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Abstract

B -lactamase enzymes are an extensive group of hydrolyzing enzymes produced by bacteria as a common resistance mechanism against be-
ta-lactam antibiotics. These enzymes hydrolyze the core beta-lactam ring and thus decrease the effectiveness of drug concentration, thereby
conferring increased resistance. Currently, most infections pose difficulty in their treatment due to f-lactamate resistance. Among multidrug-re-
sistant pathogens, extended-spectrum {-lactamase or Carbapenemase-Producing Enterobacteriaceae (CPE) is currently considered the main
threat due to the scarcity of therapeutic options and their rapid spread around the globe. More evidence is emerging on the mechanisms bacteria
use to resist B-lactam antibiotics. Moreover, due to several scientific innovations, different therapy has shown effectiveness in current cases of
drug resistance due to B-lactamase enzymes produced by most bacteria. While it seems like the antibiotic crisis has brought to the limelight
situation reminiscent of the pre-antibiotic era, our study showed that there is light at the end of the tunnel. Here, we discussed the recent updates
on antimicrobial resistance due to f-lactamase enzyme production and the therapeutic options used in mitigating the spread of resistance due
to B-lactamase enzyme.

KCYWOI‘dS: B-lactamase; P-lactamate antibiotics; Antimicrobial resistance; Bacteria

Introduction Bacteria and other infection-causing microbes have remarkably de-
veloped several ways to become resistant to antibiotics and other anti-

Drug resistance is a major problem that limits the effectiveness of | icrobial drugs [1]. The possibility of microorganisms resisting the
chemotherapies. Resistance to antimicrobial agents has become a ma-  effect of antibiotics has been the subject of intense investigation since
jor source of morbidity and mortality worldwide. When antibiotics  the early days of the discovery of antibiotics. The main mechanisms of
were first introduced in the 1900s, it was thought that we had won  registance are: limiting uptake of a drug, modification of a drug target,
the war against infectious microorganisms. It was soon discovered,  jnactivation of a drug, and active efflux of a drug. These mechanisms

however, that the microorganisms could develop resistance to any of  may be native to the microorganisms or acquired from other micro-
the drugs used. Apparently, most pathogenic microorganisms have organisms [2].

the capability of developing resistance to at least some antimicrobial
agents. Antibiotics must first cross the cell envelopes before it inhibits ~ Beta-lactam antibiotics are the most frequently prescribed class of
bacterial growth. Some may then need to be activated, and all must ~ drugs worldwide [3]. The antibiotic inhibits bacterial cell wall synthe-
reach their target at a concentration high enough to exert an effect. ~ sis, thus resulting in the lysis and deformation of the bacterium [4]. Itis
Antibiotic resistance leads to higher medical costs, prolonged hospital ~ effective on both Gram-positive and negative bacteria. These antibiot-
stays, and increased mortality. This results from the emergence of new  ics are characterized by a core of a beta-lactam ring and are classified
resistance mechanisms, spreading globally and threatening the medic- by their moieties into four major families: Penicillin, cephalosporin,
al sector’s ability to treat common infectious diseases. The resistance to ~ carbapenems, and monobactams [5,6]. f-lactam antibiotics inhibit the
B-lactam antibiotics is a severe threat to public health. formation of a peptidoglycan layer. The final transpeptidation step in
synthesizing the peptidoglycan is facilitated by PBPs which bind to

o1 ©2022 Anekpo. This work is published and licensed by Example Press Limited. The full terms of this license are available at https://skeenapublishers.com/terms-conditions and incorporate the Creative Commons
Attribution - Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted
CUMMCEM without any further permission from Emample Press, provided the work is properly attributed.



[-Lactams-Based Antibiotics Resistance: A Bottom-up Overview

the D-Ala-D-Ala at the end of muropeptides (peptidoglycan precur-
sors) to crosslink the peptidoglycan. Beta-lactam antibiotics mimic
the D-Ala-D-Ala site, thereby irreversibly inhibiting PBP crosslinking
of peptidoglycan.

Many members of the Enterobacteriaceae family of gram-negative
bacteria possess chromosomal B-lactamase genes. Other gram-nega-
tive bacteria that possess these include Aeromonas spp., Acinetobac-
ter spp., and Pseudomonas spp. Plasmid-carrying B-lactamase genes
are most commonly found in the Enterobacteriaceae but may also be
found in some species of gram-positive bacteria such as Staphylococ-
cus aureus, Enterococcus faecalis, and Enterococcus faecium [7,8].
This review briefly summarized what is currently known about $-lac-
tams resistance in bacterial pathogens. This understanding is crucial
for developing novel treatment interventions and surveillance proto-
cols for mitigating the spread of antimicrobial resistance infectious
diseases due to the loss of function of -lactams antibiotics.

Beta-Lactam Antibiotics: Back to History

This set of antibiotics constitutes a broad class of antibiotic agents
that contain B-lactam rings in their molecular structure. The discovery
of beta-lactam antibiotics dates back to 1921, when Alexander Flem-
ing, a Scottish bacteriologist suffering from a common cold, decided
to inoculate his nasal secretion on agar plates and observed the ab-
sence of colonies for several days. This observed abnormality was sug-
gested as the presence of a diffusible substance in the nasal secretion
that affected the ability to grow. Fleming later named the substance
that could dissolve the cell wall and cause lysis in many gram-positive
bacteria, Lysozyme. This discovery paved the part for the discovery of
other antibiotics like Penicillin. Penicillin G was the first beta-lactam
developed, which led the search for the synthesis of additional deriv-
atives [9].

