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Abstract: 

Metallo-β-lactamases are different types of biological enzymes that breakdown a broad spectrum of beta-lactam 

antibiotics such as carbapenems. Antibiotic resistance exhibited by many Gram-negative bacteria is due to 
acquisition of genes encoding these enzymes, which underscores their importance in antibiotic resistance and 

has led to an increase in nosocomial infections caused by multi-drug-resistant pathogens.  This review analyzes 
recent updates on the mechanism of antibiotic resistance and epidemiology of metallo-β- lactamases in 

nosocomial infections. Carbapenem antibiotics are regarded as effective and reserve antibiotics for the 
treatment of multidrug-resistant bacteria infections. Currently, there is paucity of inhibitors that prevent the 

activities of metallo beta-lactamase clinically. Carbapenem resistance in bacteria is a global health issue, 
associated with increased morbidity and mortality in the healthcare setting. There is a need for continuous 

research on metallo-β-lactamases inhibitors, rational use of carbapenems and appropriate infection control 
measures in order to curb the increase in infections. This mini-review is aimed to provide a broader scope on 

the current trends of antimicrobial resistance in metallo-β-lactamase-associated nosocomial infections. This will 
lead to a better understanding of the public health implication of the unabated spread of these infections, the 

need for judicious utilization of the limited therapeutic options, resulting to efficient antimicrobial stewardship.        
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Résumé: 

Les métallo-β-lactamases sont différents types d'enzymes biologiques qui dégradent un large spectre 

d'antibiotiques bêta-lactamines tels que les carbapénèmes. La résistance aux antibiotiques de nombreuses 
bactéries à Gram négatif est due à l'acquisition de gènes codant ces enzymes, ce qui souligne leur importance 

dans la résistance aux antibiotiques et a entraîné une augmentation des infections nosocomiales causées par 

des agents pathogènes multirésistants. Cette revue analyse les dernières avancées sur le mécanisme de 

résistance aux antibiotiques et l'épidémiologie des métallo-β-lactamases dans les infections nosocomiales. Les 
antibiotiques carbapénèmes sont considérés comme efficaces et réservés au traitement des infections 

bactériennes multirésistantes. Actuellement, il existe une pénurie d'inhibiteurs inhibant cliniquement l'activité 
des métallo-β-lactamases. La résistance bactérienne aux carbapénèmes est un problème de santé mondial, 

associé à une augmentation de la morbidité et de la mortalité dans le milieu de soins. Il est nécessaire de 
poursuivre les recherches sur les inhibiteurs des métallo-β-lactamases, d'utiliser rationnellement les 

carbapénèmes et de mettre en place des mesures appropriées de contrôle des infections afin de freiner 

l'augmentation des infections. Cette mini-revue vise à élargir le champ d'analyse des tendances actuelles en 
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matière de résistance aux antimicrobiens dans les infections nosocomiales associées aux métallo-β-lactamases. 
Elle permettra de mieux comprendre les implications pour la santé publique de la propagation incontrôlée de 

ces infections, la nécessité d'une utilisation judicieuse des options thérapeutiques limitées et une gestion 

efficace des antimicrobiens. 

Mots-clés: Métallo-β-lactamases, β-lactamines, carbapénèmes, nosocomiales, multirésistance 

Introduction: 

 Nosocomial infections are infections 
acquired in the hospital and are now referred 
to as healthcare-associated infections (HAIs). 
At the time of patient admission, these inf- 
ections are absent and occur when caring for 
patients. They may also occur after patient 
discharge from the hospital and are the main 
sources of infections among healthcare wor- 
kers. Nosocomial infections are a threat to 
the safety of patients and have major socio-
economic implications (1). These infections 
have a prevalent rate of up to 40% in develo- 
ping nations compared to 5% in developed 
countries (2). Healthcare-associated infect- 
ions result in increased hospital stay, death, 
disability, and emergence of antimicrobial re- 
sistance (3).    
 Antibiotic resistance develops from 
acquisition of resistance gene or by plasmid 
transfer between same or different species of 
bacteria. A bacterium carrying many genes 
that express antibiotic resistance is referred 
to as multi-drug resistant (MDR) or informally 
‘superbug’. The World Health Organization 
(WHO) states that 15% and 7% of patients in 
developing and developed countries respec- 
tively will get at least one HAI during their 
stay in the hospital, and an average of 10% 
of these patients will die from their HAIs (4). 
In the USA, the Centre for Disease Control 
(CDC) reported that 1 in 31 patients in the 
hospital have at least one nosocomial infec- 
tion (5). Antibiotics misuse has serious effect 
on public health, causing emergence of ‘super 
bugs’ that results in life-threatening MDR 
infections.    
 Antibiotic resistance and nosocomial 
infections have been known globally for sev- 
eral years, and nosocomial infections such as 
urinary tract infection, pneumonia and bacte- 
raemia are mostly associated with Escherichia 
coli, Staphylococcus and Pseudomonas spp 
(6). There is a global rise in infections caused 
by MDR bacteria and a looming threat of 
untreatable infections since the inception of 
the 21st century (7). The WHO reported that 
approximately 1.27 million global deaths are 
due to bacterial antimicrobial resistance (AMR) 
and AMR contributed to 4.95 million deaths 
(8). The members of the family Enterobacte- 
riaceae producing extended spectrum beta-
lactamases (ESBL) are known as very impor- 

