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Gram-negative organisms, such as Escherichia coli, Salmonella, and Shigella species, appear to have a master switch controlling resistance to many drugs. Activation of this regulatory switch, which may even occur on repeated exposure to low levels of antibiotics, causes a cascade of intracellular events that transform the bacterium into a highly defensive organism. The result of exposure to one antibiotic may produce resistance to others within the class and with other classes (e.g., penicillin and cephalosporins).20 Sidebar 2 shows a list of resistant organisms and the agents to which they are known to be resistant. The latest addition to that list is the vancomycin-resistant S. aureus, recently found and identified by CDC.22

Antibiotic Misuse: Modern medical practice has become increasingly reliant on the use of antibiotics. In 1928, Alexander Fleming, a Scottish scientist, discovered the first antibiotic (penicillin) and antibiotics became widely available in the 1940s. Humans now consume millions of doses of antibiotics annually. It is estimated that 20% to 50% of that use is unnecessary,23,24 owing to a variety of factors, including use with viral infections, which do not respond to antibiotics.

The American Academy of Family Physicians reports that in 1999, antimicrobial agents were mentioned and/or prescribed in more than 106 million office visits to all categories of primary care physicians.25 For patients of all ages, of the top 20 drugs mentioned, five were antimicrobials. Of the antibiotics mentioned or prescribed, the top four for all patients regardless of age, were amoxicillin (generic, 10.6 million), cephalexin (7.19 million), amoxicillin (branded, 6.18 million), and azithromycin (6.9 million). However, for pediatric patients under 3 years of age, there are four antimicrobials listed in the top 20 drugs mentioned; for patients ages 3 to 17 years, of the top 10 drugs mentioned, five were antimicrobials. For patients 18 to 24 years, of the top 12 drugs mentioned, six were antimicrobials; for patients 25 to 44 years, five of the top 12 drugs mentioned were antimicrobials.

Antimicrobial use dipped dramatically for patients 45 to 64 years and for those 65 to 74 years; of the top 20 drugs mentioned in each group, there was only one antimicrobial in the first and there were none in the second. Among the top 20 drugs mentioned or prescribed in primary care for elderly patients (ages 75 and above), there were no antimicrobials listed.25 Essentially, this means that although antimicrobials comprise only 9.3% of all drugs mentioned or prescribed for all patients (all ages) in primary care, the predominance of mention and/or prescription of antimicrobials occurs with patients aged 44 years and younger.

The judicious use of antibiotics is key to decreasing, or even arresting the spread of resistance, but it must also be accompanied by preventive measures to be totally successful. Frequent and thorough handwashing is the first step in the prevention of the spread of disease, including the spread of resistant organisms.

The Centers for Disease Control and Prevention (CDC) has initiated activities for decreasing inappropriate antibiotic use, of which practice guidelines are one component. Other components of the initiative include developing materials to educate physicians, nursing, and allied health professionals, as well as the general public; developing and implementing interventions; assessing the impact of interventions on antibiotic use, resistance, and physician and patient satisfaction; and serving as a resource to groups undertaking protocols-for-use campaigns. Consensual evidence-based practice guidelines for the appropriate and judicious use of antibiotics in treating acute respiratory tract infections (upper and lower) were developed because surveys showed that these conditions were a main source of antibiotic misuse. The meeting was organized by the CDC, with input from physician opinion-leaders from the internal medicine, family medicine, emergency medicine, and infectious diseases communities. The consensus recommendations were published as position papers in March 2001, in Annals of Internal Medicine.26

Within these analyses and others in the literature are the following points of action for healthcare professionals fighting the war against drug-resistant strains of pathogenic organisms and who are working to prevent further resistance:

1. Prescribe antibiotics properly. Use them only when necessary and use the narrowest-spectrum antibiotic likely to be effective against all species involved, in the proper dosage, and for the correct length of time.

2. Use all resources, including local laboratories and public health services and officials, to develop and disseminate data on specific species of pathogens and antibiotic resistance trends. Make results of susceptibility testing available.

3. Promote infection control. Hospitals, nursing homes, and other congregate facilities, such as day-care centers, which have large numbers of resistant organisms need to review their infection control policies and procedures.

4. Focus on symptomatic treatment. Prescribe symptomatic remedies together with alternative therapies, if needed — not antibiotics —for viral infections.

5. Make use of available vaccines. For example, the use of polyvalent pneumococcal vaccine in all at-risk patients lessens the prevalence of the disease in the entire community which, in turn, reduces the need for antibiotics and lowers the likelihood of emerging resistance.

6. Educate the patient. When antibiotics are prescribed, emphasize the reason for the treatment, the need to complete the course of therapy, and the importance of hygiene, especially handwashing.23

Application: The emergence of new infectious diseases and the reemergence of known ones that were thought to have been defeated and have reappeared in an altered state are two of the most important and difficult problems facing healthcare professionals in the 1990s.