In the fall of 1928, Fleming studied the relationship between colony
morphology of Staphylococcus and their virulence. Before leaving for
vacation, he inoculated culture plates with Staphylococcus colonies
and stacked the plates on the corner of his laboratory bench. When
he returned, he found several cultures contaminated with molds. He
discarded the contaminated plates into a Lysol basin. He worked with
many cultures that day, and a few culture plates rested above the level
of the liquid antiseptic, escaping the disinfectant. The next day, while
describing his experiments to a colleague, Fleming dug up some pre-
viously discarded culture plates [9]. Upon re-examination, one of the
plates contained a contaminating mold whose presence seemed to be
influencing the morphology of the surrounding Staphylococcus col-
onies: colonies in proximity to the mold were transparent and seemed
to be undergoing lysis. This observation was reminiscent of what
Fleming had previously seen with Lysozyme and led him to realize
that the mold contained an antagonistic microbial property. Fleming
carefully sub-cultured and preserved the Penicillium notatum, which
he originally described as Penicillium rubrum. The discovery of this
first beta-lactam antibiotic resulted in further research into other be-
ta-lactam antibiotics.

Classification of Beta-Lactam Antibiotics

Classification of p-lactamase enzymes is based on their molecular
structure and/or functional characteristics. Two major types of be-
ta-lactamases can be distinguished based on the method of hydroly-
sis: serine-based or metal (e.g., zinc) based [10]. Beta-lactamases have
been categorized into four classes (Ambler classifications) known as
A, B, C, and D. The hydrolysis of beta-lactams by the enzymes of class-
es A, C, and D relies on an active site serine residue, whereas those
of class B are metalloenzymes that use one or two zinc ions to co-
ordinate hydrolysis. While serine enzymes from different classes and
may share some structural similarities, metalloenzymes are structur-
ally dissimilar [11,12]. Given the differences in enzyme structure and
binding sites, finding a single molecule that can inhibit both serine
and Metallo-beta-lactamases has been a daunting challenge.
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Class C beta-lactamases confer resistance to broad-spectrum ceph-
alosporins, penicillins, and monobactams. Like other beta-lactamases,
they are highly transferable and widespread among Gram-negative
bacteria, especially in clinical isolates. Class C beta-lactamases cata-
lyze the hydrolysis of the beta-lactam ring by a conserved catalytic Ser-
ine (Ser 64 in Escherichia coliBLAampC) and an activating conserved
Tyrosine (Tyr 150) [13]. Gram-negative bacteria produce p-lactama-
ses from all four structural groups (A, B, C, or D). The B-lactamases
found in gram-positive bacteria are mainly from group A, with some
from group B [14]. These enzymes may be innately found on the bac-
terial chromosome or may be acquired via a plasmid.

Mechanism of action of Beta-lactams Antibiotics
and Resistant Mechanisms

Beta-lactam drugs must bind to specific targets located in the cyto-
plasmic membrane of bacteria to exert their inhibitory effect. These
target proteins can be identified by their ability to covalently bind
isotope-labeled Penicillin and are termed Penicillin-Binding Proteins
(PBPs). The enzymatic functions of higher-molecular-weight PBPs
are essential in cell wall peptidoglycan synthesis. Beta-lactams exert
their initial bacteriostatic effect through the inhibition of these high-
molecular-weight PBPs. The beta-lactam antibiotics inhibit the last
step in peptidoglycan synthesis by acylating the transpeptidase in-
volved in crosslinking peptides to form peptidoglycan. The binding of
beta-lactam antibiotics to their target (PBPs) interrupts the terminal
transpeptidation process and induces loss of viability and lysis [15].

Resistance can occur as a result of lower affinity PBPs in some mi-
crobes. For example, this has been demonstrated in a study involv-
ing S. aureus, where it was shown that a reduction in the presence of
PBP2a leads to resistance [5,16]. Therefore, changes in the affinity or
quantity of PBPs play a major role in the development of beta-lactam
resistance among clinical isolates of bacteria. Reduced beta-lactam
susceptibility mediated by PBPs can arise in several ways. It might
be a manifestation of the reduction in affinity of normally occurring
PBPs, a loss in quantity of a PBP, or the addition of low-affinity PBPs.
In some Gram-positive bacteria, a combination of these events may
occur to produce resistance. According to the study by Lienen et al.
[5], the low-level B-lactam resistance in some gram-positive bacterial
pathogens may be due to the presence of naturally occurring slow-re-
acting low-affinity PBPs.

Although other mechanisms such as efflux pumps, decreased per-
meability from porin channel mutations, and target site changes [17]
play a role in gram-negative resistance to antibiotics, the production
of B-lactamases is one of the more common resistance mechanisms.
In gram-negative bacteria, the modification of PBP affinity has been
shown to result in beta-lactam resistance. In other instances, there is
evidence to suggest that a reduction in the permeation of beta-lactam
antibiotics is also required to produce clinically significant levels of
resistance. It also seems possible that minor changes in the affinity of
PBPs for new poorly hydrolyzed p-lactam antibiotics contribute to re-
sistance to these compounds in the face of slow rates of hydrolysis and
species-related restriction of outer membrane permeation.

