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Chapter 13.  Impact of Barrier Precautions in Reducing the Transmission of
Serious Nosocomial Infections
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Background

Many nosocomial infections are easily transferable from patient-to-patient, either via the
hands of health care workers,1,2 or through the contamination of inanimate objects, including
clothing and equipment.3,4 For some infections, the threat to other patients is considered serious
enough that many institutions employ special barrier precautions, such as the use of gloves,
gowns and disposable equipment for all patient contact, in caring for patients colonized or
infected with these pathogens. Vancomycin-resistant enterococci (VRE)5 and Clostridium
difficile6 represent 2 typical examples of nosocomial pathogens that may trigger such
precautions.

Although adherence to barrier precautions to prevent the spread of particularly
concerning nosocomial pathogens has obvious face validity, the utility of specific interventions
and the optimal forms they should take remain unclear. This uncertainty may in part reflect the
impact of particular aspects of the epidemiology of the targeted nosocomial pathogens – ie, the
benefit of a given strategy may vary in different settings and with different organisms.
Consequently, this chapter contrasts with the review of handwashing (Chapter 13), a practice for
which the benefit was regarded as sufficiently established to warrant focusing on strategies for
improving compliance. While compliance with barrier precautions is also an important topic and
likely plays a significant role in the efficacy of such interventions, this chapter analyzes the
literature evaluating the benefit of the barrier precautions themselves.

Practice Description

Barrier precautions include any activity designed to prevent the spread of nosocomial
pathogens from patient to patient. This chapter reviews the following 3 practices:

•  Use of gowns and gloves for all contact with patients colonized or infected
with VRE and/or C. difficile: Health care workers typically don gloves and
gowns when entering the room of an infected or colonized patient, and
remove them upon exiting (followed immediately by handwashing) to reduce
the likelihood of clothing or equipment contamination that could transmit
pathogens to other patients;

•  Use of dedicated or disposable examining equipment for patients colonized or
infected with VRE and/or C. difficile: Hospital equipment (ie, blood pressure
cuffs, thermometers) remains in a patient’s room and is not carried from room
to room; and

•  Patient and/or staff cohorting for patients colonized or infected with VRE
and/or C. difficile: Patients colonized or infected with similar pathogens are
admitted to specific floors of the hospital where designated health care
workers care only for patients colonized or infected with these pathogens.
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Prevalence and Severity of the Target Safety Problem

Nosocomial infections, including C. difficile-associated diarrhea and VRE, significantly
increase the morbidity and mortality of hospitalized patients.5,6 Both infections are also
associated with increased hospital costs. Recent evidence also suggests there may be a
relationship between C. difficile and VRE, with C. difficile infection identified as a risk factor for
VRE infection.7 The increased incidence of both VRE and C. difficile can be attributed to spread
from patient to patient.5,6 Failure to recognize these dissemination patterns may result in an
inability to contain outbreaks when they occur in the hospital.

C. difficile has been identified as the major, if not only, important cause of infectious
diarrhea that develops in patients after hospitalization, occurring in up to 30% of adult
hospitalized patients who developed diarrhea.5 One study found an acquisition rate of 13% for
patients hospitalized 1-2 weeks, which increased to 50% for patients hospitalized >4 weeks.8 In
addition, the incidence of C. difficile infection has increased in recent years, with one study
reporting a 5-fold increase in clinical infection between 1993 and 1996.9 C. difficile infection
increases lengths of stay, often to as long as 18-30 days10,11 and, when fulminant, can lead to
exploratory and therapeutic surgical procedures.12 Mortality attributable to C. difficile, while
reported, occurs in fewer than 5% of patients.13 The costs associated with C. difficile diarrhea,
while not well described, may be as high as $10,000 per patient.14

VRE, first described in 1988, currently accounts for greater than 25% of all nosocomial
enterococci.6 Early national data suggested that infections with VRE were associated with
mortality rates of over 36%, more than double that of patients with vancomycin-susceptible
(VSE) infections.15 While later studies called some of these results into question,16,17 the most
recent studies have again suggested that vancomycin-resistance carries an independent effect on
mortality.18 VRE infections are also associated with significantly higher hospital costs than those
due to VSE.18

