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Antimicrobial Drugs​​


Antimicrobial drugs represent one of the most significant advancements in therapeutics during the 20th century. Their introduction transformed the treatment of infectious diseases, allowing for cures rather than mere palliation. This is particularly important in developing countries, where infectious diseases are prevalent. Antimicrobials are frequently used but also misused, leading to concerns about resistance.


Definition​​



	
Antimicrobial Drugs: These are agents designed to inhibit or kill infecting microorganisms while having minimal effects on the host. This type of therapy is referred to as chemotherapy, specifically targeting systemic infections with drugs that selectively suppress the infecting microorganism.





Selective Toxicity


	
Mechanism: The basis of selective microbial toxicity lies in the drug's action on components unique to the microbe (e.g., bacterial cell wall) or metabolic processes not found in the host (e.g., folate synthesis). For example, trimethoprim selectively inhibits bacterial dihydrofolate reductase.






1. Antibiotics​​



	
Definition: Antibiotics are substances produced by microorganisms that selectively suppress the growth of or kill other microorganisms at very low concentrations. This excludes other natural substances that inhibit microorganisms but are produced by higher organisms or are ineffective at low concentrations (e.g., ethanol, lactic acid).






2. Chemotherapeutic Agents​​



	
Definition: Initially restricted to synthetic compounds, this term now encompasses both synthetic and microbiologically produced drugs, as many antibiotics and their analogues have been synthesized.






3. Antimicrobial Agents (AMA)​​



	
Definition: A more inclusive term that designates both synthetic and naturally obtained drugs that target microorganisms.





 



Classification of Antimicrobial Agents:​​


The classification of antimicrobial agents is typically based on their mechanism of action, spectrum of activity, or chemical structure. Below is an organized classification:

1. Based on Mechanism of Action 

A. Inhibitors of Cell Wall Synthesis 


	
Beta-Lactams:


	
Penicillins (e.g., Amoxicillin, Ampicillin)



	
Cephalosporins (e.g., Ceftriaxone, Cefixime)



	
Carbapenems (e.g., Imipenem, Meropenem)



	
Monobactams (e.g., Aztreonam)







	
Glycopeptides:


	
Vancomycin



	
Teicoplanin







	
Others:


	
Bacitracin



	
Fosfomycin









B. Inhibitors of Protein Synthesis 


	
Aminoglycosides:


	
Gentamicin



	
Amikacin



	
Tobramycin







	
Tetracyclines:


	
Doxycycline



	
Minocycline







	
Macrolides:


	
Erythromycin



	
Azithromycin



	
Clarithromycin







	
Lincosamides:


	
Clindamycin







	
Oxazolidinones:


	
Linezolid







	
Chloramphenicol 





C. Inhibitors of Nucleic Acid Synthesis 


	
Fluoroquinolones:


	
Ciprofloxacin



	
Levofloxacin



	
Moxifloxacin







	
Rifamycins:


	
Rifampin







	
Metronidazole 



	
Nitrofurantoin 





D. Inhibitors of Metabolic Pathways 


	
Sulfonamides:


	
Sulfamethoxazole







	
Trimethoprim 



	
Combination:


	
Co-trimoxazole (Sulfamethoxazole + Trimethoprim)









E. Disruptors of Cell Membrane Integrity 


	
Polymyxins:


	
Polymyxin B



	
Colistin







	
Lipopeptides:


	
Daptomycin









 

2. Based on Spectrum of Activity 

A. Narrow-Spectrum Agents 


	
Effective against specific types of bacteria:


	
Penicillin G (Gram-positive)



	
Vancomycin (Gram-positive)









B. Broad-Spectrum Agents 


	
Effective against a wide range of bacteria:


	
Amoxicillin



	
Tetracyclines



	
Fluoroquinolones









 

3. Based on Target Microorganism 

A. Antibacterial Agents 

 Antimalarial Drugs (Effective against Plasmodium species) 

A. Blood Schizonticides (Act on Merozoites in Blood):

Chloroquine

Artemisinin derivatives (e.g., Artesunate, Artemether)

Quinine

Mefloquine

B. Tissue Schizonticides (Act on Liver Stages):

Primaquine (effective against hypnozoites of P. vivax and P. ovale)

C. Gametocidal Drugs (Prevent Transmission):

Primaquine (kills gametocytes of P. falciparum)

D. Prophylaxis:

Doxycycline

Malarone (Atovaquone + Proguanil)

 

 Amoebicidal Drugs (Effective against Entamoeba histolytica)

A. Luminal Amoebicides:

Act in the intestinal lumen:

Diloxanide furoate

Paromomycin

B. Systemic Amoebicides:

Act in tissues (liver abscess, etc.):

Metronidazole

Tinidazole

C. Mixed Amoebicides:

Effective in both lumen and tissues:

Metronidazole

Tinidazole

 

