Antibiotic-Resistant Infections
Definition: An infection caused by a microbial agent that demonstrates resistance against antibiotics to which that particular species was previously susceptible.

Summary
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Antibiotic resistance has been identified in a variety of organisms. In the United States, antibiotic-resistant organisms of concern include tuberculosis with resistance to multiple antibiotics (MDR-TB), gonorrhea, methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and drug resistant Streptococcus pneumoniae (DRSP). In Washington State, data have been collected on a number of antibiotic-resistant organisms, including MDR-TB, gonorrhea, VRE and DRSP.  Outside the United States, health threats come from MDR-TB and antibiotic-resistant strains of malaria and cholera.  

Time Trends
In the middle of the twentieth century antibiotics were thought of as “magic bullets” able to cure previously deadly infections. But gradually their microbial targets became less vulnerable. During the 1960s, methicillin-resistant Staphylococcus aureus emerged in the United States, and Streptococcus pneumoniae began to show penicillin resistance. Some strains of gonorrhea became antibiotic-resistant in the 1970s. In the 1980s, multidrug resistant tuberculosis (MDR-TB) and vancomycin resistant enterococci (VRE) were identified. Surveillance data are limited, however, for most of these organisms.

Enterococci. Surveillance data showed that in the United States the proportion of hospital enterococcal isolates with vancomycin resistance (VRE) increased from 0.3% in 1989 to 7.9% in 1993. In Washington since 1994 surveillance has been conducted for VRE through 20 sentinel hospitals. Thirty-two percent of participating hospitals identified at least one VRE isolate in 1994. This figure gradually rose during successive six-month surveillance periods to 71% in 2000. Between 2% and 4% of enterococcal isolates demonstrated vancomycin resistance among those tested from 1994 to 2000.  

S. pneumoniae. The prevalence of high-level penicillin resistance among invasive isolates of S. pneumoniae is as high as 30% in some parts of the United States. However, surveillance data are limited, and the extent of antibiotic resistance is not well defined. A study conducted in 1995 and 1996 with 13 Washington state hospital laboratories found 1.5% of 275 isolates from invasive infections had full resistance to penicillin
. In 1997 and 1998, the Washington State Department of Health began collecting information on all S. pneumoniae isolates from blood and cerebrospinal fluid collected in 27 sentinel hospitals in the state. Of 300 cases reported, 67 (22%) had diminished susceptibility to penicillin. Of 191 isolates tested completely, 10.5% were fully resistant to penicillin and 6.8% were resistant to an extended-spectrum cephalosporin. However, these studies underestimate the true prevalence of resistance among children, who have greater rates of noninvasive pneumococcal infections (otitis media and sinusitis), in which higher rates of resistance have been shown to occur. Children under two years old were more likely to have isolates with reduced penicillin susceptibility
. Non-invasive isolates in children tend to have a greater percentage of resistance. 

Tuberculosis. In 2000, drug susceptibility testing was performed for 224 (98%) of 228 isolates of Mycobacterium tuberculosis obtained from Washington residents with active tuberculosis (TB); 184 (82%) had no resistance to anti-tuberculosis medications.  Forty (18%) isolates had resistance to at least one anti-mycobacterial drug.  Twenty-five (11%) were resistant to either INH alone or were resistant to INH and an agent other than rifampin: four isolates were multi-drug resistant, showing nonsusceptibility to INH, rifampin, and at least one additional agent.

From 1996 to 2000, 6% of isolates from U.S.-born persons and 13% from foreign-born persons in Washington were INH resistant.  During that same time period, about three cases of MDR-TB were identified each year. About 75% of people with active, drug resistant TB over the last five years were foreign-born. Determining resistance is important because when the community rate of INH resistance is greater than 4%, empiric therapy for disease should consist of four-drug therapy.

Gonorrhea. In 1995, gonorrhea with high-level fluoroquinolone resistance was first reported in Seattle and Colorado.
 In 2000, 0.5% of the gonococcal isolates submitted from a single clinic site in Seattle were resistant to penicillin, 16.8% were resistant to tetracycline, and 1.5% were resistant to fluoroquinolones
. National ongoing surveillance for resistant strains of gonorrhea is done through the CDC’s Gonococcal Isolate Surveillance Project. 

