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Survey of isolation practices at
a tertiary care pediatric hospital
Joseph V. Vayalumkal, BSc, MD,a Laurie Streitenberger, RN, BSc, CIC,a,b Rick Wray, RN, BHS, CIC,a,b Carol Goldman, RN,
BScN, CIC,a,b Renee Freeman, RN, BScN, CIC,a,b Steven Drews, PhD,d and Anne Matlow, MD, FRCPCa,b,c,d

Toronto, Ontario, Canada

Background: Although isolation precautions are an important aspect of hospital infection control, current rates of isolation in a
pediatric hospital and rates of compliance with established precautions are unknown. We therefore initiated hospital-wide point
prevalence studies to determine unit-specific rates of patient isolation and compliance with proper isolation requirements focusing
on communication of isolation status and availability of personal protective equipment. In this report, we present data from the
first 14 months of the study.
Methods: This was a prospective observational study. Twice monthly, between January 2004 and February 2005, infection control
professionals reviewed the types and appropriateness of isolation of all hospitalized patients, except for those on the psychiatry
unit.
Results: Seventeen percent of patients in the hospital during the study period were isolated, most frequently for community-
acquired infections. Droplet isolation precautions were the most common form of isolation. Overall, only 74.6% of patients
were isolated appropriately. The solid organ transplantation, hematology/oncology, and bone marrow transplantation units
were those with the highest rates of inappropriate isolation.
Conclusion: At our hospital, community-acquired infections, in particular respiratory infections, were the most common reasons
for patient isolation. Monitoring of the appropriateness of isolation precautions offers the opportunity to reduce health care-
related transmission of infection and identify specific target areas for improvement. (Am J Infect Control 2007;35:207-11.)
Isolation precautions are an important aspect of
hospital infection control programs and are parti-
cularly important in pediatric settings given the high
admission rates for viral respiratory (VRI) and gastroin-
testinal (VGI) infections. Factors such as diapering of
patients and inability of young patients to adhere to
proper respiratory etiquette help facilitate transmis-
sion of infectious pathogens. The high prevalence of
health care-associated VRI and VGI reported in pediat-
ric institutions underscores the importance of compli-
ance with isolation protocols. Education and periodic
evaluation of adherence to precautions are recommen-
ded administrative controls to optimize isolation prac-
tices in hospitals.1

From the Division of Infectious Diseases,a the Department of Pediatrics,b

and the Department of Pediatric Laboratory Medicine, The Hospital For
Sick Children, Toronto, Canadac; and the Department of Laboratory
Medicine and Pathobiology,d University of Toronto, Toronto, Canada.

Address correspondence to Anne Matlow, MD, FRCPC, Director Infec-
tion Prevention and Control, The Hospital for Sick Children, 555
University Avenue, Toronto, Ontario M5G 1X8, Canada. E-mail: anne.
matlow@sickkids.ca.
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Copyright ª 2007 by the Association for Professionals in Infection
Control and Epidemiology, Inc.

doi:10.1016/j.ajic.2006.03.012
As the first step of a performance improvement ini-
tiative to improve isolation practices, we examined the
epidemiology of patient isolation in the hospital and
initiated regular evaluation of the appropriateness of
isolation practices at our hospital. In this paper, we re-
port our first 14 months of data.

METHODS

Setting

The Hospital for Sick Children is a 300-bed, univer-
sity-affiliated tertiary care pediatric hospital in Toronto,
Canada. All inpatient units in the hospital except for
the psychiatry unit were included in this study.

Data collection

The study took place from January 2004 to February
2005 in the form of repeated point prevalence evalua-
tions. Twice monthly, for a total of 28 observations, a
certified infection control professional visited a unit
to review the types (as per the Hospital Infection Con-
trol Practices Advisory Committee [HICPAC] guide-
lines1) and appropriateness of isolation precautions
in place at the time of the visit, focusing on communi-
cation of isolation status (signage, computer entry) and
availability of personal protective equipment. Times
for the audit were based on convenience for the
207
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Table 1. Isolation rates stratified by source of infection

Unit

Isolation rate (total isolated/

total census 3 100)

Isolation rate for HAIC (total isolated

for HAIC/total isolated 3 100) Isolation rate for CAIC

PICU 21.9% (77/351) 31.2% (24/77) 68.8% (53/77)

NICU 5.7% (25/436) 80% (20/25) 20% (5/25)

Cardiology and cardiac surgery 7.9% (21/265) 38.1% (8/21) 61.9% (13/21)

Surgical wards 6.9% (62/901) 25.8% (16/62) 74.2% (46/62)

SOT, gastroenterology, and rheumatology 18.8% (55/293) 18.2% (10/55) 81.8% (45/55)

Neurology 6.7% (8/120) 0 (0/8) 100% (8/8)

General pediatrics and respirology 39.2% (320/816) 2.5% (8/320) 97.5% (312/320)

Hematology/oncology/HSCT 12.1% (55/454) 43.6% (24/55) 66.4% (31/55)

Total 17.1% (622/3636) 17.7% (110/622) 82.3% (512/622)

HAIC, Hospital-associated infection/colonization; HSCT, hematopoetic stem cell transplant; PICU, pediatric intensive care unit; NICU, neonatal intensive care unit; CAIC, community-

associated infection/colonization; SOT, solid organ transplant.

Table 2. Distribution of isolation precautions by category

Unit

Contact (total No. in

contact isolation/total

No. isolated) (%)

Droplet/contact (total No. in

droplet/contact isolated/total

No. isolated) (%)

Airborne (total No. in

airborne isolation/total

No. isolated) (%)

MDRO (total No. in

MDRO isolation/total

No. isolated) (%)

PICU 8/77 (10.4) 48/77 (62.3) 2/77 (2.5) 19/77 (24.7)

NICU 1/25 (4) 1/25 (4) 2/25 (8) 21/25 (84)

Cardiology and cardiac surgery 9/21 (42.9) 10/21 (47.6) 0/21 (0) 2/21 (9.5)

Surgical wards 35/62 (56.5) 22/62 (35.5) 0/62 (0) 5/62 (8.1)

SOT, gastroenterology,

and rheumatology

26/55 (47.3) 21/55 (38.2) 0/55 (0) 8/55 (14.5)

Neurology 3/8 (37.5) 5/8 (62.5) 0/8 (0) 0/8 (0)

General pediatrics and respirology 82/320 (25.6) 180/320 (56.3) 35/320 (10.9) 23/320 (7.2)

Hematology/oncology/HSCT 30/55 (54.5) 25/55 (45.5) 0/55 (0) 0/55 (0)

Total 194/623 (31.1) 312/623 (50.1) 39/623 (6.3) 77/623 (12.5)

MDRO, Multidrug-resistant organisms; PICU, pediatric intensive care unit; NICU, neonatal intensive care unit: SOT, solid organ transplant; HSCT, hematopoetic stem cell transplant.
practitioner and were approximately 2 weeks apart.
The practitioner initially reviewed all patient diagnoses
and any symptoms that would necessitate isolation (eg,
cough, diarrhea). Patients were discussed with the clin-
ical leader/charge nurse of the unit and walk-around
rounds on the unit were conducted to review each pa-
tient’s isolation status. Appropriate isolation was de-
fined as (1) type of isolation consistent with HICPAC
recommendations, (2) isolation duration consistent
with the Centers for Disease Control and Prevention
(CDC) guidelines, (3) proper isolation sign on door, (4)
proper personal protective equipment available out-
side patient room, and (5) proper documentation of iso-
lation requirements in the computerized patient record
system (KIDCOM), excluding the pediatric intensive
care unit (PICU) and neonatal intensive care unit
(NICU), which do not have access to KIDCOM. Inappro-
priate isolation was defined as (1) type of isolation not
consistent with HICPAC recommendations (eg, droplet
instead of airborne precautions), (2) isolation duration
not consistent with CDC guidelines (ie, too long or too
short), (3) proper isolation sign not on door, (4) proper
personal protective equipment not available outside
patient room (this depended on type of precautions
required, ie, gloves and gowns available for contact
isolation), and (5) proper documentation of isolation
requirements not entered in the computerized patient
record system (KIDCOM). The computerized record
alerts other health care workers about the isolation sta-
tus of the patient in case the patient is transported to
another part of the hospital for diagnostic tests, proce-
dures, or treatments.

Data management

All information was entered and stored in an elec-
tronic database (Microsoft Excel; Microsoft Corp, Red-
mond, WA).

Statistical analysis

Testing was performed using the x2 test on GraphPad
Prism 4 for Windows (Hearne Scientific Software, New
Zealand).

RESULTS

Seventeen percent (623/3636) of all patients hospi-
talized during the study period were isolated, primarily
for community-associated rather than health care-
associated infection or multidrug-resistant organism
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(MDRO) colonization (14.1 vs 3, respectively) (Table 1).
The general pediatrics ward had the highest rate of pa-
tient isolation. The NICU, followed by the hematology/
oncology/human stem cell transplantation ward had
the highest percentage of patients under isolation pre-
cautions for health care-associated infection/MDRO
colonizations. The distribution of isolation require-
ments is shown in Table 2. Overall, droplet precautions
were the most common category of isolation precau-
tions (50.2%), followed by contact precautions (31.2%).
Isolation for MDROs accounted for 12.3% of patients in
isolation.

One hundred sixty-seven of the 623 isolated pa-
tients (26.4%) were isolated inappropriately. The ma-
jority of those deemed inappropriately isolated lacked
either documentation in the computerized medical rec-
ord or had no or inappropriate signage. Patients were
4 times more likely to be under isolated than over
isolated (Table 3). A complete breakdown of the appro-
priateness of isolation is provided in Table 4. A signifi-
cant association between inappropriate isolation and
clinical unit was noted, with the solid organ transplan-
tation unit together with the hematology/oncology/
hematopoeitic stem cell transplantation wards having
higher rates of isolation than the other units combined
(P , .001) (Table 4).