The PBP-inhibitory activity of Penicillin and other B-lactam antibiot-
ics is based on the structural, geometric, and stereochemical similar-
ities between the amide bonds of Penicillin and the enzyme-substrate
(D-Ala-D-Ala dipeptide) [18,19]. Therefore, -lactamases inactivate
beta-lactam antibiotics by catalyzing the beta-lactam ring’s hydrolysis,
rendering it unable to exert its effect on its target PBPs.

B-lactams Resistance: Impact on Infection Pro-
gression and Treatment

The production of beta-lactamase enzyme and co-acquisition of
other resistance mechanisms make treating infections by bacteria dif-
ficult [20]. Incidentally, the laboratory detection of ESBLs can be com-
plex and is not routinely performed in most laboratories. Increasing
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resistance of ESBL-producing bacteria to multiple types of antibiotics
has led to an increase in the use of carbapenems [21], which, in re-
sponse, has resulted in the emergence of carbapenemase-producing
bacteria [22]. Carbapenemase enzymes produced by bacteria have
the ability to hydrolyze all beta-lactams. The increasing distribution
of beta-lactamase-producing bacteria and ESBL-producing bacteria
in the community contributes substantially to the community burden
of antimicrobial resistance [23]. The ESBL enzymes are encoded by
transferable conjugative plasmids, which often code resistance deter-
minants to other classes of antimicrobial agents and are also respon-
sible for the dissemination of resistance to other bacteria in the com-
munity and in hospitals.

The selection of the most appropriate treatment is based on a com-
bination of several criteria, which varies according to many param-
eters, including the targeted pathogen(s), clinical severity, and site of
infection. The first clinically used p-lactamase inhibitors (clavulanic
acid, sulbactam, and tazobactam) were discovered in the mid-to-late
1980s. A conserved similarity with these inhibitors is the shared p-lac-
tam backbone. In addition, these inhibitors form stable intermediates
with B-lactamases, thereby allowing pB-lactam to effectively bind to a
target penicillin-binding protein [24].

Ceftolozane/tazobactam, approved in 2014 by the United States
Food and Drug Administration (USFDA), is considered the most ac-
tive beta-lactam antibiotic against Pseudomonas aeruginosa [25,26].
Ceftolozane/tazobactam has no activity against strains producing
Class A KPC carbapenemases or those with metallo-beta-lactamases.
Most Class D (OXA) beta-lactamase-producing organisms, including
OXA-48-like enzymes, are also resistant to ceftolozane/tazobactam
[25]. In clinical practice, ceftolozane/tazobactam has demonstrated
similar efficacy to meropenem in intra-abdominal infections [27].

Ceftazidime is also a widely distributed cephalosporin active against
Gram-negative microorganisms, including Enterobacteriaceae and
Pseudomonas aeruginosa. However, ceftazidime is highly vulnerable
to ESBL-producing strains and is inactivated by carbapenemases.
Avibactam, a novel non-BLBLI belonging to the diazabicyclooctane
chemical class, restores activity against Enterobacteriaceae produ-
cing class A, class C (AmpC), and class D (OXA) beta-lactamases,
including most OXA-48 carbapenemase-producing Enterobacteri-
aceae. Ceftazidime/avibactam has no activity against MBL-producing
microorganisms. In addition, the drug has minimal activity against
Acinetobacter spp., anaerobic and Gram-positive organisms. The cef-
tazidime/avibactam combination has potential bacteriocidal activity
against ceftazidime-resistant P. aeruginosa strains in vitro [28,29].
Ceftazidime/avibactam has also demonstrated similar efficacy to car-
bapenems in intra-abdominal infections [30].

So far, a growing number of reports have demonstrated the value
of ceftazidime/avibactam for the treatment of MDR and carbap-
enemase-producing Enterobacteriaceae in various conditions, in-
cluding urinary tract, intraabdominal, pulmonary, and bacteremic
infections [31-40]. The recently published British guidelines proposed
ceftazidime/avibactam as an alternative to carbapenems to treat ES-
BL-producing and AmpC-producing Enterobacteriaceae infections
[25]. On the basis of recent data, the experts suggest that ceftazidime/
avibactam is effective against non-MBLs carbapenemase-producing
organisms, but they underscore the need for further studies to define
the optimal regimen.

Currently, the drugs of choice for treating infections caused by be-
ta-lactamase-producing organisms are carbapenems [41]. The use of
carbapenems, however, has also been associated with the emergence of
carbapenem-resistant organisms. Colistin, polymyxin B, tigecycline,
and fosfomycin have been shown to have substantial antimicrobial ac-
tivity against ESBL-producing Enterobacteriaceae and merit further
evaluation. Temocillin also has a very promising effect [42].
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There are in vitro studies suggesting synergy between vancomycin
and beta-lactams for Multi-resistant Staphylococcus aureus isolates,
including those with decreased susceptibility to vancomycin [43,44].
Several other studies are available reporting the synergistic effect of
these beta-lactams and other antibiotics [43,45,46]. However, the ex-
act mechanisms of action remain largely elusive, although reports are
emerging, shedding more light on this aspect. More studies are needed
to understand and shed more light on the efficacy of the various treat-
ment options.

Global Emergence and Spread of Extended-Spec-
trum B-lactamases

The prevalence of ESBLs is increasingly being reported worldwide,
and it varies according to geographic location. It is also directly linked
to the use and misuse of antibiotics. In Africa, ESBL-producing or-
ganisms have been reported in Egypt, Morocco, Tunisia, France, Italy,
China, Senegal, Nigeria, and South Africa [47]. In Nigeria, prevalence
rates range from 5% to 44.3%, as shown in several studies carried
out in Ogun, Kano, Nnewi, Maiduguri, Zaria, and Benin [48-51]. In
many parts of the world, 10%-40% of strains of E. coli and K. pneu-
moniae express ESBLs. Among the multidrug-resistant pathogens,
extended-spectrum (-lactamase (ESBL-E) or Carbapenemase-Pro-
ducing Enterobacteriaceae (CPE) is currently considered the main
threat due to the scarcity of therapeutic options and their rapid spread
around the globe.