Although C. difficile and VRE are among the most common nosocomial pathogens that
have significant effects on morbidity, mortality, and cost, there are a number of other nosocomial
pathogens which could also be studied. These include pathogens such as methicillin-resistant
Staphylococcus aureus (MRSA), extended-spectrum beta-lactamase (ESBL) producing
Enterobacteriaceae, Acinetobacter species, and Pseudomonas aeruginosa. While these are all
important nosocomial pathogens, C. difficile and VRE were chosen as examples because they are
extremely common, and they represent both antibiotic-susceptible (C. difficile) and antibiotic-
resistant (VRE) pathogens. Additionally, (unlike MRSA and P. aeruginosa) the epidemiology of
both pathogens is complex, representing both person-to-person spread and association with prior
antibiotic use, allowing for a more comprehensive discussion of the relative merits of both
antimicrobial use interventions and barrier precaution interventions (see Chapter 15 for more
discussion regarding other antimicrobial intervention practices) and their general application to
other pathogens.

Opportunities for Impact

As noted above, both VRE and C. difficile affect a large proportion of hospitalized
patients. Improvements in barrier precaution interventions against these pathogens would have a
tremendous impact. There are few data regarding the percentage of hospitals that employ any
one of a number of barrier precautions (eg, gowns, gloves, disposable thermometers).19 In
addition, while standard practice is to apply barrier precautions for patients with nosocomial
pathogens with demonstrated horizontal spread, compliance with precautions is frequently
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poor,20 often below 50%.21 Purported reasons for this lack of compliance include lack of
resources and busy staff workload.20 Regardless, these results suggest that the opportunity for
improvement in these practices is great.

Study Designs

A structured search of the PubMed database (including MEDLINE) and review of the
bibliographies of relevant articles identified 19 studies that have examined the implementation of
barrier precaution practices designed to impact the incidence of VRE and/or C. difficile infection
(Table 13.1, 13.2, 13.3). All studies found on literature search were included in this review
except for those reporting very small outbreaks (defined as fewer than 10 cases of C. difficile or
VRE). Sixteen of the reviewed studies were before-after observational cohort studies (Level 3),
in which baseline data regarding incidence of VRE or C. difficile were obtained during an
observational period and compared to a second period after implementation of an intervention.
Crude comparability data on the before and after groups (eg, total admissions, patient census)
were provided in 2 reports22,23 while only one study statistically compared the before and after
groups to assess comparability.24 Three reports25-27 detailed unblinded comparative studies
(Level 2) in which patients on different wards were assigned different interventions. Each of
these studies assessed the comparability of the study groups on the basis of underlying
demographic variables.

Study Outcomes

All of the studies reviewed reported changes in the incidence or prevalence of either VRE
or C. difficile as a result of barrier precaution interventions (Level 1). For studies investigating C.
difficile, all outcomes were reported in terms of clinical infections. For studies investigating
VRE, outcomes were reported as VRE colonization and/or infection rates.

Evidence for Effectiveness of the Practice

As both VRE and C. difficile have clearly been shown to be transferable from patient-to-
patient, interventions designed to improve barrier precautions yield significant reductions in the
incidence of infection with these two pathogens. All studies that examined the effect of enhanced
barrier precautions on C. difficile infection demonstrated benefit, suggesting that barrier
precaution interventions are effective in controlling its emergence. Most studies employed a
multifaceted approach including several different barrier precaution components. For example,
one study combined use of vinyl gloves and ongoing educational interventions,26 another
included cohorting, culture screening, and daily room disinfection,28 while another combined
reinforcement of enteric precautions, replacement of electronic thermometers, and institution of
closed paper towel dispensers.29 Given the varied components of barrier precaution interventions
instituted in different studies, it is difficult to determine the specific effect of any individual
component.

The evidence of effectiveness of barrier precautions for VRE is somewhat less clear-cut.
All but 427,30-32 of the studies examining the effect of barrier precautions on VRE demonstrated a
benefit, but study design differences and particular epidemiologic trends may account for the
inconsistent findings.