DISCUSSION

A report from our institution close to 2 decades ago
quantified hospital isolation in terms of extent of us-
age, seasonal variation, isolation category, and type of
infection (nosocomial vs community acquired).2 The
authors reported that 15% of the beds were occupied
by patients requiring isolation and that the number of
patients requiring isolation exceeded the number of
isolation rooms on 32% of the days of the year. Twenty
years later, the percentage of patients requiring isola-
tion is similar at 17.1%. In another report from our hos-
pital, multibed rooms were more likely to be associated
with nosocomial transmission of VGI than single-bed
rooms.3 An increased need for single-bed rooms in

Table 3. Distribution of inappropriate events by category

Criterion for

inappropriateness

Number of

inappropriate

over-isolation

events (%)

Number of

inappropriate

under-isolation

events (%)

Incorrect sign 12/167 (7.2) 13/167 (7.8)

No sign 0/167 (0) 32/167 (19.2)

No KIDCOM change 0/167 (0) 81/167 (48.5)

Isolated too long 22/167 (13.2) 0/167 (0)

No observed PPE 0/167 (0) 7/167 (4.1)

Total 34/167 (20) 133/167 (80)

PPE, Personal protective equipment.
hospitals for isolation purposes has previously been
identified4; we are fortunate that 85% of the beds in
our current hospital are in single-bed rooms.

In the current study, droplet precautions and contact
precautions were the most common types of isolation
precautions used, primarily for VRI and VGI, respec-
tively (data not shown). The high rate of isolation on
the general pediatrics ward for community-associated
infection/MDRO colonization is consistent with the pre-
dominance of precautions for VRI and VGI at our center
and at others.4,5 Although the NICU had the lowest rate
of isolation overall, it had the highest rate of isolation
for health care-associated infections/MDRO coloniza-
tion, with colonizations with MDROs accounting for
the majority of isolations. The hematology/oncology/
hematopoeitic stem cell transplantation ward followed,
with a high rate of patients isolated for health care-
associated infections/MDRO colonization, in this case,
primarily contact isolation for gastrointestinal infec-
tion including VGI and Clostridium difficile infection.
Isolation for MDROs accounted for 12.3% of patients
in isolation.

Few studies have reported on actual compliance
with isolation precautions. Compliance with infection
control procedures for tuberculosis was evaluated in
2 pediatric hospitals, and significant breeches in infec-
tion control precautions were noted.6 In another study,
widespread noncompliance in an isolation bay of a
surgical intensive care unit was reported.7 In a study
conducted at a children’s hospital in Nebraska, there
was significant improvement in a number of infection
control practices including adherence to isolation pre-
cautions as a result of surveillance rounds combined
with ongoing education.8 In our study, in which the
focus of the audit was the appropriateness of commu-
nication of isolation status (ie, signage, computer entry)
and availability of personal protective equipment (as
opposed to compliance with hand hygiene before and

Table 4. Distribution of inappropriate isolation by
clinical unit

Clinical unit

Number

inappropriately

isolated/total

number isolated Percentage

PICU 10/77 13.1

NICU 0/25 0

Cardiology and cardiac surgery 1/21 4.8

Surgical wards 14/62 22.6

SOT, gastroenterology,

and rheumatology

25/55 45.5

Neurology 2/8 25.0

General pediatrics and respirology 96/320 30.0

Hematology/oncology and HSCT 19/55 34.5

PICU, pediatric intensive care unit; NICU, neonatal intensive care unit; SOT, solid organ

transplant; HSCT, hematopoetic stem cell transplant.
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after patient contact, or proper use of barriers/personal
protective equipment), we found that approximately
25% of patients were inappropriately and usually
under isolated, suggesting that here too there is great
opportunity for improvement.

Although appropriate patient isolation is considered
a standard of care, the numerous reports of health care-
acquired infections and transmission of MDROs imply
that it is often inadequately performed. There are neg-
ative consequences to both over isolation and under
isolation For example, a nationwide hospital survey
investigating infection control practices in Thailand
demonstrated that staff in a high percentage of hospitals
performed unnecessary infection control procedures,
including wearing protective gowns in intensive care
units and overusing sterile gloves.9 Such practices con-
sume valuable resources unnecessarily. Furthermore,
evidence is emerging that some patients in isolation
may receive fewer visits by health care workers, lead-
ing to suboptimal care and decreased patient satis-
faction.10-12 Donning precautions required for the
care of an intensive care unit patient with MDROs
has been reported to consume 2 hours of time, which
may be considered a deterrent to patient care.13

Conversely, under isolation of patients facilitates
cross transmission of infection, as well as acquisition
of infection by health care personnel. A recent study
using pulsed-field gel electrophoresis to type bacteria
isolated from clinical infections estimated that at least
37.5% of all nosocomial infections identified in a sur-
gical intensive care unit were due to cross transmis-
sion.14 Reports of staff acquisition of infections such
as tuberculosis and pertussis further attests to the
importance of appropriate isolation practices.

In this study, we found the 2 main reasons for inap-
propriate isolation to be wrong or lack of signage and
failure to update the computerized medical record
(KIDCOM). The wrong signage was usually an airborne
isolation sign instead of one for droplet precautions
or inappropriate use of an MDRO sign. Thirty-two pa-
tients who should have been isolated had no sign out-
side their room.

The computerized medical record is of particular
importance in relaying isolation information at transi-
tions in care (eg, transfer to the operating room). Hand-
offs are known to be vulnerable times for patient
safety.15-17 In a multicenter, pediatric performance
improvement collaborative study of patient transfers
from the emergency department to an inpatient unit,
isolation requirements were relayed only 60% of the
time. Use of a checklist increased isolation information
transfer to 98%.18 Although the current study did not
assess the modes of information transfer between
health care workers, it is generally accepted that
built-in redundancies are important features of highly
reliable organizations. As such, we feel justified to
have included failure-to-enter isolation requirements
on our computerized record as inappropriate isolation.

In summary, in this study, we have revisited isola-
tion patterns and practices at our hospital. During the
study period, close to one fifth of all patients required
isolation, approximating data reported from our institu-
tion close to 2 decades ago. Consistent with other re-
ports, the bulk of the burden of communicable disease
was due to community-acquired VRI and VGI. Such
information may be useful to other institutions plan-
ning new or renovating existing pediatric facilities.
The study has identified units in our hospital that would
benefit from focused interventions to improve isolation
practices. Frequent surveillance by infection control
professionals with real-time feedback to front-line
workers is one way to improve compliance with isola-
tion precautions. The resultant effect should be a de-
crease in infection transmission and saving of resources.
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Emergence of resistant Acinetobacter
baumannii in critically ill patients within
an acute care teaching hospital and
a long-term acute care hospital
Claudester Stephens, MT, MPH, CIC, Stephen J. Francis, MD, Virginia Abell, RN, BA, CIC,
Joseph R. DiPersio, PhD, Diplomate, ABMM, and Patricia Wells, RN, CIC

Akron, Ohio

Background: Acinetobacter baumannii is a gram-negative, coccobacillus found in water and is a significant nosocomial pathogen in
hospitals. This report chronicles the appearance in June 2003 of a multidrug-resistant A baumannii (MDR-AB) strain, its dissemi-
nation, and interventions used to control it in an acute care hospital (ACH) and long-term acute care facility (LTAC).
Methods: Molecular typing using pulsed-field gel electrophoresis (PFGE) showed that 88 of 99 strains (89%) gave an identical band-
ing designated as clone A. Eight additional isolates were variants of clone A, and 3 isolates were unrelated.
Results: A baumannii was isolated from 229 patients between January 2003 and December 2004. Of these patients, 151 (66%)
were colonized/infected with MDR-AB. Most isolates were resistant to antibiotics except for imipenem and ampicillin/sulbactam.
Isolates included 108 (72%) in the respiratory tract, 32 (21%) in wounds, 6 (4%) in blood, and 5 (3%) in urine. Most isolates were
found in the LTAC (70 isolates), ICU step-down (27 isolates), and ICU (26 isolates).
Conclusion: This epidemiologic history illustrates (1) epidemic clonal spread, (2) target populations, (3) variable monthly preva-
lence, and (4) intervention outcomes. With intervention, the number of new isolates in the ACH decreased by dedicating an infec-
tion control professional to critical care, daily surveillance, isolation of positive MDR-AB patients, universal gloving, and routinely
reporting results. (Am J Infect Control 2007;35:212-5.)
Acinetobacter baumannii (AB) is a nonlactose-
fermenting, gram-negative coccobacillus that is wide-
spread in the environment and is increasingly found
in medical facilities.1 AB has been implicated in skin
and soft tissue infections, pneumonia, bacteremia,
and urinary tract infections. Studies have shown that
the increase in nosocomial infections caused by
gram-negative multidrug-resistant organisms is related
to the escalated use of broad-spectrum antibiotics.2

AB is an organism that can colonize or cause infection
and has the ability to survive for long periods of time in
the hospital environment, which increases the risk of
horizontal transmission via a health care worker or
an environmental source.3

This study examined AB isolates from patients
within a large, acute care (teaching) hospital (ACH)
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and a long-term acute care (LTAC) facility contained
within the same building complex located in northeast
central Ohio. The ACH facility has 4 intensive care
units (ICUs) including a surgical/trauma ICU, a surgical
cardiovascular ICU, a coronary care unit (CCU), and a
medical ICU. The LTAC is an independent 40-bed hos-
pital based within the physical building of the ACH.
The LTAC admits critically ill long-term patients from
the ACH facility and outlying hospitals.

In May 2003, the microbiology laboratory detected
an increase in the number of multidrug-resistant Acine-
tobacter baumannii (MDR-AB) isolates. The patient with
the initial resistant isolate (a sacral wound ulcer) on
March 28, 2003, was admitted to the LTAC on January
28, 2006, from the ACH and may have been exposed
to several other patients with a relatively more sensi-
tive Acinetobacter baumannii on the LTAC. The first 3
isolates from April to June of 2003 were identified in
the LTAC. Initial review of the room transfers of patients
with MDR-AB indicates spread to the ACH units via
readmissions to the ACH from the LTAC. The majority
of isolates were from respiratory specimens from
patients located in the ACH ICUs and the LTAC. The larg-
est numbers of MDR-AB isolates were seen in June
2003 (n 5 15). Initial DNA fingerprinting studies indi-
cated that the majority of resistant isolates belonged
to 1 DNA fingerprint pattern. A search of computer
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records indicted that the resistant phenotype first
appeared in late March 2003 in the LTAC unit. The orga-
nism next appeared in the ACH ICU. Of 229 patients
identified as having at least 1 culture positive for AB,
151 had MDR-AB. This report outlines the epidemio-
logic study that was undertaken, the results of mole-
cular testing, and the interventions taken to reduce
transmission and prevalence of MDR-AB.