Extended-Spectrum P-Lactamases (ESBL) are mutant forms of be-
ta-lactamase enzymes that can hydrolyze various -lactam antibiotics
and thus mediate resistance to penicillins, 3rd, and 4th-generation
cephalosporins. The genes encoding for those enzymes are common-
ly found both in the chromosomes and plasmids in different bacteria
species such as Staphylococcus aureus, E. coli, and Klebsiella species
[52,53]. ESBL-producing bacteria species cause severe human infec-
tions, even in countries with advanced public health and health care
facilities. Most of the infections are associated with cross-contam-
ination in hospital and clinic settings, while community-acquired
infections have also been reported in several countries worldwide.
ESBL-producing bacteria such as E. coli and Klebsiella species may
be transmitted to meat if standard operating procedures and proper
hygiene practices are not implemented in the farms and abattoirs, re-
spectively. The impact of ESBL on public health is quite significant,
with a more severe global impact predicted if an adequate effort is
not shown to mitigate their spread. The frequent use of antibiotics to
enhance animal productivity provides opportunities for bacteria that
harbor resistance determinants to be released into the environment
with severe epidemiological implications on humans.

Future Perspective and Recommendations

Drug resistance cases have increased exponentially in the last twenty
(20) years [54]. This development is a result of different factors, such as
drug abuse, change in weather conditions, and microbial interactions,
which facilitate an increase in the exchange of genes through hori-
zontal gene transfer. The increase in morbidity and mortality has a
toll on the financial status of different households, especially those in
developing countries. The increasing cases of antibiotic-resistant in-
fectious diseases have prompted increased focus on alternative drug
development. Currently, different alternative therapeutic options have
shown effectiveness in current cases of drug resistance to infectious
diseases. Some of these therapeutic options include antimicrobial pep-
tides, bacteriophages (use of phages, phage proteins, and cocktails),
nanomaterials, use of microbiota, phytochemicals) or a combination
of any of the options) [55-58]. Usually, combination therapy is more
effective than a single approach. This is because a bacterial pathogen
that is resistant to one biomaterial may not resist the other.

Alternatively, the use of beta-lactamase inhibitors such as Avibac-
tam, a combination of beta-lactamase inhibitors and beta-lactam
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drugs, has shown to be very promising. Also, Carbapenems have
shown to be effective against some infections caused by microbes pro-
ducing beta-lactamase. The combination therapy, which utilizes the
synergistic effect of combined drugs such as vancomycin and beta-lac-
tam drugs, has also shown promises [59-62]. Over the past decades,
several beta-lactam agents have been developed targeting resistant
microbes, including those producing carbapenemases. Some of these
agents include ceftazidine-avibactam, meropenam-vaborbactam,
imipenem-relebactam and cefiderocol. These beta-lactam agents differ
in their mechanisms of action [63]. Despite the research efforts so far,
more remain to be learned on their exact mechanisms of action. These
areas provide an avenue for further studies, especially the mechanisms
of actions of combined therapy.

Due to the growing resistance to antibiotics by microbes, there is
a need for the production of drug that is less sensitive to inhibition
by beta-lactamase enzymes and has a greater spectrum of activity
[64-66]. More studies to increase the efficacy of the already existing
beta-lactam drugs are needed. Based on their importance to human
health, the World Health Organization has placed third-generation
cephalosporins (3GC, e.g., cefotaxime, ceftriaxone) into the “watch”
group of antibiotics, i.e., drugs that are critically important to human
medicine and should be prioritized as targets of antibiotic resistance
monitoring and stewardship programs (World Health Organization,
2021). Approaches to predict the activities of these group of antibiotics
against target pathogens is needed. Combining these priority antibiot-
ics with other alternative therapeutic agents, as we have already out-
lined, will greatly increase their therapeutic value [67-69].

Overall, it is clear that changes in the affinity or quantity of PBPs play
amajor role in the development of beta-lactam resistance among clin-
ical isolates of bacteria. In gram-positive bacteria, the beta-lactam af-
finity phenotype of PBPs appears to translate directly into the suscept-
ibility phenotype for beta-lactam antibiotics. The reduced beta-lactam
susceptibility mediated by PBPs can arise in several ways. It might be a
manifestation of the reduction in affinity of normally occurring PBPs,
aloss in quantity of a PBP, or the addition of low-affinity PBPs, which
in some cases may be inducible. Therefore, more insight is needed into
how the different p-lactams drugs interact with microbial cells and
how these microbes resist beta-lactam drugs. This information is vital
for optimizing the different treatment regimens to the level needed for
obtaining a more reliable treatment efficacy [70,71].

Conclusion

The Public health challenges of drug resistance demand that all
hands are on the desk to checkmate this issue. The importance of be-
ta-lactamase in the response of a bacterial strain to a particular anti-
biotic is based on the capacity of the enzyme to complement the basic
tolerance or compensate for its lack. The resistance to the different
drugs has been shown to be a result of a cooperative and synergistic
effect of different factors and also the diversities in microbial defense
mechanisms contributing greatly to treatment difficulties. A drug that
can work for a particular strain of bacterial pathogen might not work
for another strain even though they belong to the same clonal group
sharing the same lineage. This is because even in a particular lineage,
diversities still exist.

