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About the 4th Decennial International
Conference on Nosocomial and
Healthcare-Associated Infections

Steven L. Solomon
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

On March 5-9, 2000, 2,500 infection control professionals,
epidemiologists, microbiologists, physicians, nurses, labora-
tory scientists, and other medical professionals from 55
countries convened in Atlanta for the Fourth Decennial
International Conference on Nosocomial and Healthcare-
Associated Infections. The goals of this conference, like
those of its predecessors in 1970, 1980, and 1990, were to
provide the latest scientific information in the field and
help shape the agenda for research and prevention
activities in the coming decade.

The theme of the conference was “Prevention Is Primary.”
More than 800 scientific papers, abstracts, and lectures were
presented in 50 plenary sessions, symposia, panels, slide
presentations, and poster sessions during the 5 days of the
conference. The epidemiology, microbiology, and prevention
of antimicrobial-drug resistant infections were recurring
topics, as were new knowledge and current research on
bloodstream infections, surgical site infections, and pneumo-
nia associated with health care. Areas of particular emphasis
included infection prevention in special populations, including
pediatric, geriatric, and immunocompromised patients; infec-
tion control in nonhospital settings, including long-term care,
home health care, and ambulatory care; preventing infections
in health-care personnel; and new technologic developments
in microbiology, the design and use of medical devices,
facilities engineering, and information systems.

Each of the four decennial conferences has documented
remarkable scientific advances and achievements in
preventing and controlling infections associated with health
care. Each conference has also presented the emerging
challenges brought by each decade’s changes in the
epidemiology and microbiology of pathogens, the growing
numbers of patients with increased susceptibility to infection,
the rapidly increasing complexity of medical care itself, and
the dramatic developments in the organization, structure,
and financing of health care. Many speakers addressed topics
that have evolved over three decades but continue to be vital
areas of research and investigation, such as antimicrobial-
drug resistance, device-associated infections, and surveil-
lance. Also featured were presentations on subjects that have
grown in prominence only in recent years: information
technology, patient safety, health-care economics, outcomes
research, and managed care.

In publishing the conference presentations in this
journal, the organizers hope to capture the extraordinary
breadth of the science in this area; maintain the ongoing
record of advances in infection prevention and control during
these past 30 years; and help promote research, demonstra-
tion, and evaluation efforts to improve health-care quality
and to protect patients and health-care personnel from this
continuing threat to their safety.

Vol. 7, No. 2, March-April 2001
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The conference was organized and sponsored by the
Centers for Disease Control and Prevention, the Association
for Professionals in Infection Control and Epidemiology, the
Society for Healthcare Epidemiology of America, and the
National Foundation for Infectious Diseases.
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Infection Control and Changing
Health-Care Delivery Systems

William R. Jarvis
Hospital Infections Program, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

In the past, health care was delivered mainly in acute-care facilities. Today, health care is delivered in
hospital, outpatient, transitional care, long-term care, rehabilitative care, home, and private office settings.
Measures to reduce health-care costs include decreasing the number of hospitals and the length of patient
stays, increasing outpatient and home care, and increasing long-term care for the elderly. The home-care
industry and managed care have become major providers of health care. The role of specialists in health-

care epidemiology has changed accordingly.

Over the past two decades, there has been a revolution in
health-care delivery systems in the United States. The
number of acute-care facilities has decreased, the proportion
of patients requiring intensive care in acute-care facilities has
increased, and the number of surgical procedures performed
in outpatient settings or surgical centers has increased. Not
only has there been a shift to the outpatient setting, but the
long-term care, home-care, and managed-care industries
have grown dramatically. I will provide an overview of recent
changes in the U.S. health-care delivery system and describe
the challenges for health-care epidemiology and infection
control departments in the new millennium.

Changing Spectrum of
Health-Care Delivery

In the 1970s and 1980s, the acute-care facility was the
center of the hospital infection and infection control universe
(1) (Figure 1). Most health care was delivered in the acute-
care setting, and outpatient, long-term, and home care were
relatively small, in number of facilities and patients. The

Qutpatierti
ambslpiory
Faeility

Agualn caro
Facility

Loy tanm Cana
Taallity

Figure 1. Health-care system of the past, 1970-1980
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growth of the U.S. gross domestic product (GDP) and the
proportion spent on health care reflect changes in health-care
delivery (Figure 2). From 1960 to 2000, the GDP grew nearly
15-fold, from approximately $526 billion to nearly $8,000
billion. At the same time, the proportion of the GDP expended
on health care increased 41% to approximately $1,120 billion.
This growth, together with the introduction of the prospective
payment plan based on diagnostic-related groups, led to
marked changes in hospitalization (Table 1). From 1975 to
1995, the number of hospitals decreased from 7,126 to 6,291,
the number of hospital beds decreased from 1.47 million to
1.08 million, patient admissions decreased by 5%, hospital
stay decreased by 36%, the average length of patient stay
decreased by 33%, and the number of inpatient surgical
procedures decreased by 27%. These trends have resulted in
fewer and smaller hospitals, more and larger intensive care
units, and greater severity of illness in the hospitalized
population. At the same time, reports of nursing shortages
and downsizing of infection control departments have been
increasing, despite the fact that nearly 2 million hospital-
acquired infections occur each year. Thus, the challenge for
infection control departments in acute-care settings will be to
focus surveillance activities on populations at high risk,
calculate risk-adjusted rates of hospital-acquired infection,
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Figure 2. Distribution of U.S. gross domestic product (GDP) and
proportion of GDP distributed as national health-care expenditures,

1960-2000. (Adapted from reference 5).
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Table 1. Changing epidemiology of health care in acute-care facilities

Year
Characteristic 1975 1995
Admissions 37,700,000 35,900,000
Patient-days 299,000,000 190,000,000
Length of stay 7.9 days 5.3 days
Inpatient surgical procedure 18,300,000 13,300,000

Adapted from reference 6 and unpublished data (CDC, Hospital
Infections Program)

and provide feedback to appropriate personnel so that
integrated prevention programs can be implemented and
interventions evaluated to ensure quality health care (2-4).

Effects of the Aging Population

Since 1950, the number of persons >65 years of age in the
United States has nearly tripled, from 12.2 million to 36
million. To accommodate this growth, the number of nursing
homes increased from 16,091 in 1986 to 17,208 in 1996, and
the number of beds in these facilities increased from 1.298
million to 1.839 million (Figure 3) (5). By 2035, the population
of persons 65 years of age will exceed 80 million. In 1997, 1.6
million persons lived in long-term care facilities; by 2005, this
figure will increase to an estimated 5 million. Since 3%-15% of
such patients acquire an infection in these facilities each year,
the 48,000 to 240,000 infections estimated to have occurred in
1997 will increase to an estimated 150,000 to 750,000 in 2005.

Challenges for infection control in long-term care
facilities include the following: First, many facilities have no
dedicated infection control personnel to conduct surveillance
and lead prevention, education, and intervention programs.
Second, uniform definitions and surveillance protocols are
needed for infections acquired in long-term care facilities.
Third, further studies are needed to determine the best
numerator (e.g., number of infections, colonization, positive
cultures, symptomatic or asymptomatic residents) and
denominator (e.g., number of residents, number of resident-
days, number of residents with a specific device or device-
days) to use for infection rate calculations to facilitate inter-
and intrafacility comparisons. Fourth, for many reasons,
including lack of availability of laboratory facilities, failure of
clinicians to order appropriate diagnostic work-ups, and
inadequate reimbursement for diagnostic testing for
infections, patients in long-term care facilities often are not
evaluated for infection when they are symptomatic. (Rather,
antimicrobial drugs are initiated on an empiric basis.) The
influence of this reduced testing on detection of infections
acquired in long-term care facilities needs to be assessed.
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Figure 3. Number of nursing homes and nursing-home beds in the
United States, 1976-1996. (Adapted from reference 5).
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Emergence of Home Health-Care Delivery

The fastest-growing segment of the health-care delivery
system has been the home health business. In 1988, the
Health Care Financing Administration expended approximate-
ly $2 billion for home health. By 1999, approximately $20 billion
was expended. Today, almost as many persons receive health
care in the home (an estimated 34 million annually) as in
acute-care settings.

Infection control in home-care settings poses the
following challenges: 1) Few home health-care companies
have dedicated infection control personnel. 2) No uniform
definitions of infection or protocols for infection surveillance
have been agreed upon. 3) Often health-care delivery in the
home is uncontrolled and may even be provided by family
members. 4) Health Care Financing Administration
reimbursement schedules largely determine policies on the
frequency of home health-care visits. 5) For some infection
rates, such as central venous catheter-associated bloodstream
infections, device-adjusted rates are needed for intra- and
interfacility and company comparisons. Who will collect these
data? How will the numerator (number of infections) be
captured when the data may come from various sources,
including the hospital, private physician offices, or private
laboratories? Often these data are not reported to the home
health-care company and thus may be very difficult to obtain.
Although collecting these data from a single home health-care
company is easier, many acute-care facilities contract with 10
to 20 home health-care companies and do not require in their
contracts that such data (numerator, denominator, or rates)
be provided. Thus, further studies are necessary to determine
the data critical for measuring the quality of home health-
care delivery and to identify which components of our
infection control programs are essential.

At least initially, home health care and other infection
control personnel should focus their efforts on high-risk
infections, e.g., urinary tract, bloodstream, pneumonia, or
skin and soft tissue infections. For specific infections, e.g.,
urinary tract and bloodstream infections, device-specific
infection rates should be calculated. Uniform definitions
applicable to home care, uniform surveillance protocols, and a
national nonpunitive reporting system should be established
so that rates can be compared.

Growth of Health Maintenance Organizations

Since 1976, managed care and health maintenance
organizations in the United States have grown explosively. In
1976, there were approximately 174 health maintenance
organizations in the United States (Figure 4) (5). By 2000,
that number had grown to >700. Concomitantly, the number
of persons enrolled in such plans increased from 6 million to
>75 million, and the percentage of the U.S. population
enrolled in such plans increased tenfold, from 2.8% to 29%.
Because managed-care organizations focus their efforts on
cost containment, the challenge for infection control
personnel will be to demonstrate to administrative personnel
that both quality care and cost containment are facilitated by
improving infection surveillance and control programs.

Outpatient and Ambulatory Care

From 1993 to 1996, the annual number of visits to
hospital outpatient clinics increased from 62.5 million to 67.1
million, the number of hospital emergency department visits
remained stable at approximately 90 million, and the number

Emerging Infectious Diseases
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Figure 4. Growth of health maintenance organization (HMO) plans, enrollees, and percent of U.S. population enrolled in HMOs, 1976-2000.

(Adapted from reference 5).

of physician office visits increased from 717 million to 734
million. Challenges for infection control personnel in
outpatient and ambulatory-care settings include determining
for which infections to conduct surveillance, what definitions
to use, who will conduct the surveillance, to whom the data
will be reported, and who will be responsible for
implementing the changes. Often infection control personnel
are not aware of what populations of patients are being seen
or what procedures are being performed in outpatient
settings. Furthermore, no systems are in place to collect the
needed numerators (infections or adverse events) and
denominators (e.g., number of patients with central venous
catheters being seen in the clinic) data. To collect the data for
these rate calculations, it will be necessary to identify
methods, including electronic databases, whereby such data
can be captured and used. Calculating infection or adverse
event rates in outpatients and reporting them to ambulatory
care and specialty personnel (e.g., the director of the oncology
clinic) will be useful for improving education programs for
health-care workers, as well as the quality of patient care.

Role of the Infection Control Professional

Infection control personnel play a critical role in
preventing infections and medical errors. They conduct
infection surveillance in acute-care facilities, apply standard
definitions and surveillance protocols, calculate infection
rates, report these data to essential personnel, implement
prevention interventions, and evaluate their impact. Most

Emerging Infectious Diseases

importantly, as the Study of the Efficacy of Infection Control
Programs (SENIC) has documented, the infection surveil-
lance and prevention efforts of these infection control
personnel are cost-effective (6).

Increasingly, infection control personnel have been
expanding their activities to include prevention of infection
and other adverse events in long-term care, home-care, and
outpatient settings. If we are to prevent infections and
other adverse events associated with the delivery of health
care in the entire spectrum of health-care settings, we will
need to expand the infection control departments in all
these settings (Figure 5).
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Figure 5. Model for comprehensive surveillance and prevention of
health-care associated adverse events in the United States.
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Conclusions

Over the past two decades, acute-care facilities have
become smaller and fewer, but the hospitalized patient
population has become more severely ill and more
immunocompromised and thus at greater risk for hospital-
acquired infections. At the same time, the proportion of the
U.S. population >65 years of age has increased, as have the
number of long-term care facilities and the number of beds in
these facilities. This trend is expected to continue for the next
50 years. Similarly, delivery of health care in the home has
become the most rapidly growing sector of the health-care
system. Currently, nearly as many patients are receiving care
in the home as in the inpatient setting. Provision of health
care in managed-care and outpatient and ambulatory-care
settings continues to expand. Thus, the spectrum of health-
care delivery in 2000 is larger than ever before. Because of the
severely ill and immunocompromised populations in these
settings, prevention of infections and other adverse events
is a major component of providing quality care.

In each of these settings, challenges need to be addressed.
In acute-care settings, where the responsibilities of infection
control departments already have markedly expanded (e.g.,
occupational health, prevention exposure to bloodborne
pathogens, prevention of Mycobacterium tuberculosis or
multidrug-resistant bacterial transmission, medical errors)
during the past 2 decades, emphasis will need to be on
conducting surveillance of populations at high risk,
calculating device-specific infection rates, and educating
health-care workers on infection control. In long-term care
facilities, infection control personnel need to establish
infection surveillance systems, determine baseline infection
rates for comparison, improve device and antimicrobial drug
use, and educate staff about prevention. In managed-care
settings, infection control personnel will need to expand their
efforts toward cost-effective infection surveillance and control
programs. In the outpatient and ambulatory setting, infection
control personnel will need to work with computer systems
and clinic personnel to design information systems to improve
collection of data about infections and other adverse events so
that rates can be calculated and trends monitored. Because of
their expertise in epidemiologic methods, infection control
personnel can assist infection control, quality assurance, and
medical error reduction programs in all these health-care
system components.
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Infection control personnel will need to expand their
efforts to match the expansion of the health-care delivery
system. Enhanced administrative support for programs to
prevent infections and medical errors will be needed if we are
to reduce the risk of infection and other adverse events and
improve the quality of care in the entire spectrum of health-
care delivery. Now, instead of the acute-care facility being the
center of the infection control universe, the infection control
department has become the center of the diverse health-care
delivery system. Infection control departments will need to
expand their surveillance of infections and adverse events
and their prevention efforts to all settings in which health
care is delivered.