One of the 4 studies that noted no significant effect compared glove use to glove and
gown use.27 The second 30 noted that the emergence of VRE at the study institution was due to
multiple genetically-unrelated strains, suggesting that person-to-person spread was less
important at that site. It is thus not surprising that barrier precautions would have less of an
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effect. In the third study,32 routine rectal swab surveillance and contact precautions were
instituted in response to a clinical outbreak of VRE and surveillance was continued for only 6
months. Since surveillance was not conducted prior to institution of precautions, it is impossible
to say what the colonization prevalence had been prior to the intervention. Furthermore, as the
authors point out, it may be that the outbreak would have been much worse had the precautions
not been put in place. Finally, no determination of genetic relatedness (and hence spread) was
made in this study. In the fourth study,31 while there was a reduction in the isolation of VRE,
there was not complete eradication. According to the authors, the most likely reason for this less-
than-optimal response was poor compliance with contact precaution guidelines.

Thus, it appears that enhanced barrier precautions are generally effective in reducing the
incidence of VRE but that various aspects of both the epidemiology of the VRE outbreak and the
implementation of guidelines may temper the effectiveness of interventions. Similar to the
studies investigating response of C. difficile to barrier precautions, most studies of VRE
employed several components of barrier precautions as part of a multifaceted approach (Table
13.1). It is thus difficult to determine the specific effect of any individual component.

Potential for Harm

None of the reviewed studies reported any assessment of possible harm as a result of the
barrier precaution interventions. In fact, the implementation of barrier precautions is unlikely to
result in harm to the patient. One potential concern is that time necessary to comply with the
interventions (eg, gowning, gloving), might make health care workers less likely to complete
tasks necessary to provide acceptable patient care. Indeed, it has recently been noted that health
care workers were half as likely to enter the rooms of patients on contact isolation.33

Furthermore, while contact precautions appeared to have little effect on patient examination by
resident physicians, attending physicians were 50% less likely to examine a patient on contact
precautions compared to a patient not on precautions.34 Future studies should address these
concerns by documenting the time required to adhere to barrier precautions, and determining the
potential impact of precautions on patient care.

Another potentially harmful consequence of barrier precaution interventions is the
psychological effect that contact precautions may have on the isolated patient. While research
has examined the effects of sensory deprivation and social isolation, a recent review of the
literature noted little progress in the investigation of the psychological effects of contact
isolation.35

Costs and Implementation

It seems apparent that the more complicated an intervention, the less likely health care
workers will adhere to it. While 2 studies noted compliance with barrier precautions at close to
90%,21,24 others noted levels closer to 70%.31 One study actually noted compliance levels to be
significantly higher in those health care workers who used both gowns and gloves compared to
those using only gowns.27 This somewhat counterintuitive finding suggests that other factors
may be at play in influencing compliance. Of the reviewed studies that reported compliance
levels, all did so relatively shortly after the initial implementation of interventions. Future studies
should assess compliance with guidelines over a longer period.

Four studies reported the costs of specific interventions. Implementation of use of
disposable thermometers was estimated at $14,055 per year at a 343-bed institution.22 Another
study of the impact of disposable thermometers estimated that the cost per prevented C. difficile
infection would be approximately $611.25 A study using a multifaceted approach estimated that
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the annual expenses due directly to increased demand for gowns and gloves were approximately
$11,000.31 Finally, a multifaceted intervention at a 254-bed long-term care facility which
included education, gowns and gloves for resident contact, no sharing of personal equipment,
and daily double cleaning of resident rooms and wheelchairs, estimated the total cost of the
intervention to be $12,061 Canadian (approximately $8000 US).36

The costs of implementing a program to enhance barrier precaution practices must be
balanced against the potential cost savings due to decreased incidence of nosocomial infections.
Both VRE and C. difficile infections have been associated with significantly increased length of
hospital stay.5,6 Preventing even a small number of these infections is likely to have a significant
financial impact. While several of the reviewed studies documented costs associated with
various interventions,22,25,26,31,36 no study systematically compared these costs to the potential
cost savings of infections prevented.

Comment

The majority of reviewed studies demonstrated a significant reduction in the incidence of
VRE or C. difficile following barrier precaution interventions. The fact that not all studies found
a benefit suggests that future studies should identify those scenarios (eg, outbreak, endemic
colonization, etc.) in which attention to barrier precautions is most likely to be beneficial. In
addition, it is possible that a combined intervention involving both enhanced barrier precautions
as well as antibiotic formulary interventions might be needed in order to effect the greatest
possible change in VRE and C. difficile infection rates. While these studies, much like those that
examined the impact of antibiotic use practices, demonstrated short-term success, future studies
should determine the efficacy of such interventions over the long term. Finally, the cost-
effectiveness of such strategies should be investigated.
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Table 13.1.  Studies of multifaceted approaches with and without “cohorting”*

