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Abstract

The principles governing biological systems often mirror those observed in human geopolitics, strategy,
and warfare. This review examines the synergistic action of amoxicillin and clavulanic acid against
Gram-negative bacteria as a paradigmatic example of such mirroring. Here, biology presents a smaller-scale
diagram of a larger-world strategic concept: a combined-arms offensive where one component neutralizes
enemy defenses, enabling a second component to deliver the decisive strike with enhanced efficiency.
Amoxicillin acts as the primary ordnance, while clavulanic acid functions as a counter-defense system—
analogous to a coordinated missile strike involving Iranian precision-guided munitions and Hezbollah
electronic warfare assets. Crucially, this synergy achieves bactericidal outcomes at lower individual
concentrations, in shorter time, and at reduced overall cost—mirroring real-world military efficiency where
. coordinated assets minimize expenditure and maximize speed. This article is designed as an illustrative
- learning tool, demonstrating that complex microbiological interactions can be understood through parallels
£ 2 with real-world events, and that the logic of overcoming resistance is universal, whether in a bacterial cell or
on a broader strategic stage.
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1. Introduction: Biology as a Mirror of the Larger World

Throughout history, patterns of conflict, cooperation, and strategy observed in human affairs have often
found echoes in the natural world. Biology, in its relentless competition for survival, frequently operates as a
smaller diagram of the larger world—a microcosm where the same principles of defense, offense, strategic
alliance, and resource optimization play out at a microscopic scale. This review adopts such a perspective,
using the well-characterized synergy between amoxicillin and clavulanic acid as an illustrative case. Our
objective is not merely to describe the biochemical mechanisms but to present them through a pedagogical
lens: what happens in biology is a scaled-down reflection of what happens in real-world geopolitics. By
drawing explicit parallels to a coordinated military operation—specifically, a scenario involving Iranian
precision-guided missiles and Hezbollah counter-defense systems—we provide a framework that makes the
science more accessible and memorable. Moreover, we emphasize that the synergistic effect yields practical
benefits: it allows target destruction at lower concentrations of each agent, reduces the time required to
achieve kill, and lowers the overall economic cost. These benefits are themselves microcosmic
representations of strategic efficiency in the larger world. This article thus serves as a learning illustration,
demonstrating that the logic of synergistic action transcends scales.
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2. The Biological Microcosm: Mechanisms of Synergy

2.1 Amoxicillin: The Direct Strike Asset

Amoxicillin is a broad-spectrum beta-lactam antibiotic that exerts its bactericidal effect by inhibiting
penicillin-binding proteins (PBPs) located on the inner bacterial membrane. PBPs catalyze the
transpeptidation reaction required for cross-linking peptidoglycan strands, which provide structural integrity
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to the bacterial cell wall. Inhibition of PBPs disrupts cell wall synthesis, activates autolytic enzymes, and
leads to osmotic lysis (Tipper & Strominger, 1965; Waxman & Strominger, 1983). In the microcosm,
- amoxicillin functions as the primary destructive force—the ordnance designed to eliminate the target.
2.2 Clavulanic Acid: The Counter-Defense System
Clavulanic acid is a naturally occurring beta-lactamase inhibitor produced by Streptomyces
. clavuligerus. It possesses negligible antibacterial activity on its own but acts as a “suicide inhibitor” of serine
beta-lactamases, the primary defense mechanism produced by resistant Gram-negative bacteria. Clavulanic
acid forms a stable, inactivated acyl-enzyme complex, irreversibly blocking the active site of these enzymes
(Reading & Cole, 1977; Drawz & Bonomo, 2010). By neutralizing this defense, clavulanic acid clears a path
for amoxicillin to reach its PBP targets. In this small-scale diagram, it serves as the countermeasure that
disables the enemy’s interception capabilities.
2.3 Synergy: A Combined-Arms Doctrine
The combination—co-amoxiclav—embodies a strategic principle: simultaneous deployment of a
primary weapon and a dedicated countermeasure. Used alone, amoxicillin fails against beta-lactamase
producers; used alone, clavulanic acid achieves no bacterial kill. Only together do they achieve a synergistic
effect greater than the sum of their parts (Ball, 2000; Finlay et al., 2003). This synergy is quantifiable through
fractional inhibitory concentration (FIC) indices, where values below 0.5 indicate true synergy (Odds, 2003).
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3. Synergy in Action: Lower Concentrations, Shorter Time, Reduced Cost