Dr. Jarvis is associate director for program development, Division
of Healthcare Quality Promotion* (formerly Hospital Infections Pro-
gram), CDC, and president of the Society for Healthcare Epidemiology
of America (SHEA).

*proposed
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The Impact of Hospital-Acquired
Bloodstream Infections

Richard P. Wenzel and Michael B. Edmond
Medical College of Virginia, Virginia Commonwealth University, Richmond, Virginia, USA

Nosocomial bloodstream infections are a leading cause of death in the United States. If we assume a
nosocomial infection rate of 5%, of which 10% are bloodstream infections, and an attributable mortality rate
of 15%, bloodstream infections would represent the eighth leading cause of death in the United States.
Because most risk factors for dying after bacteremia or fungemia may not be changeable, prevention efforts
must focus on new infection-control technology and techniques.

Vital statistics outlining the major causes of death in a
population are an important measure of public health.
Ranking disease agents according to the number of deaths
they cause can be used for strategic planning and public
health resource allocation. In the United States, vital
statistics support efforts to control coronary artery disease,
cancer, cerebrovascular diseases, and infections (Table 1) (1).
A listing of causes of death, however, provides little insight on
how the diseases were acquired or managed or how they
might have been prevented. Infections acquired in the
hospital are an important cause of death, especially those
involving the bloodstream or lung (2).

Ifhospital infection and death occur at high rates, we can
examine the process of institutional care: access to infection
control personnel, systems for prevention and early
recognition, and early and appropriate therapy. With
improved care, improved outcome could be anticipated. We
explore the impact of hospital-acquired infections, with a
focus on bloodstream infections.

Baseline Data

Population-based surveillance studies of nosocomial
infections in U.S. hospitals indicate a 5% attack rate or
incidence of 5 infections per 1,000 patient-days (3-5). With the
advent of managed care and incentives for outpatient care,
hospitals have a concentrated population of seriously ill
patients, so rates of nosocomial infections are probably
correspondingly higher (6). For many larger institutions, the
nosocomial infection rate may be closer to 10%.

Table 1. Deaths and death rates in the United States, 1997 (1)

Crude
No. of death
deaths rate % of all
Cause of death (x 10%) (per 10°) deaths
Heart disease 725.8 271.2 31.4
Malignancies 537.4 200.8 23.2
Cerebrovascular disease 159.9 59.7 6.9
Pneumonia and influenza 88.4 33.0 3.8
Septicemia 22.6 8.4 0.97

Address for correspondence: Richard P. Wenzel, Department of
Internal Medicine, Medical College of Virginia, Virginia Common-
wealth University, Richmond, Virginia, USA: fax: 804-828-8100; e-
mail: rwenzel@hsc.vcu.edu
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If 35 million patients are admitted each year to the
approximately 7,000 acute-care institutions in the United
States, the number of nosocomial infections—assuming
overall attack rates of 2.5%, 5%, or 10%—would be 875,000,
1.75 million, or 3.5 million, respectively. If 10% of all hospital-
acquired infections involve the bloodstream, 87,500, 175,000,
or 350,000 patients acquire these life-threatening infections
each year.

Crude and Attributable Mortality Rates

The overall or crude rate of death does not distinguish the
contribution of the patients’ underlying diseases from the
contribution of bloodstream infections. Recent data from
the Surveillance and Control of Pathogens of Epidemiologic
Importance [SCOPE] surveillance system of nosocomial
bloodstream infections in U.S. hospitals identified a crude
mortality rate of 27% (7), with great variation by pathogen
(Figure 1).

The direct contribution of nosocomial infection, after the
contribution of the underlying illnesses is accounted for, is the
attributable mortality rate (8). For example, if a crude
mortality rate for nosocomial candidemia of 40% is assumed
(as in the SCOPE surveillance system [7]) and three-eighths
of the deaths are directly due to the underlying diseases (15%
of the 40%), the mortality rate attributable to candidemia
would be 25% (40%-15%). Thus, candidemia would contribute
five-eighths (25% of the 40%) of the crude mortality rate.
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Figure 1. Variation in mortality rate by organism causing nosocomial
bloodstream infection (7). The leading four organisms and crude
mortality rate are illustrated.
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Number of Deaths from Nosocomial Infections

Several assumptions may be examined simultaneously
regarding the attack rate and both crude and attributable
mortality rate estimates (Figure 2). By doing so, deaths
directly attributable to nosocomial bloodstream infections
can be calculated, with a range of very conservative to more
liberal estimates based on available data. For example, with
a hospital infection rate of 5%, of which 10% are bloodstream
infections, and an attributable mortality rate of 15%, 26,250
deaths can be directly linked to nosocomial bloodstream
infections. However, if a 20% attributable mortality rate is
assumed, the number of deaths is from 17,500 (with a 2.5%
nosocomial infection rate) to 70,000 (with a 10% total
nosocomial infection rate).

With various assumptions about total nosocomial
infection rates and attributable mortality rate, the ranking of
nosocomial bloodstream infections among leading causes of
death can be estimated (Figure 3). This ranking reflects the
total number of deaths compared with the reported numbers
of leading causes of death in the United States (1). From the
above estimates, if nosocomial bloodstream infections alone
were counted, they would represent the fourth to thirteenth
cause of death in the United States.

The impact of nosocomial bloodstream infections can also
be examined in terms of years of life lost. SCOPE (M. Edmond,
pers. comm.) indicates that the median age of patients dying
of nosocomial bloodstream infections is 57 years. If these
patients are 60 years of age, without bloodstream infection
they would have lived to age 70. This assumption is
reasonable since only attributable deaths are included in the
calculations (Figure 4). As an example, if the attributable
mortality rate is 20% and the total nosocomial infection rate
is 5%, the total number of years of life lost in the United States
would be 350,000 annually. If the attributable mortality rate
were only 10%, the number of years of life lost annually would
be 87,500 to 350,000, depending on the total infection rate.

30T 4 #7 #8
2R 25
s T #6 #7 #12
23 204
°® #6 #7 #12
£5 15T
£s #7 #8 #12
2 3
28 10T w7 #12 #13

5 -4

10% 5% 212 %
Total nosocomial infection rate
(assuming BSI - 10% total)

Figure 3. Leading causes of death are ranked according to
attributable mortality rate and compared with number of deaths
from leading causes in the United States (1).

Conclusions

The arguments above justify a major effort with
substantial resources for preventing and controlling serious
hospital-acquired infections. We suggest a quality assess-
ment approach for hospital-based programs of infection
control: structure, process, and outcome. The Study of the
Efficacy of Nosocomial Infection Control (SENIC), published
in 1985, showed that both structure (expertise) and process
(surveillance, feedback and protocols) predicted lower
infection rates (9). A subsequent analysis suggested that
infection control programs represented one of the most cost
effective of current public health efforts (10).

Access to improved infection-control technology is one of
the promises at the dawn of the 21st century. Another is
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improved handwashing compliance associated with more
attractive and accessible products. Two recent factors
influencing infection control are use of antibiotic-bonded
vascular catheters and access to alcohol hand-cleansing
materials that improve handwashing compliance. In a
multicenter study reported by Darouiche and colleagues,
bloodstream infections were significantly reduced when
patients received catheters bonded with rifampin and
minocycline (11). Estimates of nosocomial bloodstream
infections from the SCOPE database indicate that 70% occur
in patients with central venous catheters (12). Furthermore,
the study by Darouiche et al. showed that 90% of central
venous catheter-associated infections could be prevented by
antibiotic-bonded catheters. Assuming 200,000 total nosoco-
mial bloodstream infections of which 35% are attributable to
central venous catheters and assuming that 45% could be
prevented with a catheter bonded with minocycline and

rifampin, the number of lives saved according to varying
attributable mortality rate estimates would be 4,745 to 9,450
(Table 2).

In a study of handwashing compliance by Bishoff and
colleagues, handwashing frequency in a medical intensive-
care unit (ICU) increased with access to an alcohol-based
product (13). Previously, Doebbeling and colleagues showed
that medicated soap solutions were more popular than alcohol
preparations and thus were associated with reduced infection
in intensive care units (14). The study by Doebbeling et al.
showed that a 28% increase in handwashing frequency (with
a higher volume of use of antiseptic soap) resulted in a
substantial reduction in the rate of nosocomial bloodstream
infections of 56/10,000 ICU admissions, by 45% for the attack
rate and by 22% when incidence density was calculated (Table
3). In SCOPE, 49.4% of all nosocomial bloodstream infections
occurred in intensive-care units. However, if 25%-50% of all

Table 2. Central venous catheter technology and nosocomial bloodstream infections and deaths

Attributable Expected CVC?-related deaths No. of deaths remaining if new

mortality rate (%) from bloodstream infectionsP catheters prevent 45% of deaths No. of lives saved
15 10,500 5,755 4,745

20 14,000 7,700 6,300

25 17,500 9,625 7,875

30 21,000 11,550 9,450

aCVC = Central venous catheter.

bAssumptions in this analysis: 200,000 bloodstream infections/year, 35% attributed to CVCs, 45% prevented with antibiotic-bonded catheters.
Previous studies showed 175,000-350,000 nosocomial bloodstream infections/year, 70% of which were related to central venous catheters; 90%
of central venous catheter-related bloodstream infections prevented with antibiotic bonded catheters (11).

Table 3. Handwashing and nosocomial bloodstream infections and deaths

Attributable No. of lives saves if 25%
mortality rate (%) of BSI? occur in ICUsP

No. of lives saved if 50%

Expected deaths of BSI occur in ICUs

15 1,875 469 938
20 2,500 625 1,250
25 3,125 781 1,562
30 3,750 937 1,874

aBSI = Bloodstream infections; ICU = Intensive-care unit.
bAssumptions in this analysis: 50,000 (25%) or 100,000 (50%) of BSI occur in ICUs, and a 25% increase in handwashing prevented 25% of BSIs.
Known (14): In ICUs, a 28% increase in handwashing was related to a reduction of risk of BS1 of 56/10,000 ICU admissions, a reduced attack
rate of 45%, and a reduced incidence density rate of 22%.
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bloodstream infections occur in intensive-care units and a
25% increase in handwashing would prevent 25% of
bloodstream infections in ICUs, the number of lives saved
would be 469 to 1,874, depending on assumptions of
attributable death rate (Table 3). The emerging concept is
that increased handwashing frequency will result in an
improved outcome. Perhaps most striking is that in this
selected comparison of the impact of changes in technology
with changes in behavior, the former will likely be 5 to 10
times more effective, but at substantially increased cost.
Neither, however, is mutually exclusive, and both need to be
in place.

In summary, vital statistics list the major causes of death
yet give little insight into environmental risk factors for
disease or outcomes. Estimates of hospital-acquired
bloodstream infections derived from the attributable
mortality rate show the impact of the specific environment
where many life-threatening infections occur. By modifying
the institutional environment to improve hospital care and
infection control, the outcomes for patients will greatly
improve. Technological advances will likely have a greater
impact on health than theoretical advances in behavior, such
as improved handwashing frequency.

Dr. Wenzel is professor and chair of the department of internal
medicine, Medical College of Virginia, Virginia Commonwealth Univer-
sity, Richmond, VA.

Dr. Edmond is associate professor and associate chair for educa-
tion in the department of internal medicine, Medical College of Virginia,
Virginia Commonwealth University. He is also hospital epidemiologist
at the Medical College of Virginia Hospital.
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The Changing Epidemiology of
Staphylococcus aureus?

Henry F. Chambers
University of California San Francisco and San Francisco General Hospital,
San Francisco, California, USA

Strains of methicillin-resistant Staphylococcus aureus (MRSA), which had been largely confined to
hospitals and long-term care facilities, are emerging in the community. The changing epidemiology of MRSA
bears striking similarity to the emergence of penicillinase-mediated resistance in S. aureus decades ago.
Even though the origin (hospital or the community) of the emerging MRSA strains is not known, the
prevalence of these strains in the community seems likely to increase substantially.

Recent reports of strains of methicillin-resistant
Staphylococcus aureus (MRSA) isolated from children in the
community have led to speculation that the epidemiology of
S. aureus is changing (1-3). Epidemiologic features of the
cases described in these reports show a major departure from
features typically associated with MRSA colonization or
infection. Traditionally, MRSA infections have been acquired
almost exclusively in hospitals, long-term care facilities, or
similar institutional settings (4). Risk factors for MRSA
colonization or infection in the hospital include prior
antibiotic exposure, admission to an intensive care unit,
surgery, and exposure to an MRSA-colonized patient (4,5).

Humans are a natural reservoir for S. aureus, and
asymptomatic colonization is far more common than
infection. Colonization of the nasopharynx, perineum, or
skin, particularly if the cutaneous barrier has been disrupted
or damaged, may occur shortly after birth and may recur
anytime thereafter (6). Family members of a colonized infant
may also become colonized. Transmission occurs by direct
contact to a colonized carrier. Carriage rates are 25% to 50%;
higher rates than in the general population are observed in
injection drug wusers, persons with insulin-dependent
diabetes, patients with dermatologic conditions, patients
with long-term indwelling intravascular catheters, and
health-care workers (7). Young children tend to have higher
colonization rates, probably because of their frequent contact
with respiratory secretions (8,9). Colonization may be
transient or persistent and can last for years (10).

When cases of MRSA infection have been identified in the
community, a thorough investigation usually reveals a
history of recent hospitalization; close contact with a person
who has been hospitalized; or other risk factors, such as
previous antimicrobial-drug therapy (11,12). In the 1980-
1981 outbreak of community-acquired MRSA infections in
Detroit (13,14), approximately two thirds of the patients
affected were injection drug users. Previous antimicrobial
therapy was associated with infection by a strain of MRSA.
Recent hospitalization, defined as within 4 months (which
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may not have been long enough, given that hospital-acquired
MRSA colonization may last years [10]), was not a predictor of
MRSA infection in the drug users; however, the epidemic
strain had the same phage type as a strain of MRSA
responsible for an outbreak in a burn unit in Minnesota in
1976 (15). The source of the Detroit outbreak was not
identified. Frequent needle sharing was speculated to be the
mode of transmission in the community. In contrast to
infection in injection drug users, MRSA infection in nonusers
was strongly associated with recent hospitalization, which
suggests that drug users had become colonized during a
previous hospital admission. In turn, patients (and probably
health-care workers, who become colonized with MRSA as a
consequence of their exposure to colonized patients) in a
hospital or other health-care setting can then transmit MRSA
strains to close associates and family members by direct
contact.

