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ABSTRACT

Infections, particularly respiratory ones, are often treated with two classes of antibiotics, beta-lactams and macrolides,
which inhibit bacterial growth. Beta-lactams exert their effect by inhibiting the synthesis of the bacterial cell wall, while
macrolides (bacteriostatic antibiotics) work by inhibiting the bacterial protein synthesis. The beta-lactams imitate the
natural substrate of penicillin-binding proteins (PBPs) and bind to specific proteins, while the macrolides achieve this by
binding to the 50S ribosomal subunit of the bacterial ribosome. Common types of beta-lactams include penicillins,
cephalosporins, carbapenems, and monobactams. For macrolides, common types include erythromycin, clarithromycin,
and azithromycin. The choice of antibiotic for treatment is based on the type of infection, the characteristics of the
microbe, and the physiopatological aspect of the patient. Beta-lactams and macrolides antibiotics act through complex
mechanisms that are not yet completely clear and therefore, further insights on this theme would help to formulate a better
and more precise therapy.
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INTRODUCTION

The pharmacological criteria underlying the effect of antimicrobials has been better understood in the last 10 years.
Beta-lactams and macrolides are two classes of antibiotics commonly used in the treatment of respiratory infections. They
work through different mechanisms to inhibit bacterial growth and are often chosen based on the type of infection and
the suspected or known causative organism. The clinical efficacy of an antibiotic is related to the mechanism of action
and chemosensitivity (pharmacodynamics), to the patient's exposure to the drug (pharmacokinetics), and the
pharmacokinetic/pharmacodynamic relationship (1).

Beta-lactams are a broad class of antibiotics that include penicillins, cephalosporins, carbapenems, and monobactams
(2). They share a common structural feature: a beta-lactam ring, which is essential for their antibacterial activity. Beta-
lactams exert their effect by inhibiting bacterial cell wall synthesis (3). The bacterial cell wall is composed of
peptidoglycan, a polymer that provides structural integrity. The synthesis of peptidoglycan involves a series of enzymatic
steps, one of which is the cross-linking of the peptidoglycan strands by penicillin-binding proteins (PBPs) (4). Beta-
lactams mimic the natural substrate of PBPs and bind to these proteins, thereby inhibiting their activity (2). This inhibition
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prevents the cross-linking of peptidoglycan strands, leading to a weakened cell wall and ultimately causing bacterial cell
lysis due to osmaotic pressure (5).

Macrolides are another class of antibiotics that include drugs such as erythromycin, azithromycin, and clarithromycin.
These antibiotics are characterized by a large macrocyclic lactone ring. They work by inhibiting bacterial protein synthesis
by binding to the 50S ribosomal subunit of the bacterial ribosome (6,7). This binding interferes with the translocation
steps in protein synthesis, specifically by blocking the exit tunnel from which newly synthesized polypeptides emerge
(8). As a result, the elongation of the protein chain is interrupted, leading to the cessation of bacterial growth (9). This
mechanism classifies macrolides as bacteriostatic antibiotics, meaning they inhibit the growth and reproduction of
bacteria rather than directly killing them.

DISCUSSION

The two classes of antibiotics commonly used in the treatment of respiratory infections are beta-lactams and
macrolides. Beta-lactams work by inhibiting the synthesis of the bacterial cell wall. They bind to PBPs located inside the
bacterial cell wall, preventing the cross-linking of peptidoglycan chains, which are essential for cell wall strength and
rigidity. This leads to cell lysis and death, particularly in actively growing bacteria.

Beta-lactams vary in their spectrum of activity (Table I). Penicillins are generally effective against Gram-positive
bacteria, while cephalosporins and carbapenems have broader spectrums that include both Gram-positive and Gram-
negative bacteria.

Table I. Common types of beta-lactams and their uses in treating respiratory infections.