3.1 Achieving the Target at Lower Concentrations

One of the most clinically significant outcomes of synergy is the reduction in the concentration of each
agent required to achieve bacterial killing. In the absence of clavulanic acid, amoxicillin minimum inhibitory
concentrations (MICs) for beta-lactamase-producing Gram-negative strains can exceed 256 mg/L. When
> combined with clavulanic acid at fixed ratios (typically 2:1 or 4:1), the MIC of amoxicillin often drops to <8
£ o mg/L, a 32-fold or greater reduction (Barry et al., 1984; Fuchs et al., 1986). This concentration-sparing effect
~ reduces the risk of dose-dependent toxicity and minimizes selective pressure for resistance (Geddes et al.,
> 2007).

In the real-world analogy, this corresponds to a coordinated military strike where counter-defense assets
(clavulanic acid) suppress enemy air defenses, allowing the primary strike force (amoxicillin) to achieve its
objective with fewer munitions. The “lower concentration” mirrors the reduced number of missiles needed
when defenses are neutralized—a hallmark of strategic efficiency.

3.2 Shorter Time to Bacterial Destruction

Synergy also accelerates the rate of bacterial killing. Time-kill curve studies demonstrate that
co-amoxiclav achieves a >3-logl0 reduction in colony-forming units within 4-6 hours against
beta-lactamase-producing strains, whereas amoxicillin alone shows no significant killing over 24 hours
(White et al., 1991; Smith et al., 1998). The rapid onset is attributed to the immediate inactivation of
beta-lactamases by clavulanic acid, allowing amoxicillin to access PBPs without delay. In the geopolitical
metaphor, this represents the speed advantage of a combined-arms operation: disabling the enemy’s radar and
air defense before the primary strike ensures that the target is destroyed swiftly, reducing the window for
counter-moves or reinforcement.

3.3 Cost-Effectiveness: Economic Synergy

The economic implications of synergy are substantial. By lowering the required doses and shortening
treatment duration, co-amoxiclav reduces direct drug costs, hospitalization time, and the burden of adverse
events. Pharmacoeconomic analyses have shown that empirical use of co-amoxiclav for community-acquired
pneumonia and complicated urinary tract infections results in lower total healthcare costs compared to
alternative regimens or sequential monotherapies (Davey et al., 1996; Garau et al., 2003). Moreover, the
prevention of treatment failure—which would necessitate more expensive second-line or intravenous
agents—adds to cost savings.

In the larger world, this mirrors the economic logic of coalition warfare: pooling complementary assets
(counter-defense and strike) achieves the objective at lower overall expenditure than deploying overwhelming
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force without coordination. The “cost” in biology (drug production, healthcare resources) is analogous to the

economic cost of military operations.

4. Illustration: Mapping the Biological Microcosm to the Larger World

To concretize this learning illustration, we map the biological components onto a real-world
geopolitical scenario. The analogy is structured to show that the same logic governing bacterial resistance,
synergy, and efficiency governs strategic conflicts on a larger scale.

Biological Microcosm (Gram-Negative Infection)

Larger-World Analogy (Geopolitical Conflict)

Gram-negative bacterial cell

A fortified military installation

Beta-lactamase enzymes in periplasm

Surface-to-air missile batteries (air defense system)

Amoxicillin alone
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Primary strike without suppression of defenses—likely
intercepted

Amoxicillin

Iranian precision-guided missile (primary ordnance)

Clavulanic acid

Hezbollah electronic warfare / counter-defense missile

Synergy outcomes

Corresponding strategic advantages
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Lower amoxicillin MIC (concentration sparing)

Fewer munitions needed after air defense neutralization

Faster killing (shorter time to sterilization)

Rapid mission completion before enemy can adapt

Reduced cost (pharmacoeconomic benefit)

Lower total expenditure through coordinated asset use

In this illustration, the Hezbollah missile (clavulanic acid) is deployed to engage and disable the
enemy’s interception systems. It acts as a sacrificial electronic warfare asset—its purpose is not to destroy the
main target but to suppress defenses. Once the air defense is neutralized, the Iranian missile (amoxicillin)
strikes the command infrastructure (PBPs) with high precision and efficiency. The successful outcome—
achieved with fewer total munitions, in less time, and at lower overall cost—depends entirely on the
coordinated timing and complementary functions of both assets. This real-world scenario serves as a larger
diagram of the same strategic logic that governs the biological interaction. Biology thus provides a smaller,
contained version of principles that play out in human affairs.