Direct or indirect exposure to an institutional health-care
setting in which MRSA is likely to be found and other risk
factors typically associated with MRSA colonization are
strikingly absent from the recently described cases in which
MRSA seems to have been acquired from a community
reservoir. The antimicrobial susceptibility patterns observed
for these MRSA strains are further evidence of a possible
community origin. Unlike hospital strains, which typically
are resistant to multiple antibiotics and can be shown by
typing schemes to be related to other hospital strains, these
so-called community strains have tended to be susceptible to
other antibiotic classes and often are resistant only to beta-
lactam antibiotics (1,2,9). The lack or loss of resistance to
multiple antibiotics suggests a community origin because
antibiotic selective pressure is much lower within the
community than in hospitals, and the survival advantage of
multiple-drug resistance is lower. Typing by pulsed-field gel
electrophoresis (PFGE) also suggests that these strains are
distinctive.

Emergence of Penicillinase-Producing S. aureus
Whether their appearance in the community and their
susceptibility to antibiotics other than beta-lactams are
fundamental changes in MRSA epidemiology is debatable.
The epidemiology of MRSA and the factors driving resistance
bear strong similarities and parallels to those occurring with
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penicillin-resistant strains of S. aureus in the 1940s and
1950s. When Kirby’s first description of penicillinase-
producing strains of S. aureus was published in 1944 (16),
resistance was infrequently encountered, with only a handful
of strains available for study. As with MRSA, penicillinase-
producing strains first were isolated from hospitalized
patients (17). Community strains tended to be penicillin
susceptible. The prevalence of penicillinase-producing
strains of S. aureus within hospitals soon began to rise as
penicillin became readily available after World War II.
Within a few years, most hospital isolates were resistant to
penicillin (17). As was observed decades later with MRSA,
previous treatment with a beta-lactam antibiotic, in this case
penicillin, increased the chances of isolating a penicillin-
resistant strain. Colonization of hospital staff by penicillin-
resistant strains and their role in transmission also were
notable features of these early reports.

Although penicillinase-producing strains were univer-
sally present in hospitals by the early 1950s, community
isolates of S. aureus were considered to be largely penicillin
susceptible. Penicillin continued to be recommended as an
effective anti-staphylococcal agent as late as the early 1970s
(18). However, then as now, there was no systematic
surveillance for antibiotic resistance among S. aureus isolates
circulating within communities. The first comprehensive
description and accurate assessment of the epidemiology of
drug-resistant strains of S. aureus were published in 1969 by
Jessen et al. (19). Examination of more than 2,000 blood
culture isolates of S. aureus received at the Statens
Seruminstitut in Copenhagen for 1957 to 1966 for which
detailed information on the origin of infection (hospital or
community) was available confirmed a high prevalence of
penicillin resistance (85% to 90%) for hospital isolates of S.
aureus. Somewhat unexpected was that penicillinase-
producing strains were almost as common in the community,
with 65% to 70% of isolates resistant to penicillin. The
community-acquired isolates often were resistant only to
penicillin, whereas nosocomial strains typically were
resistant to multiple antibiotics.

By the 1970s, it was apparent that the high prevalence of
penicillin resistance among community isolates was not
limited to Denmark. A remarkably constant 70% to 85%
prevalence of penicillinase-producing strains was found
regardless of location in inner cities, suburbs, rural areas,
within and outside the United States (8,20,21). A population-
based study conducted in 1972 revealed that 47% of healthy
school-aged children under 10 years of age were carriers of
S. aureus and that 68% of colonizing strains were penicillin-
resistant (8).

Staphylococcal resistance was reported shortly after
penicillin was introduced, and within approximately 6 years,
25% of hospital strains were resistant (Table 1). One to two

Table 1. Time required for prevalence rates of resistance to reach 25%
in hospitals

Years Years

Year Years to until 25%  until 25%

drug report of rate in rate in
Drug introduced resistance hospitals community
Penicillin 1941 1-2 6 15-20
Vancomycin 1956 40 ? ?
Methicillin 1961 <1 25-30 40-50

(projected)
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decades later, 25% of community isolates were penicillin
resistant (22, 23). Although the rates are only approximate
because they are based on reports from numerous locations, a
clear correlation exists between the prevalence of penicillin-
resistant strains of S. aureus reported in hospitals and rates
in the community (Figure). The upswing in community rates
followed soon after nosocomial rates exceeded 40% to 50%,
and by the 1970s, the two rates were practically equal.

100
80 -
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40 A
20 -
0 - . - .
1940 1950 1960 1970

Years

% Resistant

Figure. Secular trends of approximate prevalence rates for
penicillinase-producing, methicillin-susceptible strains of Staphylo-
coccus aureus in hospitals (closed symbols) and the community (open
symbols).

Community-Acquired MRSA

In the past two decades, the prevalence of MRSA strains
has steadily increased in hospitals in the United States and
abroad. National Nosocomial Infections Surveillance (NNIS)
data collected by the Centers for Disease Control in the early
to mid-1980s indicated that MRSA was limited mainly to
relatively large urban medical centers and that rates were 5%
to 10%. Smaller, nonreferral centers were relatively free of
MRSA, with prevalence rates well below 5%. By the 1990s,
rates among these smaller (<200-bed) community hospitals
had increased to 20%, and twice that rate was found in the
larger urban centers. More recent surveillance data from
NNIS indicate that rates have continued to rise, with the
prevalence of MRSA isolates from intensive care units
approaching 50% by the end of 1998. Unless this upward
trend has reversed, the prevalence rate of MRSA in U.S.
hospitals likely has reached 50%. At these high rates, the
emergence of correspondingly high rates of MRSA strains in
the community can be anticipated. Because no systematic,
population-based surveillance of community isolates of
S. aureus exists, the true prevalence of MRSA cannot be
determined. One hospital-based study found that up to 40% of
MRSA infections in adults were acquired before admission to
the hospital (24). Published reports of MRSA colonization and
infection among study participants who lack traditional risk
factors indicate that community prevalence rates are rising.
For the period 1976 through 1990, a Medline search identified
10 articles in which key words “methicillin-resistant
Staphylococcus aureus” and “community” appeared in the
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title (Table 2). For the period 1991 through 1999, 39 articles
were identified; 29 were published from 1996 through 1999. A
community-based survey of injection drug users in the San
Francisco Bay area communities found that up to 35% of
S. aureus carriers harbored MRSA (Table 3).

In early reports, community isolates of MRSA had
affected persons with known risk factors for colonization
(contact with health-care facilities, previous antimicrobial
therapy), whereas more recent reports describe colonization
and transmission in populations lacking risk factors. A recent
study of methicillin-resistant S. aureus carriage in children
attending day-care centers is reminiscent of Ross’s survey of
healthy children colonized with penicillin-resistant S. aureus
strains two decades earlier (9). This survey of two day-care
centers in Dallas, Texas, each of which had an index case of
MRSA infection, revealed that 3% and 24% of children in the
respective centers were colonized. The isolates generally were
susceptible to multiple antibiotics, which is in contrast to the
typical, multiple-drug-resistant hospital isolate. Forty
percent of the children colonized had had no contact with a
health-care facility or a household member with such contact
within the previous 2 years, which suggests that sustained
transmission and colonization of MRSA in children were
occurring in the community. A study from Chicago found a 25-
fold increase in the number of children admitted to the
hospital with an MRSA infection who lacked an identifiable
risk factor for prior colonization (1). These MRSA strains, also
presumably transmitted and acquired in a community

Table 2. Estimated prevalence of methicillin-resistant Staphylococcus
aureus strains in U.S. hospitals and publications? pertaining to
community-acquired methicillin-resistant S. aureus

No. of No. of
articles articles
Hospital Total pertaining pertaining
prevalence no. of to to other
Years rate (%) of articles  children groups
1996-1999 40 29 8 3
(seniors,
rugby team,
wrestlers)
1991-1995 28 10 0 0
1986-1990 20 5 1 0
1981-1985 5 5 0 4
(addicts)
1976-1980 <5 0 0 0

a]dentified by Medline search.

Table 3. Outpatient population-based prevalence of Staphylococcus
aureus carriage and percentage of carriers with methicillin-resistant
(MRSA) strains among injection drug users

S. aureus

Carriers with

Location carriage (%) MRSA (%)
San Francisco
Western addition 25 16
Tenderloin 20 21
Mission 34 35
Bayview 23 12
East Bay
Oakland 18 12
Richmond 20 6
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setting, tended to be susceptible to multiple antibiotics. Two
examined strains had PFGE patterns that were distinct from
the common nosocomial isolates.

The deaths of four children from rural Minnesota and
North Dakota caused by infection with community-acquired
MRSA strains brought the problem to national attention in
1999 (2). These children, like those in the Chicago study,
lacked risk factors for MRSA infection. The infections were
caused by strains susceptible to several antibiotics, except
beta-lactams. The PFGE patterns of these strains indicated
that they were related to one another but differed from typical
nosocomial isolates circulating in local hospitals.

These reports of infection and colonization by strains of
MRSA in children provide compelling evidence that MRSA
strains, like penicillinase-producing strains almost 30 years
ago, have gained a foothold in the community and are
emerging as important outpatient pathogens. Based on the
experience with penicillin-resistant strains, prevalence of
MRSA among community isolates may be as high as 25%
within the next 5 to 10 years (Table 1).

Origins of Community-Acquired MRSA

The origins of these community-acquired strains are
subject to debate. One possibility is that they are feral
descendants of hospital isolates. If so, these isolates must
have undergone considerable change because they possess
distinctive PFGE patterns and have lost resistance to
multiple antibiotics. Another possibility is that the
community isolates arose as a consequence of horizontal
transfer of the methicillin-resistance determinant into a
formerly susceptible background. This possibility could also
account for the unique PFGE patterns and lack of resistance
to multiple drugs. In the case of penicillinase-mediated
resistance, dissemination of strains from the hospital and
horizontal transfer of the penicillinase gene into susceptible
recipient strains were both likely to have contributed to
emergence of penicillin-resistant strains in the community.
Penicillinase typically is plasmid encoded and can be readily
transferred by transduction or conjugation. These character-
istics account for methicillin-susceptible, penicillinase-
producing strains being genetically diverse and polyclonal.

Unlike plasmid-encoded penicillinase, the methicillin
resistance determinant, mec, is chromosomally encoded.
Horizontal transfer of mec is thought to be relatively rare;
only a handful of ancestral strains account for all clinical
isolates worldwide (25). Ribotyping (a genotyping scheme
that uses Southern blot analysis to identify DNA restriction
enzyme polymorphisms of the five to six ribosomal RNA genes
distributed throughout the S. aureus chromosome) and
cluster analysis indicate that mec has integrated into at least
three distinct methicillin-susceptible chromosomal back-
grounds, A, B, and C (26, 27). mec itself is polymorphic; three
types have been identified: I, II, and III. These polymorphs
differ in number of base pairs, genetic organization, number
of insertion sequences, and resistance determinants (Table 4).
All three mec types have been found integrated into ribotype
cluster A. Type Il mec has also integrated into cluster B and C
ribotype backgrounds. Thus, five distinct clones of MRSA
have been identified worldwide since the first strain was
isolated in the United Kingdom in 1961; even if more clones
were identified, the relatively low number pales in
comparison to the large number of distinct clones of
methicillin-susceptible clones.
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Table 4. Elements found within three types of mec-associated DNA

mec types

Genetic feature? 1 11 111
Size 32 kb 52 kb 60 kb
mecA + + +
mecR1-mecl - + +
ccrAB + + +
pUB110 - + -
1S431 (number) 1 2 4
Tn554 (number) 0 1 2
Tc, Hg resistance - - +

amecA = gene encoding PBP 2a, the penicillin-binding protein with
low binding affinity that mediates methicillin resistance; mecRI-
mecl = sensor-transducer and repressor genes that regulate
production of inducible PBP 2a; ccrAB = cassette chromosome
recombinases A and B that mobilize the mec element; pUB110 =
integrated plasmid that encodes tobramycin and kanamycin
resistance; IS431 = insertion sequence; Tn554 = erythromycin-
resistance encoding transposon; Tc¢ = tetracycline-resistance
determinant; Hg = mercury-resistance determinant.

Unlike the mechanisms responsible for horizontal
transfer of penicillinase resistance, the mechanism by which
mec might be mobilized and transferred had not been
understood until recently. Hiramatsu and co-workers have
identified two genes, ccrAB (cassette chromosome recombinase
genes A and B), which are homologous to DNA recombinases
of the invertase-resolvase family and can mobilize mec (28).
The proteins encoded by these genes catalyze precise excision
and precise site-specific and orientation-specific integration
of mec into the S. aureus chromosome. Thus, mec is somewhat
analogous to the pathogenicity islands found in gram-
negative bacilli, except that this locus encodes resistance
determinants instead of virulence factors. How an element as
large as mec is transferred from donor to recipient is not
known. Nevertheless, as the prevalence of MRSA strains has
increased, so has the abundance of mec DNA. Even though
transfer of mec occurs rarely, the chances that it might occur
have correspondingly increased. The community-acquired
strains could possibly have arisen as a consequence of one of
these rare transfers of mec from a nosocomial donor into a
susceptible recipient. With appropriate analysis of mec DNA
and the recipient chromosome, researchers should be able to
determine whether these newly identified community-
acquired strains are feral or freestanding. Regardless of the
origins, which are likely to become obscured as clones move
back and forth between hospital and community over time,
emergence of MRSA within the community is a major threat
with several important clinical implications: treatment
failure with accompanying complications or death may result
ifan antistaphylococcal beta-lactam antibiotic is used and the
infecting strain proves to be resistant; infections caused by
methicillin-resistant strains may be more difficult to manage
or more expensive to treat, perhaps because vancomycin is
inherently less efficacious (29-33); and the increasing
prevalence of MRSA will inevitably increase vancomycin use,
adding further to the problem of antibiotic-resistant gram-
positive bacteria.

Antimicrobial resistance to penicillin, methicillin, or
vancomycin is an unavoidable consequence of the selective
pressure of antibiotic exposure. Although the details of the
epidemiology of staphylococcal drug resistance may change,
the fundamental forces driving it are similar. The question is
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not whether resistance will occur, but how prevalent
resistance will become. Minimizing the antibiotic pressure
that favors the selection of resistant strains is essential to
controlling the emergence of these strains in the hospital and
the community, regardless of their origins.
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Emergence of
Vancomycin-Resistant Enterococci

Louis B. Rice
VA Medical Center and Case Western Reserve University School of Medicine, Cleveland, Ohio, USA

Vancomycin and ampicillin resistance in clinical Enterococcus faecium strains has developed in the
past decade. Failure to adhere to strict infection control to prevent the spread of these pathogens has been
well established. New data implicate the use of specific classes of antimicrobial agents in the spread of
vancomycin-resistant enterococci (VRE). Extended-spectrum cephalosporins and drugs with potent activity
against anaerobic bacteria may promote infection and colonization with VRE and may exert different effects
on the initial establishment and persistence of high-density colonization. Control of VRE will require better
understanding of the mechanisms by which different classes of drugs promote gastrointestinal colonization.

