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Abstract 

Background: Pseudomonas aeruginosa (P. aeruginosa) is a gram negative bacteria that is known to cause nosocomial 

infections. Carbapenem is used to treat the damage caused by P. aeruginosa, however it is becoming resistant to 

carbapenems because of the production of β-lactamases. The objectives of the study were to systematically review the 

prevalence of blaNDM-1 in carbapenem-resistant Pseudomonas aeruginosa (CRPA) and to review and analyze the clinical 

sources as well as the antibiotic resistance profile of CRPA carrying blaNDM-1. Methods: The researchers systematically 

searched PubMed, ScienceDirect, and Google Scholar. Studies that met the inclusion criteria were included in the review. 

In assessing the methodological quality of the included studies, the JBI Critical Appraisal Checklist for Studies Reporting 

Prevalence Data and the JBI Critical Appraisal Checklist for Case Reports were used. Results: A total of nine studies 

were included in which eight were cross-sectional studies and one was a case report. The highest prevalence rate reported 

was 54.55% in blaNDM-1 positive CRPA isolates among the cross-sectional studies. The three most frequent sources of 

clinical isolates of CRPA carrying blaNDM-1 include urine, wound discharge, and tissue, among the included studies. 

Lastly, this review showed that among the included studies, CRPA isolates carrying blaNDM-1 were most resistant to 

ceftazidime and gentamicin. Conclusions: There is varying prevalence of blaNDM-1 in CRPA in different countries. Urine, 

wound discharge, and tissue specimens being the most frequent sources of CRPA isolates carrying blaNDM-1 poses a 

challenge that must be given attention by the  infection control committee, thus the need for proper handling and 

processing of clinical specimens. Resistance to ceftazidime and gentamicin among the CRPA isolates carrying blaNDM-1 

highlights the growing challenge of successfully treating infections caused by this bacteria. This challenge reminds us of 

the importance and purpose of antibiotic stewardship that emphasizes the improvement of proper antibiotic prescription 

by the physicians and proper antibiotic use by the patients that can help in preventing harm and antibiotic resistance. 
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1. Introduction 

Pseudomonas aeruginosa is one of the major pathogens that causes nosocomial infections [1] and patients who 

have impaired immune functions are at a higher risk of acquiring P. aeruginosa infections [2]. In addition, this 

pathogen is able to cause hospital-acquired pneumonia, urinary tract infections, and bloodstream infections [3]. One of 
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the therapeutic treatments of choice in serious infections that is related to P. aeruginosa is carbapenem, but infections 

caused by the said bacteria are becoming more difficult to treat due to increasing antibiotic resistance [4, 5]. 

Carbapenem, a β-lactam antibiotic, is utilized to resolve infections whenever the treatment of choice for a certain 

pathogen is already becoming ineffective [6]. This antibiotic is known to be very effective when it comes to treating 

both gram-negative and gram-positive bacterial infections, which includes the treatment for P. aeruginosa [7]. 

Carbapenem resistance may be due to irresponsible use of antibiotics in terms of dosage and treatment days, low 

quality medicines, and unnecessary prescriptions [8]. To support this claim, a study showed that human-related factors 

play a crucial role in the emergence and spread of carbapenem resistance, and these are mainly the (a.) inappropriate 

prescribing of antibiotics together with unregulated consumer access to antibiotics in many countries with poor sales 

regulations, (b.) lack of infection prevention controls in health care facilities after resistance to carbapenem has 

emerged, and (c.) usage of subtherapeutic antibiotic doses to promote animal growth in the agricultural sector [9]. 

Like most antibiotics, β-lactam resistance can occur through multiple molecular mechanisms including β-

lactamases production, efflux systems overexpression, outer membrane permeability alteration, and/or penicillin-

binding proteins alteration [2]. β-lactamase enzymes production is the most common mechanism of bacterial 

resistance to β-lactam antibiotics such as carbapenems [10]. The New Delhi metallo- β-lactamase (NDM-1) is a novel 

metallo- β-lactamase that is encoded by the blaNDM-1 gene [11]. This gene is found on large plasmids that are easily 

transferred in which it is said to have resistance to a majority of antibiotics, hence, spread to relevant bacteria will be 

fast and easy [12]. Most blaNDM-1 strains are resistant to a wide range of antibiotics and transport several additional 

resistance genes to sulfonamides, aminoglycosides, fluoroquinolones and macrolides [13].  

The resistance to carbapenem antibiotics of P. aeruginosa has posed a heavier burden among infected patients for it 

was said to be associated with their prolonged hospital stays which increased their financial burden [14]. Hence, this 

study aimed to review the prevalence of carbapenem-resistant Pseudomonas aeruginosa carrying blaNDM-1, its clinical 

sources, and its antibiotic resistance profile. 

2. Methods 

2.1. Search Strategy 

Following the PRISMA guidelines [15], a literature search was performed in PubMed, ScienceDirect, and Google 

Scholar using the combination of keywords: blaNDM-1, Pseudomonas aeruginosa, carbapenem resistance, metallo-beta-

lactamase, carbapenemases, and New Delhi metallo-beta-lactamase. Articles published from January 2015 to February 

2021 were collected. The titles and abstracts of the studies collected were independently screened by two review 

authors of this systematic review (B.J.U.F and J.C.Y.G). Relevant studies were checked for eligibility after duplicates 

have been removed and full-text articles were then checked. Additional manual searches through reference lists of the 

included articles were performed and these articles were then also screened. Any disagreements between the two 

review authors regarding the inclusion and exclusion of articles were resolved through discussion with the help of a 

third reviewer (M.O.B.A). 