Beta-lactams common types

Penicillins: Penicillin, Amoxicillin, Ampicillin
Cephalosporins: Ceftriaxone, Cefuroxime, Cephalexin
Carbapenems: Imipenem, Meropenem
Monobactams: Aztreonam

Common uses in respiratory infections

Community-Acquired Pneumonia (CAP): Amoxicillin, Ceftriaxone
Acute Otitis Media: Amoxicillin

Sinusitis: Amoxicillin-Clavulanate
Streptococcal Pharyngitis: Penicillin

Resistance to beta-lactams can occur through the production of beta-lactamases, enzymes that break down the beta-
lactam ring, rendering the antibiotic ineffective (10). This has led to the development of beta-lactamase inhibitors (e.g.,
clavulanate) that are combined with beta-lactams to overcome resistance (11).

Beta-lactams, which include penicillins and cephalosporins, have a similar mechanism of bactericidal action,
characterized by the inhibition of the synthesis of peptidoglycan in the bacterial wall. All beta-lactams are made up of an
azetidine tetratomic ring (6-aminopenicillanic acid in penicillin, and 7-aminocephalosporadic acid in cephalosporins)
which represents a structural analogue of the dextro-alanine dimer, the substrate of bacterial transpeptidases (protein
binding proteins penicillins) (12). The binding of the beta-lactam to the transpeptidase enzyme leads to the denaturation
of the enzyme and an arrest of the synthesis of the peptidoglycan, and consequently of bacterial growth (13). This
mechanism represents the bacteriostatic effect of the antibiotic.

The bactericidal effect is secondary to the genomic depression of murein hydrolases which demolish the murein of
the cell wall of the prokaryotic cell and cause its lysis (14). Sensitive beta-lactamase antibiotics, such as amoxicillin, are
generally administered in combination with beta-lactamase inhibitors, such as clavulanic acid which, despite having the
beta-lactam ring, lacks intrinsic antibacterial activity (2). Beta-lactamase inhibitors bind to beta-lactamases, enzymes
responsible for beta-lactam hydrolysis, and inactivate them with a suicidal mechanism. Thanks to this mechanism,
clavulanic acid preserves the activity of amoxicillin against Streptococcus pneumoniae, methicillin-sensitive
Staphylococcus aureus species, Haemophilus influenza, and Moraxella catarralis (15-17). Among beta-lactams, third-
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generation cephalosporins (e.g. ceftriaxone, cefixime, cefpodoxime) commonly used in respiratory infections have a
broader antibacterial spectrum than penicillins, including enterobacteria such as Klebsiella, Serratia, Enterobacter, and
Clostridia, due to a greater sensitivity towards plasmid beta-lactamases and good intrinsic activity (18). This class of
cephalosporins also includes some antibiotics, such as ceftazidime and cefoperazone, which are also active on
Pseudomonas aeruginosa (18).

Macrolides inhibit bacterial protein synthesis by binding to the 50S ribosomal subunit. This action blocks the
translocation step in protein synthesis, preventing the growth of the bacterial cell (6). Macrolides are primarily effective
against Gram-positive bacteria and some Gram-negative bacteria, as well as atypical pathogens such as Mycoplasma
pneumoniae, Chlamydia pneumoniae, and Legionella pneumophila (19) (Table I1).

Table 11. Common types of macrolides and uses in treating respiratory infections.

Common types of macrolides

Erythromycin
Clarithromycin

Azithromycin

Common uses in respiratory infections

Community-Acquired Pneumonia (CAP): Azithromycin, Clarithromycin
Acute Bronchitis: Azithromycin
Pertussis (Whooping Cough): Erythromycin, Azithromycin

Pharyngitis and Tonsillitis (in penicillin-

. . Azithromycin, Clarithromycin
allergic patients): thromycin, Clarithromyc

Resistance to macrolides is often due to modification of the target site in the ribosome, efflux pumps that expel the
drug from the bacterial cell, or enzymatic degradation (20). This can limit their effectiveness, particularly in certain
regions or settings with high levels of resistance.

The macrolides Azithromycin, Clarithromycin, Erythromycin, and Fidaxomicin are antibiotics with bacteriostatic
activity that can sometimes carry out a bactericidal action. This occurs in cases of infection with germs that are very
sensitive to macrolides, such as streptococci and pneumococci. Their mechanism of action consists in the inhibition of
bacterial protein synthesis through attachment to the 50s ribosomal subunit containing peptidyl transferase, an enzyme
that catalyzes the formation of the bond between amino acids and the polypeptide chain in formation (21). Macrolides
therefore act only on inactive cell proliferation.