tant nosocomial pathogens in the world today 
and their mechanism of resistance is also 
globally spread (9,10).    
 The prevalence of the pathogens cau- 
sing HAIs and their methods of antibiotic res- 
istance should determine the therapeutic pat- 
tern in different hospitals. Antibiotic resist-            
ance is mostly exhibited in bacteria that have 
high virulence, depends on the history of 
antibiotic use and could be innate or acquired 
(11). In this review, the global rise of carba- 
penem resistance in bacteria due to metallo-
beta-lactamases (MBLs) and their mechanism 
of resistance are discussed. The types of 
MBLs, the classes of antibiotic they act upon, 
epidemiology of these enzymes in HAIs and 
possible therapeutic options to curb increase 
in nosocomial infections are also reviewed.  

β-lactam antibiotics: 

 Antimicrobial drugs such as β-lactam 
antibiotics are mostly used in hospitals and 
their increased incidence is a great concern in 
clinical setting. They have a wide range of 
activities against different forms of bacteria. 
They have unique qualities making them, the 
most broadly used antibiotics in the world 
(9). They act by preventing transpeptidase 
enzymes and these enzymes are mainly res- 
ponsible in synthesis of the bacterial cell wall 
peptidoglycan layer (12). The action of β-
lactam antibiotics is exerted by blocking the 
synthesis of the peptidoglycan layer with res- 
ultant death of the bacteria (13). 

Classes of β-lactam antibiotics:  

 Different types of β-lactams exist, 
and their structure determines the class they 
belong. The clinically important β-lactams are 
penicillins, carbapenems, cephalosporins and 
monobactams. The β-lactam ring of penicillin 
and cephalosporin is joined to five- and six-
member rings, respectively which has carbo- 
xyl group at the C3 and C4 positions. These 
antibiotics have a broad-spectrum of actions 
against many types of bacteria (17). Unlike 
the penicillins and cephalosporins, the mono- 
bactams are not made up of a fusing ring but 
have a sulfunic acid group linked to its β-
lactam at similar sites of carboxylate group 
as in penicillins and cephalosporins (18), and 
they show activities against Gram-negative 
pathogens that are aerobic. 
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Fig 1: Classes of β-lactam antibiotics (19) 

A - Basic penicillin structure; R - groups distinguish different types of penicillins; B - Core structure of cephalosporin; C-Basic structure of 
Monobactam;  D - Carbapenem core structure; Atoms were numbered for reference in the discussion text 

 The carbapenems are very useful for 
the treatment of infections caused by bacte- 
ria that are MDR and they have a wide range 
of activities against these bacteria (15). The 
carbapenems are resistant to hydrolytic acti- 
vities of β-lactamases and are an inhibitor of 
most β-lactamases. However, in the last ten 
years, few classes of β-lactamases are able 
to hydrolytically breakdown carbapenems and 
these are major sources of resistance (16). 
Fig 1 shows the classes of β-lactam antibio- 
tics with the atoms numbered for reference 
(19). 