2.2. Eligibility Criteria 

Studies gathered from PubMed, ScienceDirect, and Google Scholar were included if they met the following 

criteria: (1.) Peer-reviewed, (2.) Published from January 2015 to February 2021, (3.) Written in the English language, 

(4.) Study samples are clinical isolates of carbapenem-resistant P. aeruginosa, (5.) Study design is cross-sectional 

study, cohort study, or case report, and (6.) Outcomes that focus on blaNDM-1 gene isolated from carbapenem-resistant 

P. aeruginosa, its clinical sources as well as its antibiotic resistance profile.  Studies were excluded if they met the 

following criteria: (1.) Not peer-reviewed, (2.) Published before January 2015, (3.) Written in language/s other than 

English, (4.) Study samples are non-clinical isolates of carbapenem-resistant P. aeruginosa or non-carbapenem-

resistant P. aeruginosa, (5.) Study design is animal research study, editorial article, letter, systematic review or meta-

analysis, and (6.) Outcomes did not focus on blaNDM-1 gene isolated from carbapenem-resistant P. aeruginosa, its 

clinical sources as well as its antibiotic resistance profile. 

2.3. Data Extraction 

The data extraction of all included studies were independently performed by two review authors (B.J.U.F and 

J.C.Y.G). The following data were collected from the included studies: study information (title of study, first author, 

locus, publication year, study design), frequency of blaNDM-1 gene isolated from carbapenem-resistant P. aeruginosa, 

clinical sources of the strains; for example,  blood,  wounds, and burns, and antibiotic resistance profile such as the list 

of antibiotics in which carbapenem-resistant P. aeruginosa carrying blaNDM-1 exhibit resistance. Any disagreements 

among the two review authors regarding data extraction were resolved through discussion with the help of a third 

reviewer (M.O.B.A). 
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2.4. Quality Assessment 

Selected studies were critically appraised by two independent reviewers (K.M.D.G and S.T.V). In assessing the 

methodological quality of cross-sectional studies, the JBI Critical Appraisal Checklist for Studies Reporting 

Prevalence Data [16] was used. This tool consists of 9 questions which will be rated as yes, no, unclear, or not 

applicable. An overall appraisal of a study may be rated as to include, exclude or seek further information. In assessing 

the quality for the case report, the JBI Critical Appraisal Checklist for Case Reports [17] was used. It consists of 8 

questions which will be rated as yes, no, unclear, or not applicable. An overall appraisal of a study may be rated as to 

include, exclude, or seek further information. Any disagreements among the two review authors were resolved through 

discussion with the help of a third reviewer (M.O.B.A). 

3. Results and Discussion 

3.1. Search Results 

The PRISMA flow diagram that displays the overview of the study selection process is shown in Figure 1. Records 

identified through PubMed, ScienceDirect, and Google Scholar yielded a total of 640 records. Additional manual 

searches through reference lists of the included articles yielded a total of thirteen records.  After removal of duplicates 

(n = 119), 534 articles were screened based on their titles and abstracts in which 437 studies were excluded as they did 

not fulfill this review’s inclusion criteria. 97 full-text articles were then assessed for eligibility and from these, 88 

articles were excluded because they did not focus on the clinical sources or the antibiotic resistance profile of the 

carbapenem-resistant P. aeruginosa isolates carrying blaNDM-1. Finally, a total of nine studies [46-54] were included 

for analysis. These include eight cross-sectional studies in which two were conducted in Iran [47,48], two in India 

[52,53], one in Saudi Arabia [46], one in Bulgaria [49], one in Malaysia [50], and one in Egypt [54]. The other study 

included in this review is a case report conducted in Canada [51]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA flow diagram of study selection process 

S
cr

ee
n

in
g
 

In
cl

u
d

ed
 

E
li

g
ib

il
it

y 
Id

en
ti

fi
ca

ti
o

n
 

Records excluded (n =437) 

 

Full-text articles excluded (n=88) 

 

Did not focus on the antibiotic profile of 

blaNDM-1 and its clinical sources (88) 

 

Studies included in qualitative 

synthesis (n =9) 

Full-text articles assessed for 

eligibility (n =97) 

Records identified through 

PubMed, ScienceDirect, and 

Google Scholar (n =640) 

Records screened (n =534) 

Additional records identified 

through other sources (n =13) 

Records after duplicates 

removed (n =534) 



SciMedicine Journal       Vol. 3, No. 4, December, 2021 

390 

 

3.2. Prevalence of CRPA Isolates Carrying blaNDM-1 among the Included Studies 

New Delhi metallo-β-lactamase-1 production due to blaNDM-1 gene is one of the most common antibiotic resistance 

mechanisms found in Gram-negative bacteria such as P. aeruginosa against carbapenems [18]. As seen in Table 1, a 

prevalence rate of 54.55% in CRPA isolates carrying blaNDM-1 is relatively the highest among the cross-sectional 

studies which was reported from India [53]. This is in line with both studies conducted in Iraq [19,20] in which a 

prevalence rate of 50% were reported. In India, a study [21] revealed a lower prevalence rate at 41%. Furthermore, 

findings of this review showed that the lowest prevalence rate among the cross-sectional studies is 2.86% which was 

reported from India [52]. Similar prevalence rate was reported by a study conducted in Bahrain at 2.5% [22].  A study 

[23] reported a higher prevalence rate wherein 9.4% of the CRPA isolates carried blaNDM-1. In contrast, a study 

conducted in Iraq showed a lower prevalence rate at 1.12% [24]. Among the included studies, the highest prevalence 

was reported in India in 2017 and this may be because blaNDM-1 is endemic in the said country. However, the lowest 

prevalence was also reported in India in 2015. The increase of prevalence rate within 2015-2017 may be attributed to 

the rapid spread of the said gene. In addition, the difference in the prevalence rate of the two studies conducted in the 

same country may also be attributed to poor infection control in the healthcare settings. 

The results of this review highlighted the global spread of blaNDM-1 in CRPA isolates. Being hospitalized in 

endemic regions such as in India may cause further spread of blaNDM-1 producing isolates [25] which leads to 

differences in the distribution of this gene in various countries. Despite the various prevalence rates shown in this 

study, blaNDM-1 producers are of concern since these can spread rapidly [26] wherein it is possible that numerous cases 

will be found in the near future. Understanding and continuous monitoring of the prevalence and resistance 

mechanisms of carbapenem-resistant P. aeruginosa helps the healthcare professionals formulate appropriate treatment 

plans to fight against nosocomial infections [27]. 