Antifilarial Drugs (Effective against Filarial Worms)

A. For Wuchereria bancrofti and Brugia species:

Diethylcarbamazine (DEC)

Albendazole

B. For Onchocerciasis (River Blindness):

Ivermectin

 

Anthelmintics (Effective against Helminths: Nematodes, Cestodes, Trematodes)

A. For Nematodes (Roundworms):

Albendazole

Mebendazole

Ivermectin

Pyrantel pamoate

B. For Cestodes (Tapeworms):

Praziquantel

Niclosamide

C. For Trematodes (Flukes):

Praziquantel

Triclabendazole

 

B. Antiviral Agents 


	
Anti-HIV:


	
Zidovudine, Tenofovir







	
Anti-Herpes:


	
Acyclovir, Valacyclovir







	
Anti-Influenza:


	
Oseltamivir, Zanamivir







	
Anti-Hepatitis:


	
Entecavir, Sofosbuvir









C. Antifungal Agents 


	
Polyenes:


	
Amphotericin B, Nystatin







	
Azoles:


	
Ketoconazole, Fluconazole, Itraconazole







	
Echinocandins:


	
Caspofungin



	
Micafungin







	
Allylamines:


	
Terbinafine









D. Antiprotozoal Agents 


	
Metronidazole



	
Chloroquine



	
Artemisinin derivatives





E. Anti-Helminthic Agents 


	
Albendazole



	
Mebendazole



	
Ivermectin





 

4. Based on Chemical Structure 


	
1. Sulfonamides and Related Drugs 


	
Sulfonamides: Sulfadiazine, Sulfamethoxazole, Sulfisoxazole, Sulfadoxine, etc.



	
Sulfones: Dapsone (DDS)



	
Para-aminosalicylic acid (PAS) 







	
2. Diaminopyrimidines 


	
Trimethoprim



	
Pyrimethamine







	
3. Quinolones (Fluoroquinolones and Non-Fluorinated Quinolones) 


	
Nalidixic acid (First-generation quinolone)



	
Norfloxacin, Ciprofloxacin, Ofloxacin, Levofloxacin, Moxifloxacin, Prulifloxacin (Fluoroquinolones)







	
4. β-Lactam Antibiotics (Penicillin and Related Drugs) 


	
Penicillins: Penicillin G, Amoxicillin, Ampicillin, Cloxacillin, Piperacillin, etc.



	
Cephalosporins: Cefazolin, Cefuroxime, Ceftriaxone, Cefepime, etc.



	
Monobactams: Aztreonam



	
Carbapenems: Imipenem, Meropenem, Ertapenem, Doripenem







	
5. Tetracyclines 


	
Oxytetracycline



	
Doxycycline



	
Minocycline



	
Tigecycline (Glycylcycline derivative)







	
6. Nitrobenzene Derivative 


	
Chloramphenicol







	
7. Aminoglycosides 


	
Streptomycin



	
Gentamicin



	
Amikacin



	
Neomycin



	
Tobramycin







	
8. Macrolide Antibiotics 


	
Erythromycin



	
Clarithromycin



	
Azithromycin



	
Roxithromycin







	
9. Lincosamide Antibiotics 


	
Lincomycin



	
Clindamycin







	
10. Glycopeptide Antibiotics 


	
Vancomycin



	
Teicoplanin







	
11. Oxazolidinone 


	
Linezolid







	
12. Polypeptide Antibiotics 


	
Polymyxin B



	
Colistin



	
Bacitracin



	
Tyrothricin







	
13. Nitrofuran Derivatives 


	
Nitrofurantoin



	
Furazolidone







	
14. Nitroimidazoles 


	
Metronidazole



	
Tinidazole



	
Ornidazole







	
15. Nicotinic Acid Derivatives (Anti-TB Drugs) 


	
Isoniazid



	
Pyrazinamide



	
Ethionamide







	
16. Polyene Antibiotics (Antifungals) 


	
Nystatin



	
Amphotericin B



	
Hamycin







	
17. Azole Derivatives (Antifungals) 


	
Miconazole



	
Clotrimazole



	
Ketoconazole



	
Fluconazole



	
Itraconazole



	
Voriconazole







	
18. Other Miscellaneous Antibiotics 






	

	
Rifampin (Rifamycin group)



	
Spectinomycin



	
Sodium fusidate (Fusidic acid)



	
Cycloserine



	
Viomycin



	
Ethambutol



	
Thiacetazone



	
Clofazimine



	
Griseofulvin









 

5. Based on Source 

A. Natural 


	
Penicillin (from Penicillium fungi)



	
Streptomycin (from Streptomyces bacteria)





B. Semisynthetic 


	
Amoxicillin



	
Cephalosporins





C. Synthetic 


	
Fluoroquinolones



	
Sulfonamides





 