Resistance to β-lactam antibiotics: 

 In other to withstand the antimicro- 
bial effects of these antibiotics, bacteria dev- 
eloped some defensive strategies to combat 
the activities of antibiotics (14). The unguar- 
ded use of beta-lactam antibiotics has resul- 
ted to increased bacterial resistance thereby 
threatening antibiotic therapy (15). Although 
beta-lactam antibiotics have low toxicity and 
are frequently used antibiotic drugs, there 
are increasing resistance to these drugs (16). 
The subclass of the beta-lactamases deter- 
mines the different enzyme processes which 
differ based on the number of zinc molecules 
bound to the enzyme active site.  
 The spread of genes that encode β-
lactamases in Gram-negative bacteria made 
them a major key for resistance. One of the 
resistance strategies of Gram-negative bacte- 
ria against beta-lactam antibiotics is the pro- 
duction of metallo-β-lactamases (MBLs). Cur- 
rently, MBLs cannot be prevented by any clin 
ically available inhibitors (14). 

Mechanisms of β-lactam resistance:  

 The commonest method of antibiotic 
resistance in Gram-negative bacteria is the 
hydrolysis of beta-lactam ring by beta-lacta- 
mases. Other mechanisms include changes in 
porin channels, activities of efflux pumps lea- 
ding to reduced permeability of the cell wall, 
by the actions of altered transpeptidases and 
β-lactamase inactivation of the antibiotics 
(15). In Streptococcus pneumoniae, enzymes 
bind loosely to β-lactam due to changes that 
occur in the sequences of target transpepti- 
dases through mutation or recombination and 
these results to resistance. The transpepti- 
dase in Staphylococcus aureus, aids in resis- 
tance by slowly binding to beta-lactam anti- 
biotics (20).  

i. β-lactamases:    
 Beta-lactamase breaks down the ami- 
de bond in beta-lactam ring and this results 
to products that are not effective, which is 
the basis of resistance in bacteria. The genes 
that express β-lactamases are mostly on the 
plasmids or other mobile genetic elements 
such as transposons and integrons of the 
bacteria. Basically, there are four structural 
classes of beta-lactamases; A, B, C and D 
(21). Classes A, C and D are serine-based 
enzymes and they activate the breakdown of 
β-lactam through a serine-bound acyl inter- 
mediate (22). Class B enzymes need zinc for 
its activities, although catalysis is not through 
covalent intermediate but by breakdown of 
hydroxide ion which the zinc in the active site 
stabilizes (23). Class A carbapenemases and 
class B MBLs are able to break down carbape- 



Recent update on mechanism and epidemiology of MBLs        Afr. J. Clin. Exper. Microbiol. 2025; 26 (3): 200-206 

 

203 
 

nems and these are major sources of resis- 
tance (23).  

ii. Class B Metallo beta-lactamases:  

 Metallo β-lactamases of class B β-lac- 
tamases have wide range of substrates and 
catalyzes the breakdown of most β-lactam 
antibiotics excluding monobactams. Their act- 
ivities are not prevented by clavulanate, sul- 
bactam, or tazobactam which are inhibitors to 
serine-based beta-lactamases (24). Unlike the 
serine-based enzymes, MBLs are destroyed 
by metal chelator like ethylene diamine tetra-
acetic acid (EDTA) (24). Metallo-β-lactamases 
have been in existence for more than forty 
years and are encoded in the chromosome 
and were also found in organisms that are 
not pathogenic, and therefore did not pose 
challenge for antibiotic therapy (25). But in 
the 1990s there was wide dissemination of 
Imipenemase (IMP) and Verona integron-en- 
coded metallo-β-lactamase (VIM) among Gram- 

negative bacteria such as Enterobacteriaceae, 
Pseudomonas aeruginosa and Acinetobacter 
baumannii. Table 1 shows the characteristics 
of class B metallo-β-lactamases.  
 Integron structures associated with 
transposons carry genes for VIM- and IMP-
type enzymes within them and these genes 
can be inserted on the chromosome or in 
plasmids of the bacteria (23). The resultant 
effect is the basis for the dissemination of 
MBL genes and their existence in MDR bact- 
eria. In 2008, the newly described New Delhi 
metallo-β-lactamase-1 (NDM-1) was initially 
discovered in Klebsiella pneumoniae and Esc- 
herichia coli, found in a patient travelling 
from India to Sweden (26). Since then, they 
have spread globally due to rapid exchange 
of genes among species. The rapid spread of 
NDM MBLs is because of the bacterial promis- 

cuity exhibited by its genetic element (23). 
All MBLs hydrolyse carbapenems but not all 
serine based β-lactamases are carbapenema- 
ses (14) (Table 1). 

