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Abstract 

Resistance to antibiotics is one of the critical threat to public health worldwide. 

Carbapenems are antibiotics that provide a potential defense against a wide variety of 

bacteria and represent the last resort of therapy for serious infections. Carbapenem-

hydrolyzing enzymes also known carbapenemases which are a set of diverse enzymes 

belong to β-lactamases, their genes are carried on both plasmids and chromosomes. 

These enzymes hydrolysis various β-lactam antibiotics including carbapenem, 

penicillin, cephalosporins and azteronam. The worldwide dissemination of bacteria  

resistant to carbapenem has resulted in  in a great number of nosocomial and 

community acquired infections. The most important bacterial strains carrying 

carbapenemases are Enterobacteriaceae and non-fermenter bacteria such as 

Pseudomonas aeruginosa and Acinetobacter baumannii. 
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 انخلاصت

هٍ  ضٌُوتعذ هقاوهت الوضاداث الحُىَت أحذ التهذَذاث الخطُشة للصحت العاهت فٍ جوُع أًحاء العالن.  الكاسباب

ث حُىَت تىفش دفاعًا هحتولاً ضذ هجوىعت واسعت هي البكتُشَا وتوثل الولار الأخُش لعلاج الالتهاباث هضادا

ض وهٍ هجوىعت هي الإًضَواث ٌُوٌُن الوتحللت هائًُا والوعشوفت أَضًا باسن الكاسبابالخطُشة.  إًضَواث الكاسباب

ل هي البلاصهُذاث والكشوهىسىهاث. تقىم هزٍ الوتٌىعت تٌتوٍ إلً البُتا لاكتاهاص، وتحول جٌُاتها علً ك

الإًضَواث بتحلل العذَذ هي الوضاداث الحُىَت هي ًىع بُتا لاكتام بوا فٍ رلك الكاسبابٌُُن والبٌسلُي 

ٌُن إلً عذد كبُش هي حالاث والسُفالىسبىسَي والأصتشوًام.  أدي الاًتشاس العالوٍ للبكتُشَا الوقاوهت للكاسباب

هٍ  ضٌُوت فٍ الوستشفُاث والوجتوع. أهن السلالاث البكتُشَت التٍ تحول الكاسبابالعذوي الوكتسب

Enterobacteriaceae  والبكتُشَا غُش الوتخوشة هثلPseudomonas aeruginosa  وAcinetobacter 

baumannii. 

 بيتا لاكتاييسز. ًس،يانكاربابن نيى،ابانكهًاث انًفتاحيت: يقاويت انًضاداث انحياتيت، انكارب

 

Introduction 

Bacterial resistance to antibiotics is a rapidly growing issue worldwide with special 

regard for Gram-negative bacteria (Sosa et al., 2010; Diene and Rolain, 2014).  

Carbapenems are a subclass of β-lactam antibiotics regarded as a last resort for 

therapy due to serious  infections caused by resistant and multi-drug (MDR) resistant 

bacteria (Hansen, 2021). The most antimicrobial agents belong to carbapenems are 

meropenem, ertapenem, doripenem and imipenem (Potter et al., 2016). 
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The main mechanism of resistance to carbapenem among Gram-negative bacteria is 

the production of Carbapenemases (Bonomo et al., 2018). Carbapenemases are 

enzymes have the ability to resist all antibiotics of β-lactam and have been proved to 

be found in Enterobacteriaceae, Acinetobacter baumannii and Pseudomonas 

aeruginosa (Canton et al., 2012). These enzymes are carried on mobile genetics 

elements and have the ability to disseminate and transmission overall the world 

(Cheng et al., 2019; Hussaini et al., 2023). Bacterial strains harboring these enzymes 

showed multiple resistant phenotype to antimicrobial agents due to overuse of these 

agents in human and animals (Sugden et al., 2016).At the first time carbapenemases 

were discovered in Gram-positive bacteria like Bacillus licheniformis and Bacillus 

cereus  (Carfi et al.,1995; Duval et al., 2003). Classically resistance to antibiotics 

have been restricted in clinical setting (Hashemi et al, 2014). However, resistance also 

documented in natural environment (Abbas, 2022). 

This review focus on carbapenemase enzymes and its definition, characterize their 

types, classification and epidemiology.  

Classification of Carbapenemases: Carbapenemases can be classified into two 

classes depending on their action sites: serine carbapenemases include class A 

penicillinase and class D oxacillinases possess a serine residue in their active which 

can be inhibited by β-lactamase inhibitors like sulbactam, tazobactam , class B 

comprise metallo β-lactamases which utilize one or more zinic ions at their active site, 

hydrolyze beta lactamases and are not inhibited by beta-lactamase inhibitors like 

vabrobactam, tazobactam and clavulanic acid (Hansen, 2021; Sahile and Shenkut, 

2022). 