Study Setting Compliance Study
Design,
Outcomes

Change in C. difficile or VRE

725-bed academic medical center in
Philadelphia in 1987-88: before-
after study of impact of
multifaceted intervention (isolation
precautions, clindamycin
restriction) on C. difficile37

NA Level 3,
Level 1

Cases of C. difficile decreased
from 1.47 cases/100 hospital
discharges in 1987 to 0.74
cases/100 hospital discharges by
the second half of 1988

350-bed acute care hospital in
Virginia in 1987-96: before-after
study of impact of multifaceted
intervention on C. difficile
infections23

NA Level 3,
Level 1

Mean annual new cases of C.
difficile decreased from
155/year in the before period to
67/year in the after period
(p<0.05).

840-bed tertiary care center in
Brussels in 1989-90: impact of a
multifaceted infection control
intervention, including cohorting,
on incidence of C. difficile28

NA Level 3,
Level 1

Incidence of C. difficile
decreased from 1.5 cases/1000
admissions to 0.3 cases/1000
admission (protective efficacy
73%, 95% CI: 46-87%)

Bone marrow transplant unit of a
large academic medical center in
Texas in 1995: impact of
multifaceted infection control
intervention on C. difficile attack
rate29

NA Level 3,
Level 1

Attack rate for third week in
May was 60%. Following
intervention, rate dropped to
17% for remainder of May, 21%
for June, and 7% for July
(p<0.05)

Tertiary-care Veterans Affairs
Medical Center in Brooklyn in
1991-95: impact of multifaceted
infection control intervention on
VRE rates30

NA Level 3,
Level 1

Incidence of VRE cases per
1000 admissions was 0.6 in
1991, 3.3 in 1992. Following
intervention, the rates were 8.0
in 1993 and 9.2 in 1994

22-bed oncology unit in a 650-bed
tertiary care hospital in New York
in 1993-95: impact of multifaceted
infection control program, including
cohorting, on VRE infection and
colonization24

91.7% of
persons who
entered room
used gowns
and gloves
appropriately

Level 3,
Level 1

Incidence of VRE bloodstream
infection (patients per 1000
patient-days) decreased from
2.1 to 0.45 (p=0.04). VRE
colonization decreased from
20.7 to 10.3 (p<0.001).

375-bed community hospital in
Indianapolis in 1995-96: impact of
cohorting on VRE prevalence21

Compliance
with recom-
mendations
rose from
22% to 88%
(p<0.001)

Level 3,
Level 1

VRE prevalence decreased from
8.1% to 4.7% (p=0.14). VRE
among patients whose VRE
status was unknown before
cultures were obtained
decreased from 5.9% to 0.8%
(p=0.002).
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254-bed long-term care facility in
Toronto in 1996-97: impact of
barrier precautions including
cohorting on prevalence of VRE36

NA Level 3,
Level 1

4/85 (4.7%) patients initially
screened were VRE colonized.
No patients in subsequent
screenings were positive.
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Table 13.1.  Studies of multifaceted approaches with and without “cohorting” (cont.)

23-bed oncology unit in a 1300-
bed teaching hospital in South
Africa in 1998: impact of barrier
precautions including cohorting
on VRE prevalence39

NA Level 3,
Level 1

VRE colonization decreased from
19/34 (55%) patients to 1/14 (7%)
following implementation of
infection control interventions

347-bed tertiary care medical
center in Massachusetts in 1993:
impact of a multifaceted infection
control intervention including
cohorting on VRE infection and
colonization31

Overall
hand-
washing
complianc
e was 71%

Level 3,
Level 1

In the year prior interventions,
116 patients were colonized or
infected with VRE, compared
with 126 in the year after
implementation.