Their spectrum of action is medium and includes, in addition to intracellular pathogens such as Mycoplasma
pneumoniae and Chlamydia pneumoniae, also Gram-positive cocci such as staphylococci, streptococci, pneumococci and
Gram-positive bacilli such as Nocardia and Listeria, and some Gram-negative bacteria such as Bordetella pertussis and
Bordetella catarralis. New-generation antibiotics include fluoroguinolones, ketolins, and oxazolidinones. While beta-
lactams and macrolides are used in all respiratory infections, quinolones are used only in CAPs resistant to other
antibiotics (22).

Among the quinolones, we distinguish the derivatives of nalidixic acid or first-generation quinolones, and the
fluoroquinolones which include second and third-generation quinolones. First-generation quinolones such as oxalinic
acid, pipemic acid, and others, have a narrow antibacterial spectrum mainly oriented towards enterobacteria, and a
pharmacokinetics which, due to rapid elimination and specific tissue rates, allows their use only as urinary antiseptics.

Second-generation fluoroguinolones are characterized by the addition of a fluorine atom to carbon 6, which gives the
molecule a highly reinforced and extended activity on Gram-negatives and a reduced urinary elimination (23). Third-
generation fluoroquinolones were obtained by adding a heterocyclic substituent at position 7, which broadens their
spectrum of action to Gram-positives (24). Third-generation fluoroquinolones such as levofluoxacin and maxifluoxacin
are a valid alternative in CAP therapy caused by resistant strains, as they are active against typical agents such as
pneumococcus, and atypical agents such as chlamydia and mycoplasmas, as well as on anaerobes and mycobacteria.

These are bacterial antibiotics that bind irreversibly to the A subunit of DNA gyrase (mouse second isomerase), the
enzyme responsible for the supercoiling of bacterial DNA, hindering the replication and survival of the bacterium (25).
Third-generation fluoroquinolones differ from first- and second-generation quinolones in that they also exert an inhibitory
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action on topoisomerase 1V, an enzyme homologous to DNA-gyrase with high decatenating power (23). This action
would broaden the spectrum of action of quinolones to Gram-positive bacteria. In the 1990s, linezolid was synthesized,
a morpholino derivative belonging to the oxazolidinone class, indicated in systemic infections caused by strains resistant
to other antibiotics (26). The drug exerts a bacteriostatic action by binding to the 50s ribosomal subunit and is available
both in preparation for oral use and for systemic use (27). In pediatrics, it has been used without side effects, as well as
for a long time in patients with cystic fibrosis.

Finally, telithromycin belongs to a new class of antibiotics, the ketolides. It is chemically derived from macrolides
and therefore equipped with the same mechanism of action but is more effective against Gram-positive cocci (28). The
new chemical structure gives the molecule a greater binding affinity to the ribosomes of MLSb pneumococcal strains
resistant to lycosamide macrolides and Streptogramin B (29). Both linezolid and telithromycin are reserved for the
treatment of complicated CAPs.

In some cases, combination therapy is utilized with beta-lactams and macrolides to provide broad coverage, especially
for severe or hospitalized cases of pneumonia, where atypical pathogens might be involved (30,31). Beta-lactams can
cause allergic reactions in some individuals, ranging from mild rashes to severe anaphylaxis. Macrolides are generally
well-tolerated but can cause gastrointestinal disturbances and, less commonly, QT prolongation.

CONCLUSIONS

Beta-lactams and macrolides are cornerstone antibiotics in the treatment of respiratory infections. Their selection is
based on the type of infection, the suspected pathogens, and patient-specific factors such as allergies and resistance
patterns. Both beta-lactams and macrolides are crucial in the fight against bacterial infections, but they target different
aspects of bacterial physiology. Beta-lactams disrupt cell wall synthesis, causing bacterial cell death, while macrolides
inhibit protein synthesis, preventing bacterial growth and proliferation. Knowledge of these mechanisms is essential for
the effective use of these antibiotics in clinical practice and for developing new strategies to combat antibiotic resistance.

Conflict of interest
The authors declare that they have no conflict of interest.