Enterococci are important nosocomial pathogens (1,2).
Their emergence in the past two decades is in many respects
attributable to their resistance to many commonly used
antimicrobial agents (aminoglycosides, aztreonam, cepha-
losporins, clindamycin, the semi-synthetic penicillins nafcillin
and oxacillin, and trimethoprim-sulfamethoxazole) (3). Expo-
sure to cephalosporins is a particularly important risk factor
for colonization and infection with enterococci (4-6). Thus, the
era in which safe and effective cephalosporins became widely
available has also been an era of enterococcal ascendance.

Ampicillin Resistance

Ampicillin is the therapy of choice for enterococcal
infections. Ampicillin MICs for Enterococcus faecalis, the
most commonly isolated enterococcal species from clinical
cultures, generally are 0.5 to 4.0 ng/mL, whereas for the less
commonly isolated E. faecium, MICs are 4 to 8 pg/mL.
E. faecalis and E. faecium account for >95% of enterococcal
isolates from clinical cultures. Low-level ampicillin resis-
tance in enterococci is attributable to the production of a low-
affinity penicillin-binding protein (PBP), PBP 5 (7). PBP 5s
have been identified in several enterococcal species. Those of
E. faecalis, E. faecium, and the closely related E. hirae
demonstrate <75% nucleic acid identity, but the fact that
antibodies raised against one bind to all three suggests
substantial structural similarity (8).

Increased ampicillin resistance in enterococci is
attributable to either the production of beta-lactamase or
alterations in the expression or structure of PBP 5. Beta-
lactamase production has been described almost exclusively
in E. faecalis and is attributable in most cases to the
acquisition of the Staphylococcus aureus beta-lactamase
operon (9-11). Beta-lactamase production occurs at a low level
in enterococci, conferring a minor increase in MIC at standard
inoculum. MIC increases more dramatically at high
inoculum, however, and animal studies suggest that
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expression of this determinant may affect the outcome of
endocarditis (12).

Ampicillin resistance resulting from changes in PBP 5 is
primarily a clinical problem in E. faecium. The first detailed
information about PBP 5-mediated ampicillin resistance
arose from several lines of investigation. Williamson et al.
noted that penicillin resistance expressed by E. faecium was
related to the amount and the affinity of PBP 5 (13). The
observation that enterococci could grow normally in penicillin
concentrations enough to saturate all the PBPs, except PBP 5,
suggested that PBP 5 was capable of carrying out all the
functions necessary for cell-wall synthesis. Eliopoulos et al.
derived a hypersusceptible mutant of a clinical E. faecium
strain and noted that it no longer produced detectable
amounts of PBP 5 (14). Subsequent studies confirmed that the
lack of PBP 5 expression in this mutant was due to loss of the
pbp5 gene (15). Fontana et al. described in vitro mutants of
E. hirae 9790 that expressed increased levels of resistance to
ampicillin (MIC 64 pg/mL) (16). These mutants were found to
produce increased quantities of PBP 5. In the initially
analyzed strain, increased PBP 5 production was associated
with a deletion within an upstream open reading frame that
was characterized as a penicillin-binding protein synthesis
repressor (psr) (17). A more recent study suggests that psr
may serve as a global regulator of cell-wall synthesis genes in
enterococci (18).

E. faecium strains expressing very high levels of
ampicillin resistance (MIC >128 pg/mL) emerged in U.S.
medical centers in the late 1980s (19). Molecular analysis of
these strains suggested that the increase was attributable to
mutations within the pbp5 gene, which decreased the binding
affinity of PBP 5 for ampicillin (20,21). One clinical study
associated colonization with ampicillin-resistant E. faecium
and prior therapy with extended-spectrum cephalosporins
(22).

During the late 1980s, the prevalence of methicillin-
resistant staphylococci was also increasing in U.S. hospitals
(1), resulting in increased use of vancomycin. The discovery
that antibiotic-associated diarrhea and pseudomembranous
colitis were due to Clostridium difficile further fueled
vancomycin use (23).
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Vancomycin Resistance

Vancomycin-resistant enterococci (VRE) were first
reported in 1986, nearly 30 years after vancomycin was
clinically introduced. The primary inciting factor was likely
the use of orally administered vancomycin for treating
antibiotic-associated diarrhea in hospitals. Vancomycin
resistance is conferred by one of two functionally similar
operons, VanA or VanB (Figure) (24). The VanA and VanB
operons are highly sophisticated resistance determinants,
which suggests that they evolved in other species and were
acquired by enterococci. The difference in the guanine-
cytosine (G-C) content of the genes of the VanB operon
(roughly 50% G-C) (25) in comparison to typical enterococcal
genes (35% to 40% G-C) (3) is compelling evidence for this
acquisition. The conditions that would favor substantial
colonization by naturally glycopeptide-resistant species
(probably streptomycetes) and persistence of enterococci
include high vancomycin concentrations in the gastrointesti-
nal tract. Substantially high levels of glycopeptides in the
gastrointestinal tract are achievable by oral administration,
since these agents are not absorbed, resulting in fecal
vancomycin concentrations high enough to favor colonization
with vancomycin-resistant streptomycetes, but not high
enough to kill the notably tolerant enterococcus. Hence, it is
reasonable to presume that oral administration of
glycopeptides to humans was a major factor in the emergence
of vancomycin resistance in enterococci. The European VRE
outbreak’s apparent origin in animals (who were fed oral
glycopeptides as growth promoters) further supports this
scenario.

6625 bp

vanSI vanR ’— vanX annY

Regulation Essential

vanA operon

vanH vanA

vanB operon IvanSBI vanRB l—lvanYBI vanW | “‘“EBI vanB }«an)u*

Figure. Comparison of arrangements of the VanA and VanB
glycopeptide resistance operons. Essential genes and those involved
in regulation of expression of the resistance determinant are marked.

Risk Factors for Multidrug-Resistant Enterococci

More than 95% of VRE recovered in the United States are
E. faecium; virtually all are resistant to high levels of
ampicillin. The phenotypic association of ampicillin and
vancomycin resistance is in some instances due to genetic
linkage. We reported transferable ampicillin and VanB-type
vancomycin resistance from E. faecium strains isolated in
northeast Ohio (26). Both pbp5 and the vanB operon were
located in the chromosome and linked as a result of the
insertion of a VanB transposon (Tn5382) immediately
downstream of pbp5 (15). Both determinants were located
within a larger mobile element that was able to transfer
between E. faecium strains. This larger transposon is widely
disseminated; it is found in clonally unrelated E. faecium
isolates from New York, Pennsylvania, Florida, Missouri,
Ohio, and Hawaii (27).
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E. faecium is less pathogenic than E. faecalis; in fact,
many VRE infections resolve without active antimicrobial-
drug therapy (28). However, in specific patient populations,
notably in liver transplant patients and patients with
hematologic malignancies, VRE cause serious and often fatal
disease (29,30). Therefore, it is well worth understanding the
factors that promote the emergence and spread of multidrug-
resistant VRE.

Frequently identified risk factors for VRE colonization
and infection include prolonged hospital stays, exposure to
intensive care units, transplants, hematologic malignancies,
and exposure to antibiotics (31). The epidemiology of VRE
spread in the hospital involves both person-to-person
transmission and selective antibiotic pressure. Very specific
practices designed to prevent the person-to-person spread of
VRE have been recommended by the Hospital Infection
Control Practices Advisory Committee to the Centers for
Disease Control and Prevention and are in place in many
hospitals (32). These measures include surveillance for
colonization, identification of colonized and infected patients,
isolation or cohorting of colonized persons, strict use of gloves
and gowns by people coming into contact with the patient,
thorough room cleaning after patient discharge, and efforts to
limit use of vancomycin in hospitals. In geographically
limited outbreaks caused by the dissemination of a single
VRE clone, these practices have successfully eliminated the
organisms from the hospital (33-35). In larger, more
disseminated outbreaks caused by several different VRE
clones, infection control measures and control of vancomycin
use have shown only limited efficacy, suggesting selection
pressure by antimicrobial drugs other than vancomycin
(36,37).

Antibiotics other than glycopeptides have been linked
with increased risk for colonization and infection with VRE,
most prominently, the extended-spectrum cephalosporins
and antibiotics with potent activity against anaerobic
bacteria (26,31,38,39). These associations have been noted in
retrospective, uncontrolled studies.

Nonglycopeptide Antibiotics and VRE

Are there compelling reasons to believe that cephalospor-
ins or antibiotics with potent activity against anaerobic
bacteria increase risk for VRE? Early studies reported VRE
strains in which exposure to vancomycin increased the
susceptibility to beta-lactams (40). It was hypothesized that
PBP 5 was unable to process peptidoglycan precursors
terminating in D-lactate. Therefore, expression of vancomy-
cin resistance, whose mechanism in both VanA and VanB
strains involves the substitution of D-lactate for D-alanine at
the terminus of the pentapeptide precursors, would need to
involve other PBPs in cell-wall synthesis. These other PBPs
would be susceptible to beta-lactams, including cephalospor-
ins. However, mutants resistant to synergism are relatively
easy to select in vitro, and strains resistant to such synergism
are commonly found in the clinical setting (41).

The cephalosporin association may be related to the fact
that virtually all VRE in the United States express high-level
ampicillin resistance. The high-level ampicillin-resistant
strains express even higher degrees of resistance to extended-
spectrum cephalosporins (>10,000 png/mL) (26). The concen-
trations of cephalosporins achievable in bile (as high as 5,000
pg/mL for ceftriaxone) (42-44) can inhibit or kill virtually all
upper gastrointestinal bacterial flora, except for VRE. On the
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other hand, antienterococcal penicillins such as piperacillin,
which appear to be protective against VRE in some clinical
studies, achieve biliary concentrations in excess of
1,000 pg/mL in human bile after standard doses (45). These
concentrations exceed the MIC of most VRE for piperacillin
(256 to 1024 pg/mL). It is therefore within reason that the
potentially protective effect observed with piperacillin is
explainable by its direct inhibition of VRE in the upper
gastrointestinal tract.

We tested this hypothesis in an animal model in which
subcutaneous doses of different antimicrobial agents were
administered to mice for 2 days, followed by intragastric
injection of small numbers (ca. 100 CFU) of a highly
ampicillin-resistant VRE strain B E. faecium C68 (46). Stool
samples were subsequently collected over a 2- to 3-week
period to determine whether high-level VRE colonization was
established. In this model, subcutaneous administration of
piperacillin-tazobactam was found to protect against high-
level VRE colonization, whereas ceftriaxone and ticarcillin-
clavulanic acid (with antienterococcal activity equivalent to
the cephalosporins) promoted high-level VRE colonization
(Table 1). These results are consistent with a model in which
piperacillin is protective because of direct inhibition of VRE in
the upper gastrointestinal tract, whereas ceftriaxone and
ticarcillin promote colonization because they inhibit
everything but VRE, thereby permitting high-level coloniza-
tion.

Table 1. Pretreatment with antibiotics and vancomycin-resistant
enterococci (VRE) colonization after gastric administration of 102 CFU
vancomycin and ampicillin-resistant Enterococcus faecium C68 (46)

Approximate logio CFU VRE/g stool

Day3 Day6 Day9 Dayl13 Day16
Saline 2 2.5 3 2.5 2.5
Piperacillin- 2 2 2 2 2
tazobactam
Ticarcillin- >9 >9 8.2 6.8 6.8
clavulanic acid
Ceftriaxone >9 8.8 8.4 7.2 6

A direct activity of antianaerobic antibiotics against VRE
is more difficult to understand, since some of these antibiotics
are among the most active antienterococcal agents
(ampicillin-sulbactam, piperacillin-tazobactam), and most of
the extended-spectrum cephalosporins have relatively weak
activity against anaerobes. Conceivably, however, these
antibiotics exhibit potent activity against species that
successfully compete with enterococci for colonization of the
gastrointestinal tract, thereby promoting persistence of high-
level VRE colonization once it is successfully established. We
tested this hypothesis in a separate animal model in which
high-level VRE colonization was established by intragastric
injection of 106 CFU of C68 after administration of oral
vancomycin (47). This technique established colonization of
mouse stool with 10° CFU of VRE in all animals. When oral
vancomycin was discontinued, colonization levels declined at
a regular and predictable rate; most animals had no
detectable colonization after 3 weeks. We tested the effects of
subcutaneous administration of different antibiotics on the
persistence of high-level VRE colonization (Table 2).
Vancomycin and antibiotics with potent activity against
anaerobic bacteria (ampicillin-sulbactam, cefoxitin,
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Table 2. Antibiotic treatment and persistence of high-level colonization
with vancomycin and ampicillin-resistant Enterococcus faecium C68
(47)

Approximate logio CFU VRE/g stool?
Day 0 Day 4-5 Day 9-10 Day 14-15 Day 19-20

Saline 9.5 8.3 6 3.8 3.5

Vancomycin (SQ) >9 >9 >9 >9 >9

Vancomycin (oral) >9 >9 >9 >9 >9

Antibiotics with potent antianaerobic activity

Piperacillin- >9 >9 >9 >9 >9
tazobactam

Ticarcillin- >9 >9 >9 >9 >9
clavulanic acid

Clindamycin >9 >9 >9 >9 >9

Cefotetan >9 >9 8.8 7.8 8

Metronidazole >9 >9 >9 >9 >9

Ampicillin >9 >9 8 7.2 7

Ampicillin- >9 >9 >9 7.8 7.7
sulbactam

Antibiotics with relatively poor activity against anaerobic bacteria

Cefepime >9 >9 6.2 5 4.8

Ceftriaxone >9 8.8 8.4 7.2 6

Aztreonam >9 9 4.3 4.2 3.8

Ciprofloxacin >9 8.8 6 5.2 5

aVRE = vancomycin-resistant enterococci; SQ = subcutaneous.

clindamycin, metronidazole, piperacillin-tazobactam, and
ticarcillin-clavulanic acid) promoted persistence of high-level
VRE colonization, even though some had excellent activity
against enterococci and had been shown to prevent VRE
colonization in the other model (see above). In contrast,
antibiotics with relatively poor antianaerobic activity
(aztreonam, cefepime, ceftriaxone, ciprofloxacin) did not
promote high-level colonization.