6. Based on Antimicrobial Action 


	
Bactericidal: Kills bacteria (e.g., Penicillins, Aminoglycosides, Fluoroquinolones)



	
Bacteriostatic: Inhibits bacterial growth (e.g., Tetracyclines, Macrolides, Sulfonamides)





 

Others:


	
Griseofulvin (for dermatophytes)



	
Flucytosine (for systemic infections)





 



Principles of Antimicrobial Chemotherapy​​


The effective use of antimicrobial agents (AMAs) requires adherence to several guiding principles that ensure optimal treatment outcomes while minimizing risks. Below are the key principles of antimicrobial chemotherapy:

1. Accurate Diagnosis


	
Importance of Diagnosis: A precise diagnosis is essential to identify the site of infection, the responsible organism(s), and their susceptibility to various AMAs. This allows for targeted therapy rather than empirical treatment.



	
Sample Collection: All relevant samples for laboratory culture should be collected before initiating treatment. Administering AMAs before culture can inhibit the isolation of the causative organism and may lead to the growth of resistant, colonizing bacteria.



	
Advanced Diagnostic Methods: New techniques, such as polymerase chain reaction (PCR), can detect specific microbial nucleic acids, lipids, or proteins, even after antimicrobial therapy has begun. However, these methods may not simultaneously determine antimicrobial susceptibility.





2. Remove Barriers to Cure


	
Surgical Interventions: Addressing physical barriers to infection resolution is crucial. This may include:


	
Draining abscesses or empyema.



	
Removing obstructions in the urinary tract.



	
Extracting infected intravenous catheters or prosthetic devices.







	
Supportive Measures: Consideration of other necessary interventions, such as controlling underlying conditions (e.g., diabetes), is essential for effective treatment.





3. Assess the Necessity of Chemotherapy


	
Evaluate Treatment Need: Determine whether antimicrobial therapy is truly necessary. Some chronic infections, such as abscesses, may require surgical drainage rather than antibiotics alone.



	
Symptomatic Management: In certain acute infections, symptomatic management may be more appropriate than antimicrobial therapy, especially if the risks of adverse drug reactions outweigh the benefits (e.g., salmonella gastroenteritis).





4. Select the Best Drug


	
Specificity: Avoid indiscriminate use of broad-spectrum drugs, as this can promote resistance and opportunistic infections. Start with empirical therapy if necessary, but narrow the spectrum once the pathogen is identified.



	
Pharmacokinetics: Ensure the chosen drug can reach the site of infection in adequate concentrations. For example, some drugs may need to cross the blood-brain barrier to be effective in CNS infections.



	
Patient Considerations: Take into account the patient's history of allergies to AMAs and any impairments in drug elimination (e.g., renal disease).





5. Administer the Drug Appropriately


	
Dosage and Frequency: Administer the optimal dose and frequency to avoid subtherapeutic levels that can encourage resistance. Intermittent dosing is generally preferred, but continuous infusion may be beneficial for certain drugs (e.g., glycopeptides).



	
Monitoring: Plasma concentration monitoring can help optimize therapy and reduce adverse drug reactions, particularly for drugs like aminoglycosides and glycopeptides.





6. Timely Initiation of Therapy


	
Sepsis and Severe Infections: Start antimicrobial therapy as soon as possible in patients exhibiting signs of sepsis or severe infections to improve outcomes.





7. Duration of Therapy


	
Treatment Duration: Continue therapy until an apparent cure is achieved. Most acute infections are treated for 5-10 days, but some infections (e.g., typhoid fever, tuberculosis, infective endocarditis) require longer treatment to prevent relapse.



	
Avoid Prolonged Therapy: Extended therapy increases costs and the risk of adverse drug reactions.





8. Test for Cure


	
Microbiological Proof: In certain infections, microbiological confirmation of cure is desirable, especially in susceptible hosts (e.g., urinary tract infections in pregnancy). Cultures should be obtained after the withdrawal of chemotherapy.





9. Prophylactic Chemotherapy


	
Limited Duration: Prophylactic use of AMAs for surgical and dental procedures should be of very limited duration, often consisting of a single large dose.





10. Management of Carriers


	
Carriers of Pathogenic Organisms: Routine treatment to eliminate carriers of pathogenic or resistant organisms is generally not recommended. Allowing the natural re-establishment of normal flora may be preferable. The potential benefits of clearing carriage must be weighed against the risks of adverse drug reactions.





 


Problems Associated with the Use of Antimicrobial Agents (AMAs)​​


Antimicrobial agents (AMAs) are essential for treating infections, but their use can lead to several significant problems. Understanding these issues is crucial for optimizing therapy and minimizing adverse effects. The main problems associated with AMAs include toxicity and hypersensitivity reactions.


Toxicity​​


Local Irritancy


	
Definition: Local irritancy refers to adverse reactions occurring at the site of administration of the drug.