REFERENCES

1. Eyler RF, Shvets K. Clinical Pharmacology of Antibiotics. Clinical Journal of the American Society of Nephrology.
2019;14(7):1080-1090. doi:https://doi.org/10.2215/CIN.08140718

2. Bush K, Bradford PA. B-Lactams and B-Lactamase Inhibitors: An Overview. Cold Spring Harbor Perspectives in Medicine.
2016;6(8):a025247. doi:https://doi.org/10.1101/cshperspect.a025247

3. Abraham EP. “The Beta-Lactam Antibiotics.” Scientific American, vol. 244, no. 6, 1981, pp. 76-87. JSTOR,
http://www.jstor.org/stable/24964448. Accessed 7 Oct. 2021.

4. Garde S, Chodisetti PK, Reddy M. Peptidoglycan: Structure, Synthesis, and Regulation. EcoSal Plus. 2021;9(2).
doi:https://doi.org/10.1128/ecosalplus.esp-0010-2020

5. Mora-Ochomogo M, Lohans CT. B-Lactam antibiotic targets and resistance mechanisms: from covalent inhibitors to substrates.
RSC Medicinal Chemistry. 2021;12(10):1623-1639. doi:https://doi.org/10.1039/d1md00200g

6. Vézquez-Laslop N, Mankin AS. How Macrolide Antibiotics Work. Trends in Biochemical Sciences. 2018;43(9):668-684.
doi:https://doi.org/10.1016/j.tibs.2018.06.011

7. Champney WS, Burdine R. Macrolide antibiotics inhibit 50S ribosomal subunit assembly in Bacillus subtilis and Staphylococcus
aureus. Antimicrobial Agents and Chemotherapy. 1995;39(9):2141-2144. doi:https://doi.org/10.1128/aac.39.9.2141

8. Kannan K, Kanabar P, Schryer D, et al. The general mode of translation inhibition by macrolide antibiotics. Proceedings of the
National Academy of Sciences. 2014;111(45):15958-15963. doi:https://doi.org/10.1073/pnas.1417334111

9. Kannan K, Vézquez-Laslop N, Mankin Alexander S. Selective Protein Synthesis by Ribosomes with a Drug-Obstructed Exit
Tunnel. Cell. 2012;151(3):508-520. doi:https://doi.org/10.1016/j.cell.2012.09.018

International Journal of Infection 2022; 6(2) May-August: 45-50 www.biolife-publisher.it



L. Neri et al. 49

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Bush K. Bench-to-bedside review: The role of f-lactamases in antibiotic-resistant Gram-negative infections. Critical Care.
2010;14(3):224. doi:https://doi.org/10.1186/cc8892

Tooke CL, Hinchliffe P, Bragginton EC, et al. 3-Lactamases and B-Lactamase Inhibitors in the 21st Century. Journal of Molecular
Biology. 2019;431(18):3472-3500. doi:https://doi.org/10.1016/j.jmb.2019.04.002

Livermore DM. Beta-lactamase-mediated resistance and opportunities for its control. Journal of Antimicrobial Chemotherapy.
1998;41(suppl 4):25-41. doi:https://doi.org/10.1093/jac/41.suppl_4.25

Cho H, Uehara T, Bernhardt TG. Beta-Lactam Antibiotics Induce a Lethal Malfunctioning of the Bacterial Cell Wall Synthesis
Machinery. Cell. 2014;159(6):1300-1311. doi:https://doi.org/10.1016/j.cell.2014.11.017

Zeng X, Lin J. Beta-lactamase induction and cell wall metabolism in Gram-negative bacteria. Frontiers in Microbiology.
2013;4(128). doi:https://doi.org/10.3389/fmich.2013.00128

Brook I, Van de Heyning PH. Microbiology and management of otitis media. Scandinavian journal of infectious diseases
Supplementum. 1994;93:20-32.

Smith GM, Abbott KH, Newman MJ, Smith SA, Slocombe B. Proceedings of the 6th International Congress of Infectious Disease.
1994. Penicillin-resistant pneumococci: therapy of experimental respiratory infections in rats with amoxicillin and
amoxicillin/clavulanate, abstr. PCS71; p. 28.