MATERIALS AND METHODS

Organism identification

Using standard commercial identification systems,
229 AB isolates were identified in the clinical microbi-
ology laboratory between March 2003 and December
2004. Of the 229 isolates, 151 (66%) were (MDR-AB).

Susceptibility testing

Initial susceptibility testing was performed by either
disk diffusion or broth microdilution using a commer-
cially prepared panel (DADE Microscan, West Sacra-
mento, CA). Isolates were considered to be MDR-AB if
they were sensitive to 3 or less antibiotics. A notable
characteristic was that all MDR-AB isolates were sensi-
tive to imipenem. The index case isolate was resistant
to all antibiotics tested except ampicillin/sulbactam
and imipenem. Resistance was noted with penicillins,
aminoglycosides, and fluoroquinolones.

Molecular epidemiology

Pulsed-field gel electrophoresis (PFGE) of SpeI digests
of bacterial chromosomal DNA was performed in house
on 103 AB isolates (99 MDR-AB and 4 non-MDR-AB) us-
ing the GenePath system (Bio-Rad Laboratories, Hercu-
les, CA). Analysis of fingerprint patterns was performed
by visual inspection. MDR-AB isolates showing identical
DNA banding patterns were considered to be clonal. Iso-
lates that differed by 1 to 3 bands were considered pos-
sibly related, whereas isolates showing greater than 3
band differences were thought to be unrelated.

Data analysis

Statistical data was collected by review of patient
medical charts, discharge summaries, pharmacy rec-
ords, and microbiology laboratory reports.

RESULTS

Age and sex demographics show a total of 86 men
ranging in age from 22 to 85 years and 65 women rang-
ing in age from 34 to 84 years. Sources of isolates were
respiratory tract, 108 (72%); wounds, 32 (21%); blood,
6 (4%); and urine, 5 (3%). An epidemiologic review of
MDR-AB isolates revealed that 20% of the ventilator-
associated pneumonias (VAPs) reported in 2003 and
22% of the VAPs in 2004 were associated with MDR-
AB. A low percentage of bloodstream infections (BSIs)
and surgical site infections (SSIs) were associated
with MDR-AB. The infection rates were 0% for BSIs
and 1% for SSIs with MDR-AB in 2003 and 2004.

The index case appeared in March 2003. The
number of isolates from the LTAC peaked in May of
2003, and the number of isolates from ACH peaked
in June of 2003. The highest monthly occurrence of
MDR-AB occurred June 2003 (see Fig 1). The LTAC
had the highest rate of MDR-AB, and the ACH had the
highest number of isolates. There were 70 (46.4%)
isolates on the LTAC, 27 (17.9%) isolates on the medical
ICU, and 26 (17.2%) isolates on the surgical/trauma
ICU. Of the 28 (18.5%) remaining isolates, none were
concentrated on any one particular unit (including
the surgical cardiovascular ICU and the CCU). Figure 2
shows the incidence rate of MDR-AB per 1000 patient-
days.

Molecular typing of chromosomal DNA digest using
PFGE showed that 88 of 99 MDR-AB strains tested
(89%) gave an identical banding pattern, which was
designated as clone A (see Fig 3). Eight additional iso-
lates were variants of clone A, and 3 isolates were
unrelated to clone A. These 3 isolates gave similar sus-
ceptibility patterns to the index MDR-AB isolate. The
4 non-MDR-AB isolates tested gave DNA fingerprint
patterns distinct from all MDR-AB isolates tested.

DISCUSSION

To control the spread of this organism in the ACH,
a 3-fold team approach was initiated. This approach
included (1) the Microbiology Department’s rapid
preliminary identification and notification to the Infec-
tion Control Department, (2) the placement of all new

Fig 1. MDR-AB isolates 2003-2004 in ACH
and LTAC.
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patients with positive isolates into contact precaution,4

and (3) the notification of attending physicians of the
increased occurrence of MDR-AB.

The original infection control precautions—
isolation of patients into private rooms, contact pre-
cautions, and STOP signs at the door—failed to control
completely the spread of this organism. Additional mea-
sures were taken beginning the first week of January
2004. Education of staff was provided on a case-
by-case basis.

Timely notification of readmissions and transfers of
affected patients were improved so that isolation pre-
cautions could be instituted immediately. The infection
control staff instituted extended contact precautions.
These precautions included universal gloving for the
entire nursing unit in which these patients were admit-
ted. Universal gloving is the use of disposable gloves
for any patient contact regardless of the patient’s
microbiologic status.5 The Infection Control Depart-
ment increased the investigation to include room trans-
fers of affected patients and comparisons of the
sensitivities of the organisms to assess for horizontal
transmission.

The infection control staff at the ACH worked collab-
oratively with the infection control nurse at the LTAC.
Equivalent procedural revisions, as discussed above,
were initiated at the LTAC. Several conditions made
compliance more difficult for the LTAC: nurse/patient
ratio, high-risk observation rooms, and turnover in
the infection control position. There are more patients
per nurse in the LTAC. The LTAC high-risk observation
rooms are multibed. This demanded prioritization
between close observation of respiratory status and
the need for isolation. The change in the infection

Fig 2. MDR-AB incidence rate per 1000 patient-
days comparison ACH and LTAC 2003-2004.
control nurse left the LTAC without adequate infection
control expertise for several weeks. The newly hired
nurse was without infection control experience. These
factors created an environment less conducive to full
compliance of the newest procedures. As time pro-
gressed, LTAC infection control compliance improved,
including appropriate use of extended contact precau-
tions and universal gloving.

CONCLUSION

MDR-AB, in agreement with the experience of
others,6 is primarily a respiratory organism, with the
majority of the isolates found to be colonizers rather
than causing disease. The organism is very resistant
to most antibiotics, but we do not believe it to be highly
pathogenic. The incidence of new cases was as high
as 15 isolates in June of 2003 and as low as 3 isolates
in each of the months of March, April, and June of
2004. The LTAC appears to have been an ongoing reser-
voir for multidrug-resistant organisms.7

Continuing surveillance of MDR-AB indicates that
this organism has become entrenched in both the
ACH and the LTAC facilities. Regardless of our stringent
infection control measures, we have been unable to
totally eradicate the organism. Surveillance of new
admissions from local nursing homes are now showing
various diagnostic isolates colonized with MDR-AB,
indicating the presence of this organism in other facil-
ities. The number of isolates has remained low in the
ACH (1 or 2 per month) since the end of this study,

Fig 3. PFGE patterns of SpeI-digested genomic
DNA of A baumannii nosocomial isolates (lanes 2-4
and 6-9). Control Staphylococcus aureus in lanes 1, 5,

and 10.
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but the number of isolates in the LTAC continues
to remain elevated (2 or 3 per month) with a high of
8 in June 2005 and a low of 0 in July 2005).

The infection control professional dedicated to the
critical care units in the ACH maintains daily surveil-
lance of AB occurrence in the LTAC and ACH, evalu-
ates sensitivity patterns for increased resistance,
and reviews antibiotic usage. The use of extended
contact precautions, continuing education of medical
staff in affected units, monitoring for readmissions
and transfers of affected patients, and reporting re-
sults to the individual nursing units on a routine ba-
sis has kept transmission of MDR-AB controlled in
the ACH. The Infection Control Department from
the ACH continues to monitor for all emerging multi-
drug-resistant organisms and works with the infec-
tion control professional at the LTAC. Additional
actions could include aggressive environmental pro-
cedures and practice revisions including respiratory
precautions.6,8

The authors thank L. B. Fields and S. K. Bullock for helping with the preparation of the
manuscript.
References

1. Abbo A, Navon-Venezia S, Hammer-Muntz O, Krichali T, Siegman-Igra

Y, Carmeli Y. Multidrug-resistant Acinetobacter baumannii. Emerg Infect

Dis 2005;11:1-13.

2. Busk K. Beta-lactamases of increasing clinical importance. Curr Pharm

Des 1999;5:839-45.

3. Maslow JN, Glaze T, Adams P, Lataillade M. Concurrent outbreak of

multidrug-resistant and susceptible subclones of Acinetobacter baumannii

affecting different wards of a single hospital. Infect Control Hosp Epide-

miol 2005;26:69-75.

4. Guidelines for isolation precautions in hospitals. Hospital Infection Control

Advisory Committee. Publication date: January 1, 1996. Available at: http:

//wonder.cdc.gov/wonder/pervguid/p0000419/p0000419.asp. Accessed

January 1, 2004.

5. Weinstein RA. Controlling antimicrobial resistance in hospitals: infec-

tion control and use of antibiotics. Emerg Infect Dis 2001;7:188-91.

6. Urban C, Segal-Maurer S, Rahal JJ. Considerations in control and treat-

ment of nosocomial infections due to multidrug-resistant Acinetobacter

baumannii. Clin Pract 2003;36:1268-74.

7. Dipersio JR, Deshpande LM, Biedenbach DJ, Toleman MA, Walsh TR,

Jones RN. Evolution and dissemination of extended-spectrum

b-lactamase-producing Klebsiella pneumoniae: epidemiology and molec-

ular report from the SENTRY Antimicrobial Surveillance program

(1997-2003). Diagn Microbiol Infect Dis 2005;51:1-7.

