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Antimicrobial Use and the Development of Resistance 
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SUMMARY
Antimicrobial usage is the main selective pressure responsible for the increasing resistance seen in hospitals.  Because, however of the many forms of resistance that will developing only as a result of micro-organisms acquiring large genes that encode a complex resistance mechanism, the transmission of resistant micro-organisms or their resistance genes in hospitals also is important to the spread of resistance.  Although infection control has traditionally confronted the problem of resistance primarily from the aspect of preventing transmission, more needs to be done to control how antimicrobials are commonly used.  To impact antimicrobial use for reducing resistance in the infection control professional, needs a working knowledge of available antimicrobials, principals for their appropriate use, how these drugs inhibit microbial growth, and the mechanisms by which micro-organisms develop resistance.  In addition, she needs to understand promising new strategies to improve antimicrobial use and how members of the infection control community can become more involved.  

INTRODUCTION

Epidemiogic forces responsible for clinically important forms of resistance include: 1) the selective pressure produced by antimicrobial use and 2) the transmission of resistance between microbes and between or among their human and animal hosts.  Although most resistance can be traced to the human behaviors that lie behind these forces,(1-3)  QUOTE "" 
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 the development and spread of resistance is also greatly impacted by certain microbial characteristics such as the ease that an organism can develop or acquire resistance traits.  Infection control, of its very nature, has been traditionally concerned with preventing the transmission of resistant organisms between human hosts in the healthcare setting.  Indeed other chapters of this text are dedicated to such topics as surveillance, hand hygiene, and isolation precautions; these subjects will not be dealt with in great detail here.  Instead a distinct purpose of this chapter is to assist the reader in becoming more knowledgeable regarding currently available human antimicrobial agents, how they are used, antimicrobial resistance, and the management of antimicrobial use as a means to control resistance.  This chapter includes a review of all major antimicrobial categories with special mention of those agents that have been released since the last edition of this text.  It reviews characteristics and indications for use particularly for those drugs commonly used among inpatients, the determination and interpretation of antimicrobial susceptibility test results, and various factors influencing successful antimicrobial therapy.  It also reviews microbial mechanisms responsible for antimicrobial resistance and, finally, methods to monitor and improve antimicrobial use.  

CHARACTERSTICS OF ANTIMICROBIAL AGENTS

Definition
An antimicrobial is a substance that inhibits or kills microbes (ie viruses, bacteria, fungi, parasites) whereas an antibiotic is a type of antimicrobial that is synthesized by a living micro-organism, usually a fungus.  Trimethoprim is, technically, an antimicrobial but not an antibiotic, as a micro-organism does not synthesize trimethoprim.  There are new also many newly marketed agents that are chemically modified from products synthesized by a micro-organism.  

Administration

Most antimicrobials are administered through intravenous (IV) or orally.  Less commonly used routes of administration include intramuscularly, rectal, topical, intrathecally, intraventricular, inhalation, intraperitoneal, and surgically implanted antimicrobial beads.

Mechanisms of action

Antimicrobials may be microbicidal (eg  bactericidal or fungicidal) if they actively kill organisms or they may be microbistatic (eg  bacteristatic or fungistatic) if they merely arrest the growth of organisms and thereby assist the host in clearing the infection.  Although whether a drug exerts microbicidal vs.  microbistatic activity can depend on the concentration thatan organism is exposed to, for most drugs the safely achieved concentrations in the human body are limited to a narrow enough range that this distinction is determined more by the underlying mechanism that the drug inhibits microbial growth.  

There are several mechanisms illustrating the ways that antimicrobials act on micro-organisms (Figure 1).  For example all ß-lactam drugs (ie  pencillins, cephalosporins, monobactams, and carbapenems), the glycopeptide, vancomycin, and the antifungal, caspofungin, inhibit cell wall synthesis.  Imidazole antifungal agents, such as fluconazole and itraconazole, inhibit the fungal cytochrome P-450 enzyme responsible for synthesis of ergosterol, which is a critical component of the cell membrane present in fungal but not human cells.  Meanwhile aminoglycosides (e.g.  gentamicin), macrolides (e.g.  erythromycin), and the new oxazolidinone, linazolid, all inhibit protein synthesis in the bacterial ribosome.  Another mechanism consists of inhibiting the production of metabolites essential for cell function; this mechanism is utilized by drugs like trimethoprim-sulfamethoxazole and ethambutol.  Finally, several drugs including the fluoroquinolones (eg  ciprofloxacin and levofloxacin), the antifungal 5-flucytosine, and many of the antivirals (eg  acyclovir) inhibit nucleic acid synthesis.  