Antibiotics and VRE Colonization and Infection

The above results suggest a model for antibiotic influence
on the spread of VRE. Commonly used antibiotics that
achieve high gastrointestinal concentrations but are inactive
against enterococci, such as the cephalosporins, ticarcillin,
and perhaps vancomycin, favor colonization with high levels
of VRE in the stool. Antibiotics active against anaerobic
bacteria, which are the primary competitors of enterococci for
colonizing the gastrointestinal tract, favor the persistence of
high levels of VRE in stool but may or may not (depending on
their intrinsic antienterococcal activity) favor colonization in
uncolonized patients. Antibiotics that meet both criteria, such
as ticarcillin-clavulanic acid, should be particularly
associated with VRE. In a citywide analysis of hospitals in the
greater Cleveland area, the use of ticarcillin-clavulanic acid
was associated with higher hospital rates of clinical VRE (26).
A positive, although not statistically significant, association
was noted for extended-spectrum cephalosporins, while a
negative but statistically insignificant association was noted
for the combination of ampicillin, ampicillin-sulbactam,
piperacillin, and piperacillin-tazobactam.

The frequent association of cephalosporins with VRE
colonization and the failure to associate piperacillin-
tazobactam with VRE suggest that the most important
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driving force for the emergence and spread of these organisms
within institutions may be the predilection for establishing
new colonizations. This is not to say that antimicrobial agents
that promote persistence of high-level colonization will not be
important for promoting VRE outbreaks, but that this effect is
less pronounced if high-volume use of cephalosporins (or
ticarcillin-clavulanic acid) does not create receptive new
environments for establishing new colonization.

These data also suggest that refined strategies can be
developed to limit the emergence and spread of VRE within
hospitals. Commitment to serious infection control practices
and limitation of vancomycin use must remain the
cornerstones of any successful strategy. However, it is
possible to envision settings where surveillance-culturing
systems are taken seriously and patients who are colonized
with VRE are routinely identified. In such settings, the choice
of which empiric antibiotic to administer for a presumed
nosocomial infection would be affected by the colonization
status of the patient. In patients known to be colonized with
VRE, broad-spectrum agents that lack significant activity
against anaerobes (such as extended-spectrum cephalospor-
ins of fluoroquinolones) would be preferred, on the
assumption that potent anaerobic activity would not be
required for treating the infection. If the patient is not
colonized with VRE, administration of a potent
antienterococcal broad-spectrum agent such as piperacillin-
tazobactam may be preferred. In this manner, both the
establishment of new colonization and the level of
colonization of those already colonized could be minimized.

Conclusions

Multidrug-resistant enterococci continue to pose prob-
lems in U.S. medical centers. The best available evidence
suggests that the emergence and spread of these pathogens
are promoted by poor infection control techniques and by
antibiotic selective pressure. Antibiotic selective pressure
favoring the emergence and spread of VRE may involve more
than simply the extent of vancomycin use. Specifically,
extended-spectrum cephalosporins and similarly active beta-
lactams and drugs with potent activity against anaerobes
appear to predispose to VRE colonization and infection. On
one hand, data from animal models suggest that the
cephalosporins predispose to establishment of VRE coloniza-
tion through their potent activity against many bacteria and
essential lack of activity against ampicillin-resistant
enterococci. On the other hand, antianaerobic antibiotics
appear to favor persistence of high levels of VRE colonization
through their activity against competing flora. A more detailed
understanding of the impact of different antibiotics on the upper
and lower gastrointestinal flora will be an important step in
controlling the emergence and spread of VRE.

Dr. Rice is chief of the medical service at the Louis Stokes Cleve-
land Veterans Administration Medical Center, vice chairman of the de-
partment of medicine at University Hospitals of Cleveland, and profes-
sor of medicine at Case Western Reserve University. His primary re-
search interests are in the mechanisms of antimicrobial resistance and
resistance transfer in enterococci and the evolution of extended-spec-
trum beta-lactamases in gram-negative bacilli.
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Controlling Antimicrobial Resistance
in Hospitals: Infection Control and
Use of Antibiotics

Robert A. Weinstein
Cook County Hospital and Rush Medical College, Chicago, Illinois, USA

Antimicrobial-drug resistance in hospitals is driven by failures of hospital hygiene, selective pressures
created by overuse of antibiotics, and mobile genetic elements that can encode bacterial resistance
mechanisms. Attention to hand hygiene is constrained by the time it takes to wash hands and by the adverse
effects of repeated handwashing on the skin. Alcohol-based hand rubs can overcome the time problem and
actually improve skin condition. Universal glove use could close gaps left by incomplete adherence to hand
hygiene. Various interventions have been described to improve antibiotic use. The most effective have been
programs restricting use of antibiotics and computer-based order forms for health providers.

The forces that drive antimicrobial-drug resistance
(failures of hospital hygiene, selective pressures created by
overuse of antibiotics, and mobile genetic elements that can
encode bacterial resistance mechanisms) have been discussed
at length (1-4). Despite this extensive knowledge base,
exhortations about resistance, and formal control guidelines
(5), drug resistance has continued to emerge, especially in
intensive care units (ICUs) (Figure 1).
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Note: S. aureus = Staphylococcus aureus; CNS =
coagulase-negative staphylococci; 3rd Ceph =
reistance to third-generation cephalosporins (ceftri-
axone, cefotaxime, or ceftazidime); P. aeruginosa =
Pseudomonas aeruginosa; Quinolone = resistant to
either ciprofloxacin or ofloxacin.

*Percentage (%) increase in resistance rate of
current period (January-December 1999) compared
7 = Quinolone/P. aeruginosa to mean rate of resistance over previous 5 years
8 = 3rd Ceph/P. aeruginosa (1994 through 1998): [(1999 rate - previous 5-year

9 = 3rd Ceph/ Enterobacter spp. mean_rate)lprevious 5-year mean ra_le] X 100. )
**Resistance for Escherichia coli or Klebsiella

pneumonia is the rate of nonsusceptibility of these
organisms to either 3rd Ceph group or aztreonam.

1 = Vancomycin/enterocci

2 = Methicillin/S. aureus

3 = Methicillin/CNS

4 = 3rd Ceph/E. coli**

5 = 3rd Ceph/K. pneumoniae**
6 = Imipenem/P. aeruginosa

Figure 1. Rates of resistance in nosocomial infections reported in ICU
patients, National Nosocomial Infections Surveillance System, CDC.
Comparison of data from January-December 1999 with historical data.
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In a survey in four U.S. medical centers (a public hospital,
a community hospital, a long-term care facility, and a
university hospital), 85% of 424 physicians noted that
antimicrobial-drug resistance was a major national problem,;
55% thought that resistance was an issue for their patients
(6). At the root of the resistance problem are health-care
workers, who, although generally willing to do the right thing
to control antimicrobial-drug resistance, undervalue the
problem, do not know what the “right thing” is, or need an
easier way to do it. This review summarizes a “facilitated right
thing” approach to the problems of failed hygiene and antibiotic
pressures.

Hand Hygiene

In a recent survey of physicians (6), 45% considered poor
handwashing practices an important cause of antimicrobial-
drug resistance in hospitals, perhaps a reflection of health-
care workers’ markedly inflated view of their attention to
hand hygiene (Table 1) (7). In fact, in most surveys of
handwashing adherence, in various patient-care settings,
personnel have practiced appropriate hand hygiene in only
25% to 50% of opportunities. As we pass the sesquicentennial
of Semmelweis’ seminal observations on the importance of
hand hygiene in reducing the incidence of nosocomial
childbed fever, why does handwashing remain the most
breached infection control measure in hospitals? Two
frequently cited reasons are the large time commitment (up to

Table 1. Hospital personnel self-reported and observed handwashing
rates?

Handwashing after
patient contact

N (%)

Self-reported rate (n=123) 104 (85)

Estimate of co-workers’ 63 (51)
rate (n=123)

Observed rate (n=173) 48 (28)

aFrom Chicago Antimicrobial Resistance Project and from data
adapted from Vernon et al. (7).
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90 minutes per work shift if performed as recommended by
the Centers for Disease Control and Prevention [CDC]) and
the adverse effects of repeated handwashing on the skin (8).

Alcohol-Based Hand Rubs

If given a choice of changing human behavior (e.g.,
improving attention to hygiene and asepsis) or designing a
technologically foolproof device to control infections, go for the
device. For hand hygiene, we have the opportunity to fulfill
the infection control “prime directive”: use technologic
advances to improve behavior. How? Alcohol-based sinkless
hand rubs (Table 2) can overcome the time problems of
handwashing (9) and actually improve skin condition (10).
Handwashing requires approximately 45 to 90 seconds to
access and use a sink with running water, soap, and hand-
drying facilities; an alcohol-based hand rub can degerm hands
in less than 30 seconds and enhance killing of transient hand
flora.

Although use of alcohol for handwashing or scrubbing is
perceived as leading to dry skin, use of alcohol hand rubs,
without rinsing, is beneficial to skin, presumably because the
protective fats and oils remain on the hands as the alcohol
dries and because alcohol rubs contain emollients. In a study
comparing an alcohol gel hand rub to soap and water
handwashing, Boyce et al. reported that health-care workers
found that alcohol hand rub causes less skin dryness, is
accessible and convenient to use, and has a pleasant odor.
After the study, 92% of test participants agreed to use the
hand rub routinely (11).

Table 2. Potential benefits of alcohol-based sinkless hand degerming
agents

Soap and water

handwashing Alcohol hand rub
Time required 30-120 seconds 10-30 seconds
Efficacy in Good to Excellent
degerming very good
Acceptance by Historically poor Good to excellent
personnel

Colonization Pressure and Universal Glove use

While alcohol-based hand rubs appear promising,
maintaining adherence may require ongoing educational
reenforcement, compliance monitoring, and feedback to
personnel. With such aggressive campaigns, hand hygiene
rates of 60% to 80% can be achieved. But is this enough? For
uncommon pathogens that may colonize or infect only a small
proportion of patients, indirect patient-to-patient cross-
transmission by the hands of health-care workers may be
interrupted readily by such adherence rates. However, when
“colonization pressure” is greater because of a large number of
colonized patients, such rates may not be sufficient. For
example, when 30% to 50% of patients are colonized with
vancomycin-resistant enterococci (VRE), even occasional
lapses in hand hygiene may be enough to sustain cross-
transmission (Figure 2) (12,13).

A “belt and suspenders” approach to the colonization
pressure dilemma has been to encourage use of disposable
examination gloves during contacts with patients and their
environment (2,14,15). In one study, the rate of nosocomial
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Figure 2. Median number of days until acquisition of VRE in a
medical ICU; prevalence of VRE (“colonization pressure”) exerted a
greater effect on acquisition than did antibiotic use, i.e., time to
acquisition of VRE was shorter with high colonization pressure and
low antibiotic use than with the converse conditions (13).

Clostridium difficile-associated diarrhea was threefold lower
on “universal glove use” wards than on control wards (16). In
a study of VRE, 39% of personnel had contamination of
examination gloves by VRE after even brief contact with
infected or colonized patients; personnel hand contamination
was reduced 71% by use of gloves (17). Because even intact
upper body skin may be colonized by resistant bacteria such
as VRE (18) and environmental contamination by VRE is
common (19), we recommend that disposable examination
gloves be worn for all contact, even with intact skin or the
environment of at-risk patients. Gloves must be changed and
hands disinfected by an alcohol hand rub between patients,
because gloves are not a total barrier (17,20). In one
observational study of universal glove use, 96% of gloved
personnel removed gloves after leaving the patient’s room
(21). In that study, personnel cited a marked preference for
universal glove use over traditional contact precautions.

Because of the huge resistance iceberg (Figure 3), with as
many as 5 to 10 patients colonized with resistant bacteria for
every patient known to be infected, universal glove use may be
a more preferable infection control strategy than contact
precautions, which are applied only to the tip of the iceberg.
With universal glove use, gowning of personnel is
recommended only for self-protection, e.g., from blood and
body fluid exposures. In a study of the epidemiology and
control of VRE in a medical ICU and in a study of control of
VRE, methicillin-resistant Staphylococcus aureus, and
ceftazidime-resistant Escherichia coli and Klebsiella
pneumoniae, gowns did not add value to universal glove use
(21,22). However, gowns may be of value for motivation (they
have increased compliance in some studies) (22), in outbreak
control (23), or in some heavily contaminated environments
such as burn units.

Prescription of Antibiotics

Antibiotic pressures may be more amenable to
intervention than hygiene practices. Prescribers want to do
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Figure 3. The dynamics of nosocomial resistance. Resistance iceberg
floating in an epicenter (2).

the right thing but may not always remember recommenda-
tions. Even though most health-care workers see inappropri-
ate use of antibiotics as an important cause of drug resistance,
many consider use of broader-spectrum antibiotics for longer
periods the way to stamp out resistant bacteria (6).

To simplify prescription of antibiotics, most hospitals use
“closed” formularies that limit prescribing options, often
based on competitive bidding, to one or two drugs per
antibiotic class. Clinical guidelines have become popular,
especially for common infections, such as community-
acquired pneumonia. Such guidelines may improve antibiotic
use, especially if results are audited, and feedback is provided
to prescribers. Use of order forms (24) and concurrent
feedback to prescribers or next-day review of antibiotic
appropriateness (25) also can improve prescriptions. The
most effective antibiotic interventions have been restriction
programs and computer-based order forms (so-called
provider-order entries).

Restrictions to Use of Antibiotics

Restricting use of antibiotics has been especially effective
in reducing cost and excess empiric use of broad-spectrum
drugs (26). In one large study of the effect of prior
authorization for selected drugs, a 32% decrease in
expenditure for parenteral antibiotics was accompanied by
increased susceptibility of bacterial isolates to beta-lactam
and quinolone antibiotics. There were no adverse effects on
clinical outcomes as measured by time to receipt of appropriate
antibiotics, survival, and discharge from hospital for patients
with bacteremia caused by gram-negative bacilli (27).

Computer Order Entry

Computer-based order entry for medical providers uses
technology to direct and improve prescription behavior and
thus fulfills the infection control prime directive (28). Order
entry systems for antibiotics (and other drugs) provide simple
messages to prescribers, such as the hospital’s suggested
indications for, or the local resistance patterns of, a selected
antibiotic. More sophisticated systems integrate results of
microbiology and other laboratory tests into decision-support
algorithms (29). Because they provide prescribing informa-
tion when it is needed, in a neutral, nonjudgmental, fact-
based format, computer order forms are efficient and well
accepted and can change prescribing behavior dramatically,
almost overnight.
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Rotating Use of Antibiotics

The most recent intervention in antibiotic prescribing
has been renewed interest in rotating use, or cycling, of
antibiotics (30). Over 20 years ago, in a series of studies at the
Minneapolis Veterans’ Administration Hospital, the substi-
tution of amikacin for gentamicin and tobramycin as the
aminoglycoside of choice produced sustained decreases in the
prevalence of aminoglycoside-resistant gram-negative bacilli
(31). The higher serum levels of amikacin, and the infrequent
appearance in U.S. hospitals of amikacin-modifying enzymes
that could confer amikacin resistance in gram-negative bacilli,
were the underpinnings of the success of this strategy.