Year 2000 and 2010 Goals
No target goals were established for the year 2000. The 2010 goals include: 1) reducing the number of courses of antibiotics for ear infections for young children; 2) reducing the number of courses of antibiotics prescribed for the sole diagnosis of the common cold; 3) reducing hospital use of antibiotics in intensive care units; and 4) increasing the proportion of patients completing treatment for tuberculosis. 
Geographic Variation

 Antibiotic-resistant organisms tend to be more common in heavily populated urban areas of the United States. The organisms can spread over a region through movement of people and transfers of patients among acute and long-term health care institutions. 
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Antibiotic resistance typically begins in populations with high exposure to antibiotics or high rates of sub-optimal antibiotic treatment. However, the settings vary by specific organism. For example, MDR-TB was first identified in populations with incomplete treatment of tuberculosis, while MRSA and VRE arose in hospitalized patients receiving multiple courses of antibiotics with subsequent person-to-person transmission. In Europe, some studies have suggested that VRE may be associated with the use of antibiotics in animal feed
. DRSP is primarily a community-acquired infection that has been associated with suburban residence
. National surveillance data have shown significant variation in the prevalence of DRSP in several cities
.  

Other Measures of Impact and Burden

Medical Care Costs. When the first-choice antibiotic is no longer effective, more expensive antibiotics may be needed, and the number and/or duration of hospital stays may increase. For example, the cost of pneumococcal infections has been estimated at over $4 billion yearly in the United States
. The emergence of DRSP may make it more difficult and costly to treat serious pneumococcal infections. Treatment of resistant tuberculosis is 10 times more expensive than treatment of drug-susceptible strains, and the costs for treating gonorrhea have also increased because of antibiotic resistance against less expensive, first-choice drugs. In addition, management of resistant organisms increases infection control and housekeeping costs within health care facilities.

Morbidity and Mortality. Antibiotics needed to treat drug-resistant infections can be more toxic and less effective than first-choice antibiotics. Infections due to MDR-TB, MRSA, DRSP, and VRE can be life- threatening because of limited therapeutic options.

Facility Transfers. Patients with antibiotic-resistant infections can have greater difficulty in transferring between facilities, for example, from one hospital to another or to a nursing home closer to their family, thereby putting additional emotional and health care cost burdens on them and their families. Inability to transfer patients also places financial burdens on health care institutions.

Risk and Protective Factors

Risk factors vary depending on the organism. In general, risk increases with increasing frequency of antibiotic use, susceptibility to infections (compromise of either immunological or physical protections), and exposure to other persons colonized or infected with drug-resistant organisms.

In addition to these risk factors that affect an individual’s chances of developing antibiotic-resistant infections, there is growing evidence that resistance may result from indiscriminate use of prophylactic antibiotics, health care reimbursement policies that favor the inappropriate use of vancomycin and other antibiotics, demands from patients for unnecessary antibiotics for viral infections, and the introduction of antibiotics into the food chain through their agricultural use as growth-promoting agents.

High Risk Populations

High-risk groups vary depending on the organism. Persons in hospitals or long-term care facilities are typically at greater risk for MRSA or VRE infections although some communities have elevated rates of MRSA. MDR-TB is more common among persons with interrupted medical care, such as the homeless, injecting drug users, or immigrants from regions where the prevalence of MDR-TB is high. Risk factors for DRSP include day care attendance and recent antibiotic use.

Intervention Strategies
Appropriate antibiotic use includes deciding whether to prescribe antibiotics, choosing the most appropriate antibiotic, and prescribing antibiotics for the correct duration. A statewide effort to control antibiotic resistance in Washington through educational efforts was directed at health care providers, parents, and the media. Working with the Association of Washington Health Plans and the Washington State Medical Association, the Department of Health (DOH) developed materials discussing appropriate outpatient antibiotics use with an emphasis on treatment of upper respiratory infections, such as ear infections, and on distinguishing viral from bacterial infections.  Washington is tracking antibiotic resistance through a sentinel surveillance system for drug resistant S. pneumoniae (DRSP), the Antibiotic Resistance Sentinel Network (ARSN). This network consists of representative hospitals from across the state which voluntarily submit quarterly reports listing invasive DRSP isolates along with associated susceptibility patterns. The ARSN system has demonstrated that resistance has developed to a broad range of antimicrobials. In addition to resistance against penicillin and similar agents, S. pneumoniae in Washington have shown resistance to extended spectrum cephalosporins, imipenem, erythromycin, and tetracycline. 

In addition to surveillance, DOH is conducting health education efforts to aid in the delivery of messages on judicious antibiotic use. These efforts include continued distribution of educational materials, development of a public education communications plan, and creation of a speakers’ bureau packet. Each year, DOH will mail a joint letter from the State Health Officer, the Washington State Medical Association, and the Academy of Pediatrics to practicing health care providers emphasizing the need to use antibiotics appropriately.  

See related chapters on Emerging Infections, Tuberculosis, and Sexually Transmitted Diseases.

Data Sources

Washington State Department of Health.
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