3.3. Clinical Sources of the blaNDM-1 Positive CRPA Isolates among the Included Studies 

Of the nine included articles, findings of this review revealed that the most common clinical source of the strains 

carrying blaNDM-1 is urine, four out of nine studies [49, 51, 53, 54]; followed by wound discharge, three out of nine 

studies [52-54]; and tissue, two out of nine studies [50, 52] as seen in Table 1. This is in line with the other studies 

conducted in India and Serbia, where they recovered the highest number of blaNDM-1 isolates from urine and wound 

discharge specimens [28-31]. In another Indian study conducted at a tertiary care center, presence of blaNDM-1 was 

most common in wound discharge specimens among the other clinical isolates [13]. Related study which recovered 

blaNDM-1 from urine specimens in an Iraqi hospital reported the same results [32]. Our findings were also consistent 

with that of a study performed at a tertiary referral hospital in India, which reported blaNDM-1 in tissue samples of 

patients with diabetic foot infections [33]. The predominance of urine, wound discharge, and tissue specimens may 

indicate that the urinary tract, wounds, and  skin and soft tissue were the most frequent sites of infection [34, 35]. This 

highlights the importance of strict infection control programs in which specific policies and practices should be 

established to minimize the spread of infections. 

3.4. Antibiotic Resistance Profile of CRPA Isolates Carrying blaNDM-1 among the Included Studies 

The full results of antibiotic resistance profile of the blaNDM-1 positive P. aeruginosa isolates among the nine 

included articles is shown in Appendix I. Majority of the included studies used the disk diffusion method, six out of 

nine studies [47, 48, 50, 52-54]; and the Clinical and Laboratory Standards Institute (CLSI), eight out of nine studies 

[46-48, 50-54] (Appendix I). Of the nine included articles, this review found out that the most frequent resistance of 

the isolates were observed against ceftazidime, nine out of nine studies [46-54]; and gentamicin, nine out of nine 

studies [46-54] as seen in Table 1. These results are consistent with the study conducted in Singapore [36] who 

reported that ceftazidime and gentamicin showed 100% resistance among blaNDM-1 positive CRPA isolates. Moreover, 

a study conducted in India [37] also showed similarity to the outcomes of this study regarding antibiotic resistance 

wherein all the blaNDM-1 positive CRPA isolates were resistant to aminoglycosides such as gentamicin. Another study 

[38] also showed 100% resistance to ceftazidime and gentamicin. This resistance may be attributed to enzyme 

production that leads to antibiotic degradation and inactivation, which then results in a reduction of the permeability of 

the membrane and multidrug resistance efflux system [34].  

The New Delhi metallo-β-lactamase is capable of hydrolyzing all β-lactams except for aztreonam [2] which may 

explain why one of the antibiotics that the isolates most exhibit resistance to was ceftazidime. In addition, isolates that 

are metallo-β-lactamase-producing are frequently aminoglycoside-resistant [39]. There is said to be an association 

between MBL genes and aminoglycoside resistant genes, wherein bacteria carrying MBL genes often exhibit co-

resistance to aminoglycosides which is a challenge in giving proper therapeutic regimes [40]. This may explain why 

gentamicin was also one of the antibiotics that the isolates most exhibit resistance to. Other than these, resistance can 

also be attributed to mutational processes, resistance gene transfers, and poor infection control in the healthcare 

settings [34]. This review also showed that the CRPA isolates carrying blaNDM-1 were least resistant to colistin as seen 
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in Appendix I. This is in line with the results of a study [36] wherein the isolates were susceptible to colistin. The said 

antibiotic is used to treat pathogens that are carbapenem-resistant [41]. Carbapenem resistance is of clinical concern 

and knowledge of the susceptibility of P. aeruginosa to antibiotics is urgently required since knowing antibiotic 

resistance pattern may help in treating infections caused by this bacteria [42]. 

The increased resistance rate of CRPA can be linked to the wide use of antibiotics that highlights the need for 

identifying improved courses of treatments to prolong its effectiveness [43]. This study gives contribution to the active 

surveillance of antibiotic resistance by including a more updated antibiotic resistance profile of the isolates included in 

this study. It can fill in the gaps in the study of antibiotic resistance since any available information is of great help so 

that treatment guidelines may be optimized and if no actions are taken to control this, the achievements gained on the 

early antibiotic use is in jeopardy [44]. Moreover, this can lead to the rise of new resistant strains of bacteria [45].   

Table 1. Summary of the extracted data from the included studies 

Authors (Publication Year) Locus Study Design 
blaNDM-1 positive 

n (%) 

Clinical Sources of the Strains 

carrying blaNDM-1 n (%) 

CAZ n 

(%) 

GEN n 

(%) 

Abdalhamid et al. (2016) [46] 
Saudi 

Arabia 
Cross-sectional 4 (30.7%) Rectal swab 4 (100%) 4 (100%) 4 (100%) 

Dogonchi et al. (2018) [47] Iran Cross-sectional 1 (5%) 
Respiratory tract sample 1 
(100%) 

1 (100%) 1 (100%) 

Khosravi et al. (2019) [48]  Iran Cross-sectional 14 (40%) Burn wound 14 (100%) 14 (100%) 14 (100%) 

Kostyanev et al. (2020) [49] Bulgaria Cross-sectional 2 (40%) Urine 2 (100%) 2 (100%) 2 (100%) 

Liew et al. (2018) [50] Malaysia Cross-sectional 1 (33.33%) Tissue 1 (100%) 1 (100%) 1 (100%) 

Mataseje et al. (2016) [51] Canada Case report 1(100%) Urine 1 (100%) 1 (100%) 1 (100%) 

Mishra et al. (2015) [52] India Cross-sectional 3 (2.86%) 

Tissue 1 (33.33%) 

Central tip 1 (33.33%) 

Wound discharge 1 (33.33%) 

3 (100%) 3 (100%) 

Mohanam & Menon (2017) [53] India Cross-sectional 12 (54.55%) 

Wound discharge 10 (83.33%) 

Urine 1 (8.33%) 

Tracheal wash 1 (8.33%) 

12 (100%) 12 (100%) 

Shaaban et al. (2017) [54] Egypt Cross-sectional 8 (50%) 

Sputum 3 (37.5%) 

Urine 3 (37.5%) 

Wound discharge 2 (25%) 

5 (62.5%) 5 (62.5%) 

CRPA: Carbapenem-resistant Pseudomonas aeruginosa; NDM: New Delhi Metallo-β-lactamases; CAZ: Ceftazidime; GEN: Gentamicin 

3.5. Quality Assessment of the Included Studies 

The results of the quality assessment of the eight cross-sectional studies are shown in Table 2.  