Class A Carbapenemases: These enzymes include imipenem-hydrolyzing β-

lactamase (IMI), Guiana extended spectrum carbapenemase (GES), Klebsiella 

pneumoniae carbapenemases (KPCs), Serratia marcescens enzyme (SME), Serratia 

fonticola carbapenemase  and nonmetallo-carbapenemase-A. (Patel and Bonomo, 

2013). 

Some of these enzyme are chromosomally encoded (IMI-1,SME,NmcA,SFC-1) while 

(KPC,GES,IMI-2) are plasmid encoded all can hydrolyze carbapenem efficiently and 

somewhat inhibited by β- lactamase inhibitors ,clavulanic acid (Sahile and Shenkut, 

2022). 

KPC enzymes are associated with transferable plasmids commonly found on 

K.pneumoniae and many members of Enterobacteriaceae family (Hansen, 2021).The 

common variants for KPC are KPC-2 and KPC-3, they can inactivate cephalosporin 

with expanded spectrum and carbapenem but KPC can be inhibited weakly by 

tazobactam and clavulanic acid. These enzymes coharbored with OXA-1 conferring 

resistance to β-lactam inhibitors combinations (Sahile and Shenkut, 2022).   

Class B  Carbapenemases: Metallo beta lactamases (MBLs) are a diverse group of 

enzyme capable of hydrolyzing all antibiotics of β-lactam (Abbas, 2021). The 

enzymes IMP,VIM,SIM and NDM are belong to class B metallo β-lactamases 

predominantly found in Enterobacteriaceae family such as K.pneumoniae, K.oxytoca, 

Enterobacter spp. and Escherichia coli and on transferable plasmid of other bacteria 

like A. baumannii and  P. aeruginosa .These enzymes are associated with mobile 

genetic elements like plasmid, transposon and integron (Diene and Rolain, 2014; 

Hansen, 2021).MBLs are divided into subclasses (B1, B2 and B3), however the 

important types classified in B1 subclass including imipenemases (IMP),Verona 

integrin-encoded MBLs (VIM) and New Delhi MBLs (NDM) (Sahile and Shenkute, 

2022 ). 
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Class D Carbapenemases: The key features of these enzymes is the hydrolytic 

activity against oxacillin, and their genes are carried on plasmid and chromosomes 

(Sahile and Shenkute, 2022). OXA- enzymes including OXA-23,OXA-24,OXA-58 

groups are basically reported in A. baumannii while OXA-48 have been detected in 

K.pneumoniae (Queenan and Bush, 2007).Class D beta-lactamase and variants of 

OXA have variable and important carbapenemase activity and not inhibited by beta-

lactamase inhibitors like tazobactam, sulbactam and clavulanic acid (Drawz and 

Bonomo, 2010). 

Epidemiology: In 2001, KPC (Klebsiella pneumoniae carbapenemase) firstly 

identified in United States in K. pneumoniae isolates (Yigit et al., 2001; Yigit et al., 

2003). This enzyme disseminated into different regions in the world and across many 

genera of Enterobacteriaceae (Lee et al., 2016; Bush, 2018).Outbreaks due to KPC 

producers have been reported. In Greece, 2007 outbreak due to K. pneumoniae 

isolates has been documented and affect 22 hospitalized patients without history of 

travelling to area infected by this type of carbapenemases (Maltezou et al., 2009).       

In 2008, Klebsiella pneumoniae harboring NDM was first described in a Swedish 

patient from India suffering from urinary tract infection due to isolate of  K. 

pneumoniae resistant to carbapenem (Yong et al., 2009). NDM producing bacteria 

also detected in drinking and seepage water sample attained in New Delhi (Walsh et 

al., 2011). During the early 1990s a report identified chromosomal imipenem 

hydrolyzing enzyme Serratia marcescens in  the United Kingdom (Yang et al., 1990). 

In France a chromosomal enzyme NmcA in  Enterobacter cloacae (Nordmann et al., 

1993; Naas and Nordmann, 1994). Another plasmid mediated resistant to carbapenem 

has reported in Japan, Italy, Greece and Portugal (Watanabe et al., 1991; Lauretti et 

al., 1999; Tsakris et al., 2000; Cardoso et al., 2002) with studies documented MBLs 

in Pseudomonas aeruginosa, disseminated  as well in other countries from Latin 

America (Crespo et al., 2004). 

OXA-48 was first described in the bacterium K.pneumoniae in Istanbul, Turkey,2001 

(Poirel et al., 2004 ).Outbreak due to K. pneumoniae carrying OXA-48 was happened 

in Turkey, later in France and other regions (Glupczynski et al., 2002; Carrer et al., 

2008; Cuzon et al., 2011 ).  

Conclusions 

Carbapenem is the last therapeutic line for treatment severe infections caused by 

MDR bacterial isolates. However, the emergence of resistance to these agents has 

been increased worldwide. The use of carbapenem should be controlled in clinical 

setting to avoid misuse and overuse of these agents, thus limit the dissemination  of 

resistant pathogenic bacteria.  
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