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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
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Figure 1. Health-care system of the past, 1970-1980
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wrjl@cdc.gov

Emerging Infectious Diseases 170

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



Special Issue

Mumber of plans
700

G0 —

00 — — —

a00 1 H H H

300 - - - L

MU rnbear

EiLE — — — — —

100 4 - _— | - - |

'\- T T T

1878 1880 1885 1980 1985 2000

Parcent of population enmcllad in HMOs

Mumber (%) of parsons anrollad

au

0 —

Enroiees [milions)

=

1878 1830 18985 1230 1985 2000

Panzent

10

'\- L T

1578 1880

1565 1590 1983 2000

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.
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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

120,000 -
105.500  10% total Figure 2. Estimated num-
‘ nosocomial ber of deaths caused by
| infection rate nosocomial infections in
100,000 the United States each
year. Attributable mor-
tality rates are 10% to
» 80,000 30% on the X axis, and
% the three curves assume
5} . overall nosocomial infec-
< 60,000 - 52,500  poseod tion rates of 214%, 5%, or
s 43,750 infection 10%.
40,000
26,250
20,000 A
2 % % total
nosocomial
0 T T T T 1 infection
10 15 20 25 30 rate
Attributable mortality (%)

Vol. 7, No. 2, March-April 2001

175

Emerging Infectious Diseases



Special Issue

1,200 - 1,050 10% total
) % tota
- LY clif Mean age death - 60 yr _nt?sotqomia\
igure 4. Years of life S | . _ infection
lost annually in the S 1,000 Assume nomal lifespan - 70 yr rate
United States from -
nosocomial infec- X 800 - 700
tions. Attributable 7 5% total ‘
mortality rates are L 600 - infection
10% to 30% on the X Q2 Rate
axis, and the three - 350
curves assume over- 8 400 -
all nosocomial infec- 5
tion rates of 2%, g 175 %Js/gg/gmia‘
5%, or 10%. 200 - 18,75 2625 nfection
) rate
875 131.25 175
0 T T T T 1
10 15 20 25 30
Attributable mortality (%)

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.

References

1. National Center for Health Statistics. Vital statistics of the United
States. U.S. Census Bureau. Statistical abstract of the United
States: 1999 Washington D.C. (119th edition). p.99.
Wenzel RP. The mortality of hospital-acquired bloodstream
infections: need for a new vital statistic? Int J Epidemiol
1988;17:225-7.

2.

Vol. 7, No. 2, March-April 2001

177

10.

11.

12.

13.

14.

Broderick A, Mori M, Nettleman MD, Streed SA, Wenzel RP.
Nosocomial infections: validation of surveillance and computer
modeling to identify patients at risk. Am J Epidemiol
1990;131:734-42.

Morrison AJ Jr, Kaiser DL, Wenzel RP. A measurement of the
efficacy of nosocomial infection control using the 95 percent
confidence interval for infection rates. Am J Epidemiol
1987;126:292-7.

Wenzel RP, Osterman CA, Townsend TR, Veazey JM Jr, Servis KH,
Miller LS, et al. Development of a statewide program for surveillance
and reporting of hospital-acquired infections. J Infect Dis
1979;140:741-6.

Pittet D, Wenzel RP. Nosocomial bloodstream infection: secular
trends in rates and mortality in a tertiary health care center. Arch
Intern Med 1995;155:1177-84.

Edmond MB, Wallace SE, McClish DK, Pfaller MA, Jones RN,
Wenzel RP. Nosocomial bloodstream infections in United States
hospitals: a three-year analysis. Clin Infect Dis 1999;29:239-44.
Wenzel RP. Attributable mortality: the promise of better antimicrobial
therapy. J Infect Dis 1998;178:917-9.

Haley RW, Culver DH, White JW, Morgan WM, Emori TG, Munn
VP, et al. The efficacy of infection surveillance and control
programs in preventing nosocomial infections in US hospitals. Am
J Epidemiol 1985;121:182-205.

Wenzel RP. The economics of nosocomial infection. J Hosp Infect
1995;31:79-87.

Darouiche RO, Raad II, Heard SO, Thornby JI, Wenker OC,
Gabrielli A, et al. A comparison of two antimicrobial-impregnated
central venous catheters. N Engl J Med 1999;340:1-8.

Wenzel RP, Edmond MB. The evolving technology of venous access.
N Engl J Med 1999;340:48-9.

Bischoff WE, Reynolds TM, Sessler CN, Edmond MB, Wenzel RP.
Handwashing compliance by health care workers: the impact of
introducing an accessible, alcohol-based hand disinfectant. Arch
Intern Med 2000;160:1017-21.

Doebbeling BN, Stanley GL, Sheetz CT, Pfaller MA, Houston AK,
Annis L, et al. Comparative efficacy of alternative handwashing
agents in reducing nosocomial infections in intensive care units. N
Engl J Med 1992;327:88-93.

Emerging Infectious Diseases



Special Issue

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
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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.

Address for correspondence: Robert A. Weinstein, Division of
Infectious Diseases — Suite 129 Durand, Cook County Hospital, 1835
W. Harrison St.,Chicago, IL 60612, USA; fax: 312-572-3523; e-mail:
rweinste@rush.edu

Emerging Infectious Diseases

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, outbreaks, and
colonization and infection of residents with antimicrobial-
drug resistant microorganisms.

The most frequent endemic infections are respiratory
tract, urinary tract, skin and soft tissue, and gastrointestinal
infections (primarily manifesting as diarrhea) (Table 1).
Respiratory tract infections include upper tract infections,
such as pharyngitis and sinusitis, and lower tract infections,
such as bronchitis and pneumonia. Pneumonia is the only
infection in this setting that is often fatal (1). Urinary tract
infections are the most frequent infections; while most
patients are asymptomatic, the prevalence rates of
bacteriuria are 25% to 50% (2). Skin and soft tissue infections
include decubitus ulcers, infected vascular or diabetic foot
ulcers, erysipelas, and other types of cellulitis. Nonbacterial
causes of skin infection include oropharyngeal or intertrigi-
nous candidiasis, as well as herpes zoster.

Table 1. Common endemic infections in long-term care facilities (1)
Site of infection

Frequency/1,000 patient days

0.46 — 4.4
0.1-24
<0.1-21
0-0.9

Urinary tract
Respiratory tract
Skin, soft tissue
Gastrointestinal tract

Address for correspondence: Lindsay E. Nicolle, Department of
Internal Medicine, University of Manitoba, Health Sciences Centre,
GG443-820 Sherbrooke Street, Winnipeg MG R3A 1R9; fax: 204-787-
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Many bacteria, fungi, viruses, and parasites cause
outbreaks in nursing homes (Table 2). The most common are
outbreaks of respiratory infection caused by influenza A (3).
However, parainfluenza and respiratory syncytial viruses
also cause respiratory outbreaks. Gastrointestinal outbreaks,
including those caused by bacteria such as Escherichia coli
0157:H7 and Salmonella species, as well as small round
enteric viruses, are also common. Skin outbreaks with scabies
are frequent.

Nursing home residents are at risk for colonization with
antimicrobial drug-resistant microorganisms (1,4,5), includ-
ing methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant enterococcus (VRE), penicillin-resis-
tant Streptococcus pneumoniae, gram-negative microorgan-
isms with extended-spectrum beta-lactamases, and increas-
ingly, quinolone-resistant Enterobacteriaceae. Some U.S.
facilities have reported rates of colonization with MRSA as
high as 30% (1). Colonization with resistant microorganisms
usually occurs in the acute-care facility, and transmission
within the long-term care facility is uncommon in the
nonoutbreak situation.

Table 2. Microorganisms reported to cause outbreaks in long-term care
facilities (1)

Parasites
Viruses Bacteria ectoparasites
Influenza A,B  Group A Streptococcus Giardia lamblia
Parainfluenza Staphylococcus aureus Entamoeba histolytica
Respiratory Streptococcus pneumoniae Sarcoptes scabiei
syncytial
virus
Caliciviruses = Haemophilus influenzae
Adenovirus Bordetella pertussis
Rhinovirus Salmonella spp.
Coronavirus Shigella spp.
Rotavirus Campylobacter jejuni
Aeromonas hydrophila
Escherichia coli O157:H7
Clostridium perfringens
Bacillus cereus
Mycobacterium tuberculosis
Emerging Infectious Diseases
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Considerations Unique to Long-Term Care Facilities

While the reasons for preventing infections are the same
in long-term and acute-care facilities, several considerations
relevant to prevention of infection differ in long-term care
populations (6). For most long-term care residents, the facility
is their domicile. All members of society experience infections
within their homes; to what degree are unusual measures
appropriate or realistic to prevent the usual infections in this
setting? When is it reasonable to limit mobility or social
interaction of persons in their usual residence to prevent
transmission of infection?

Long-term care residents also are often highly
functionally impaired. Many are incontinent, immobile, and
confused or demented. The worse the functional status, the
greater the likelihood of infection or colonization with
resistant microorganisms (1,4,7). For example, incontinence
and impaired mental status have consistently been
associated with asymptomatic urinary tract infection (2).
MRSA colonization is more likely to be identified in residents
with pressure ulcers or fecal incontinence or who are bed
bound or require feeding tubes or urinary catheters (7). In
most cases, impaired functional status is a determinant of
admission to long-term care and is not modifiable. If the major
predictors of infection in long-term care facilities are poor
functional status and co-existing chronic illness, and these
conditions cannot be altered, to what extent is it realistic to
anticipate that endemic infections can be prevented in such
residents? In addition, with the number and severity of
existing conditions, how much illness or death is attributable
toinfections per se, rather than to underlying chronic disease?
Assessing the impact of infection on patient outcome in
evaluating interventions to prevent infection is, thus, often
problematic. An example is a decision to provide comfort care
but not to treat pneumonia with antibiotics in severely
impaired patients.

Diagnostic uncertainty is also a major issue in identifying
infections and assessing interventions to prevent them.
Standard clinical guidelines for surveillance of infection have
been developed for long-term care facilities (8), but many
barriers to diagnostic accuracy exist (9). Communication is
impaired because of dementia, blindness, or deafness, and
clinical assessment is complicated by symptoms associated
with chronic conditions, such as cough or incontinence. The
very high prevalence of asymptomatic bacteriuria means
that, in a patient with nonspecific deterioration in clinical
status, a positive urine culture has a low predictive value for
identifying symptomatic urinary infection (10). Similarly, the
high prevalence of oropharyngeal colonization with gram-
negative microorganisms indicates that isolation of Entero-
bacteriaceae from the sputum of a person with lower
respiratory tract infection has a low predictive value for
identifying the infecting microorganism (2).

Infection Control Programs

In the last 2 decades, an increasing number of long-term
care facilities have developed infection control programs with
surveillance and control activities (11,12). A major
contribution to this development was the publication of
guidelines by the Association for Professionals in Infection
Control and Epidemiology (APIC) in 1991 (13). These were
updated in 1997 as the Society for Healthcare Epidemiolo-
gists of America (SHEA)-APIC position paper on infection
prevention and control in long-term care facilities (6). The
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document reviews infections in such facilities and makes
specific recommendations for a feasible and relevant control
program.

Differences between acute-care and long-term care
facilities affect the development and management of infection
control (6). Generally, long-term care facilities have fewer
resources. Part-time employees or employees with many other
responsibilities are often responsible for infection control, and
the secretarial and computer resources may be limited. The
educational level of the staff'is often lower than in acute-care
facilities. Radiologic and laboratory facilities are often not on
site (9). Diagnostic tests may not be obtained because access
to such tests requires patient transfer. Return of test results
on microbiologic specimens may be prolonged. The medical
record often is inadequate and access to physician resources is
limited. As observation without intervention may be the more
appropriate management approach in some cases, this
physician shortage may lead to overuse of empiric antibiotics.
Finally, limited clinical research is available to validate
either an overall infection control program or specific
components of a program in the long-term care facility.

SHEA-APIC infection control guidelines are evidence
based (6). They categorize recommendations as A (having
good evidence to support the recommendation), B (moderate
evidence to support a recommendation), and C (poor evidence
to support the recommendation). The quality of evidence is
designated as follows: I (at least one randomized controlled
trial), II (at least one well-designed clinical trial without
randomization), or III (opinions of respected authorities). The
infrequency of evidence designations in the guidelines
demonstrates the limitations of available research (6). Only
five recommendations are AI, BI, AII, or BII: for
handwashing, tetanus-diphtheria immunization, annual
influenza immunization, and hepatitis B and influenza
immunizations for employees. All other recommendations are
AIII or BIII, i.e., based on opinions of respected authorities.
Thus, further evaluation of the effectiveness of specific
interventions is needed.

Clinical Trials of Interventions to Prevent Infections

Results of several recent clinical trials in long-term care
settings (Table 3) have been uniformly negative with respect
to the interventions assessed but are helpful in addressing the
question of the extent to which endemic infections are
preventable in such facilities (14-17). Many other issues
relevant to specific interventions in care in long-term care
facilities require assessment, particularly with the increasing
use of invasive devices. For example, appropriate care needs
to be explored for patients with chronic tracheostomies and
respirator therapy, dialysis therapy, central lines, and
percutaneous feeding tubes to limit infections and minimize
cost.

Management of Drug-Resistant Microorganisms
Antimicrobial drug-resistant microorganisms may cause
illness and death in acute-care facility residents (1,4).
However, it is not clear that a high prevalence of colonization
with these microorganisms is associated with excess illness or
death (7). In addition, no evidence supports the use of
stringent barrier precautions to decrease illness or death from
antimicrobial drug-resistant microorganisms in long-term
care facilities (5,7). Nevertheless, such facilities have
repeatedly raised barriers to admission of patients colonized
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Table 3. Assessing effectiveness of selected interventions in decreasing
infections in long-term care facilities

Study question
(reference)

Outcome

No decrease in overall
occurrence of infection with
vitamin A supplementation

Does vitamin A supplementation
decrease the frequency of
infection? (14)

Do outcomes differ with routine
percutaneous feeding tube
changes compared with
as-needed changes? (15)

No difference in infection or
other relevant outcomes with
routine tube changes

No decrease in infection with
antimicrobial therapy

Does treatment to eradicate
MRSAZ? colonization decrease
the frequency of MRSA
infection? (16)

Does the frequency of
symptomatic urinary infection
differ with clean or sterile
intermittent catheterization?
an

aMRSA = methicillin-resistant Staphylococcus aureus.

No difference in frequency of
infection or antimicrobial use

with drug-resistant microorganisms, and management of
patients colonized or infected with resistant microorganisms
has sometimes been inappropriate.

Observational studies suggest that the intensity of
barrier precautions, isolation or cohorting, or environmental
cleaning does not decrease the likelihood of transmission of
MRSA or VRE (7). Thus, additional precautions are
recommended for patients colonized with these microorgan-
isms only when the patients are a documented source of
transmission to other patients (4,5) (e.g., MRSA patients with
extensive skin lesions that cannot be covered or VRE patients
with diarrhea and incontinence).

Conclusions

There are many complex, unanswered questions in the
prevention of infection in long-term care facilities. Priority
issues for evaluation include determining the most
appropriate surveillance strategies for endemic infections
and identifying outbreaks early and efficiently. Recommen-
dations for influenza A have been made (3). However, when
should cultures be obtained from patients with diarrhea?
What is appropriate surveillance for endemic infections, and
should it be focused only in areas where an opportunity for
prevention exists?

The feasibility of preventing endemic infections requires
further study. In addition, the feasibility of decreasing or
preventing high colonization rates with drug-resistant
microorganisms in long-term care facility residents needs to
be assessed, since most patients acquire these microorgan-
isms in acute-care facilities. Practices related to antimicro-
bial-drug use are key to this question. In addition to
controlled comparative trials to identify appropriate
antimicrobial-drug use, patients who do not require
treatment need to be identified. The role of drug therapy in
preventing infections is also not adequately studied. Finally,
an infection control program may be costly. What are the
benefits of such a program? Decreased length of stay, for
example, will not usually be a meaningful outcome. Thus,
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while substantial progress has been made in the past decade
in managing infection prevention, many issues still need to be
answered. As the elderly population will increase in the next
two decades, addressing these problems must be a priority.

Dr. Nicolle is a professor in the Department of Internal Medicine,
University of Manitoba. Her research interests include urinary tract
infection, infection in the elderly, and antimicrobial-drug resistant or-
ganisms in health-care facilities.
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Infection Control in Home Care

Emily Rhinehart
AIG Consultants, Inc., Atlanta, Georgia, USA

Although home care has expanded in scope and intensity in the United States in the past decade,
infection surveillance, prevention, and control efforts have lagged behind. Valid and reliable definitions and
methods for surveillance are needed. Prevention and control efforts are largely based upon acute-care
practices, many of which may be unnecessary, impractical, and expensive in a home setting. Infectious
disease control principles should form the basis of training home-care providers to assess infection risk and

develop prevention strategies.

Efforts to decrease length of hospital stay and shift care to
ambulatory settings, as well as patient and family preference
to receive care at home, have contributed to the substantial
growth of home care in the past decade. As life expectancy in
the U.S. population continues to increase and patients with
chronic illnesses live longer, home care will continue to
expand.

Home care has also broadened in type and scope in the
past decade. Most patients are elderly and have chronic
conditions requiring skilled nurses and aides. High-tech
home care is provided to patients of all ages and may include
home infusion therapy, tracheotomy care and ventilator
support, dialysis, and other highly invasive procedures. In
addition, home-care nurses provide assessment, education,
and support to post-acute-care patients who might have spent
several additional days in the hospital but are now discharged
to cut costs. This category of patient may include
postoperative patients, postpartum mothers and their
newborns, and patients with acute medical conditions such as
newly diagnosed diabetes and recent strokes.

In the United States, 9,655 agencies (1998 data) (1)
provide home care to patients. Infection control and health-
care epidemiology have not kept up with the needs of the
home-care providers or their patients. As this segment
continues to expand and services provided in the home
increase, the infection control community must address the
risks and needs of home care.

Infection Surveillance, Prevention,
and Control in Home Care

Infection surveillance, prevention, and control have
constituted a discipline that has been acute-care based and
oriented for the past 40 years. However, as the health-care
system continues to shift delivery of care from hospitals to
other settings, surveillance, prevention, and control programs
must respond. Since efforts to measure the incidence of home-
care acquired infections, study the associated risk factors, and
adapt prevention and control measures for home care are
nascent, available studies provide minimal information and
little guidance. A few articles have appeared in non-U.S.

Address for correspondence: Emily Rhinehart, AIG Consultants, Inc.,
1200 Abernathy Rd., NE, Suite 800, Atlanta, GA 30328, USA; fax: 770-
399-4161; e-mail: emily.rhinehart@aig.com

Emerging Infectious Diseases

208

publications. Overall, the literature is sparse, but expanding
slowly (2-22).

Systems of Surveillance:
Definitions and Methods

Without valid data on the incidence of home-care
acquired infection and analysis of risk factors, developing
control efforts is difficult. Thus, initial resources must be
directed toward developing measurement systems. Defini-
tions and methods for the surveillance of nosocomial infection
cannot be readily applied to home care. First, definitions, such
as those developed by the Centers for Disease Control and
Prevention’s (CDC) National Nosocomial Infection Surveil-
lance (NNIS) system (23), rely heavily on laboratory data,
including cultures and serologic tests. In home care, the
diagnosis of infection for clinical purposes is frequently made
on an empiric basis with substantial reliance upon physical
signs and symptoms. In fact, physicians routinely rely on the
assessment skills of home-care nurses and may not see a
patient before making a presumptive diagnosis and writing
prescriptions. The current reimbursement system does not
support the use of cultures and laboratory tests used for
hospitalized patients. For example, cultures are not routinely
obtained to diagnose or confirm infections of the urinary tract,
respiratory tract, or wound or skin sites. Cultures are more
frequently obtained to confirm and appropriately treat
bloodstream infection in patients undergoing home infusion
therapy.

Definitions of home-care acquired infection developed for
surveillance will need to rely more heavily on clinical signs
and symptoms and tests that can be performed by the home-
care nurse at the bedside (e.g., urine dipstick testing). A
scheme that includes probable home-care acquired infection
(i.e., clinical signs and symptoms of pneumonia) as well as
definite home-care acquired infection (i.e., confirmed by chest
X ray and sputum culture) may be considered. Once
developed, definitions must be examined for validity,
sensitivity, and specificity. However, methods to identify
patients at risk and apply the definitions are also critical.

Surveillance methods routinely used in acute care, such
as cultures and other laboratory tests, are not practical in
home care (24) so other sources of information and methods of
screening must be developed. In addition, a system that relies
on a designated person(s) to review medical records and
assess patients for infection, such as infection control
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professionals do in hospitals, is impractical in home care
because of the logistics of patients, staff, and medical records.

A more suitable approach is a two-tiered system, which
relies on home-care nurses to identify and report patients
with clinical signs and symptoms of infection and on an
infection control nurse to review evidence and ascribe a
definition (Table). Screening criteria for home-care nurses
would include fever, new antibiotic order, purulent drainage
from a wound, change in color or odor of urine, change in
consistency or color of sputum, respiratory rales and rhonchi,
and increased serum leukocytes. Once made aware of these
patients, a designated nurse can review the evidence (e.g.,
clinical signs and symptoms, available laboratory data,
nursing and physician progress notes) and apply the
definition of home-care acquired infection. This approach
should enhance both sensitivity (more nurses observing and
reporting patients with clinical signs and symptoms of
infection) and specificity (one nurse applying the definition of
infection). The use of a single infection control nurse should
also improve the reliability of data.

What Is Needed

To achieve a system to measure and study the incidence
and risks for home-care acquired infection, infection control
must develop valid definitions for home-care acquired
infection and practical methods for surveillance. These
definitions and methods must be developed through a broad,
national effort that includes participation by home-care
professionals as well as infection control practitioners. These
professionals must take a very practical approach to this
endeavor and may have to forego rigid application of
epidemiologic techniques for a more suitable surveillance
system. The Association for Professionals in Infection Control

and Epidemiology has recently published draft definitions for
surveillance in home care (25). In parallel, home-care
professionals must engage in learning the epidemiologic
principles of surveillance systems (26) and apply or adapt
them as faithfully as possible.

Once consensus is reached on definitions and methods and
we describe the epidemiology of home-care acquired
infections, we can study specific risk factors for infection.
Home-care professionals need the assistance, support, and
practical guidance of infection control professionals. Because
of substantial financial challenges in home care, one nurse is
often responsible for quality improvement, safety, risk
management, and infection control. These professionals can
apply and manage surveillance systems but will need
substantial guidance and support in developing them.

Efforts to initiate surveillance systems do exist. The
Missouri Home Care Alliance began a program in 1997 to
develop definitions and collect data from home-care agencies
in that and other states. With assistance from CDC’s Hospital
Infections Program, the alliance has made progress in
developing a surveillance system and sharing data. The
Florida Hospital Association also sponsored a surveillance
project for hospital-based home-care agencies (6) in which
they studied the incidence of urinary tract infections and
central-line infections. The Arizona Association for Home
Care also described its methods and results in a cooperative
study to measure and compare rates of urinary tract
infections (7). Similar efforts were undertaken in a
collaborative effort to determine device-related rates of
urinary tract and bloodstream infections in California,
Kentucky, and Indiana (8). These studies provide initial
descriptions of incidence of home-care acquired infections.
Authors report catheter-related urinary tract infection rates

Table. Criteria for inclusion in definitions of home-care-acquired infection®

Site of infection

Clinical data

Laboratory data

Catheter-related UTIP

Postoperative pneumonia

Catheter-related bloodstream
infection

Skin and soft tissue infection

Endometritis in postpartum
patients

Change in characteristics of
urine, fever, pain

Change in character of sputum,
decreased breath sounds,
increase in rales and rhonchi,
fever, shortness of breath, pain

Fever with chills and rigors,
redness, tenderness, or pain at
insertion site, purulent drainage
at site

Pain, swelling, tenderness at site,
inflammation and warmth,
purulent drainage, fever

Uterine tenderness and abdominal
pain, purulent vaginal drainage
(lochia), foul-smelling lochia, fever

Elevated serum leukocytes,
evidence of UTI in urinalysis,
evidence of leukocytes in urine
dipstick test, positive urine culture
(>105 CFU of a single organism
per mL urine)

Elevated serum leukocytes,
sputum Gram-stained smear

with evidence of respiratory
infection, positive sputum culture,
positive chest X ray

Elevated serum leukocytes, positive
blood culture, positive catheter
culture (after catheter removal)

Gram-stain smear with leukocytes
and organisms, positive culture,
elevated serum leukocytes

Positive Gram-stain smear of
lochia, positive culture of lochia,
remarkably elevated serum
leukocytes

aSource: Rhinehart E, Friedman M. Infection control in home care. Gaithersburg (MD): Aspen Publishing, Inc.;1999 (22).

bUTT = urinary tract infection.
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of 2.8 per 1,000 catheter days (6) to 4.5 per 1,000 catheter days
(8). Measures of intravenous catheter-related bloodstream
infections range from 1.1 per 1,000 catheter days (8) to 4.2 per
10,000 catheter days (2). Data from these studies must be
interpreted with caution, however, since surveillance in this
area is in its initial stages and definitions and methods are
not uniform. More studies are in progress, and eventually
there will be consensus on such issues.

Prevention and Control of
Home-Care Acquired Infection

Even without reliable surveillance data, we know that
infection prevention and control in home care is quite
different from that in acute care. In acute care, a patient’s risk
for nosocomial infection is related not only to the severity of
illness and exposure to invasive interventions and devices but
also to environmental risks, including exposure to other
patients and inanimate reservoirs of nosocomial pathogens.
The home-care patient may have less clinical “acuity” (i.e.,
intensity or degree of care needed) but may have substantial
host risk factors, including advanced age, chronic illness, or
immunosuppression. Much of home care is provided by family
members in a setting that is much less structured and
controlled than the hospital environment. Plumbing,
sanitation, and ventilation may be poor or absent.
Nonetheless, basic principles of prevention and control can be
adapted and applied with large doses of realistic risk
assessment and common sense.

Because written resources for home-care practice are
lacking, many home-care providers have adopted unnecesssary
infection control practices to reduce risk for patients,
including the ritual of nursing bag technique (i.e., placing a
newspaper under the nursing bag), policies that require the
routine disinfection of noncritical devices (e.g., stethoscopes
and blood pressure cuffs) after every use, and procedures that
require handwashing based on seemingly arbitrary criteria
(e.g., upon entering the home). Some of these practices are not
only unnecessary but also costly (e.g., routine changing of
urinary drainage bags every 30 days).

Patient-care practices to reduce the risk for home-care
acquired infection must be based on the basic science
embodied in the chain of infection model. Actual risk and
appropriate prevention and control strategies must be
incorporated in recommendations for policy and procedure.
Using this simple approach to determine actual risk and
implement the appropriate prevention and control strategies
will lead to more reasonable and less ritualistic practices for
patient care and use of precautions to prevent the spread of
infections to others. Infection control professionals should
approach their responsibility to guide home-care providers by
first addressing educational needs. Knowledge of infection
control principles enables home-care providers to develop
their own approaches to patient care and make decisions
about infection risk and its reduction.

Patient-Care Practices

Infection prevention strategies in home care should focus
on home infusion therapy, urinary tract care, respiratory
care, wound care, and enteral therapy. Most recommended
practices on intravenous therapy (27) do not require
adaptation for the home. However, in care involving other
sites, the risk may be lower, allowing for adaptation of
practices designed for hospitalized patients. For example, use
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of indwelling urinary catheters creates an inherent risk for
infection. In the hospital, considerable efforts are exerted to
maintain an intact, closed urinary drainage system (28);
however, in home care the system is frequently interrupted
when an ambulatory patient uses a leg bag. Drainage bags
may also be disinfected in the home, a procedure rarely (if
ever) seen in a hospital. Guidance provided to accomplish this
procedure is empiric (21,22). Similarly, empiric approaches
have been developed for home wound care. Surgical site
infection should rarely, if ever, be a home-care acquired
infection if the wound is primarily closed and no drains are
left in place. However, if a surgical patient is sent home with
drains, a surgical site infection may develop, and wound-care
procedures must address this risk. More frequently, home-
care patients have other types of wounds, such as stasis ulcers
and pressure sores, which are commonly colonized with gram-
negative flora and may become infected with the patient’s own
organisms. Again, procedures for care of these wounds must
be based on the genuine potential for contamination and
infection. Arbitrary instructions to discard irrigation fluids at
set intervals (e.g., every 24 or 48 hours) are not helpful.
Procedures must be practical, with guidance to use containers
of fluid that will be used up in two to three visits (i.e., no more
than a 500-mL bottle) and incorporate methods to avoid
contamination of fluids (e.g., proper handling of the cap,
storage away from children and pets) (22).

Many home-care patients receive enteral therapy,
introducing the risk for gastrointestinal infection. Again, to
reduce this risk, focus must be placed on refrigeration of the
enteral feeding and meticulous care of kitchen appliances and
tools, such as blenders, used in its preparation. Cleaning
blender parts, measuring cups, and spoons in a dishwasher
after use is probably sufficient; sterilizing them is probably
not necessary (22).

Use of Barrier Precautions

The rationale and strategy for use of precautions in home
care differ substantially from those applied in hospitals (29).
In most cases, the use of gowns, gloves, and masks in the care
of homebound patients is recommended to protect the health-
care provider, not the patient. In addition to standard
precautions, care givers in the home may need to use masks
only when caring for patients with pulmonary tuberculosis.
The exception to this rule may be the home-care patient who
is colonized or infected with multidrug-resistant organisms
(16,30). Although these organisms are not known to be a risk
to providers, they may be transmitted to other home-care
patients through inanimate objects or hands. Thus, home-
care patients known to have a multidrug-resistant organism
should be cared for through use of appropriate barriers.
Reusable equipment such as stethoscopes and blood pressure
cuffs should remain in the home. If practical, such patients
should be seen as the last appointment of the day. If this is not
possible, visits should be scheduled to avoid seeing patients at
risk, such as those requiring wound care, after seeing a
patient with multidrug-resistant organisms.

The Future of Infection
Control in Home Care

The next several years will be critical for developing
surveillance systems for home care. Additional studies and
reports are needed to improve knowledge of the risk factors for
home-care acquired infections. We also need to study the
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effects of the current empiric practices for preventing such

infections. Hospital-based infection control professionals

must support and guide their home-care colleagues to develop
an evidence-based approach to infection control in home care.

A scientific approach will help identify valid risks and

successful risk-reduction strategies, as well as improve the

quality of care and preserve resources.

Ms. Rhinehart, vice president of quality management for AIG Con-
sultants, Inc., is a full-time health-care consultant. She is one of the
principal authors of the revision of CDC’s Guidelines for Isolation Pre-
cautions in Hospitals (in progress), which will be more applicable to
home-care and other ambulatory-care settings.
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Automated Methods for Surveillance
of Surgical Site Infections
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Automated data, especially from pharmacy and administrative claims, are available for much of the
U.S. population and might substantially improve both inpatient and postdischarge surveillance for surgical
site infections complicating selected procedures, while reducing the resources required. Potential
improvements include better sensitivity, less susceptibility to interobserver variation, more uniform availability
of data, more precise estimates of infection rates, and better adjustment for patients’ coexisting illness.

The Centers for Disease Control and Prevention (CDC)
recommends routine surveillance for surgical site infections
(1); accrediting agencies such as the Joint Commission for
Accreditation of Healthcare Organizations require it.
Surveillance identifies clusters of infection, establishes
baseline risks for infection, provides comparisons between
institutions or surgical specialties, identifies risk factors, and
permits evaluation of control measures (2). Achieving these
goals requires health-care systems to have access to different
information types (Table 1).

An ideal surveillance system should have several
attributes, including meaningful definitions of infection,
consistent interpretation of classification criteria, applicabil-
ity to procedures performed in both inpatient and ambulatory
facilities, ability to detect events after discharge, sufficient
precision to distinguish small absolute differences in attack
rates, ability to adjust for different distribution of severity of
illness across populations, and reasonable cost. Most current
systems lack at least one of these attributes; for example, the
system recommended by CDC’s Hospital Infection Control
Practices Advisory Committee (HICPAC) (3) is excellent for
clinical decision-making, but some elements are difficult to
apply for surveillance purposes. Information required to
apply some of its criteria may not be available for all cases; for
example, the criterion of recovery of microbial growth from a
normally sterile site may be affected by variation in obtaining
specimens for culture. Some elements of CDC’s National
Nosocomial Infections (NNIS) System definition require
substantial judgment or interpretation. An example is
determining whether purulent drainage is present: An
attending physician’s diagnosis is sufficient, although the
way physicians record or confirm their diagnoses may differ.

Address for correspondence: Richard Platt, 126 Brookline Ave.,
Suite 200, Boston, MA 02215, USA; fax: 617-859-8112; e-mail:
richard.platt@channing.harvard.edu

Table 1. Goals and needs of surgical site infection surveillance (2)
Goal Principal needs

Control of clusters

Identify clusters of infection. Real-time detection of events.
Attack rates and case-mix
adjustment are not a high priority.

Should include all patients.

Support of quality
improvement programs
Establish baseline infection
rates.

Sufficient precision to identify
absolute differences of a few
percent.
Typically includes all patients.
Comparison of institutions or Case-mix-adjusted attack rates.
surgical specialities. Identical detection methods that
are applied and interpreted
identically across sites. Sufficient
precision.
Comparably ascertained rates
of over time.

Evaluate control measures
(in the usual situation
no randomized trial).

Research on epidemiology of
infection

Identify risk factors. Detailed data on many attributes
of patients and procedures.
Population can be small, but must

be representative.

For these reasons, case ascertainment is affected by
considerable interobserver variability (4).

Although most surgical site infections become manifest
after the patient is discharged from the hospital (5-12), there
is no accepted method for detecting them (13). The most
widely described method of conducting postdischarge
surveillance is questionnaire reporting by surgeons. This
method has been shown to have poor sensitivity (15%) and

The CDC Eastern Massachusetts Prevention Epicenter includes Blue Cross and Blue Shield of Massachusetts, CareGroup, Children’s Hospital, Harvard Pilgrim
Health Care, Partners Healthcare System, Tufts Health Plan, and Harvard Medical School. Investigators include L. Higgins, J. Mason, E. Mounib, C. Singleton,
K. Sands, K. Kaye, S. Brodie, E. Perencevich, J. Tully, L. Baldini, R. Kalaidjian, K. Dirosario, J. Alexander, D. Hylander, A. Kopec, J. Eyre-Kelley, D. Goldmann,
S. Brodie, C. Huskins, D. Hooper, C. Hopkins, M. Greenbaum, M. Lew, K. McGowan, G. Zanetti, A. Sinha, S. Fontecchio, R. Giardina, S. Marino, J. Sniffen, E.
Tamplin, P. Bayne, T. Lemon, D. Ford, V. Morrison, D. Morton, J. Livingston, P. Pettus, R. Lee, C. Christiansen, K. Kleinman, E. Cain, R. Dokholyan, K. Thompson,

C. Canning, D. Lancaster.
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positive predictive value (28%), even when surgeons are
compliant in returning the questionnaires (5). Moreover, a
questionnaire-based surveillance system requires substan-
tial resources. Reporting by patients via questionnaires also
has poor sensitivity (28%) because many patients do not
return questionnaires mailed to them a month after surgery.
Telephone questionnaires have been used effectively but are
too resource intensive for routine use.