* NA indicates not applicable; VRE, vancomycin-resistant enterococci.
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Table 13.2.  Studies of barrier precaution interventions*

Study Setting Compliance Study
Design,
Outcomes

Change in C. difficile or VRE

370-bed academic medical center in
Massachusetts in 1991-92: before-
after study of impact of infection
control interventions on C. difficile
incidence38

NA Level 3,
Level 1

Incidence of C. difficile increased
from 0.49% to 2.25% from 1989
to 1993. Following interventions,
incidence of C. difficile decreased
to 1.32%

Veterans Administration Medical
Center in Minnesota in 1986-87:
impact of universal glove use on
incidence of C. difficile26

Mean glove
use/100 pts:
4539 on glove
ward; 3603 on
control ward
(p=NS)

Level 2,
Level 1

Incidence of C. difficile on glove
wards decreased from 7.7/1000
patients discharges to 1.5/1000
(p=0.015). No significant change
in incidence on the control wards

8-bed combined medical and surgical
ICU in a 235-bed acute care hospital
in New York City in 1990-91: impact
of barrier precautions on VRE
colonization1

NA Level 3,
Level 1

16 patients infected or colonized
with VRE identified over 6 months
period. No new VRE infection or
colonization in the 2 months after
intervention.

250-bed university-affiliated hospital
in Rhode Island in 1991-92: impact
of sequential barrier precaution
intervention on VRE40

NA Level 3,
Level 1

13 patients with VRE identified
over 8 month period. In the 3
months after the first intervention
(private room + gloves) 20
patients were found to have VRE.
In the 6 months after the second
intervention (gowns added), 4
patients were VRE positive.

181 consecutive patients admitted to
the medical ICU in a 900-bed urban
teaching hospital in Chicago in 1994-
95: comparison of impact of gown
and glove vs. glove on incidence of
VRE colonization27

Compliance in
glove and
gown group,
79%; glove
group, 62%
(p<0.001)

Level 2,
Level 1

24 (25.8%) of the glove and gown
group acquired VRE in the ICU
compared to 21 (23.9%) of those
patients in the gown only room
(p=NS)

550-bed tertiary teaching hospital in
Minneapolis in 1993-94: impact of
barrier precautions on VRE
colonization32

NA Level 3,
Level 1

Weekly rectal swab surveillance
performed. Rates of VRE
colonization remained at 7-9%
throughout 6 month study period

* ICU indicates intensive care unit; NA, not applicable; NS, not statistically significant; and
VRE, vancomycin-resistant enterococci.
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Table 13.3.  Studies of use of dedicated or disposable examining equipment*

Study Setting Complianc
e

Study
Design,
Outcomes

Change in C. difficile or VRE

343-bed acute hospital and
538-bed skilled nursing
facility in New York: before-
after study of impact of
replacing electronic
thermometers with disposable
thermometers on C. difficile
infection rate22

100%
replacemen
t of
electronic
thermo-
meters

Level 3,
Level 1

Incidence of C. difficile decreased
from 2.71 to 1.76 cases per 1000
patients in the acute hospital
(p<0.01)

Incidence of C. difficile decreased
from 0.41 to 0.11 cases per 1000
patient days in the skilled nursing
facility (p<0.01)

20 inpatient units in a 700-bed
university hospital in
Virginia: randomized
crossover trial of impact of
disposable thermometers for
prevention of C. difficile25

100%
compliance
with use of
specific
types of
ther-
mometers

Level 2,
Level 1

Incidence of C. difficile was 0.16
cases/1000 patient days in the
intervention group compared to
0.37/1000 patient days in controls
(RR 0.44, 95% CI: 0.21-0.93;
p=0.026]

343-bed acute care facility in
New York in 1992: impact of
change to tympanic
thermometers on VRE
incidence22

100%
switch to
tympanic
thermo-
meters

Level 3,
Level 1

Tympanic thermometer use
resulted in risk reduction for VRE
of 60% (RR 0.41, 95% CI: 0.31-
0.55)

* CI indicates confidence interval; RR, relative risk; and VRE, vancomycin-resistant enterococci.



137

References

1. Handwerger S, Raucher B, Altarac D, Monka J, Marchione S, Singh KV, et al. Nosocomial
outbreak due to Enterococcus faecium highly resistant to vancomycin, penicillin, and
gentamicin. Clin Infect Dis. 1993;16:750-755.

2. Chang VT, Nelson K. The role of physical proximity in nosocomial diarrhea. Clin Infect
Dis. 2000;31:717-722.

3. Byers KE, Durbin LJ, Simonton BM, Anglim AM, Adal KA, Farr BM. Disinfection of
hospital rooms contaminated with vancomycin-resistant Enterococcus faecium. Infect
Control Hosp Epidemiol. 1998;19:261-264.