The development of improved antimicrobial strategies to respond to these problems are critical. Additionally, using approaches and tactics such as those described in the Chain of Infection, a six-component model to interrupt the process of disease transmission, is essential. The goal of infection control is to break one of the links — the causative agent, reservoir, portal of exit, mode of transmission, portal of entry, and susceptible host. Table 3 illustrates the Chain of Infection and gives strategies that may be used to break the chain.

To effectively apply control strategies, healthcare professionals need to become knowledgeable about microorganisms and the process of disease transmission. This knowledge base will help nurses identify, develop, and implement infection control tactics that are appropriate and effective, thereby protecting themselves and their patient population from disease transmission and further evolution of resistant organisms.

Global Concerns and Infectious Diseases — 

Government Websites

Centers for Disease Control and Prevention (CDC) — Travel Information — www.cdc.gov/travel/index.htm. The CDC Travel Information site includes a summary on health information for international travel; vaccine information for healthcare professionals, including spacing of immunobiologics; geographic health recommendations for destinations throughout the world; disease outbreaks; information on the conditions in countries after hurricanes and other large national disasters; and dengue fever, malaria, yellow fever, rabies, tuberculosis risks on aircrafts, and HIV-infected traveler precautions.

CDC — Division of TB Elimination — www.cdc.gov/nchstp/tb/new/new.htm.Features the 1997 TB Surveillance Report and pertinent articles.

Emerging and Other Communicable Diseases (EMC) Surveillance and Control — www.who.int/emc. EMC maintains information on emerging and reemerging infectious diseases.

Examples of Resistant Microbes22

Microbes Resistant to 

Enterococcus vancomycin,

erythromycin,

tetracycline

Pneumococcus penicillin,

erythromycin,

tetracycline

Mycobacterium tuberculosis isoniazid,

rifampin,

ethambutol

Staphylococcus aureus methicillin

vancomycin22

Candida albicans fluconazole 

Six Components of the Chain of Disease and 

Strategies for Breaking the Chain

1. Causative Agent

Definition — Biological, physical, or chemical agent capable of causing disease. Examples of biological agents would include viruses, fungi, bacteria, protozoa, and helminths.

Strategies for breaking this link — 

Remove or reduce the number of microbes through handwashing. 

Eliminate and destroy microbes using sterilization techniques. 

Use antibiotics and antimicrobials prudently. 

Conduct surveillance for infectious pathogens at all levels. 

2. Reservoir

Definition — Location where an infectious agent may survive, but may or may not multiply. Microbes causing nosocomial infections may be found in patients, healthcare workers, equipment, or healthcare facilities.

Strategies for breaking this link — 

Eliminate contaminated equipment through thorough sterilization or the use of disposable supplies. 

Isolate infectious patients when appropriate. 

Relieve infected healthcare workers from duty until noncontagious. 

3. Portal of Exit

Definition — Pathway by which an infectious agent exits or leaves the reservoir, such as via the respiratory or gastrointestinal tract or the blood.

Strategies for breaking this link — 

Contain infectious microbes, for example, cover the mouth and nose when coughing or sneezing. 

Use gloves when in contact with any body fluids. 

4. Mode of Transmission

Definition — The medium or mechanism through which an infectious agent moves from a reservoir to a susceptible host. Transmission of a disease may be through contact (direct, such as person-to-person, or indirect through contaminated instruments, linens, or dressings), common vehicle (eg., contaminated food), airborne (eg., TB), or vector-borne (eg., malaria).

Strategies for breaking this link — 

Disrupt direct contact transmission by washing hands after patient contact. 

Interrupt indirect contact by using bags/covered containers for isolating contaminated material. 

Prevent contamination of common vehicles, such as adequately refrigerating food in hospitals. 

Eliminate vectors through public health measures, such as water drainage in mosquito-ridden areas to prevent malaria and West Nile Fever where outbreaks have occurred. 

5. Portal of Entry

Definition — Pathway by which the infectious agent enters the susceptible host; examples include the respiratory and genitourinary tracts, broken skin, or placenta.

Srategies for breaking this link — 

Keep the door closed in respiratory-isolation patient rooms. 

Use masks when caring for patients with MDR-TB. 

6. Susceptible Host 

Definition — Person (or animal) who lacks sufficient resistance to a specific pathogenic organism. Factors influencing susceptibility include age, gender, ethnicity, occupation, nutritional status, current medications, concomitant disease, genetics, socioeconomic status, and lifestyle.

Strategies for breaking this link — 

Use vaccines, such as the hepatitis B vaccine, for healthcare workers. 

Employ vaccines for high-risk population, such as influenza inoculation for the elderly and those with respiratory conditions. 

Screen healthcare workers, including periodic PPD (purified protein derivative) testing. 

Support public health interventions that address such areas as nutrition, potable water, and vector control. 
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