity. Minimum 

inhibitory concentration (MIC) of polymyxin and colistin was 

determined using E test and the elliptical zone of inhibition 

intersecting with MIC strip was interpreted as per CLSI 

guidelines (2019). 

 

 

MDR  

Isolates showing resistance to one antimicrobial agent in three 

different categories of antimicrobial agents are described as 

multiple drug-resistant strains. 

 

 

CRPA  

Those isolates showing resistant or intermediate zone of 

inhibition to imipenem or meropenem was considered as 

carbapenem resistant Pseudomonas aeruginosa and sensitive 

as carbapenem sensitive Pseudomonas aeruginosa. 

Susceptibility pattern was analysed for CRPA and CSPA 

retrospectively. 

 

 

Scr e eni ng  

All CRPA isolates were taken as screening positive and 

considered as probable MBL producers and subjected to 

confirmatory test by combined disc test. 

 

 

Combi ned Di sc  Te s t  

3 - 5 well isolated colonies of CRPA isolates were selected and 

added to peptone water to match 0.5 McFarland turbidity 

standard. This is inoculated on Mueller-Hinton (MH) agar plate 

using cotton swab. Imipenem and imipenem–EDTA discs were 

placed on the surface of the agar at a distance of 20 mm from 

each other. The inhibition zones displayed around the IPM and 

the IPM-EDTA discs were compared after 14 to 16 hrs of 

incubation at 35° C. The difference of ≥ 7 mm between the 

inhibition zone diameter of the IPM-EDTA disc and that of IPM 

only disk was considered to be positive for the presence of 

MBLs. The procedure was repeated twice to ensure the 

reproducibility of results4 (Figure 1). 

 

 

S ta ti s ti cal  An aly si s  

Fischer’s exact two-sided test was used to compare the 

resistant profile of CRPA and CSPA. All p values < 0.05 were 

considered as statistically significant. 
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RES ULT S  
 

 

 

A total of 134 non-repetitive P. aeruginosa isolates were 

recovered of which 69 (51.49 %) were from male patients and 

65 (48.5) were from female patients. The age distribution of 

patients was as follows: less than 20 years (n = 12, 8.95 %), 20 

- 40 years (n = 26, 19.41 %), 41 - 60 years (n = 60, 44.77 %) 

and > 60 years (n = 36, 26.86 %). 

Isolates were obtained from respiratory tract (n = 57, 

42.53 %), urine (n = 39, 29.1 %), wound swab (n = 19, 14.17 

%), blood (n = 8, 5.97 %) ear swab (n = 6, 4.47 %), pus (n = 3, 

2.23 %), and body fluids (n = 2, 1.49 %). 

 

 

An ti mi cr o bi al  Su s cep ti b i l i ty  Pr o fi le  

Antimicrobial susceptibility test identified 29 (21.64 %) and 

105 (78.35 %) isolates as CRPA and CSPA, respectively. The 

resistant rates for carbapenem including imipenem and 

meropenem were 20.14 % (n = 27) and 17.91 % (n = 24) 

respectively. CRPA were recovered from the respiratory tract 

(n = 11, 37.93 %), urine (n = 9, 31.03 %), ear swab (n = 4, 13.79 

%), blood (n = 3, 10.34 %) and pus (n = 2, 6.89 %) (Table 1) 

Resistant profile of CRPA for beta-lactams were 

ceftazidime 75.86 % (n = 22), piperacillin 65.5 % (n = 19), 

piperacillin / tazobactam 44.8 % (n = 13), fluoroquinolones 

were ciprofloxacin 58.6 % (n = 17), levofloxacin 51.7 % (n = 

15), aminoglycosides were amikacin 37.93 (n = 11), 

gentamicin 62.06 % (n = 18), tobramycin 58.6 % (n = 17). We 

observed resistant rate of CRPA is significantly high compared 

to CSPA. All isolates were 100 % susceptible to polymyxin and 

colistin. (Table 2). Among the CRPA isolates, percentage of 

MDR-PA was 51.7 % (n = 15). 

 

 

Pr eva len ce o f  Met al lo - Bet a - La ct am ase ( MB L)  

Pr oduc ti on  

Susceptibility profile of Pseudomonas aeruginosa to 

carbapenem including imipenem and meropenem revealed 

three phenotypes. imipenem resistant and meropenem 

resistant (IRMR) (n = 22), imipenem resistant meropenem 

sensitive (IRMS) (n = 5) and imipenem sensitive meropenem 

resistant (ISMS) (n = 2). 

In total, 29 isolates were resistant to carbapenem 

accounting for 21.64 %. All of them were subjected to 

combined disc test and 24 (82.75 %) were found to be MBL 

producers (Figure 1). Among the MBL producers 22 were 

found to be both imipenem and meropenem resistant and 2 

isolates were imipenem resistant meropenem sensitive. 