	
Common Complications:


	
Gastric Irritation: Some AMAs can irritate the gastric mucosa, leading to discomfort, nausea, and vomiting.



	
Injection Site Reactions: Pain, swelling, and abscess formation can occur at the site of intramuscular (i.m.) injections.



	
Thrombophlebitis: Intravenous (i.v.) administration can lead to inflammation of the vein, causing pain and swelling.







	
Examples of Irritant AMAs:


	
Erythromycin: Known for causing local irritation and gastrointestinal upset.



	
Tetracyclines: Can cause gastric irritation and discomfort.



	
Certain Cephalosporins: May also lead to local irritation.



	
Chloramphenicol: Associated with injection site pain and irritation.









Systemic Toxicity


	
Definition: Systemic toxicity refers to adverse effects that occur throughout the body, often related to the drug's pharmacological action.



	
Dose-Related Toxicities: Most AMAs exhibit predictable organ toxicities that are dose-dependent. The therapeutic index (the ratio of the toxic dose to the therapeutic dose) varies among different AMAs:


	
High Therapeutic Index:


	
Penicillins: Generally safe with a wide margin of safety.



	
Some Cephalosporins: Well tolerated with minimal toxicity.



	
Erythromycin: Safe at therapeutic doses.







	
Lower Therapeutic Index:


	
Aminoglycosides: Associated with ototoxicity (8th cranial nerve damage) and nephrotoxicity (kidney damage).



	
Tetracyclines: Can cause liver and kidney damage, as well as an antianabolic effect.



	
Chloramphenicol: Linked to bone marrow suppression and aplastic anemia.







	
Very Low Therapeutic Index:


	
Polymyxin B: Known for neurological and renal toxicity.



	
Vancomycin: Can cause hearing loss and kidney damage.



	
Amphotericin B: Associated with kidney toxicity, bone marrow suppression, and neurological effects.













2. Hypersensitivity Reactions


	
Definition: Hypersensitivity reactions are immune-mediated responses that can occur after exposure to an AMA.



	
Nature of Reactions: These reactions are unpredictable and not dose-dependent, ranging from mild to severe.



	
Common Reactions:


	
Rashes: Skin reactions can vary from mild rashes to severe dermatitis.



	
Anaphylaxis: Severe, life-threatening allergic reactions can occur, requiring immediate medical attention.







	
AMAs Commonly Associated with Hypersensitivity Reactions:


	
Penicillins: Known for causing allergic reactions, including anaphylaxis.



	
Cephalosporins: Can cause cross-reactivity in patients with penicillin allergies.



	
Sulfonamides: Frequently associated with skin rashes and hypersensitivity reactions.



	
Fluoroquinolones: Can also cause allergic reactions, though less commonly.










Drug Resistance​​


Drug resistance is a significant and growing problem in the field of antimicrobial therapy. It refers to the unresponsiveness of a microorganism to an antimicrobial agent (AMA) that was previously effective. This phenomenon is akin to tolerance seen in higher organisms and can lead to treatment failures, prolonged illness, and increased healthcare costs.

Types of Drug Resistance

1. Natural Resistance


	
Definition: Some microorganisms are inherently resistant to certain AMAs due to the absence of the target site or metabolic pathway affected by the drug. This type of resistance is generally a characteristic of specific groups or species.



	
Examples:


	
Gram-Negative Bacilli: Naturally resistant to penicillin G due to the lack of a suitable target.



	
Aerobic Organisms: Not affected by metronidazole, which targets anaerobic bacteria.



	
Anaerobic Bacteria: Resistant to aminoglycosides, which require oxygen for uptake.



	
Mycobacterium tuberculosis: Insensitive to tetracyclines due to its unique cell wall structure.









2. Acquired Resistance


	
Definition: This occurs when a previously sensitive organism develops resistance due to exposure to an AMA over time. This is a major clinical problem and can happen with any microbe.



	
Factors Influencing Resistance Development:


	
The specific microorganism involved.



	
The type of AMA used.







	
Examples of Rapid Resistance Development:


	
Staphylococci: Known for quickly acquiring resistance.



	
Coliforms: Rapidly develop resistance to various antibiotics.



	
Tubercle Bacilli: Can develop resistance to multiple drugs.







	
Examples of Slow Resistance Development:


	
Streptococcus pyogenes and Spirochetes: Have not developed significant resistance to penicillin despite its widespread use.









Mechanisms of Acquired Resistance


	
Mutation:


	
Definition: A stable and heritable genetic change that occurs spontaneously among microorganisms.



	
Process: Sensitive populations contain a few mutant cells that require higher concentrations of the AMA for inhibition. When sensitive cells are eliminated, resistant mutants proliferate.



	
Types of Mutational Resistance:


	
Single-Step Mutation: A single gene mutation confers high resistance rapidly (e.g., enterococci to streptomycin).