Many procedures must be monitored to allow confident
conclusions that relatively small differences in observed
attack rates donot reflect chance variations. Identifying these
small differences, understanding their cause, and undertak-
ing quality improvement programs to reduce their occurrence
would have large consequences when applied to the >45
million surgical procedures performed annually in the United
States (14). Reducing the overall infection rate by a quarter of
a percent would prevent >100,000 infections per year. For
coronary artery bypass surgery alone, a one percentage point
decrease in the risk for infection would prevent >3,500
infections per year in the United States (15). Because of the
need to observe large numbers of procedures, conducting
surveillance for the entire surgical population is desirable.
However, to conserve scarce resources, some programs survey
only a fraction of their procedures or rotate surveillance
among different procedure types.

Determining whether relatively small differences in
infection rates result from differences in care rather than in
patients’ susceptibility to infection requires robust risk-
adjustment methods that can take into account different case-
mixes in different institutions. Available methods do not have
optimal resolution and depend in part on the Anesthesia
Society of America (ASA) score (3,16). The ASA score, a
subjective assessment of the patient’s overall health status,
may reflect interobserver variability (17) that can adversely
affect stratification of risk for surgical infection (18).

Automated methods to augment current surveillance
methods should improve the quality of surveillance for
surgical site infections and reduce the resources required. To
achieve these goals, surveillance should be based on the
growing body of data that health-care systems, including
hospitals, physicians’ offices, health maintenance organiza-
tions (HMOs), and insurance companies, routinely collect
during care delivery. Many types of automated data are now
or will soon become widely available, including information
about patients, surgical procedures, and patients’ postopera-
tive courses (Table 2). Three ways to use these data to support
surveillance programs are inpatient surveillance,
postdischarge surveillance, and case-mix adjustment.

Inpatient Surveillance for Surgical Site Infections

One of the most widely available types of automated data
useful for inpatient surveillance is antibiotic exposure data
from pharmacy dispensing records. Studies have indicated
that antibiotic exposure is a sensitive indicator of infection
(19,20), since relatively few serious infections are managed
without antibiotics. Poor specificity (too many false positives)
has been a major problem, however, because antibiotics are so
widely used after surgery for extended prophylaxis, empiric
therapy of suspected infection, and treatment of infections
other than surgical site infections.

One way to improve the usefulness of postoperative
antibiotic exposure as a marker of infection is to consider the
timing and duration of administration, rather than just its
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Table 2. Automated health-care data potentially useful for surgical site
infection surveillance

Availability of this
information in specific locations
Automated
medical
records in  Payors
Type of physicians’ (HMOs,
information Hospitals? offices insurers)
Demographic/
personal information
Sex Usually Usually Usually
Age Usually Usually Usually
Smoking status Rarely Sometimes Rarely
Body mass index Rarely Sometimes Rarely
Preoperative health status
Diagnoses Sometimes Usually Usually
Procedures Rarely Sometimes Usually
Drug therapy Sometimes Sometimes Usually
ASA score Sometimes Rarely Rarely
Procedure data
Type (ICD-9, CPT) Usually Sometimes Usually
Duration Sometimes Rarely Rarely
Inpatient postoperative care
Diagnoses Usually Sometimes Usually
Reoperation Usually Rarely Usually
Incision and drainage Usually Rarely Sometimes
Microbiology data Usually Rarely Rarely
Antibiotic therapy Usually Rarely Rarely
Postdischarge care
Diagnoses Rarely Usually Usually
Reoperation in another Rarely Sometimes Usually
hospital
Incision and drainage Rarely Usually Usually
Microbiology data Rarely Usually Sometimes
Antibiotic therapy Rarely Sometimes Usually

aExcludes hospital-based physicians’ offices.

occurrence. Quantitative antibiotic exposure is a measure
that reduces the number of false positives by excluding
patients who receive a brief course; however, there is a trade-
off between sensitivity and specificity. Constructing receiver-
operating characteristic curves helps to identify the amount
of treatment with the best combination of sensitivity and
specificity. For example, acceptable identification of
infections after cesarean section was achieved by requiring a
criterion of at least 2 days of parenteral antibiotic
administration (21). In that study, the sensitivity was 81%
and the specificity was 95% compared with infections
identified by NNIS surveillance.

Quantitative inpatient antibiotic exposure is useful for
identifying infections in coronary artery bypass surgery
patients (22). Receiver-operating characteristic curves were
used to demonstrate that patients with infections were best
identified as those who received postoperative antibiotics for
at least 9 days, excluding the first postoperative day. This
criterion included both oral and parenteral antibiotics and
ignored gaps in administration. This approach has two
important implications for surveillance systems: It allows
this mechanism to identify patients readmitted for treatment
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of infection within 30 days of surgery, and automated
programs to identify patients who meet this threshold are
substantially easier to implement. The 9-day exposure cutoff
resulted in greater sensitivity (approximately 90%) for
identifying surgical site infections than conventional
prospective surveillance (approximately 60%) conducted in
the same hospitals. A disadvantage of the antibiotic threshold
criterion is that it identifies events that are not surgical site
infections, including problematic wounds that do not meet the
HICPAC criteria for infection, other types of hospital
infections, and other long durations of antibiotic use.

Studies under way will determine the utility of this
approach in a larger number of hospitals. Preliminary data
from nine hospitals suggest that surveillance for antibiotic
use provides useful information. For cesarean section,
prospective comparison of a quantitative antibiotic exposure
threshold to conventional prospective NNIS surveillance and
International Classification of Diseases, 9th Revision (ICD-
9), discharge diagnosis codes indicates that antibiotic
surveillance has considerably better sensitivity (89%) than
either NNIS surveillance (32%) or coded discharge diagnoses
(47%). This difference was consistent across hospitals (23).

Quantitative thresholds for antibiotic exposure should be
chosen individually for specific surgical procedures, since the
value for cesarean section (2 days) differs from that for
coronary artery bypass grafting (9 days) and there may be no
useful threshold for some procedures. These values may also
need to be reassessed as medical practice evolves. It will be
important to understand the discrepancies between the
results of formal NNIS surveillance and antibiotic
surveillance. In some cases, patients who receive more than
the threshold duration of antibiotic therapy appear to have
clinically relevant infectious illness, such as fever and
incisional cellulitis with no drainage.

Postdischarge Surveillance for
Surgical Site Infection

Because most infections become manifest after discharge
and many patients with infections never return to the
hospital where the surgery was performed (5), traditional
inpatient surveillance methods are not sufficient. In addition,
conventional methods for postdischarge surveillance, includ-
ing surgeon questionnaires, are highly inaccurate, with both
low sensitivity and specificity.

Information about postdischarge care is available in
office-based electronic medical records of coded diagnoses,
procedures, tests, and treatments from the automated billing
and pharmacy dispensing data maintained by most HMOs
and many insurers. Pharmacy dispensing information is
typically available for insured patients who have a pharmacy
benefit. Together, these automated data elements identified
>99% of postdischarge infections that occurred after a mixed
group of nonobstetric surgical procedures (5). This high
sensitivity came at the cost of low specificity (many false
positives requiring manual review of medical records).

Recursive partitioning, logistic regression modeling, and
bootstrap methods have made it possible to preserve good
sensitivity while improving specificity by combining
automated data from inpatient and ambulatory sources. The
resulting algorithms use these automated data to assign to
each patient an estimated probability for postoperative
infection. These probabilities of infection, based on
postoperative events that indicate infection has occurred,
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must be distinguished from predictions based on personal
risk factors such as diabetes or obesity or on characteristics of
the procedures such as the duration of surgery.

Choosing a lower probability threshold results in higher
sensitivity and lower specificity, whereas a higher threshold
improves specificity at the expense of sensitivity. For
example, using automated data from both HMOs and
ambulatory medical records permitted a sensitivity of 74%
and a specificity of 98%, for a predictive value positive of 48%.
A higher sensitivity, 92%, was achieved at the expense of
lowering the specificity to 92%, for a predictive value positive
of 21% (Figure) (24).

This work has been extended to surveillance for inpatient
and postdischarge surgical site infections following coronary
artery bypass surgery in five hospitals (25). That study found
that HMO data alone identified 73% of 168 infections and
hospital data alone identified 49% of the same infections.
Separate algorithms have been developed to identify
postpartum infections occurring after discharge (26).

The utility of automated data sources might be improved
in several ways: 1) A procedure-specific algorithm will likely
perform better than a general one. 2) Algorithms can be
improved to further reduce the number of false positives (e.g.,
by excluding codes for infection that occur on the same day as
a surgical procedure or for antibiotics dispensed before the
second postoperative day). 3) These algorithms should be
made robust enough for general use by including all ICD-9
and Current Procedural Terminology codes that might be
used for surgical site infections.
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Figure. Performance of various methods for detection of

postdischarge surgical site infections for 4,086 nonobstetric surgical
procedures with no inpatient infection. Lines represent fitted
receiver operating characteristic (ROC) curves for three logistic
regression models, which differ by data sources available for
generating probabilities. Points represent performance of four
different recursive partitioning models and data from patient and
physician surveys. For analyses limited to hospital data and
outpatient antibiotic (Abx) dispensing data, the logistic regression
model had equivalent performance to classification trees at the points
shown. The fitted ROC curve falls below this point because most
procedures clustered around a few discrete probabilities and limited
data points cause approximation of the ROC curve to be less accurate.
The recursive partitioning high-cost model accepts 15 false-positives
at the margin to capture one true infection; the low-cost model
accepts 5 false positives at the margin (24). (Figure originally published
in Sands et al. Journal of Infectious Diseases 1999;179:434. Copyright 1999,
University of Chicago Press. Reprinted with permission.)
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Improved Case-Mix Adjustment Methods

As quality improvement and patient safety programs
evolve, there are likely to be many more opportunities and
incentives for comparing infection rates within and across
institutions. However, such comparisons will require case-
mix adjustment that accounts for coexisting illnesses, to avoid
penalizing hospitals that care for patients at higher risk. As
discussed, the NNIS risk index is based on the ASA score,
which has several undesirable features. Although the ASA
score has five possible values, the NNIS index collapses them
into two levels so that all information about coexisting illness
is summarized, in effect, as high or low. There is often little
heterogeneity of ASA score in patients within a surgical
procedure class, for instance, cesarean sections. In addition,
the ASA score is subject to considerable interobserver
variation, is not available for many ambulatory procedures, is
usually not captured in automated form by hospital
databases, and is not available in administrative or claims
data systems.

As an alternative to the ASA score, the chronic disease
score has been proposed to adjust data for coexisting illness in
surgical patients. This score is based on the premise that
dispensed drugs are markers for chronic coexisting illness; for
example, dispensing of hypoglycemic agents strongly
suggests the presence of diabetes. Approximately 24
conditions are represented in the chronic disease score, which
is computed from ambulatory pharmacy dispensing informa-
tion and can predict death and overall resource use (27-30).
The chronic disease score has theoretical advantages over the
ASA score: it can be computed automatically for the
approximately 90% of the population that has prescription
drug coverage, and it is completely objective. In its first
application to a mixed group of surgical procedures, the
chronic disease score performed at least as well as the ASA
score (30). In addition, a modified chronic disease score, based
on data for drugs dispensed on hospital admission, performed
with substantially better sensitivity and specificity than the
ASA score. The chronic disease score, based on admission
medications, can also be computed by health-care facilities
without the need for ambulatory drug-dispensing data.

The chronic disease score might be considered as a
substitute when the ASA score is not available or as a
supplement to the ASA score to provide better risk
stratification. In addition, the chronic disease score might be
modified to optimize its prediction of surgical site infections,
rather than all causes of death and resource utilization. For
example, data on psychotropic drugs, which are important
contributors to the overall chronic disease score, might
detract from the prediction of infection. Improved scoring
systems will need to be developed through formal modeling
programs applied to large, heterogeneous datasets.

Potential Uses of Electronic Data
for Surgical Site Infection Surveillance

Electronic data have the potential to provide better
information about infections while reducing the effort
required to conduct surveillance. The outcome measures (e.g.,
quantitative antibiotic exposure or combinations of coded
diagnoses) are meaningful, although they differ from the
NNIS definition. The medical profession must decide whether
a surveillance definition of surgical site infection might
coexist with a clinical definition, with the understanding that
the two serve related but different purposes (for example, the
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surveillance definition for influenza epidemics depends on
hospitalizations with a coded diagnosis of pneumonia or
influenza rather than virologically confirmed infections or
specific clinical signs and symptoms).

Implementation of systems that use these data requires
consensus on the part of the medical profession about outcome
definitions, surveillance algorithms, and reporting stan-
dards. Even if consensus is reached, impediments will remain
to the widespread adoption of electronic surveillance systems.
The disparity in the electronic systems currently in use is one
of these. While more sophisticated systems will permit better
surveillance, most of the results described above depend on
data elements such as drug dispensing information or
financial claims data that are already available or are among
the first to become automated. Thus, it will not be necessary
to wait for fully automated medical records or more advanced
hospital information systems. Although the costs of
developing and validating systems based on electronic data
are substantial, much of the development can be centralized,
and validation need only be conducted in a few sites to
establish generalizability. These reporting systems require a
moderate investment by hospitals, HMOs, and insurers, most
of which is the fixed cost for creating automated reporting
functions. While some of this cost can be defrayed through the
use of standard, shared computer code, this code usually must
be customized to make it compatible with existing automated
systems. Organizations that have electronic data typically
create similar reports for other purposes and will not need
new skills. In addition, the costs of maintaining and using the
periodic reports that will constitute a new surveillance
system are negligible.

Data sharing between hospitals, HMOs, and insurers is
important, since very few single entities possess enough
information to implement a self-sufficient surveillance
system. Furthermore, in many locales, hospitals contract
with several HMOs and insurers. In that case, HMOs and
insurers must share information among themselves as well as
with the hospitals, since no one hospital is likely to have
enough patients to achieve the necessary precision. Data
sharing will require development of systems that protect both
patients’ confidentiality and the organizations’ proprietary
interests.

If such surveillance becomes widely available, two types
of uses might coexist. One would be to improve traditional
prospective surveillance; for example, sensitivity of inpatient
surveillance could be maintained with greatly reduced effort
by restricting traditional (NNIS) review to the <10% of
records that meet the quantitative screening criterion for
antibiotic exposure. Similarly, for the postdischarge
surveillance system, one could review as little as 2% of records
(including ambulatory records in physicians’ offices) while
greatly increasing the sensitivity of detection.

A second way to use these surveillance systems is to apply
them to the entire surgical population, including patients or
procedures that are not being evaluated because of resource
constraints. Tracking the proportion of inpatients who exceed
the antibiotic threshold or the number of patients who exceed
a prespecified computed probability of surgical site infection
after discharge might be sufficient, as long as that proportion
is within agreed-upon limits. When the rates are below this
limit, no further evaluation would be needed, since important
problems in the delivery system are unlikely to have escaped
detection. However, when the proportion or number exceeds
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the prespecified limit, more rigorous examination of the data
would be triggered.

Electronically assisted surveillance for infections could
be performed at modest expense by many organizations that
have administrative claims and pharmacy data. These groups
include the providers of care for most of the U.S. population,
including essentially all HMO members, many of those with
traditional indemnity insurance, Medicaid recipients, and
most Medicare beneficiaries who have pharmacy benefits.

Supported in part by cooperative agreement UR8/CCU115079
from CDC.
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New Surgical Techniques and
Surgical Site Infections

Steven M. Gordon
Cleveland Clinic Foundation, Cleveland, Ohio, USA

Technologic advances in surgery include a trend toward less invasive procedures, driven by potential
benefits to patients and by health-care economics. These less invasive procedures provide infection control
personnel opportunities for direct involvement in outcomes measurement.

“Pray before surgery, but remember
God will not alter a faulty incision.”
Arthur H. Keeney

The 21st century advancements in genetics, nanotechnol-
ogy (mechanical engineering on a molecular scale), and
robotics could revolutionize medical therapy and diagnostics.
I will review current and future directions of minimally invasive
surgery, with an emphasis on cardiac surgery, and surgical
site infections after minimally invasive valve procedures.

Minimally Invasive Surgery

Since the first endoscopic cholecystectomy was performed
in France in 1988, minimally invasive surgical techniques
have dramatically affected many surgical subspecialties,
driven by advances in port access and video instrumentation
and the desire to lessen incision pain and length of hospital
stay. Advances in laparoscopic kidney and adrenal surgery
now include 2-mm needle optics and instruments, which have
resulted in decreased postoperative illness and superior
cosmetic results (1). The challenge is to evaluate the safety
and efficacy of these new techniques as they are widely
introduced in the United States.

Minimally invasive cardiac surgery was predated by
innovations in general surgery and is increasingly applied to
cardiac procedures (30,000 worldwide in 1998). Coronary
artery bypass grafting (CABG) through a median sternotomy
incision with cardiopulmonary bypass support remains
standard because it provides the surgeon with good exposure,
a bloodless and motionless field, and myocardial protection,
with graft patency rates of 90% at 10 years (2). However,
cardiopulmonary bypass support may have adverse physi-
ologic consequences, including a 6% incidence of central
nervous system events (3).

There is no internationally accepted case definition for
minimally invasive cardiac surgery, but two approaches to
revascularization have been developed: the off-pump (beating
heart) CABG, or minimally invasive direct coronary artery
bypass (MIDCAB), and the endoscopic (port access technique)
CABG (HeartPort, Redwood City, CA) (4).

Coronary artery anastomosis on a beating heart was first
described by Kosselov in 1967 and has been modified with the
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MIDCAB technique to an 8-cm right or left anterior
thoracotomy incision that allows direct visualization of the
beating heart through small incisions. The primary candidate
for this procedure is a patient with single anterior vessel
disease; an estimated 1 of 3 coronary revascularization
procedures (CABG or percutaneous coronary artery
angioplasty) meet this criterion. The technical constraints of
the MIDCAB procedure include a moving surgical field and a
turgid heart on which to perform grafting. Stabilizers to
control heart movement are used to facilitate anastomosis of
the target grafts during suturing.

The port-access operation involves a mini-thoracotomy (8
cm) on an arrested heart by using percutaneously inserted
endovascular occluder balloons in the ascending aorta. Unlike
port-access surgery in noncardiac surgical subspecialties,
almost all cardiac operations on adult patients are
reconstructions that are technically more demanding when
performed through an endoscope. In addition, the laparoscop-
ic approach with an insufflated peritoneum provides better
exposure than open techniques (5).

Surgical site infections after minimally invasive cardiac
surgery pose a challenge to the clinician. Physical findings of
sternal instability and sternal click of the median sternotomy
cannot be applied to many incisions used in minimally
invasive cardiac surgery (Figure 1). The initial experience of

[£H)

Figure 1. Surgical site infection following minimally invasive valve
surgery.
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1,400 minimally invasive cardiac surgery procedures at the
Cleveland Clinic showed no significant difference in the
incidence of deep or superficial wound infections (Table).

Table. Rates? of surgical site infections in patients undergoing minimally
invasive compared with traditional open heart surgery, Cleveland Clinic
Foundation, 1996-98

Minimally
Traditional invasive
(n=9,633) (n=1,400) p value >0.05
Overall rate? 3.3 2.9 Not significant
Deep infection 1.7 1.9 Not significant

aper 100 procedures

An important quality indicator for minimally invasive
surgical procedures is the conversion rate to open procedures.
A surgeon’s decision to convert from a minimally invasive
procedure to an open procedure may be determined by poorly
defined anatomy or surgical complications. Conversion is not
necessarily a failure but may be used as a quality indicator,
and conversion rates for minimally invasive cardiac surgery
procedures have declined substantially with increasing
experience at our institution (Figure 2). The introduction of

L lL x

Figure 2. Conversion rates to open procedures among patients
undergoing minimally invasive heart surgery, Cleveland Clinic
Foundation.

any new surgical technique involves a learning curve, and
increased experience may be translated into reduced illness
and death. Examples of the relationship between surgeon-
specific volume and death associated with CABG procedures
have been published (6-8).

The association of outcome with case volume may not
depend on a single person but on the collective abilities of the
clinical team (9). High volumes may also reflect selection bias
by patient referrals to institutions and surgeons with good
outcomes. Health-care consumers are increasingly interested
in outcome measurements, and one consumer advocate group
(the Center for Medical Consumers) has compiled 1998 data
from the New York State Department of Health for 21 surgical
procedures, stratified by volume, hospital, and individual
practitioner (available at URL www.medicalconsumers.org).

Solid Organ Transplantation

The greatest challenge facing solid organ transplantation
in the United States is a shortage of donors, with
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approximately three persons awaiting transplantation for
every organ donated. Organs from pigs may alleviate the
shortage, but the challenge of xenotransplantation is in
replacing xenogenic epitopes (antigens) recognized as foreign
by the immune system. An additional concern is trans-species
transmission of endogenous retroviruses from donor animals,
such as porcine endogenous retrovirus (PoERV). Two cases of
successful extracorporeal hepatic support with transgenic pig
livers have been reported with no evidence of human PoERV
infection at 5 and 185 months of follow-up (10).

Another alternative to cardiac allotransplantation is the
implantable ventricular assist device (11). The two types
approved by the U.S. Food and Drug Administration
(HeartMate left ventricular assist device, ThermoCardiosys-
tems, Woburn, MA, and the Novacor left ventricular assist
device, World Health, Inc., Oakland, CA) are both electrical
pulsatile devices, implanted through a median sternotomy
with an inflow cannula in the apex of the left ventricle and an
outflow tube anastomosed to the ascending aorta. A single
drive line containing the electrical cable and the atmospheric
air vent leads transcutaneously from the implanted pump to
an external power pack (Figure 3).

Recipients of implantable left ventricular assist devices
are vulnerable to device-related infections because the
extracorpeal drive line (13.5 mm to 15 mm in diameter)
breaches normal cutaneous defenses against infection,
providing a portal of entry for pathogens (12). The incidence of
infection increases with duration of ventricular assist device
support (a mean of 120 days for patients awaiting heart
transplantation at the Cleveland Clinic in 1999). As
recipients are often malnourished or debilitated, it is not
surprising that 32% of patients had a device-associated
infection and 55% had a hospital-associated bloodstream
infection during support (13). Patients with ventricular assist
devices commonly receive antibiotic therapy, both for
prophylaxis or treatment of infections and on an empiric
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Figure 3. Implantable left ventricular assist device.
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basis. The use of antibiotics may lead to development of
infections with fungi and drug-resistant pathogens. Despite
these implications, infections associated with ventricular
assist devices do not preclude successful transplantation.
Strategies for prevention of infection in recipients will focus
on the drive line exit site until technical advances can achieve
a totally implantable device.

Future Directions: From Blood
and Guts to Bits and Bytes

Technologic advances are continually being brought into
the operating room with increasing use of robotics and
teleoperating systems and virtual environment, which is the
fusion of robotics and three-dimensional imaging technology.
One issue with laparoscopic surgery is control of the camera
(laparoscopic lens) while the surgeon operates. There may be
problems with second guessing where the surgeon wants the
camera lens directed; movement of the camera lens, leading to
iatrogenic complications; and the expense of additional
personnel. Voice activation of a surgical robotic assistant has
permitted single-surgeon thorascopic surgery (14). The
surgeon registers voice commands into a voice card, and the
thorascope is connected with a robotic arm. In a study of
human-assisted versus robotic-assisted surgeries, all proce-
dures were successfully completed with no difference in
operating times and no technical mishaps related to the robot.

Teleoperating systems and telesurgery allow the
operator to perform surgery from a remote site. A three-
dimensional camera is outfitted with tactile, auditory, and
proprioceptive feedback. This technology may provide a
means to treat patients in hazardous or distant environments
where evacuation is not feasible. NASA is planning to send
astronauts on a 3-year mission to Mars by 2020 and believes
an acute medical crisis is likely during such a voyage.
Biomedical space researchers are reviewing the creation of a
digitized virtual astronaut, a computerized representation of
the entire physiology, updated in real time by input from a
comprehensive bank of sensors (Groopman J. Medicine on
Mars. New Yorker, February 14, 2000). Any necessary
surgery would be performed by the flight surgeon, coached by
the virtual mentor and aided by robotics.

In summary, the operating room remains a dynamic
environment undergoing rapid change and innovation. The
challenge for infection control practitioners is to adopt a
facilitative (not passive or resistant) involvement in
measurement and data-tracking instruments (e.g., registries,
conversion rates, surgical site infection rates) and embrace
opportunities for comparison.
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Preventing Surgical Site Infections:
A Surgeon’s Perspective

Ronald Lee Nichols
Tulane University School of Medicine, New Orleans, Louisiana, USA

Wound site infections are a major source of postoperative illness, accounting for approximately a quarter of
all nosocomial infections. National studies have defined the patients at highest risk for infection in general
and in many specific operative procedures. Advances in risk assessment comparison may involve use of the
standardized infection ratio, procedure-specific risk factor collection, and logistic regression models.
Adherence to recommendations in the 1999 Centers for Disease Control and Prevention guidelines should

reduce the incidence of infection in surgical patients.

Postoperative surgical site infections remain a major
source of illness and a less frequent cause of death in the
surgical patient (1). These infections number approximately
500,000 per year, among an estimated 27 million surgical
procedures (2), and account for approximately one quarter of
the estimated 2 million nosocomial infections in the United
States each year (3). Infections result in longer hospitaliza-
tion and higher costs.

The incidence of infection varies from surgeon to surgeon,
from hospital to hospital, from one surgical procedure to
another, and—most importantly—from one patient to
another. During the mid1970s, the average hospital stay
doubled, and the cost of hospitalization was correspondingly
increased when postoperative infection developed after six
common operations (4). These costs and the length of hospital
stay are undoubtedly lower today for most surgical procedures
that are done on an outpatient basis, such as laparoscopic
(minimally invasive) operations or those that require only a
short postoperative stay. In these cases, most infections are
diagnosed and treated in the outpatient clinic or the patient’s
home. However, major complications such as deep sternal
infections continue to have a grave impact, increasing the
duration of hospitalization as much as 20-fold and the cost of
hospitalization fivefold (5). Any surgical site infection after
open heart surgery results in a substantial net loss of
reimbursement to the hospital compared with uninfected
cases, a factor that should motivate hospitals to minimize the
incidence of postoperative infections (6).

Description of Surgical Site Infections

The Centers for Disease Control and Prevention (CDC)
term for infections associated with surgical procedures was
changed from surgical wound infection to surgical site
infection in 1992 (7). These infections are classified into
incisional, organ, or other organs and spaces manipulated
during an operation; incisional infections are further divided
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into superficial (skin and subcutaneous tissue) and deep (deep
soft tissue-muscle and fascia). Detailed criteria for these
definitions have been described (7). These definitions should
be followed universally for surveillance, prevention, and
control of surgical site infections.

Microbiology of Surgical Site Infections

The pathogens isolated from infections differ, primarily
depending on the type of surgical procedure. In clean surgical
procedures, in which the gastrointestinal, gynecologic, and
respiratory tracts have not been entered, Staphylococcus
aureus from the exogenous environment or the patient’s skin
flora is the usual cause of infection. In other categories of
surgical procedures, including clean-contaminated, contami-
nated, and dirty, the polymicrobial aerobic and anaerobic
flora closely resembling the normal endogenous microflora of
the surgically resected organ are the most frequently isolated
pathogens (8).

According to data from the National Nosocomial
Infections Surveillance System (NNIS), there has been little
change in the incidence and distribution of the pathogens
isolated from infections during the last decade (9). However,
more of these pathogens show antimicrobial-drug resistance,
especially methicillin-resistant S. aureus (10). Postoperative
infections, including surgical site infections, were caused by
multiple organisms in a multicenter outbreak due to
contamination of an intravenous anesthetic, propofol (11). In
this outbreak, CDC identified 62 patients at seven hospitals
who had postoperative infections, primarily of the
bloodstream or surgical site, after exposure to propofol. Only
exposure to this anesthetic was substantially associated with
these postoperative infections. In six of the seven hospitals,
the same pathogen was isolated from several infected
patients. The infections were due to extrinsic contamination
of the propofol by the anesthesia personnel, who frequently
carried the pathogens in lesions on their hands or scalp or in
their nares. Lapses in aseptic technique and reuse of single-
use vials for several patients were important factors in these
outbreaks (11,12). This report stresses the importance of
conducting a formal epidemiologic investigation when a
cluster of infections involves an unusual organism such as
Moraxella osloensis or Serratia marcescens.
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Prevention of Surgical Site Infections

The most critical factors in the prevention of
postoperative infections, although difficult to quantify, are
the sound judgment and proper technique of the surgeon and
surgical team, as well as the general health and disease state
of the patient (13-14). Other factors influence the
development of postoperative wound infection, especially in
clean surgical procedures, for which the infection rate (<3%) is
generally low. Infections in these patients may be due solely
to airborne exogenous microorganisms (15).

In 1999, CDC’s Health Care Infection Control Practices
Advisory Committee published revised guidelines for the
prevention of infections (Table 1). This guideline delves
extensively into the literature concerning perioperative
factors associated with postoperative infections (16). The
1999 edition of the guideline has been extensively revised
(Table 2).

Prophylactic Antibiotic Use in the Surgical Patient

The use of antibiotic prophylaxis before surgery has
evolved greatly in the last 20 years (17). Improvements in the
timing of initial administration, the appropriate choice of
antibiotic agents, and shorter durations of administration
have defined more clearly the value of this technique in
reducing postoperative wound infections. Some historical
milestones of the last 4 decades shed light on the current
situation.

Historical Aspects

Confusing and heated debate concerning the efficacy of
prophylactic antibiotics in surgery followed the publication of
clinical trials during the 1950s. Errors in study design of

these early efforts included nonrandomization, lack of
blinding, faulty timing of initial antibiotic administration,
prolonged antibiotic use, incorrect choices of antimicrobial
agents, and inappropriate choices of control agents.

Experimental studies published during the early 1960s
helped clarify many of these problems and resulted in a more
scientifically accurate approach to antimicrobial prophylaxis.
Most important was the report by Burke (18), which
demonstrated the crucial relationship between timing of
antibiotic administration and its prophylactic efficacy. His
experimental studies showed that to greatly reduce
experimental skin infection produced by penicillin-sensitive
S. aureus, the penicillin had to be in the skin shortly before or
at the time of bacterial exposure. This study and others
fostered the attitude that to prevent subsequent infection the
antibiotic must be in the tissues before or at the time of
bacterial contamination. This important change in strategy
helped correct the common error of first administering the
prophylactic antibiotic in the recovery room.

As early as 1964, Bernard and Cole (19) reported on the
successful use of prophylactic antibiotics in a randomized,
prospective, placebo-controlled clinical study of abdominal
operations on the gastrointestinal tract. The success of
antibiotic prophylaxis noted in this early study was clearly
due to the authors’ appropriate patient selection and wise
choice of available agents, as well as the timing of
administration. Further advances in wunderstanding of
antibiotic prophylaxis in abdominal surgery occurred in the
1970s. During this decade, the qualitative and quantitative
nature of the endogenous gastrointestinal flora in health and
disease was appropriately defined (20). Many prospective,
blinded clinical studies in the 1980s and 1990s prompted

Table 1. Hospital Infection Control Practices Advisory Committee partial recommendations for the prevention of surgical site infection,1999 (16)

Rankings
Category 1A
studies
Category 1B
and strong theoretical rationale
Category II

Strongly recommended for implementation and supported by well-designed experimental, clinical, or epidemiologic
Strongly recommended for implementation and supported by some experimental, clinical, or epidemiologic studies

Suggested for implementation and supported by suggestive clinical or epidemiologic studies or theoretical rationale

No recommendation; Practices for which insufficient evidence or no consensus regarding efficacy exists

unresolved issue.

Recommendations—Preoperative—partial and modified
A. Preparation of the patient
Category 1A

Treat remote infection before elective operation; postpone surgery until treated; Do not remove hair from operative

site unless necessary to facilitate surgery; If hair is removed, do immediately before surgery, preferably with electric

clippers
Category 1B

Control serum blood glucose perioperatively; Cessation of tobacco use 30 days before surgery; Do not withhold

necessary blood products to prevent SSIs; Shower or bath on night before operative procedure; Wash incision site
before performing antiseptic skin preparation with approved agent

Category 11
Unresolved
systemic steroid use before elective surgery

B. Antimicrobial prophylaxis
Category 1A

Prepare skin in concentric circles from incision site; Keep preoperative stay in hospital as short as possible
Improve nutritional status; Use of mupirocin in nares; Improve oxygenation of wound space; Taper or discontinue

Select (if indicated) an antimicrobial agent with efficacy against expected pathogen; Intravenous route used to

ascertain adequate serum levels during operation and for at most a few hours after incision closed; Before elective
colorectal operations, in addition to parenteral agent, mechanically prepare the colon by use of enemas and
cathartics. Administer nonabsorbable oral antimicrobial agents in divided doses on the day before the operation

Category 1B

Do not routinely use vancomycin for antimicrobial prophylaxis

SSI = surgical site infections
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Table 2. Changes in CDC surgical site infections prevention guidelines, 1999 (16)

1985 1999
Category 1 Category 1A
Category I1 Category 1B
Category III Category II or no recommendation; unresolved

Preoperative hair removal

Do not remove hair unless it will interfere with the operation Recommendation unchanged
Category I1 Category 1A
If removed, remove by clipping or use of a depilatory, not by If removed, preferably remove immediately before the operation with
shaving electric clippers
Category I1 Category 1A
Preoperative shower or bath
Patient should bathe with antimicrobial soap the night before Require patients to shower or bathe with an antiseptic agent at least
an elective operation the night before surgery
Category II1 Category 1B
Preoperative hand and forearm antisepsis
Perform surgical scrub for at least 5 minutes before first Perform surgical scrub for at least 2-5 minutes with an appropriate
operation of day antiseptic
Category 1 Category 1B
Between consecutive operations perform surgical scrub 2 to 5 minutes
Category I1
After scrub, dry hands with sterile towel, don sterile gown and After scrub, keep hands up and away from body; dry hands with
gloves sterile towel; don sterile gown and gloves
Category 1 Category 1B
Preoperative patient preparation
Treat and control all bacterial infections before operation Identify and treat all remote infections before elective operation
Category 1 Category 1A
The hospital stay should be as short as possible Keep hospital stay as short as possible
Category I1 Category I1
If patient is malnourished, enteral or parenteral nutrition No recommendation to use nutritional support solely to prevent
should be given surgical site infection
Category I1 Unresolved
Preoperative antimicrobial prophylaxis
Use for operations with high infection rate or for those with Administer antimicrobial agent only when indicated and select based
severe or life-threatening consequences if infection occurs on published recommendations for a specific operation and efficacy
Category 1 against most common pathogens

Category 1A
Select antimicrobial agents that are safe and effective

Category 1

Start parenteral IV antimicrobial agents shortly before Administer antimicrobial agents by IV timed to ensure bactericidal
operation and discontinue shortly afterward serum and tissue levels when incision made

Category 1 Category 1A

Maintain therapeutic levels during operation and, at most, a few
hours after closure
Category 1A

Before colorectal elective operations, in addition to IV antimicrobial
drugs, mechanically prepare the colon with enemas and cathartic
agents; administer nonabsorbable oral antimicrobial agents in
individual doses the day before surgery

Category 1A

For cesarean sections in patients at high risk administer IV
antimicrobial agent immediately after cord is clamped

Category 1A

Do not routinely use vancomycin for prophylaxis

Category 1B
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definitive recommendations concerning the proper ap-
proaches to antibiotic prophylaxis in surgery (21).