5. Clinical Relevance Against Gram-Negative Bacteria

The synergy of co-amoxiclav is clinically validated against a wide range of Gram-negative pathogens

that produce beta-lactamases susceptible to clavulanic acid. These include:
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*  Haemophilus influenzae (including beta-lactamase-positive strains)

*  Moraxella catarrhalis (nearly all strains produce BRO-1 or BRO-2 beta-lactamases)

e Escherichia coli (non-ESBL producers)

*  Klebsiella pneumoniae (non-ESBL producers)

*  Proteus mirabilis

*  Bacteroides fragilis (in anaerobic infections)

Numerous clinical trials have established the efficacy of co-amoxiclav in respiratory tract infections,

urinary tract infections, skin and soft tissue infections, and intra-abdominal infections (Neu, 1986; Todd &
Benfield, 1990; White et al., 2004). The synergy allows for oral administration even against pathogens that
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would otherwise require parenteral therapy, further reducing cost and improving patient compliance (Finch &
Greenwood, 1993).

6. The Evolutionary Arms Race: New Defenses and Next-Generation Synergy

The analogy also extends to the evolutionary arms race. Just as nations develop stealth technology,
electronic counter-countermeasures (ECCM), and advanced anti-access/area denial (A2/AD) strategies,
bacteria have evolved extended-spectrum beta-lactamases (ESBLs), AmpC cephalosporinases, and
carbapenemases that are not inhibited by clavulanic acid. In response, newer beta-lactamase inhibitors have
been developed—clavulanic acid’s successors—including tazobactam, avibactam, vaborbactam, and
relebactam (Zhanel et al., 2020; Bush & Bradford, 2016). These represent the next generation of
counter-defense systems in this ongoing conflict, mirroring the continuous innovation seen in real-world
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military technology. The principle remains unchanged: synergy between a primary antibiotic and a dedicated
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inhibitor provides the most efficient path to bacterial eradication—Ilower concentrations, faster kill, and
controlled costs.
7. Conclusion: Learning Through Analogy

This review has presented the synergy of amoxicillin and clavulanic acid not only as a biochemical
phenomenon but as a microcosmic illustration of strategic principles observable in real-world geopolitics. By
explicitly comparing the components to Iranian and Hezbollah missile assets, we provide a pedagogical tool
that bridges scales: what happens in the microscopic battlefield mirrors what happens in the macroscopic
arena of human conflict. The additional dimensions—achieving the target at lower concentrations, in shorter
time, and at reduced cost—further reinforce the parallel, as these are precisely the hallmarks of coordinated,
synergistic operations in any domain.

Such analogies serve to deepen understanding, highlighting that synergy—the coordinated use of
complementary forces to overcome defenses—is a universal concept. In teaching microbiology, framing
biological interactions as smaller diagrams of larger-world events can transform abstract mechanisms into
intuitive, memorable narratives. Ultimately, this perspective reminds us that the logic of survival, defense,
and strategic cooperation transcends the boundaries between biology and human society.

References

Ball, A. P., Geddes, A. M., Davey, P. G., Farrell, I. D., & Brookes, G. R. (1980). Clavulanic acid and
amoxycillin: A clinical, Dbacteriological and pharmacological study. The Lancet, 315 (8169),
620-623. https://doi.org/10.1016/S0140-6736(80)91118-6

Ball, P. (2000). The clinical development and launch of amoxicillin/clavulanate for the treatment of a
range of community-acquired infections. International Journal of Antimicrobial Agents, 14 (1),
3-8. https://doi.org/10.1016/S0924-8579(99)00161-4

Barry, A. L., Jones, R. N., & Thornsberry, C. (1984). In vitro activity of amoxicillin alone and in
combination with clavulanic acid against clinical isolates of Haemophilus influenzae. Antimicrobial Agents and
Chemotherapy, 25 (5), 632—634. https://doi.org/10.1128/AAC.25.5.632