	
Multistep Mutation: Gradual decrease in sensitivity through multiple gene modifications (e.g., resistance to erythromycin, tetracyclines, and chloramphenicol).











	
Gene Transfer (Horizontal Transfer of Resistance):


	
Definition: Resistance genes are passed from one organism to another, leading to rapid spread of resistance.



	
Mechanisms:


	
Conjugation: Transfer of resistance genes via direct contact between bacteria, often involving plasmids. This occurs frequently in the colon, where gram-negative bacilli come into close contact.



	
Transduction: Transfer of resistance genes via bacteriophages. Resistance can be mediated by phages that carry R factors to other bacteria.



	
Transformation: Uptake of free DNA from the environment by a sensitive bacterium, although this mechanism is less clinically significant.













Types of Resistant Organisms


	
Drug Tolerant:


	
Definition: Loss of affinity of the target biomolecule for a particular AMA.



	
Examples:


	
Staphylococcus aureus and E. coli: Develop RNA polymerase that does not bind rifampin.



	
Penicillin-Resistant Pneumococci: Have altered penicillin-binding proteins.



	
Trimethoprim-Resistant Bacteria: Produce a dihydrofolate reductase with low affinity for trimethoprim.











	
Drug Destroying:


	
Definition: The resistant microbe produces an enzyme that inactivates the drug.



	
Examples:


	
β-Lactamases: Produced by staphylococci, Haemophilus, and gonococci, inactivating penicillin G.



	
Chloramphenicol Acetyl Transferase: Acquired by resistant E. coli, H. influenzae, and S. typhi.



	
Aminoglycoside Resistance: Some coliforms produce enzymes that adenylate, acetylate, or phosphorylate specific aminoglycoside antibiotics.











	
Drug Impermeable:


	
Definition: Loss of porins or transport mechanisms that allow drug entry into the bacterial cell.



	
Examples:


	
Aminoglycosides and Tetracyclines: Concentrations in resistant gram-negative strains are much lower than in sensitive strains.



	
Penicillin-Resistant Gonococci: Less permeable to penicillin G.



	
Chloroquine-Resistant P. falciparum: Accumulates less chloroquine.













Cross Resistance

Definition


	
Cross Resistance: This phenomenon occurs when the acquisition of resistance to one AMA confers resistance to another AMA, even if the organism has not been previously exposed to the second drug.





Mechanisms of Cross Resistance


	
Chemical or Mechanistic Similarity: Cross resistance is more commonly seen between drugs that are chemically or mechanistically related. For example:


	
Sulfonamides: Resistance to one sulfonamide typically means resistance to all others in this class.



	
Tetracyclines: Resistance to one tetracycline often results in insensitivity to all others.









Examples of Cross Resistance


	
Complete Cross Resistance:


	
Resistance to one sulfonamide or tetracycline usually means resistance to all in that class.







	
Partial Cross Resistance:


	
Resistance to one aminoglycoside may not extend to another; for instance, gentamicin-resistant strains may still respond to amikacin.



	
Some unrelated drugs may show partial cross resistance, such as between tetracyclines and chloramphenicol or between erythromycin and lincomycin.









Types of Cross Resistance


	
Two-Way Cross Resistance:


	
Example: Erythromycin and clindamycin exhibit two-way cross resistance, meaning resistance to one confers resistance to the other.







	
One-Way Cross Resistance:


	
Example: Development of neomycin resistance in Enterobacteriaceae may lead to insensitivity to streptomycin, but many streptomycin-resistant organisms remain susceptible to neomycin.










Superinfection (Suprainfection)​​


Definition


	
Superinfection: This refers to the appearance of a new infection as a result of antimicrobial therapy. The use of AMAs can alter the normal microbial flora of the body, leading to opportunistic infections.





Mechanism of Superinfection


	
Alteration of Normal Flora: The normal flora contributes to host defense by producing substances called bacteriocins that inhibit pathogenic organisms. When AMAs suppress this flora, non-pathogenic components may proliferate and invade.



	
Lack of Competition: The absence of competition from normal flora allows opportunistic pathogens (e.g., Candida) to dominate and cause infections.





Commonly Associated Drugs


	
Broad-Spectrum Antibiotics: Superinfections are more commonly associated with the use of broad or extended-spectrum antibiotics, such as:


	
Tetracyclines



	
Chloramphenicol



	
Ampicillin



	
Newer cephalosporins









Risk Factors for Superinfection


	
Compromised Host Defense: Superinfections are more common in individuals with weakened immune systems, such as:


	
Patients with leukemia or other malignancies, especially when treated with immunosuppressive anticancer drugs.



	
Individuals with acquired immunodeficiency syndrome (AIDS).



	
Patients with agranulocytosis or other conditions that compromise immune function.