8. Brooks SE, Walczak MA, Hameed R. Are we doing enough to contain

acinetobacter infections? Infect Control Epidemiol 2000;21:304.

http://wonder.cdc.gov/wonder/pervguid/p0000419/p0000419.asp
http://wonder.cdc.gov/wonder/pervguid/p0000419/p0000419.asp


Validation of surgical site infection
surveillance in orthopedic procedures
Kaisa Huotari, MD,a,b Niina Agthe, RN,a and Outi Lyytikäinen, MD, PhDa

Helsinki, Finland

Background: Valid data are essential for a national surveillance system of nosocomial infections.
Methods: In 8 hospitals conducting surgical site infection (SSI) surveillance for orthopedic procedures, a validation team performed
a blinded retrospective chart review (10 operations with reported infections, 40 without) and interviewed infection control nurses.
Results: In total, 397 patient charts were reviewed. Positive and negative predictive values for routine surveillance were 94% (95%
CI: 89%-99%) and 99% (95% CI: 99%-100%), respectively. When these results were applied to the aggregated surveillance data (403
infections, 10,068 noninfections), sensitivity was 75% (95% CI: 56%-93%) and specificity 100% (95% CI: 97%-100%). The follow-
ing case finding methods were used: ward visits (in 7/8 hospitals), microbiology reports (5/8), ward notifications by link nurses (8/8),
and other nursing (7/8) and medical (5/8) staff. The wound culture rate ranged from 9 to 67 per 1000 patient-days. All hospitals
carried out postdischarge surveillance on readmission and all but 1 at follow-up visits and by an additional questionnaire.
Conclusion: Most SSIs reported by the hospitals were true infections, showing that, when an SSI was reported, the definitions were
correctly implemented. Some SSIs were missed, which might be due to weaknesses in case finding. Variation in diagnostic prac-
tices may also affect SSI rates. (Am J Infect Control 2007;35:216-21.)
Since the Study on the Efficacy of Nosocomial Infec-
tion Control (SENIC) showed that hospitals with inten-
sive infection surveillance and control activities were
effective in reducing their nosocomial infection rates,1

surveillance has been an essential part of well-de-
signed infection control programs. Efficacy of sur-
veillance with feedback to practising surgeons in
preventing surgical site infections (SSIs) has also been
demonstrated in several other studies.2-5 To facilitate
the prevention of SSI, national or regional surveillance
networks for nosocomial infections have been widely
introduced in the United States and Europe.

There are demands for interhospital comparison of
SSI rates as a measure of the quality of patient care.
Data should therefore be collected on accuracy and
consistency.6,7 In surveillance networks, validation
studies are essential to ensure credibility and validity
of data.8,9
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SSIs in orthopedic prosthetic surgery are among the
most serious health care-associated infections: pros-
thetic joint infections may prolong length of hospital
stay, lead to reoperations, and increase health care
costs.10,11 Orthopedic operations were the first proce-
dures under surveillance in the Finnish Hospital Infec-
tion Program (SIRO), which has been operating since
1999, and more hospitals perform SSI surveillance
for these operations than any other procedure. Our
SSI rates for hip and knee prosthetic procedures
have been relatively high compared with rates re-
ported by other surveillance systems in Europe and
the United States.12 Our previous study showed a
wide variation in these rates between participating
hospitals. The variation was due not only to differ-
ences in postdischarge surveillance intensity but also
to differences in in-hospital surveillance. We therefore
focused our first validation study on surveillance data
in orthopedic surgery.

METHODS

Surveillance system

Nine hospitals (3 tertiary care, 3 secondary care, and
3 other hospitals) conducted prospective surveillance
for SSIs in orthopedic surgery on a continuous basis
during 1999-2003. Procedures under surveillance
were hip and knee joint replacements and open reduc-
tions of femur fracture.

In-hospital surveillance was conducted by using the
Centers for Disease Control and Prevention (CDC) defi-
nitions13 and the National Nosocomial Infection Sur-
veillance System (NNIS) methodology.14,15 A written
protocol with CDC definitions translated into Finnish
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was provided. For case finding, the infection control
nurses (ICNs) responsible for surveillance are recom-
mended to visit wards once a week and obtain addi-
tional information from microbiology laboratory
reports, patient charts, and medical/nursing staff. After
discharge, all hospitals conducted surveillance on read-
mission and at follow-up visits and, in 7 hospitals, also
by an additional postdischarge questionnaire, which
was given to each patient at discharge. The standard-
ized questionnaire included the following variables:
purulent drainage, other signs or symptoms of infec-
tion (pain, tenderness, swelling, redness, or heat), inci-
sion opened by a surgeon, wound culture taken, and
antimicrobial treatment given to SSI. If a patient had
clinical signs or symptoms in the wound area and con-
tacted the health care system, the questionnaire was
filled out by a health care professional (nurse or physi-
cian). The training on surveillance methodology orga-
nized by the SIRO for local ICNs included a site visit
at the beginning of the surveillance, meetings at least
once a year, and an opportunity to consult the SIRO
team by phone whenever needed.

For each infection, local ICNs collected and recorded
manually the following data on a form: the patient’s
national identity code (includes age and sex), date of
surgery, procedure code, date and type of SSI, microor-
ganism if identified, and location of detection. When
the SSI was detected after discharge, the location of de-
tection was recorded, ie, on readmission to the hospi-
tal, at follow-up visit, or in outpatient setting by the
postdischarge questionnaire. For each patient under
surveillance, the following data were uploaded from
hospital databases and sent in electronic form to the
national center: the patient’s national identity code,
date of surgery, procedure code, American Society of
Anesthesiologists (ASA) score, wound contamination
class, duration and urgency of operation, date of ad-
mission and discharge, and discharge status. In the na-
tional surveillance database, the infection reports were
linked to the uploaded data by using the patient’s na-
tional identity code and the date and code of the proce-
dure. At regular intervals, the infection reports not
combined in the automatic process were examined.
These reports were first checked for possible errors
in data entering, and, second, the local ICNs were con-
tacted, if needed. The errors found were manually
corrected.

Feedback was given through the project Web site,
which was only accessible by use of a password given
to authorized persons from the participating hospitals.
Each hospital had access to its own data, and all hospi-
tals had access to the aggregated data. Feedback in-
cluded several report tables generated on-line from
the database according to the users’ search criteria
(hospital, time period, and procedure group).
Validation study

All 9 hospitals were invited to participate in the
voluntary validation study. During 1-day visits, a retro-
spective chart review and a structured interview with
the ICN were carried out.

At each hospital, a validation team retrospectively
reviewed a sample of patient charts, including all clin-
ical data and laboratory and radiology reports. The
sample of charts contained 10 orthopedic operations
with and 40 without infection. The surveyors were
blinded to the patient’s infection status as recorded
by the hospital ICN. The validation team, which was
considered the gold standard for validation, consisted
of 2 SIRO team members: an experienced ICN (N.A.)
and an infectious disease specialist-in-training (K.H.),
supported by the SIRO project leader (O.L.). If an SSI
was assessed to be present, the CDC criteria that the
SSI fulfilled and the type and date of the SSI were
recorded. After the review, discrepant files were
discussed with the ICN to determine sources of
discordance.

Exhaustiveness (completeness) of the denominator
was examined by checking the proportion of infection
reports not combined in the automatic process (as a
result of, eg, an error in the patient’s national identity
code or missing denominator data). The proportions
of missing values in certain important fields (ASA score,
wound contamination class, and duration of operation)
were also evaluated.

In every hospital, the ICN responsible for quality of
surveillance data was interviewed. The structured in-
terview included questions about the process of data
collection, interpretation of the case definition, and
methods of postdischarge surveillance.

To calculate the rate of wound cultures per 1000
patient-days in orthopedic wards of each hospital, the
number of wound cultures, both surgical and other
wounds, taken by orthopedic wards in 2003 was ob-
tained from local microbiology laboratories and the
patient-days from hospital administration.

Statistical methods

From the sample of charts reviewed, a positive pre-
dictive value (PPV) was determined by calculating the
proportion of true infections among all infections iden-
tified by routine surveillance and a negative predictive
value (NPV) by the proportion of true negative cases
among all patients identified as not infected by routine
surveillance. Because the prevalence of SSI differed
between the sample of reviewed charts and the aggre-
gated SIRO data (20.7% vs 3.8%, respectively), the
results of the chart review were applied to the aggre-
gated surveillance data by multiplying the number
of all SSIs detected by routine surveillance during
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1999-2003 by the positive predictive value to obtain
an approximation of the number of true infections.
The same procedure was performed for negative cases
with the negative predictive value. This allowed sensi-
tivity and specificity for the aggregated surveillance
data to be determined. Confidence intervals were cal-
culated by the asymptotic normal theory with the delta
method.

RESULTS

Eight of the 9 invited hospitals participated in the
study. In total, the validation team reviewed 397 patient
charts. Results of the chart review are presented in
Table 1 Routine surveillance had identified 83 SSIs,
78 of which were identified as SSIs also by the valida-
tion team (ie, true positive infections). Thus, the posi-
tive predictive value was 94.0%, with a 95% CI of
88.9% to 99.1%. Among the charts reviewed, no infec-
tions during routine surveillance had been reported af-
ter 314 operations, and the validation team confirmed
310 of these negative reports (ie, true negative cases),
yielding a negative predictive value of 98.7%, with a
95% CI of 97.5% to 100%.

When the results of the validation study were
applied to the aggregated surveillance data (during
1999-2003: 592 infections and 14,551 noninfections),
a sensitivity of 75.0%, with a 95% CI of 56.7% to
93.4%, and a specificity of 99.8%, with a 95% CI of
99.5% to 100%, were yielded (Table 2). One hospital
was responsible for most of the infections missed
(3/4) and for 1 false-positive infection (1/5). When the
results of this hospital were excluded, the positive pre-
dictive value for the remaining 7 hospitals was 94.6%,
with a 95% CI of 89.6% to 99.8%, and the negative pre-
dictive value 99.6%, with a 95% CI of 98.9% to 100%.
When these predictive values were applied to the ag-
gregated surveillance data, without the excluded hospi-
tal, the sensitivity for routine surveillance increased to
91.5% (95% CI: 76.4%-100%) and the specificity to
99.8% (95% CI: 99.6%-100%).