Brogden, R. N., Carmine, A., Heel, R. C., Morley, P. A., Speight, T. M., & Avery, G. S. (1981).
Amoxycillin/clavulanic acid: A review of its antibacterial activity, pharmacokinetics and therapeutic
use. Drugs, 22 (5), 337-362. https://doi.org/10.2165/00003495-198122050-00001

Bush, K., & Bradford, P. A. (2016). B-Lactams and B-lactamase inhibitors: An overview. Cold Spring
Harbor Perspectives in Medicine, 6 (8), a025247. https://doi.org/10.1101/cshperspect.a025247

Dagan, R., Hoberman, A., Johnson, C., Leibovitz, E., Arguedas, A., Rose, F. V., Wynne, B., & Jacobs, M.
R. (2001). Bacteriologic and clinical efficacy of high dose amoxicillin/clavulanate in children with acute otitis
media. Pediatric Infectious Disease Journal, 20 (9), 829-837. https://doi.org/10.1097/00006454-200109000-
00002

Davey, P. G., Bax, R. P., & Newey, J. (1996). Cost-effectiveness of oral co-amoxiclav compared with
intravenous/oral therapy in the treatment of community-acquired pneumonia. Journal of Chemotherapy, 8
(Suppl 1), 35-40.

Davey, P. G., Parker, S. E., Crombie, I. K., & Jaderberg, M. (1995). The cost effectiveness of
amoxicillin/clavulanic  acid as  antibacterial prophylaxis in abdominal and gynaecological
surgery. Pharmacoeconomics, 7 (4), 347-356. https://doi.org/10.2165/00019053-199507040-00008

Drawz, S. M., & Bonomo, R. A. (2010). Three decades of beta-lactamase inhibitors. Clinical Microbiology
Reviews, 23 (1), 160-201. https://doi.org/10.1128/CMR.00037-09

Easton, J., Noble, S., & Perry, C. M. (2003). Amoxicillin/clavulanic acid: A review of its use in the
management of paediatric patients with acute otitis media. Drugs, 63 3),
311-340. https://doi.org/10.2165/00003495-200363030-00005

File, T. M., Garau, J., Jacobs, M. R., Wynne, B., Twynholm, M., & Berkowitz, E. (2005). Efficacy of a
new pharmacokinetically enhanced formulation of amoxicillin/clavulanate (2000/125 mg) in adults with
community-acquired pneumonia caused by Streptococcus pneumoniae, including penicillin-resistant
strains. International Journal of Antimicrobial Agents, 25 2),
110-119. https://doi.org/10.1016/j.ijjantimicag.2004.10.007

Finch, R. G., & Greenwood, D. (1993). The role of oral co-amoxiclav in the treatment of serious
infections. International Journal of Antimicrobial Agents, 2 (3), 185-194.

Finlay, J., Miller, L., & Poupard, J. A. (2003). A review of the antimicrobial activity of
clavulanate. Journal of Antimicrobial Chemotherapy, 52 (1), 18-23. https://doi.org/10.1093/jac/dkg286

“PaAlE)S ASIMIDYIO SSAUN ‘D[OILIE SIY} UI d[qe[IeAL dpew ejep ay) 0} sarjdde (/0 | /010z/urewop o1jqnd/S10°SUOWIO02ATLAID //:dNY) IOATEM UOTEOIIPA(] UIBWO(] O[N] SUOWIWO,) JANEII)

AU OpewW d1oM SITUBYD JI QJBOIPUT  PUE DSUIDI| SUOWIWIO)) JANEI)) 3y} 0} jul[ & opraoxd 9omos ay) pue (s)royne [eurSuo ayy 03 ypao ajerrdordde aa1S nok papraoid ‘wnipawr Aue ur uononpoidarpue ‘UONNQLISIP AN PAJOLISAIUN
syruntad yorgm ‘(/0'1/£q /SeSULOI/SI0 SUOWIUIO0dAATIBAIY//:d))]) SSUSOIT [BUOTBUISIU] () UOTINQLIY SUOWIWIO)) ATIBOIY) U} JO SULId) AU} Jopun panqrisip si A[onIe sy, *ssa0oy uedQ “sioyiny ayy 0) paureyar syysukdo) ysukdoy