	
Individuals with diabetes or disseminated lupus erythematosus.









Sites and Organisms Involved


	
Common Sites: Superinfections typically occur in areas that normally harbor commensals, including:


	
Oropharynx



	
Intestinal tract



	
Respiratory tract



	
Genitourinary tract



	
Occasionally, the skin.









Frequently Involved Organisms and Treatment


	
Candida albicans:


	
Manifestations: Monilial diarrhea, thrush, vulvovaginitis.



	
Treatment: Nystatin or clotrimazole.







	
Resistant Staphylococci:


	
Manifestations: Enteritis.



	
Treatment: Cloxacillin or vancomycin/linezolid.







	
Clostridium difficile:


	
Manifestations: Pseudomembranous enterocolitis, especially after clindamycin, tetracyclines, or ampicillin use.



	
Treatment: Metronidazole or vancomycin.







	
Proteus:


	
Manifestations: Urinary tract infection, enteritis.



	
Treatment: Cephalosporins or gentamicin.







	
Pseudomonas:


	
Manifestations: Urinary tract infection, enteritis.



	
Treatment: Carbenicillin, piperacillin, ceftazidime, cefoperazone, or gentamicin.









Strategies to Minimize Superinfections


	
Use Narrow-Spectrum AMAs: Whenever possible, prefer specific (narrow-spectrum) AMAs to minimize disruption of normal flora.



	
Avoid Unnecessary Use: Do not use antimicrobials to treat trivial, self-limiting, or untreatable (viral) infections.



	
Limit Duration of Therapy: Avoid unnecessarily prolonging antimicrobial therapy to reduce the risk of superinfection.





Nutritional Deficiencies


	
Impact on Nutritional Status: Prolonged use of AMAs can alter the intestinal flora, leading to deficiencies in B complex vitamins and vitamin K, which are synthesized by this flora.



	
Example: Neomycin can cause morphological abnormalities in the intestinal mucosa, leading to steatorrhea and malabsorption syndrome.





Masking of an Infection


	
Definition: A short course of an AMA may treat one infection but can mask another concurrent infection, which may later manifest in a severe form.



	
Examples:


	
Syphilis: Masked by a single dose of penicillin sufficient to cure gonorrhea.



	
Tuberculosis: Masked by a short course of streptomycin given for a trivial respiratory infection.










Choice of an Antimicrobial Agent (AMA)​​


Choosing the appropriate antimicrobial agent (AMA) for a patient involves a careful assessment of various factors, including the patient's characteristics, the infecting organism, and the specific drug. This process is critical to ensure effective treatment while minimizing the risk of adverse effects and resistance development.


Patient Factors​​


1. Age


	
Impact on Pharmacokinetics: Age can significantly affect the pharmacokinetics of AMAs, including absorption, distribution, metabolism, and excretion.


	
Neonates:


	
Chloramphenicol: Conjugation and excretion are inefficient, leading to the risk of "gray baby syndrome" if larger doses are used.



	
Sulfonamides: Can displace bilirubin from protein binding sites, increasing the risk of kernicterus due to the more permeable blood-brain barrier in neonates.







	
Elderly:


	
Aminoglycosides: The half-life is prolonged, increasing the risk of ototoxicity and nephrotoxicity.







	
Children:


	
Tetracyclines: Contraindicated in children under 6 years due to the risk of dental discoloration and weakening of bones.













2. Renal and Hepatic Function


	
Dose Modification: Caution is required when using AMAs with a low safety margin in patients with renal or hepatic impairment.



	
Examples of AMAs Requiring Dose Adjustment:


	
Renal Failure:


	
Aminoglycosides: Require dose reduction due to nephrotoxicity.



	
Vancomycin: Requires careful monitoring and adjustment.







	
Hepatic Disease:


	
Chloramphenicol: Requires dose reduction due to impaired metabolism.



	
Metronidazole: May need adjustment in severe liver disease.













3. Local Factors


	
Site of Infection: Conditions at the infection site can significantly affect the efficacy of AMAs.


	
Presence of Pus and Secretions:


	
Decreases the efficacy of many AMAs, especially sulfonamides and aminoglycosides. Drainage of abscesses can improve antibiotic diffusion and effectiveness.







	
Necrotic Material or Foreign Bodies:


	
Bacteria adhering to foreign surfaces can form biofilms, making eradication difficult. Biofilms protect bacteria from the immune system and antibiotics.







	
Haematomas:


	
Foster bacterial growth and can bind certain antibiotics, reducing their effectiveness.







	
Lowered pH:


	
Can reduce the activity of macrolides and aminoglycosides.







	
Anaerobic Environments:


	
Impair the transport processes of aminoglycosides, making them less effective.







	
Penetration Barriers:


	
Certain sites, such as in subacute bacterial endocarditis (SABE) or endophthalmitis, may hinder the access of AMAs.