The more recent reports on cycling describe replacement
(or switch) therapy for empiric antibiotic choices (30,32-34).
Replacing ceftazidime with ciprofloxacin for empiric
treatment of suspected gram-negative bacterial infections in
a cardiac surgery ICU was associated with decreased
incidence of ventilator-associated pneumonia and bacteremia
caused by antibiotic-resistant gram-negative bacilli (33). In
another hospital, use of beta-lactam/beta-lactamase inhibitor
combinations to replace use of third-generation cephalospor-
ins and clindamycin was associated with decreased rates of
colonization by VRE (34); a follow-up study reported that
these formulary manipulations were associated with decreasing
numbers of patients from whom methicillin-resistant S. aureus
and ceftazidime-resistant K. pneumoniae were cultured but
increased rates of resistant Acinetobacter (35). Rotating use of
fourth-generation cephalosporins, quinolones, carbapenems,
and beta-lactam/beta-lactamase inhibitor combinations is
being studied in several hospital ICUs.

Cycling of antibiotics is most likely to be effective for
limited periods in closed environments, such as ICUs, but this
approach requires careful microbiologic monitoring because
of the monotonic selective pressure of a single agent and the
possible emergence of resistance to unrelated classes of drugs
caused by genetic linkage of resistance mechanisms (30,36).
As the size of the patient population under study increases,
availability of various classes of drugs may be more effective at
reducing the risk of emergence of resistance and may be a better
strategy than cycling (37).

Conclusions

Control of antibiotic resistance requires aggressive
implementation of several strategies (2): ongoing surveillance
of resistance; molecular typing of isolates, usually using
pulsed-field gel electrophoresis (38,39) when rates of
resistance increase; using hygiene controls to limit spread of
single (clonal) strains and antibiotic controls to limit spread of
multiple (polyclonal) strains of resistant bacteria; and
enlisting administrative support. Monitoring adherence of
health-care workers to control measures and feedback of
individual and ward rates of hygiene adherence and antibiotic
resistance are central components of health-care worker
education and motivation. Mathematical modeling has been
used to judge the value of infection control activities. In these
calculations, screening and cohorting of infected and
colonized patients are the most effective control measures
(11), although creating and maintaining cohorts are often
logistically and technically difficult.

Current infection control strategies are aimed at the
hygiene and antimicrobial engines that drive resistance. To
ulfill the infection control prime directive, we must harness
technology to improve and direct adherence to these
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strategies. Future approaches may control or eliminate the
bacterial events that underlie evolution of resistance.

Dr. Weinstein is chair, Division of Infectious Diseases, Cook County

Hospital; director of Infectious Disease Services for the Cook County
Bureau of Health Services; and professor of medicine, Rush Medical
College. He also oversees the CORE Center for the Prevention, Care
and Research of Infectious Disease and directs the Cook County Hospi-
tal component of the Rush/Cook County Infectious Disease Fellowship
Program. His areas of research include nosocomial infections (particu-
larly the epidemiology and control of antimicrobial resistance and infec-
tions in intensive care units) and health-care outcomes for patients with
HIV/AIDS.
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The Evaluation of Processes and Indicators in Infection Control (EPIC) study assesses the relationship
between hospital care and rates of central venous catheter-associated primary bacteremia in 54 intensive-
care units (ICUs) in the United States and 14 other countries. Using ICU rather than the patient as the primary
unit of statistical analysis permits evaluation of factors that vary at the ICU level. The design of EPIC can
serve as atemplate for studies investigating the relationship between process and event rates across health-

care institutions.

Comparing Clinical Performance

Health-care organizations are increasingly expected to
provide clinical outcomes data as measures of clinical quality
to accrediting bodies, purchasers, and the public, under the
premise that outcome variations indicate quality differences
across organizations. Variation in clinical performance can
result from variation in any number of factors, some relevant
to improving the quality of care but many not. The best-
studied source of variation in clinical performance measures
is patient characteristics. Hospitals differ widely in the
severity of illness and extent of coexisting illnesses in their
patients, and much research has been devoted to developing
risk adjustment methods to permit interhospital comparisons
not confounded by patient characteristics (1). Hospitals also
differ in methods of data abstraction and data management
(2). Even subtle differences in definitions can introduce
measurable variation in clinical performance(3).

Variations in patients, data collection, and definitions
distract from collecting comparative data for quality
improvement. To be useful, an indicator must be linked to

Address for correspondence: Stephen B. Kritchevsky, Department of
Preventive Medicine, University of Tennessee, Memphis, 66 N.
Pauline, Suite 633, Memphis, TN 38105; fax: 901-448-7641; e-mail:
skritchevsky@utmem.edu

variations in the processes of care provided since these
processes are within the scope of control of the health-care
organization. Furthermore, the “signal” must be separable
from the “noise” of extraneous variation. Despite pressure to
collect and disseminate clinical performance data as
instruments of quality improvement, relatively little research
has been done to establish their validity by demonstrating an
association with process differences between hospitals.

In 1993, the Society for Healthcare Epidemiology of
America (SHEA) responded to a growing concern among its
membership about the sudden increase in the use of clinical
performance comparisons to measure quality of health care.
At the same time, the Joint Commission on Accreditation of
Healthcare Organizations announced a plan to require all
hospitals to collect an identical set of comparative indicators
as part of its Agenda for Change Initiative. In 1994, the Joint
Commission and SHEA formed a collaboration called the
Project to Monitor Indicators (4) to foster the science of
comparative indicators for the benefit of both organizations
and the health-care community. The initial demonstration
project, called the Comparison of Hospital Performance
Indicators, was completed in 1997 (3). The second project,
which is nearing completion, is called Evaluation of Processes
and Indicators in Infection Control (EPIC). EPIC’s area of
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focus is Dbloodstream infections, specifically those in
intensive-care unit (ICU) patients.

Because hospital epidemiology is a mature discipline,
infection control indicators offer excellent opportunities to
demonstrate how processes of care relate to infectious disease
outcomes. Hospital epidemiology has long addressed surveil-
lance techniques, disease definitions, patient risk factors, and

process factors that may influence disease rates (5-7).

EPIC Study Design

EPIC is two investigations under one name. The first
investigation is designed to answer the following question: do
the relative rankings of hospitals change, with indicators of
bloodstream infection used for comparison? The design is
relatively straightforward. With the assistance of the Centers
for Disease Control and Prevention’s Hospital Infections
Program, the project identified six vendors offering different
bloodstream infection indicators. A sample of 36 hospitals is
collecting the data necessary to calculate these six indicators.
When completed, the relative rankings of the hospitals across
the set of indicators will be compared. The second
investigation is designed to answer the following question:
can variation in hospital care process explain variation in
bloodstream infection rates across a sample of ICUs? The
design for answering this question differs considerably from
traditional epidemiologic designs (e.g., cohort and case-
control designs).

Patient Risk vs. Unit Rates

EPIC relates process performance to variation in
bloodstream infection rates across ICUs. Traditional
epidemiologic designs focus on the prediction of disease risk
for the individual patient. In a traditional cohort study, the
processes of care under scrutiny would be documented in ICU
patients with central venous catheters. Primary bloodstream
infections are relatively rare, even in this vulnerable
population; however, this rarity presents practical problems
in study design. Given an average 3% risk to each patient,
prospective cohorts would have to include approximately
2,500 patients to have 80% power to detect as statistically
significant a twofold relative risk associated with an exposure
common to 25% of ICU patients. The case-control design was
developed to address situations in which the outcome under
study is uncommon; however, case-control studies establish
exposure status after the disease has occurred. Therefore, not
all varieties of exposure can be studied. In hospital
epidemiology, exposures that are reliably documented in the
medical record (coexisting diseases, for example) can be
studied by a case-control approach. However, relevant aspects
of the process of care are not always documented (e.g., the
experience of the central venous catheter inserter or the
number of attempts at insertion) and may be difficult to
establish retrospectively.

Even if all relevant process factors could be documented
in advance, some factors cannot be studied within a single
ICU or even across a small number of ICUs. In many
instances, process exposures are mandated by hospital, ICU,
or infection control policy. In this situation, all patients
within an ICU may have catheters inserted with specific types
of barriers or have a similar skin preparation before catheter
insertion. If there is no variation in the process under study
within an ICU, that process cannot be evaluated by
examining patients within that ICU. One would need to
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examine many ICUs with varied processes to relate the
process to disease risk.

Ultimately, traditional designs cannot address the
variation in unit rates because they focus on the wrong unit of
analysis, i.e., the patient rather than the ICU. To study
variation in ICU bloodstream infection rates, the ICU is the
appropriate unit of analysis. The ICU rate is an aggregate
measure that represents the average risk for bloodstream
infection. Strong but infrequent determinants of patient risk
have relatively little influence on the unit rate. A certain
process factor, like gross contamination at the insertion site,
may be related to a marked increase in bloodstream infection
risk for individual patients but may occur so rarely that the
overall rate of infection is not noticeably influenced. Even if a
strong determinant of risk were relatively common, it would
not necessarily be an important determinant of differences in
bloodstream infection rates across ICUs. For an exposure to
affect variation in rates between ICUs, two criteria must be
met. First, the condition must be common enough to influence
the bloodstream infection rate, i.e., it must have a fairly high
attributable risk. Second, there must be variation between
ICUs in the proportion of patients affected. Even a strong
factor will not explain differences if every ICU has the same
proportion of patients affected. Conversely, a relatively
modest determinant of patient risk could account for a
substantial proportion of the variation between ICU infection
rates if ICUs varied greatly in the proportion of patients
exposed. The average patient and average process determine
the ICU infection rate since the ICU rate is a function of the
average patient risk. The difference between individual risk
and population rates has been extensively explored elsewhere
(8).

When the ICU is the unit of analysis, important
difficulties in evaluating process can be resolved. First,
factors that vary at the level of the ICU can be studied
appropriately. Factors not routinely charted can also be
studied efficiently. Since the goal of the evaluation is to relate
the average process to the ICU rate, only data sufficient to
adequately characterize the average process are required.
Therefore, every insertion in an ICU does not have to be
followed; a random sample of insertions allows characteriza-
tion of typical performance. On the other hand, many ICUs
must be studied, since the sample size of the project is not the
number of patients in ICUs but the number of ICUs being
compared.

EPIC Process Assessment Design

In 1998, the membership of SHEA and other interested
persons were solicited to support participation of their
respective hospitals in the study. Initially, 58 hospitals
volunteered to participate (Table) (four were added later and
eight withdrew). Data collection began in November 1998 and
continued through January 2000, and data from 54 ICUs have
been forwarded to the coordinating unit. The number of ICUs
was determined by the willingness of epidemiologists and
infection control personnel to participate in the study.
However, the sample size is sufficient to evaluate important
determinants of variation in ICU bloodstream infection rates.
With a sample of 54 ICUs, a factor that explains 7% of the
variance in the ICU rates would be statistically significant
(alpha=0.05).

Because of its precise definitions and long history of use
in the field, the National Nosocomial Infections Surveillance
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Table. Hospitals participating in EPIC

Characteristic n %
Major teaching hospital 33 61.1
NNIS participant 18 33.3
Location
United States* 40 74.0
International 14 26.0
ICU selected
Medical 12 22.2
Surgical 4 7.4
Medical/surgical 34 63.0
Other 4 7.4
Study ICU bed size
1-9 12 22.2
10-14 24 44.4
15-19 8 14.8
>20 10 18.5

(NNIS) System’s central venous catheter-associated primary
bloodstream infection indicator in ICU patients was used (9).
To establish the rate, each ICU reported all qualifying
infections to the coordinating unit throughout the study
period. Units also reported their central-line days throughout
the study period. Using these data elements, the coordinating
unit calculated the NNIS indicator rate for each hospital.

Data on process and patient characteristics were
collected for a random sample of central venous catheter
insertions in patients admitted to the study ICUs. All
hospitals were provided with the same list of five randomly
selected dates and times each month. The study volunteers
identified the first catheter insertion occurring after each
random date and time and recorded a number of patient and
process factors and interviewed the line inserter to document
details of the insertion. Interviews were conducted within 48
hours of the insertion. It was not necessary for the insertion to
have occurred in the study ICU; any patient who was
admitted to the ICU within 8 hours of central venous catheter
insertion qualified. Up to 65 insertions were documented
during the study in each ICU. Each patient was monitored for
bloodstream infection for 2 days after discharge from the ICU.

The higher the number of insertions assessed, the more
precise the assessment of process. However, the increase in
precision with sample size is not linear. The increase in
precision in the estimate of the mean is a function of the
standard error, which in turn is a function of the inverse of the
square root of the sample size. Therefore, the return from
increasing the sample size by a given amount decreases as the
sample size increases. For example, adding 45 new
observations to an initial sample of 20 observations increases
the relative precision in the estimate of the mean by
approximately 80%. Adding 45 new observations to an initial
sample of 55 increases the precision only by approximately
30%. The value of 65 was selected because it was large enough
to provide acceptably precise performance estimates but was
not so large as to preclude voluntary participation in the
study.

Data elements collected in EPIC are as follows: 1) Factors
related to the patient: age, sex, primary and secondary
diagnoses, length of ICU stay, dialysis, neutropenia, active
treatment for cancer involving either chemotherapy or
radiotherapy, albumin <3 g/L, burns involving >10% of body
surface area, HIV/AIDS, current immunosuppressive therapy,
and surgery under general anesthesia within 2 weeks before
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insertion. 2) Factors related to the line: type of central line,
number of lumens, coating with antimicrobial material,
anatomic site of insertion, location of insertion, urgency of
insertion, use of the line for hyperalimentation, line exchange
over a guide wire, and duration of the line. 3) Factors related
to the insertion of the line: use of barrier precautions (sterile
gown, mask, large drape, small drape), type of dressing
applied, time from initial needlestick until line secured,
number of sites attempted before completion, number of
attempts made at the final insertion site, experience of the
inserter (years inserting and number of lines inserted in the
past 6 months), professional background of the inserter, and
unusual occurrences during the insertion. 4) Factors related
to the organization: number and kinds of ICUs within the
hospital, presence of an infection control committee, length of
time tracking bloodstream infection rates, experience
tracking central line-days, NNIS participation, number of
blood cultures done in the previous year, staffing for ICU
surveillance, percentage of lines managed by a team,
percentage of lines using a needleless systems, and number of
in-service training sessions provided to the ICU staff in the
previous 6 months. 5) Factors related to the study ICU:
number of hours devoted to surveillance in the study ICU,
experience and training of the infection control staff doing
surveillance, total of registered nurse hours in the ICU,
number of agency nurse hours used for staffing, number of
“float” nurse hours used for staffing, total number of patient
days, and minimum experience required for a new ICU nurse.