Current Use of Parenteral Antibiotic
Agents in Surgical Prophylaxis

The choice of parenteral prophylactic antibiotic agents
and the timing and route of administration have become
standardized on the basis of well-planned prospective clinical
studies (21). It is generally recommended in elective clean
surgical procedures using a foreign body and in clean-
contaminated procedures that a single dose of cephalosporin,
such as cefazolin, be administered intravenously by
anesthesia personnel in the operative suite just before
incision. Additional doses are generally recommended only
when the operation lasts longer than 2 to 3 hours. Other
controversial areas include the routine use of antibiotic
prophylaxis in clean surgical procedures, such as hernia
repair or breast surgery (21,22). This subject has been
summarized in a published review (23), and some specific
situations will be described.

Antibiotic Prophylaxis before Elective Colon Resection

The human colon and distal small intestine contain an
enormous reservoir of facultative and anaerobic bacteria,
separated from the rest of the body by the mucous membrane.
A reliable method of sterilizing the colonic contents has been
a goal of surgeons throughout this century (24). In the past 25
years, clinical trials have demonstrated that to substantially
reduce septic complications after elective colon surgery,
antibiotics must have activity against both colonic aerobes
(e.g., Escherichia coli) and anaerobes (e.g., Bacteroides
fragilis), a finding we reported over 25 years ago (25). Today,
approaches to mechanical cleansing differ widely (26).
Modern approaches include standard outpatient mechanical
cleansing with dietary restriction, cathartics, and enemas for
a 2-day period, or whole-gut lavage with an electrolyte
solution of 10% mannitol, Fleet’s phospho-soda, or
polyethylene glycol, done the day before the operation.

Most surgeons use both antibiotics and mechanical
cleansing for preoperative preparation before elective colon
resection (26). Three regimens of oral agents combine
neomycin with erythromycin base, metronidazole, or
tetracycline. The most popular regimen in the United States
has been the neomycin-erythromycin base preparation, which
was introduced in 1972 (27).

In a survey published in 1997, 471 (58%) of 808 board-
certified colorectal surgeons described their bowel prepara-
tion practices before elective procedures (26). All respondents
used mechanical preparation: oral polyethylene glycol
solution (70.9% of respondents), oral sodium phosphate
solution with or without bisacodyl (28.4%), and accepted
methods of dietary restriction, cathartics, and enemas
(28.4%). Most (86.5%) surgeons added both oral and
parenteral antibiotics to the regimen; 11.5% added only
parenteral antibiotics, 1.1% added only oral antibiotics, and
0.9% did not add antibiotics. Oral neomycin and erythromycin
or metronidazole were combined with a perioperative
parenteral antibiotic by 77.8% of respondents. Most patients
started the preparation as outpatients the day before surgery,
and parenteral drugs were added to the regimen 1 to 2 hours
before the procedure. The use of outpatient bowel preparation
is increasing; however, patient selection is critical, and
education is needed to reduce the rate of complications.

Vol. 7, No. 2, March-April 2001

Antibiotic Prophylaxis for Appendectomy

The pathologic state of the appendix is the most
important determinant of postoperative infection (28,29).
Wound infection after appendectomy for perforative or
gangrenous appendicitis is four to five times higher than for
early disease. A prospective study of nonperforated
appendicitis, using a logistic regression analysis of risk
factors, showed that the risk for postoperative infection is
related to lack of perioperative antibiotic prophylaxis and to
the determination that the appendix was gangrenous (29).
Because the pathologic state of the appendix often cannot be
determined before or during operation, a parenteral antibiotic
agent is recommended as prophylaxis in all patients.

Regimens with activity against both facultative gram-
negative bacilli and anaerobes are more effective than those
active only against aerobes (29). The use of antimicrobial
agents in perforated appendicitis with evidence of local or
general peritonitis or intraabdominal abscess, or both, should
be considered therapeutic rather than prophylactic.

Preventive Antibiotics in Penetrating Abdominal Trauma

Hollow-lumen visceral damage with associated escape of
endogenous microorganisms is the main risk factor for
postoperative infections after exploratory laparotomy for
penetrating abdominal trauma. A single dose of parenterally
administered antibiotic, given just before abdominal
exploration for penetrating abdominal trauma, is associated
with low postoperative infection rate in patients with no
observed gastrointestinal leakage (30). If gastrointestinal
leakage is identified at the time of the operation, continuing
the antibiotic agents for 1 to 3 days is usually recommended.
It is important to use antibiotic agents with both
facultative and anaerobic activity. Leaving the operative
wound open, packed with saline-soaked gauze, decreases
the incidence of postoperative wound infection in patients
at high risk (31).

Preventive Antibiotic Use in Traumatic Chest Injuries

Recently published studies have shown the value of
parenteral antibiotic prophylaxis in the prevention of
pneumonia or empyema after the placement of a chest tube to
correct the hemopneumothorax associated with chest trauma
(32,33). In one study, 500 mg of cefazolin was given
intravenously every 8 hours for 24 hours (32). In the other
study, 1 g of cefonicid was administered every 24 hours until
the chest tube was removed, usually before 5 days (33). In
both studies patients receiving antibiotics had substantially
lower infection rates than those receiving placebos.

Conclusions

Recent improvements in antibiotic prophylaxis, includ-
ing the timing of initial administration, appropriate choice of
antibiotic agents, and shortening the duration of administra-
tion, have established the value of this technique in many
clinical surgical settings. Future study designs should
strongly consider risk factors for individual patients when
new antibiotic agents are tested or administration
techniques are refined. A concentrated effort should be
made in areas of clinical surgery where the value of
antibiotic prophylaxis has not been proven. A single-dose
systemic regimen of an appropriately chosen cephalosporin
given during the immediate preoperative period is safe and
the indicated practice.
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Hygiene of the Skin: When Is Clean Too Clean?

Elaine Larson
Columbia University School of Nursing, New York, New York, USA

Skin hygiene, particularly of the hands, is a primary mechanism for reducing contact and fecal-oral
transmission of infectious agents. Widespread use of antimicrobial products has prompted concern about
emergence of resistance to antiseptics and damage to the skin barrier associated with frequent washing.
This article reviews evidence for the relationship between skin hygiene and infection, the effects of
washing on skin integrity, and recommendations for skin care practices.

For over a century, skin hygiene, particularly of the
hands, has been accepted as a primary mechanism to control
the spread of infectious agents. Although the causal link
between contaminated hands and infectious disease
transmission is one of the best-documented phenomena in
clinical science, several factors have recently prompted a
reassessment of skin hygiene and its effective practice.

In industrialized countries, exposure to potential
infectious risks has increased because of changing sociologic
patterns (e.g., more frequent consumption of commercially
prepared food and expanded child-care services). Environ-
mental sanitation and public health services, despite room for
improvement, are generally good. In addition, choices of
hygienic skin care products have never been more numerous,
and the public has increasing access to health- and product-
related information (1). This paper reviews evidence for the
relationship between skin hygiene and infection, the effects of
washing on skin integrity, and recommendations for skin care
practices for the public and health-care professionals.

Does Skin Cleansing Reduce Risk for Infection?

Personal Bathing and Washing

There is a clear temporal relationship between
improvement in general levels of cleanliness in society and
improved health. Greene (2) used historical and cross-
cultural evidence and causal inference to associate personal
hygiene with better health. However, the role of personal
cleanliness in the control of infectious diseases over the past
century is difficult to measure, since other factors have
changed at the same time (e.g., improved public services,
waste disposal, water supply, commercial food handling, and
nutrition) (3).

Studies of personal and domestic hygiene and its
relationship to diarrhea in developing countries demonstrate
the effectiveness of proper waste disposal, general sanitary
conditions, and handwashing (4,5). However, aside from hand
cleansing, specific evidence is lacking to link bathing or
general skin cleansing with preventing infections. Part of the
difficulty in demonstrating a causal association between
general bathing or skin care and gastrointestinal infection is
that interventions to reduce diarrheal disease have been
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multifaceted, often including health education, improved
waste disposal, decontaminating the water supply, and
general improvement in household sanitation as well as
personal hygiene (6,7). Risk for diarrheal disease has also
been linked to the level of parental education (8). Multiple
influences complicate definition of the impact of any single
intervention.

In 11 studies reviewed by Keswick et al. (9), use of
antimicrobial soaps was associated with substantial
reductions in rates of superficial cutaneous infections.
Another 15 experimental studies demonstrated a reduction in
bacteria on the skin with use of antimicrobial soaps, but none
assessed rates of infection as an outcome.

Extensive studies of showering and bathing conducted
since the 1960s demonstrated that these activities increase
dispersal of skin bacteria into the air and ambient
environment (10-12), probably through breaking up and
spreading of microcolonies on the skin surface and resultant
contamination of surrounding squamous cells. These studies
prompted a change in practice among surgical personnel, who
are now generally discouraged from showering immediately
before entering the operating room. Other investigators have
shown that the skin microflora varies between persons but is
remarkably consistent for each person over time. Even
without bathing for many days, the flora remain qualitatively
and quantitatively stable (13-15).

For surgical or other high-risk patients, showering with
antiseptic agents has been tested for its effect on
postoperative wound infection rates. Such agents, unlike
plain soaps, reduce microbial counts on the skin (16-18). In
some studies, antiseptic preoperative showers or baths have
been associated with reduced postoperative infection rates,
but in others, no differences were observed (19-21). Whole-
body washing with chlorhexidine-containing detergent has
been shown to reduce infections among neonates (22), but
concerns about absorption and safety preclude this as a
routine practice. Several studies have demonstrated
substantial reductions in rates of acquisition of methicillin-
resistant Staphylococcus aureus in surgical patients bathed
with a triclosan-containing product (23,24). Hence, preopera-
tive showering or bathing with an antiseptic may be
justifiable in selected patient populations.

Hand Hygiene for the General Public

Much contemporary evidence for a causal link between
handwashing and risk for infection in community settings
comes from industrialized countries (5,7,25-27). Although
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many of these studies may be limited by confounding by other
variables, evidence of an important role for handwashing in
preventing infections is among the strongest available for any
factor studied. Reviews of studies linking handwashing and
reduced risk for infection have been recently published
(28,29). The most convincing evidence of the benefits of
handwashing for the general public is for prevention of
infectious agents found transiently on hands or spread by the
fecal-oral route or from the respiratory tract (30). Plain soaps
are considered adequate for this purpose.

Several highly publicized, serious outbreaks from
commercially prepared foods have raised questions about food
safety and the hygienic practices of food handlers and others
in the service professions. Despite public awareness, however,
handwashing generally does not meet recommended
standards—members of the public wash too infrequently and
for short periods of time (31).

These factors have led to suggestions that antimicrobial
products should be more universally used, and a myriad of
antimicrobial soaps and skin care products have become
commercially available. While antimicrobial drug-containing
products are superior to plain soaps for reducing both
transient pathogens and colonizing flora, widespread use of
these agents has raised concerns about the emergence of
bacterial strains resistant to antiseptic ingredients such as
triclosan (32,33). Such resistance has been noted in England
and Japan (34), and molecular mechanisms for the
development of resistance have been proposed (32,35).
Although in some settings exposure to antiseptics has
occurred for years without the appearance of resistance, a
recent study described mutants of Escherichia coli selected for
resistance to one disinfectant that were also multiply-
antibiotic resistant (35). Some evidence indicates that long-
term use of topical antimicrobial agents may alter skin flora
(36,37). The question remains whether antimicrobial soaps
provide sufficient benefit in reducing transmission of
infection without added risk or cost.

Hand Hygiene in Health-Care Settings

Issues regarding hand hygiene practices among health-
care professionals have been widely discussed and may be
even more complicated than those in the general public.
Unless patient care involves invasive procedures or extensive
contact with blood and body fluids, current guidelines
recommend plain soap for handwashing (38,39); however,
infection rates in adult or neonatal intensive care units or
surgery may be further reduced when antiseptic products are
used (40-42).

Skin Barrier Properties and Effect
of Hand Hygiene Practices

The average adult has a skin area of about 1.75 m?2. The
superficial part of the skin, the epidermis, has five layers. The
stratum corneum, the outermost layer, is composed of
flattened dead cells (corneocytes or squames) attached to each
other to form a tough, horny layer of keratin mixed with
several lipids, which help maintain the hydration, pliability,
and barrier effectiveness of the skin. This horny layer has
been compared to a wall of bricks (corneocytes) and mortar
(lipids) and serves as the primary protective barrier (43).
Approximately 15 layers make up the stratum corneum,
which is completely replaced every 2 weeks; a new layer is
formed approximately daily (44). From healthy skin,
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approximately 107 particles are disseminated into the air
each day, and 10% of these skin squames contain viable
bacteria (45). The dispersal of organisms is greater in males
than in females and varies between persons using the same
hygienic regimen by as much as fivefold (46).

Water content, humidity, pH, intracellular lipids, and
rates of shedding help retain the protective barrier properties
of the skin. When the barrier is compromised (e.g., by hand
hygiene practices such as scrubbing), skin dryness, irritation,
cracking, and other problems may result. Although the
palmar surface of the hand has twice as many cell layers and
the cells are >30 times thicker than on the rest of the skin (47),
palms are quite permeable to water (48).

Long-term changes in skin pH associated with
handwashing may pose a concern since some of the
antibacterial characteristics of skin are associated with its
normally acidic pH (49). In one report, pH increased 0.6 to 1.8
units after handwashing with plain soap for 1 to 2 min and
then gradually declined to baseline levels over a period of 45
min to 2 hr (50). Some soaps can be associated with long-
standing changes in skin pH, reduction in fatty acids, and
subsequent changes in resident flora such as propionibacter (51).

In an investigation of the effect on skin of repeated use of
two washing agents, all skin function tests (stratum corneum
capacitative resistance, lipids, transepidermal water loss,
pH, laser Doppler flow, and skin reddening) were markedly
changed after a single wash, and after 1 week further damage
was noted (52). In a study of irritant skin reactions induced by
three surfactants, damage lasted for several days; complete
skin repair was not achieved for 17 days (53).

Soaps and detergents have been described as the most
damaging of all substances routinely applied to skin (43).
Anionic and cationic detergents are more harmful than
nonionic detergents (54), and increased concentrations of
surfactant result in more rapid, severe damage (55). Each
time the skin is washed, it undergoes profound changes, most
of them transient. However, among persons in occupations
such as health care in which frequent handwashing is
required, long-term changes in the skin can result in chronic
damage, irritant contact dermatitis and eczema, and
concomitant changes in flora.

Irritant contact dermatitis, which is associated with
frequent handwashing, is an occupational risks for health-
care professionals, with a prevalence of 10% to 45% (56-58).
The prevalence of damaged skin on the hands of 410 nurses
was reported to be 25.9% in one survey, with 85.6% of nurses
reported to have problems at some time. Skin damage was
correlated with frequency of glove use and handwashing (56).
Washing with plain soap may actually increase the potential
for microbial transmission because of a 17-fold increase in the
dispersal of bacterial colonies from the skin of the hands (59).
Skin condition clearly plays a major role in risk for
transmission.

Microbiology of Hands of Health-Care Professionals
Damaged skin more often harbors increased numbers of
pathogens. Moreover, washing damaged skin is less effective
at reducing numbers of bacteria than washing normal skin,
and numbers of organisms shed from damaged skin are often
higher than from healthy skin (60,61). The microbial flora on
the clean hands of nurses (samples taken immediately after
handwashing) have been reported in several recent studies
(Table). Methicillin resistance among coagulase-negative
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Table. Microbial flora colonizing hands of health-care professionals
A. Microbial counts

Year (ref.) Sample (No. subjects) Mean log;q CFU
1986 (62)  Staff of bone marrow transplant 4. 89
unit (22)
1992 (63) Pediatric staff, Peru (62) 5.88
1997 (64) Nurses in acute care unit (40) 5.61

B. Resistance of coagulase-negative staphylococcal flora
Resistant (%) to

Year (ref.) Sample (No. isolates) methicillin _ tetracycline

1986 (62)  Staff of bone marrow 68.0 23.0
transplant unit (50)

1988 (65)  Omncology, dermatology 50.7 30.7
staff (152)

1992 (63) Pediatric staff, Peru 40.9 45.4
(279)

1997 (64)  Acute care nurses (122) 59.0 10.5

staphylococcal flora on hands did not seem to increase during
the 1980s to the 1990s, and tetracycline resistance decreased
(Table).

When Is Clean Too Clean?

Even with wuse of antiseptic preparations, which
substantially reduce counts of hand flora, no reductions
beyond an equilibrium level are attained (66). The numbers of
organisms spread from the hands of nurses who washed
frequently with an antimicrobial soap actually increased
after a period of time; this increase is associated with
declining skin health (67). In a recent survey, nurses with
damaged hands were twice as likely to be colonized with S.
hominis, S. aureus, gram-negative bacteria, enterococci, and
Candida spp. and had a greater number of species colonizing
the hands (64).

The trend in both the general public and among health-
care professionals toward more frequent washing with
detergents, soaps, and antimicrobial ingredients needs
careful reassessment in light of the damage done to skin and
resultant increased risk for harboring and transmitting
infectious agents. More washing and scrubbing are unlikely
to be better and may, in fact, be worse. The goal should be to
identify skin hygiene practices that provide adequate
protection from transmission of infecting agents while
minimizing the risk for changing the ecology and health of the
skin and increasing resistance in the skin flora.

Recommendations for the General Public

Bathing or showering cleans the skin by mechanical
removal of bacteria shed on corneocytes. Bacterial counts are
at least as high or higher after bathing or showering with a
regular soap than before. Frequent bathing has aesthetic and
stress-relieving benefits but serves little microbiologic
purpose. Mild, nonantimicrobial soap should suffice for
routine bathing. Bathing with an antimicrobial product
reduces rates of cutaneous infection and could be beneficial
when skin infections are likely or before certain surgical
procedures. With those exceptions, available data do not
support a recommendation for bathing with antimicrobial
products.

Vol. 7, No. 2, March-April 2001 227

No single recommendation for hand hygiene practices in
the general population would be adequate. The potential
advantage of sustained antimicrobial activity for certain
occupations (e.g., food handlers and child-care providers)
must be balanced with the theoretical possibility of
emergence of resistant strains and perhaps other, as yet
unrecognized, safety issues.

An alternative to detergent-based antiseptic products is
the use of alcohol hand rinses, which have recently become
widely available over the counter. Their advantages include
rapid and broad-spectrum activity, excellent microbicidal
characteristics, and lack of potential for emergence of
resistance. Alcohol-based products could be recommended for
use among persons who need immediate protection after
touching contaminated surfaces or before and after contact
with someone at high risk for infection.

Since hands are a primary mode of fecal-oral and
respiratory transmission, specific indications for use of
antiseptic hand products by the general public are close
physical contact with persons at high risk for infection (e.g.,
neonates, the very old, or immunosuppressed); close physical
contact with infected persons; infection with an organism
likely to be transmitted by direct contact (diarrhea, upper
respiratory infection, skin infections); or work in a setting in
which infectious disease transmission is likely (food
preparation, crowded living quarters such as chronic-care
residences, prisons, child-care centers, and preschools).

Recommendations for the Health-Care Professional

Detergent-Based Antiseptics or Alcohol

Because of increasingly vulnerable patient populations,
the demand for hand hygiene among health-care profession-
als has never been greater. However, frequent handwashing
is not only potentially damaging to skin, it is also time-
consuming and expensive (68). Finnish investigators
demonstrated that after frequent washing the hands of
patient-care providers became damaged and posed greater
risk to themselves and patients than if they had washed less
often. A mild emulsion cleansing rather than handwashing
with liquid soap was associated with a substantial
improvement in the skin of nurses’ hands (69). Alcohol-based
formulations are superior to antiseptic detergents for rapid
microbial killing on skin (66,67,70-72) and, with the addition
of appropriate moisturizers, are probably milder (67,73,74).
Since alcohols are rapid acting, are broad spectrum, and
require no washing or drying, damage caused by detergents
and mechanical friction from toweling is avoided.

Use of Lotions and Moisturizers

Moisturizing is beneficial for skin health and reducing
microbial dispersion from skin, regardless of whether the
product used contains an antibacterial ingredient (75-77).
Because of differences in the content and formulations of
lotions and creams, products vary greatly in their
effectiveness (78,79). Lotions used with products containing
chlorhexidine gluconate must be carefully selected to avoid
neutralization by anionic surfactants (80). The role of
emollients and moisturizers in improving skin health and
reducing microbial spread is an area for additional research.

To improve the skin condition of health-care profession-
als and reduce their chances of harboring and shedding
microorganisms from the skin, the following measures are
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recommended: 1) For damaged skin, mild, nonantimicrobial
skin cleansing products may be used to remove dirt and
debris. If antimicrobial action is needed (e.g., before invasive
procedures or handling of highly susceptible patients) a
waterless, alcohol-based product may be used. 2) In clinical
areas such as the operating room and neonatal and
transplant units, shorter, less traumatic washing regimens
may be used instead of lengthy scrub protocols with brushes
or other harsh mechanical action. 3) Effective skin emollients
or barrier creams may be used in skin-care regimens and
procedures for staff (and possibly patients as well). 4) Skin
moisturizing products should be carefully assessed for
compatibility with any topical antimicrobial products being
used and for physiologic effects on the skin (81).

Conclusions

From the public health perspective, more frequent use of
current hygiene practices may not necessarily be better (i.e.,
perhaps sometimes clean is “too clean”), and the same
recommendations cannot be applied to all users or situations.
Future investigation is likely to improve understanding of the
interaction between skin physiology, microbiology, and
ecology and the role of the skin in the transmission of
infectious diseases.

Dr. Larson is professor of pharmaceutical and therapeutic research,
The School of Nursing, and professor of epidemiology, Mailman School
of Public Health, Columbia University. She is editor of the American
Journal of Infection Control and former chair of the Healthcare Infec-
tion Control Practices Advisory Committee and member of CDC’s Na-
tional Center for Infectious Diseases Board of Scientific Counselors.
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Antiseptic Technology:
Access, Affordability, and Acceptance

John M. Boyce
Hospital of St. Raphael, New Haven, Connecticut, USA

Factors other than antimicrobial activity of soaps and antiseptic agents used for hand hygiene by health
personnel play a role in compliance with recommendations. Hand hygiene products differ considerably in
acceptance by hospital personnel. If switching from a nonmedicated soap to an antiseptic agent or increased
use of an existing antiseptic agent for hand hygiene prevented a few more infections per year, additional
expenditures for antiseptic agents would be offset by cost savings.

Although the antimicrobial activity of preparations used
by health-care workers for hand hygiene (soap and water or
waterless antiseptic agents) is an important aspect of such
preparations (1,2), other factors that influence the frequency
of use of hand hygiene products by personnel are important.

Access

The accessibility of sinks or other facilities may be an
important factor, since nurses and other health-care
personnel are expected to wash their hands frequently.
Nurses wash their hands an average of 13 to 30 times each
day, with as many as 44 times reported (Table 1) (3-5). In an
observational study in an intensive care unit (ICU), nurses
needed an average of 62 seconds to walk to a sink, wash and
dry their hands, and return to the patient’s bed (6). If nurses
wash their hands for 10 seconds and 12 nurses work in an
ICU, handwashing would require 16 hours of nursing time per
shift (assuming 100% compliance with recommended
handwashing practices). If nurses obtain an alcohol hand
disinfectant from a bedside dispenser and 15 seconds is
required for drying, 100% compliance would require 4 hours of
nursing time per shift. Making a rapidly effective waterless
antiseptic agent accessible at each patient’s bedside should
make it easier for nurses with heavy workloads to comply with
recommended hand hygiene practices.

Few investigators have studied the relationship between
access to sinks and handwashing frequency among health-
care workers. Preston and colleagues (7) recorded personnel
compliance with recommended handwashing in an open ICU
with six beds and two sinks. After the ICU was converted
into an isolation unit with 16 beds and 15 sinks (a sink for
nearly every bed), the crude rate of compliance improved
from 16% to 30%.

In an observational study in two ICUs, frequency of
handwashing by health-care workers after contact with

Table 1. Frequency of handwashing per shift by health-care workers

Author Average/shift Range
Ojajarvi (3) 20-30 11-44
Larson (4) 16-25 <8-25+
Boyce (5) 13-15 5-27

Address for correspondence: John M. Boyce, Hospital of Saint Raphael,
1450 Chapel Street, New Haven, CT 06511, USA; fax: 203-789-4239; e-
mail: JBoyce@srhs.org
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patients or their environment was recorded (8). In the medical
ICU, where the sink:bed ratio was 1:1, personnel complied
with recommended handwashing measures 76% of the time.
In the surgical ICU, where the sink:bed ratio was 1:4,
compliance decreased to 51%, indicating that improved access
to handwashing facilities increases handwashing compli-
ance. However, differences in handwashing compliance on
medical and surgical services may be related to factors such
as the number of opportunities for handwashing and
attitudes of personnel toward hand hygiene (9).

In a study of the impact of sink location on incidence of
nosocomial infections (10), patients whose beds were located
next to a sink had a 26% reduction in risk for infection
compared with those whose beds were located farther away
from a sink. In addition to placing sinks near patient beds
whenever possible, hospitals should ensure that medical
equipment adjacent to the patients’ beds (e.g., ventilators or
intravenous pumps) does not obstruct access to sinks.
Physical barriers that restrict access to sinks may discourage
personnel from washing their hands.

Automated handwashing machines have been tested,
usually for improving the quality or the frequency of
handwashing (11,12). Health-care personnel used these
automated sinks infrequently, and they do not appear to be a
useful solution to improving hand hygiene.

Other investigators observed health-care worker compli-
ance with recommended hand hygiene practices in a medical
ICU unit during three periods (13). During the baseline
period, hands were washed with soap and water. Then, an
alcohol-based hand disinfectant was made available, with one
alcohol dispenser for every four beds. In the third period,
additional dispensers were added so that there was one
alcohol dispenser for each bed. During the baseline period,
25% of health-care workers washed their hands when
recommended. Hand hygiene compliance improved to 41%
when one alcohol dispenser was made available for every four
beds and to 48% when a dispenser was placed next to every
bed. This study also suggests that better access to hand
hygiene facilities results in improved compliance.

Cost

Few data are available regarding the cost of antiseptic
agents used for hand hygiene. In 1999, a 450-bed community-
teaching hospital spent $22,000 on 2% chlorhexidine-containing
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preparations, plain soap, and alcohol hand rinse, for a cost of
$0.72 per patient per day (Figure 1). If hand hygiene supplies
for clinics and non-patient care areas are included, the total
annual budget for soaps and hand disinfectants was $30,000,
or approximately $1 per patient per day. Because of different
use patterns and varying product prices, annual hand
hygiene budgets at other institutions could vary considerably.

Plain
soap

Figure 1. Annual expenditures for hand hygiene products used in
patient care areas in a 450-bed community hospital, 1999.

The relative cost per liter was calculated for the products
available through the hospital’s buying group purchase
contract (Table 2). The 2% chlorhexidine gluconate detergent
was 1.7 times as expensive as the nonmedicated soap, and the
alcohol-based hand gel was twice as expensive. Expenditures
for soap or waterless hand disinfectants may be compared
with excess hospital costs associated with nosocomial
infections (Table 3). The excess hospital expense associated
with four or five nosocomial infections of average severity is
equal to the entire annual budget for soap and alcohol
products used for hand hygiene in inpatient care areas. A
single severe surgical site infection, lower respiratory
infection, or bloodstream infection may cost the hospital more
than the entire annual budget for antiseptic agents used for

Table 2. Relative cost per liter of hand hygiene products
Product category

Relative cost

Nonmedicated liquid soap 1.02
2% chlorhexidine gluconate detergent 1.7
Alcohol-based hand gel A 2.1
Alcohol hand rinse
A 1.8
B 1.6
Alcohol foam
A 4.7
B 4.8

aNonmedicated liquid soap was arbitrarily assigned a relative cost
of 1.0.
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Table 3. Excess length of stay and hospital costs associated with
nosocomial infections

Increased

length

of stay Increased cost ($)
Site of infection (days) Average Maximum
Urinary tract 1-4 600-930 8,280
Surgical Site 7-14 2,000-5,040 26,000
Lower respiratory  4-21 5,000-5,800 41,600
Bloodstream 4-24 3,000-40,000 >40,000

Adapted from: Jarvis WR. Selected aspects of the socioeconomic
impact of nosocomial infections: morbidity, mortality, cost, and
prevention. Infect Control Hosp Epidemiol 1996;17:552-7.

hand hygiene. If a change from nonmedicated soap to an
antiseptic agent or a substantial increase in the use of
antiseptic agents resulted in preventing a few additional
nosocomial infections per year, the additional costs associated
with using antiseptics would be offset by cost savings.

Acceptance

In studies of acceptance of hand hygiene products by
health-care personnel, the adverse effects of frequent
handwashing on the skin are considered an important issue
by hospital personnel, one likely to affect the frequency of use
of hand hygiene products (4,14). When hospital personnel
rated five soap products for their tendency to cause skin
dryness, cracking, or redness (3), the product that caused the
greatest cracking and redness of the skin was least preferred
by personnel. In a recent study (15), health-care workers
subjectively evaluated four 4% chlorhexidine-containing
products with respect to fragrance (smell), texture, lather,
ease of rinsing, and tendency to cause itching. One of the four
products evaluated was rated the worst in terms of smell,
texture, and lather, but did not differ from the other preparations
in ease of rinsing and tendency to cause itching. A subsequent
questionnaire showed that the product with the undesirable
smell and texture was the least popular among personnel.

Larson et al. (16) asked personnel to rate the condition of
their skin before and after using water, bar soap, or one of
three antiseptic preparations (antiseptics 1, 2, and 3). In self-
assessments of skin condition, washing with bar soap or
antiseptic 3 caused the most skin problems. In objective
assessments of skin condition based on measurements of
transepidermal water loss, handwashing with bar soap and
antiseptic 3 produced the most skin damage. Clearly, not all
handwashing preparations are equally acceptable to health-
care personnel.

In the United States, health-care workers have believed
that use of alcohol-based disinfectants causes excessive skin
irritation and dryness. This attitude may be based on prior
experience with products such as rubbing alcohol, which
contains no emollients, or on outdated approaches to hand
disinfection. Self-assessments of skin condition were recorded
by volunteers who used an alcohol-based preparation without
emollients and the same substance containing emollients
(17). After 1 week of use and again after 2 weeks, the alcohol
preparation containing emollients was thought to result in
less damage to the skin.

In a recent prospective randomized trial (5), 29 nurses
working on three hospital wards volunteered to participate.
Half the nurses were randomly assigned to wash their hands
with a nonmedicated soap (Soft N Sure, Steris, Inc., Mentor,
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OH); the other half used an alcohol hand gel (Purell, GoJo
Industries, Akron, OH) after patient contacts. Dispensers for
the alcohol hand gel were placed outside each patient’s room
or in the patient’s cubicle in the ICU. Nurses in both groups
were asked not to use hand lotions or creams during the study
period. After 2 weeks, all nurses resumed using standard
soap-and-water hand washing and were allowed to use hand
lotions or creams; the nurses who initially used soap and
water switched to the alcohol hand gel regimen, and vice
versa. Skin irritation and dryness were assessed by three
methods: self-assessment by participating nurses, visual
assessment by a study nurse, and electrical capacitance
measurements of the skin on the dorsal surface of the nurses’
hands (a measure of epidermal water content). Electrical
capacitance measurements showed that nurses had more skin
dryness if they washed their hands with soap and water than
if they used the alcohol hand gel (Figure 2). Self-assessments
by participants and visual assessments by the study nurse
also showed that nurses had substantially greater skin
irritation and dryness when using the soap-and-water
regimen. On a questionnaire assessing attitudes toward the
alcohol hand gel, 88% of nurses agreed or strongly agreed that
the alcohol gel caused less dryness than soap-and-water
handwashing; 92% agreed or strongly agreed that they would
be willing to use the alcohol hand gel routinely. This study
demonstrated that an alcohol hand gel containing
appropriate emollients can achieve a high degree of
acceptance by hospital personnel.

However, installing dispensers for alcohol-based hand
disinfectants throughout a facility does not necessarily
guarantee a high level of use. In a recent study, the number of
liters of an alcohol hand disinfectant used per 1,000 patient-
days increased substantially after implementation of a
hospital-wide, multidisciplinary program to improve hand
hygiene practices (18). The findings suggest that continuing
educational and motivational efforts may be necessary for
wide acceptance and frequent wuse of alcohol-based
disinfectants by health-care workers.

Conclusion

Ease of access to antiseptic agents and level of acceptance
of products by personnel can influence compliance with
recommended hand hygiene practices. Both these factors, as
well as the costs and antimicrobial activity of preparations,
should be taken into consideration in the selection of hand
hygiene products for health-care workers.

28

26

24 1

22 1

Mean corneometer reading

16 + —— Soap
—i- Alcohol Gel
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Figure 2. Electrical capacitance of dorsal hand skin surface (5).
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Improving Adherence to Hand Hygiene Practice:
A Multidisciplinary Approach

Didier Pittet
University of Geneva Hospitals, Geneva, Switzerland

Hand hygiene prevents cross-infection in hospitals, but health-care workers’ adherence to guidelines
is poor. Easy, timely access to both hand hygiene and skin protection is necessary for satisfactory hand
hygiene behavior. Alcohol-based hand rubs may be better than traditional handwashing as they require less
time, act faster, are less irritating, and contribute to sustained improvement in compliance associated with
decreased infection rates. This article reviews barriers to appropriate hand hygiene and risk factors for
noncompliance and proposes strategies for promoting hand hygiene.