Interestingly, for most pathogens, heteroresistance has been re-
ported. Heteroresistance is a situation where the subpopulation of a
pathogen that was initially susceptible to a certain antibiotic suddenly
becomes resistant — this has been a significant challenge for several
treatment efforts. Furthermore, other types of mutations can set in,
leading to resistance acquisition. All these issues complicate treat-
ment efforts against beta-lactam antibiotics and even other antibiotics
classes. Therefore, more studies are needed to understand better the
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mechanisms of actions of B-lactam drugs and how bacterial pathogens
respond to this class of antibiotics under different in vitro and in vivo
conditions. Overall, all antimicrobial agents have their own strengths
and caveats. Therefore, antimicrobial stewardship is crucial to ensure
their rational use and prevent resistance development.

Conflict of Interest

The authors report no conflict of interest.

References

1. Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt E et al.
(2010) Emergence of a new antibiotic resistance mechanism in India,
Pakistan, and the UK: A molecular, biological, and epidemiological
study. Lancet Infectious Diseases 10(9): 597-602.

2. Reygaert WC (2013) Antimicrobial resistance mechanisms of Staphyl-
ococcus aureus in: Microbial pathogens and strategies for combating
them: science, technology and education, Spain. Formatex 2: 297-310.

3. Yelin Snitser O, Novich G, Katz R, Tal O, et al. (2019) Personal clinical
history predicts antibiotic resistance of urinary tract infections. Nature
Medicine 25: 1143-1152.

4.  Kantele A, Liaveri T, Mero S, Vilkman K, Pakkanen SH, et al. (2015)
Antimicrobials increase travelers’ risk of colonization by extended-spec-
trum beta lactamase-producing Enterobacteriaceae. Clinical Infectious
Diseases 60(6): 837-846.

5.  Lienen T, Schnitt A, Tenhagen BA, Marino SF, Maurischat S (2021)
Multidrug-resistant Staphylococcus cohnii and Staphylococcus urea-
lyticus isolates from German dairy farms exhibit resistance to beta-lac-
tam antibiotics and divergent penicillin-binding proteins. Science Rep
11: 60-75.

6.  El-Gamal MI, Ibrahim I, Hisham N, Aladdin R, Mohammed H, et al.
(2017) Recent updates of carbapenem antibiotics. European Journal of
Medicinal Chemistry 131: 185-195.

7. Chancey ST, Zahner D, Stephens DS (2012) Acquired inducible anti-
microbial resistance in Gram-positive bacteria. Future Microbiology
7(8): 959-978.

8. Zango UU, Ibrahim M, Shawai SAA, Shamsuddin IM (2019) A review
on B-lactam antibiotic drug resistance. MOJ Drug Design Development
Therapy 3(2): 52-58.

9.  Steffee CH, Fleming A (1992) The chance of a lifetime? North Carolina
Medical Journal 53(6): 308-410.

10. World Health Organization (2019) WHO releases the 2019 AWaRe
Classification Antibiotics.

11.  Philippon A, Jacquier H, Ruppé E, Labia R (2019) Structure-based clas-
sification of class A beta-lactamases, an update. Current research in
translational medicine 67(4): 115-122.

12.  Mack AR, Barnes MD, Taracila MA, Hujer AM, Hujer KM, et al. (2020)
A Standard Numbering Scheme for Class C -Lactamases. Antimicrob-
ial agents and chemotherapy 64(3): €01841-¢01919.

13. Lahiri SD, Johnstone MR, Ross PL, McLaughlin RE, Olivier NB, et al.
(2014) Avibactam and class C p-lactamases: mechanism of inhibition,
conservation of the binding pocket, and implications for resistance.
Antimicrobial Agents Chemotherapy 58(10): 5704-5713.

14.  Schultsz C, Geerlings S (2012) Plasmid-mediated resistance in Entero-
bacteriaceae. Drugs 72(1): 1-16.

15. Eckburg PB, Lister T, Walpole S, Keutzer T, Utley L, et al. (2019)
Safety, Tolerability, Pharmacokinetics, and Drug Interaction Poten-
tial of SPR741, an Intravenous Potentiator, after Single and Multiple
Ascending Doses and When Combined with B-Lactam Antibiotics
in Healthy Subjects. Antimicrobial Agents in Chemotherapy 63(9):
€00892- €00919.

16. Fishovitz J, Hermoso JA, Chang M, Mobashery S (2014) Penicil-

Citation: Anekpo CC, Nkiruka O, Adanma E. B-Lactams-Based Antibiotics Resistance: A Bottom-up Overview. Int Jr Infect Dis & Epidemlgy. 2022;3(4):1-6.


https://doi.org/10.51626/ijide.2022.03.00031

B-Lactams-Based Antibiotics Resistance: A Bottom-up Overview

20.

21.
22.
23.

24.

25.
26.
27.

28.

29.

30.

31.

%

lin-binding protein 2a of methicillin-resistant Staphylococcus aureus.
International Union of Biochemistry and Molecular Biology of Life
66(8): 572-577.

Breijyeh Z, Jubeh B, Karaman R (2020) Resistance of Gram-Negative
Bacteria to Current Antibacterial Agents and Approaches to Resolve It.
Molecules 25(6): 1340.