Conclusions

The goal of comparative measurement for quality
improvement is to identify opportunities for improvement by
showing which organizations have superior processes.
However, a clear link between process and indicator needs to
be established before the indicator can be confidently used for
this purpose. The design of EPIC provides an opportunity to
relate the typical care process directly to bloodstream
infection rates in ICUs. Because the ICU is the unit of
analysis, EPIC can evaluate process factors that could not be
addressed by studies within a single ICU, specifically
processes and policies that apply to all patients within an
ICU. In addition, because the sample of patients in each ICU
are followed for the development of bloodstream infections,
the study affords a unique opportunity to compare an analysis
based on patient risk with one based on unit rates.

The coordinating activities of EPIC are supported by a
cooperative agreement with CDC’s Hospital Infections Program
under the Prevention Epicenters Program.

Dr. Kritchevsky is associate professor and director and chair of the
masters of epidemiology program, Department of Preventive Medicine,
University of Tennessee. He also chairs the Society of Healthcare Epi-
demiology of America’s Project to Monitor Indicators, under which the
EPIC study was conducted.
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New Technologies to Prevent Intravascular
Catheter-Related Bloodstream Infections
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Most intravascular catheter-related infections are associated with central venous catheters.
Technologic advances shown to reduce the risk for these infections include a catheter hub containing an
iodinated alcohol solution, short-term chlorhexidine-silver sulfadiazine-impregnated catheters, minocycline-
rifampin-impregnated catheters, and chlorhexidine-impregnated sponge dressings. Nontechnologic
strategies for reducing risk include maximal barrier precautions during catheter insertion, specialized
nursing teams, continuing quality improvement programs, and tunneling of short-term internal jugular

catheters.

Intravascular catheter-related bloodstream infections
are an important cause of illness and excess medical cost. In
prospective studies, the relative risk (RR) for a catheter-
related bloodstream infection is 2 to 855 times higher with
central venous catheters than peripheral venous catheters
(1-3). Approximately 80,000 catheter-related bloodstream
infections occur in U.S. intensive-care units each year, at a
cost of $296 million to $2.3 billion (4,5). These infections are
associated with 2,400 to 20,000 deaths per year. The focus of
this article is on preventive strategies aimed at central
venous catheters.

Chlorhexidine-Silver
Sulfadiazine-Impregnated Catheters

Catheters impregnated with chlorhexidine-silver sulfa-
diazine are commercially available. In prospective, random-
ized studies of catheters left in place for an average of <11
days (6-14), the incidence of catheter-related bloodstream
infections was reduced by using chlorhexidine-silver
sulfadiazine-impregnated catheters (RR 0.4, confidence
interval [CI] 0.2-0.8) (4). These catheters are cost-effective if
the incidence of bloodstream infections is greater than 3.3/
1000 catheter-days (6) or greater than 1% (15). In addition, if
chlorhexidine-silver sulfadiazine-impregnated catheters in
place for <10 days reduce infections from 5.2% to 3%, then for
every 300 catheters used, approximately $60,000 would be
saved and seven catheter-related bloodstream infections and
one death would be prevented (15). Published studies of
chlorhexidine-silver sulfadiazine-impregnated catheters were
performed with catheters impregnated extraluminally.
However, the U.S. Food and Drug Administration (FDA) has
recently approved the use of catheters impregnated
intraluminally with chlorhexidine, in addition to
chlorhexidine-silver sulfadiazine extraluminal impregna-
tion. Use of chlorhexidine-silver sulfadiazine-impregnated
catheters has been associated with serious anaphylactoid
reactions in Japan (16), and these catheters are not
commercially available in that country. One such reaction in
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the United States has been reported to the FDA (as of April
2000). Resistance to the antiseptic components of this device
has not been demonstrated in clinical studies (6). However, in
vitro studies of Pseudomonas stutzeri exposed to slowly
increasing concentrations of chlorhexidine, in the absence of
silver sulfadiazine, have demonstrated the development of
resistance to chlorhexidine and associated resistance to
several classes of therapeutic antimicrobial agents (17).
Although the conditions in these experiments do not simulate
clinical practice, the experiments demonstrate the potential
for resistance associated with use of these devices.

Minocycline-Rifampin-Impregnated Catheters
Catheters impregnated with minocycline and rifampin
are commercially available. In a prospective, randomized
clinical trial of catheters in place for an average of 6 to 7 days,
minocycline-rifampin-impregnated catheters were associated
with lower incidence of infection than chlorhexidine-silver
sulfadiazine-impregnated catheters (RR 0.1, CI 0-0.6) (18).
The active ingredients of the minocycline-rifampin-impreg-
nated catheters were on the extraluminal and intraluminal
surfaces of the device, whereas the active ingredients of the
chlorhexidine-silver sulfadiazine-impregnated catheters were
only on the extraluminal surface. Therefore, the difference in
the incidence of infection may reflect the extent of
impregnation on the catheters, in addition to the difference in
active ingredients. If minocycline-rifampin-impregnated
catheters reduce infections from 5% to 0%, then for every 850
catheters used, approximately $500,000 would be saved (19).
Resistance to active antimicrobial components of the
minocycline-rifampin-impregnated catheters has not been
demonstrated in clinical studies (18,19). However, when
these catheters were implanted for 7 to 14 days in laboratory
animals and then removed and placed on agar plates injected
with Staphylococcus aureus, microbial growth was detected in
the zones of inhibition (20); this growth may represent
subpopulations of S. aureus with reduced susceptibility to
minocycline or rifampin. In additional experiments,
minocycline-rifampin-impregnated catheters were implanted
in animals for 7 days, after which rifampin-resistant,
minocycline-susceptible S. epidermidis was introduced into
the insertion site and tunnel tract. In this animal model, the
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minocycline-rifampin-impregnated catheters were not pro-
tective (20). These studies suggest the potential for resistance
against the antimicrobial agents used to impregnate these
catheters as their clinical use becomes more widespread.

Catheter Hubs Containing
lodinated Alcohol

A catheter hub containing an antiseptic chamber filled
with 3% iodinated alcohol is commercially available in Europe
but not in the United States. In a prospective, randomized
trial of catheters in place for an average of 15 to 16 days, use
of a hub with the antiseptic chamber reduced the incidence of
infection (RR 0.2, CI 0.1-0.7) (21). A formal cost-benefit
analysis has not been published. However, use of this device
led to fourfold reduction in the incidence of infections, and the
device would most likely be cost-effective when used with
central venous catheters in place for approximately 2 weeks.
A minute amount of iodine (0.024 mg) is estimated to enter
the bloodstream each time the hub containing the antiseptic
chamber is punctured (21). However, the currently marketed
device has been modified, and entry of iodine into the
bloodstream with daily use has not been reported.

Chlorhexidine-Impregnated
Sponge Dressings

Use of a commercially available chlorhexidine-impreg-
nated sponge dressing at the insertion site of central venous
and arterial catheters led to a threefold reduction in catheter-
related bloodstream infections in a recent prospective,
randomized study (22).

Nontechnologic Interventions

Several strategies reduce the risk for catheter-related
bloodstream infection. In a prospective, randomized study of
central venous catheter insertion, use of maximal barrier
precautions (large sterile sheet drape; long-sleeved sterile
gown; sterile gloves, mask, and hat) resulted in lower
incidence of infections, 0.08/1,000 catheter-days, compared
with use of minimal precautions (small sterile drape and
sterile gloves), 0.5/1,000 catheter-days (23). In another
prospective, randomized trial of peripheral -catheter
insertions, the catheters inserted and managed by a
specialized nursing team had a lower incidence of infection
than catheters inserted and managed by house officers (odds
ratio 0, CI 0-0.6 [24]). In prospective, cohort studies,
continuing quality improvement programs aimed at
appropriate insertion and maintenance of catheters
substantially reduced the incidence of infection (25-29). In a
prospective, randomized trial of catheters not used for blood-
drawing, tunneling of short-term internal jugular central
venous catheters was associated with lower incidence of
infection than nontunneling of catheters (RR 0.2, CI 0.1-0.7
[30D).

Some of the nontechnologic interventions aimed at
reducing the risk for catheter-related bloodstream infection,
such as quality improvement programs, depend on changes in
human behavior. Once implemented, whether they remain
effective over the long term remains to be seen.

Future Strategies
Greater understanding of the pathogenesis of intravascu-
lar-related infections will help prevent such infections. For
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example, S. aureus binding to the catheter surface in vivo
involves fibronectin-specific adhesions (31). Identification of
epitopes in the S. aureus fibronectin-binding protein for the
generation of adhesion-blocking antibodies (32) may aid in
preventing future infections. The development of bacterial
biofilms on the surface of foreign bodies involves cell-to-cell
signaling by acyl homoserine lactone-based chemical
messengers that control bacterial gene expression (33,34).
Prevention of microbial growth on the surface of future
intravascular catheters may be mediated by inhibitors of
these chemical messengers (35).

Dr. Mermel is associate professor of medicine, Brown University
School of Medicine; medical director, Department of Infection Control,
Rhode Island Hospital, and a special government employee, FDA. He
was chief medical resident at St. Louis University Hospitals and
infectious disease fellow at the University of Wisconsin Hospitals.
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Ventilator-Associated Pneumonia or Not?
Contemporary Diagnosis

C. Glen Mayhall
University of Texas Medical Branch, Galveston, Texas, USA

Ventilator-associated pneumonia (VAP) is pneumonia in patients who have been on mechanical
ventilation for >48 hours. VAP is most accurately diagnosed by quantitative culture and microscopy
examination of lower respiratory tract secretions, which are best obtained by bronchoscopically directed
techniques such as the protected specimen brush and bronchoalveolar lavage. These techniques have
acceptable repeatability, and interpretation of results is unaffected by antibiotics administered concurrently
for infection at extrapulmonary sites as long as antimicrobial therapy has not been changed for <72 hours

before bronchoscopy.

Ventilator-associated pneumonia (VAP) is defined as
nosocomial pneumonia in a patient on mechanical ventilatory
support (by endotracheal tube or tracheostomy) for >48 hours.
For many years, VAP has been diagnosed by the clinical
criteria published by Johanson et al. in 1972, which include
the appearance of a new or progressive pulmonary infiltrate,
fever, leukocytosis, and purulent tracheobronchial secretions
(1); however, these criteria are nonspecific (2). In the
mechanically ventilated patient, fever may be caused by a
drug reaction, extrapulmonary infection, blood transfusion,
or extrapulmonary inflammation. Pulmonary infiltrates may
be due to pulmonary hemorrhage, chemical aspiration,
pleural effusion, congestive heart failure, or tumor. Both fever
and pulmonary infiltrates occur in the fibroproliferation of
late acute respiratory distress syndrome, atelectasis, and
pulmonary embolism, as well as in VAP. Cultures of tracheal
aspirates are not very useful in establishing the cause of VAP
(2). Although such cultures are highly sensitive, their specificity
is low even when they are cultured quantitatively (3).

VAP can be accurately diagnosed by any one of several
standard criteria: histopathologic examination of lung tissue
obtained by open lung biopsy, rapid cavitation of a pulmonary
infiltrate in the absence of cancer or tuberculosis, positive
pleural fluid culture, same species with same antibiogram
isolated from blood and respiratory secretions without
another identifiable source of bacteremia, and histopatho-
logic examination of lung tissue at autopsy (4). However,
these criteria are based on invasive procedures for obtaining
lung tissue or on uncommon manifestations or complications
of VAP. Given the invasive nature of lung biopsy and the
infrequent occurrence of other manifestations used as
standard criteria, another approach is needed for the
definitive diagnosis of VAP. In 1979, a fiberoptic
bronchoscopic technique was introduced for obtaining
uncontaminated lower respiratory tract secretions, which
were cultured quantitatively (5). The causative microorgan-
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isms were recovered at >10% CFU/mL from six patients with
clinical evidence of lower respiratory tract infection.

In 1987, a correlation was observed between pneumonia
and >105 CFU/mL in bronchoalveolar lavage (BAL) fluid (6,7).
Kahn and Jones noted that BAL fluid with >105 CFU/mL and
<1% squamous epithelial cells had 100% sensitivity and
specificity for the diagnosis of bacterial pneumonia.

Two bronchoscopic techniques have been introduced for
the accurate diagnosis of VAP in the absence of standard
criteria. The protected specimen brush (PSB) collects 0.001
mL of lower respiratory tract secretions and has a diagnostic
threshold of >103 CFU/mL (8). BAL, an unprotected
technique, samples approximately one million alveoli and has
a diagnostic threshold of >10* CFU/mL (8). A protected BAL
technique with a balloon-tipped catheter has also been
described (9). Detection of >5% of neutrophils or macrophages
with intracellular organisms on a Wright-Giemsa stain of a
smear of cytocentrifuged BAL fluid is also diagnostic of VAP
(10).

Bronchoscopically Directed
Techniques for Diagnosis of VAP

The accuracy of quantitative culture and microscopic
examination of lower respiratory tract secretions for the
diagnosis of VAP was validated by Chastre et al. (10,11), who
compared the results of quantitatively cultured lower
respiratory tract secretions with those of culture and
histopathologic examination of simultaneously obtained lung
tissue. In the first study, quantitative culture of secretions
obtained by PSB was compared with histopathologic
examination and quantitative culture of lung tissue (11). Of
six patients with pneumonia confirmed by histologic criteria,
all had at least one microorganism obtained at a
concentration of >10* CFU/g of lung tissue. Compared with
the results of histologic examination and quantitative culture
of lung tissue, quantitative culture of secretions obtained by
PSB using a diagnostic threshold of >103 CFU/mL had a
sensitivity of 100%, specificity of 60%, positive predictive
value of 43%, and negative predictive value of 100%.

In the second study, the results of PSB, BAL, and >5%
intracellular organisms were compared with simultaneously
obtained lung tissue (Table) (10). Patients were included in
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Table. Quantitative cultures and microscopy examination of lower
respiratory tract secretions in the diagnosis of ventilator-associated
pneumonia?®

Positive  Negative
Diagnostic predictive predictive
techniques Sensitivity  Specificity value value
PSBP cultures 82% 89% 90% 89%
(>10% CFU/mL)
BAL cultures 91% 78% 83% 87%
(>10* CFU/mL)
Microscopic 91% 89% 91% 89%
examination of
BAL fluid (>5%
intracellular
organisms)

aFrom ref 10.
PPSB = protected specimen brush; BAL = bronchoalveolar lavage.

the study only if they had never had pneumonia or had
acquired it during the terminal phase of their illness.
Bronchoscopy was performed within 1 hour after death, while
mechanical ventilation was continued and PSB and BAL
samples were taken. Immediately after bronchoscopy, a left
thoracotomy was performed, and lung tissue specimens were
taken from the areas of lung where the bronchoscopic samples
had been obtained. All but two patients had been receiving
antibiotics before death, but antibiotic therapy had not been
changed for >3 days. All lung segments judged to have
moderate to severe pneumonia by histologic criteria yielded
>10* CFU/g of tissue.