Pharmacodnamic factors 

The effectiveness of antimicrobials can be optimized by understanding what effect varying the concentration of a drug over time in relation to the minimum inhibitory concentration is having on eliminating infection from the human body.(4)  The MIC is the lowest concentration of drug that can  inhibits microbial growth.  The most logical assumption would be that for all drugs you would simply want to keep the concentration of the drug in the blood above the MIC at all times.  

However, some drugs such as aminoglycosides and fluoroquinolones, are said to manifest concentrationdependent activity.  In these , achieving a higher concentration in the blood over a short period of time is thought to be more effective at eliminating infection then maintaining a lower concentration over a longer period (Figure 2-1).  One characteristic of these drugs that they usually have a prolonged post-anti-biotic effect; they continue to suppress microbial growth long after drug concentration has fallen off.  The goal with these drugs is to maximize serum or tissue drug concentrations as is now commonly achieved by dosing aminoglycosides and fluorquinolones once a day using higher doses.  

In contrast, the activity of the ß-lactams is dependent upon maintaining drug concentrations in the body above the MIC.  Drugs that have such time (above the MIC)-dependent activity are best dosed with lower doses at an increased frequency (Figure 3.1).  This understanding has led to drugs like the natural pencillins and ampicilln being increasingly 

Side effects

Allergic reactions manifested by rash, fever, and rare anaphylaxis, are undesirable effects that may occur with virtually any antimicrobial.  Common gastrointestinal disturbances include nausea and vomiting and, because virtually all antimicrobials inhibit microbial growth in the large intestine, diarrhea.  Most antibiotic-associated diarrhea is benign and resolves with cessation of the drug.  However, suppression of the anaerobic bacteria of the colon predisposes to infection with C. difficile, which may result in a life-threatening colitis.  Other forms of super-infection resulting from the suppression of normal microbial flora include vaginal candidiasis and oral thrush.  Other types of toxicity and their most common manifestation include: Hepatotoxicity, asymptomatic elevation of liver enzymes; myelosuppresion, leukopenia or thrombocytopenia; renal toxicity, progressive decline in renal function or electrolyte abnormalities; auditory toxicity, high-frequency hearing loss; vestibular toxicity, dizziness or vertigo; and central nervous system toxicity, change in mental status or seizure.  Because they often go unrecognized, drug-drug interactions may be particularly prone to causing serious toxicity.  

	Table 1. Classification of antibacterials and representative drugs



	Class
	Sub-class
	Representative drug

	Penicillins
	Natural penicllins
	Pencillin G

	
	Aminopenicillns
	Ampicillin

	
	Anti-staphylococcal penicilins
	Nafcillin

	
	Anti-pseudomonal penicilins
	Piperacillin

	Cephalosoprins
	First generation
	Cefazolin

	
	Second generation
	Cefuroxime

	
	Second generation: anti-anaerobic
	Cefoxitin

	
	Third generation
	Ceftriaxone

	
	Third generation: anti-pseudomonal
	Ceftazidime

	
	Fourth generation
	Cefipime

	Miscellaneous β lactams
	β lactam-inhibitor combinations
	Ampicillin/sulbactam

	
	Monobactams
	Aztreonam

	
	Carbapenems
	Imipenem

	Quinolones
	First generation
	Naladixic acid

	
	Second generation
	Ciprofloxacin

	
	Third generation
	Levofloxacin


	
	Fourth generation
	Trovafloxacin

	Macrolides, Lincosamides, and Streptogramins
	Macrolides
	Erythromycin

	
	Lincosamides
	Clindamycin

	
	Streptogramins
	Quinupristin/dalfopristin

	Miscellaneous antibacterials
	Aminoglycosides
	Gentamicin

	
	Glycopeptides
	Vancomycin

	
	Sulfa drugs
	Trimethoprim-sulfamethoxazole

	
	Nitroimidazoles
	Metronidazole

	
	Topical antibacterials
	Mupirocin


Figure 1. Major cellular cites of action by anti-microbials with example drugs

Figure 2. Optimal dosing of anti-microbial drugs possessing concentration dependent killing action

Figure 3. Optimal dosing of anti-microbial drugs possessing time-dependent killing action

Figure 4. Major cellular mechanisms of anti-microbial resistance
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