4. Mayfield JL, Leet T, Miller J, Mundy LM. Environmental control to reduce transmission of
Clostridium difficile. Clin Infect Dis. 2000;31:995-1000.

5. Johnson S, Gerding DN. Clostridium difficile-associated diarrhea. Clin Infect Dis.
1998;26:1027-1036.

6. Murray BE. Vancomycin-resistant enterococcal infections. N Engl J Med. 2000;342:710-
721.

7. Roghmann MC, McCarter RJ, Brewrink J, Cross AS, Morris JG. Clostridium difficile
infection is a risk factor for bacteremia due to vancomycin-resistant enterococci (VRE) in
VRE-colonized patients with acute leukemia. Clin Infect Dis. 1997;25:1056-1059.

8. Clabots CR, Johnson S, Olson MM, Peterson LR, Gerding DN. Acquisition of Clostridium
difficile by hospitalized patients: evidence of colonized new admissions as the source of
infection. J Infect Dis. 1992;166:561-567.

9. Wilcox MH, Smyth ETM. Incidence and impact of Clostridium difficile infection in the
UK, 1993-1996. J Hosp Infect. 1998;39:181-187.

10. MacGowan AP, Brown I, Feeney R, Lovering A, McCulloch SY, Reeves DS. Clostridium
difficile associated diarrhea and length of hospital stay. J Hosp Infect. 1995;31:241-244.

11. Riley TV, Codde JP, Rouse IL. Increase length of stay due to Clostridium difficile
associated diarrhoea. Lancet. 1995;345:455-456.

12. Kent KC, Rubin MS, Wroblewski L, Hanff PA, Sline W. The impact of Clostridium
difficile on a surgical service. Ann Surg. 1998;227:296-301.

13. Olson MM, Shanholtzer CJ, Lee JT, Gerding DN. Ten years of prospective Clostridium
difficile-associated disease surveillance and treatment at the Minneapolis VA Medical
Center, 1982-1991. Infect Control Hosp Epidemiol. 1994;15:371-381.

14. Spencer RC. Clinical impact and associated costs of Clostridium difficile-associated
disease. J Antimicrob Chemother. 1998;41(Suppl C):C5-12.

15. Centers for Disease Control and Prevention (CDC). Nosocomial enterococci resistant to
vancomycin - United States, 1989-93. MMWR Morb Mortal Wkly Rep. 1993;42:579-597.

16. Lautenbach E, Bilker WB, Brennan PJ. Enterococcal bacteremia: risk factors for
vancomycin resistance and predictors of mortality. Infect Control Hosp Epidemiol.
1999;20:318-323.

17. Linden PK, Pasculle AW, Manez R, Kramer DJ, Fung JJ, Pinna AD, et al. Differences in
outcomes for patients with bacteremia due to vancomycin-resistant Enterococcus faecium
or vancomycin-susceptible E. faecium. Clin Infect Dis. 1996;22:663-670.

18. Stosor V, Peterson LR, Postelnick M, Noskin GA. Enterococcus faecium bacteremia: does
vancomycin resistance make a difference? Arch Intern Med. 1998;158:522-527.

19. Scheckler WE, Brimhall D, Buck AS, Farr BM, Friedman C, Garibaldi RA, et al.
Requirements for infrastructure and essential activities of infection control and



138

epidemiology in hospitals: a consensus panel report. Infect Control Hosp Epidemiol.
1998;19:114-124.

20. Kollef MH, Fraser VJ. Antibiotic resistance in the intensive care unit. Ann Intern Med.
2001;134:298-314.

21. Jochimsen EM, Fish L, Manning K, Young S, Singer DA, Baker R, et al. Control of
vancomycin-resistant enterococci at a community hospital: efficacy of patient and staff
cohorting. Infect Control Hosp Epidemiol. 1999;20:106-109.

22. Brooks SE, Veal RO, Kramer M, Dore L, Schupf N, Adachi M. Reduction in the incidence
of Clostridium difficile-associated diarrhea in an acute care hospital and a skilled nursing
facility following replacement of electronic thermometers with single-use disposables.
Infect Control Hosp Epidemiol. 1992;13:98-103.

23. Zafar AB, Gaydos LA, Furlong WB, Nguyen MH, Mennonna PA. Effectiveness of
infection control program in controlling nosocomial Clostridium difficile. Am J Infect
Control. 1998;26:588-593.