Hand hygiene is the simplest, most effective measure for
preventing nosocomial infections (1,2). Despite advances in
infection control and hospital epidemiology, Semmelweis’
message is not consistently translated into clinical practice
(3,4), and health-care workers’ adherence to recommended
hand hygiene practices is unacceptably low (3,5-10). Average
compliance with hand hygiene recommendations varies
between hospital wards, among professional categories of
health-care workers, and according to working conditions, as
well as according to the definitions used in different studies.
Compliance is usually estimated as <50% (Table 1).

Promotion of hand hygiene is a major challenge for
infection control experts (3,19-21). In-service education,
distribution of information leaflets, workshops and lectures,
and performance feedback on compliance rates have been
associated with transient improvement (3,6,13,22,23). No
single intervention has consistently improved compliance
with hand hygiene practices (24). This review summarizes
factors influencing lack of adherence by health-care personnel
to hand hygiene procedures and suggests strategies for
improvement.

Definitions

Two major groups of microorganisms are found on the
skin: organisms that normally reside on it (resident flora) and
contaminants (transient flora) (25). Unless introduced into
body tissues by trauma or medical devices such as
intravenous catheters, the pathogenic potential of the
resident flora is low (26). Transient flora, which are easily
removed by handwashing, cause most hospital infections
resulting from cross-transmission (27-29).

The term hand hygiene includes several actions intended
to decrease colonization with transient flora. This objective
can be achieved through handwashing or hand disinfection.
Handwashing refers to washing hands with an unmedicated
detergent and water or water alone. Its objective is to prevent
cross-transmission by removing dirt and loose transient flora
(10,30). Hygienic handwash refers to the same procedure

Address for correspondence: Didier Pittet, Infection Control Program,
Department of Internal Medicine, University of Geneva Hospitals, 24,
Rue Micheli-du-Crest, 1211 Geneva 14, Switzerland; fax: 41-22-372-
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Table 1. Compliance with hand hygiene in different hospital settings

Average
Year Setting compliance Author Ref.
1981 Open ward 16% Preston 11
ICU 30%
1981 ICUs 41% Albert 5
ICUs 28%
1983 All wards 45% Larson 12
1987 PICU 30% Donowitz 13
1990 ICU 32% Graham 6
1990 ICU 81% Dubbert 14
1991 SICU 51% Pettinger 15
1992 NICU/others 29% Larson 16
1992 ICUs 40% Doebbeling 7
1992 ICUs 40% Zimakoff 17
1994 Emergency room 32% Meengs 18
1999 All wards 48% Pittet 9
ICUs 36%

ICUs = intensive care units; PICU = pediatric ICU; NICU = neonatal
ICU.

when an antiseptic agent is added to the detergent. Hand
disinfection refers to use of an antiseptic solution to clean
hands, either medicated soap or alcohol. Some experts refer to
the action of “degerming” as the use of detergent-based
antiseptics or alcohol (21). Hygienic hand rub is rubbing
hands with a small quantity (2 mL to 3 mL) of a highly
effective, fast-acting antiseptic agent.

Hand Hygiene Agents

If hands are known to be or suspected of being
contaminated, transient flora must be eliminated by washing
or disinfecting the hands to render them safe for the next
patient contact. Plain soap with water can physically remove
a certain level of microbes, but antiseptic agents are
necessary to kill microorganisms (10,31-33). Hand antiseptic
agents are designed to rapidly eliminate most transient flora
by their mechanical detergent effect and to exert an
additional sustained antimicrobial activity on remaining
flora. The multiplication of resident flora may be retarded
as well, so that hand disinfection may be useful in
situations in which microbiologically clean hands are
required for extended periods.
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Rotter showed that hand hygiene with unmedicated soap
and water removed some transient flora mechanically;
preparations containing antiseptic or antimicrobial agents
not only removed flora mechanically but also chemically
killed contaminating and colonizing flora, with long-term
residual activity (30,34). Alcohol-based preparations have
more rapid action than products containing other antiseptics
(e.g., chlorhexidine gluconate or povidone iodine) (30,31,35).

Semmelweis observed that normal handwashing did not
always prevent the spread of fatal infection (1) and
recommended hand disinfection in a solution of chlorinated
water before each vaginal examination. Hand disinfection is
substantially more efficient than standard handwashing with
soap and water or water alone (2,30), particularly when
contamination is heavy (14,36-40). Frequent handwashing
may result in minimal reduction or even an increase in
bacterial yield over baseline counts of clean hands (21,41).

Because alcohols have excellent activity and the most
rapid bactericidal action of all antiseptics, they are the
preferred agents for hygienic hand rubs, so-called “waterless
hand disinfection.” In addition, alcohols are more convenient
than aqueous solutions for hygienic hand rubs because of
their excellent spreading quality and rapid evaporation. At
equal concentrations, n-propanol is the most effective alcohol
and ethanol the least (30). Alcohol-based hand rubs are well
suited for hygienic hand disinfection for the following
reasons: optimal antimicrobial spectrum (active against all
bacteria and most clinically important viruses, yeasts, and
fungi); no wash basin necessary for use and easy availability at
bedside; no microbial contamination of health-care workers’
clothing; and rapidity of action. After extensive reduction
following hand disinfection with an alcohol preparation, it takes
the resident skin flora several hours to become completely
restored (30). Since alcohol alone has no lasting effect,
another compound with antiseptic activity may be added to
the disinfection solution to prolong the effect. These antiseptics
have recently been extensively reviewed by Rotter (30).

Prevention of bacterial contamination and subsequent
infection requires timely hand cleansing. Guidelines have
delineated indications for hand cleansing (10,32,42) but
without reliance on evidence-based studies of microbiologic
contamination acquired during routine patient care. To
provide such evidence, we studied the dynamics of bacterial
contamination of health-care workers’ hands in daily hospital
practice (43). Our findings should help identify patient-care
situations associated with high contamination levels and
improve hand cleansing practices.

Structured observations of patient care were conducted
by trained external observers, who took an imprint of the
fingertips of the health-care worker’s dominant hand to
quantify bacterial colony counts at the end of a defined period
of patient care (43). Bacterial contamination on ungloved
hands increased linearly during patient care (mean 16 CFU
per minute, 95% confidence interval [CI] 11-21). Activities
independently associated with higher contamination levels
were direct patient contact, respiratory care, handling body
fluids, and disruption in the sequence of patient care (all
p<0.05). Contamination levels varied according to hospital
location, with the medical rehabilitation ward having the
highest levels (>49 CFU, p = 0.03). Both the duration and type
of patient care influenced hand contamination. Furthermore,
simple handwashing before patient care, without hand
disinfection, was also associated with higher colony counts
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(>52 CFU, p = 0.03), which suggests that hand antisepsis is
better than standard handwashing. These findings suggested
that intervention trials should explore the role of systematic
hand disinfection as a cornerstone of infection control to
reduce cross-transmission in hospitals.

Factors Influencing Noncompliance
with Hand Hygiene

Risk factors for noncompliance with hand hygiene have
been determined objectively in several observational studies
or interventions to improve compliance (3,14,20,24,44-47).
Factors influencing reduced compliance, identified in
observational studies of hand hygiene behavior, included
being a physician or a nursing assistant rather than a nurse;
being a nursing assistant rather than a nurse; being male;
working in an intensive care unit (ICU); working during
weekdays rather than the weekend; wearing gown and gloves;
using an automated sink; performing activities with high risk
for cross-transmission; and having many opportunities for
hand hygiene per hour of patient care.

In the largest hospital-wide survey ever conducted (9), we
alsoidentified predictors of noncompliance with hand hygiene
during routine patient care. Variables included professional
category, hospital ward, time of day or week, and type and
intensity of patient care, defined as the number of
opportunities for hand hygiene per hour of patient care. In
2,834 observed opportunities for hand hygiene, average
compliance was 48%. In multivariate analysis, compliance
was highest during weekends and among nurses (odds ratio
[OR] 0.6, 95% CI 0.4-0.8). Noncompliance was higher in ICUs
than in internal medicine (OR 2.0, CI 1.3-3.1), during
procedures with a high risk for bacterial contamination (OR
1.8, CI 1.4-2.4), and when intensity of patient care was high
(21 to 40 opportunities [OR 1.3, CI 1.0-1.7], 41 to 60
opportunities [OR 2.1, CI 1.5-2.9], >60 opportunities [OR 2.1,
CI9 1.3-3.5]) compared with a reference level of 0 to 20
opportunities. In other words, compliance with handwashing
worsened when the demand for hand cleansing was high; on
average, compliance decreased by 5% (+2%) per increment of
10 opportunities per hour when the intensity of patient care
exceeded 10 opportunities per hour. Similarly, the lowest
compliance rate (36%) was found in ICUs, where indications
for handwashing were typically more frequent (on average, 20
opportunities per patient per hour). The highest compliance
rate (59%) was observed in pediatrics, where the average
activity index was low (on average, eight opportunities per
patient per hour). This study confirmed modest levels of
compliance with hand hygiene in a teaching institution and
showed that compliance varied by hospital ward and type of
health-care worker, thus suggesting that targeted educa-
tional programs may be useful. These results also suggested
that full compliance with current guidelines may be
unrealistic (9,20,48) and that facilitated access to hand
hygiene could help improve compliance.

Perceived Barriers to Hand Hygiene

Several barriers to appropriate hand hygiene have been
reported (9,14,24,44-47). Reasons reported by health-care
workers for the lack of adherence with recommendations
include skin irritation, inaccessible supplies, interference
with worker-patient relation, patient needs perceived as
priority, wearing gloves, forgetfulness, ignorance of guide-
lines, insufficient time, high workload and understaffing, and
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lack of scientific information demonstrating impact of
improved hand hygiene on hospital infection rates.

Risk Factors for Noncompliance

Some of the perceived barriers for the lack of adherence
with hand hygiene guidelines have been assessed or even
quantified in observational studies (3,14,20,24,44-47). The
most frequently reported reasons associated with poor
compliance, in addition to those mentioned above, are
inconveniently located or insufficient numbers of sinks; low
risk for acquiring infection from patients; belief that glove use
obviates need for hand hygiene; and ignorance of or
disagreement with guidelines and protocols.

Skin irritation by hand hygiene agents is an important
barrier to appropriate compliance (49). The superficial skin
layers contain water to keep the skin soft and pliable and
lipids to prevent dehydration of the corneocytes. Hand
cleansing can increase skin pH, reduce lipid content, increase
transepidermal water loss, and even increase microbial
shedding. Soaps and detergents are damaging when applied
to skin on a regular basis, and health-care workers need to be
better informed about their effects. Lack of knowledge and
education on this topic is a key barrier to motivation. Alcohol-
based formulations for hand disinfection (whether isopropyl,
ethyl, or n-propanol, in 60% to 90% vol/vol) are less irritating
than antiseptic or nonantiseptic detergents. Alcohols with
added emollients are at least as well tolerated and efficacious
as detergents. Emollients are recommended and may protect
against cross-infection by keeping the resident skin flora
intact, and hand lotions help protect skin and may reduce
microbial shedding (21).

The value of easy access to hand hygiene supplies,
whether sink, soap, medicated detergent, or waterless
alcohol-based hand rub solution, is self explanatory. Asking
busy health-care workers to walk away from the patient bed to
reach a wash basin or a hand antisepsis solution invites
noncompliance with hand hygiene recommendations (9,48).
Engineering controls could facilitate compliance, but hand
hygiene behavior should be carefully monitored to identify
negative effects of newly introduced devices (50).

Wearing gloves might represent a barrier for compliance
with hand hygiene (8,51,52). Failure to remove gloves after
patient contact or between dirty and clean body site care for
the same patient constitutes noncompliance with hand
hygiene recommendations (9). Washing and reusing gloves
between patient contact is ineffective, and handwashing or
disinfection should be strongly encouraged after glove
removal. In a study involving artificial contamination,

organisms were cultured from 4% to 100% of the gloves and
observed counts were up to 4.7 log on hands after glove
removal (53).

Additional barriers to hand hygiene compliance include
lack of active participation in promotion at the individual or
institutional level, of a role model for hand hygiene, of
institutional priority assigned to hand hygiene, of
administrative sanctions for noncompliance; and of an
institutional climate encouraging safety (14,22,41,54,55). A
system change may be necessary for improvement in hand
hygiene practices by health-care workers.

Impact of Improved Hand Hygiene

Lack of scientific information on the definitive impact of
improved hand hygiene on hospital infection rates has been
reported as a possible barrier to adherence with recommenda-
tions. Hospital infections have been recognized for more than
a century as a critical problem affecting the quality of patient
care provided in hospitals. Studies have shown that at least
one third of all hospital infections are preventable (56). A
substantial proportion of infections results from cross-
contamination, and transmission of microorganisms by the
hands of health-care workers is recognized as the main route
of spread (57). Seven quasi-experimental hospital-based
studies of the impact of hand hygiene on the risk of hospital
infections were published from 1977 to 1995 (Table 2)
(7,22,58,60-63). Despite limitations, most reports showed a
temporal relation between improved hand hygiene practices
and reduced infection rates.

We recently reported the results of a successful hospital-
wide hand hygiene promotion campaign, with emphasis on
hand disinfection, which resulted in sustained improvement
in compliance associated with a significant reduction in
hospital infections and methicilllin-resistant Staphylococcus
aureus cross-transmission rates over a 4-year period (63). The
beneficial effects of hand hygiene promotion on the risk of
cross-transmission have also been reported in surveys
conducted in schools, day-care centers (64-68), and a
community (69-71). Although additional scientific and causal
evidence is needed for the impact of improved hand hygiene on
infection rates, these results indicate that improvement in
behavior reduces the risk of transmission of infectious
pathogens.

Improving Adherence with Practices

In 1998, Kretzer and Larson (46) revisited hand hygiene
behavioral theories in an attempt to better understand how to
target more successful interventions. These researchers

Table 2. Improved adherence with hand hygiene practice compared with hospital infection rates

Year Authors Hospital setting Results Ref.
1977 Casewell and Philips Adult ICU Reduction in HI? due to endemic Klebsiella spp 58
1982 Maki and Hecht Adult ICU Reduction in HI rates 59
1984 Massanari and Heirholzer Adult ICU Reduction in NI rates 60
1990 Simmons et al. Adult ICU No effect 22
1992 Doebbeling et al. Adult ICU Significant difference in rates of HI between 7
two different hand hygiene agents
1994 Webster et al. NICU Elimination of MRSA 61
1995 Zafar et al. Newborn nursery Elimination of MRSA 62
1999 Pittet et al. Hospital-wide Significant reduction in HI and MRSA 63

cross-transmission rates

aHI = hospital infection; ICU = intensive care unit; NICU = neonatal ICU; MRSA = methicillin-resistant Staphylococcus aureus.
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proposed a hypothetical framework to enhance hand hygiene
practices and stressed the importance of considering the
complexity of individual and institutional factors in designing
behavioral interventions. Behavioral theories and secondary
interventions have primarily focused on the individual, which
is insufficient to effect sustained change (46,72,73).
Interventions aimed at improving compliance with hand
hygiene must be based on the various levels of behavior
interaction (20,46,74). Thus, the interdependence of
individual factors, environmental constraints, and institu-
tional climate should be considered in strategic planning and
development of hand hygiene promotion campaigns. Factors
associated with noncompliance with recommendations are
related not only to the individual worker but also to the group
to which he or she belongs and, by extension, to the parent
institution. Factors influencing compliance at the group level
include lack of education and performance feedback; working
in critical care (high workload); downsizing and understaffing;
and lack of encouragement or role models from key staff.
Factors operating at the institutional level include lack of
written guidelines; lack of appropriate hand hygiene agents;
lack of skin care promotion and agents; lack of hand hygiene
facilities; lack of atmosphere of compliance; and lack of
administrative leadership, sanctions, rewards, and support.
Interventions to promote hand hygiene in hospitals should
take into account variables at all these levels.

The complex dynamic of behavioral change involves a
combination of education, motivation, and system change.
Various psychosocial parameters influencing hand hygiene
behavior include intention, attitude toward the behavior,
perceived social norms, perceived behavioral control,
perceived risk of infection, habits of hand hygiene practices,
perceived model roles, perceived knowledge, and motivation
(46). Factors necessary for change include dissatisfaction
with the current situation, perception of alternatives, and
recognition, both at the individual and institutional level, of
the ability and potential to change. While the last factor
implies education and motivation, the former two necessitate
primarily a system change.

Among reasons reported for poor adherence with hand
hygiene recommendations, some that are clearly related to
the institution (i.e., the system) include lack of institutional
priority for hand hygiene, need for administrative sanctions
for noncompliance or rewards for compliance, and lack of an
institutional climate that encourages safety. Whereas all
three reasons would require a system change in most
institutions, the last would also involve management
commitment, visible safety programs, an acceptable level of
work stress, a tolerant and supportive attitude toward
reported problems, and belief in the efficacy of preventive
strategies (20,46,73,75).

Strategies for Improvement

Improvement in infection control practices requires
questioning basic beliefs, continuous assessment of the stage
of behavioral change, interventions with an appropriate
process of change, and supporting individual and group
creativity (46). Because of the complexity of the process of
change, single interventions often fail, and a multimodal,
multidisciplinary strategy is necessary.

A framework for change should include parameters to be
considered for hand hygiene promotion, together with the
level at which each change must be applied: education,
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motivation, or system (Table 3). Some parameters are based
on epidemiologic evidence and others on the authors’ and
other investigators’ experience and review of current
knowledge. Some parameters may be unnecessary in certain
circumstances and helpful in others. In particular, changing
the hand hygiene agent could be beneficial in institutions or
hospital wards with a high workload and a high demand for
hand hygiene when waterless hand rub is not available
(9,61,62,76). However, a change in the recommended hand
hygiene agent could be deleterious if introduced during
winter, when skin is more easily irritated.

Several parameters that could potentially be associated
with successful promotion of hand hygiene would require a
system change (Table 3). Enhancing individual and
institutional self-efficacy (the judgment of one’s capacity to
organize and execute actions to reach the objective), obtaining
active participation at both levels, and promoting an
institutional safety climate represent major challenges that
exceed the current perception of the infection control
practitioner’s role.

More research is needed to determine whether education,
individual reinforcement technique, appropriate rewarding,
administrative sanction, enhanced self-participation, active
involvement of a larger number of organizational leaders,

Table 3. Strategies for successful promotion of hand hygiene in
hospitals

Parameter Tool for change Selected ref.2
Education E2 (M, S) 14,23,63,74,76
Routine observation and S (E, M) 6,14,23,63,74,76
feedback
Engineering controls S 63
Make hand hygiene easy, S 63,74,77,78
convenient
Make available alcohol- S 63
based hand rub
Alcohol-based hand rub S 63,78
available in high-
demand situations
Patient education S (M) 79
Reminders in the workplace S 52,63
Administrative sanctions, S 3,20
rewards
Change in hand hygiene S (E) 21,80
agent
Promote, facilitate skin S (E) 17,21,47,63
care for HCW hands
Obtain active participation E, M, S 46,63
at individual and
institutional levels
Ensure institutional safety S (M) 46,63
climate
Enhance individual and S(E, M) 46,63
institutional self-efficacy
Avoid overcrowding, S 9,15,63,81,82
understaffing, excessive
workload
Combination of above E,M,S 14,23,46,63,74
strategies

3E = education; M = motivation; S = system; HCW = health-care
worker

bOnly selected references are listed; refer to more extensive reviews
(10,30,46) for exhaustive reference lists.
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enhanced perception of health threat, self-efficacy, and
perceived social pressure (20,46,83,84), or combinations of
these factors would improve health-care workers’ adherence
to recommendations. Ultimately, compliance with hand
hygiene could become part of a culture of patient safety in
which a set of interdependent elements interact to achieve a
shared objective (85).

More readily achievable than major system change, easy
and timely access to hand hygiene in a timely fashion and the
availability, free of charge, of skin care lotion both appear to
be necessary prerequisites for appropriate hand hygiene
behavior. In particular, in high-demand situations, such as in
critical care units, in high-stress working conditions, and at
times of overcrowding or understaffing, having health-care
workers use a hand rub with an alcohol-based solution
appears as the best method for achieving and maintaining a
higher level of compliance with hand hygiene. Alcohol-based
hand rub, compared with traditional handwashing with
unmedicated soap and water or medicated hand antiseptic
agents, may be better because it requires less time (48), acts
faster (30), and irritates hands less often (21,30). This method
was used in the only program that reported a sustained
improvement in hand hygiene compliance associated with
decreased infection rates (63).

Finally, strategies to improve compliance with hand
hygiene practices should be multimodal and multidisciplinary
(Table 3). It is important to note, however, that the proposed
framework for such strategies needs further research before
implementation.

Future Research

Among key questions regarding the practices of hand
hygiene in the health-care setting today, the following need to
be addressed in controlled studies: What are the key
determinants of hand hygiene behavior and promotion?
Should hand disinfection replace conventional handwashing?
What are the best hand hygiene agents? Should hand hygiene
solution include a long-lasting compound? What are the most
suitable skin emollients to include in hand hygiene solution?
How can skin irritation and dryness from hand hygiene
agents be reduced? How does skin care protection with hand
cream affect the microbiologic efficacy of hand hygiene
agents? and What are the key components of hand hygiene
agent acceptability by health-care workers? Additional
research questions include— How can researchers generate
more definitive scientific evidence for the impact of improved
compliance with hand hygiene on infection rates? What is the
acceptable level of compliance with hand hygiene (i.e., What
percentage increase in hand hygiene results in a predictable
risk reduction in infection rates?) and To what extent should
the use of gloves be encouraged or discouraged? Finally,
recognizing that individual and institutional factors are
interdependent in terms of behavioral changes in health-care
settings, what is the best way to obtain top management
support for hand hygiene promotion? These questions are
addressed to infection control practitioners, laboratory
research scientists, and behavioral epidemiologists.

The challenge of hand hygiene promotion could be
summarized in one question: How can health-care workers’
behavior be changed? Tools for change are known; some have
been tested, and others need to be tested. Some may prove
irrelevant in the future; others have worked in some
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institutions and need to be tested in others. Infection control
professionals should promote and conduct outstanding
research and provide solutions to improve health-care worker
adherence with hand hygiene and enhance patient safety.
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“Cloud” Health-Care Workers

Robert J. Sherertz, Stefano Bassetti, Barbara Bassetti-Wyss
Wake Forest University School of Medicine, Winston-Salem, North Carolina, USA

Certain bacteria dispersed by health-care workers can cause hospital infections. Asymptomatic
health-care workers colonized rectally, vaginally, or on the skin with group A streptococci have caused
outbreaks of surgical site infection by airborne dispersal. Outbreaks have been associated with skin
colonization or viral upper respiratory tract infection in a phenomenon of airborne dispersal of
Staphylococcus aureus called the “cloud” phenomenon. This review summarizes the data supporting the

existence of cloud health-care workers.

A variety of infectious agents can be transmitted from
health-care workers to patients (1,2). Certain of these agents
are transmissible through the air, which means that
transmission from health-care workers can occur in spite of
standard infection control measures such as handwashing.
Thus, airborne transmission increases the likelihood that an
outbreak can occur. While it is well known that health-care
workers can transmit infections such as tuberculosis,
varicella, and influenza by the airborne route, it is less well
appreciated that they can also transmit certain bacterial
pathogens through the air.

Bacteria transmissible through the air for which no data
support transmission by health-care workers include
Clostridium diphtheriae, Haemophilus influenzae, Neisseria
meningiditis, Streptococcus pneumoniae, and Yersinia pestis.
For all these agents except S. pneumoniae, the epidemiologic
data supporting airborne transmission are strong enough
that the Centers for Disease Control and Prevention
recommends that infected patients be placed on droplet
precautions (3). However, for all five agents, no episodes are
well documented of health-care workers transmitting such
infections to other patients by the airborne route, perhaps
because workers with such infections may be too sick to work.
For three other bacteria, Bordetella pertussis, Streptococcus
pyogenes, and Staphylococcus aureus, strong data support
airborne transmission from health-care workers to patients.

Bordetella pertussis

Although most children are vaccinated against B. pertussis
and the vaccine is quite effective up to age 12, approximately
50% of adults are nonimmune (4). Thus, in a vaccinated
population, transmission of pertussis is primarily from adults
to either nonimmune children (<1 year of age) or to adults
whose immunity has waned. Several well-described hospital
outbreaks of pertussis have occurred in which B. pertussis was
thought to be transmitted to or from health-care workers in a
manner suggesting airborne transmission (Table 1) (5-9).
Most hospital outbreaks have involved pediatric patients
(5,6,8,9), but at least one outbreak has occurred in a nursing
home (7). No prolonged carrier state has been identified
(10,11), and transmission is most likely associated with active
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Table 1. Hospital Bordetella pertussis outbreaks involving health-care
workers and possible airborne transmission

Health-
care Other Infected
workers adults Patient patients
Reference (no.) (no.) population (no.)
Kurt (5) 5 1 Pediatrics 2
4 0 Pediatrics 0
Linneman (6) 13 0 Pediatrics 6
Addis (7) 5 0 Nursing Home 4
Christie (8) 87 0 Pediatrics 1
Nouvellon (9) 1 0 Pediatrics 1

symptoms, particularly coughing (12). The use of air samplers
and polymerase chain reaction analysis has shown that
B. pertussis DNA can be found in the air surrounding patients
with B. pertussis infection, providing further evidence of
airborne spread (13). Terminating B. pertussis hospital
outbreaks involves removing symptomatic health-care
workers from clinical care, isolating symptomatic or exposed
patients, and treating symptomatic and exposed health-care
workers and patients with antibiotics.

Group A Streptococcus pyogenes (GAS)

Health-care worker-associated GAS outbreaks attrib-
uted to airborne spread are uncommon, associated only with
asymptomatic health-care workers, and involving only
surgical site infections (14-18). The health-care workers
carrying GAS may be present during surgery (e.g.,
anesthesiologist, operating room nurse) (16,17) or not present
at all (e.g., medical attendant, operating room technician)
(14,15,18). In five GAS outbreaks associated with health-care
workers (Table 2), volumetric or settle plate air cultures
showed that the health-care workers dispersed GAS into the
air. Sites of GAS colonization identified on the health-care
workers include the rectum, vagina, and skin. The
mechanism by which GAS becomes airborne is not entirely
clear and could include increased activity (14), friction with
clothing, or, in the case of an anesthesiologist who was a rectal
carrier, flatulence. Such outbreaks may cause substantial
illness and even death. Termination of GAS health-care
worker-associated outbreaks requires eradicating the carrier
state with antibiotics. In some cases eradication has been
difficult because the health-care workers’ family was also
colonized with GAS, which may have led to initial treatment
failure.
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Table 2. Hospital group A streptococcal outbreaks suggesting airborne
transmission by asymptomatic health-care workers

Infected
Health-care Source of Patient patients
Reference worker GAS?"  population (no.)
McKee (14,15) Attendant Rectum Gynecologic 11
Schaffner (16)  Anesthesiologist Rectum Surgical 20
Berkelman (17) OR nurse Vagina  Surgical 10
Mastro (18) OR technician Scalp Surgical 20

2GAS air cultures were all positive
PGAS = Group A Streptococcus, OR = operating room

Staphyloccoccus aureus

Factors affecting the airborne dispersal of S. aureus have
been studied more intensively than those of any other
organism. In the general population, airborne dispersal of
S. aureus is uncommon and appears to be quantitatively
related to the number of S. aureus colonizing the anterior
nares (19). Up to 10% of healthy S. aureus nasal carriers
disperse the organism into the air (20), and females are much
less likely to disperse the organism than males (21,22). Such
airborne dispersers typically were surrounded by 0.01 to 0.1
CFU/m?® of S. aureus and, rarely, as high as 2.6 CFU/m3
(21,22). Hare and Thomas demonstrated that when agar
plates were held directly under the noses of nasal carriers of
S. aureus, airborne dispersal was insignificant with nasal
breathing, counting, coughing 6 times, or sneezing once (23).
Only with snorting did substantial dispersal occur. In
contrast, when the same volunteers were moving, large
numbers of S. aureus were dispersed into the air. This
dispersal was attributed to S. aureus on the skin and clothing,
thought to be liberated into the air by friction and movement.
Coughing increases airborne dispersal of organisms other
than S. aureus, and lack of airborne dispersal of S. aureus
through coughing is thought to be due to its rare presence in
the oropharyngeal cavity. In other studies, talking increased
dispersal of organisms other than S. aureus, and sneezing
dramatically increased the number of bacteria dispersed into
the air, including S. aureus (24,25). Ehrenkranz demon-
strated that oral tetracycline caused the number of S. aureus
in the nose of a nasal carrier of tetracycline-resistant S.
aureus to increase by tenfold and concommitantly increased
the number of S. aureus dispersed into the air (26).

In detailed studies of S. aureus transmission in a
newborn nursery setting (27,28), Rammelkamp et al. found
that newborn infants exposed to nurses who handled
colonized infants acquired S. aureus 14% of the time if good
handwashing was performed and 43% of the time in the
absence of good handwashing (presumed direct contact
transmission). Infants acquired S. aureus 10% of the time
when they were exposed to nurses who were not colonized
with S. aureus and who did not handle infants colonized with
S. aureus (presumed airborne transmission). Under these
controlled circumstances, airborne transmission was about
two thirds as likely as contact transmission. The infants
infected by presumed airborne transmission were four times
more likely to acquire the organism first in their noses than
were the infants infected by direct contact (4/16 vs. 3/49;
p=0.056). During a 3-year period, Nobel demonstrated that a
few patients (8/3,675) were associated with airborne dispersal
of S. aureus (29). One of eight dispersers identified was
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associated with an outbreak. While inactive, such patients
were associated with air counts of up to 0.3 CFU/m? air. The
highest number of S. aureus in the air was found in
association with bedmaking of colonized patients (up to 4.9
CFU/m?®). Elevated airborne dispersal has also been
associated with individual patients (30,31). Hare and Cooke
found that airborne dispersal was facilitated by eczema,
mycosis fungoids, or perineal carriage (31). In a few published
outbreaks, health-care workers have been identified who
clearly dispersed S. aureus into the air (32,33); in one case,
dispersal was thought to be due to heavy skin colonization
with S. aureus (15). In other outbreaks where airborne
transmission has been suspected, no air cultures were
performed, so the contribution of airborne transmission was
not determined (34,35). Thus, although airborne dispersal
from both patients and health-care workers occurs, under the
circumstances previously studied, it is relatively uncommon.

However, outbreaks associated with such airborne
dispersers are frequent (>10%) (29,32). Clearly, if some factor
augments the ability of S. aureus carriers to produce airborne
dispersal, the potential for S. aureus outbreaks to occur might
be greatly increased. In 1960, the American Journal of
Diseases of Children preceded an article with a brief editorial
entitled “The Preposterous Cloud Baby” (36). The first
sentence of the introduction stated “Once in a blue moon a
journal is privileged to publish an article which introduces an
important revolutionary concept.” In the report that followed,
Eichenwald et al. described a group of S. aureus-colonized,
virally infected newborn infants who had the ability to
disperse S. aureus from their noses into the air—so-called
“cloud babies” (36). These researchers demonstrated by
culture and epidemiologic study that a viral upper respiratory
infection (e.g., with adenovirus or echo virus) was the
essential “cloud factor.” Up to 75% of newborn infants who
carried S. aureus nasally became cloud babies once they
acquired a viral upper respiratory infection. Most impor-
tantly, these cloud babies were also capable of causing
S. aureus outbreaks (36). Although these infants had no
greater risk for staphylococcal infection, the families of cloud
babies had a fourfold higher risk for infection than the
families of infants colonized with S. aureus that were not
cloud babies. In spite of what was believed to be a
revolutionary concept, no further observations about cloud
babies have been published since Eichenwald’s study in 1960.

In 1986 we reported that an S. aureus nasal carrier, a
nurse, caused outbreaks in two newborn nurseries at different
hospitals in association with upper respiratory infections
(34). The nurse’s strain of S. aureus and the outbreak strains
were identical by phage typing. Infants’ risk for acquiring
staphylococcal skin disease was fivefold greater when the
nurse had a upper respiratory infection. She was treated with
topical bacitracin ointment and hexachlorophene baths to
eradicate her S. aureus carrier state, and no further
outbreaks of staphylococcal skin disease occurred. We
postulated then that the probable source of the outbreak
might be a cloud adult (4).

In 1996, an outbreak of methicillin-resistant S. aureus
(MRSA) pneumonia occurred in an intensive care unit (33).
Multivariant analysis demonstrated that the only indepen-
dent risk factors for MRSA pneumonia were intubation and
exposure to a single physician, who was nasally colonized
with the outbreak strain of MRSA as shown by molecular
typing. During the outbreak period, this physician had a
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prolonged upper respiratory infection, and an experimental
rhinovirus upper respiratory infection caused him to increase
airborne dispersal of S. aureus 40-fold and become a cloud
adult. The use of a mask during this experimental rhinovirus
infection caused a 75% reduction in the airborne dispersal of
S. aureus.

To a hospital epidemiologist, the identification of two
cloud adults as the cause of the only two tightly clustered
S. aureus outbreaks investigated during his career is either a
striking coincidence or an indication that the frequency with
which airborne transmission plays a role in S. aureus
outbreaks has been underestimated. Many hospital out-
breaks of S. aureus infections have been reported that were
thought to be due to a single health-care worker (32-35,37-52).
A few of these were probably related to heavy skin
colonization (32) or sinusitis (35), but in most cases no other
risk factor was apparent that could account for these persons’
being capable of causing an outbreak. The role of airborne
transmission was investigated in only two studies (32,33). In
the group without identifiable risk factors, virtually all the
health-care workers were nasally colonized with S. aureus.
Indeed, S. aureus nasal colonization in health-care workers is
quite common (20% to 90%) (563-56). However, if S. aureus
nasal colonization was the only factor necessary to cause an
outbreak, the high frequency of S. aureus nasal colonization
in health-care workers should be associated with a high
frequency of S. aureus outbreaks. Since this is not the case,
some other factor(s) must modify the S. aureus nasal carrier
state to facilitate the outbreak. One such factor is likely a
viral upper respiratory infection. Since adults have an
average of two viral upper respiratory infections each year
(57), cloud adults may be working around patients all year.

We recently investigated the generalizability of the cloud
adult phenomenon by giving six persistent nasal carriers of
S. aureus arhinovirus infection (58). One of the six volunteers
became an unequivocal cloud adult, with a 40-fold increase in
S. aureus airborne dispersal that could be blocked by a mask.
Another volunteer had a similar increase in airborne
dispersal, but it could not be prevented by a mask. The six
volunteers came from a group of 18 persistent nasal carriers of
S. aureus identified from 95 volunteers screened for S. aureus
nasal carriage. These findings suggest that the ability to
become a cloud adult could occur with a frequency of up to 6%
or more in the general population.