Corresponding author:Abouelhag H. A. -4-

ha.abouelhag@nrc.sci.eg © 2026 Copyright by the Auth
Ricos Biology Journal ISSN 2959-3751(E), 2959-3743(P) opyright by fthe Author
www.https:/Iricosbiology.net

contact info@ricosbiology.net @ SCllIt



http://creativecommons.org/licenses/
https://doi.org/10.33687/ricosbiol.04.02.xx
http://www.https://ricosbiology.net
mailto:info@ricosbiology.net
https://doi.org/10.1016/S0140-6736(80)91118-6
https://doi.org/10.1016/S0924-8579(99)00161-4
https://doi.org/10.1128/AAC.25.5.632
https://doi.org/10.2165/00003495-198122050-00001
https://doi.org/10.1101/cshperspect.a025247
https://doi.org/10.1097/00006454-200109000-00002
https://doi.org/10.1097/00006454-200109000-00002
https://doi.org/10.2165/00019053-199507040-00008
https://doi.org/10.1128/CMR.00037-09
https://doi.org/10.2165/00003495-200363030-00005
https://doi.org/10.1016/j.ijantimicag.2004.10.007
https://doi.org/10.1093/jac/dkg286

RICOS BIOLOGY Journal

2026, Vol. 4, No. 3, 1-6.
doi: https://doi.org/10.33687/ricosbiol.04.03.109

Fuchs, P. C., Barry, A. L., Thornsberry, C., & Jones, R. N. (1986). In vitro activity of
amoxicillin/clavulanic acid against gram-negative bacilli. Diagnostic Microbiology and Infectious Disease, 5
(3), 215-222.

Garau, J., Twynholm, M., Garcia-Méndez, E., & Siquier, B. (2003). Oral amoxicillin-clavulanate with or
without a short course of intravenous therapy in the treatment of severe community-acquired
pneumonia. Clinical Microbiology and Infection, 9 (5), 425-430.

Geddes, A. M., Klugman, K. P., & Rolinson, G. N. (2007). Introduction: Historical perspective and
development of amoxicillin/clavulanate. International Journal of Antimicrobial Agents, 30 (Suppl 2),
S109-S112. https://doi.org/10.1016/j.ijantimicag.2007.07.015

Goldstein, F. W., Kitzis, M. D., & Acar, J. F. (1979). Effect of clavulanic acid and amoxycillin formulation
against P-lactamase producing Gram-negative bacteria in urinary tract infections. Journal of Antimicrobial
Chemotherapy, 5 (6), 705-709. https://doi.org/10.1093/jac/5.6.705

Hoberman, A., Dagan, R., Leibovitz, E., Rosenblut, A., Johnson, C. E., & Wynne, B. (2005). Large dosage
amoxicillin/clavulanate, compared with azithromycin, for the treatment of bacterial acute otitis media in
children. Pediatric Infectious Disease Journal, 24 (6),
525-532. https://doi.org/10.1097/01.inf.0000164794.50281.1a

Khalatkar, V., Chavda, P., Mhatre, S., & Kadam, D. (2026). Safety and clinical efficacy of high-dose
amoxicillin/clavulanic acid in children with acute respiratory tract infections in India: A multicenter open-label
non-comparative phase IV study. Pediatric Infectious Disease, 8 (1), 1-8. https://doi.org/10.5005/jp-journals-
10081-1504

Kumar, A. S., & Samuel, V. (2025). Cost-effectiveness of co-amoxiclav versus clindamycin in the
treatment of uncomplicated soft tissue infections in a tertiary care hospital. Journal of Health and
Technology, 1 (1), 15-22. https://doi.org/10.65129/clinical.v1il.25

Lang, P. A., Levasseur, M., & Page, M. G. P. (2024). How clavulanic acid inhibits serine pB-
lactamases. ChemBioChem, 25 (22), €202400280. https://doi.org/10.1002/cbic.202400280

Neu, H. C. (1993). Amoxycillin/clavulanic acid: A review of its efficacy in over 38,500 patients from 1979
to 1992. Journal of Chemotherapy, 5 (2), 67-93. https://doi.org/10.1080/1120009X.1993.11739207

Nitsch-Velasquez, L. (2020). Synergistic effects of natural products and commercial antibiotics—A mini-
review 2010-2015. medRxiv. https://doi.org/10.1101/2020.09.01.20186353