The reasons for missing 4 (2 superficial and 2 deep
incisional) SSIs during routine surveillance were that
an ICN had not received information about the SSIs

Table 1. Results of the chart review*

Chart review by validation team

Infection 1 Infection 2 Total

Routine surveillance 1 78 5 83

Routine surveillance 2 4 310 314

Total 82 315 397

*Positive predictive value (PPV) 5 78 / 83 5 94.0 %. Negative predictive value (NPV) 5

310 / 314 5 98.7 %.
from an outpatient department (2) or from a ward (2)
Explanations for overreporting SSIs were related to
interpretation of the case definition (5). Most (3/5)
false-positive SSIs were superficial incisional without
appropriate clinical signs or symptoms. One organ/
space SSI with clinical onset 2 years after the operation
was reported.

Of the 78 SSIs classified as true infections by the
validation team, 49 (63%) were superficial incisional,
8 (10%) deep incisional, and 21 (27%) organ/space in-
fections. The types of SSIs reported by routine surveil-
lance differed from these (Table 3). Problems with
classification most commonly occurred in the organ/
space SSI: half of which were misclassified as deep. If
the types of SSIs are given in 2 categories, superficial
and severe (ie, deep incisional and organ/space), less
misclassifications were found. Only 2 (4%) superficial
SSIs were reported as severe and 4 (14%) severe SSIs
as superficial in routine surveillance.

In the routine surveillance data for 1999-2003, the
proportion of infection reports that was not combined
in the automatic process of all infection reports was
4.4% (18/403): 8 with a typing error in the patient’s
national identity code and 10 with denominator data
missing. The typing errors were corrected, and infec-
tion and procedure data were then successfully com-
bined. The proportions of missing values in the ASA
score, wound contamination class, and duration of
operation were 3.7%, 1.4%, and 1.1%, respectively.

According to the structured interviews, the most
common case finding methods for prospective SSI sur-
veillance were ICN ward visits (mostly once a week to
once a month, in 1 hospital only when needed), ward
notifications by link nurses and by other nursing staff,
and postdischarge questionnaires, but microbiology
laboratory reports were also used (Table 4). If a case
of an SSI was found by ward notification, an ICN
reviewed patient charts of every suspected SSI in 3
hospitals and selectively in 5 hospitals. Some incom-
pleteness in medical records was reported by ICNs (7/8);
most ICNs (6/8) particularly described a need for more

Table 2. Chart review results applied to total SIRO
surveillance data*

All operations

under surveillance during 1999-2003

Infection 1 Infection 2 Total

Surveillance 1 556y 36 592

Surveillance 2 185 14,366z 14,551

Total 741 14,402 15,143

*Sensitivity 5 556/741 5 75.0 %. Specificity 5 14,366/14,402 5 99.8 %.
yPPV 3 592 5 556.
zNPV 3 14,551 5 14,366.
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accurate documenting of wound status. One ICN re-
ported that antimicrobial agents used were not always
documented (mostly prescribed at discharge).

Most of the hospitals conducted postdischarge sur-
veillance at follow-up visits (7/8), on readmission (8/
8), and in outpatient settings by an additional question-
naire (7/8). The postdischarge questionnaire was given
to each patient under surveillance at discharge. Five
hospitals used the standard questionnaire provided
by the SIRO, which included all criteria of the CDC def-
inition. Two hospitals used their own postdischarge
questionnaires: one with no criteria and the other
with the most important criteria. All questionnaires
were requested to be returned by 4 hospitals: the re-
sponse rate in these hospitals varied between 46%
and 70%. In 3 hospitals, the questionnaires were re-
quested to be returned only if an SSI was identified.
Three ICNs noted that, also, local/regional settings tak-
ing care of follow-up treatment and rehabilitation were
trained in postdischarge surveillance.

The ICNs experienced difficulties in the interpreta-
tion of SSI case definition and date of SSI (onset of signs
and symptoms vs date of wound culture). Five ICNs had
problems with distinguishing deep incisional infec-
tions from organ/space infections after orthopedic pro-
cedures. Two ICNs were uncertain of how to interpret
prolonged serosal drainage with positive microbial cul-
ture. Six ICNs responded that they had also reported
SSIs found after the time limit imposed by the CDC def-
inition (30 days for superficial incisional infections and
1 year for deep and organ/space infections).

The rate of wound cultures was calculable for 7 hos-
pitals (1 hospital did not have a separate orthopedic
ward). The rate in the orthopedic wards of participating
hospitals varied between 9 and 67 per 1000 patient-
days, but did not correlate with SSI rates by hospitals
(P 5 .38).

DISCUSSION

Our findings suggest that most SSIs reported to the
national surveillance system by participating hospitals
were true infections. Thus, when an SSI case was re-
ported, the criteria of the case definition were correctly

Table 3. Types of true surgical site infections reported by
routine surveillance and by the validation team

Validation team, n (%)

Routine

surveillance

Superficial

incisional

Deep

incisional

Organ/

space

Superficial incisional 47 (96) 2 (25) 2 (10)

Deep incisional 2 (4) 5 (63) 9 (43)

Organ/space 0 (0) 1 (13) 10 (48)

All SSIs 49 (100) 8 (100) 21 (100)
interpreted. Some SSIs were missed, which might be
due to weaknesses in case finding. Variation in diag-
nostic practices may also have an effect on SSI rates.

When the sensitivity, specificity, and predictive
values of different validation studies are compared,
it is important to take into account the study design
and the calculation method used. The results are
straight applicable to the aggregated surveillance data
when the study sample includes all operations during
a certain time period,9,16 but, if not, as in our study,
they need further calculations. The positive predictive
value (94.0%), sensitivity (74.8%), and specificity
(99.8%) calculated for routine SIRO surveillance were
favorable compared with those reported in the few val-
idation studies of national surveillance systems for SSI
available.4,16,17 Our indicators were higher than in the
first validation study of the NNIS system, in which pos-
itive predictive value, sensitivity, and specificity for
SSI were 72%, 67%, and 97.7%, respectively.17 In this
study, the gold standard was also the experts’ retro-
spective chart review. In the Dutch national surveil-
lance system, a validation study of SSI surveillance
confirmed high accuracy for routine surveillance: pos-
itive and negative predictive values were as high as 100%
and 99%, respectively.4 Sensitivity and specificity for
the aggregated data were not, however, published.
When our results are compared with single-hospital
validation studies, they are again quite similar or a little
poorer. For example, in a validation study carried out in
a single tertiary care hospital with experts’ prospective
daily wound examination and chart reviews, accuracy
for standard SSI surveillance was slightly higher than
ours.16 During the first study period, sensitivity and
specificity for routine surveillance were 83.8% and
99.8%, respectively, and, during the second period,
sensitivity was 92.3%. However, in our study, the sen-
sitivity and specificity increased markedly (to 91.4%

Table 4. Results of the interview concerning case finding
methods in 8 hospitals participating in the validation study

Case finding method Number of hospitals (%)

Ward visits 7 (88)

Reports by medical/nursing staff 8 (100)

Method

Information technology-based reporting 7 (88)

Telephone calls 1 (13)

Person responsible for reporting

Link nurse from the ward 8 (100)

Other nurses from the ward 7 (88)

Training for case finding

Link nurses 8 (100)

Other nurses 4 (50)

SSI definitions available in the orthopedic ward 8 (100)

Microbiology reports 6 (75)

Infectious disease consultant 5 (63)

Postdischarge questionnaire 7 (88)
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and 99.8%, respectively) when the surveillance data of
the hospital with the most missed infections were
excluded.

In our validation sample, some underreporting by
hospitals was detected. Patients with missed SSIs had
passed through the SIRO hospitals, either through an
outpatient clinic or a ward, so that an ICN did not obtain
information about them. Thus, as in the NNIS valida-
tion study, inadequate case finding explained the
underreporting of SSIs.17 In the NNIS system, review
of both the microbiology reports and the patient charts
is mandatory, although case finding is not outlined in
detail because the most suitable sources of information
can vary locally. In our written protocol, all methods
available for case finding are recommended to be used.

Overreporting of infections was not a significant
problem. When it did occur, it was related to slight
variations in interpretation of the case definition; most
false-positive infections were superficial incisional SSIs
without adequate clinical signs or symptoms–at least
what was documented in charts. In addition, 1 organ/
space SSI was reported 2 years after an operation;
the patient had been completely symptom free at the
1-year follow-up visit. Even when the CDC definition
is correctly interpreted, it is not fully objective because
of 2 criteria: the surgeon’s diagnosis and wound cul-
ture.13,18,19 Variability in the clinician’s diagnosis and
7-fold variability in wound culturing activity is likely
to affect SSI rates, as well as having an impact on the de-
cisions made by the validation team. Although valida-
tion studies enable the accuracy of case finding and
the surveillance process to be evaluated, SSI rates even
after validation may be affected by differences in diag-
nostic practices between hospitals and surgeons. Al-
though the positive culture is only one of the CDC
criteria, SSIs without positive culture are more difficult
to find.

The interpretation of the CDC definition was also ex-
amined by comparing the types of SSIs detected during
routine surveillance and by the validation team. Dis-
crepancies were less common when the infection
types were analyzed in 2 categories instead of 3. This
might be related to the difficulty of distinguishing be-
tween infection types after orthopedic surgery. Most
severe SSIs misclassified as superficial had begun as
skin infections that had progressed. The SSI was re-
ported at the beginning of the infection, but no further
report had been given, even when indicated. Thus, the
importance of reporting these possible prosthetic joint
infections should be emphasized.

According to the ICN interviews, an important case
finding method in routine surveillance is information
technology-based reporting of SSIs by link nurses in
surgical wards. Most of the link nurses were trained
in case finding and definitions, and the CDC criteria
for SSIs were available in all wards. ICNs confirmed
the reported SSIs by reviewing patient charts either al-
ways or when needed. Most ICNs visited surgical wards
with a frequency from once a week to once a month,
which is very likely to cause variation in sensitivity
of case finding. ICNs carried out further case finding
by reviewing microbiology reports, cooperating with
infectious disease specialists, and following up the
results of a postdischarge questionnaire.