Viral upper respiratory infections facilitate the transmis-
sion of other bacterial infections, including the following
pathogens that colonize the nose: S. pneumoniae, S. pyogenes,
H. influenzae, and N. meningitidis (59-62). Thus, cloud adults
have the potential to play a role in the transmission of other
organisms and might be involved with some of the explosive
outbreaks of infection occasionally seen in day-care centers,
homeless shelters, the military, and hospitals. Further work
is necessary to understand the importance of cloud adults in
the transmission of hospital infections.

This report was supported in part by RO1 AI-46558.

Dr. Sherertz is chief of infectious diseases at Wake Forest Univer-
sity School of Medicine and associate hospital epidemiologist. His re-
search interests include the pathogenesis and prevention of vascular
catheter infections, as well as mechanisms of transmission of nosoco-
mial infections, particularly S. aureus.

Vol. 7, No. 2, March-April 2001 243

References

1. Sherertz RJ, Marosok RD, Streed SA. Infection control aspects of
hospital employee health. In: RP Wenzel, editor. Prevention and
Control of Nosocomial Infections. Baltimore: Williams & Wilkins;
1987. p. 295-332.

2. Decker MD, Schaffner W. Nosocomial diseases in healthcare
workers spread by the airborne or contact routes (other than
tuberculosis). In: Mayhall CG, editor. Hospital epidemiology and
infection control. Baltimore: Williams & Wilkins; 1996. p. 859-82.

3. Garner JS, Hospital Infection Control Practices Advisory
Committee. Guideline for isolation precautions in hospitals. CDC
Hospital Infections Program Guidelines and Recommendations.
1997 Feb 18. Available from: URL:www.cdc.gov/ncidod/hip/
ISOLAT/isolat.htm.

4. Lambert HJ. Epidemiology of a small pertussis outbreak in Kent
County, Michigan. Public Health Rep 1965;80:365-9.

5. Kurt TL, Yeager AS, Guenette S, Dunlop S. Spread of pertussis by
hospital staff. JAMA 1972;221:264-7.

6. Linneman CC Jr, Ramundo N, Perlstein PH, Minton SD,
Englender GS. Use of pertussis vaccine in an epidemic involving
hospital staff. Lancet 1975;2:540-3.

7. Addis DG, Davis JP, Meade BD, Burstyn DG, Meissner M, Zastrow
JA, et al. A pertussis outbreak in a Wisconsin nursing home. J
Infect Dis 1991;164:704-10.

8. Christie CD, Gover AM, Wilke MJ, Marx ML, Reising SF,
Hutchinson NM. Containment of pertussis in the regional pediatric
hospital during the Greater Cincinnati epidemic of 1993. Infect
Control Hosp Epidemiol 1995;16:556-63.

9. Nouvellon M, Gehanno J, Pestel-Caron M, Weber C, Lemeland J,
Guiso N. Usefulness of pulse-field gel electropheresis in assessing
nosocomial transmission of pertussis. Infect Control Hosp
Epidemiol 1999;20:758-60.

10. Jenkinson D, Pepper JD. A search for subclinical infection during
a small oubreak of whooping cough: implications for clinical
diagnosis. Journal of the Royal College of General Practitioners
1986;36:547-8.

11. Krantz I, Alestig K, Trollfors B, Zackrisson G. The carrier state in
pertussis. Scand J Infect Dis 1986;18:121-3.

12. Hewlett EL. Bordetella species. In: Mandell GL, Bennett JE, Dolin
R, editors. Principles and practice of infectious diseases.
Philadelphia: Churchill Livingstone: 2000. p. 2414-21.

13. Aintablian N, Walpita P, Sawyer MH. Detection of Bordetella
pertussis and respiratory syncytial virus in air samples from
hospital rooms. Infect Control Hosp Epidemiol 1998;19:918-23.

14. McKee WM, di Caprio JM, Roberts CE Jr, Sherris JC. Anal
carriage as the probable source of a streptococcal epidemic. Lancet
1966;2:1007-9.

15. McIntyre DM. Epidemic of Streptococcus pyogenes puerperal and
postoperative sepsis with unusual carrier site — anus. Am J Obstet
Gynecol 1968;101:308-14.

16. Schaffner W, Lefkowitz LB, Goodman JS, Koenig MG. Hospital
outbreak of infection with group A streptococci traced to an
asymptomatic anal carrier. N Engl J Med 1969;280:1224-5.

17. Berkelman RL, Martin D, Graham DR, Mowry J, Freisem R,
Weber JA, et al. Streptococcal wound infections caused by a vaginal
carrier. JAMA 1982;247:2680-2.

18. Mastro TD, Farley TA, Elliott JA, Facklam RR, Perks JR, Hadler
JL, et al. An outbreak of surgical wound infections due to group A
streptococcus carried on the scalp. N Engl J Med 1990;323:968-72.

19. White A. Relation between quantitative nasal cultures and
dissemination of staphylococci. J Lab Clin Med 1961;58:273-7.

20. Huijsmans-Evers AG. Results of routine tests for the detection of
dispersers of Staphylococcus aureus. Archivum Chirurgicum
Neerlandia 1978;30:141-50.

Emerging Infectious Diseases



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Special Issue

Bethune DW, Blowers R, Parker M, Pask EA. Dispersal of
Staphylococcus aureus by patients and surgical staff. Lancet
1965;1:480-3.

Hill J, Howell A, Blowers R. Effect of clothing on dispersal of
Staphylococcus aureus by males and females. Lancet 1974;2:1131-3.
Hare R, Thomas CGA. The transmission of Staphylococcus aureus.
BMJ 1956;2:840-4.

Hare R, Mackenzie DM. The source and transmission of
nasopharyngeal infections due to certain bacteria and viruses.
BMJ 1946;1:865-70.

Duguid JP, Wallace AT. Air infection with dust liberated from
clothing. Lancet 1948;2:845-9.

Ehrenkranz NJ. Person-to-person transmission of Staphylococcus
aureus. Quantitative characterization of nasal carriers spreading
infection. N Engl J Med 1964;271:225-30.

Rammelkamp CH Jr, Mortimer EA Jr,Wolinsky E. Transmission
of streptococcal and staphylococcal infections. Ann Intern Med
1964,60:753-8.

Mortimer EA, Wolinsky E, Gonzaga AJ, Rammelkamp CH. Role of
airborne transmission in staphylococcal infections. BMJ
1966;1:319-22.

Nobel WC. The dispersal of staphylococci in hospital wards. J Clin
Pathol 1962;15:552-8.

Shooter RA, Smith MA, Griffiths JD, Brown MEA, Williams REO,
Rippon JE, et al. Spread of staphylococci in a surgical ward. BMJ
1958;1:607-13.

Hare R, Cooke EM. Self-contamination of patients with
staphylococcal infections. BMJ 1961;2:333-6.

Tanner EI, Bullin J, Bullin CH, Gamble DR. An outbreak of post-opera-
tive sepsis due to a staphylococcal disperser. J Hyg 1980;85:219-25.
Sherertz RJ, Reagan DR, Hampton KD, Robertson KL, Streed SA,
Hoen HM, et al. A cloud adult: the Staphylococcus aureus-virus
interaction revisited. Ann Intern Med 1996;124:539-47.

Belani A, Sherertz RJ, Sullivan ML, Russell BA, Reumen PD.
Outbreak of staphylococcal infection in two hospital nurseries
traced to a single nasal carrier. Infect Control 1986;7:487-90.
Boyce JM, Opal SM, Potter-Bynoe G, Medeiros AA. Spread of
methicillin-resistant Staphylococcus aureus in a hospital after
exposure to a health care worker with chronic sinusitis. Ann Intern
Med 1993;17:496-504.

Eichenwald H, Kotsevalov O, Fasso LA. The “cloud baby”: an
example of Dbacterial-viral interaction. Am J Dis Child
1960;100:161-73.

Dunkle LM, Naqvi SH, McCallum R, Lofgren JP. Eradication of
epidemic methicillin-gentamicin-resistant Staphylococcus aureus
in an intensive care nursery. Am J Med 1981;70:455-8.

Hedberg K, Ristinen TL, Soler JT, White KE, Hedberg CW,
Osterholm MT, et al. Outbreak of erythromycin-resistant
staphylococcal conjunctivitis in a newborn nursery. Pediatr J
Infect Dis 1990;9:268-73.

Coovadia YM, Bhana RH, Johnson AP, Haffejee I, Marples RR. A
laboratory-confirmed outbreak of rifampin-methicillin resistant
Staphylococcus aureus (MRSA) in a newborn nursery. J Hosp
Infect 1989;14:303-12.

Dancer SJ, Poston SM, East J, Simmons NA, Noble WC. An
outbreak of pemphigus neonatorum. J Infect 1990;20:73-82.
Gaynes R, Marosok R, Mowry-Hanley J, Laughlin C, Foley K,
Friedman C, et al. Mediastinitis following coronary artery bypass
surgery: a 3-year review. J Infect Dis 1991;163:117-21.

Simon PA, Chen RT, Elliott JA, Schwartz B. Outbreak of pyogenic
abscesses after diphtheria and tetanus toxoids and pertussis
vaccination. Pediatr J Infect Dis 1993;12:368-71.

Nakashima AK, Allen JR, Martone WJ, Plikaytis BD, Stover B,
Cook LN, et al. Epidemic bullous impetigo in a nursery due to a
nasal carrier of Staphylococcus aureus: role of epidemiology and
control measures. Infect Control 1984;5:326-31.

Emerging Infectious Diseases

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

244

Hoeger PH, Elsner P. Staphylococcal scaled skin syndrome:
transmission of exfoliatin-producing Staphylococcus aureus by an
asymptomatic carrier. Pediatr Infect Dis J 1988;7:340-2.
Richardson JF, Quoraishi AH, Francis BJ, Marples RR. Beta-
lactamase-negative, methicillin-resistant Staphylococcus aureus
in a newborn nursery: report of an outbreak and laboratory
investigations. J Hosp Infect 1990;16:109-21.

Back NA, Linnemann CC Jr, Pfaller MA, Staneck JL, Morthland V.
Recurrent epidemics caused by a single strain of erythromycin-
resistant Staphylococcus aureus. The importance of molecular
epidemiology. JAMA 1993;270:1363-4.

Chowdhury MN, Kambal AM. An outbreak of infection due to
Staphylococcus aureus phage type 52 in a neonatal intensive care
unit. J Hosp Infect 1992;22:299-305.

Walter CW, Kundsin RB, Brubaker MM. The incidence of airborne
wound infection during operation. JAMA 1963:908-13.

Venezia RA, Harris V, Miller C, Peck H, San Antonio M.
Investigation of an outbreak of methicillin-resistant Staphylococ-
cus aureus in patients with skin disease using DNA restriction
patterns. Infect Control Hosp Epidemiol 1992;13:472-6.

Trilla A, Nettleman MD, Hollis RJ, Fredrickson M, Wenzel RP,
Pfaller MA. Restriction endonuclease analysis of plasmid DNA
from methicillin-resistant Staphylococcus aureus: clinical applica-
tion over a three-year period. Infect Control Hosp Epidemiol
1993;14:29-35.

Payne RW. Severe outbreak of surgical sepsis due to Staphylococcus
aureus of unusual type and origin. BMdJ 1967;4:17-20.

Allen KD, Anson JJ, Parsons LA, Frost NG. Staff carriage of
methicillin-resistant Staphylococcus aureus (EMRSA 15) and the
home environment: a case report. J Hosp Infect 1997;37:74-5.
Williams REO. Healthy carriage of Staphylococcus aureus: its
prevalence and importance. Bacteriol Rev 1963;27:56-71.

Haley RW, Bregman DA. The role of understaffing and
overcrowding in recurrent outbreaks of staphylococcal infection in
a neonatal special-care unit. J Infect Dis 1982;145:875-85.
Reagan DR, Doebbeling BN, Pfaller MA, Sheetz CT, Houston AK,
Hollis RJ, et al. Elimination of coincident S. aureus nasal and hand
carriage with intranasal application of mupirocin calcium
ointment. Ann Intern Med 1991;114:101-6.

Waldvogel FA. Staphylococcus aureus (including toxic shock
syndrome). In: Mandell GL, Bennett JE, Dolin R, editors.
Principles and practice of infectious diseases. New York: Churchill
Livingston; 1995. p. 1754-77.

Hamre D, Connelly AP Jr, Procknow JdJ. Virologic studies of acute
respiratory disease in young adults. Am J Epidemiol 1966;83:238-49.
Bassetti S, Bassetti-Wyss B, D’Agostino R, Gwaltney JM, Pfaller
MA, Sherertz RJ. “Cloud adults” exist: airborne dispersal of
Staphylococcus aureus associated with a rhinovirus infection
[Abstract #115]. 38th Annual Meeting of the Infectious Diseases
Society of America; Sept 7-10 2000; New Orleans, Louisiana.
Nichol KP, Cherry JD. Bacterial-viral interrelations in respiratory
infections of children. N Engl J Med 1967;277:667-72.

Gwaltney JM, Sande MA, Austrian R, Hendley JO. Spread of
Streptococcus pneumoniae in families. Relation of transfer of S.
pneumoniae to incidence of colds and serum antibody. J Infect Dis
1975;132:62-8.

Harrison LH, Armstrong CW, Jenkins SR, Harmon MW, Ajello
GW, Miller GB Jr, et al. A cluster of meningococcal disease on a
school bus following epidemic influenza. Arch Intern Med
1991;151:1005-9.

Gwaltney JM, Hayden FG. The nose and infection. Ed. by . In:
Proctor DF, Andersen I, editors. The nose: upper airway physiology
and the atomspheric environment. Amsterdam: Elsevier
Biomedical Press; 1982. p.399-422.

Vol. 7, No. 2, March-April 2001



Special Issue

Preventing Nosocomial
Mycobacterium tuberculosis
Transmission in International Settings

Seto Wing Hong
Queen Mary Hospital, Hong Kong

Tuberculosis (TB) is a worldwide disease, and nosocomial transmission is known to occur. Authoritative
preventive guidelines such as the one developed by the Centers for Disease Control have been published,
but the expenses for implementing them can be prohibitive. Each country needs to develop its own protocol
to prevent nosocomial transmission of TB. This article describes the key elements of a protocol undertaken
for all public hospitals in Hong Kong, where TB is endemic.

Tuberculosis (TB) is an international disease of epidemic
proportions. More than 3 million reported cases occur
worldwide each year (1), and the actual incidence is estimated
to be >10 million cases (2). The World Health Organization
(WHO) has published a global strategy for TB control in the
community (3) and has called on all nations to develop
national TB programs. However, preventing TB in the
hospital is just as critical internationally. This report focuses
on issues related to preventing nosocomial TB in the
international setting.

The High Cost of Prevention

Numerous guidelines for preventing nosocomial TB have
been introduced in the industrialized world. One of the most
authoritative protocols is the guideline formulated by the
Centers for Disease Control and Prevention (CDC) (4).
Implementing this guideline, however, can be expensive.
Various studies have estimated that the cost of preventing
one case of occupational TB in a hospital, using the CDC
guideline, could run into millions of U.S. dollars (5,6). This
expense is a heavy burden for hospitals and beyond the
capability of many developing countries.

The expense is related to the elaborate demands in the
CDC guideline, which was developed in 1994 specifically for
the United States after a serious resurgence of TB. The
urgency of the matter was summarized succinctly in the 1993
document of the U.S. Occupational Safety and Health
Administration (OSHA) (7). New TB cases had increased by
18%, reversing an 18-year downward trend. Outbreaks had
occurred in many hospitals, and at least five health-care
workers had died. Under such a cloud, making impeccable
recommendations in spite of high expenses in cost and
manpower seemed reasonable.

The situation can be entirely different in other countries,
and therefore guidelines should be tailored to meet local
needs. This paper discusses the approach needed to formulate
a local TB prevention guideline for hospitals, using a
guideline for public hospitals developed in Hong Kong. The
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challenge is to develop a tool that will be effective locally and
yet remain consistent with established scientific principles.
At least four elements are needed for a successful local
program: 1) integrating important principles from existing
guidelines; 2) collecting local epidemiologic data; 3) taking
into account local capabilities and priorities; and 4) ongoing
monitoring for efficacy.

Integrating Important Principles
from Existing Guidelines

The first element of a successful local TB prevention
program is to integrate important principles from existing
guidelines. Building on the work of others is critical. The CDC
guideline is an important source, as is a guideline for health-
care facilities formulated by WHO (8).

A useful concept in these guidelines is three levels of
control measures, ordered according to their importance and
priority for implementation: 1) administrative controls,
which are aimed at reducing the TB exposures of health-care
workers; 2) engineering controls, which are environmental
methods to reduce the concentration of droplet nuclei in the
air; and 3) personal respiratory protection for health-care
workers who are exposed to TB in patient care (4). The
protocol we developed in Hong Kong adopted these three
levels as its basic format.

Collecting Local Epidemiologic Data

A second element of a successful local TB prevention
protocol is collection of local epidemiologic data. Accurate
local data on the incidence of TB can be difficult to obtain.
Fortunately, most countries do have case notification data. In
cities like Hong Kong, which have effective TB control
programs, case reports approximate the true incidence of TB
(9).

In Hong Kong, the incidence of TB peaked in 1952, and
BCG vaccine was made mandatory at birth. Subsequently,
the incidence and crude death rate dropped dramatically
(Figure 1). Nevertheless, TB remains endemic in Hong Kong,
with an incidence rate of 1/1,000 population for the past
decade.

Figure 2 shows the antimicrobial drug-resistance rate for
TB strains isolated in the government laboratory in 1998.
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Figure 1. TB notifications and crude death rates, Hong Kong.
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Figure 2. Antimicrobial sensitivity of MDR-TB strains from
Government Laboratory, Hong Kong.?
aN = 1,345 (patient specific).

Multidrug-resistant (MDR)-TB is still relatively low, at 1.3%.
One reason may be the effective use of short-course therapy
(five drugs), provided free to the public for the past 20 years.

Finally, we collected data from large, acute-care public
hospitals that participated in the surveillance network of
health-care workers who had nosocomial TB. In Hong Kong,
infection control units are in place in most public hospitals,
and, with the help of the hospital laboratory, staff clinic, and
human resource departments, they regularly identify staff
diagnosed with active TB. Data should be especially accurate
after 1996, when a new law, the Occupational Safety and
Health Ordinance, made reporting of employees with active
TB mandatory. There is also a strong personal incentive for
reporting because the ordinance stipulates compensation for

verified TB cases. The incidence of health-care workers with
active TB was found to be consistently below that of the
general populace, even when the rates were adjusted for the
younger ages of the health-care workers from 1994 (Table).
This trend persisted even after the ordinance was introduced,
making underreporting unlikely.

Surveys of health-care workers to identify tuberculin
skin-test conversions are not conducted in Hong Kong. Such
surveys would not be accurate for detecting active infections
because BCG is given at birth and repeated if needed in the
school health system. Furthermore, if the incidence of active
TB in health-care workers is clearly below the general
populace and the first prerogative of infection control is
preventing active disease (10), the value of surveys that
identify only immune responses is questionable.

In summary, TB is still endemic in Hong Kong, but the
incidence has been stable for more than a decade. The
percentage of MDR-TB cases is small, and the incidence of
active TB in health-care workers is lower than in the general
population. This low incidence is probably due to a high herd
immunity. The mandatory BCG vaccination with repeated
challenges from a TB-endemic environment and a robust
general health must certainly be contributing factors.
Nevertheless, local data indicate that, unlike the United
States in 1993, no TB crisis confronts Hong Kong.

Emphasizing Local Capabilities and Priorities

The third element in a successful local TB-prevention
program is taking into account local capabilities and
priorities. A guideline for preventing TB in the hospital was
introduced in 1996 in Queen Mary Hospital, the teaching
hospital for the University of Hong Kong. The guideline was
then formally endorsed by the authorities as the reference
guideline for all public hospitals in the territory.

The underlying assumption was that no crisis situation
was at hand in Hong Kong; thus, drastic measures were
probably not required. Nevertheless, best possible practice
within the allocated resources ought to be promoted. The
salient points of this guideline are summarized below.

Administrative Control
Administration control is focused on three sectors of the
hospital: patients, contacts, and staff.

Patients

The first strategy is to minimize hospitalization of TB
patients. Pulmonary TB patients are generally treated as
outpatients in Hong Kong. For those admitted, a 24-hour
laboratory service for sputum microscopy is provided. The
infection control nurse reviews all TB cases diagnosed by the
laboratory (both smears and cultures) and facilitates their

Table. Comparison of tuberculosis in hospital health-care workers (HCWSs) and community, Hong Kong

Year

1991 1992 1993 1994 1995 1996 1997 1998
Hospitals (no.) 3 3 4 7 7 7 7 7
Staff (no.) 9,063 9,063 10,844 17,983 19,555 21,228 21,434 21,863
HCWs with TB (no.) 8 6 9 15 9 8 18 11
Incidence in HCWs? 88 66 83 83 46 38 84 50
Case reports of TB, Hong Kong 6,283 6,292 6,537 6,319 6,212 6,501 7,072 7,673
Incidence, Hong Kong?®P 109 112 110 104/90P 101/91P 103/87° 109/94>  115/89P
aper 100,000.
bage-adjusted for HCWs.
Emerging Infectious Diseases 246 Vol. 7, No. 2, March—April 2001



Special Issue

discharge or transfer to designated TB hospitals. In Queen
Mary Hospital, under such a system, 95% of TB patients are
discharged from the hospital within 4 days of a positive
microbiology report.

An attempt is made to isolate patients with active disease
for 2 weeks, but since facilities are limited, priority is given to
those who are strongly (+++) smear positive, AIDS patients,
and those suspected of having MDR-TB. If isolation cannot be
maintained for 2 weeks, it is maintained for up to 5 days after
effective chemotherapy has begun. Even when isolation is not
possible, exposure of patients to neonates, young children,
and immunocompromised hosts is not permitted for 4 weeks.

Contacts

The admission rates for TB patients in Hong Kong
hospitals are rather high and in Queen Mary Hospital, more
than 200 inpatients are seen each year. In spite of this, the low
incidence of health-care workers with active TB suggests that
the risk of active infection in contacts is not overly high.
Therefore, draconian measures to investigate contacts are not
recommended.

However, when a strongly (+++) smear-positive patient is
seen in a high-risk area (with neutropenic patients or
neonates), a list of contacts in the same cubicle is generated.
Those who have had prolonged contact (>3 weeks) or who have
symptoms suggestive of TB are given a chest X ray. All
contacts of a strongly smear-positive case who are
immunocompromised or children <3 years old are followed up
for 3 months.

Chemoprophylaxis is generally not recommended for
contacts but may be considered for infants who are exposed.
All contacts are counseled to obtain a chest X ray if they
develop symptoms suggestive of pulmonary TB that last for
3 weeks.

Staff

The infection control nurse conducts surveillance for
active TB in health-care workers. Physical therapists are to
avoid chest drainage on patients who are smear positive
unless they are connected to a closed suction system. A
respirator mask is provided for a health-care worker if
intubation is needed for patients who are smear positive.

Some strategies routinely recommended elsewhere were
not included in the Hong Kong guideline. An assessment of
transmission risk at all sites is not conducted. The admission
rate for TB is so high that it seems reasonable to assume that
the frequency of exposure is probably high in most
departments. This high number of admissions also makes
routine education of contacts and staff difficult. The
suggestion of triage and special precautions in departments
such as accident and emergency and radiology was proposed,
but not adopted by the respective departments because they
never had nosocomial TB reported nor encountered
difficulties with their present arrangements. As stated above,
surveys of health-care workers for TST conversion are not
done, nor are surveys of chest X rays or symptoms because
these are reported to be inaccurate (8).

Engineering Controls

Engineering controls are another major point of our
guideline. In hospitals with no central air conditioning, a
specially designed isolation room is not provided. In fact,
WHO has stated that hospitals ought to “maximize natural
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ventilation through open windows” (8). Negative-pressure
isolation rooms are usually installed in hospitals with central
air conditioning. The locations of these isolation rooms, as
with the 10 available in Queen Mary Hospital, must be clearly
listed in the guideline for the hospital. The number of
isolation rooms provided is generally insufficient, and
therefore contingency plans with a priority list for isolation
are included as recommendations in the guideline.

Other control measures for proven TB cases are included
in the guideline. Filters are used on ventilated patients and
changed daily. Heat mist exchangers are recommended to
avert frequent tubing change. Finally, for patients in the
intensive care unit, a closed suction system with disposable
suction canisters and tubings is recommended. UV lights and
portable HEPA filters are not recommended in Hong Kong.

Respirator Protection

Respirator protection is another feature of our guideline.
Special N95 masks are provided only for bronchoscopists and
staff with substantial contact (e.g., during intubation) with
patients who have active TB and are not on effective
chemotherapy. For other patient-care activities, only the
surgical mask is recommended. There is no evidence that the
N95 is better than the surgical mask in preventing employee
skin-test conversion in the United States (11). Routine fit
testing and medical screening, as mandated by OSHA in
America (7), are not conducted, as even U.S. specialists have
questioned their benefit (11).

Ongoing Monitoring for Efficacy

The efficacy of the preventive measures should be
monitored. In Hong Kong, this is made possible by the ongoing
surveillance program for TB in health-care workers. Our
guideline was introduced in 1996. Surveillance data in 1997 and
1998 (Table) should offer an evaluation on its effectiveness.

Conclusions

With the resurgence of TB as a global problem, due
attention needs to be given to this disease in the health-care
setting. Although authoritative guidelines for preventing
nosocomial TB are available, each country needs to develop its
own specific protocol because, to be effective, guidelines must
address local issues such as disease patterns and resource
availability. The Hong Kong experience hopefully can be a
model for other hospitals engaged in similar undertakings.
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Epidemiology and Prevention of Pediatric Viral
Respiratory Infections in Health-Care Institutions

Donald A. Goldmann
Children’s Hospital and Harvard Medical School, Boston, Massachusetts, USA

Nosocomial viral respiratory infections cause considerable illness and death on pediatric wards.
Common causes of these infections include respiratory syncytial virus and influenza. Although primarily a
community pathogen, rhinovirus also occasionally results in hospitalization and serious sequelae. This
article reviews effective infection control interventions for these three pathogens, as well as ongoing

controversies.

Infection control professionals worldwide rely on the
Guideline for Isolation Precautions in Hospitals promulgated
by the Hospital Infection Control Practices Advisory
Committee of the Centers for Disease Control and Prevention
(1). This widely venerated document has assumed almost
ecclesiastical authority. The guidelines have been framed
carefully to reflect current evidence and opinion on the modes
of transmission of nosocomial pathogens, and it is this
rigorous evidence-based process that insures their credibility.
However, scrutiny of guidelines addressing the nosocomial
spread of viral pathogens reveals the fragile data on which
many of the recommendations are based.

Evidence on modes of transmission of viruses tends to be
the most fragmentary and unconvincing. When the first
Decennial Conference was held, viral diagnostics was in its
infancy, and few hospital clinical laboratories were equipped
to assist infection control professionals in understanding the
epidemiology of nosocomial viral disease. Moreover, our
current knowledge about the spread of infection by droplets
and droplet nuclei is a relatively recent phenomenon. It was
not that long ago that all infections were thought to be spread
by miasms, those putrid vapors emanating from decomposing
organic matter and environmental filth. William Farr, an
excellent epidemiologist and close colleague of Florence
Nightingale, firmly believed that the 1849 cholera outbreak
in London was caused by miasms rising from the fetid River
Thames. Malaria (literally from the Italian root, mal aria, or
“bad air”) and yellow fever were attributed to miasms before
their mosquito vectors were discovered near the turn of the
century. Indeed, some authorities predicted with confidence
that these diseases, which killed thousands of workers who
were trying to dig the Panama Canal, would be eradicated as
soon as the canal trench was filled with water, sealing over
the miasm-generating tropical ooze. Not until mid-century
did Wells et al. at Johns Hopkins demonstrate that tiny
droplet nuclei could convey infectious microorganisms over
long distances from patient to patient (2).

What, then, do we know about the transmission of
common, clinically important nosocomial viruses? Studies of
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three viruses of importance to pediatric hospital epidemiolo-
gists (respiratory syncytial virus [RSV], influenza virus, and
rhinovirus) illustrate that modes of transmission have been
clarified somewhat but that serious gaps in our knowledge
persist. Many of these studies should provide inspiration for
young hospital epidemiologists and infection control
professionals. Almost without exception, they were performed
by hard-nosed investigators who had little, if any, external
funding—investigators who exploited serendipitous events or
devised and conducted original studies on a shoestring.

RSV

RSV is the most important cause of respiratory infection
in young children worldwide, infecting virtually every child in
the first few years of life. Immunity is feeble and fleeting, and
repeated infections are the rule. One in every 100 or 200
infected infants requires hospitalization, wusually for
bronchiolitis. Therefore, pediatric hospital wards are flooded
with patients with community-acquired RSV every winter,
and failure to follow fastidious infection control procedures
inevitably leads to nosocomial transmission (3,4). RSV is, in
fact, one of the “perennial weeds” on pediatric wards that
Caroline Breese Hall discussed at this same conference 20
years ago (5). The consequences of RSV infection can be
especially dire for children with underlying conditions such as
prematurity, cardiac and pulmonary disease, or immunosup-
pression (6-9). Nosocomial RSV infection in immunocompro-
mised adults results in prolonged, substantial illness and
even death (10). RSV also takes a heavy toll on members of the
nursing and medical staff, with attack rates in some studies
approaching 50% (5). Bronchiolitis does not develop in health-
care providers because, as adults, they have considerably
larger airways than infants; however, severe colds and
reactive airway disease do develop (11). Because winter is the
busiest time of year on pediatric wards, ill staff members
seldom take time off to recuperate, thus serving as efficient
vectors in the chain of disease transmission.

Since RSV is a respiratory virus, one might be tempted to
speculate that it is transmitted primarily by droplet nuclei or
droplet contact. However, Hall et al. demonstrated clearly
that contact transmission predominates (12). Freshly
infected infants, who were producing copious secretions, were
placed in a crib in a room reserved for the study. Volunteers
were brought into the room and assigned to one of three
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groups. “Cuddlers” performed routine care, picked the baby
up, and played with the child. “Touchers” had extensive
contact with objects in the baby’s environment, which had
been contaminated heavily with secretions. “Sitters” sat right
next to the crib for 3 hours but did not touch anything in the
baby’s environment. None of the 14 sitters developed RSV
infection, but five of the seven cuddlers and four of the 10
touchers became ill.

Infants secrete enormous concentrations of RSV, often
more than 10?/mL of nasal discharge, and the concentration of
virus diminishes only slowly over a period of days (13).
Moreover, RSV survives well on fomites; for example, virus
can be cultured for >5 hours on impervious surfaces such as
bed rails (14). Thus, care givers have numerous opportunities
to contaminate their hands during routine care, and unless
they wash their hands, virus will be transmitted by indirect
contact to other infants. Furthermore, symptomatic infection
has a high probability of developing in care givers who touch
their eyes or nose with contaminated fingers.

Numerous studies have evaluated potential strategies to
control nosocomial transmission of RSV. Gowns and masks
were studied before the modes of transmission of RSV were
understood fully (15,16). These studies, which were
underpowered, did not detect a beneficial impact on the rate of
cross-infection. Hall’s group, recognizing that the eyes are an
unprotected portal for inoculation of virus in health-care
workers, evaluated especially designed eye-nose goggles that
ward staff could wear when caring for infants infected with
RSV (17). Although these goggles reduced the rate of infection
in care givers and infants to 5% and 6%, respectively, the
goggles were not well accepted by the staff and eventually
were abandoned.

Studies at Children’s Hospital, Boston, provide consider-
able support for the key role of contact with contaminated
secretions in RSV transmission, as well as the value of
wearing gowns and gloves when caring for infected patients
(18). Surreptitious surveillance of compliance with gown and
glove precautions on a general pediatric ward documented
adherence in only 38.5% of encounters with ill infants. When
open monitoring, education, and feedback of nosocomial
infection rates were introduced, compliance reached levels as
high as 95% and remained very good even after surreptitious
surveillance was reintroduced. The rate of nosocomial RSV
infection fell from 6.4 to 3.1 cases per 1,000 patient days. The
magnitude of the effect was by far the greatest at the peak of
the winter epidemic in the community, when the ward was
crowded with infected infants. Thus, simple barrier
precautions, including wearing gloves when touching
contaminated objects, proved extremely effective in limiting
RSV transmission. Of course, it is possible that excellent
compliance with handwashing might obviate the need for
gloves, as is the case for all nosocomial infections transmitted
from patient to patient by contaminated hands. Isaacs et al.
(19) found that handwashing and cohorting were effective in
reducing the nosocomial infection rate. For RSV, using a hand
antisepsis agent that contains detergent or alcohol is critical.
Aqueous chlorhexidine without detergent has poor activity
against RSV (20).

Some investigators have advocated performing rapid
tests for RSV on all symptomatic infants during the annual
RSV season, cohorting RSV-positive patients, and placing
them on gown and glove precautions. Madge found that this
approach was more effective than gowns and gloves or
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cohorting alone (21), although compliance was not measured.
Snydman noted a reduction in nosocomial infection in a
newborn nursery when rapid testing was combined with
cohorting, visitation restrictions, and gowns, gloves, and
masks (22). However, the cost-effectiveness of routinely
testing all symptomatic infants for RSV remains to be
demonstrated conclusively. Once the virology laboratory has
documented that the RSV season has started, a child with
bronchiolitis will likely have RSV, and screening only
children who have atypical symptoms may be sufficient.

Recently, investigators using polymerase chain reaction
(PCR) to detect RSV RNA suggested that RSV might be
transmitted over considerable distances by air (23). RNA was
found in air samples taken as far as 7 m from the bedside of
infected patients for up to day 7 of hospitalization. However,
a positive PCR result does not prove that infectious virus is
present, and it seems premature to use such data to refute
excellent epidemiologic studies by several groups of
investigators documenting the primary importance of contact
transmission.

Influenza

Influenza is a substantial threat to hospitalized patients
despite the availability of a relatively effective vaccine and
two classes of drugs (M2 ion channel inhibitors and
neuraminidase inhibitors) shown to prevent infection in
clinical trials (24). Although influenza is widely viewed as
affecting primarily elderly patients and adults with
coexisting illnesses or conditions, such as chronic pulmonary
and cardiac disease, nosocomial transmission has been well
documented in young children (25,26). Perhaps nosocomial
disease is less frequently diagnosed in hospitalized children
because infants are unable to articulate many of influenza’s
characteristic symptoms, and influenza often presents simply
as an episode of fever in this population.