Four other published studies have concluded that
bronchoscopically directed techniques were not more accurate
for diagnosis of VAP than clinical and X-ray criteria combined
with cultures of tracheal aspirates (12-15). In one study,
quantitative cultures of lower respiratory tract secretions
obtained by PSB and BAL were compared with quantitative
culture and histopathologic examination of lung tissue taken
from the same areas sampled by PSB and BAL (12). These
investigators used >10% CFU/g of lung tissue as a threshold
for positive cultures of lung tissue; in addition, patients were
enrolled at any time during mechanical ventilation, so that
pulmonary infiltrates could have been included from earlier
pneumonia or current pneumonia with bacteria previously
eradicated from some foci and still present in other areas of
the lung. When multiple inflammatory foci of varying ages are
present in the lungs, histopathologic examination and culture
of lung tissue may not correlate with results of quantitative
cultures of simultaneously obtained lower respiratory tract
secretions.

Other investigators compared the results of quantitative
culture and microscopic examination of lower respiratory
tract secretions obtained by PSB and BAL with histopatho-
logic examination of lungs at autopsy performed within 3 days
of bronchoscopic sampling of the lower airways (13).
Specificity and positive predictive values for cultures of
secretions collected by PSB and BAL were comparable with
those observed by Chastre et al. (10,11); however,
substantially lower sensitivities of 57.8% and 47.3% and
negative predictive values of 51% and 48% were observed for
PSB and BAL, respectively. These discrepant findings may be
due to the study design, in which sampling of lower airways
and examination of lung tissue were separated by up to 3
days, the areas from which PSB and BAL samples were taken
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could not be precisely matched with the same areas examined
histopathologically, and lung tissue could not be cultured
because lungs were examined at autopsy.

In a comparative study, quantitative culture and
microscopic examination of lower respiratory tract secretions
were compared with histopathologic examination and
quantitative culture of lung tissue obtained from the same
area of the lung from which samples of secretions were taken
(14). These investigators observed 70% specificity and 65%
positive predictive value for bronchoscopically guided PSB
and 63% sensitivity and 79% negative predictive value for
bronchoscopically guided BAL. These patients were on
mechanical ventilation for a mean of 14 days and a median of
8 days and could have acquired one or more episodes of
pneumonia at any time while on mechanical ventilation. In
addition, 38 of 39 patients received antibacterial or
antifungal therapy in the 48 hours before death. However,
duration of therapy or change of antimicrobial therapy in the
72 hours before death was not stated. If antimicrobial therapy
had been changed, bacteria susceptible to the newly
instituted antimicrobial agents might not have been
recovered on culture of respiratory secretions and lung tissue
of patients who had histopathologic evidence of pneumonia.

In another study, the results of quantitative culture and
microscopic examination of lower respiratory tract secretions
were compared with histopathologic examination and
quantitative culture of simultaneously obtained lung tissue
in 25 patients on mechanical ventilation immediately after
death (15). Whether patients on antibiotic therapy at the time
of death had any changes in therapy in the 72 hours before
death or whether they had earlier episodes of VAP before the
episode of pneumonia diagnosed at the time of death was not
stated. In addition, these workers used >10% CFU/g of tissue
rather than >10* CFU/g as the threshold for positive lung
cultures, which may account for the lower sensitivity,
specificity, and positive and negative predictive values for
quantitative culture of secretions obtained by
bronchoscopically directed PSB and BAL.

Nonbronchoscopically Directed
(Blind) Diagnostic Techniques

Because of the invasive nature and cost of bronchoscopy,
investigators have evaluated other techniques for collecting
lower respiratory tract secretions. These nonbronchoscopic
techniques involve passage of a catheter or telescoping
catheters through the endotracheal tube with advancement to
a wedged position in the lung. Samples may be taken by
telescoping catheters containing a brush (blind PSB) (16-18),
aspiration of secretions into a distally wedged catheter
(19,20), or BAL through a distally wedged catheter (21-24).
BAL may be performed by using a balloon-tipped catheter
with the balloon inflated after the catheter has been advanced
to the wedged position (protected BAL) (21), by using
telescoping catheters (22,24), or by placing a catheter into the
wedged position with a guide wire (23).

Although nonbronchoscopic or blind techniques for
obtaining lower respiratory tract secretions appear promis-
ing, additional validation studies are needed before these
techniques are widely adopted and can be used in place of
bronchoscopically directed sampling techniques. Studies of
nonbronchoscopic sampling techniques have recently been
reviewed (25). Another indication of the need for further study
of the nonbronchoscopic sampling techniques is the absence of
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standardized diagnostic thresholds for quantitative culture of
lower respiratory tract specimens obtained by these
techniques.

Quantitative Cultures To Predict VAP Onset and
Monitor Therapy

To predict the onset of VAP in patients with adult
respiratory distress syndrome (ARDS), Delclaux et al. used
quantitative culture of lower respiratory tract secretions
obtained blindly by passing a plugged telescopic catheter
through the endotracheal tube (26). They observed that in 16
of 18 patients lower respiratory tract colonization (<103 CFU/
mL) evolved to pneumonia within 2 to 6 days. Colonizing
microorganisms were the same as those that caused
subsequent pneumonia. The 89% positive predictive value of
lower respiratory tract colonization for pneumonia further
substantiates the accuracy of quantitative culture of lower
respiratory tract secretions for the diagnosis of VAP.

Quantitative culture of lower respiratory tract secretions
can also be used to monitor the progress of antimicrobial
therapy for VAP. Montravers and co-workers diagnosed VAP
in 76 patients by using quantitative culture of lower
respiratory tract secretions obtained through bronchoscopically
directed PSB and recovered 135 isolates at >10% CFU/mL (27).
When a second PSB was performed by bronchoscopy 3 days
after start of therapy, 126 (93%) of the initial 135 isolates
were not recovered by the second PSB, 7 (5.2%) were recovered
at <108 CFU/mL, and 2 (1.5%) were still present at >103 CFU/
mL. The last two isolates were the only bacteria resistant to
initial treatment because of errors in selection of antibiotics.
Thus, results of quantitative cultures of respiratory
secretions obtained by repeat PSB were consistent with the
antimicrobial susceptibilities of isolates obtained by the first
PSB. The authors noted that when follow-up PSB cultures
were negative, the patients’ conditions improved. This study
further supports the accuracy of quantitative culture of lower
respiratory tract secretions for the diagnosis of VAP.

Repeatability of PSB and BAL

Repeatability, which is defined as the variation in
repeated measurements of the same quantity (28), is one
measure of the accuracy of a technique in diagnosing the
diseases(s) for which it was developed. Marquette and
associates performed a study in which a single investigator
performed bronchoscopy on 22 patients with suspected VAP
(28). At each bronchoscopy, five successive PSB samples were
taken from the same area of the lung. All PSB specimens were
cultured quantitatively by the same technologist. In each
patient, all five PSB procedures identified exactly the same
microorganisms. In 59% of the patients, there was more than
a 1l-log variation in quantitative culture of the five PSB
specimens; in 3 (13.6%) of the 22 patients, quantitative
culture results were spread out on both sides of the 103 CFU/
mL breakpoint. Thus, in spite of the substantial variability of
the quantitative cultures, all five PSB procedures for 19
(86.4%) of 22 patients gave results on the same side of the
breakpoint, indicating acceptable repeatability.

The repeatability of BAL was assessed in a study in which
two BALs were performed in the same lobe 30 minutes apart
in 44 patients (29). The bronchoscope was sterilized between
procedures in each patient. The investigators observed that
both BALs yielded negative results in 28 patients and that the
same microorganism was recovered from both BALs in 14 of
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16 patients. Thus, 40 of 44 pairs of BAL samples yielded the
same results, for a repeatability of 90.9%. Results of duplicate
BALs for 4 (25%) of the 16 patients with positive cultures were
spread out on both sides of the 10* CFU/mL diagnostic
threshold. Overall, BAL appears to have an acceptable (75%)
level of repeatability in patients with positive cultures.
Additional studies of the repeatability of PSB and BAL are
needed.

Antibiotics and Diagnosis of VAP by Quantitative
Culture of Lower Respiratory Tract Secretions

When patients with pneumonia are receiving antimicro-
bial agents at the time lower respiratory tract secretions are
obtained for diagnosis of VAP, cultures may be negative, and
concentrations of bacteria may be below the diagnostic
threshold. Such uncertainty about the interpretation of
culture results from patients on antibiotics has prompted
study of the effect of antibiotics on the diagnosis of VAP.
Timsit and co-workers assessed the impact of antimicrobial
therapy on the diagnosis of VAP by collecting lower
respiratory tract secretions by bronchoscopically directed
PSB and BAL from patients with suspected VAP (30). Ninety-
six patients had not received antimicrobial agents for >3 days
before bronchoscopy, while 65 patients had been on
antibiotics for >3 days at the time PSB and BAL samples were
obtained. Sensitivity and specificity did not differ for PSB,
BAL, and percentage of intracellular organisms in patients
receiving and not receiving antibiotics. The authors concluded
that when patients acquire pneumonia while on antibiotics
for infections at extrapulmonary sites, the microorganisms
are resistant to these antibiotics and the diagnostic yields of
PSB and BAL are unaffected.

Souweine et al. (31) confirmed and extended the
observations of Timsit and co-workers. In 63 episodes of
suspected VAP, 12 patients had received no antibiotics in the
4 days before bronchoscopy, 31 had been treated with
antibiotics for >72 hours, and 20 had begun antibiotics or had
their antibiotic regimen modified within the 24 hours before
bronchoscopy. The diagnosis of VAP was made by
bronchoscopically directed PSB, BAL, and microscopic
examination for intracellular organisms. The sensitivity for
the diagnosis of VAP by percentage of intracellular organisms
did not differ in the three groups. Nor did the sensitivity of
PSB and BAL differ in the group not receiving antibiotics and
the group receiving antibiotics for >72 hours. In the group of
patients with initiation or change of antibiotics in the 24
hours before bronchoscopy, the sensitivity of PSB and BAL
decreased substantially but was restored by reducing the
threshold for PSB to 102 CFU/mL and for BAL to 102 CFU/mL.
These studies suggest that the sensitivity of PSB and BAL for
the diagnosis of VAP is unchanged in patients who acquire
VAP while on antibiotics for >72 hours for treatment of an
extrapulmonary infection. Therefore, for such patients lower
respiratory tract secretions should be obtained for
quantitative culture and microscopic examination before any
changes are made in antimicrobial therapy.

Diagnosis of VAP in Patients with ARDS

VAP is more common in patients with ARDS than in
those with other causes of respiratory failure (26,32,33); it
occurs later and is caused by more resistant microorganisms.
The diagnosis of VAP is more difficult in such patients
because ARDS and VAP have very similar -clinical
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manifestations. Chastre et al. observed no significant
differences in temperature, leukocyte count, Pao,/Fio, ratio,
or radiologic score in patients with ARDS with and without
VAP (32). Since clinical criteria for VAP lack both sensitivity
and specificity in patients with ARDS, microbiologic data are
thought to play a prominent role in the diagnosis of VAP that
complicates ARDS (26). In a study of the use of
bronchoscopically directed BAL to diagnose VAP in patients
with ARDS, bronchoscopic findings modified antibiotic
therapy in 91% of patients with positive BAL cultures and
prevented the use of new antibiotics in 54% of patients with
insignificant growth (33). Given the severity of illness of
patients with ARDS, particularly when complicated by VAP,
and the great difficulty in differentiating VAP from ARDS on
clinical and radiographic grounds, the most effective
approach to diagnosis of VAP in patients with ARDS is
quantitative culture and microscopic examination of lower
respiratory tract secretions.

Data Quality in the Diagnosis of VAP

Quantitative culture and microscopic examination of
lower respiratory tract secretions are most effective when
attention is paid to the quality of specimens from the lower
respiratory tract (8,34,35). The following practices are
recommended: 1) Antibiotics should not be started or changed
until after lower respiratory tract secretions have been
obtained. 2) When bronchoscopically directed techniques are
used, secretions should not be suctioned nor anesthetic
injected through the working channel of the bronchoscope. 3)
Less than 10% return of instilled fluid during BAL probably
represents inadequate sampling of the lower respiratory
tract. 4) When lower respiratory tract sampling is performed
by PSB, the brush must be placed into exactly 1 mL of fluid. 5)
Specimens should be delivered immediately to the laboratory.
6) Fewer than 10 cells per field at a magnification of 500x in
fluid obtained by PSB probably represents an inadequate
sample; resampling should be considered. 7) The presence of
>1% epithelial cells indicates an unreliable sample;
additional samples should be obtained.

In conclusion, in the absence of gold standard criteria for
the diagnosis of VAP, the diagnostic test of choice is
quantitative culture and microscopic examination of lower
respiratory tract secretions. This approach provides the most
accurate diagnosis of VAP and identification of the causative
microorganism(s), can predict the onset of VAP and provide
the identity and susceptibility of the causative
microorganism(s) at the time clinical manifestations of VAP
appear, can be used to assess the cause of therapy failure,
provides the most effective modality for diagnosis of VAP that
complicates ARDS, minimizes misclassification of cases of
VAP for studies on the epidemiology of VAP, and minimizes
the selective pressure for development of resistant
microorganisms. Whether this approach to the diagnosis of
VAP has an effect on outcome and reduces deaths is yet to be
determined.

Dr. Mayhall is Professor of Internal Medicine, University of Texas
Medical Branch at Galveston, and Hospital Epidemiologist, University
of Texas Medical Branch Hospitals and Clinics. His research interests
are in hospital-acquired infections, including antimicrobial-drug resis-
tance, nosocomial infections in obstetrics, and intravascular device-
associated infections.
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Preventing Infections in Non-Hospital
Settings: Long-Term Care

Lindsay E. Nicolle
University of Manitoba, Winnipeg, Canada

Infection concerns in long-term care facilities include endemic infections, outbreaks, and colonization
and infection with antimicrobial-drug resistant microorganisms. Infection control programs are now used in
most long-term care facilities, but their impact on infections has not been rigorously evaluated. Preventive
strategies need to address the changing complexity of care in these facilities, e.g., the increased use of
invasive devices. The anticipated increase in the elderly population in the next several decades makes
prevention of infection in long-term care facilities a priority.

In the United States, more patients are in long-term than
in acute-care facilities. Long-term care facilities deliver
various services to persons with a range of functional
disability and disease. While some of these facilities provide
care to young as well as elderly persons and psychiatric as
well as medical care, most are nursing homes, which provide
care to the elderly. The approach to preventing infection in
nursing homes will vary with -characteristics of the
population.

Infections in Long-Term Care Facilities

Infections are common in long-term care facilities (1).
Major areas of concern are endemic infections, 