Sauvage E, Terrak M (2016) Glycosyltransferases and Transpeptidases/
Penicillin-Binding Proteins: Valuable Targets for New Antibacterials.
Antibiotics 5(1): 12.

Cochrane SA, Lohans CT (2020) Breaking down the cell wall: Strategies
for antibiotic discovery targeting bacterial transpeptidases. European.
Journal on Medical Chemotherapy 194: 112262.

Doumith M, Dhanji H, Ellington MJ, Hawkey P, Woodford N (2012)
Characterization of plasmids encoding extended-spectrum beta-lac-
tamases and their addiction systems circulating among Escherichia coli
clinical isolates in the UK. Journal Antimicrobial Chemotherapy 67(4):
878-885.

Dahms C, Hubner NO, Kossow A, Mellmann A, Dittmann K et al.
(2015) Occurrence of ESBL-producing Escherichia coli in livestock and
farm workers in Mecklenburg-Western Pomerania Germany. PLoS One
10(11): e0143326.

Liu X, Liu H, Wang L, Peng Q, Li Y, et al. (2018) Molecular charac-
terization of extended spectrum beta lactamase producing multidrug
resistant Escherichia coli from Swine in Northwest China. Front Micro-
biology 9: 17-56.

van den Bunt G, Liakopoulos A, Mevius DJ, Geurts Y, Fluit AC, et al.
(2017) ESBL/AmpCproducting Enterobacteriaceae in households with
children of preschool age: Prevalence, risk factor and co-carriage. Jour-
nal of Antimicrobial Chemotherapy 72(2): 589-595.

Drawz SM, Papp-Wallace KM, Bonomo RA (2014) New [-lactamase
inhibitors: a therapeutic renaissance in an MDR world. Antimicrobial
Agents of Chemotherapy 58(4): 1835-1846.

Hawkey PM, Warren RE, Livermore DM, McNulty CAM, Enoch DA,
et al. (2018) Treatment of infections caused by multidrug-resistant
Gram-negative bacteria: report of the British Society for Antimicrobial
Chemotherapy/Healthcare Infection Society/British Infection Associ-
ation Joint Working Party. ] Antimicrob Chemother 73(suppl_3): iii2-
iii78.

Mensa J, Barberan J, Soriano A, Llinares P, Marco F, et al. (2018) Anti-
biotic selection in the treatment of acute invasive infections by Pseudo-
monas aeruginosa: Guidelines by the Spanish Society of Chemotherapy.
Revista Espanol de Quimioter 31(1):78-100.

Solomkin J, Hershberger E, Miller B, Popejoy M, Friedland 1, et al.
(2015) Ceftolozane/tazobactam plus metronidazole for complicated
intra-abdominal infections in an era of multidrug resistance: results
from a randomized, double-blind, phase 3 trial (ASPECT-cIAI). Clinic-
al Infectious Disease 60(10): 1462-1471.

Bush KA (2015) Resurgence of beta-lactamase inhibitor combinations
effective against multidrug-resistant Gram-negative pathogens. Inter-
national Journal of Antimicrobial Agents 46(5): 483-493.

Rodriguez-Bano ], Gutierrez-Gutierrez B, Machuca I, Pascual A (2018)
Treatment of infections caused by extended-spectrum-beta-lactamase-,
AmpC-, and carbapenemase-producing Enterobacteriaceae. Clinical
Microbiology Reviews 31(2): €00079-e00117.

Mazuski JE, Gasink LB, Armstrong J, Broadhurst H, Stone GG (2016)
Efficacy and safety of ceftazidime-avibactam plus metronidazole versus
meropenem in the treatment of complicated intra-abdominal infection:
results from a randomized, controlled, double-blind, phase 3 program.
Clinical Infectious Diseases 62(11):1380-1389.

Shields RK, Nguyen MH, Chen L, Press EG, Potoski BA, et al. (2017)
Ceftazidime-avibactam is superior to other treatment regimens against
carbapenem-resistant Klebsiella pneumoniae bacteremia. Antimicrob-
ial Agents Chemotherapy. 61(8): €00883-e00917.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

King M, Heil E, Kuriakose S, Bias T, Huang V, et al. (2017) Multicenter
study of outcomes with ceftazidime-avibactam in patients with carbap-
enem-resistant Enterobacteriaceae infections. Antimicrobial Agents of
Chemotherapy 61(7): €00449- 00517.

Temkin E, Torre-Cisneros ], Beovic B, Benito N, Giannella M, et al.
(2017) Ceftazidime-avibactam as salvage therapy for infections caused
by carbapenem-resistant organisms. Antimicrobial Agents Chemother-
apy 61(2): e01964-16.

Barber KE, Pogue JM, Warnock HD, Bonomo RA, Kaye KS (2018)
Ceftazidime/avibactam versus standard-of-care agents against carbap-
enem-resistant Enterobacteriaceae harbouring blaKPC in a one-com-
partment pharmacokinetic/pharmacodynamic model. ] Antimicrob
Chemother 73(9): 2405-2410.

Sader HS, Castanheira M, Flamm RK (2017) Antimicrobial Activity of
Ceftazidime-Avibactam against Gram-Negative Bacteria Isolated from
Patients Hospitalized with Pneumonia in U.S. Medical Centers, 2011 to
2015. Antimicrobial agents and chemotherapy 61(4): €02083-e02116.