The proper isolation procedures for hospitalized patients
with influenza are controversial. Infection can likely be
transmitted by direct and indirect contact, as well as by
droplet contact. Airborne spread by droplet nuclei has
sparked controversy, since true airborne transmission would
best be controlled by isolating patients in rooms with negative
air pressure and requiring staff to wear masks on entering the
room. Such precautions would be costly and difficult to
implement at the height of an influenza outbreak.

What is the evidence for airborne transmission of
influenza? The explosive nature of influenza outbreaks
supports airborne transmission. Some investigators have
even suggested that the rapid intercontinental transmission
of influenza can be mediated by transport of aerosolized virus
on air currents over hundreds to thousands of kilometers in
low-pressure centers with frontal waves (27). However, data
substantiating the airborne theory of transmission are
relatively sparse. Perhaps the most compelling data come
from animal models of influenza. Mice inoculated with
influenza virus readily transmitted infection to susceptible
animals from which they had been separated by double wire
screens (28). The attack rate increased at low relative
humidity, as would be expected, since virus suspended in
aerosolized droplet nuclei survives much longer at lower
humidity. Moreover, transmission occurred more frequently
when the ventilation in the chamber housing the mice was
poor, as Wells established is typical of diseases spread by the
airborne route. In a ferret influenza model, infected ferrets
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transmitted influenza to uninfected ferrets separated by a 9-
foot duct with two 90° bends (29). Large droplets certainly
would not be able to negotiate such curves, whereas droplet
nuclei typically can.

A natural experiment in patients at the Veterans
Administration Hospital in Livermore, California, can be
viewed as the human counterpart of these animal
experiments (30). One building housing 150 patients with
tuberculosis and chronic pulmonary disease was ventilated
by UV light-irradiated air, whereas another part of the
hospital housing 250 tuberculosis patients received
nonirradiated air. During the 1957-58 influenza season, the
attack rate in patients in the irradiated building (as
confirmed serologically) was 2%, but the attack rates among
patients and staff in the nonirradiated area were 19% and
18%, respectively.

Probably the most dramatic example of airborne spread
in humans occurred during an airplane flight from Anchorage
to Kodiak, Alaska (31). At an intermediate stop in Homer,
Alaska, the plane had mechanical difficulty and remained on
the tarmac for several hours with an inoperative ventilation
system. A young woman had boarded the flight in Homer and
within 15 minutes developed full-blown symptoms of acute
influenza. A point-source outbreak of influenza ensued, and
72% of the 54 passengers became ill within 72 hours. The
attack rate was highest in passengers who remained on the
crippled plane the longest, and the six passengers who
deplaned immediately remained well. Although the passen-
gers who stayed on the plane moved about at will, influenza
developed in few of those who had close contact with the index
patient.

Since available evidence tends to support airborne
transmission of influenza, attempting to place infected
patients on precautions suitable for protecting susceptible
patients and staff from virus-laden droplet nuclei seems
prudent. Of course, improved compliance with current
recommendations for immunizing health-care workers
remains the key to influenza control in the hospital. Most
facilities will be severely challenged if they try to isolate all
patients with symptoms compatible with influenza.

Rhinovirus

Although nosocomial rhinovirus infection is not as
substantial a problem as RSV and influenza on pediatric
wards, it can have serious sequelae in premature neonates
and children with chronic diseases or immunosuppression
(32). For example, in another session at this decennial
meeting, Huskins and his colleagues at Children’s Hospital,
Boston, report an outbreak of rhinovirus infection at a
pediatric chronic-care facility that was associated with
considerable illness and death. However, there is another
reason to discuss the transmission of rhinovirus—namely,
that this pathogen demonstrates the difficulty in proving
conclusively how respiratory viruses are transmitted.

The common cold is a profound nuisance in everyday life,
although seldom a cause of serious illness. The average child
can expect to have four to eight episodes per year, and adults
three to five infections. Many viruses, such as parainfluenza,
RSV, and coronavirus, can produce similar symptoms, but
rhinovirus is by far the most frequent etiologic agent. Repeated
colds are virtually guaranteed because there are >100 distinct
rhinovirus serotypes, and infection with one serotype does not
confer substantial immunity against the others.
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A prodigious volume of work at the Common Cold
Research Unit in Salisbury, England, following World War I1
established that colds could be produced by inoculating
secretions into the nose or eye of volunteers (33). These rather
crude experiments were replicated with nasal inoculation of
small concentrations of rhinovirus once the specific viral
agents that cause the common cold were elucidated (34).
Presumably, therefore, persons might acquire rhinovirus by
touching their nasal or ocular mucosa with contaminated
fingers. A study by Hendley et al. at the University of Virginia
demonstrated that health-care workers are not immune to
practices that might promote self-inoculation (35). One third
of grand-rounds attendees picked their nose, and one in 2.7
rubbed their eyes during a 1-hour lecture. Subsequent work
demonstrated that it was difficult to transmit rhinovirus by
kissing (36), and that exposure to cold did not increase the
likelihood of “catching a cold” (37).

These studies could not answer the central question of
whether rhinovirus is transmitted primarily by direct
contact, indirect contact, droplet contact, or droplet nuclei.
Unfortunately, considerable additional investigation has not
resolved the issue completely (38). Essentially, two
experimental approaches, both highly contrived, have come to
different conclusions. Work by Hendley and Gwaltney at the
University of Virginia generally has supported transmission
by hand contact and self-inoculation, while experiments by
Dick at the University of Wisconsin have favored spread by
large droplets, droplet nuclei, or both.

The Virginia group demonstrated that adults with
experimental rhinovirus colds readily contaminated their
hands and that rhinovirus could be recovered from 43% of
plastic tiles they touched with their contaminated fingers
(39). Adults with natural rhinovirus colds contaminated their
hands in 39% of cases, and virus was found on 6% of objects in
their homes (35,40). Virus could survive from a few hours to as
long as 4 days on nonporous surfaces, and for at least 2 hours
on human skin (35). Volunteers who had contact with
contaminated objects or with fingers of persons with
rhinovirus colds had a high rate of infection when they
intentionally touched their eyes or nose. Infection generally
could be prevented by treating contaminated surfaces with
disinfectant or applying iodine to fingers (39).

In a labor-intensive, randomized clinical trial, the
Virginia group found that treating mothers’ fingers with
iodine reduced the rate of secondary infection (38).
Specifically, as soon as a cold occurred in another member of
the family, mothers were instructed to dip their fingers in
iodine or placebo when they awoke in the morning, every 3 to
4 hours during the day, and after activities that might wash
the iodine from the skin. The investigators counted on the
well-established residual activity of iodine to kill virus on
contact. Over the 4-year study period, the secondary attack
rate for colds in the intervention group was 7%, versus 20% in
the control group. In the iodine-treated group, no confirmed
rhinovirus infection occurred in susceptible mothers who had
been exposed to 11 index cases. In contrast, five infections
occurred after 16 exposures in the placebo group, although
this difference was not significant.

These studies provide considerable evidence for indirect
contact transmission by contaminated fomites and fingers. In
other experiments, the Virginia investigators found little
support for transmission via large respiratory droplets or
droplet nuclei. Exposure of susceptible volunteers to highly
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symptomatic volunteers across a small table (droplet contact
and droplet nucleus transmission) or a double-wire barrier
(droplet nucleus spread) resulted in infections in 1 of 12 and
zero of 10 subjects, respectively (39). These rates of
transmission were far less than the 11 infections among 15
persons (73%) who self-inoculated their mucous membranes
with contaminated fingers.

Meanwhile, the Wisconsin group was developing models
to study transmission of rhinovirus colds, building on
observations showing high attack rates among men crowded
together in a small hut in Antarctica (41). In one such model,
symptomatic volunteers were housed with susceptible
volunteers in a room approximately 12-by-6-by-3 m (42). The
subjects played various board, card, and video games during
the study period. Since viral titers in nasal secretions fall as
symptoms diminish, volunteers were replaced with highly
symptomatic persons as soon as they experienced reduced
rhinorrhea or sneezing. The average length of exposure
required for transmission was very high, 200 hours of
exposure to achieve a 50% attack rate. Based on these results,
Dick et al. suggest that exposure times in the Virginia studies
were too short to exclude droplet and airborne transmission.

In additional experiments, the Wisconsin group extended
these studies by having volunteers play poker for 12 hours
while sitting at round tables (43). Three experiments were
performed involving 24 symptomatic “donors” and 36
susceptible “recipients.” Half of the recipients were fitted with
restraints, either arm braces that allowed them to reach their
cards but not touch their face, or a plastic shield that left their
hands free but did not allow them to reach their eyes or nose.
Despite these barriers, the attack rates were 56% and 67%,
respectively, strongly favoring transmission by air since self-
inoculation was impossible. Moreover, when 12 additional
susceptible volunteers were brought to a separate room to
play poker with chips and cards that were literally soaked
with contaminated secretions from donors, no rhinovirus
infections occurred. In addition, little virus was found on the
chips and cards. The Wisconsin group suggested that the
relatively high attack rates seen in the self-inoculation
studies conducted by the Virginia group might be attributable
to intensive exposure to fresh wet secretions (e.g., the
volunteers literally blew their noses into their hands).

The above studies provide only a glimpse of the extensive
literature on the transmission of rhinovirus colds, but
controversy still simmers. The prudent person probably will
wash his or her hands after shaking hands with someone who
has a cold or after touching environmental objects potentially
contaminated with relatively fresh secretions. Alcohol-based,
waterless antiseptics are ideal for this purpose. Although
droplet contact or airborne transmission of rhinovirus
infection is possible, prolonged and close exposure is
apparently required.

Dr. Goldmann, who is professor of pediatrics at Harvard Medical
School, has a research focus on the epidemiology and control of hospital-
acquired infections, especially antimicrobial drug-resistant infections
in intensive care units. In addition, he studies the epidemiology and
prevention of medical errors and adverse events in pediatrics. Dr.
Goldmann collaborates with colleagues at the Channing Laboratory in
Boston regarding the pathogenesis of staphylococcal foreign body infec-
tions and is working to develop imunologic approaches for their preven-
tion.
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HIV Postexposure Prophylaxis in
the 21st Century

David K. Henderson
Warren G. Magnuson Clinical Center, Bethesda, Maryland, USA

The administration of postexposure prophylaxis has become the standard of care for occupational
exposures to HIV. We have learned a great deal about the safety and potential efficacy of these agents, as
well as the optimal management of health-care workers occupationally exposed to HIV. This article
describes the current state of knowledge in this field, identifies substantive questions to be answered, and
summarizes basic principles of postexposure management.

Since 1988, institutions have been offering antiretroviral
postexposure prophylaxis (PEP) for occupational exposures to
HIV (1,2). Although much has been accomplished since 1990,
many important questions remain: What are the initiating
events in the pathogenesis of occupational HIV infection
associated with a percutaneous exposure? What evidence
supports the effectiveness of PEP in preventing occupational
HIV infection? How can the use of PEP be improved by
eliminating overtreatment? How can access to and use of
expert consultants be facilitated? How can adherence to PEP
medication regimens be improved? What is the relevance of
the source patient’s prior antiretroviral experience? How
should occupational exposures be managed in pregnant
health-care workers?

Pathogenesis

The early events in the pathogenesis of occupational HIV
infection are incompletely characterized, although the last 10
years have seen substantial developments. Several studies
have suggested an important role for the dendritic cell in the
early events of infection. In the macaque simian
immunodeficiency virus (SIV) model, dendritic cells, which
are the first cells infected after intravaginal inoculation (3),
can foster extensive viral replication when they interact with
susceptible T cells (4). Another important piece of evidence
underscoring both the role of the dendritic cell and the
potential benefit of antiretroviral PEP comes from the studies
of Pope et al., which demonstrated that infection of
susceptible T cells by HIV-bearing dendritic cells could be
blocked in vitro by the addition of antiretroviral agents to the
culture system (4).

The role of host defense against HIV is also incompletely
delineated. Ruprecht et al. were among the first to
demonstrate efficacy of antiretroviral PEP in an animal
system (a mouse model of retroviral infection). These
investigators demonstrated that, for PEP to be effective, the
mice needed to have intact cellular immunity (5). Clerici et
al., who evaluated T cells from eight HIV-exposed but
uninfected health-care workers, found that cells from six of
the eight produced interleukin-2 when exposed to HIV peptide
antigens, whereas cells from only one of nine unexposed
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controls mounted an interleukin-2 response (6). In follow-up
studies from the same laboratories, investigators demon-
strated that cytotoxic T-lymphocyte responses to HIV
envelope peptides could be detected in 35% of occupationally
exposed health-care workers, but in none of 20 health-care
workers who had been exposed to blood from patients who did
not have HIV infection (7). Administration of antiretroviral
PEP to health-care workers who have sustained occupational
HIV exposures may blunt this cellular response (8).

Effectiveness of PEP in Preventing
Occupational HIV Infection

The risk for occupational infection with HIV after a
parenteral exposure to blood from an HIV-infected patient is
approximately 0.3% (9). Because of this low rate of
transmission and the difficulty in amassing a sufficient
sample size of health-care workers with documented
occupational HIV exposure, conducting a clinical trial is
virtually impossible (2). During the past 10 years, however,
evidence supporting the efficacy of PEP has come from three
types of studies: in animal models; in preventing maternal-
fetal transmission of HIV in humans; and a worldwide
retrospective case-control study.

Animal Studies of PEP

Several recent studies have demonstrated the efficacy of
various antiretroviral agents in preventing retroviral
infections in animals. Bottiger et al. demonstrated that a 3-
day course of the nucleoside analog BEA-005 (2,3'-dideoxy-3'-
hydroxymethyl cytidine) prevented either SIV or HIV-2
infection (10). Tsai et al. demonstrated the efficacy of the
nucleotide analog phosphonyl-methoxy-propyladenine (PMPA)
(Tenofovir, Gilead Sciences, Foster City, CA) in preventing
SIV infection in macaques (11). In subsequent studies,
duration of PEP treatment influenced the success of
chemoprophylaxis in this model; the timing of administration
of the dose relative to exposure or infection is also critical. All
the macaques treated for 28 days but only half the macaques
treated for 10 days and none of those treated for 3 days were
protected. Delaying PEP also was found to be detrimental:
100% of macaques that received PEP within 24 hours of
intravenous infection with SIV remained uninfected, but 50%
of the animals that received the first PEP dose 48 hours after
infection and 25% of those that received the first dose 72 hours
after infection were protected (12). In a similar study
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presented at the 4th Decennial Conference, PMPA PEP was
effective after vaginal inoculation of macaques with HIV-2.
All animals treated within 36 hours of inoculation were
protected, but one of four treated at 72 hours after inoculation
became infected (13).

Efficacy in Preventing Maternal-Fetal Transmission of HIV

Progress has been made in the past 10 years in
preventing the transmission of HIV from infected mothers to
their offspring. In the United States, the incidence of
perinatally transmitted HIV infection declined by two thirds
from 1992 to 1997 (14). In the groundbreaking AIDS Clinical
Treatment Group (ACTG) protocol 076, zidovudine (ZDV) was
administered to mothers before birth and during labor and
delivery and to the newborns for 6 weeks after birth (15). For
mother-offspring pairs in the treatment arm of this study, the
risk for vertical transmission of HIV was reduced by 67% (15).
Since publication of the ACTG 076 trial, several studies have
confirmed and extended these initial results (14,16-30). Wade
et al. demonstrated that administration of antiretroviral
agents to the newborn within the first 48 hours of life
significantly reduced the risk for perinatal HIV transmission
(31). Several recent studies have evaluated combinations of
antiretroviral agents (23,24), altered dosing schedules (22,28-
31), delivery strategies (19,20), or short-term administration
of nonnucleoside reverse transcriptase inhibitors (25)—all
with similar success (Table). As in the study by Wade and
colleagues, in some of these studies only the infant received
the agents (22). These studies effectively dispel the early
concern that, because of their mode of action, antiretroviral
agents (in particular, nucleoside analogs) could not be
effective in prophylaxis (2). Further, the studies that show a
preventive effect when the drugs are administered only to
newborns offer definitive proof that PEP (at least for vertical
exposure) can be effective in humans.

Table. Clinical trials assessing the efficacy of antiretroviral agents in
preventing maternal-fetal transmission of HIV

Study (ref) Regimen? Timing® Outcome (%)
Connor (15) ZDV A+L+P 8.3 vs 25.5
Shaffer (28) ZDV A+L 9.4vs 18.9
Wiktor (29) ZDV A+L 12.2 vs 21.7
Dabis (30) ZDV A+L+P 18.0 vs 27.5
Wade (31) 7ZDV A+L+P 6.1 vs 26.6
ZDV L+P 10.0 vs 26.6
ZDV P (<48 hr) 9.3 vs 26.6
ZDV P (>72 hr) 18.4 vs 26.6
Bulterys (22) ZDV A+L+P 8.2vs 15.5
ZDV L+P 8.6 vs 15.5
7ZDV P 8.1vs 15.5
Saba (23) ZDV+3TC A+L+P 52 (reduction)
ZDV+3TC L+P 40 (reduction)
ZDV+3TC L no reduction
Blanche (24) ZDV+3TC A+L+P 2.6
ZDV A+L+P 6.5
Guay (25) ZDV L+P 25.1
NVP L+P 13.1
aZDV = zidovudine (azidothymidine); 3TC = lamivudine; NVP =
nevirapine

bA - Prenatal therapy (usually beginning at 36 weeks); L - Therapy
during labor and delivery; P - Postpartum treatment of infant.
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The Retrospective Case-Control Study

The third piece of evidence supporting the efficacy of
antiretroviral PEP comes from the retrospective case-control
study of health-care workers who sustained occupational
exposures to HIV (32). In this study, cases of occupational
infection were matched with controls from the Centers for
Disease Control and Prevention (CDC)’s ongoing study of self-
reported occupational HIV exposures. This study identified
four factors associated with the risk for occupational infection
and also found that ZDV PEP was associated with an >80%
reduction in infection risk (32). Despite these limitations (33),
the study findings are extremely important, as no other data
directly address this issue.

Overtreatment and the Use of Expert Consultants

A concern in the prescribing and administration of PEP is
that the persons who are asked to prescribe PEP are often not
familiar with the drugs. Emergency room staff or
occupational medicine personnel may be called on to prescribe
drugs for PEP but have limited experience with the drugs and
their toxicities and, because these occurrences are rare, often
are unfamiliar with what constitutes an exposure.
Occupational HIV exposures are crisis situations demanding
immediate, decisive action. Indirect evidence that the
primary prescribers may not be entirely familiar with the
optimal management strategies for PEP comes from the
University of California at San Francisco prophylaxis hotline.
In 1997, in 58% of the calls to the hotline, staff recommended
either stopping or not starting PEP (34). In 1998, 59% of calls
were handled similarly (D. Bangsberg, pers. comm.). These
problems could at least in part be averted by providing ready
access to expert consultants.

The choice of agents for PEP is also a source of confusion
and an area in which expert consultants could provide
substantial assistance. To err on the conservative side of the
issue, providers may assume that more is better. Adding
additional agents, however, may mean that the health-care
worker is unable to adhere to the regimen. For most
exposures, only two agents are necessary (35). For more
complicated situations (e.g., a source patient with extensive
antiretroviral experience), expert consultation is essential.

Finally, the duration of PEP is somewhat controversial.
In some maternal-fetal studies, a short course was effective
(e.g., two doses of nevirapine) (25). In certain animal studies,
shortened courses were effective (10), but in others, the
shortened course was associated with decreased efficacy (12).
Providing a regimen to which the exposed health-care worker
can adhere is of paramount importance. Without definitive
data to demonstrate the safety of shorter courses, the
“traditional” 28-day course of PEP is preferable.

Relevance of the Source Patient’s Experience with
Antiretroviral Agents

An issue that frequently arises in centers treating large
numbers of patients with HIV infection is whether the PEP
regimen should be altered for exposures to a patient who has
extensive experience with antiretroviral agents. Some
instances of PEP failure have been associated with genotypic
or phenotypic resistance to the agent(s) selected for PEP (35).
Instances have been reported in which PEP failure was
ascribed at least in part to isolates resistant to one or more of
the three drugs in the standard regimen (36). Conversely,
especially in the maternal-fetal studies, genotypic resistance
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has not precluded a beneficial drug effect (17). For example, in
the ACTG-076 study, ZDV therapy was effective despite the
fact that HIV isolates from 25% to 30% of the women
demonstrated genotypic resistance to ZDV (17). If a source
patient has a resistant isolate, expert consultation should be
sought with an HIV specialist. Tailoring the PEP regimen to
the source patient’s antiretroviral experience makes intuitive
sense. Ifthe source patient is controlled on therapy (i.e., has a
low or undetectable viral burden), working with the expert
consultant to select a regimen based on the source patient’s
drugs is also reasonable.

Tailoring regimens for all health-care workers who have
exposures to antiretroviral-experienced patients may lead to
the administration of newer, less well-tested, and potentially
more toxic agents to the exposed health-care workers, clearly
increasing their risk. However, a patient who is breaking
through on therapy (i.e., has a high viral titer despite
treatment) may not always have resistant isolates.
Treatment failures may be due to poor adherence with
treatment regimens rather than viral resistance (37,38), and
circulating isolates (i.e., wild-type virus) may be nonresis-
tant. In addition, some evidence indicates that resistance
disappears rapidly after treatment is stopped (39), so that
aggressive selection of PEP agents may not be necessary.
Nonetheless, the most recent U.S. Public Health Service
guideline for managing health-care workers who have
sustained occupational HIV exposures recommends adding
an agent from a class of drugs to which the source patient’s
isolate has not been exposed when resistance is highly
suspected or known (35). Based on the new information cited
above, such an agent should be added only if resistance is
documented.

PEP in Pregnant Health-Care Workers

The administration of antiretroviral PEP to pregnant
health-care workers who have sustained an occupational
exposure to HIV has long been a matter of controversy.
Information about the risks of administering these agents to
pregnant women has been extremely limited, but a few basic
principles should be applied. First, pregnancy per se should
not preclude PEP for an exposed health-care worker. Second,
the decision whether PEP should be administered to a
pregnant health-care worker should be hers, after she has had
the benefit of thorough counseling about risks for infection
and adverse drug effects for herself and her fetus. Third, the
regimen offered to a pregnant health-care worker should be
the one with the best chance of preventing infection. Fourth,
pregnant workers electing PEP should be followed
scrupulously for signs of adverse events. Recently, concern
has been expressed about potential for mitochondrial toxicity
in infants born to mothers receiving antiretroviral agents. In
the French cooperative study evaluating the administration
of antiretroviral agents to prevent maternal-fetal HIV
transmission, two infant deaths among children who did not
acquire HIV infection were ascribed to progressive neurologic
disease (40). After this cohort was screened for elevated
lactate levels, six additional cases of potential mitochondrial
toxicity were identified (40). Four patients had received ZDV
alone, and four had received the ZDV/3TC combination. Three
of the additional six cases had neurologic findings including
status epilepticus, myopathy, seizures, spastic diplegia, and
febrile seizures (40). The U.S. Food and Drug Administration
has evaluated postmarketing data from manufacturers of

Emerging Infectious Diseases

nucleoside analogs and has not identified additional deaths in
this dataset. The U.S. Public Health Service has also
examined data from CDC surveillance, CDC studies of
maternal-fetal transmission, the National Institutes of
Health’s ACTG Studies, and the large database from the
Women and Infants Transmission Study without identifying
additional deaths attributable to mitochondrial disease.
These data provide some reassurance, but the French
findings indicate that additional scrutiny is warranted.

Conclusions

We have made substantial progress in our management
of occupational exposures to HIV since the 1990 Decennial
Conference. The rationale for offering PEP to health-care
workers after documented occupational exposures to HIV now
seems much more solid than in 1990. Nonetheless, several
important questions remain unanswered: How are the
generally encouraging data generated from animal studies
and from studies of the efficacy of antiretroviral agents in
preventing vertical transmission of HIV in humans relevant
to the use of chemoprophylaxis after sexual exposures to HIV?
What roles will new agents (e.g., BEA-005 or PMPA) play in
postexposure management? Why do patients coinfected with
hepatitis C and HIV have such differing prognoses and
disease progression?

Several basic principles should be followed in postexposure
management of occupational exposures to HIV. First, ensure
that treatment is immediately accessible. Second, make
certain an exposure has occurred (using expert consultants
whenever necessary). Third, if PEP is administered, select a
regimen to which the health-care worker can adhere
(dependent on the source patient’s therapy and viral level).
Fourth, learn to anticipate and treat side effects
prophylactically. Fifth, monitor the health-care worker
closely for adherence with the regimen and for adverse drug
effects.

Finally, regardless of the development of successful
postexposure management strategies, we need to continue to
invest a substantial effort in preventing occupational
exposures to bloodborne pathogens. Several institutions have
worked aggressively to reduce these exposures, some with
great success (41-44). We need to learn from our colleagues’
experiences and continue to minimize such occupational
exposures.

Dr. Henderson is deputy director for clinical care at the Warren G.
Magnuson Clinical Center, National Institutes of Health, and a fellow
in the American College of Physicians and the Infectious Diseases Soci-
ety of America. His scientific interests focus on occupational infectious
risks for health-care workers and strategies to reduce risks for occupa-
tional infection with bloodborne pathogens.

References

1. Henderson DK, Gerberding JL. Prophylactic zidovudine after
occupational exposure to the human immunodeficiency virus: an
interim analysis. J Infect Dis 1989;160:321-7.

2. Henderson DK. Post-exposure chemoprophylaxis for occupational
exposure to HIV-1: current status and prospects for the future. Am
J Med 1991;91 Suppl 3B:S312-9.

3. Spira Al, Marx PA, Patterson BK, Mahoney J, Koup RA, Wolinsky
SM, et al. Cellular targets of infection and route of viral
dissemination after an intravaginal inoculation of simian
immunodeficiency virus into rhesus macaques. J Exp Med
1996;183:215-25.

256 Vol. 7, No. 2, March-April 2001



10.

11.

12.

13.

14.

15.

16.

17.

18.

Vol

Special Issue

Pope M, Gezelter S, Gallo N, Hoffman L, Steinman RM. Low levels
of HIV-1 infection in cutaneous dendritic cells promote extensive
viral replication upon binding to memory CD4+ T cells. J Exp Med
1995;182:2045-56.

Ruprecht RM, Bronson R. Chemoprevention of retroviral infection:
success is determined by virus inoculum strength and cellular
immunity. DNA Cell Biol 1994;13:59-66.

Clerici M, Levin JM, Kessler HA, Harris A, Berzofsky JA, Landay
AL, et al. HIV-specific T-helper activity in seronegative health care
workers exposed to contaminated blood. JAMA 1994;271:42-6.
Pinto LA, Sullivan J, Berzofsky JA, Clerici M, Kessler HA, Landay
AL, et al. ENV-specific cytotoxic T lymphocyte responses in HIV
seronegative health care workers occupationally exposed to HIV-
contaminated body fluids. J Clin Invest 1995;96:867-76.

D’Amico R, Pinto LA, Meyer P, Landay AL, Harris AA, Clerici M,
et al. Effect of zidovudine postexposure prophylaxis on the
development of HIV- specific cytotoxic T-lymphocyte responses in
HIV-exposed health care workers. Infect Control Hosp Epidemiol
1999;20:428-30.

Henderson DK, Saah AJ, Zak BJ, Kaslow RA, Lance HC, Folks T, et al.
Risk of nosocomial infection with human T-cell lymphotropic virus type
III/lymphadenopathy-associated virus in a large cohort of intensively
exposed health care workers. Ann Intern Med 1986;104:644-7.
Bottiger D, Johansson NG, Samuelsson B, Zhang H, Putkonen P,
Vrang L, et al. Prevention of simian immunodeficiency virus, SIV,
or HIV-2 infection in cynomolgus monkeys by pre- and
postexposure administration of BEA-005. AIDS 1997;11:157-62.
Tsai CC, Follis KE, Sabo A, Beck TW, Grant RF, Bischofberger N,
et al. Prevention of SIV infection in macaques by (R)-9-(2-
phosphonylmethoxypropyl)adenine. Science 1995;270:1197-9.
Tsai CC, Emau P, Follis KE, Beck TW, Benveniste RE,
Bischofberger N, et al. Effectiveness of postinoculation (R)-9-(2-
phosphonylmethoxypropyl) adenine treatment for prevention of
persistent simian immunodeficiency virus SIVmne infection
depends critically on timing of initiation and duration of treatment.
J Virol 1998;72:4265-73.

Otten R, Smith D, Pullium J, Adams D, Jackson E, Jaffe H, et al.
Potent efficacy of post-exposure prophylaxis (PEP) up to 72 hours
after intra-vaginal exposure of pig-tailed macaques with a human-
derived retrovirus (HIV-2). Proceedings of the 4th Decennial
Conference on Nosocomial Infections; 2000 Mar 5-9; Atlanta,
Georgia. Centers for Disease Control and Prevention; 2000.
Lindegren ML, Byers RH Jr., Thomas P, Davis SF, Caldwell B,
Rogers M, et al. Trends in perinatal transmission of HIV/AIDS in
the United States. JAMA 1999;282:531-8.

Connor EM, Sperling RS, Gelber R, Kiselev P, Scott G, O’Sullivan
MdJ, et al. Reduction of maternal-infant transmission of human
immunodeficiency virus type 1 with zidovudine treatment.
Pediatric AIDS Clinical Trials Group Protocol 076 Study Group. N
Engl J Med 1994;331:1173-80.

Sperling RS, Shapiro DE, Coombs RW, Todd JA, Herman SA,
McSherry GD, et al. Maternal viral load, zidovudine treatment,
and the risk of transmission of human immunodeficiency virus
type 1 from mother to infant. Pediatric AIDS Clinical Trials Group
Protocol 076 Study Group. N Engl J Med 1996;335:1621-9.
Eastman PS, Shapiro DE, Coombs RW, Frenkel LM, McSherry
GD, Britto P, et al. Maternal viral genotypic zidovudine resistance
and infrequent failure of zidovudine therapy to prevent perinatal
transmission of human immunodeficiency virus type 1 in pediatric
AIDS Clinical Trials Group Protocol 076. J Infect Dis
1998;177:557-64.

Frenkel LM, Cowles MK, Shapiro DE, Melvin AJ, Watts DH,
MecLellan C, et al. Analysis of the maternal components of the AIDS
clinical trial group 076 zidovudine regimen in the prevention of
mother-to-infant transmission of human immunodeficiency virus
type 1. J Infect Dis 1997;175:971-4.

. 7, No. 2, March-April 2001

257

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kind C, Rudin C, Siegrist CA, Wyler CA, Biedermann K, Lauper U,
et al. Prevention of vertical HIV transmission: additive protective
effect of elective Cesarean section and zidovudine prophylaxis.
Swiss Neonatal HIV Study Group. AIDS 1998;12:205-10.

Kind C. Mother-to-child transmission of human immunodeficiency
virus type 1: influence of parity and mode of delivery. Paediatric
AIDS Group of Switzerland. Eur J Pediatr 1995;154:542-5.
Simpson BdJ, Shapiro ED, Andiman WA. Reduction in the risk of
vertical transmission of HIV-1 associated with treatment of
pregnant women with orally administered zidovudine alone. J
Acquir Immune Defic Syndr Hum Retrovirol 1997;14:145-52.
Bulterys M, Orloff S, Abrams E. Impact of zidovudine post-
perinatal exposure prophylaxis (PPEP) on vertical HIV-1
transmission: a prospective cohort in four U.S. Cities [Abstract 15].
Global Strategies for the Prevention of HIV Transmisison from
Mothers to Infants. Toronto, Ontario, Canada; Sept 1-6 1999.
Saba J, the PETRA Trial Study Team. Interim analysis of early
efficacy of three short ZDV/3TC combinations regimens to prevent
mother-to-child transmission of HIV-1: the PETRA trial [Abstract
S7]. Proceedings from the 6th Annual Conference on Retroviruses
and Opportunistic Infections. Chicago, Illinois; 31 Jan-4 Feb 1999.
Blanche S. Zidovudine-Lamivudine for Prevention of Mother to
Child HIV-1 Transmission [Abstract 267]. Proceedings from the
6th Annual Conference on Retroviruses and Opportunistic
Infections . Chicago, Illinois; 31 Jan-4 Feb 1999.

Guay LA, Musoke P, Fleming T, Bagenda D, Allen M, Nakabiito C,
et al. Intrapartum and neonatal single-dose nevirapine compared
with zidovudine for prevention of mother-to-child transmission of
HIV-1 in Kampala, Uganda: HIVNET 012 randomised trial.
Lancet 1999;354:795-802.

Marseille E, Kahn JG, Mmiro F, Guay L, Musoke P, Fowler MG, et
al. Cost effectiveness of single-dose nevirapine regimen for mothers
and babies to decrease vertical HIV-1 transmission in sub-Saharan
Africa. Lancet 1999;354:803-9.

Lorenzi P, Spicher VM, Laubereau B, Hirschel B, Kind C, Rudin C,
et al. Antiretroviral therapies in pregnancy: maternal, fetal and
neonatal effects. Swiss HIV Cohort Study, the Swiss Collaborative
HIV and Pregnancy Study, and the Swiss Neonatal HIV Study.
AIDS 1998;12:F241-7.

Shaffer N, Chuachoowong R, Mock PA, Bhadrakom C, Siriwasin
W, Young NL, et al. Short-course zidovudine for perinatal HIV-1
transmission in Bangkok, Thailand: a randomised controlled trial.
Bangkok Collaborative Perinatal HIV Transmission Study Group.
Lancet 1999;353:773-80.

Wiktor SZ, Ekpini E, Karon JM, Nkengasong J, Maurice C, Severin
ST, et al. Short-course oral zidovudine for prevention of mother-to-
child transmission of HIV-1in Abidjan, Cote d’Ivoire: a randomised
trial. Lancet 1999;353:781-5.

Dabis F, Msellati P, Meda N, Welffens-Ekra C, You B, Manigart O,
et al. Six-month efficacy, tolerance, and acceptability of a short
regimen of oral zidovudine to reduce vertical transmission of HIV
in breastfed children in Céte d’Ivoire and Burkina Faso: a double-
blind placebo- controlled multicentre trial. DITRAME Study
Group. Diminution de la transmission mere-enfant. Lancet
1999;353:786-92.

Wade NA, Birkhead GS, Warren BL, Charbonneau TT, French PT,
Wang L, et al. Abbreviated regimens of zidovudine prophylaxis and
perinatal transmission of the human immunodeficiency virus. N
Engl J Med 1998;339:1409-14.

Cardo DM, Culver DH, Ciesielski CA, Srivastava PU, Marcus R,
Abiteboul D, et al. A case-control study of HIV seroconversion in
health care workers after percutaneous exposure. N Engl J Med
1997;337:1485-90.