Table 2. JBI critical appraisal checklist for studies reporting prevalence data 

Authors Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Included 

Abdalhamid et al. (2016) [46] Y Y NA Y Y Y Y Y NA ✓ 

Dogonchi et al. (2018) [47] Y Y NA Y Y Y Y Y NA ✓ 

Khosravi et al. (2019) [48] Y Y NA Y Y Y Y N NA ✓ 

Kostyanev et al. (2020) [49] Y Y NA Y Y Y Y N NA ✓ 

Liew et al. (2018) [50] Y Y NA Y Y Y Y N NA ✓ 

Mishra et al (2015) [52] Y Y NA Y Y Y Y N NA ✓ 

Mohanam & Menon (2017) [53] Y Y NA Y Y Y Y N NA ✓ 

Shaaban et al. (2017) [54] Y Y NA Y Y Y Y Y NA ✓ 

Y, yes; N, no; U, unclear; NA, Not applicable. Q1, Was the sample frame appropriate to address the target population? Q2, 

Were study participants sampled in an appropriate way? Q3, Was the sample size adequate? Q4, Were the study subjects and 

the setting described in detail? Q5, Was the data analysis conducted with sufficient coverage of the identified sample? Q6, 

Were valid methods used for the identification of the conditionQ7, Was the condition measured in a standard reliable way 

for all participants? Q8, Was there appropriate statistical analysis? Q9, Was the response rate adequate, and if not, was the 

low response rate managed appropriately? condition= presence of blaNDM-1; participants= clinical isolates 

Based on the results using the JBI Critical Appraisal Checklist for Studies Reporting Prevalence Data, all eight 

cross-sectional studies met the majority of this tool’s criteria [46-50,52-53], meeting six to seven out of nine possible 

items. Two out of nine items were not applicable to all the studies wherein one item was relating to the adequacy of 

the sample size while the other one was relating to the adequacy of the response rates. These items were not applicable 
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to all the studies because sample size calculation is not performed since the study samples included only isolates 

available within the period of study. Also, there were no response rates since study samples include clinical isolates. 

Furthermore, some of the studies missed the item that was relating to statistical analysis because these studies used 

descriptive analysis. With these, the overall appraisal of these cross-sectional studies was to include all of them in this 

review. 

The results of the quality assessment of the case report [51] is shown in Table 3. Based on the results using the JBI 

Critical Appraisal Checklist for Case Reports, it met five out of eight items. It missed the items relating to patient 

history, post-intervention, and adverse events. Patient history was stated in the said case report, but it was not 

presented in a timeline. Items regarding post-intervention as well as adverse events were missed because the said case 

report focused on the clinical isolates and not the patient himself. Therefore, the overall appraisal was to include this 

case report in this review. 

Table 3. JBI critical appraisal checklist for case reports 

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Included 

Mataseje et al. (2016) [51] Y N Y Y Y N N Y ✓ 

Y, yes; N, no; Q1, Were patient’s demographic characteristics clearly described? Q2, Was the patient’s 

history clearly described and presented as a timeline? Q3, Was the current clinical condition of the patient 

on presentation clearly described? Q4, Were diagnostic tests or assessment methods and the results 

clearly described? Q5, Was the intervention(s) or treatment procedure(s) clearly described? Q6, Was the 

post-intervention clinical condition clearly described? Q7, Were adverse events (harms) or unanticipated 

events identified and described? Q8, Does the case report provide takeaway lessons? 

3.6. Limitations of the Study 

The limitations of this systematic review include the exclusion of studies that were inaccessible, and written 

language/s other than English. Literature search was performed only in PubMed, ScienceDirect, and Google Scholar. 

These may have resulted in some relevant studies being missed. In addition, resistance data obtained with different 

method of susceptibility testing were combined in this systematic review. However, as the majority of the included 

studies used the disk diffusion method and the CLSI guidelines, the impact caused by the differences in their 

antimicrobial resistance methodology on the validity of the final results is minimal [44]. 

4. Conclusions and Recommendations 

This review revealed that there is varying prevalence of blaNDM-1 in CRPA in Saudi Arabia, Iran, Bulgaria, 

Malaysia, Canada, India, and Egypt. Therefore, immediate detection of CRPA that harbors blaNDM-1 is essential in 

order to prevent the spread of this bacteria. This review showed that the three most frequent sources of clinical isolates 

of CRPA carrying blaNDM-1 include urine, wound discharge, and tissue which poses a challenge that must be given 

attention by the infection control committee, thus the need for proper handling and processing of clinical specimens. 

Recognizing the critical need to improve antibiotic use in hospitals, the Centers for Disease Control and Prevention 

(CDC) has recommended the implementation of Antibiotic Stewardship Programs (ASPs) dedicated to optimizing 

infection treatment and reducing adverse events associated with antibiotic use [55]. In this review, CRPA isolates 

carrying blaNDM-1 were most resistant to ceftazidime and gentamicin which highlights the growing challenge of 

successfully treating infections caused by this bacteria. This challenge reminds us of the importance and purpose of 

antibiotic stewardship that emphasizes the improvement of proper antibiotic prescription by the physicians and proper 

antibiotic use by the patients that can help in preventing harm and antibiotic resistance. 