 

 
Figure 1. Prevalence of MBL among Carbapenem Resistant 

Pseudomonas aeruginosa Isolates 
 

 
Table 1. Sample Wise Distribution of CRPA Isolates 

 

 
CRPA 

R (n = 29) 

CSPA 

R (n = 105) 

CRPA 

S (n = 29) 

CSPA 

S (n = 105) 
P 

Value 

Amikacin 11 (37.93 %) 3 (2.85 %) 18 (62.06 %) 102 (97.14 %) 0.0001 

Gentamicin 18 (62.06 %) 4 (3.8 %) 11 (37.93 %) 101 (96.19 %) 0.0001 

Ciprofloxacin 17 (58.62 %) 3 (2.85 %) 12 (41.37 %) 102 (97.14 %) 0.0001 

Levofloxacin 15 (51.72 %) 6 (5.71 %) 14 (48.27 %) 99 (94.28 %) 0.0001 

Piperacillin 19 (65.51 %) 4 (3.8 %) 10 (34.48 %) 101 (96.19 %) 0.0001 

Piperacillin - 
Tazobactam 

13 (44.82 %) 2 (1.9 %) 16 (55.17 %) 103 (98.09 %) 0.0001 

Ceftazidime 22 (75.86 %) 7 (6.66 %) 07 (24.13 %) 98 (93.33 %) 0.0001 

Table 2. Comparison of Antimicrobial Susceptibility  

Profile of CRPA and CSPA 

 

 
 

 

DI SCU S SI ON  
 

 

Carbapenems are the reserved drugs for multidrug resistant P. 

aeruginosa. It can develop resistance to carbapenem group of 

antibiotics by altered outer membrane permeability, active 

efflux pump or by the production of metallo-beta-lactamases 

(MBL). In addition, acquired resistance through plasmid is 

common in nosocomial isolates. Spread of this resistance could 

be prevented by early identification. Global emergence of 

CRPA has been considered as public health crisis. 

In our study prevalence rate of CRPA is 21.64 %. Our 

findings are in accordance with similar studies in different 

parts of India such as East India,5 Chennai,6 Telangana7 and 

Puducherry8 which reported 18.24 %, 10 %, 31 % and 10.9 % 

of P. aeruginosa were CRPA. However, resistant rate of 7.4 % 

to 35.4 % was reported in USA9 and 14.6 %, in Taiwan10 in a 

similar study. This could be due to the fact that prevalence of 

CRPA in any hospital settings depend on factors such as carrier 

rate among the hospital personnel, usage of broad-spectrum 

antibiotics, patient age and specimen source. Prior antibiotic 

exposure may be more important risk factors for developing 

carbapenem resistant infections rather than prior receipt of 

carbapenems. Hence, variations in prevalence with the 

geographic areas, emphasis the need for continuous 

surveillance for such isolates. 

CRPA isolates were obtained from respiratory tract, urine, 

ear swab, blood and pus specimens. The highest percentage of 

CRPA (n = 11) was from respiratory tract. This was in contrast 

to Khorvash F et al.11 and Dogonchi AA et al.,12 who reported 

urinary tract infections are the common type of infection due 

to CRPA in their similar studies. This variation in type of 

infections associated with CRPA, implied that CRPA could be 

MBL-82.75%

MBL CRPA

Respiratory
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Urine Ear swab Blood Pus
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suspected in all specimens irrespective of type of infections. As 

CRPA often associated with serious healthcare-associated 

infection in critically ill patients, timely detection can reduce 

the mortality. 

The resistant rates for carbapenem including imipenem 

and meropenem were 20.14 % (n = 27) and 17.91 % (n = 24) 

respectively. This is alarming sign as carbapenem are the drug 

of choice. Mohammed Ansar Qureshi et al. in his research has 

also identified such discrepant report for imipenem and 

meropenem with high rate of imipenem (45.83 %) and 

meropenem (54.16 %) resistance.13 We identified three 

phenotypes such as IRMR, IRMS and ISMR, this could be 

explained by the fact that mechanism of resistance to 

imipenem and meropenem are different. Emergence of such 

phenotypes may be due to selective antibiotic pressure 

exerted by injudicious use of carbapenems. Hence, in spite of 

being same group of antibiotics (imipenem and meropenem) 

susceptibility pattern of single agent should not be 

extrapolated for the other. 

We observed the resistant profile of CRPA to 

antipseudomonal antibiotics tested was significantly high 

compared to CSPA. All of them were susceptible to polymyxins 

and colistin, making them ideal choice of drug for CRPA 

infections. 

51.17 % of CRPA was found to be multidrug resistant 

according to the criteria defined earlier. This result was in 

agreement with the findings of Deanna J et al., who reported 

65 % of CRPA was MDR.14 This can be explained by two factors 

in CRPA-accumulation of several chromosomal mutations or 

transferrable resistant determinants encoding MBL are co-

transferred with genes, aminoglycoside modifying enzymes 

conferring multidrug resistance. 

Among CRPA isolates, 82.75 % were MBL producers. We 

observed that in our settings the predominant mechanism of 

carbapenem resistant being production of class B metallo- 

beta-lactamase (MBL). Similar results have been reported by 

Amudham et al., who found 80.4 % MBL among CRPA.15 

However, Dogonchi et al. in his similar study at Iran reported 

low prevalence of 20 % MBL in CRPA.12 

This suggest that prevalence varies with geographic 

location and understanding about the prevalence of 

mechanism of resistance is crucial as it guide the choice of 

resistance detection methods. 

 

 
 

 

CONC LU S ION S  
 

 

 

Carbapenems are the last line of antibiotics against MDR P. 

aeruginosa. We identified carbapenem resistance to be 

predominantly mediated by production of MBL. As detection 

is important to prevent their spread, identification, right 

choice of antibiotics, phenotypic detection methods should be 

routinely practiced. 
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