Henderson DK. Postexposure treatment of HIV--taking some risks
for safety’s sake. N Engl J Med 1997;337:1542-3.

Emerging Infectious Diseases



34.

35.

36.

37.

38.

39.

Special Issue

Bangsberg D, Goldschmidt RH. Postexposure prophylaxis for
occupational exposure to HIV. JAMA 1999;282:1623-4.

Centers for Disease Control and Prevention. Public Health Service
guidelines for the management of health-care worker exposures to
HIV and recommendations for postexposure prophylaxis. MMWR
Morb Mortal Wkly Rep 1998;47(RR-7):1-33.

Beltrami EM, Luo C-C, De la Torre M. HIV Transmission after an
occupational exposure despite postexposure prophylaxis with a
combination drug regimen. Proceedings of the 4th Decennial
Conference on Nosocomial Infections. Atlanta, Georgia; Mar 5-9
2000; Centers for Disease Control and Prevention.

Descamps D, Flandre P, Calvez V, Peytavin G, Meiffredy V, Collin
G, et al. Mechanisms of virologic failure in previously untreated
HIV-infected patients from a trial of induction-maintenance
therapy. Trilege (Agence Nationale de Recherches sur le SIDA 072)
Study Team). JAMA 2000;283:205-11.

Bangsberg D, Hecht F, Charlebois E, Zolopa AR, Holodniy M,
Sheiner L, et al. Adherence to protease inhibitors, HIV-1 load, and
development of drug resistance In an indigent population. AIDS
2000;14:357-66.

Devereux HL, Youle M, Johnson MA, Loveday C. Rapid decline in
detectability of HIV-1 drug resistance mutations after stopping
therapy. AIDS 1999;13:F123-7.

Emerging Infectious Diseases

40.

41.

42.

43.

44.

258

Blanche S, Tardieu M, Rustin P, Slama A, Barret B, Firtion G, et
al. Persistent mitochondrial dysfunction and perinatal exposure to
antiretroviral nucleoside analogues. Lancet 1999;354:1084-9.
Schmitt J, Taylor J, Fahey B, White T, Henderson D. Sustained
decrease in percutaneous injuries (PI) in temporal association with
universal/standard precautions (UP/SP) and PI-reducing strate-
gies (PIRS). Proceedings of the 4th Decennial Conference on
Nosocomial Infections. Atlanta, Georgia; Mar 5-9, 2000; Centers
for Disease Control and Prevention.

Haiduven DJ, Phillips ES, Clemons KV, Stevens DA. Percutaneous
injury analysis: consistent categorization, effective reduction
methods, and future strategies. Infect Control Hosp Epidemiol
1995;16:582-9.

Haiduven DdJ, Stevens DA. Eight-year analysis of percutaneous
injuries: categorization, effective reduction methods and future
strategies [Abstract J141]. Proceedings from the 34th Interscience
Conference on Antimicrobial Agents and Chemotherapy. Orlando,
Florida; Oct 4-7, 1994; American Society for Microbiology.
Beekmann SE, Vlahov D, Koziol DE, McShalley ED, Schmitt JM,
Henderson DK. Temporal association between implementation of
universal precautions and a sustained, progressive decrease in
percutaneous exposures to blood. Clin Infect Dis 1994;18:562-9.

Vol. 7, No. 2, March-April 2001



Special Issue

Tuberculosis Control in the 21st Century

Kent A. Sepkowitz
Memorial Sloan-Kettering Cancer Center, New York, New York, USA

In response to tuberculosis (TB) outbreaks in the United States in the late 1980s and early 1990s, U.S.
hospitals spent tremendous resources to ensure a safer workplace. A remarkable decrease in nosocomial
transmission resulted, along with a decrease in TB cases nationally. Federal standards have been
promulgated to ensure a safer work environment for all U.S. workers potentially exposed to TB. However,
these measures may prove costly and burdensome and thus may compromise the ability to deliver care.

A consensus that caring for patients with tuberculosis
(TB) posed a risk to health-care workers did not emerge until
the 1950s and 1960s, when studies established that
Mycobacterium tuberculosis infection was transmitted by the
airborne route (1). However, occupational transmission
received little attention until numerous outbreaks of TB and
multidrug-resistant tuberculosis (MDRTB) occurred in U.S.
and European hospitals in the 1980s and 1990s (2).

More than 20 health-care workers became ill with
MDRTB, and at least 10 died (3). Hundreds of health-care
workers may be latently infected with MDRTB and thus
represent a large repository at risk for future reactivation of
disease. Thus, although the MDRTB and drug-sensitive TB
outbreaks in the United States and Europe have largely been
controlled, the consequences of these outbreaks are still being
felt. This article reviews current approaches to TB control in
hospitals and prospects for improved control.

General Considerations

Efficient control of nosocomial TB is compromised by the
same difficulties complicating community control, including
an insensitive, slow method of diagnosing active disease; an
insensitive, nonspecific method of diagnosing latent disease;
and relatively slow-acting, complicated courses of medical
therapy. However, enormous strides in hospital TB control
were made during the late 1980s and 1990s by using common
sense, trial and error, and published guidelines (4-6). Most
U.S. hospitals now have TB control programs adequate to deal
with current TB levels. Should another epidemic occur,
however, these approaches may prove insufficient, as in the
mid-1980s when the AIDS epidemic introduced a new group
at high risk for active TB.

Community versus Hospital

At the height of the TB resurgence in the early 1990s,
many urban U.S. hospitals reported purified protein
derivative (PPD) conversion rates in health-care workers of
3% to 5% (3). A survey of U.S. hospitals conducted by the
Centers for Disease Control and Prevention (CDC) found a
mean conversion rate of 1.6% (7,8). Most recent studies have
demonstrated rates <1% annually. Although some of the
elevated conversion rate of the early 1990s resulted from the
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booster phenomenon, much was due to occupationally
acquired infection.

Because the conversion rate is now <1% for most U.S.
hospitals, infection control teams can investigate each
instance of potential exposure from an infectious source case.
Despite thousands of potential exposures, many infection
control teams are unable to document tuberculin conversions
in exposed staff, suggesting that many PPD conversions are
the result of community, rather than occupational, transmis-
sion. Supporting this perspective are studies associating zip
code or area of residence with PPD conversion, rather than
specific hospital occupation or specific exposure (9,10).

In some hospitals occupation is significantly associated
with risk for PPD conversion. In studies from New York City
(11) and Brazil (A. Kritski, pers. comm.), housekeepers were
at particularly high risk, independent of area of residence.
The hospitals reporting this finding treated high numbers of
patients with TB (>100 per year), increasing risk for
nosocomial transmission. In hospitals caring for relatively
few cases of TB, however, occupational exposure may indeed
be less important than exposure in the home or community.

The Purified Protein Derivative Test

An active surveillance program must rely on the time-
honored tuberculin PPD test, which is difficult to place, read,
and interpret. In addition, the sensitivity and specificity of
the 19th century test are far lower than those of other modern
diagnostic tests. Among criticisms of the proposed
Occupational Safety and Health Administration (OSHA)
standard (10), perhaps the most compelling is the reliance of
a $250 million program on the PPD test.

The Booster Phenomenon

The booster phenomenon confounds the interpretation of
the PPD test, complicating TB control programs (12). The
extent of boosting in healthy populations was demonstrated
in several CDC-led studies of serial skin testing in otherwise
healthy young health-care workers. A surprising number of
conversions were encountered at the third and fourth test,
even in those not exposed to TB, which suggests that boosting
with the third and fourth serial test may be more common
than assumed. The dramatic rise in PPD conversion rates in
hospitals with outbreaks may result as much from nonspecific
boosting as from true nosocomial transmission and
acquisition of M. tuberculosis. By the same logic, subsequent
decreases in PPD conversion rates may result from the
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exhaustion of the booster phenomenon in a population, rather
than true reduction of nosocomial transmission.

The booster phenomenon is now minimized in hospitals
because the efforts of TB control leaders have resulted in
frequent skin testing. As TB case rates continue to decrease,
along with concern about nosocomial transmission, more
unboosted health-care workers will enter the workforce,
setting the stage for pseudo-outbreaks similar to those in the
1980s and 1990s (13). In worker populations with high rates
of BCG vaccination, boosting is more common (3,13,14). The
strongest argument for maintaining the current 6- to 12-
month skin testing programs is the need to continue to
minimize the booster phenomenon, rather than the need for
heightened surveillance to detect TB transmission.

Approach to Control

The 1994 CDC guidelines for TB control in hospitals and
other health-care facilities (4) have become the basis for all
U.S. hospital TB control programs, as well as the proposed
OSHA standard (10). TB was controlled in hospitals by
implementing numerous control measures within a few
months, in addition to improving staff awareness and concern
(5,15). Thus, it is impossible to know which intervention is the
best or most cost-effective for a hospital with limited
resources and a low TB case-rate. That said, the old adage
that the undiagnosed case is the one most likely to transmit
infection remains useful in establishing priorities for TB
control.

The 1994 guidelines divide the implementation strategy
into a hierarchy of three approaches. Administrative
interventions include those to increase the isolation of
persons with suspected cases, development of a hospital-wide
TB control plan, and maintenance of an active tuberculin
skin-test program for health-care workers. Engineering
controls, which focus on how best to handle air, include
negative pressure capability in respiratory isolation rooms,
placement of UV light fixtures, and installation of HEPA filters.

Personal protective equipment (PPE, masks and
respirators) decisions were complicated by the lack of
clinically meaningful information to guide decisions. After
several years of debate, a relatively cheap and comfortable
product, the N-95 particulate respirator, was settled upon and
is recommended in the proposed OSHA standard.

Research Needs

In addition to unanswered questions regarding these
three interventions, the problems of PPD’s insensitivity and
nonspecificity and the long treatment courses necessary for
cure further complicate hospital TB control. Cost-effective
control of TB may depend on improvement in each of these areas.

Whom to Isolate?

Prompt diagnosis of probable TB requires at least one of
three elements: a compatible clinical presentation; sputum
smear revealing acid-fast bacilli (AFB); or a chest X ray
suggesting TB. Each of these three approaches, however, is
relatively insensitive and nonspecific.

One reason that TB control failed so dramatically during
the early AIDS epidemic was the relative nonspecificity of TB
symptoms in this population. Weight loss, low-grade fevers,
and inanition were often the only complaints, even in patients
with active pulmonary disease. In patients with advanced
AIDS, the same symptoms may be seen in cytomegalovirus
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disease, lymphoma, or disseminated M. avium-intracellulare.
This experience illustrated the variable clinical appearance of
TB, particularly in populations with abnormal immune
function.

Infection control decisions regarding maintenance of
respiratory isolation have traditionally been based on the
AFB sputum smear, which has approximately 50% sensitivity
for TB diagnosis. Therefore, half of patients with active
pulmonary TB (i.e., smear-negative disease) are removed
from isolation. The relative contagiousness of patients with
smear-negative pulmonary results is unknown, but indirect
evidence suggests they may transmit infection. A classic
study by Grzybowski et al. defined the tuberculin status of an
entire community, stratified according to exposure to persons
with TB (16). Of small children living in a household with an
adult with AFB smear-negative disease, 6% were tuberculin
reactive, compared with 0.7% of unexposed age-matched
controls. In recent report, a longitudinal molecular typing
study (17) indicated up to 17% of cases of TB in San Francisco
derived from a smear-negative source case. Despite these
studies, the three-smear rule-out has served hospitals well
with only rare problems. A practical approach might be for
clinicians to continue isolation only for patients who have
initial AFB-negative sputum smears but compelling clinical
symptoms and chest X rays.

The use of genetic-based tests to diagnose TB may
improve diagnostic sensitivity (18). However, few such tests
are useful in smear-negative cases and so are of little use in
routine infection control practice. They are appropriate,
however, to further classify persons with AFB smear-positive
disease.

The chest radiograph is notoriously insensitive as a TB
screening tool. Up to 10% of persons with pulmonary TB may
have an initially normal chest X ray (19). Although computed
tomography is sensitive in identifying many abnormalities,
routine chest tomography in patients with potential
pulmonary disease is not practical.

When to Discontinue Isolation?

Discontinuing isolation of patients with known TB often
is less important for physicians but of paramount importance
to the hospital infection control staff, who need to know when
a patient no longer can transmit the tubercle bacillus.
Previous work, including studies comparing home versus
hospital therapy (20) and comparing outcome according to
smear or culture status at discharge (21), is >25 years old and
may no longer be pertinent to TB care in the 21st century.

Among time-honored approaches (22), the most common
is the practice of considering discharge after 2 weeks of
apparently effective therapy. Others wait until the sputum
AFB smear converts from positive to negative, which may
take 4 to 6 weeks. In areas where drug-resistant TB is
common, a more cautious approach might be waiting for at
least 2 weeks of smear-negativity or, if MDRTB is
documented, for culture negativity.

As important as clinical and smear status are the
conditions to which the patient will return. Because TB
disproportionately affects poor, homeless, and HIV-infected
persons, many TB patients should not return to their previous
living conditions until shown to be culture-negative. From
an infection control perspective, the question “Where is the
patient being discharged to?” is often more pertinent than
the question “When can the patient be discharged?”
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Engineering Needs

Providing rooms with negative-pressure ventilation was
a formidable task for hospitals in the 1990s, and maintaining
these rooms is difficult. Warped door frames, shifts in outdoor
wind direction, and leaky window seals may interfere with
negative-pressure ventilation. Furthermore, no practical
consensus has been reached regarding the number of air
exchanges per hour needed to protect workers and other
patients.

Many experts advocate other engineering controls such
as UV light. Innovative studies are ongoing to define optimal
aerodynamics and ventilation and establish (or exclude) the
role of UV light in TB control. Certainly its inexpensiveness,
practicality, and exportability make it the most attractive
alternative, should it prove effective.

Personal Protective Equipment

A long public debate regarding optimal masks and
respirators was waged in the early 1990s, as cost and comfort
had to be weighed against patient and worker safety (23,24).
Eventually, a practical solution, the N-95 particulate
respirator, was agreed upon and is now used in U.S. hospitals.
Many infection control programs lost a degree of credibility
and good will in hospitals where clinicians resisted accepting
uncomfortable masks. Although compliance was achieved,
the consequences of forcing staff to follow an unpopular,
unproven regulation should not be minimized. The success of
other important infection control functions, such as annual
influenza vaccination drives and handwashing initiatives,
depends as much on good will as on scientific merit. The effort
expended to enforce a single intervention may have affected
the success of other programs to control nosocomial infections.

An additional problem relating to PPE is the requirement
for annual fit-testing of masks. Many health-care workers
have learned to expedite fit-testing by pretending not to taste
the saccharine used in fit-test checks. In addition, few
hospitals can deal effectively with the small subset of
employees who cannot be fit-tested successfully. Most
continue in their current jobs, using putatively inadequate
masks. Given the diminishing resources available to
hospitals, annual fit-testing could be replaced by an annual
self-assessment health questionnaire to identify workers who
need fit-testing.

The OSHA TB Standard

OSHA determined that the occupational risk for TB
warranted a standard to ensure worker protection and, in
1997, issued a working draft (10)—the second time that
OSHA has developed regulations to protect against an
infectious disease. The first such example was the Bloodborne
Pathogens Standard, which has significantly reduced
occupationally transmitted hepatitis B nationally. The date
for implementation of the TB standard is uncertain.

Many health-care workers in urban hospitals had
colleagues who became ill with acute TB infection during the
MDRTB outbreaks of the late 1980s and early 1990s. Some
have watched colleagues die of this nosocomial disease. Thus,
most workers welcome attempts to minimize nosocomial
spread of M. tuberculosis. Concern has arisen, however, that
the OSHA approach, estimated to cost $250 million annually,
is not scientifically sound and will not reduce risk beyond the
current regulations. The debate about scientific soundness
derives from the reliance on the PPD test, which is neither
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sensitive nor specific, unlike the hepatitis B antibody and
surface antigen test on which the bloodborne pathogen
standard is based. Furthermore, the death rates used in the
cost assumptions appear far in excess of what most centers
have seen in the past decade. Finally, the regulations may
impose a financial burden on facilities such as homeless
shelters and drug treatment centers.

The ultimate goal of the standard, no occupational risk,
may not be achievable, even with unlimited resources and a
perfect test for latent disease. However, the intention of the
OSHA standard (minimizing occupational risk for contract-
ing TB) is worthy and will serve to draw public and employer
attention to the larger issue of occupational risk for infectious
disease. As additional data emerge, a more practical standard
that both protects workers and conserves valuable resources
may be developed.

Conclusions

A great deal about hospital TB control was relearned in
the 1990s, as hospitals nationwide struggled to contain
outbreaks. We are now faced with the realization that we do
not know which of the many interventions were effective.
Furthermore, 21st century TB control efforts continue to rely
on the 19th-century PPD test and the insensitive sputum AFB
smear. It is hard to be optimistic about great gains in TB
control in the years ahead, beyond the current cautious, but
effective “isolate frequently” approach, as long as programs
continue to rely on these inadequate diagnostic tests. For at
least the next decade, the decidedly low-tech measures of
isolating persons with potential disease, wearing masks, and
keeping doors closed in rooms that house potential TB
patients will remain the cornerstones of TB control in U.S.
hospitals.

Dr. Sepkowitz is head of the clinical infectious disease section at
Memorial Sloan-Kettering Cancer Center, where he leads infection
control. He has written extensively on occupational infections, par-
ticularly TB.
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Hospital Infection Control in Hematopoietic
Stem Cell Transplant Recipients

Clare A. Dykewicz
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

Guidelines for Preventing Opportunistic Infections Among Hematopoietic Stem Cell Transplant
Recipients contains a section on hospital infection control including evidence-based recommendations
regarding ventilation, construction, equipment, plants, play areas and toys, health-care workers, visitors,
patient skin and oral care, catheter-related infections, drug-resistant organisms, and specific nhosocomial
infections. These guidelines are intended to reduce the number and severity of hospital infections in

hematopoietic stem cell transplant recipients.

The Centers for Disease Control and Prevention (CDC),
the Infectious Diseases Society of America (IDSA), and the
American Society for Blood and Marrow Transplantation
(ASBMT) sponsored the Guidelines for Preventing Opportu-
nistic Infections Among Hematopoietic Stem Cell Transplant
Recipients. This document was drafted in 1997 by a working
group of infectious disease and transplant experts,! revised
extensively from 1997 to 1999, and released for public
comment on September 15, 1999, on the CDC website. The
final document was published in CDC’s Morbidity and
Mortality Weekly Report on October 20, 2000, and in the
Biology of Blood and Marrow Transplantation in late 2000.
The term hematopoietic stem cell transplant recipients
(HSCT) is preferable to “bone marrow transplant recipients”
because the new term more accurately describes the current
state of transplantation, which may involve harvesting donor
cells from peripheral blood, umbilical cord blood, or bone
marrow (1).

The document is an evidence-based statement of
recommended strategies for preventing opportunistic infec-
tions in HSCT recipients. The prevention strategies are rated
by the strength of the recommendation and the quality of the
evidence supporting it. This rating system was developed by
IDSA and the U.S. Public Health Service for use in the
guidelines for the prevention of opportunistic infections in
persons infected with HIV (2). The rating system allows the
importance of each recommendation to be assessed. An A
rating indicates strong evidence for efficacy and clinical
benefit and an intervention that should always be offered; an
intervention with a B rating is supported by moderate
evidence and generally should be offered; a C rating indicates
an optional intervention because evidence is insufficient to
support a recommendation or evidence for efficacy might not
outweigh adverse effects; a D rating indicates that moderate
evidence for lack of efficacy or adverse outcome supports
recommending against the intervention; and an E rating
indicates strong evidence that an intervention is contraindi-

Address for correspondence: Clare A. Dykewicz, Centers for Disease
Control and Prevention, 1600 Clifton Rd., N.E., Mailstop A12, Atlanta,
GA 30333, USA; fax: 404-639-4664; e-mail: cad3@cdc.gov

cated because of lack of efficacy or adverse effects. Three
categories are used to rate the quality of evidence supporting
each recommendation, with I the highest, indicating evidence
from at least one randomized, controlled trial; IT indicating
evidence from at least one well-designed clinical trial without
randomization, from cohort or case-controlled analytic
studies, or from multiple time-series, or dramatic results from
uncontrolled experiments; and III indicating evidence from
authorities’ opinions based on clinical experience, descriptive
studies, or reports of expert committees. This article
summarizes the hospital infection control guidelines in the
Guidelines for Preventing Opportunistic Infections Among
Hematopoietic Stem Cell Transplant Recipients, with ratings
in brackets.

Ventilation

All allogeneic HSCT recipients should be placed in rooms
with >12 air exchanges per hour (3,4) and point-of-use, high-
efficiency (>99%) particulate air (HEPA) filters capable of
removing particles >0.3 pm in diameter (4-7) [AIII]. This
recommendation is particularly important for facilities
undergoing construction and renovation (8). The need for
environmental HEPA filtration for autologous HSCT
recipients has not been established; however, the use of
HEPA-filtered rooms should be considered for autologous
HSCT recipients who have prolonged neutropenia, the major
risk factor for nosocomial aspergillosis [CIII].

The use of laminar air flow rooms for bone marrow
transplant recipients has been controversial. Such rooms
contain filtered air that moves in parallel, unidirectional flow;
the air enters the room from one wall and exits the room on the
opposite wall (3). Although LAF protects patients from
infection in aspergillosis outbreaks during hospital construc-
tion (9,10), its routine use may not be valuable for all HSCT
recipients (11). Since 1983, rooms with laminar air flow have
been preferred for allogeneic HSCT recipients with aplastic
anemia and human leukocyte antigen-identical sibling
donors because the reported death rate of patients in regular
rooms was nearly four times higher (12). However, the
survival of aplastic anemia HSCT recipients in the late 1990s
exceeds that reported in the early 1980s, and no study has yet

!Chair: Clare A. Dykewicz: Members: Raleigh A. Bowden, David Emanuel, David Longworth, Philip A. Rowlings, Robert H. Rubin, Kent A. Sepkowitz, Keith
Sullivan, and John R. Wingard. CDC members: Robert T. Chen, Brian R. Edlin, Beth Hibbs, Harold W. Jaffe, William R. Jarvis, Jonathan Kaplan, Thomas J. Spira.
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determined whether survival of HSCT recipients with
aplastic anemia improves when they are treated in rooms
with laminar air flow. Therefore, such rooms need not be
constructed for every HSCT recipient, and use of available
rooms is optional [CII].

Hospital rooms should have directed airflow so that air
enters at one side of the room and is exhausted at the opposite
side (5) [BIII]. Each hospital room should be well sealed (e.g.,
around windows and electrical outlets) (5) [BIII]. To provide
consistent positive pressure in the HSCT recipient’s room,
consistent pressure differentials should be maintained
between patients’ rooms and the hallways or anterooms at
>2.5 Pascals (3,4) [BIII]. In general, air pressure in hospital
rooms of HSCT recipients should be higher than in adjoining
hallways, toilets, and anterooms.

Backup emergency power and redundant systems should
be provided to maintain room pressurization and a constant
number of air exchanges in HSCT units when the central
ventilation system is shut off for maintenance and repair (13)
[BIII]. In addition, protocols should be developed to protect
HSCT units from bursts of mold spores when air-handling
systems are restarted after routine maintenance [BIII].

Construction

Hospital construction and renovation have been
associated with increased risk for nosocomial fungal
infection, especially aspergillosis, among severely
immunocompromised patients (14). Therefore, people respon-
sible for HSCT unit construction or renovation should consult
published recommendations for environmental controls
(15,16) [AIII]. Planning for construction or renovation should
include strategies for intensified aspergillosis-control mea-
sures [AIII]. The planning committee should include
engineers, architects, housekeeping staff, infection control
personnel, the director of the HSCT unit, administration
representatives, and safety officers [BIII].

Isolation

HSCT units should follow published guidelines for
hospital isolation practices, including CDC guidelines for the
prevention of nosocomial infections (17,18) [AIII]. However,
the efficacy of specific isolation and barrier precautions in
preventing nosocomial infections in HSCT recipients has not
been evaluated. HSCT recipients should be placed in private
rooms [BIII]. When indicated, HSCT recipients should also be
placed on airborne, droplet, or contact precautions in addition
to standard precautions (17) [AIII]. Careful observation of
isolation precautions is important to prevent transmission of
infectious agents among HSCT recipients, health-care
workers, and visitors.

Hand Hygiene

Hand hygiene is the single most effective procedure for
preventing nosocomial infection (17). Everyone, especially
health-care workers, should wash hands before entering and
after leaving rooms of HSCT recipients and candidates
undergoing conditioning therapy (chemotherapy and radia-
tion) (17,19) or before and after any direct contact with
patients, regardless of whether hands were soiled [AI]. HSCT
recipients should be encouraged to practice good hand hygiene
(e.g., washing hands before eating, after using the toilet,
before and after touching a wound) [BIII]. Hands should be
washed with antimicrobial soap and water [AIII]; hygienic
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hand rubs are also an acceptable means of maintaining hand
hygiene (20,21). Health-care workers wearing gloves should
put them on in the patient’s room after handwashing and then
discard them in the same patient’s room before washing
hands again on exiting the room. Gloves should always be
changed between patients or before touching a clean area if
the gloves become soiled (e.g., change gloves after touching
the perineum and before touching a clean area) [AIII].
Appropriate gloves should be used by all persons handling
potentially contaminated biological materials [AII].

Equipment

HSCT units should monitor opened and unopened
wound-dressing supplies such as adhesive bandages (22) and
surgical and elastic adhesive tape (23) to detect mold
contamination and prevent cutaneous transmission to
patients [BII]. All bandages and wound dressings should be
discarded that are out of date, have damaged packaging, or
are visually contaminated by construction debris, moisture.

[BIII].

Plants

Exposure to plants and flowers has not been conclusively
shown to cause fungal infections in HSCT recipients.
However, most experts strongly recommend that plants and
dried or fresh flowers not be allowed in the hospital rooms of
HSCT recipients or candidates undergoing conditioning
therapy because Aspergillus spp. have been isolated from the
soil of potted ornamental plants (e.g., cacti), the surface of
dried flower arrangements, and fresh flowers (5,7,24) [BIII].

Play Areas and Toys

Play areas for pediatric HSCT recipients and candidates
undergoing conditioning therapy should be cleaned and
disinfected weekly and as needed [BIII]. Only toys, games,
and videos that can be kept clean and disinfected should be
allowed in the HSCT unit [BIII]. HSCT units and clinics
should follow published recommendations for washing and
disinfecting toys (25) [BIII].

Health-Care Workers

Each hospital or HSCT center should prepare a written
comprehensive policy on the immunization of hospital
personnel that meets current recommendations of CDC, the
Advisory Committee on Immunization Practices, and the
Healthcare Infection Control Practices Advisory Committee
(26) [BIII]. Immunizations are needed to prevent transmis-
sion of vaccine-preventable diseases to HSCT recipients and
candidates undergoing conditioning therapy. In general,
health-care workers should be immune to measles, mumps,
rubella, and especially varicella and influenza.

Visitors

Hospitals should have written policies for screening
HSCT unit visitors, especially children, for potentially
infectious conditions. Such screening should be performed by
clinically trained health-care personnel [BII]. Visitors who
have communicable infectious diseases such as upper
respiratory infection or flulike illness, recent exposure to
communicable diseases, an active shingles rash (whether
covered or not), a Varicella zoster-like rash within 6 weeks of
receiving a chickenpox vaccine, or a history of receiving an
oral polio vaccine within the previous 3 to 6 weeks should not

Vol. 7, No. 2, March-April 2001



Special Issue

be allowed to enter the HSCT unit or have direct contact with
HSCT recipients or candidates undergoing conditioning
therapy [AII].

Patient Skin Care

Skin care during neutropenia should include daily
inspection of sites likely to be portals of infection, such as the
perineum and intravascular access sites [BIII]. HSCT
recipients and candidates undergoing conditioning therapy
should maintain good perineal hygiene to minimize loss of
skin integrity and risk for infection [BIII]. To facilitate this,
HSCT wunits should develop special protocols for patient
perineal care. To prevent vaginal or cervical irritation and
abrasions, menstruating immunosuppressed HSCT recipi-
ents should not use tampons [DIII]. (Immunosuppressed
HSCT recipients are defined as being <24 months post-HSCT,
on immunosuppressive therapy, or having graft-versus-host
disease.) The use of rectal thermometers, enemas, suppositories,
and rectal exams are contraindicated for HSCT recipients
because of the risk for skin or mucosal breakdown [DIII].

Oral and Dental Care

Establishing optimal periodontal health before HSCT is
one of the most important steps patients can take to avoid oral
infections, and maintaining good oral hygiene after the
transplant can minimize the severity and facilitate healing of
mucositis, especially before engraftment [BIII]. All HSCT
candidates should receive a dental evaluation and relevant
treatment before conditioning therapy begins (27) [AIII].
Likely sources of dental infection should be rigorously
eliminated [AIII].

HSCT recipients with mucositis and HSCT candidates
undergoing conditioning therapy should maintain good oral
hygiene by rinsing the mouth four to six times a day with
sterile water, normal saline, or sodium bicarbonate solutions
(27) [AIII]. HSCT recipients and candidates should brush
their teeth at least twice a day with a soft regular toothbrush
(27) [BIII]. Patients who cannot tolerate these brushings may
use ultra-soft toothbrushes or sponge or foam toothettes (Sage
Products, Crystal Lake, IL) [CIII], but these products are less
effective in removing dental debris (17). Toothpaste is
optional, depending on patient tolerance (27) [CIII]. HSCT
recipients and candidates undergoing conditioning therapy
who are skilled at dental flossing should floss daily if this can
be done without trauma [BIII].

Prevention of Bacterial Infections
Related to Intravascular Catheters

HSCT wunits are advised to implement published
guidelines for preventing infections related to the use of
intravascular devices (28) [AIII]. HSCT units should avoid
tap-water contact with the central venous catheter site [BIII].
To prevent bloodstream infections associated with the use of
needleless intravenous-access devices, HSCT recipients
should cover and protect the catheter tip or end cap during
bathing or showering to protect it from tap-water
contamination, change the device in accordance with
manufacturers’ recommendations, and have a care giver
perform IV infusions whenever possible (29) [BII].

Drug-Resistant Organisms

Avoiding the misuse of antibiotics will decrease the
emergence of drug-resistant strains of bacteria. Therefore,
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HSCT units should routinely review patterns of use for
antibiotics and should prudently prescribe all antibiotics,
especially vancomycin, to prevent the emergence of
multidrug-resistant organisms. Medical and ancillary staff
members responsible for monitoring antimicrobial use
patterns should routinely review vancomycin use (30) [AIII].
Vancomycin and all other antibiotics, especially third-
generation cephalosporins and antianaerobic agents such as
metronidazole, must be used judiciously (30) [AII].

Specific Nosocomial Infections

Nosocomial pathogens are potential threats to all
patients; however, if infected, HSCT recipients are at risk for
more severe disease. Nosocomial pathogens of concern include
Legionella spp., methicillin-resistant Staphylococcus aureus,
Streptococcus viridans, and Mycobacterium tuberculosis, and
community respiratory viruses such as influenza, respiratory
syncytial virus, adenovirus, and parainfluenza virus.

Legionellosis

Clinicians should always consider infection with
Legionella spp. in the differential diagnosis of pneumonia in
HSCT recipients. Because HSCT recipients are at much
higher risk for disease and death from legionellosis (31),
periodic routine culturing for legionellae in water samples
from the transplant units’ potable water supply may be part of
an overall prevention strategy in such units [CIII]. However,
the optimal methods (frequency, number of sites) for
environmental surveillance cultures in transplant units have
not been determined, and the cost-effectiveness of this
strategy has not been evaluated. Because HSCT recipients
are at high risk for legionellosis and a safe concentration of
legionellae organisms in potable water has not been
determined, the goal, if environmental surveillance is
undertaken, should be to maintain water systems with no
detectable organisms [AIII]. Clinicians must maintain a high
index of suspicion for legionellosis in transplant patients with
nosocomial pneumonia even when environmental surveil-
lance cultures do not yield legionellae [AIII].

Community Respiratory Virus Infections

Clinicians should institute appropriate precautions and
infection control measures to prevent nosocomial pneumonia
in hospitalized HSCT recipients and candidates undergoing
conditioning therapy, especially during community or
nosocomial respiratory virus outbreaks (5) [AIII]. Even when
there is no nosocomial or community outbreak of respiratory
virus infections, which are emerging infections in HSCT
recipients, everyone who enters an HSCT unit, including
visitors and health-care workers, should be screened daily for
symptoms of upper respiratory infection [BIII]. Some experts
recommend that health-care workers who work in HSCT
units should provide daily verification (e.g., sign-in sheets)
that they are symptom free before being allowed to care for
patients. To minimize the risk for transmission, health-care
workers and visitors with upper respiratory symptoms should
be restricted from contact with HSCT recipients and
candidates undergoing conditioning therapy [AIII]. All
health-care workers with upper respiratory infection symptoms
should be restricted from patient contact and reassigned to
nonpatient care duties until their symptoms resolve [BIII].
Visitors with such symptoms should be asked to defer their
visit to the HSCT unit until their symptoms resolve [BIII].
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Viral shedding among HSCT recipients with community
respiratory virus infection has been documented to last up to
4 months for influenza (32), 2 years for adenovirus (33), and
22 days for respiratory syncytial virus (34); however, viral
shedding has been reported to last up to 112 days in a child
with severe combined immunodeficiency (35). Therefore, to
prevent nosocomial transmission, HSCT units should factor
such possible prolonged viral shedding into policy decisions
about duration of precautions for infected HSCT recipients or
candidates undergoing conditioning therapy [CIII].

Mycobacterium tuberculosis

HSCT candidates should be screened for tuberculosis
(TB) by a careful medical history and chart review to
ascertain any history of TB exposure [AIII] because latent TB
infection is more likely to progress to active disease among
persons who are immunocompromised (36). HSCT units
should also consider administering a tuberculin skin test
(TST) by the Mantoux method with 5 tuberculin units of
purified protein derivative (PPD) [CIII]; however, the TST
may not be reliable in immunocompromised patients.
Patients with a recent positive TST result or a history of a
positive TST result and no prior preventive therapy should be
given a chest X ray and evaluated for active TB (36) [AIl.
Because immunocompromised patients have a decreased
ability to mount a delayed hypersensitivity response, a
positive TST result for them is defined as >5 mm of induration
(36) rather than >10 mm [CIII]. Since immunosuppressive
therapy decreases the sensitivity of the TST, HSCT providers
should not rely solely on the TST to determine presence of
latent TB infection and need for preventive therapy [DIII].
Instead, a full 9-month course of isoniazid preventive therapy
should be given to immunocompromised HSCT recipients or
candidates who have had close contact with someone with
active, infectious (i.e., sputum-smear positive) pulmonary or
laryngeal TB, regardless of the HSCT recipient’s or
candidate’s TST status (36) [BIII]. Routine anergy screening
results may not be reliable for HSCT recipients and
candidates undergoing conditioning therapy, and therefore
such screening is not recommended [DIII]. HSCT should not
be canceled or delayed because of a positive TST result [DIII].