Epidemiology of metallo-β-lactamases in 
nosocomial infections: 

 Carbapenemase genes were first iden- 
tified in the chromosomes of Gram-positive 
bacilli but by 1980s, MBLs were found in non-
lactose-fermenting Gram-negative bacteria 
(23). By 1990s, they were discovered in the 
plamids of many species of bacteria isolated 
from clinical settings (25). Metallo-β-lactama- 
ses have been reported as being ubiquitous 
in nosocomial settings (14). The most affec- 
ted patients are those in units such as inten- 
sive care (ICUs), organ transplant receivers, 
burns and neonates.    
 There are reports from a retrospect- 
ive study carried out in Serbia, that not less 
than one hospital-acquired infection affects 
about one-third of patients admitted in inten- 
sive care units (28). The WHO classified imp- 
ortant pathogens causing MDR hospital-acq- 
uired infections based on their global risk into 
critical, high and medium priority (29). The 
first two groups are very important patho- 
gens known as ‘ESKAPE’ and these include 
Enterococcus faecium, Staphylococcus aureus, 

K. pneumoniae, A. baumannii, P. aeruginosa, 
and Enterobacter spp. The WHO 2024 Bacte- 
rial Priority Pathogens List (WHO BPPL) is an 
updated version of the 2017 edition which 
addresses the evolving challenges of antibio- 
tic resistance, and notable bacteria on this 
list are carbapenemase-producing Gram-ne- 
gative bacteria (30). These pathogens cause 
infection with high mortality rate of patients 
because of their plasmid-borne MBLs (31,32).  

  

   

Table 1: Characteristics of class B Metallo-β-Lactamases (23) 

Ambler 

structural 
Class 

Functional 

Classa 

Active 

Siteb 

Inhibitors Notable 

Gene 

Mobile genetic 

Elements 

Multilocus 

STsc 

Retained 

β-lactam 
Susceptibility 

 

B 3 Zinc EDTA VIM IncN, Incl1, multiple types; 
class1 integrons 

ST147, ST11, 
others 

Monobactam 
spared 

 
B 3 Zinc EDTA IMP IncL/M, IncA/C, multiple 

types; class 1 integrons 

 Monobactams 

spared 
 

B 3 Zinc EDTA NDM IncA/C, multiple; ISAba125 ST101, ST11, 
several others 

Monobactam 
spared 

 
EDTA - Ethylene diamine tetra-acetic acid; IMP - Imipenem metallo-beta-lactamase; Inc - Plasmid incompatibility type; NDM - New Delhi metallo-β-
lactamases; ST - Sequence type; VIM - Verona integron-encoded metallo-β-lactamase; aBush-Jacob-Medeiros classification scheme [27]; bHydrolytic 

method; c Only Klebsiella pneumoniae and Escherichia coli-associated STs are listed 
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 Members of the family Enterobacteri- 
aceae carrying MBL genes are a major world 
threat in healthcare environment (15). Integ- 
ron-encoded IMP-1 MBL was first reported in 
Serratia marcescens in 7 Japanese hospitals 
in Okazaki, Japan during a plasmid-mediated 
outbreak. Presently, there are at least 52 va- 
riants of IMP genes in many bacteria species 
distributed globally, and they are endemic in 
Taiwan and Japan (33). The blaIMP gene has 
both broad and narrow host-range plasmids 
aiding their increased dissemination and a sur- 

veillance study conducted in Australia shows 
further spread of these genes (34).  
 The VIM MBLs were found in P. aeru- 
ginosa in 1996 and 1997 in Verona, Italy 
(VIM-1) and Marseilles France (VIM-2) resp- 
ectively (23). VIM-2 is the commonest type 
globally and has at least 46 blaVIM variants 
which are distributed worldwide with Greece 
as the epicentre (26,35,36). In 2008, the 
blaNDM-1 MBL gene was discovered in ST14 K. 
pneumoniae from a Swedish patient in a hos- 
pital in New Delhi, India. There are about 24 
variants of NDM MBL genes distributed world- 
wide with India, Middle East and Balkans as 
the epicentre (37,38). In a study on the out- 
break of NDM-1 in South Africa, researchers 
found that New Dehli MBL is a major cause of 
hospital mortality (39). In Tuscany,Italy, a 
rapid spread of NDM-producing K. pneumo- 
niae from 2018-2019 was reported (40). 
Some risk factors for nosocomial infections 
are existence of co-morbid disease, pipera- 
cillin or tazobactam exposure, and the use of  
mechanical ventillators. Metallo-β-lactamases 
(MBLs) have been observed to persist in en- 
vironments like burn unit, thus there is a 
significant relationship between spread of 
MBLs in the burns unit environment and pati- 
ent colonization subsequently (41).  
 In the last 20 years, carbapenems 
were regarded as ‘reserve’ antibiotics used 
basically against bacteria carrying extended 
spectrum β-lactamase or Gram-negative bac- 
teria that produces AmpC beta-lactamases. 
Lately, serine carpenemases and MBLs are 
more frequent and widespread in many parts 
of the world (14). In the United States, phy- 
sicians in tertiary healthcare centres,  acute 
care hospitals for long term diseases and 
nursing homes are concerned because Gram- 
negative bacteria that produces carbapene- 
mases such as K. pneumoniae caused signifi- 
cant rise in death rates in patients with these 
bacterial infections (42). Studies in the US 
and Brazil shows that MBLs produced by P. 
aeruginosa resulted in higher mortality rates 
and an increase in severity of infections (18, 
43). Another study in a tertiary hospital in 
Abuja, Nigeria, concluded that the increase in 
the occurrence of MBL-producing strains of  
P. aeruginosa is a major threat to therapeu- 
tics, and infection prevention and control. 