This review recommends implementing strict infection control policies and also strict surveillance on the alarming 

antibiotic resistance so that dissemination and rise of more resistant bacteria will be prevented. In order to minimize 

the risk of resistant P. aeruginosa strains spreading, we also recommend that antibiotics be used correctly in the care 

of patients as part of infection prevention measures in hospitals. Lastly, it is recommended that more researches 

regarding the antibiotic resistance profiles of CRPA isolates carrying blaNDM-1 as well as their clinical sources be 

conducted to provide information about the local epidemiology of New Delhi metallo-β-lactamase in various 

healthcare settings. Research regarding prevalence, antibiotic resistance profile as well as the clinical sources of other 

carbapenem-resistant bacteria harboring metallo-β-lactamase is also recommended. 

5. Declarations  

5.1. Author Contributions 

Conceptualization, B.J.U.F., M.O.B.A., K.M.A.D.G., J.C.Y.G., S.T.V., R.E.G.T., AND S.D.T.; methodology, 

B.J.U.F., M.O.B.A., K.M.A.D.G., J.C.Y.G., and S.T.V.; formal analysis, B.J.U.F., M.O.B.A., K.M.A.D.G., J.C.Y.G., 

and S.T.V; investigation, B.J.U.F., M.O.B.A., K.M.A.D.G., J.C.Y.G., and S.T.V.; data curation, B.J.U.F., M.O.B.A., 

K.M.A.D.G., J.C.Y.G., and S.T.V.; writing—original draft preparation, B.J.U.F., M.O.B.A., K.M.A.D.G., J.C.Y.G., 

and S.T.V.; writing—review and editing, B.J.U.F., M.O.B.A., K.M.A.D.G., J.C.Y.G., S.T.V., R.E.G.T., AND S.D.T.; 



SciMedicine Journal       Vol. 3, No. 4, December, 2021 

393 

 

project administration, B.J.U.F., AND S.D.T. All authors have read and agreed to the published version of the 

manuscript. 

5.2. Funding 

The authors received no financial support for the research, authorship, and/or publication of this article. 

5.3. Acknowledgements 

The authors would like to thank Ms. Laarni E. Gloriani, RMT, MSMT, Assoc. Prof. Maria Ruth B. Pineda-Cortel, 

PHD, Ms. Berlita Y. Disca, Mr. Jan Ebrian, and Assoc. Prof. Maria Rosario Aranda, MEM for giving their time and 

effort to help improve this systematic review. To our family and our friends for the never ending support and for being 

our source of strength. And above all, to our God, Almighty, for the guidance and strength given throughout the 

undertaking of this research.  

5.4. Ethical Approval 

The manuscript does not contain experiments on animals and humans; hence ethical permission not required. 

5.5. Data Availability Statement 

The data presented in this study are available in article. 

5.6. Conflict of Interest 

The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper. 

6. References  

[1] Ruiz-Garbajosa, P., & Cantón, R. (2017). Epidemiology of antibiotic resistance in Pseudomonas aeruginosa. Implications for 

empiric and definitive therapy. Revista espanola de quimioterapia: publicacion oficial de la Sociedad Espanola de 

Quimioterapia, 30 Suppl 1, 8–12. 

[2] Mayers, D. L., Sobel, J. D., Ouellette, M., Kaye, K.S. (2017). Antimicrobial Drug Resistance. Mechanism of Drug Resistance. 

In Springer International Publishing. doi:10.1007/978-3-642-10324-7_10. 

[3] Pachori, P., Gothalwal, R., & Gandhi, P. (2019). Emergence of antibiotic resistance Pseudomonas aeruginosa in intensive care 

unit; a critical review. Genes & Diseases, 6(2), 109–119. doi:10.1016/j.gendis.2019.04.001. 

[4] Pseudomonas aeruginosa Infection. (2020). Availble online: https://www.cdc.gov/hai/organisms/pseudomonas.html. (accessed 

on May 2021). 

[5] Gales, A. C., Menezes, L. C., Silbert, S., & Sader, H. S. (2003). Dissemination in distinct Brazilian regions of an epidemic 

carbapenem-resistant Pseudomonas aeruginosa producing SPM metallo-beta-lactamase. The Journal of antimicrobial 

chemotherapy, 52(4), 699–702. doi:10.1093/jac/dkg416. 

[6] Shashikala, Devi, S., Kanungo, R., & Srinivasan, S. (2006). Emerging resistance to carbapenems in hospital 

acquiredPseudomonasinfection: A cause for concern. Indian Journal of Pharmacology, 38(4), 287. doi:10.4103/0253-

7613.27029. 

[7] Meletis, G., Exindari, M., Vavatsi, N., Sofianou, D., & Diza, E. (2012). Mechanisms responsible for the emergence of 

carbapenem resistance in Pseudomonas aeruginosa. Hippokratia, 16(4), 303–307. 

[8] Tesalona, S., Lagamayo, E., Evangelista, I. N., Ormita, M. J., & Pacia, C. J. (2017). Emergence of Bla oxa-23 and Bla ndm-1 in 

Carbapenem-Resistant Pseudomonas aeruginosa and Acinetobacter baumannii in Selected Tertiary Hospitals in Metro Manila. 

Philippines. JSM Microbiology, 5(2): 1043. 

[9] Meletis G. (2016). Carbapenem resistance: overview of the problem and future perspectives. Therapeutic advances in infectious 

disease, 3(1), 15–21. doi:10.1177/2049936115621709. 

[10] Palzkill, T. (2012). Metallo-β-lactamase structure and function. Annals of the New York Academy of Sciences, 1277(1), 91–

104. doi:10.1111/j.1749-6632.2012.06796.x. 

[11] Lauretti, L., Riccio, M. L., Mazzariol, A., Cornaglia, G., Amicosante, G., Fontana, R., & Rossolini, G. M. (1999). Cloning and 

characterization of bla(VIM), a new integron-borne metallo- β-lactamase gene from a Pseudomonas aeruginosa clinical isolate. 

Antimicrobial Agents and Chemotherapy. 43(7), 1584–1590. doi:10.1128/aac.43.7.1584. 