24. Montecalvo MA, Jarvis WR, Uman J, Shar DK, Petrullo C, Rodney K, et al. Infection-
control measures reduce transmission of vancomycin-resistant enterococci in an endemic
setting. Ann Intern Med. 1999;131:269-272.

25. Jernigan JA, Siegman-Igra Y, Guerrant RC, Farr BM. A randomized crossover study of
disposable thermometers for prevention of Clostridium difficile and other nosocomial
infections. Infect Control Hosp Epidemiol. 1998;19:494-499.

26. Johnson S, Gerding DN, Olson MM, Weiler MD, Hughes RA, Clabots CR, et al.
Prospective, controlled study of vinyl glove use to interrupt Clostridium difficile
nosocomial transmission. Am J Med. 1990;88:137-140.

27. Slaughter S, Hayden MK, Nathan C, Hu TC, Rice T, Van Voorhis J, et al. A comparison of
the effect of universal use of gloves and gowns with that of glove use alone on acquisition
of vancomycin-resistant enterococci in a medical intensive care unit. Ann Intern Med.
1996;125:448-456.

28. Struelens MJ, Maas A, Nonhoff C, Deplano A, Rost F, Serruys E, et al. Control of
nosocomial transmission of Clostridium difficile based on sporadic case surveillance. Am J
Med. 1991;91(Suppl 3B):138S-44S.

29. Hanna H, Raad I, Gonzalez V, Umphrey J, Tarrand J, Neumann J, et al. Control of
nosocomial Clostridium difficile transmission in bone marrow transplant patients. Infect
Control Hosp Epidemiol. 2000;21:226-8.

30. Quale J, Landman D, Atwood E, Kreiswirth B, Willey BM, Ditore V, et al. Experience
with a hospital-wide outbreak of vancomycin-resistant enterococci. Am J Infect Control.
1996;24:372-379.

31. Lai KK, Kelley AL, Melvin ZS, Belliveau PP, Fontecchio SA. Failure to eradicate
vancomycin-resistant enterococci in a university hospital and the cost of barrier
precautions. Infect Control Hosp Epidemiol. 1998;19:647-652.

32. Wells CL, Juni BA, Cameron SB, Mason KR, Dunn DL, Ferrieri P, et al. Stool carriage,
clinical isolation, and mortality during an outbreak of vancomycin-resistant enterococci in
hospitalized medical and/or surgical patients. Clin Infect Dis. 1995;21:45-50.

33. Kirkland KB, Weinstein JM. Adverse effects of contact isolation. Lancet. 1999;354:1177-
1178.

34. Higgins LA, Saint S, Nallamothu BK, Chenoweth C. Do physicians examine patients under
contact precautions less frequently? Paper presented at: 24th Annual Meeting of the
Society for General Internal Medicine; May 2-5, 2001; San Diego, CA.



139

35. Gammon J. The psychological consequences of source isolation: a review of the literature.
J Clin Nurs. 1999;8:13-21.

36. Armstrong-Evans M, Litt M, McArthur MA, Willey B, Cann D, Liska S, et al. Control of
transmission of vancomycin-resistant Enterococcus faecium in a long-term care facility.
Infect Control Hosp Epidemiol. 1999;20:312-317.

37. Brown E, Talbot GH, Axelrod P, Provencher M, Hoegg C. Risk factors for Clostridium
difficile toxin-associated diarrhea. Infect Control Hosp Epidemiol. 1990;11:283-290.

38. Lai KK, Melvin ZS, Menard MJ, Kotilainen HR, Baker S. Clostridium difficile-associated
diarrhea: epidemiology, risk factors, and infection control. Infect Control Hosp Epidemiol.
1997;18:628-632.

39. McCarthy KM, Van Nierop W, Duse A, Von Gottberg A, Kassel M, Perovic O, et al.
Control of an outbreak of vancomycin-resistant Enterococcus faecium in an oncology ward
in South Africa: effective use of limited resources. J Hosp Infect. 2000;44:294-300.

40. Boyce JM, Opal SM, Chow JW, Zervos MJ, Potter-Bynoe G, Sherman CB, et al. Outbreak
of multidrug-resistant Enterococcus faecium with transferable vanB class vancomycin
resistance. J Clin Microbiol. 1994;32:1148-53.



140