Therefore, rational use of carbapenems, re- 
gular surveillance and proper infection pre- 
vention and control measures should be put 
in place to curb MBLs dissemination in hospi- 
tals (44). 

Metallo beta-lactamase inhibitors:   

 Metallo-beta-lactamases have cataly- 
tic sites, mechanism and structures different 
from serine beta-lactamases because both 
are not evolutionarily related (45). There are 
limited options for inhibiting the activities of 
pathogens that produce MBLs. One of such 
options is aztreonam-ceftazidime-avibactam 
combination, which is effective, although the 
optimization of  pharmacokinetics of the com- 
bination has not been concluded (46). Recen- 
tly, the Food and Drug Administration (FDA) 
approved the clinical use of β-lactam/β-lacta- 
mase inhibitor for the treatment of diseases 
caused by MDR ESKAPE pathogens (47). The 
FDA approved β-lactam/β-lactamase inhibitor 
combinations are ceftazidime-avibactam, imi- 
penem-relebactam, the siderophore cephalo- 
sporin (cefiderocol), meropenem-vaborbactam 

and ceftolozane-tazobactam (47). Non-ribo- 
somal peptide antibiotic such as colistin (pro- 
duced by Paenibacillus polymyxa) is active 
against pathogens that are carbapenem resi- 
stant (48). Although there are six approved 
serine β-lactamase inhibitors, none inhibits 
the activities of MBLs because their catalytic 
sites are different (14).   
 Tebipenem, the foremost oral carba- 
penem, is undergoing clinical trials (phase 3). 
If approved, this could be combined with 
other antibacterial drugs for treatment of no- 
socomial MBL bacterial pathogens (46). Novel 
boronate compounds which are effective aga- 
inst MBL are taniborbactam, which is a MBL 
inhibitor in phase 3 clinical trial (NCT03840 
138), QPX7728 in phase 1 clinical trial (NCT0 
4380207) and xeruborbactam in phase 1 cli- 
nical trial (49,50). Other MBL inhibitors are 
metal chelators such as aspergllomarasmine 
A (14). Bicyclic boronates have been dev- 
eloped as inhibitors to serine beta-lactamases 
and MBLs although the genetic diversity of 
MBL is a major challenge in developing MBL 
inhibitors (49). 

Conclusion: 

 There are basically two groups of 
beta-lactamases in bacteria, which are the 
cause of resistance to carbapenems, exhibit- 
ed by many Gram-negative bacteria in clinical 
settings. The first is the serine carbapene- 
mases (use serine as the active site amino 
acid) and the second is the MBLs (those that 
use a Zn2+ ion). In recent years, MBLs have 
become one of the most dreaded resistance 
systems due to their ability to break down 
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almost all beta-lactams such as carbapenems 
and the genes expressing these enzymes are 
mostly on  bacteria plasmids.  
 Therapeutic choices for nosocomial 
infections caused by Gram-negative bacteria 
is largely limited due to the dissemination of 
MBLs in these pathogens. Healthcare institu- 
tions with high occurrence of MBLs should 
review their empirical treatments. Local, 
national and international monitoring system, 
should be developed and organised to moni- 
tor threats of MBLs infections. Research stu- 
dies aimed at identyfying, observing, contro- 
lling and reviewing the threats posed by 
these infections should also be encouraged. 
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