A limitation of this study was the small number of
charts reviewed. An optimal sample size would have
been 2 to 3 times larger. The retrospective study design
may also be considered a limitation, although this is
often the only method available for validation of a
national surveillance system with several hospitals.9,17

Despite these methodologic limitations, the results can
be used to plan future training for ICNs and to improve
the reliability of the surveillance system and the usage
of surveillance data in preventing SSIs.
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Surveillance of multidrug-resistant
gram-negative bacilli in a neonatal
intensive care unit: prominent
role of cross transmission
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Background: Multidrug-resistant gram-negative bacilli (MDRGN) are an important cause of nosocomial infections in neonatal
intensive care units (NICUs). We conducted a 1-year prospective surveillance study in an NICU to assess the epidemiology of
MDRGN among newborns and the relative importance of acquisition routes.
Methods: Neonates admitted at the NICU of the Dipartimento Materno-Infantile, University Hospital, Palermo, Italy, from January 7,
2003, to January 6, 2004, were included in the study. Colonization of patients with MDRGN was assessed by cultures of rectal swabs
sampled twice a week. Pulsed-field gel electrophoresis was used to determine relatedness among MDRGN isolates. Extended-
spectrum b-lactamases (ESBL) and metallo-b-lactamases (MBL) production was investigated. The association between risk factors
at admission and during the NICU stay was analyzed by multivariate logistic regression analysis.
Results: During the 12-month period January 7, 2003, through January 6, 2004, 1021 rectal swabs were cultured from 210 infants.
One hundred sixteen infants (55.2%) were colonized by MDRGN. The monthly incidence of acquisition of MDRGN ranged between
12 and 53 cases per 1000 patient-days. Eighty-four (72.4%) of the 116 patients were cross colonized. Exclusive feeding by formula
was significantly associated with cross transmission (RR 5 1.8, P 5 .02). Fifty-seven (49.1%) of the 116 infants were colonized by
ESBL-producing Enterobacteriaceae. Feeding by formula was significantly associated with colonization by ESBL-producing Enter-
obacteriaceae (RR 5 1.6, P 5 .007), whereas breastfeeding proved to be protective (RR 5 0.5, P 5 .001). Ninety-two (43.8%) of the
210 infants received antibiotics during the NICU stay, but exposure to those most frequently administered, ampicillin-sulbactam
and gentamicin, was not significantly associated with MDRGN colonization.
Conclusion: The emerging picture of this study is that spread of MDRGN in an NICU may be the result of diffuse cross transmission
and, consequently, of poor infection control procedures. (Am J Infect Control 2007;35:222-30.)
Nosocomial infections are an important problem in
neonatal intensive care units (NICUs), in which envi-
ronmental and host factors often contribute to higher
rates of infection than pediatric and adult ICUs.1-3

Since the 1980s, NICUs more and more frequently pro-
vide care for high-risk infants, including very-low-
birth-weight (VLBW) and chronically ill infants, and the
need of prolonged stay along with large use of invasive
life support measures increases the opportunity for
acquisition of late-onset nosocomial infections.3
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Infections with gram-negative bacilli that are resis-
tant to many commonly used antibacterial drugs are
increasingly reported in NICUs.4-10 The major endoge-
nous reservoir of multidrug-resistant gram-negative
bacilli (MDRGN) is the intestinal tract of hospitalized
infants.11 The large use of antimicrobial drugs and
cross transmission via the hands of caregivers, contam-
inated equipment, or inanimate objects play a promi-
nent role in selection and dissemination of MDRGN,
and failures in infection control practices can be re-
sponsible for diffuse horizontal spread.4-8,10 The inci-
dence of infections caused by organisms resistant to
the b-lactam agents has also sharply increased in
recent years and has often been associated to clonal
outbreaks.5,8

There have been several attempts to characterize the
epidemiology of nosocomial MDRGN by identifying
risk factors for their acquisition and using molecular
typing to trace horizontal transmission between new-
borns.4,6,8-10 However, in ‘‘endemic’’ contexts, dynam-
ics of transmission of MDRGN are expected to be
widely variable, depending on interaction between
human and environmental ecology of NICUs. Indeed,
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surveillance studies have yielded quite different find-
ings: drug-resistant bacilli clonally related on the basis
of molecular analysis accounted for proportions vary-
ing between 12% and more than 50% of isolates from
colonized patients.4,7-10

A prospective study was performed in the NICU
of the Dipartimento Materno-Infantile, University Hos-
pital, Palermo, Italy, to address the epidemiology of
MDRGN among newborns and determine by using
pulsed-field gel electrophoresis (PFGE) the frequency
of cross transmission. Risk factors for acquiring
MDRGN in the NICU were also identified.

METHODS

Setting

We conducted a 1-year prospective surveillance
study in the NICU of the University Hospital of
Palermo, Italy. The unit is part of the Dipartmento
Materno-Infantile, which is a reference center for
congenital malformation in Sicily. The department
includes also units of infertility and assisted reproduc-
tion and materno-fetal medicine. In the NICU under
study, approximately 200 patients are usually admitted
annually, including approximately 15% of VLBW new-
borns (birthweight ,1500 g). The NICU is divided into 2
rooms connected by sliding doors. Sinks are available
in each room. Gloves are used routinely in aseptic pro-
cedures. The average patient-to-nurse ratio is 3:1 and
2:1 in the intermediate care and intensive care section,
respectively.

Prematurity is the most common reason for admis-
sion to the NICU (approximately 70%). Other diagnoses
for admission include respiratory distress, congenital
malformation, surgical conditions, and infections.
First-line therapy for suspected early-onset sepsis is a
combination of ampicillin-sulbactam plus gentamicin.

Patients

All patients admitted from January 7, 2003, to Janu-
ary 6, 2004, who remained hospitalized for at least 48
hours in the NICU and from whom at least 1 rectal swab
culture could be obtained were enrolled in our study.
Demographic, clinical, and microbiologic data were
prospectively collected and entered into an Access
Database (Microsoft Corp, Redmond, WA). The follow-
ing parameters were recorded for all patients: demo-
graphic characteristics, gestational age, birth weight,
inborn or outborn condition, delivery type, APGAR
score, length of stay, comorbidity conditions. During
the NICU stay, data regarding use and duration of the
following devices and procedures that could be con-
sidered as possible risk factors were also collected:
antimicrobial therapy, central venous and peripheral
catheterization, nasogastric and endotracheal tube
insertion, and type of feeding (ie, parenteral, breast
milk, formula or mixed, breast milk plus formula).

A rectal swab culture yielding gram-negative bacilli
in absence of clinical symptoms and signs was con-
sidered evidence of colonization. Nosocomial infection
was identified according to the recommendations
of the Centers for Disease Control and Prevention,
Atlanta, GA.12 Diagnosis of infection was based on the
presence of clinical symptoms and signs, laboratory
findings (blood C-reactive protein level, white cell for-
mula), and culture results. Congenital anomalies were
defined as conditions listed under the International
Classification of Disease (ICD-9) codes 740 to 759.

Microbiologic surveillance

Rectal swabs were collected twice a week every
Tuesday and Friday from all infants throughout their
NICU stay. These were inoculated onto 1 MacConkey
agar plate per swab to obtain a continuous lawn after
overnight incubation in ambient air at 378C. Four anti-
biotic disks, containing gentamicin (10 mg), amoxi-
cillin-clavulanic acid (20-10 mg), imipenem (30 mg),
ceftazidime (30 mg), were placed on each plate before
incubation, as previously described.13 Selective media
were not used so that colonization by gram-negative
bacteria susceptible to antimicrobial drugs could be
detected. After incubation, plates were examined and,
colonies growing into each antibiotic inhibition halo
were Gram’s stained and subcultured for purity. Next,
after biochemical identification by API20E or API20NE
(BioMerieux, Marcy-l’Etoile, France), susceptibility to a
panel of 10 antimicrobial substances was assessed by
disk diffusion on Mueller-Hinton agar plates, according
to the National Committee for Clinical Laboratory Stan-
dards guidelines.14 The following antimicrobials were
tested: ampicillin (30 mg), amoxicillin-clavulanic acid
(30 mg), carbenicillin (10 mg), cefotaxime (30 mg), cefta-
zidime 30 mg), ceftriaxone (30 mg), cefepime (30 mg),
imipenem (30 mg), aztreonam (30 mg), and gentamicin
(10 mg).

For the purpose of our study, a gram-negative
organism resistant to at least 3 different groups of anti-
microbial agents (penicillins, cephalosporins, amino-
glycosides, carbapenems) was defined as MDRGN, and
a gram-negative organism resistant to 2 or less groups
of antimicrobial agents was defined as susceptible.
Extended-spectrum b-lactamase (ESBL) production
was detected by decreased susceptibility or resistance
to third-generation cephalosporins and the synergy
between disks containing cefotaxime, ceftazidime,
cefepime, and aztreonam and a disk containing amoxi-
cillin-clavulanic acid.15 Metallo-b-lactamases (MBL) pro-
duction by imipenem-resistant strains of Pseudomonas
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aeruginosa was detected by the EDTA-imipenem disk
synergy test.16

Molecular methods

To evaluate the frequency of cross transmission,
PFGE was performed on all available isolates associ-
ated with colonization, except for multiple isolates of
the same species obtained from the same infant that
did not exhibit differences in $1 biochemical reaction
and/or in susceptibility to $1 antimicrobial agent.

Chromosomal DNA was digested using XbaI endonu-
clease and resolved by PFGE in a CHEF-Mapper appara-
tus (Bio-Rad, Hercules, CA). Restriction fragment bands
were compared and analyzed using the Diversity Data-
base software (Bio-Rad). Strains were interpreted as
undistinguishable, closely related, possibly related, or
unrelated strains according to the criteria of Tenover
et al.17 Polymerase chain reaction (PCR) amplification
of CTX-M and SHV-5 type ESBLs and VIM type MBL se-
quences were performed as previously described.18,19

Statistical analysis

The association between potential risk factors and
MDRGN colonization was analyzed for variables present
at admission and during the NICU stay. Time-dependent
variables, ie, length of stay, nutrition, invasive procedures,
and antimicrobial use, were also measured as days
between admission and discharge or cumulative days
of exposure because patients were assumed to be at
risk of further colonization by a different species or strain
of MDRGN after the first isolation of a similar organism.