Ackley R, Roshdy D, Meredith J, Minor S, Anderson WE, et al. (2020)
Meropenem-Vaborbactam versus Ceftazidime-Avibactam for Treat-
ment of Carbapenem-Resistant Enterobacteriaceae Infections. Anti-
microbial agents and chemotherapy 64(5): €02313- €02319.

Falcone M, Daikos GL, Tiseo G, Bassoulis D, Giordano C, et al. (2021)
Efficacy of Ceftazidime-avibactam Plus Aztreonam in Patients With
Bloodstream Infections Caused by Metallo-B-lactamase-Producing
Enterobacterales. Clinical infectious diseases 72(11): 1871-1878.

Tumbarello M, Raffaelli F, Giannella M, Mantengoli E, Mularoni A, et
al. (2021) Ceftazidime-Avibactam Use for Klebsiella pneumoniae Car-
bapenemase-Producing K. pneumoniae Infections: A Retrospective
Observational Multicenter Study. Clinical infectious diseases 73(9):
1664-1676.

Jorgensen S, Trinh TD, Zasowski EJ, Lagnf AM, Bhatia S, et al. (2019)
Real-World Experience with Ceftazidime-Avibactam for Multi-
drug-Resistant Gram-Negative Bacterial Infections. Open forum infec-
tious diseases 6(12): 0fz522.

Khan A, Erickson SG, Pettaway C, Arias CA, Miller WR, et al. (2021)
Evaluation of Susceptibility Testing Methods for Aztreonam and Cef-
tazidime-Avibactam Combination Therapy on Extensively Drug-Re-
sistant Gram-Negative Organisms. Antimicrobial agents and chemo-
therapy 65(11): €0084621.

Doi Y (2019) Treatment Options for Carbapenem-resistant Gram-nega-
tive Bacterial Infections. Clinical infectious diseases: an official pub-
lication of the Infectious Diseases Society of America 69(Suppl 7):
§565-S575.

Livermore DM, Warner M, Mushtaq S, Doumith M, Zhang J, et al.
(2011) What remains against carbapenem-resistant Enterobacteri-
aceae? Evaluation of chloramphenicol, ciprofloxacin, colistin, fosfo-
mycin, minocycline, nitrofurantoin, temocillin and tigecycline. Inter-
national Journal of Antimicrobial Agents 37(5): 415-419.

Davis JS, Van Hal S, Tong SY (2015) Combination antibiotic treatment
of serious methicillin-resistant Staphylococcus aureus infections. Sem-
inars in Respiratory and Critical Care Medicine 36(1): 3-16.

Tong SY, Nelson ], Paterson DL, Fowler VG, Howden BP, et al. (2016)
CAMERA?2 - combination antibiotic therapy for methicillin resistant
Staphylococcus aureus infection: study protocol for a randomised con-
trolled trial. Trials 17: 170.

Ortwine JK, Werth BJ, Sakoulas G, Rybak MJ (2013) Reduced glyco-
peptide and lipopeptide susceptibility in Staphylococcus aureus and
the “seesaw effect”: Taking advantage of the back door left open? Drug
resistance updates 16(3-5): 73-79.

Barber KE, Rybak MJ, Sakoulas G (2015) Vancomycin plus ceftaroline
shows potent in vitro synergy and was successfully utilized to clear per-
sistent daptomycin-non-susceptible MRSA bacteraemia. The Journal of
Antimicrobial Chemotherapy 70(1): 311-313.

Citation: Anekpo CC, Nkiruka O, Adanma E. B-Lactams-Based Antibiotics Resistance: A Bottom-up Overview. Int Jr Infect Dis & Epidemlgy. 2022;3(4):1-6.

DOI: 10.51626/ijide.2022.03.00031


https://doi.org/10.51626/ijide.2022.03.00031

B-Lactams-Based Antibiotics Resistance: A Bottom-up Overview

47.
48.
49.
50.
51.

52.

53.

54.
55.
56.

57.

58.

59.

%

Sun Q, Tarnberg M, Zhao L, Stalsby LC, Song Y, et al. (2014) Varying
High Levels of Faecal Carriage of Extended-Spectrum Beta-Lactamase
Producing Enterobacteriaceae in Rural Villages in Shandong, China:
Implications for Global Health. PLoS ONE 9(11): e113121.

Olowe OA, Aboderin BW (2010) Detection of extended spectrum beta
lactamase producing strains of Escherichia coli and Klebsiella species in
a tertiary health centre in Ogun state. International Journal of Tropical
Medicine 5(3): 62-64.

Akujobi CN, Ewuru CP (2010) Detection of extended spectrum be-
ta-lactamases in gram negative bacilli from clinical specimens in a
teaching hospital in South Eastern Nigeria. Niger Medical Journal
51(4): 141-146.

Ogefere HO, Aigbiremwen PA, Omoregie R (2015) Extended-spectrum
beta-lactamase (ESBL)-producing gram-negative isolates from urine
and wound specimens in a tertiary health facility in Southern Nigeria.
Tropical Journal of Pharmcetical Research 14(6): 89-94.

Mohammed Y, Gadzama GB, Zailani SB, Aboderin AO (2016) Charac-
terization of extended-spectrum beta-lactamase from Escherichia coli
and Klebsiella species from North Eastern Nigeria. Journal of Clinical
Diagnostic Research 10(2): 7-10.

Patil S, Chen X, Wen F (2019) Exploring the phenotype and genotype
of multi-drug resistant Klebsiella pneumoniae harbouring bla CTX-M
group extended-spectrum B-lactamases recovered from paediatric clin-
ical cases in Shenzhen, China. Annals of clinical microbiology and anti-
microbials 18(1): 32.