[12] Yong, D., Toleman, M. A., Giske, C. G., Cho, H. S., Sundman, K., Lee, K., & Walsh, T. R. (2009). Characterization of a new 

metallo-β-lactamase gene, bla NDM-1, and a novel erythromycin esterase gene carried on a unique genetic structure in 

Klebsiella pneumoniae sequence type 14 from India. Antimicrobial Agents and Chemotherapy. 53(12), 5046–5054. 

doi:10.1128/AAC.00774-09. 

https://doi.org/10.1007/978-3-642-10324-7_10
https://www.cdc.gov/hai/organisms/pseudomonas.html
https://doi.org/10.1093/jac/dkg416
https://doi.org/10.1128/aac.43.7.1584
https://doi.org/10.1128/AAC.00774-09


SciMedicine Journal       Vol. 3, No. 4, December, 2021 

394 

 

[13] Shanthi, M., Sekar, U., Kamalanathan, A., & Sekar, B. (2014). Detection of New Delhi metallo beta lactamase-1 (NDM-1) 

carbapenemase in Pseudomonas aeruginosa in a single centre in southern India. The Indian journal of medical research, 

140(4), 546–550. 

[14] Lautenbach, E., Synnestvedt, M., Weiner, M. G., Bilker, W. B., Vo, L., Schein, J., & Kim, M. (2010). Imipenem Resistance in 

Pseudomonas aeruginosa Emergence, Epidemiology, and Impact on Clinical and Economic Outcomes. Infection Control & 

Hospital Epidemiology, 31(1), 47–53. doi:10.1086/649021. 

[15] Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement. PLoS Medicine, 6(7), e1000097. doi:10.1371/journal.pmed.1000097. 

[16] Joanna Briggs Institute. (2020). JBI critical appraisal checklist for prevalence studies. 

[17] Joanna Briggs Institute. (2017). JBI critical appraisal checklist for case reports. 

[18] Paul, D., Garg, A., & Bhattacharjee, A. (2017). Occurrence of blaNDM-1 and blaNDM-5 in a Tertiary Referral Hospital of 

North India. Microbial drug resistance (Larchmont, N.Y.), 23(7), 815–821. doi:10.1089/mdr.2016.0124. 

[19] Hussein, Z. K., Kadhim, H. S., & Hassan, J. S. (2018). Detection of New Delhi metallo-beta-lactamase-1 (blaNDM-1) in 

carbapenem-resistant pseudomonas aeruginosa isolated from clinical samples in Wasit hospitals. Iraqi JMS. 2018; 16 (3): 239-

246. doi:10.22578/IJMS.16.3.3.  

[20] Alsaadi, L. A. S., Al-Dulaimi, A. A. F., & Al-Taai, H. R. R. (2020). Prevalence of blaVIM, blaIMP and blaNDM Genes in 

Carbapenem Resistant Pseudomonas Aeruginosa Isolated from Different Clinical Infections in Diyala, Iraq. Indian Journal of 

Public Health Research & Development, 11(2), 2264. doi:10.37506/v11/i2/2020/ijphrd/195173. 

[21] Mathur, P., Bajpai, V., Govindaswamy, A., Khurana, S., Batra, P., Aravinda, A., … Malhotra, R. (2019). Phenotypic & 

genotypic profile of antimicrobial resistance in Pseudomonas species in hospitalized patients. Indian Journal of Medical 

Research, 149(2), 216. doi:10.4103/ijmr.ijmr_1_18. 

[22] Joji, R. M., Al-Rashed, N., Saeed, N. K., & Bindayna, K. M. (2019). Detection of VIM and NDM-1 metallo-beta-lactamase 

genes in carbapenem-resistant Pseudomonas aeruginosa clinical strains in Bahrain. Journal of laboratory physicians, 11(2), 

138–143. doi:10.4103/JLP.JLP_118_1. 

[23] Wang, W., & Wang, X. (2020). Prevalence of metallo-β-lactamase genes among Pseudomonas aeruginosa isolated from 

various clinical samples in China. Journal of Laboratory Medicine, 44(4), 197–203. doi:10.1515/labmed-2019-0162. 

[24] Baban, S. T. (2020). Molecular detection of carbapenemase-producing Pseudomonas aeruginosa isolated from intensive care 

units of surgical specialty hospital in Erbil city. Medical Journal of Babylon, 17(2), 185. doi:10.4103/MJBL.MJBL_24_20. 

[25] Farajzadeh Sheikh, A., Shahin, M., Shokoohizadeh, L., Ghanbari, F., Solgi, H., & Shahcheraghi, F. (2020). Emerge of NDM-

1-producing multidrug-resistant pseudomonas aeruginosa and co-harboring of carbapenemase genes in South of Iran. Iranian 

Journal of Public Health. doi:10.18502/ijph.v49i5.3214. 

[26] Walters, M., Grass, J. E., Bulens, S. N., Hancock, E. B., Phipps, E. C., Muleta, D....Kallen, A. (2019). Carbapenem-Resistant 

Pseudomonas aeruginosa at US Emerging Infections Program Sites, 2015. Emerging Infectious Diseases, 25(7), 1281-1288. 

doi:10.3201/eid2507.181200. 

[27] Farajzadeh Sheikh, A., Shahin, M., Shokoohizadeh, L., Ghanbari, F., Solgi, H., & Shahcheraghi, F. (2020). Emerge of NDM-

1-Producing Multidrug-Resistant Pseudomonas aeruginosa and Co-harboring of Carbapenemase Genes in South of Iran. 

Iranian Journal of Public Health. doi:10.18502/ijph.v49i5.3214. 

[28] Jovcic, B., Lepsanovic, Z., Suljagic, V., Rackov, G., Begovic, J., Topisirovic, L., & Kojic, M. (2011). Emergence of NDM-1 

Metallo-β-Lactamase inPseudomonas aeruginosaClinical Isolates from Serbia. Antimicrobial Agents and Chemotherapy, 

55(8), 3929–3931. doi:10.1128/aac.00226-11. 