Odds, F. C. (2003). Synergy, antagonism, and what the chequerboard puts between them. Journal of
Antimicrobial Chemotherapy, 52 (1), 1. https://doi.org/10.1093/jac/dkg301

Reading, C., & Cole, M. (1977). Clavulanic acid: A beta-lactamase-inhibiting beta-lactam
from Streptomyces clavuligerus. Antimicrobial Agents and Chemotherapy, 11 (%),
852-857. https://doi.org/10.1128/AAC.11.5.852

Smith, C. E., Foleno, B. D., & Barrett, J. F. (1998). Time-kill studies of amoxicillin-clavulanic acid against
beta-lactamase-producing Escherichia coli. Journal of Antimicrobial Chemotherapy, 41 (Suppl C), 45-49.

Stevens, D. L., Bisno, A. L., Chambers, H. F., Dellinger, E. P., Goldstein, E. J. C., Gorbach, S. L.,
Hirschmann, J. V., Kaplan, S. L., Montoya, J. G., & Wade, J. C. (2014). Practice guidelines for the diagnosis
and management of skin and soft tissue infections: 2014 update by the Infectious Diseases Society of
America. Clinical Infectious Diseases, 59 (2), e10—e52. https://doi.org/10.1093/cid/ciu296

Tancawan, A. L., Pato, M. N., Abidin, K. Z., & Prawira, A. (2015). Amoxicillin/clavulanic acid for the
treatment of odontogenic infections: A randomised study comparing efficacy and tolerability versus
clindamycin. International Journal of Dentistry, 2015 , 472470. https://doi.org/10.1155/2015/472470

Tipper, D. J., & Strominger, J. L. (1965). Mechanism of action of penicillins: A proposal based on their
structural similarity to acyl-D-alanyl-D-alanine. Proceedings of the National Academy of Sciences, 54 (4),
1133-1141. https://doi.org/10.1073/pnas.54.4.1133

Todd, P. A., & Benfield, P. (1990). Amoxicillin/clavulanic acid: An update of its antibacterial activity,
pharmacokinetic properties and therapeutic use. Drugs, 39 (2), 264-307. https://doi.org/10.2165/00003495-
199039020-00008

Waxman, D. J., & Strominger, J. L. (1983). Penicillin-binding proteins and the mechanism of action of
beta-lactam antibiotics. Annual Review of Biochemistry, 52 R
825-869. https://doi.org/10.1146/annurev.bi.52.070183.004141

White, A. R., Kaye, C., Poupard, J., Pypstra, R., & Woodnutt, G. (2004). Augmentin
(amoxicillin/clavulanate) in the treatment of community-acquired respiratory tract infection: A review of the
continuing development of an innovative antimicrobial agent. Journal of Antimicrobial Chemotherapy, 53
(Suppl 1), 13-i20. https://doi.org/10.1093/jac/dkh050

White, R. L., Kley, K. A., & Quintiliani, R. (1991). Time-kill studies of amoxicillin and clavulanic acid
against beta-lactamase-producing bacteria. Chemotherapy, 37 (3), 184—190.

“PaAlE)S ASIMIDYIO SSAUN ‘D[OILIE SIY} UI d[qe[IeAL dpew ejep ay) 0} sarjdde (/0 | /010z/urewop o1jqnd/S10°SUOWIO02ATLAID //:dNY) IOATEM UOTEOIIPA(] UIBWO(] O[N] SUOWIWO,) JANEII)

AU OpewW d1oM SITUBYD JI QJBOIPUT  PUE DSUIDI| SUOWIWIO)) JANEI)) 3y} 0} jul[ & opraoxd 9omos ay) pue (s)royne [eurSuo ayy 03 ypao ajerrdordde aa1S nok papraoid ‘wnipawr Aue ur uononpoidarpue ‘UONNQLISIP AN PAJOLISAIUN
syruntad yorgm ‘(/0'1/£q /SeSULOI/SI0 SUOWIUIO0dAATIBAIY//:d))]) SSUSOIT [BUOTBUISIU] () UOTINQLIY SUOWIWIO)) ATIBOIY) U} JO SULId) AU} Jopun panqrisip si A[onIe sy, *ssa0oy uedQ “sioyiny ayy 0) paureyar syysukdo) ysukdoy