Infection Control Surveillance

HSCT units should not perform routine fungal or
bacterial cultures of asymptomatic HSCT recipients (37)
[DII]. In the absence of epidemiologic clusters of infections,
HSCT units should not perform routine periodic bacterial
surveillance cultures of the HSCT unit environment or of
equipment or devices used for respiratory therapy,
pulmonary-function testing, or delivery of inhalation
anesthesia (5) [DIII]. Some experts suggest that hospitals
routinely sample air, ceiling tiles, ventilation ducts, and
filters to test for molds, especially when construction or
renovation occurs near or around the rooms of
immunocompromised patients (24,37) or when clinical
surveillance demonstrates a possible increase in mold (e.g.,
aspergillosis) cases [CIII]. In the absence of a nosocomial
fungal outbreak, HSCT units need not perform routine fungal
cultures of devices and dust in the rooms of HSCT recipients
and candidates undergoing conditioning therapy [DIII].
HSCT units should routinely monitor the number of
aspergillosis cases occurring in HSCT recipients, especially
during hospital construction or renovation [BIII]. A twofold or
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greater increase in the attack rate of aspergillosis during any
6-month period indicates that the HSCT unit environment
should be evaluated for breaks in infection control techniques
and procedures and that the ventilation system should be
carefully investigated (21) [BIII].

Careful adherence to the recommendations in these
Guidelines for the Prevention of Opportunistic Infections in
Hematopoietic Stem Cell Transplant Recipients may
decrease the rate of hospital infections among HSCT
recipients.
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Emerging Health Care-Associated Infections in
the Geriatric Population

Larry James Strausbaugh
Veterans Administration Medical Center, Portland, Oregon, USA

The increasing number of persons >65 years of age form a special population at risk for nosocomial and
other health care-associated infections. The vulnerability of this age group is related to impaired host
defenses such as diminished cell-mediated immunity. Lifestyle considerations, e.g., travel and living
arrangements, and residence in nursing homes, can further complicate the clinical picture. The magnitude
and diversity of health care-associated infections in the aging population are generating new arenas for

prevention and control efforts.

The term geriatric refers to the aging human population,
and geriatrics refers to the medical field that deals with
clinical problems specific to old age and the aging. Neither
these definitions nor the medical literature specifies a precise
age range to delineate this group. Cutoffs of 50, 60, 65, and 70
years, none entirely satisfactory, have been used to identify
the elderly (1,2). These differing cutoffs reflect the limitations
of using chronologic age as a marker for senescence, often
viewed as a fundamental characteristic of the group.
Regardless, human populations continue to age at an
impressive rate. In 1900, only 1% of the earth’s population—
15 million persons—was >65 years of age (3). By 1992, 6% of
the global population, or 342 million persons, were in this
category. By the year 2050, these figures will have risen to
20% and 2.5 billion, respectively.

From the standpoint of health care, the geriatric
population is diverse. Most Americans 65 to 84 years of age
enjoy sufficient health for full function (3). Nevertheless,
many persons in this group and even more in the >85 age
group constitute a definable population at increased risk for
nosocomial and other health care-associated infections. The
1.5 to 1.8 million residents of nursing homes in the United
States epitomize this group at risk (4). Although their
experiences frequently dominate discussions about health
care-associated infections in the elderly, the problem is much
broader. This article focuses on three categories of risk
factors—impaired host defenses, lifestyle considerations, and
living arrangements—and provides specific examples of
emerging health care-associated infections.

Factors Related to Impaired Host Defenses

The elderly have defective host defenses that compromise
their ability to ward off infectious agents; factors influencing
immunocompetence include immune senescence, changes in
nonadaptive immunity, chronic diseases, medications,
malnutrition, and functional impairments. T-lymphocyte
production and proliferation decline with age, resulting in
decreased cell-mediated immunity and decreased antibody
production to new antigens (3-5). Thinning skin, enlarged
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prostate, diminished cough reflex, and other anatomic or
physiologic accompaniments of aging are changes in
nonadaptive immunity that render the elderly more
vulnerable to infection. Chronic diseases—cancer, atheroscle-
rosis, diabetes mellitus, dementia—predispose to certain
types of infection. Medications such as sedatives, narcotics,
anticholinergics, and gastric acid suppressants may further
suppress innate defenses. Malnutrition, which reduces cell-
mediated immunity, is common in nursing home residents (4)
and may be more common in the geriatric community at large
than is generally realized (6). Finally, functional impair-
ments (e.g., immobility, incontinence, dysphagia) can
complicate aging and enhance susceptibility to infection.
These impairments may necessitate the use of urinary
catheters, feeding tubes, and other invasive devices that
magnify susceptibility.

Alone or in combination, these defects in host defense(s)
place geriatric populations in the forefront of nosocomial
infection statistics. Data from the National Nosocomial
Infections Surveillance system for the period 1986-1990
indicated that persons 65 years of age accounted for 54% of all
nosocomial infections (7). Similarly, Gross and colleagues
observed a decade-specific risk for nosocomial infection of 10
per 1,000 discharges from birth through the fifth decade.
However, this risk steadily rose from the fifth decade onward,
exceeding 100 infections per 1,000 discharges in patients >70
years of age (8). Finally, Saviteer and coworkers, who reported
a similar increase in nosocomial infections after the fifth
decade (9), calculated daily nosocomial infection rates of
0.43% and 0.63% for persons aged <60 years and >60 years,
respectively. The higher infection rates in the elderly were not
attributable to increased lengths of stay.

Geriatric patients, like transplant recipients, may be
compared to “sentinel chickens”—the first to be affected by
new or emerging infections in hospitals and other health-care
environments that care for adult patients. For example, the
mean age of affected patients in a nosocomial outbreak of
gastroenteritis caused by a small round-structured virus was
65 years (10).

The problem of tuberculosis (TB) deserves particular
mention in the context of waning cell-mediated immunity.
The elderly have not only this risk factor but also higher
frequencies of latent infection, stemming from exposures
during an era when TB was more prevalent. TB is the most
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commonly reported notifiable disease in persons >65 years of
age (3). In 1995, 23% of reported cases in the United States
occurred in this age group. Elderly persons living in the
community have twofold increased rates of active disease. As
a health care-associated infection in this age group, TB comes
to the fore in hospital and nursing home outbreaks (11).
Elderly persons living in long-term care facilities have
fourfold increased rates of active TB. The combination of
decreased cell-mediated immunity and high prevalence of
latent infection suggests that TB will continue to reemerge in
geriatric populations.

Decreased cell-mediated immunity may also predispose
geriatric patients to mnosocomial cryptosporidiosis. A
microbiologic review for a 325-bed hospital in Rhode Island
identified 36 patients with cryptosporidiosis (12); 13 of these
patients were in the 63- to 93-year age group (mean 77 years).
In seven of these older patients, nosocomial acquisition was
suspected. In addition, outbreaks of this disease have
occurred in elderly nursing home residents (13). Thus,
cryptosporidium may be an emerging health care-associated
infection in the aged.

Factors Related to Lifestyle Considerations

The lifestyles of the elderly may entail additional risk
factors for both acquiring and transmitting health care-
associated infections. In western countries retired persons
use their increased leisure time to travel, including domestic
trips to visit family, cruises or tours to foreign countries, or
volunteer work in developing countries, which put elderly
travelers at risk for infections. In addition, recreational
activities such as golfing, spelunking, hunting, and gardening
may bring the elderly into contact with unusual pathogens.
Volunteer work, visiting ill friends in the hospital, and other
patterns of socialization also expose the geriatric population
to infections that may be transmitted or acquired in the
health care setting.

Several factors specifically related to health care deserve
attention in this regard. The first concerns outpatient visits.
The elderly spend increased amounts of time visiting their
physicians, potentially exposing themselves to various
contagious diseases in the health-care environment. They
also make frequent use of food services and providers of
prepared foods, which carry some risk for transmitting
foodborne diseases. These infections may then enter the
health-care system and lead to secondary cases. Adult day-
care centers and home care services, which have proliferated
under medical auspices in recent years, provide additional
avenues for geriatric populations to acquire health care-
associated infections.

The impact of these lifestyle factors on nosocomial and
other health care-associated infections has not been well
documented. Several observations provide examples of the
potential influence of these factors. A recent report from
Taipei described a nosocomial outbreak of malaria resulting
from contamination of a computed tomography injection
device with blood from a returning traveler (14). Likewise, a
1998 outbreak of influenza in Alaska and the Yukon
Territories, where 60,000 to 70,000 tourists visit each
summer, further delineated the potential role of travel (15).
Prospective surveillance in 1998 identified 2,199 cases of
acute respiratory illnesses in 12 hospitals and clinics in
Alaska and the Yukon Territory. Among these illnesses, 35%
of cases in tourists and tourism workers met criteria for
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influenzalike illness and 3.2% for pneumonia. Median ages
were 60 years for all persons with acute respiratory illnesses
and 72 years for all persons with pneumonia. Fifty of the
persons with pneumonia required hospitalization.

The role of lifestyle factors related to health care has
received little attention, but one recent publication illustrates
the potential problem. A 4-year study of acute respiratory
illnesses in three senior day-care centers documented the
annual occurrence of viral respiratory infections in 16 to 43
elderly participants and 6 to 23 staff (16). Identified
pathogens included influenza A, influenza B, respiratory
syncytial virus, coronavirus, parainfluenza virus, and
rhinovirus. Of special importance, an educational campaign
stressing the importance of handwashing combined with use
of a portable virucidal foam product cut the infection rate by
50% during the fourth year. This article describes a new
setting for health care-associated infections and confirms that
traditional approaches to prevention still apply.

Factors Related to Living Arrangements

The spectrum of living arrangements for geriatric
populations ranges from private residences in the community
to skilled nursing homes. Between these extremes are
retirement homes, assisted living facilities, foster and group
homes, chronic disease hospitals, and other arrangements
that provide for the needs of persons with sustained self-care
deficits (4). Little is known about the role that these
arrangements play in the overall scope of health care-
associated infections. However, during the last 15 years
several studies have examined the problem of health care-
associated infections in skilled-nursing homes (2,4).

Nursing homes are residential facilities for persons who
require nursing care and related medical or psychosocial
services (4). Approximately 90% of nursing home residents
fall into the geriatric age range. As a group, nursing home
residents exhibit virtually all the risk factors for infections
associated with the geriatric population. As a consequence,
infections occur commonly in this setting, and emerging
health care-associated infections are no exception. Three
types of endemic infections occur regularly in all these
facilities: urinary tract infections, lower respiratory tract
infections—principally pneumonia, and various skin and soft
tissue infections (4) (Table). In the United States, the
overall rates for nursing home-acquired infection are 3 to 7
infections per 1,000 resident day, or 1.6 to 3.8 million
infections per year (4).

Occasionally, new etiologic agents crop up as causes of
these endemic infections. For example, in a 2-year serologic
study of selected pathogens causing respiratory tract
infections and febrile episodes in two Canadian long-term
care facilities, Orr and colleagues identified a positive
serologic response to Chlamydia pneumoniae in 9.4% of 224

Table. Endemic infection rates in long-term care facilities (4), United
States, 1978-1989

Rate (no. of infections/

Category of infection 1,000 resident care days)

All infections 1.8 to 13.5
Urinary tract infections 0.1to 3.5
Respiratory tract infections 0.3 to 4.7
Skin and soft tissue infections 0.1to 2.1
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febrile episodes (17). These positive responses were
associated with 12% of respiratory infections, including 5 of
30 pneumonias and 6.5% of infections of unknown origin.
These data suggest that C. pneumoniae may be an emerging
health care-associated infection in this setting.

Outbreaks also account for a proportion of the health
care-associated infections observed in nursing homes (2,4).
Respiratory infections and gastroenteritis occur most
frequently. Although no national data on frequency of
occurrence are available, published reports suggest that
outbreaks are not uncommon. During 1970 to 1984, outbreak
reports constituted approximately one-third of publications
on infections in long-term care facilities (18). From 1975 to
1987, the Centers for Disease Control and Prevention (CDC)
received reports from 26 states about 115 foodborne
outbreaks in nursing homes (19). Of the 106 outbreaks
investigated by CDC’s Hospital Infections Program during
the last decade, 6% occurred in long-term care facilities (20).

Emerging pathogens account for some of the outbreaks in
nursing homes. During the last decade, Streptococcus
pyogenes—the “flesh-eating” bacterium—was identified in
nursing homes (21). More recently, a foodborne outbreak of
gastroenteritis caused by both Salmonella heidelberg and
Campylobacter jejuni was reported (22). Loeb and colleagues
recently described an outbreak of respiratory illness caused
by L. sainthelensi in two Canadian nursing homes (23). These
and other reports emphasize the vulnerability of frail, elderly
residents who share common sources of air, food, water, and
health care in nursing homes.

Health care-associated infections caused by antimicro-
bial drug-resistant bacteria have caused both endemic
infections and outbreaks in nursing homes in the United
States. The frequent movement of patients between hospitals
and nursing homes undoubtedly facilitates the transfer of
resistant microbes (24). During the last 2 decades, gram-
negative uropathogens with multidrug resistance and
methicillin-resistant S. aureus have received the most
attention (25). Gram-negative enteric bacilli have recently
become resistant to fluoroquinolones and extended-spectrum
cephalosporins (26). In addition, vancomycin-resistant
enterococci and penicillin-resistant pneumococci have been
identified in long-term care facilities (27-29). The appearance
of the latter organism, which is seldom regarded as a
nosocomial pathogen, again underscores the unique situation
of this health-care setting. Because of the frequent
interchange of patients between hospitals and nursing
homes, infections caused by antimicrobial drug-resistant
bacteria will continue to emerge in geriatric populations.

Recognition of such threats has prompted new interest in
the prevention and control of infections associated with long-
term care facilities. Recent guidelines have addressed
requirements for infection control programs, as well as
influenza, antimicrobial use, and antimicrobial resistant
pathogens (25,30-32). Although reports from the 1980s
described numerous deficiencies in infection control practices
in nursing homes, recent reports have been more encouraging
(4,33,34). A survey of 136 long-term care facilities in New
England indicated that 98% had persons dedicated to
infection control activities for a median of 8 hours per week
(33). Nevertheless, protection of the vulnerable elderly
residents in nursing homes merits additional attention, and
changes in nursing home licensure and certification
requirements may be needed at both state and national levels
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(35). Surveillance activity in less conventional care settings is
a necessary first step in evaluating potential hazards.

Conclusions

The vulnerable geriatric population plays a leading role
in the scope of nosocomial and health care-associated
infections. As the world’s population ages, its role is likely to
increase. As health care continues to move beyond hospital
walls, the spectrum of health care-associated infections in the
elderly will continue to expand, reflecting their multiple risk
factors for infectious diseases. Infection control practitioners
and hospital epidemiologists are well advised to follow and
study the aging population in the evolving health-care
system. Undoubtedly, they will find new opportunities to
prevent health care-associated infections. In addition, they
may be able to develop strategies to prevent the diverse
contagions of the elderly from entering hospitals.
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Medical Center, Portland, Oregon; and professor of medicine, School of
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Emerging Waterborne Infections in
Health-Care Settings

Alfred M. Emmerson
Queen’s Medical Centre, Nottingham, United Kingdom

Water is used in vast quantities in health-care premises. Many aquatic microorganisms can survive and
flourish in water with minimal nutrients and can be transferred to vulnerable hospital patients in direct (e.qg.,
inhalation, ingestion, surface absorption) and indirect ways (e.g., by instruments and utensils). Many
outbreaks of infection or pseudoinfection occur through lack of prevention measures and ignorance of the

source and transmission of opportunistic pathogens.

Wholesome (clear, palatable, and safe) drinking water is
fundamental to public health. More than 95% of the
population of the United Kingdom have a public supply of
piped drinking water, almost all chlorinated and some
fluorinated. The bacteriologic quality of drinking water has
been maintained in accordance with well-established
guidelines (1). In the United Kingdom, water providers have
been required by law since 1847 to supply wholesome
drinking water. However, it is only in the most recent
legislation, the Water Act 1989 and its accompanying Water
Supply (Water Quality) Regulations (2), that a definition of
“wholesome” appears (3). Directives are one of the means by
which European Community legislation is applied to member
states. Two of these, the Surface Water Directive and the
Sampling Directive, concern the use of surface water as a
source of drinking water; a third, the Drinking Water
Directive (4,5), is intended to ensure a wholesome water
supply for drinking and for food and drink manufacture.

Public Water Companies

Public water companies have considerable expertise and
resources to ensure that their supply systems are designed,
operated, and monitored to comply with the minimum
requirements of the law. U.K. legislation regards Escherichia
coli as synonymous with fecal coliforms and does not give
precise numerical values for colony counts. Baseline colony
counts should be established for each supply system, and
increases should be investigated. Most waterborne disease is
related to fecal pollution of water sources; therefore,
microbiologic testing of water needs to identify indicators of
fecal pollution such as coliforms and E. coli, although the use
of enterococci and Clostridium perfringens as surrogate
markers is increasing. Coliforms must not be detected in 95%
of samples when >50 samples are taken from the same
sampling point during a 1-year period. Detecting E. coli in any
one sample constitutes an infringement of the regulation.
Recent U.K. legislation requires continuous monitoring of at-
risk water treatment works for cryptosporidial oocysts (6).
Supplying water containing >100 cryptosporidial oocysts per
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100 L is a criminal offense; at least 1,000 L of water need to be
filtered each 24 hours.

Private Water Supplies

Private water supplies may be used solely for domestic
purposes (category 1) or on a larger scale to supply nursing
homes, hospitals, and houses (category 2). Approximately 1%
of the U.K. population obtains water from a well, borehole, or
spring, which may not be treated. The quality of water from
private supplies must comply with the requirements given in
the Private Water Supplies Regulations 1991 (7). Category 1
supplies are further divided into classes A-F, depending on
the amount of water and number of people supplied.
Monitoring private supplies is problematic since water
quality can change with the weather and smaller supplies are
monitored infrequently (8).

Outbreaks of cryptosporidiosis traced to tap water from
the main supply are uncommon but may affect large numbers
of people and cause public alarm. A recent report highlights a
new problem of Cryptosporidium parvum contamination of
filtered borehole water causing confirmed cases in 345
persons (9). Borehole supplies have been traditionally
regarded as relatively pure sources of water, so this outbreak
has implications for future monitoring and treatment of
drinking water extracted from boreholes.

Water Storage and Distribution

Water should be stored safely in large, protected
reservoirs and treated at the source, often by coarse filtration.
Water should be distributed in a purpose-designed system,
under pressure in a chlorinated form (e.g., 0.5 ppm free
residual chlorine). Storage tanks should be protected from
extraneous contamination, including by birds and vermin,
and should be free from bacteria, particularly E. coli.
Distribution systems should be controlled and free of “dead
legs” (conduits that are capped off or rarely used) and spurs;
joints and leaks should be repaired by qualified plumbers
using defined materials. Uncontrolled water supplies are
readily contaminated with coliform bacteria, environmental
mycobacteria, Legionella spp., and filamentous fungi.

Water as a Reservoir of Hospital Pathogens

While >40 Legionella spp. are known, most outbreaks of
Legionnaires’ disease are caused by Legionella pneumophila
serotypes 1 and 6; 600 to 1,300 cases are reported each year in
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the United States, although these figures may represent
underreporting (10). Legionellae are naturally distributed in
aquatic environments, growing best at temperatures of 25°C
to 42°C. Colonization is enhanced by water stagnation and
sediment buildup as a result of alterations in the plumbing of
the complex distribution systems often found in hospital hot-
water systems. Cooling towers are often implicated in
hospital and community outbreaks. Wet cooling towers (if
used) and cooling water systems should be regularly
maintained, cleaned, and disinfected. Cooling towers readily
generate fine water droplets, as they operate by spraying
water onto a packing material through which there is a
countercurrent flow of air. How systems become seeded with
Legionella is unclear, but these organisms can colonize
certain types of water fittings, pipework, and materials. In
practice, Legionella is found in many recirculating and hot-
water systems with no associated clinical infection; in fact,
the number of organisms that cause infection has not been
determined reliably and varies with host susceptibility and
species of Legionella. For these reasons, routine water
sampling for Legionella is not advocated, but sampling may
sometimes be appropriate to check the efficiency of the water
treatment regimen.

Water systems should be designed to minimize
colonization and multiplication of bacteria. Water should not
be allowed to stagnate and should be circulated at
temperatures below 20°C or above 60°C. Storage tanks and
calorifiers should be regularly inspected, cleaned, and
disinfected. In reported cases of Legionnaires’ disease in
which hot-water systems were implicated, contaminated
water droplets were most commonly disseminated by showers
and by taps with spray heads (faucet aerators). System design
is all important in preventing buildup of Legionella; actions
that lessen the risk for clinical cases include removing dead
legs, avoiding washers and gaskets made of natural rubber
(nutrient source), replacing heavily scaled faucets and
showerheads, and avoiding shock absorbers and pipe
materials not made of copper or plastic. Conditions that affect
the proliferation of legionellae include sludge, scale, rust,
algae, and organic particulates thought to provide
nutrients for growth. Infection can be minimized by good
engineering practices supplemented by heat, disinfectants,
and biocides (11).

Clinical Disease

A confirmed case of Legionnaires’ disease is defined as
clinical or radiologic evidence of pneumonia and a
microbiologic diagnosis by culture of L. pneumophila from
respiratory specimens, or a fourfold rise in serum antibody
levels against L. pneumophila serogroups (often serogroups 1
and 6). Testing for L. pneumophila antigen in urine, which is
rapid and convenient, is becoming the most common
diagnostic method. Clinical cases have also occurred because
of the inhalation of water droplets containing the blue-white
fluorescent group of legionellae, e.g., L. gormanii and L.
bozemanii. Care must be taken with the indirect
immunofluorescent antibody test to absorb any cross-
reactions from Campylobacter. Immunocompromised pa-
tients, e.g., transplant or dialysis patients or those on
cytotoxic therapy, are at higher risk for infection with
Legionella.
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Legionellosis: Control by Disinfection

Ideally, hospital water systems should be free of
legionellae, but it is exceptional for a water supply to be
entirely free of aquatic organisms. Provided that water is
derived from the public mains and its quality is preserved in
the storage and distribution system by correct design,
installation, and maintenance, it can be regarded as being
microbiologically acceptable for wuse without further
treatment. However, if the appropriate detection systems are
in place to culture and detect nonculturable organisms, it is
likely that legionellae will be found in distribution systems
(12). Marrie et al. demonstrated that a water system may be
contaminated without clinical consequence (13), although
risk should be assessed. If regular prospective surveillance
and environmental cultures are undertaken and low levels
(<102 per L) of legionellae are found, no action is necessary;
counts of 102 to 10° on successive samples warrant a review of
control procedures.

Heat

If storing water at 60°C is not practical or acceptable or
the calorifier is not in use for 1 week or more, raising the
temperature of the calorifier water to 70°C to 75°C for 1 hour
will kill legionellae. However, this technique may not be
effective if the temperature of water at the bottom of the
calorifier does not reach 70°C.

Chlorination

Hot-water systems can be disinfected by chlorinating the
water in the header tank (20 ppm to 50 ppm,
superchlorination), allowing the water to flow to all parts of
the system, and then allowing it to stand for at least 4 hours
while not in use. The system should then be completely and
thoroughly flushed before use. Cooling towers and cooling
water systems can be chlorinated with 5 ppm for several hours
before flushing. Water in a cleaned system can then be dosed
to give a circulating level of free residual chlorine of
approximately 1 ppm, although this may increase corrosion.

Biocides

Some biocides are effective against legionellae if used in
sufficient concentrations for a sufficient time. Alternating
high-level biocide treatment with chlorination and shock-
dosing the water system are likely to be more effective than
continuous low-level dosing with a single biocide. Strategies
for preventing Legionnaires’ disease (14) and guides to
minimizing the risk are available (15).

Other Disinfection Methods

Copper-silver ionization can be used to control legionellae
in hospital hot-water recirculating systems (16). This method
electrically generates copper and silver ions, which bind to the
bacterial cell wall, causing cell-wall disruption and lysis.
Other methods for disinfecting drinking water include
ozonation, chlorine dioxide, and irradiation by UV light.

Legionellaspp. and Free-Living Protozoa

Legionellae thrive in stagnant water at ambient
temperatures and may survive chlorination by residing in
sludge and scale or inside certain protozoa, e.g., Acanthamoeba,
Hartmannella, and Tetrahymena spp. While legionellae and
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most protozoan trophozoites are inactivated by 1 ppm to 2
ppm of free residual chlorine, some protozoan cysts can resist
50 ppm chlorine; intracellular legionellae may be more
resistant than the planktonic forms (17).

Rinse Water as a Source of Hospital Pathogens

Automatic washer-disinfector systems are widely used
for decontaminating flexible fiberoptic endoscopes. These
expensive scopes may be cleaned and decontaminated
manually in individual diagnostic units or in centralized
endoscopy-decontamination units. The main water supply
may contain environmental microorganisms, such as
mycobacteria, legionellae, and aerobic gram-negative bacilli,
which may recontaminate the endoscope during rinsing.
Pseudoepidemics of L. pneumophila serogroup 6 associated
with contaminated bronchoscopes have been reported (18), as
has the transmission of highly drug-resistant Mycobacterium
tuberculosis caused by inadequate cleaning and disinfection
of a bronchoscope (19). Hospital water supplies can readily
become contaminated with environmental mycobacteria, e.g.,
M. xenopi, M. abscessus, M. fortuitum, and M. chelonae; if
decontamination units do not have filters (0.2 pm) fitted to the
water supply, rinse water may become contaminated. Water
filters need to be fitted and maintained, but even this
filtration system does not guarantee bacteria-free water (20).
Environmental mycobacteria such as M. chelonae can resist
temperatures of 45°C and some disinfectants such as 2%
alkaline glutaraldehyde. Washer-disinfectors should be
installed and maintained according to manufacturer’s
recommendations. Management policies should emphasize
regular cleaning and maintenance (21). Use of contaminated
or hard water should be avoided to lessen formation of biofilm
and buildup of lime scale. Use of poor-quality water also
should be avoided, and the supply to the washer-disinfector
should be pretreated with heat and filtration and other
processes such as UV irradiation and reverse osmosis.
Additional chlorination of the water also should be
considered, as should a final endoscope rinse with sterile
water (22).

Immersion in Water

Hydrotherapy Pools: Preventing Infection

The physical structure of hydrotherapy pools, their high
water and air temperatures, and intermittently intensive use
by diverse groups of patients and staff produce potentially
hazardous conditions (23). Hydrotherapy has become
popular, and many district hospitals have installed suitable
pools. Each pool should be a self-contained part of the hospital
physiotherapy facilities with a senior physiotherapist
responsible for overall daily management. The pool should be
designed to allow water to circulate through a filter and for
the addition of a suitable disinfectant (often hypochlorite) in
appropriate amounts with a mechanism for adjusting the pH
(appropriate range 7.2 to 7.8). Pools should be cleaned
regularly, have some water replaced weekly, and be emptied
annually. Additional measures should be implemented if
users release unformed stool into the pool, and strict
adherence to the rules of cleanliness and hygiene both in and
out of the pool should be enforced. Physiotherapists,
microbiologists, and engineers should have effective working
relationships. Management programs should be established,
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and careful records should be kept. Despite careful control of
water quality, users will suffer from pool-related skin, ear,
chest, and gastrointestinal infections from time to time.
Numerous microorganisms have been implicated in these
infections, including Pseudomonas aeruginosa, Legionella
spp., adenoviruses, and enteroviruses. Legionnaires’ disease
has been associated with whirlpool spas, where agitation and
aeration of the water enable bacteria to be inhaled (24). (The
terms spa pool, spa bath, whirlpool, and hot tub are
sometimes used interchangeably [25]). More recently, a
cluster of gastrointestinal illnesses, including one case of
hemolytic uremic syndrome and one culture-confirmed E. coli
0157:H7 infection, was attributed to a poorly maintained
swimming pool (26). Frequently, immersion of hospitalized
patients contaminates the tub environment, including the tub
water, drains, agitators, floors, and walls.

Water Births: Minimizing Infection

Water births, pioneered in the 1960s, are increasingly
being used. The perceived infection problem is that the
birthing-pool water becomes contaminated with amniotic
fluid, blood, and fecal material, all of which contain large
quantities of maternal bacteria and viruses. Risks include
bloodborne viruses, e.g., hepatitis B and C, HIV-1, and HIV-2,
and fecal-orally transmitted viruses, e.g., the enteroviruses
and adenoviruses (27). Many of these concerns may be
unfounded, and calls for maternal testing for HIV have not
been supported. A more reasonable approach is to ensure that
infection control policies for water births include instructions
for pool maintenance and decontamination, use of universal
precautions, and use of personal protective equipment for
staff (28). Postnatal surveillance of mothers and babies
should be conducted to define infection rates.

Washing or Rinsing in Water

Burns Units: Part of Irrigation Therapy

Kolmos et al. reported five patients with extensive deep
burns in whom P. aeruginosa serogroup 0-7 septicemia
developed shortly after hospital admission (29). Routine
microbiologic monitoring of such patients is not required,
provided the water quality is secured and the irrigation
tubing is decontaminated between uses.

Bathing Infants: Basic Hygiene and Appearance

At birth, infants are often diffusely covered in vernix,
amniotic fluid, and blood. Even though bathing them to
remove unsightly body fluids is very tempting, total body
immersion for preterm babies is not recommended. The skin
of anewborn isideal for absorbing unwanted microorganisms.
In a report by Verweij et al., contaminated water was used to
wash preterm infants, leading to the colonization of four
infants and death of a fifth from Stenotrophomonas
maltophilia (30). The outbreak was controlled by reenforcing
hand disinfection, limiting use of tap water for handwashing,
and using sterile water to wash the preterm babies. For
cosmetic reasons, washing can be restricted initially to the
head and neck.

Miscellaneous Waterborne Outbreaks
Water baths used to warm up dialysis fluids (31), fresh-
frozen plasma, and albumin (32) have been implicated as the
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source of infection by Acinetobacter calcoaceticus var
anitratum and P. aeruginosa. Molecular methods such as
pulsed-field gel electrophoresis or random amplification of

polymorphic DNA can confirm the relatedness of some of
these complex aerobic gram-negative bacilli. Removing the
contaminated water baths ends the outbreaks.

Holy water is a potential source of cross-infection with
various coliform bacteria, including A. baumanii and
Aeromonas hydrophila (33). Patients with widespread burns
and other debilitating skin lesions are at risk. Sterile holy
water is one solution to this concern.

A number of pseudooutbreaks have been reported that
implicate contaminated ice machines. Coliforms and
environmental mycobacteria such as M. gordonae are
frequently found in the water source (34). Pseudoinfection by
M. gordonae and others can be prevented by adequate
machine maintenance.

An outbreak of group A hemolytic streptococcal puerperal
sepsis was traced to the communal use of bidets (35).
Decontamination of the water spray nozzle and drain was
necessary to control the outbreak. Routine cleaning might
have prevented its occurrence.
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Biofilms and Device-Associated Infections

Rodney M. Donlan
Centers for Disease Control and Prevention Atlanta, Georgia, USA

Microorganisms commonly attach to living and nonliving surfaces, including those of indwelling medical
devices, and form biofilms made up of extracellular polymers. In this state, microorganisms are highly
resistant to antimicrobial treatment and are tenaciously bound to the surface. To better understand and
control biofilms on indwelling medical devices, researchers should develop reliable sampling and
measurement techniques, investigate the role of biofilms in antimicrobial drug resistance, and establish the
link between biofilm contamination and patient infection.

Microbial biofilms develop when microorganisms irre-
versibly adhere to a submerged surface and produce
extracellular polymers that facilitate adhesion and provide a
structural matrix. This surface may be inert, nonliving
material or living tissue. Biofilm-associated microorganisms
behave differently from planktonic (freely suspended)
organisms with respect to growth rates and ability to resist
antimicrobial treatments and therefore pose a public health
problem. This article describes the microbial biofilms that
develop on or within indwelling medical devices (e.g., contact
lenses, central venous catheters and needleless connectors,
endotracheal tubes, intrauterine devices, mechanical heart
valves, pacemakers, peritoneal dialysis catheters, prosthetic
joints, tympanostomy tubes, urinary catheters, and voice
prostheses).

Characteristics of Biofilms on Indwelling Medical
Devices

Biofilms on indwelling medical devices may be composed
of gram-positive or gram-negative bacteria or yeasts. Bacteria
commonly isolated from these devices include the gram-
positive Enterococcus faecalis, Staphylococcus aureus,
Staphylococcus epidermidis, and Streptococcus viridans; and
the gram-negative Escherichia coli, Klebsiella pneumoniae,
Proteus mirabilis, and Pseudomonas aeruginosa. These
organisms may originate from the skin of patients or health-
care workers, tap water to which entry ports are exposed, or
other sources in the environment. Biofilms may be composed
of a single species or multiple species, depending on the device
and its duration of use in the patient. Urinary catheter
biofilms may initially be composed of single species, but
longer exposures inevitably lead to multispecies biofilms (1).
A distinguishing characteristic of biofilms is the presence of
extracellular polymeric substances, primarily polysaccha-
rides, surrounding and encasing the cells. These polysaccha-
rides, which have been visualized by scanning electron
microscopy (Figure 1), appear either as thin strands
connecting the cells to the surface and one another or as
sheets of amorphous material on a surface. Most biofilm
volume is actually composed of this extracellular polymeric
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Figure 1. Scanning electron micrograph of a Staphylococcus biofilm
on the inner surface of a needleless connector.

Photograph by Janice Carr, Centers for Disease Control and Prevention,
Atlanta, GA USA.

substance rather than cells, a fact that has been confirmed by
ruthenium red staining and transmission electron micros-
copy (2). This biofilm matrix may act as a filter, entrapping
minerals (1) or host-produced serum components (3). Biofilms
are both tenacious and highly resistant to antimicrobial
treatment; Anwar et al. (4) showed that treatment with levels
of tobramycin far in excess of the MIC reduced biofilm cell
counts for P. aeruginosa by approximately 2 logs, while the
same dosage provided a >8-log decrease in planktonic cells of
this organism.

Factors Influencing Rate and
Extent of Biofilm Formation
When an indwelling medical device is contaminated with
microorganisms, several variables determine whether a
biof