[29] Khajuria, A., Praharaj, A. K., Kumar, M., & Grover, N. (2013). Emergence of NDM - 1 in the Clinical Isolates of 

Pseudomonas aeruginosa in India. Journal of clinical and diagnostic research: JCDR, 7(7), 1328–1331. 

doi:10.7860/JCDR/2013/5509.3137. 

[30] Paul, D., Dhar, D., Maurya, A. P., Mishra, S., Sharma, G. D., Chakravarty, A., & Bhattacharjee, A. (2016). Occurrence of co-

existing bla VIM-2 and bla NDM-1 in clinical isolates of Pseudomonas aeruginosa from India. Annals of Clinical 

Microbiology and Antimicrobials, 15(1). doi:10.1186/s12941-016-0146-0. 

[31] Paul, D., Maurya, A. P., Chanda, D. D., Sharma, G. D., Chakravarty, A., & Bhattacharjee, A. (2016). Carriage of blaNDM-1 in 

Pseudomonas aeruginosa through multiple Inc type plasmids in a tertiary referral hospital of northeast India. The Indian 

journal of medical research, 143(6), 826–829. doi:10.4103/0971-5916.192079. 

[32] Ismail, S. J., & Mahmoud, S. S. (2018). First detection of New Delhi metallo-β-lactamases variants (NDM-1, NDM-2) among 

Pseudomonas aeruginosa isolated from Iraqi hospitals. Iranian Journal of Microbiology, 10(2), 98–103. 

https://doi.org/10.4103/MJBL.MJBL_24_20
https://doi.org/10.18502/ijph.v49i5.3214
https://dx.doi.org/10.3201/eid2507.181200
https://doi.org/10.7860/JCDR/2013/5509.3137


SciMedicine Journal       Vol. 3, No. 4, December, 2021 

395 

 

[33] Saseedharan, S., Sahu, M., Chaddha, R., Pathrose, E., Bal, A., Bhalekar, P., … Krishnan, P. (2018). Epidemiology of diabetic 

foot infections in a reference tertiary hospital in India. Brazilian Journal of Microbiology, 49(2), 401–406. 

doi:10.1016/j.bjm.2017.09.003. 

[34] Ndihokubwayo, A. (2020). Patients' demographic features and Molecular characterization of β-lactams resistance in 

Pseudomonas aeruginosa isolated from Clinical sources at the Nairobi hospital in Kenya. Available online:  

http://ir.jkuat.ac.ke/handle/123456789/5273. (accessed on May 2021). 

[35] Lucena, A., Dalla Costa, L. M., Nogueira, K. S., Matos, A. P., Gales, A. C., Paganini, M. C., Castro, M. E., & Raboni, S. M. 

(2014). Nosocomial infections with metallo-beta-lactamase-producing Pseudomonas aeruginosa: molecular epidemiology, risk 

factors, clinical features and outcomes. The Journal of hospital infection, 87(4), 234–240. doi:10.1016/j.jhin.2014.05.007. 

[36] Chew, K. L., Octavia, S., Ng, O. T., Marimuthu, K., Venkatachalam, I., Cheng, B., … Teo, J. W. P. (2019). Challenge of drug 

resistance in Pseudomonas aeruginosa: clonal spread of NDM-1-positive ST-308 within a tertiary hospital. Journal of 

Antimicrobial Chemotherapy, 74(8), 2220–2224. doi:10.1093/jac/dkz169. 

[37] Rahman, M., Prasad, K. N., Gupta, S., Singh, S., Singh, A., Pathak, A., Gupta, K. K., Ahmad, S., & Gonzalez-Zorn, B. (2018). 

Prevalence and Molecular Characterization of New Delhi Metallo-Beta-Lactamases in Multidrug-Resistant Pseudomonas 

aeruginosa and Acinetobacter baumannii from India. Microbial Drug Resistance, 24(6), 792–798. doi:10.1089/mdr.2017.0078. 

[38] Ndihokubwayo, A., & Makau, P. (2018). Molecular Characterization of Beta-lactams Resistance in Pseudomonas aeruginosa 

Isolated from Clinical Sources at the Nairobi Hospital. 8(20), 42–50. 

[39] Alby, K., & Miller, M. B. (2018). Mechanisms and Detection of Antimicrobial Resistance.  Principles and Practice of Pediatric 

Infectious Diseases, 1467-1478.e4. doi:10.1016/b978-0-323-40181-4.00290-5. 

[40] Walsh, T. R. (2005). The emergence and implications of metallo-β-lactamases in Gram-negative bacteria. Clinical 

Microbiology and Infection, 11, 2–9. doi:10.1111/j.1469-0691.2005.01264.x. 

[41] Wi, Y. M., & Kang, C.-I. (2018). Antimicrobial Therapy for Infections Caused by Carbapenem-Resistant Gram-Negative 

Bacteria. The Korean Journal of Medicine, 93(5), 439–446. doi:10.3904/kjm.2018.93.5.439. 

[42] Li, Y., Zhang, X., Wang, C., Hu, Y., Niu, X., Pei, D., He, Z., & Bi, Y. (2015). Characterization by phenotypic and genotypic 

methods of metallo-β-lactamase-producing Pseudomonas aeruginosa isolated from patients with cystic fibrosis. Molecular 

medicine reports, 11(1), 494–498. doi:10.3892/mmr.2014.2685. 

[43] Rehman, A., Patrick, W. M., & Lamont, I. L. (2019). Mechanisms of ciprofloxacin resistance in Pseudomonas aeruginosa: new 

approaches to an old problem. Journal of Medical Microbiology, 68(1), 1–10. doi:10.1099/jmm.0.000873. 

[44] Tadesse, B. T., Ashley, E. A., Ongarello, S., Havumaki, J., Wijegoonewardena, M., González, I. J., & Dittrich, S. (2017). 

Antimicrobial resistance in Africa: a systematic review. BMC infectious diseases, 17(1), 616. doi:10.1186/s12879-017-2713-1. 