Geddes AM, Klugman KP, Rolinson GN. Introduction: historical perspective and development of amoxicillin/clavulanate.
International Journal of Antimicrobial Agents. 2007;30(2):109-112. doi:https://doi.org/10.1016/j.ijantimicag.2007.07.015

Klein NC, Cunha BA. Third-generation cephalosporins. Medical Clinics of North America. 1995;79(4):705-719.
doi:https://doi.org/10.1016/s0025-7125(16)30034-7

Blasi F. Atypical pathogens and respiratory tract infections. European Respiratory Journal. 2004;24(1):171-182.
doi:https://doi.org/10.1183/09031936.04.00135703

Santajit S, Indrawattana N. Mechanisms of Antimicrobial Resistance in ESKAPE Pathogens. BioMed Research International.
2016;2016:1-8. doi:https://doi.org/10.1155/2016/2475067

Poulsen SM, Kofoed C, Vester B. Inhibition of the ribosomal peptidyl transferase reaction by the mycarose moiety of the antibiotics
carbomycin, spiramycin and tylosinl .Edited by D. E. Draper. Journal of Molecular Biology. 2000;304(3):471-481.
doi:https://doi.org/10.1006/jmbi.2000.4229

Yin Y, Wunderink R. Antibiotic Resistance in Community-Acquired Pneumonia Pathogens. Seminars in Respiratory and Critical
Care Medicine. 2016;37(06):829-838. doi:https://doi.org/10.1055/s-0036-1593753

Bush NG, Diez-Santos I, Abbott LR, Maxwell A. Quinolones: Mechanism, Lethality and Their Contributions to Antibiotic
Resistance. Molecules. 2020;25(23):5662. doi:https://doi.org/10.3390/molecules25235662

Horta P, Secrieru A, Coninckx A, Cristiano MLS. Targets in Heterocyclic Systems Vol.22: Photocatalyzed preparation of
oxygenated heterocycles. Italian Society of Chemistry; 2018. Doi:https://dx.medra.org/10.17374/targets.2019.22.260

Hooper DC, Jacoby GA. Topoisomerase Inhibitors: Fluoroquinolone Mechanisms of Action and Resistance. Cold Spring Harbor
Perspectives in Medicine. 2016;6(9):a025320. doi:https://doi.org/10.1101/cshperspect.a025320

Hashemian SM, Farhadi T, Ganjparvar M. Linezolid: a review of its properties, function, and use in critical care. Drug Design,
Development and Therapy. 2018;Volume 12:1759-1767. doi:https://doi.org/10.2147/dddt.s164515

Champney WS, Miller M. Linezolid Is a Specific Inhibitor of 50S Ribosomal Subunit Formation in Staphylococcus aureus Cells.
Current Microbiology. 2002;44(5):350-356. doi:https://doi.org/10.1007/s00284-001-0023-7

Felmingham D. Microbiological profile of telithromycin, the first ketolide antimicrobial. Clinical Microbiology and Infection.
2001;7:2-10. doi:https://doi.org/10.1046/j.1469-0691.2001.0070s3002.x

Wolter N, Smith AM, Farrell DJ, Northwood JB, Douthwaite S, Klugman KP. Telithromycin Resistance in Streptococcus
pneumoniae Is Conferred by a Deletion in the Leader Sequence of erm (B) That Increases rRNA Methylation. Antimicrobial Agents
and Chemotherapy. 2007;52(2):435-440. doi:https://doi.org/10.1128/aac.01074-07

Konig R, Cao X, Oswald M, et al. Macrolide combination therapy for hospitalised CAP patients? An individualised approach
supported by machine learning. European Respiratory Journal. 2019;54(6):1900824. doi:https://doi.org/10.1183/13993003.00824-
2019

International Journal of Infection 2022; 6(2) May-August: 45-50 www.biolife-publisher.it



L. Neri et al. 50

31. Lee JH, Kim HJ, Kim YH. Is f-Lactam Plus Macrolide More Effective than f-Lactam Plus Fluoroquinolone among Patients with
Severe Community-Acquired Pneumonia?: a Systemic Review and Meta-Analysis. Journal of Korean Medical Science.
2017;32(1):77. doi:https://doi.org/10.3346/jkms.2017.32.1.77

International Journal of Infection 2022; 6(2) May-August: 45-50 www.biolife-publisher.it