The association was tested by the Pearson x2 test
and the Fisher exact test for frequency analysis. The
relative risk (RR) and the 95% confidence intervals
(CI) for the risk factors were also calculated. One-way
analysis of variance (ANOVA) and the Mann-Whitney
U statistic test were used for parametric and nonpara-
metric analysis, respectively, to evaluate differences
between the variables considered. A multivariate model
was analyzed by stepwise logistic regression. All P
values were 2-sided, and P values less than .05 were
considered statistically significant. Data were analyzed
by the Epi Info software (version 6.0, Centers for Disease
Control and Prevention) and the Systat Software 8.0
version (SPSS, Inc., Chicago, IL).

RESULTS

General

During the 12-month period January 7, 2003,
through January 6, 2004, a total of 221 neonates were
admitted to the NICU for at least 48 hours. Among
these, only 11 missed rectal swab cultures and were
excluded from further analysis.
A total of 1021 rectal swab cultures were sequen-
tially obtained from 210 infants. The characteristics
of the study population are summarized in Table 1.
The average length of stay was 22.3 days (median,
13 days; range, 3-140). Ninety-two (43.8%) infants
received antibiotics during the NICU stay. Criteria for
infection were met by 25 (11.9%) patients, of whom
2 died. Association between infection and potential
risk factors at admission and during the NICU stay
were evaluated. No significant differences were noted
between infected and noninfected patients, except for
a higher frequency of malformation within the infec-
tion cases (20.8% vs 8.1%, P 5 .04), for the following
variables: gestational age, gender, outborn/inborn con-
dition, birth weight, twin birth, type of delivery, and
APGAR score.

Culture results

On average, patients were monitored for a mean of
14.5 days (median, 7 days; range, 1-87). One hundred
sixteen (55.2%) of 210 subjects were colonized with
MDRGN at some point over the study period. Thirty-
nine (18.6%) subjects were colonized by susceptible
bacteria, whereas 55 (26.2%) had no positive culture
for gram-negative bacilli (GN). Twenty-eight subjects
were colonized with MDRGN at the time of entry into
the study (ie, when their first rectal swab was taken at
the start of the study). Patients colonized by MDRGN
were monitored for a mean of 20.5 days (median,
11 days; range, 1-87), whereas patients colonized by
drug susceptible GN were monitored for a mean of
8.4 days (median, 7 days; range 1-28) and those not
colonized at any point over the study period for a mean
of 4.8 days (median, 1 days; range, 1-85, P , .0005;
MDRGN vs not colonized, P , .0005; MDRGN vs sus-
ceptible GN, P 5 .001; not colonized vs susceptible
GN, P 5 .61)

The time interval between admission and first rectal
swab for the patients colonized by MDRGN (mean, 5.7
days; median, 3 days, range, 1-107) was higher but not
significantly (P 5 .12) than that of the infants colonized
by susceptible GN (mean, 2.9 days; median, 2 days;
range, 1-18) and not colonized at all (mean, 2.3 days;
median, 2 days, range, 1-6). The interval between ad-
mission and first rectal swab for the 28 patients colo-
nized with MDRGN at the time of entry into the study
was significantly higher (mean, 10.7 days; median,
4 days; range, 1-107) than that of the infants whose first
rectal samples were culture negative (mean, 4.1 days;
median, 2 days; range, 1-81; P 5 .032).

Eighty-two (70.7%) colonized patients were still pos-
itive when their last rectal swab was taken before the
discharge. Of the 116 colonized patients, 56 (48.3%)
had 1 culture-positive rectal swab, 15 (12.9%) had 2,
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13 (11.2%) had 3, 11 (9.5%) had 4, and 20 (17.2%) had
5 or more. Thirty-nine patients (33.6 %) were colonized
simultaneously or subsequently with .1 MDRGN dur-
ing follow-up. For patients not found to be colonized
at the first rectal sampling, colonization was first de-
tected on average 15.7 days after admission (median,
12 days; range 4-84). Fourteen (12.1%), 3 (7.7%), and
8 (14.5%) infection cases were included among the
patients colonized by MDRGN, colonized by susceptible
GN, and culture negative, respectively (P 5 .35)

The monthly incidence of acquisition of MDRGN
varied over the 12-month period, with a minimum of
12 cases per 1000 patient-days and 3 clusters in March,
May, and September (Fig 1). This last month was asso-
ciated with an overcrowding of the NICU because of
the contemporary admission of 5 groups of preterm
multiple-birth neonates.

Risk factors for colonization with MDRGN

Selected clinical parameters at admission and dur-
ing the NICU stay were tested by univariate analysis
for their association with no growth of GN, with coloni-
zation with drug susceptible GN, and with at least
1 strain of MDRGN (Tables 2 and 3). Statistical analysis
indicated that the characteristics at admission most
strongly associated with resistant colonization were in-
born status, twin birth, early gestational age, and low
birth weight (Table 2).

Ampicillin-sulbactam and gentamicin were the most
frequently used antimicrobials, being administered to
more than 10% of patients. The mean time of use after
admission was 9.2 days (median, 7.5 days; range, 1-35)

Table 1. Characteristics of patients at the time of
admission to the neonatal intensive care unit

Population No. infants (%)

Sex (male) 106 (50.5)

Birth weight, g

#500 2 (0.9)

501-1000 11 (5.2)

1001-1500 17 (8.1)

1501-2000 45 (21.4)

2001-2500 36 (17.1)

.2500 99 (47.3)

Gestational age, wk

24-29 13 (6.2)

30-36 99 (47.1)

.36 98 (46.7)

Inborn 109 (51.9)

Age at admission .24 h 16 (7.6)

Twin birth 25 (11.9)

Cesarean delivery* 153 (75.4)

APGAR score at 5 min ,5y 2 (1.1)

Malformation 20 (9.5)

*Information about delivery type was available for 203 of the 210 infants.
yInformation about APGAR score was available for 189 of the 210 infants.
for ampicillin-sulbactam and 6.8 days (median, 6.0
days; range 1-23) for gentamicin. However, when their
use was assessed as a risk factor, no significant asso-
ciation with MDRGN acquisition was found (Table 3).
On the other hand, prolonged length of NICU stay
and total exposure to antimicrobial drugs were strongly
associated with MDRGN colonization (Table 3) In the 21
infants who were treated with third-generation cepha-
losporins, colonization by MDRGN (81.0%) was signifi-
cantly (P 5 .04) more frequent than colonization by GN
(4.8%) or negative culture for GN (14.3%).

Within the procedures used during the NICU stay,
insertion of endotracheal tubes and nasogastric tubes
proved to be significantly associated with MDRGN col-
onization by frequency analysis, although no signifi-
cant differences were detected in terms of days of the
device use (Table 3). On the contrary, insertion of cen-
tral venous catheters was significantly associated with
MDRGN colonization by the number of device-days
(Table 3). More days of breast milk feeding were signif-
icantly associated with colonization by susceptible GN
(Table 3). When these risk factors were assessed in
multivariate analysis, 3 major risk factors—early ges-
tational age, low birth weight, and length of NICU
stay—remained significantly associated with MDRGN
colonization (P , .005).

Colonization by multiple MDRGN species or geneti-
cally discordant strains, simultaneously or in subsequent
rectal swabs, was significantly associated (P , .001)
with the length of stay; for the multicolonized patients,
the average length was 47.0 days (median, 35.0 days;
range 18-158) in comparison with that of the mono-
colonized patients, 21.8 days (median, 14.0 days; range
3-74). The use of central venous catheters (RR 5 1.6;

Fig 1. Incidence density of colonization by all
bacterial species and the most frequently identified

bacterial clones.
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Table 2. Risk factors for colonization with MDRGN at admission

Colonized with

MDRGN n 5 116

Colonized with susceptible

GN n 5 39

Not colonized

n 5 55 P value

Gender (male)* 57 (49.1) 24 (61.5) 25 (45.5) NS

Inborn* 69 (59.5) 13 (33.3) 27 (49.1) ,.05z

Caesarean delivery* 86 (74.1) 26 (66.6) 46 (83.6) NS

Twin birth* 21 (18.1) 4 (10.3) 0 ,.01z

Malformation* 11 (9.5) 5 (12.8) 4 (7.3) NS

Gestational age (wk)y 34.2 (4.9) 36.9 (2.6) 37.1 (2.6) ,.001§

Birth weight (g)y 2135.2 (851.4) 2558.5 (757.5) 2788.5 (657.3) ,.001§

MDRGN, multidrug-resistant gram-negative bacilli; GN, gram-negative bacilli; NS, not significant.

*Expressed as yes frequency (%).
yExpressed as mean (SD).
zx2 test.
§ANOVA test.
95% CI: 1.2-2.3; P , .001) and nasogastric tubes (RR 5

1.8; 95% CI: 1.2-2.7; P , .001) was also significantly
associated with multiple colonization. By contrast, the
use of endotracheal tubes (RR 5 1.3; 95% CI: 0.9-1.8;
P 5 .40), peripheral catheters (RR 5 1.0; 95% CI: 0.8-
1.4; P 5 .36), parenteral nutrition (RR 5 1.1; 95% CI:
0.8-1.4; P 5 .26), feeding by formula only (RR 5 1.2;
95% CI: 0.9-1.6; P 5 .07), and administration of ampicil-
lin-sulbactam (RR 5 1.2; 95% CI: 0.9-1.6; P 5 .07) or
gentamicin (RR 5 1.1; 95% CI: 0.9-1.5; P 5 .16) at
admission was not associated with multiple MDRGN
colonization. When these risk factors were assessed in
multivariate analysis, early gestational age, low birth
weight, and length of NICU stay were significantly asso-
ciated with colonization by multiple species or strains
(P , .0005).