[45] Ssekatawa, K., Byarugaba, D. K., Wampande, E., & Ejobi, F. (2018). A systematic review: the current status of carbapenem 

resistance in East Africa. BMC research notes, 11(1), 629. doi:10.1186/s13104-018-3738-2. 

[46] Abdalhamid, B., Elhadi, N., Alabdulqader, N., Alsamman, K., & Aljindan, R. (2016). Rates of gastrointestinal tract 

colonization of carbapenem-resistant Enterobacteriaceae and Pseudomonas aeruginosa in hospitals in Saudi Arabia. New 

microbes and new infections, 10, 77–83. doi:10.1016/j.nmni.2016.01.014. 

[47] Dogonchi, A. A., Ghaemi, E. A., Ardebili, A., Yazdansetad, S., & Pournajaf, A. (2018). Metallo-β-lactamase-mediated 

resistance among clinical carbapenem-resistant Pseudomonas aeruginosa isolates in northern Iran: A potential threat to clinical 

therapeutics. Ci ji yi xue za zhi = Tzu-chi medical journal, 30(2), 90–96. doi:10.4103/tcmj.tcmj_101_17. 

[48] Khosravi, A. D., Taee, S., Dezfuli, A. A., Meghdadi, H., & Shafie, F. (2019). Investigation of the prevalence of genes 

conferring resistance to carbapenems in Pseudomonas aeruginosa isolates from burn patients. Infection and drug resistance, 

12, 1153–1159. doi:10.2147/IDR.S197752. 

[49] Kostyanev, T., Nguyen, M. N., Markovska, R., Stankova, P., Xavier, B. B., Lammens, C., Marteva-Proevska, Y., Velinov, T., 

Cantón, R., Goossens, H., & Malhotra-Kumar, S. (2020). Emergence of ST654 Pseudomonas aeruginosa co-harbouring 

blaNDM-1 and blaGES-5 in novel class I integron In1884 from Bulgaria. Journal of global antimicrobial resistance, 22, 672–

673. doi:10.1016/j.jgar.2020.06.008. 

[50] Liew, S. M., Rajasekaram, G., Puthucheary, S. D., & Chua, K. H. (2018). Detection of VIM-2-, IMP-1- and NDM-1-producing 

multidrug-resistant Pseudomonas aeruginosa in Malaysia. Journal of global antimicrobial resistance, 13, 271–273. 

doi:10.1016/j.jgar.2018.01.026. 

[51] Mataseje, L. F., Peirano, G., Church, D. L., Conly, J., Mulvey, M., & Pitout, J. D. (2016). Colistin-Nonsusceptible 

Pseudomonas aeruginosa Sequence Type 654 with blaNDM-1 Arrives in North America. Antimicrobial agents and 

chemotherapy, 60(3), 1794–1800. doi:10.1128/AAC.02591-15. 

http://ir.jkuat.ac.ke/handle/123456789/5273
https://doi.org/10.1089/mdr.2017.0078
https://doi.org/10.1016/b978-0-323-40181-4.00290-5
https://doi.org/10.1111/j.1469-0691.2005.01264.x
https://doi.org/10.1099/jmm.0.000873
https://doi.org/10.1186/s12879-017-2713-1
https://doi.org/10.1186/s13104-018-3738-2
https://doi.org/10.4103/tcmj.tcmj_101_17
https://doi.org/10.2147/IDR.S197752
https://doi.org/10.1016/j.jgar.2018.01.026
https://doi.org/10.1128/AAC.02591-15


SciMedicine Journal       Vol. 3, No. 4, December, 2021 

396 

 

[52] Mishra, S., Upadhyay, S., Sen, M. R., Maurya, A. P., Choudhury, D., & Bhattacharjee, A. (2015). Genetic acquisition of NDM 

gene offers sustainability among clinical isolates of Pseudomonas aeruginosa in clinical settings. PloS one, 10(1), e0116611. 

doi:10.1371/journal.pone.0116611. 

[53] Mohanam, L., & Menon, T. (2017). Coexistence of metallo-beta-lactamase-encoding genes in Pseudomonas aeruginosa. The 

Indian journal of medical research, 146(Supplement), S46–S52. doi:10.4103/ijmr.IJMR_29_16. 

[54] Shaaban, M., Al-Qahtani, A., Al-Ahdal, M., & Barwa, R. (2018). Molecular characterization of resistance mechanisms in 

Pseudomonas aeruginosa isolates resistant to carbapenems. Journal of infection in developing countries, 11(12), 935–943. 

doi:10.3855/jidc.9501. 

[55] CDC. Core Elements of Hospital Antibiotic Stewardship Programs. Atlanta, GA: US Department of Health and Human 

Services, CDC; 2014. Available online: http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html. 

(accessed on July 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1371/journal.pone.0116611
https://doi.org/10.4103/ijmr.IJMR_29_16
https://doi.org/10.3855/jidc.9501
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html


SciMedicine Journal       Vol. 3, No. 4, December, 2021 

397 

 

Appendix I: Antibiotic Resistance Profile of CRPA Isolates Harboring blaNDM-1 
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CRPA: Carbapenem-resistant Pseudomonas aeruginosa; NDM: New Delhi Metallo-β-lactamases; CLSI: Clinical and Laboratory Standards Institute; EUCAST: European 

Committee on Antimicrobial Susceptibility Testing; CAZ: Ceftazidime; GEN: Gentamicin; AMK: Amikacin; LVX: Levofloxacin; NET: Netilmicin; CIP: Ciprofloxacin; TZP: 

Piperacillin-tazobactam; TIM: Ticarcillin-clavulanic acid; PIP: Piperacillin; PMB: Polymyxin B; TOB: Tobramycin; FEP: Cefepime; CTX: Cefotaxime; CST: Colistin; OFX: 

Ofloxacin; ATM: Aztreonam; C/T: Ceftolozane-tazobactam; CZC: Ceftazidime-Clavulanic acid; CZA: Ceftazidime-avibactam; FOX: Cefoxitin; CRO: Ceftriaxone; TGC: 

Tigecycline; SXT: Trimethoprim-sulfamethoxazole 

 