4. Drug Allergy


	
History of Allergic Reactions: A thorough history of previous exposure to AMAs is essential. If a patient has had an allergic reaction to a specific AMA, it must be avoided.


	
Common AMAs Associated with Allergies:


	
Penicillins: Known for causing allergic reactions, including anaphylaxis.



	
Cephalosporins: Can cause cross-reactivity in patients with penicillin allergies.



	
Sulfonamides: Frequently associated with skin rashes and hypersensitivity reactions.



	
Fluoroquinolones: Can also cause allergic reactions.













5. Impaired Host Defense


	
Role of Host Defense: The integrity of the host's immune system is crucial in overcoming infections.


	
Neutropenic Patients: More susceptible to pyogenic infections.



	
Immunocompromised Individuals: Those with conditions like AIDS or undergoing chemotherapy are at higher risk for opportunistic infections.







	
Bacteriostatic vs. Bactericidal: In patients with impaired host defenses, bactericidal AMAs may be necessary, as bacteriostatic agents may not be sufficient to clear the infection.





6. Pregnancy


	
Safety Considerations: Many AMAs should be avoided during pregnancy due to potential risks to the fetus.


	
Safe AMAs:


	
Penicillins and many cephalosporins are generally considered safe.



	
Erythromycin is also deemed safe.







	
Contraindicated AMAs:


	
Tetracyclines: Can cause teeth and bone deformities in the offspring.



	
Aminoglycosides: Risk of fetal ear damage.



	
Fluoroquinolones, sulfonamides, and nitrofurantoin: Associated with increased risk to the fetus based on animal studies.







	
Caution with Metronidazole: While not found to be teratogenic, its mutagenic potential warrants caution.









7. Genetic Factors


	
G6PD Deficiency: Certain AMAs, such as primaquine, nitrofurantoin, sulfonamides, chloramphenicol, and fluoroquinolones, can cause hemolysis in patients with glucose-6-phosphate dehydrogenase (G6PD) deficiency.






Drug Factors​​


When selecting an antimicrobial agent (AMA) for treating an infection, several drug-related factors must be considered. These factors help determine the most effective and appropriate therapy for the patient. Below are the key drug factors that influence the choice of an AMA:

1. Spectrum of Activity


	
Narrow-Spectrum vs. Broad-Spectrum:


	
Narrow-Spectrum Drugs: Preferable for definitive therapy as they selectively target the specific organism causing the infection. They are generally more effective and less likely to disturb the normal microbial flora.



	
Broad-Spectrum Drugs: Often necessary for empirical therapy when the specific pathogen is unknown. They cover a wider range of potential pathogens but may disrupt normal flora, leading to superinfections.









2. Type of Activity


	
Bactericidal vs. Bacteriostatic:


	
Bactericidal Agents: Kill bacteria directly and are often preferred in acute infections, especially in patients with impaired host defenses or in life-threatening situations. They can lead to faster resolution of infections.



	
Bacteriostatic Agents: Inhibit bacterial growth but do not kill bacteria. They may be sufficient in patients with normal immune function, but infections can relapse if drug levels fall below the minimum inhibitory concentration (MIC).







	
Postantibiotic Effect (PAE): Some bactericidal drugs exhibit prolonged PAE, allowing for less frequent dosing. In contrast, bacteriostatic drugs may require continuous presence above the MIC to prevent regrowth.





3. Sensitivity of the Organism


	
Assessment of Sensitivity: The choice of AMA should be based on the organism's sensitivity profile, often determined by MIC values obtained from susceptibility testing. Understanding the organism's resistance patterns is crucial for effective treatment.





4. Relative Toxicity


	
Toxicity Considerations: A less toxic antibiotic is preferred to minimize adverse effects. For example:


	
β-Lactams: Generally have a favorable safety profile compared to aminoglycosides, which can cause nephrotoxicity and ototoxicity.



	
Erythromycin: May be preferred over clindamycin in certain situations due to a better safety profile.









5. Pharmacokinetic Profile


	
Importance of Pharmacokinetics: The pharmacokinetic characteristics of an AMA influence its effectiveness at the site of infection.


	
Dosing Intervals: Most antibiotics are administered at intervals of 2 to 4 half-lives to maintain therapeutic concentrations.



	
Concentration-Dependent Inhibition: Some antibiotics, like aminoglycosides and fluoroquinolones, exert their effects based on peak concentration relative to the MIC. For these drugs, a single high dose may be more effective than divided doses.



	
Time-Dependent Inhibition: Other antibiotics, such as β-lactams and macrolides, require that the drug concentration remains above the MIC for an extended period. Dividing the daily dose can enhance effectiveness.







	
Tissue Penetration: The ability of an antibiotic to penetrate tissues and reach effective concentrations at the site of infection is critical. For example:


	
Fluoroquinolones: Excellent tissue penetration, effective in soft tissues, lungs, and joints.