Dembélé R, Konaté A, Traoré O, Kaboré W, Soulama I, et al. (2020) Ex-
tended spectrum beta-lactamase and fluoroquinolone resistance genes
among Escherichia coli and Salmonella isolates from children with
diarrhea, Burkina Faso. BMC pediatrics 20(1): 459.

WHO (2012) The evolving threat of antimicrobial resistance: options
for action. Geneva: World Health Organisation.

Wang CH, Hsieh YH, Powers ZM, Kao CY (2020) Defeating Antibiot-
ic-Resistant Bacteria: Exploring Alternative Therapies for a Post-Anti-
biotic Era. International journal of molecular sciences 21(3) 1061.

Magana M, Pushpanathan M, Santos AL, Leanse L, Fernandez M, et al.
(2020) The value of antimicrobial peptides in the age of resistance. The
Lancet Infectious diseases 20(9): e216-e230.

Mba IE, Nweze EI (2021) Nanoparticles as therapeutic options for
treating multidrug-resistant bacteria: research progress, challenges, and
prospects. World journal of microbiology & biotechnology 37(6): 108.

Anyaegbunam NJ, Anekpo CC, Anyaegbunam Z, Doowuese Y, Chi-
naka CB, et al. (2022) The resurgence of phage-based therapy in the era
of increasing antibiotic resistance: From research progress to challenges
and prospects. Microbiological research 264: 127155.

Yahav D, Giske CG, Gramatniece A, Abodakpi H, Tam VH, et al. (2020)
New (-Lactam-f-Lactamase Inhibitor Combinations. Clinical micro-
biology reviews 34(1): €00115-e00120.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Zhanel GG, Golden AR, Zelenitsky S, Wiebe K, Lawrence CK, et al.
(2019) Cefiderocol: A Siderophore Cephalosporin with Activity
Against Carbapenem-Resistant and Multidrug-Resistant Gram-Nega-
tive Bacilli. Drugs 79(3): 271-289.

Zhanel GG, Lawrence CK, Adam H, Schweizer F, Zelenitsky S, et al.
(2018) Imipenem-Relebactam and Meropenem-Vaborbactam: Two
Novel Carbapenem-p-Lactamase Inhibitor Combinations. Drugs 78(1):
65-98.

Mushtaq S, Vickers A, Doumith M, Ellington MJ, Woodford N, et al.
(2021) Activity of P-lactam/taniborbactam (VNRX-5133) combina-
tions against carbapenem-resistant Gram-negative bacteria. The Jour-
nal of antimicrobial chemotherapy 76(1): 160-170.

Novel M, Banoub M, Claeys CK, Heil E (2020) The Battle is on: New
Beta-lactams for the Treatment of multidrug-resistant Gram-Negative
Organisms. Current Infectious Disease Reports 22(1):1.

Salahuddin P, Kumar A, Khan AU (2018) Structure, Function of Serine
and Metallo-f-lactamases and their Inhibitors. Current protein & pep-
tide science 19(2): 130-144.

Frohlich C, Chen JZ, Gholipour S, Erdogan AN, Tokuriki N (2021)
Evolution of B-lactamases and enzyme promiscuity. Protein engineer-
ing, design & selection 34: gzab013.

Oelschlaeger P (2021) p-Lactamases: Sequence, Structure, Function,
and Inhibition. Biomolecules 11(7): 986.

Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, et al.
(2022) Infectious Diseases Society of America 2022 Guidance on the
Treatment of Extended-Spectrum f-lactamase Producing Enterobac-
terales (ESBL-E), Carbapenem-Resistant Enterobacterales (CRE), and
Pseudomonas aeruginosa with Difficult-to-Treat Resistance (DTR-P.
aeruginosa). Clinical infectious diseases 75(2): 187-212.

Balandin B, Ballesteros D, Pintado V, Soriano-Cuesta C, Cid-Tovar I, et
al. (2022). Multicentre study of ceftazidime/avibactam for Gram-nega-
tive bacteria infections in critically ill patients. International journal of
antimicrobial agents 59(3): 106536.

Castén JJ, Cano A, Pérez-Camacho I, Aguado JM, Carratala J, et al.
(2022). Impact of ceftazidime/avibactam versus best available therapy
on mortality from infections caused by carbapenemase-producing
Enterobacterales (CAVICOR study). The Journal of antimicrobial
chemotherapy 77(5): 1452-1460.

Corbella L, Boén J, San-Juan R, Ferndndez-Ruiz M, Carretero O, et al.
(2022) Effectiveness of ceftazidime-avibactam for the treatment of in-
fections due to Pseudomonas aeruginosa. International journal of anti-
microbial agents 59(2): 106517.

Barber KE, Pogue JM, Warnock HD, Bonomo RA, Kaye KS (2018)
Ceftazidime/avibactam versus standard-of-care agents against carbap-
enem-resistant Enterobacteriaceae harbouring blaKPC in a one-com-
partment pharmacokinetic/pharmacodynamic model. The Journal of
antimicrobial chemotherapy 73(9): 2405-2410.

Citation: Anekpo CC, Nkiruka O, Adanma E. B-Lactams-Based Antibiotics Resistance: A Bottom-up Overview. Int Jr Infect Dis & Epidemlgy. 2022;3(4):1-6.

DOI: 10.51626/ijide.2022.03.00031


https://doi.org/10.51626/ijide.2022.03.00031