Corresponding author:Abouelhag H. A. -5-

ha.abouelhag@nrc.sci.eg © 2026 Copyright by the Auth
Ricos Biology Journal ISSN 2959-3751(E), 2959-3743(P) opyright by fthe Author
www.https:/Iricosbiology.net

contact info@ricosbiology.net @ SCllIt



http://creativecommons.org/licenses/
https://doi.org/10.33687/ricosbiol.04.02.xx
http://www.https://ricosbiology.net
mailto:info@ricosbiology.net
https://doi.org/10.1016/j.ijantimicag.2007.07.015
https://doi.org/10.1093/jac/5.6.705
https://doi.org/10.1097/01.inf.0000164794.50281.1a
https://doi.org/10.5005/jp-journals-10081-1504
https://doi.org/10.5005/jp-journals-10081-1504
https://doi.org/10.65129/clinical.v1i1.25
https://doi.org/10.1002/cbic.202400280
https://doi.org/10.1080/1120009X.1993.11739207
https://doi.org/10.1101/2020.09.01.20186353
https://doi.org/10.1093/jac/dkg301
https://doi.org/10.1128/AAC.11.5.852
https://doi.org/10.1093/cid/ciu296
https://doi.org/10.1155/2015/472470
https://doi.org/10.1073/pnas.54.4.1133
https://doi.org/10.2165/00003495-199039020-00008
https://doi.org/10.2165/00003495-199039020-00008
https://doi.org/10.1146/annurev.bi.52.070183.004141
https://doi.org/10.1093/jac/dkh050

&) R° fefst A 0i(@ ) s-cate
2026, Vol. 4, No. 3, 1-6. INDEXED

doi: https://doi.org/10.33687/ricosbiol.04.03.109

Zhanel, G. G., Lawson, C. D., Adam, H., Schweizer, F., Zelenitsky, S., Lagacé-Wiens, P. R., Denisuik, A.,
Rubinstein, E., Gin, A. S., Hoban, D. J., & Karlowsky, J. A. (2020). Ceftazidime-avibactam: A novel
cephalosporin/beta-lactamase inhibitor combination. Drugs, 80 (1), 11-21. https://doi.org/10.1007/s40265-019-
01245-7

Data Availability Statement

No original datasets were generated for this review article. All cited data and findings are available
within the original research publications referenced in the manuscript, accessible via the provided Digital
Object Identifiers (DOIs) or through respective journal platforms.

1)SIP ‘asn pajoLnsaIun

“Paje)s ASIMIBY)O SSA[UN ‘D[OTLIE SIY) UI d[qe[IBAR dpew elep ay) 03 sarjdde (/0" | /010z/urewop d1jqnd/S10°SUOWIIO02ANEAID //:d)IY) JOATEM UONBIIPA(] UIRWO] dI[qNy SUOWWIO) JANEAI)

AU OpewW d1oM SITUBYD JI QJBOIPUT  PUE ‘DSUIDI| SUOWIWIO)) JANEI)) 3y} 0} jul[ & opraoxd 9omos ay) pue (s)royne [eurSuio ayy 03 ypaio ojerrdordde aa1S nok papraoid ‘wnipawr Aue ur uononpoidarpue ‘uo
syruntad yorgm ‘(/0'1/£q /SeSULOI/SI0 SUOWIUIO0dAATIBAIY//:d))]) SSUSOIT [BUOTBUISIU] () UOTINQLIY SUOWIWIO)) ATIBOIY) U} JO SULId) AU} Jopun panqrisip si A[onIe sy, *ssa0oy uedQ “sioyiny ayy 0) paureyar syysukdo) ysukdoy

Corresponding author:Abouelhag H. A. -6-

ha.abouelhag@nrc.sci.eg © 2026 Copyright by the Auth
Ricos Biology Journal ISSN 2959-3751(E), 2959-3743(P) opyright by fthe Author
www.https:/Iricosbiology.net

contact info@ricosbiology.net @ SClllt



http://creativecommons.org/licenses/
https://doi.org/10.33687/ricosbiol.04.02.xx
http://www.https://ricosbiology.net
mailto:info@ricosbiology.net
https://doi.org/10.1007/s40265-019-01245-7
https://doi.org/10.1007/s40265-019-01245-7