	
Cefuroxime and Ceftriaxone: Attain high concentrations in the central nervous system (CNS) when the meninges are inflamed.









6. Route of Administration


	
Oral vs. Parenteral:


	
Many AMAs can be administered orally or parenterally, but some must be given by injection due to poor absorption or instability in the gastrointestinal tract.



	
Oral Antibiotics: Preferable for less severe infections.



	
Parenteral Antibiotics: Necessary for serious infections (e.g., meningitis, septicemia) to ensure reliable and rapid therapeutic levels.









7. Evidence of Clinical Efficacy


	
Clinical Trials: The relative efficacy of different AMAs is determined through comparative clinical trials. These studies help establish optimal dosage regimens and treatment durations.



	
Guidance from Data: Reliable clinical trial data should guide the choice of antibiotic, ensuring that the selected agent has demonstrated efficacy for the specific infection.





8. Cost


	
Economic Considerations: The cost of the antibiotic is an important factor in the decision-making process. Less expensive drugs are generally preferred, especially in resource-limited settings, provided they are effective for the infection being treated.






Combined Use of Antimicrobial Agents (AMAs)​​


The combined use of antimicrobial agents (AMAs) is a common practice in clinical settings, aimed at achieving specific therapeutic goals. However, this approach should be undertaken with careful consideration and not merely as a means to enhance efficacy. Below are the objectives, advantages, and disadvantages of using combinations of AMAs.

Objectives of Using Antimicrobial Combinations

1. To Achieve Synergism


	
Definition: Synergism occurs when the combined effect of two AMAs is greater than the sum of their individual effects. This can lead to a reduction in the minimum inhibitory concentration (MIC) of one or both drugs.



	
Types of Interactions:


	
Synergistic: If the MIC of each AMA is reduced to 25% or less.



	
Additive: If the MICs are reduced to 25-50% of each.



	
Antagonistic: If the reduction is more than 50%.







	
Examples:


	
Bacteriostatic Combinations: Generally additive, with exceptions like sulfonamides combined with trimethoprim, which can have a supra-additive effect due to sequential blockade in folate metabolism.



	
Bactericidal Combinations: Often additive or synergistic, such as penicillin combined with aminoglycosides (e.g., gentamicin) for enterococcal infections.









2. To Reduce Severity or Incidence of Adverse Effects


	
Rationale: Using a combination of AMAs can allow for lower doses of each drug, reducing the risk of toxicity, especially for drugs with a low safety margin.



	
Examples:


	
Streptomycin + Penicillin G: Used for endocarditis due to Streptococcus faecalis.



	
Amphotericin B + Flucytosine: Shortens treatment duration for cryptococcal meningitis.









3. To Prevent Emergence of Resistance


	
Mechanism: Using multiple AMAs can reduce the likelihood of resistant mutants emerging. If the incidence of resistant mutants for drug P is low and for drug Q is also low, the chance of a single organism being resistant to both is significantly reduced.



	
Application: This strategy is particularly useful in chronic infections requiring prolonged therapy, such as tuberculosis and HIV.





4. To Broaden the Spectrum of Antimicrobial Action


	
Mixed Infections: In cases of mixed infections, where multiple pathogens are involved, using a combination of AMAs can ensure coverage of all potential organisms.


	
Examples:


	
Bronchiectasis, peritonitis, and diabetic foot infections often require combinations to cover both aerobic and anaerobic bacteria.











	
Initial Treatment of Severe Infections: Empirical therapy may involve broad-spectrum combinations to cover a wide range of pathogens until specific organisms are identified.





5. Topical Applications


	
Broad Coverage: For topical applications, AMAs that are poorly absorbed systemically can be combined to cover a broad range of gram-positive and gram-negative bacteria.


	
Examples: Bacitracin, neomycin, and polymyxin B are often used together in topical formulations.









Disadvantages of Antimicrobial Combinations


	
Casual Approach to Diagnosis: The use of combinations may foster a less rigorous approach to diagnosing infections and selecting appropriate AMAs, leading to inappropriate therapy.



	
Increased Incidence and Variety of Adverse Effects: Combining AMAs can lead to enhanced toxicity. For example:


	
Vancomycin + Tobramycin: May increase the risk of nephrotoxicity.



	
Gentamicin + Cephalothin: Can lead to exaggerated kidney failure.







	
Increased Chances of Superinfections: The use of broad-spectrum combinations can disrupt normal flora, increasing the risk of opportunistic infections.



	
Emergence of Resistance: Inadequate doses of nonsynergistic drugs can promote the development of resistance, undermining the effectiveness of treatment.



	
Higher Cost of Therapy: Using multiple AMAs can increase the overall cost of treatment, which may be a consideration in resource-limited settings.
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