Eighty-four (72.4%) of the 116 infants positive for
MDRGN were colonized with genetically indistinguish-
able organisms. These patients were not significantly
different from those colonized by unique strains by
length of stay (mean, 32.2 days; median, 22 days; range
4-158 vs mean, 25.3 days, median, 14 days; range
3-90, P 5 .25), even though a positive trend was
evident. Exclusive feeding by formula was the only indi-
vidual factor significantly associated with cross trans-
mission (RR 5 1.8; 95% CI: 1.1-3.5; P 5 .02). The use
of central venous catheters (RR 5 0.9; 95% CI: 0.4-2.0;
P 5 .36), nasogastric tubes (RR 5 1.4; 95% CI: 0.7-3.0;
P 5 .17), endotracheal tubes (RR 5 0.7; 95% CI: 0.4-
1.4; P 5 .20), peripheral catheters (RR 5 0.9; 95% CI:
0.5-1.7; P 5 .38), parenteral nutrition (RR 5 0.5; 95%
CI: 0.2-1.2; P 5 .06), and administration of ampicillin-
sulbactam (RR 5 1.1; 95% CI: 0.6-2.0; P 5 .40) or genta-
micin (RR 5 1.0; 95% CI: 0.6-1.8; P 5 .49) at admission
were not associated with cross transmission.

Fifty-seven (49.1%) of the 116 MDRGN-positive
infants were colonized by ESBL-producing Enterobac-
teriaceae. These patients significantly differed from
those who were colonized by non-ESBL-producing
strains by birth weight (mean, 1964.9 g; median, 1850
g; range, 600-3450 vs mean, 2299.7 g; median, 2340 g;
range, 330-4500; P 5 .02) and length of stay (mean,
38.7 days; median, 30 days; range, 5-158 vs mean,
22.1 days; median, 13.0 days; range 3-74; P 5 .002).
By univariate analysis, feeding by formula was the
only factor significantly associated with colonization
by ESBL-producing Enterobacteriaceae (RR 5 1.6,
95% CI, 1.1-2.3, P 5 .007). On the contrary, feeding
by breast milk proved to be protective (RR 5 0.5; 95%
CI: 0.4-0.8; P 5 .001). Administration of gentamicin
(RR 5 1.1; 95% CI: 0.8-1.6; P 5 .30) and ampicillin-
sulbactam (RR 5 1.1; 95% CI: 0.7-1.5; P 5 .43) did not
increase significantly the risk of colonization by ESBL-
producing strains.

Colonizing strains, PFGE results, and
characteristics of the clusters

The species identified were as follows: Enterobacter
cloacae, 41 patients (35.3%); Pseudomonas aeruginosa,
36 patients (31.0%); Klebsiella oxytoca, 25 patients
(21.6%), Escherichia coli, 22 patients (19%); K pneu-
moniae, 21 patients (18.1%); Serratia marcescens,
9 patients (7.8%); and others (Citrobacter freundii,
Morganella morganii, E hermanni, Acinetobacter lwoffi,
Stenotrophomonas maltophilia), 15 patients (12.9%).

The 6 most frequent MDRGN species associated with
neonatal colonization during the study period were
E cloacae, P aeruginosa, K oxytoca, E coli, K pneumoniae,
and S marcescens (Table 4). Among the other species,
strains of S maltophilia, C freundii, and A lwoffi were
isolated from 3, 2, and 2 infants, respectively, but
they were genetically unrelated. Of the 153 strains
that were biochemically attributed to the 6 most
frequently identified species and submitted to PFGE
analysis, 101 (66.0%) were isolated from at least 2
patients. In 11 instances, the cluster included 2 or 3
patients. The remaining 7 clusters involved from 4 to
21 patients, the largest being caused by P aeruginosa
(21 patients) and K oxytoca (21 patients) (Table 4). The
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Table 3. Risk factors for colonization with MDRGN during NICU stay

Colonized with

MDRGN n 5 116

Colonized with susceptible

GN n 5 39

Not colonized

n 5 55 P value

Endotracheal tube* 33 (28.4) 2 (5.1) 9 (16.4) ,.01z

Central venous catheter* 44 (37.9) 8 (20.5) 15 (27.3) NS

Intravenous catheter* 77 (66.4) 19 (48.7) 34 (61.8) NS

Nasogastric tube* 33 (28.4) 8 (20.5) 3 (5.5) ,.01z

Parenteral nutrition* 81 (69.8) 23 (59.0) 37 (67.3) NS

Breast milk feeding* 56 (48.3) 22 (56.4) 35 (63.6) NS

Formula only* 61 (52.6) 20 (51.3) 22 (40.0) NS

Endotracheal tube, daysy 7.6 (9.0) 2.0 (1.4) 13.2 (28.5) NS

Central venous catheter, daysy 12.1 (10.8) 6.0 (3.9) 5.2 (2.2) ,.05§

Intravenous catheter, daysy 6.2 (6.9) 5.6 (2.7) 7.7 (14.5) NS

Nasogastric tube, daysy 12.7 (12.6) 14.7 (11.7) 16.7 (13.0) NS

Parenteral nutrition, daysy 9.6 (10.2) 7.3 (11.1) 8.3 (16.7) NS

Breast milk feeding, daysy 6.6 (5.2) 10.4 (9.8) 5.9 (4.7) ,.05§

Formula only, daysy 12.1 (14.4) 15.5 (9.6) 9.4 (9.9) NS

Length of stay, daysy 29.7 (27.5) 15.9 (10.8) 11.0 (14.7) ,.001§

Total exposure to antibiotics, daysy 8.0 (13.5) 2.3 (6.2) 5.5 (13.8) ,.01§

Ampicillin-sulbactam, daysy 4.7 (7.0) 1.7 (3.3) 3.2 (4.5) NS

Gentamicin, daysy 3.2 (4.3) 1.6 (3.4) 2.3 (3.2) NS

MDRGN, multidrug-resistant gram-negative; GN, gram-negative; NS, not significant.

*Expressed as yes frequency (%).
yExpressed as mean (SD).
zx2 test.
§ANOVA test
mean number of days that a cluster- related MDR
organism could be cultured was 60.4 days. In most
instances, genetically indistinguishable organisms
were isolated from infants whose NICU stay overlapped
in time. However, in 3 clusters involving E cloacae (pul-
sotype C), P aeruginosa (pulsotype A), and S marcescens
(pulsotype A), indistinguishable organisms were identi-
fied several weeks after the previous positive cases had
been discharged.

Pattern of spread

The monthly incidence of acquisition of MDRGN
and the 6 most frequently identified strains over the
12-month study period are illustrated in Fig 1. The
peaks of the overall incidence density of colonization
appear to be largely attributable to the cumulative
effect of the epidemic cross-transmission phases of
the 6 most frequent bacterial clones. Eighteen patients
out of 28, which were colonized with MDRGN at the
time of entry into the study, proved to be colonized
by strains with a PFGE profile previously detected in
the NICU, whereas 9 were positive for unique P aerugi-
nosa strains genetically unrelated to each other and to
the prevalent one (pulsotype A).

DISCUSSION

MDRGN organisms are becoming the prevalent
causal agents of infection in NICUs.20 Epidemiologic
features of circulation of these organisms have been
described by several authors, who have identified risk
factors for colonization and infection and applied
molecular tracing as a tool for assessing transmission
pathways and cross-transmission burden and address-
ing drug-resistance control strategies.4,6,8-10

Our study showed a colonization rate higher than
that reported by some previous studies9; indeed,
more than 50% of patients proved to be colonized by
MDRGN, and approximately one fourth of these were
precociously colonized, probably as a consequence of
a high prevalence of already colonized patients, a var-
iable previously defined as ‘‘colonization pressure.’’21

Moreover, in our study, most patients were colonized
by the same strain for prolonged intervals of time
and often up to their hospital discharge. Multiple
colonization was also more frequent than previous
findings.9 Of particular interest, a very high cross-
transmission rate was detected in our study by the
application of molecular typing, with several clusters
of small size including 2 to 3 patients but also larger
size clusters involving up to 21 patients. Moreover,
some large size clusters were traced over a long period,
suggesting the probable role of a common environ-
mental reservoir interacting with inadequate hygienic
practices by the health care providers.4,10,22 This find-
ing seems to be in sharp contrast with those reported
by some previous studies, which suggest that short
duration and low incidence of cross transmission are
the prominent features of colonization in nonepidemic
periods in NICUs.9 Different hygienic practices and
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Table 4. Characteristics of clusters of MDRGN strains*

Species

No. of cross-colonizing

isolates/total

No. of patients/cluster

(duration of cluster, days)y

Resistance mechanism

of the predominant strains

Enterobacter cloacae 31/43 12 (293), 8 (68), 3 (26), 2 (26), 2 (1), 2 (1), 2 (1) ESBL (SHV-5)

Pseudomonas aeruginosa 25/34 21 (280), 2 (36), 2 (4) MBL (VIM-11)z

Klebsiella oxytoca 24/28 21 (121), 3 (18) ESBL (SHV-5)

Escherichia coli 19/24 15 (60), 2 (18), 2 (4) ESBL (CTX-M)

Klebsiella pneumoniae 6/17 4 (28), 2 (15)

Serratia marcescens 6/7 6 (88)

MDRGN, multidrug-resistant gram-negative.

*Only isolates available for PFGE analysis are considered.
yEach number indicates the number of colonized infants in each cluster. The duration of clusters is calculated on the basis of the isolation dates.
zGenBank accession number AY635904.
predominant circulation of gram-negative bacilli with
an enteric ecology could have significantly influenced
the peculiar behavior of MDRGN in our study.10,11

Furthermore, overcrowding and consequent relative
understaffing, by amplifying the chances of cross
contamination via hands of health care workers, have
likely unleashed the incidence peak of colonization
we observed in September. As outlined by Harbarth
et al,7 understaffing, overcrowding, and poor hygiene
practices are issues of major concern in NICUs and
may switch on epidemic chains of transmission, espe-
cially in our age of cost containment in health
care.10,23 However, the concurrent role in promoting
epidemic cross transmission of some microorganism
properties, like the tenacious resistance to hostile envi-
ronmental conditions of P aeruginosa or the attitude
toward explosive spread of some ‘‘particularly fit’’
ESBL-producing strains, should not be overlooked.6,22

Furthermore, our study identified a high percentage
of ESBL- and MBL-producing isolates. Noteworthy, a
carbapenem-resistant strain of Pseudomonas aerugi-
nosa proved to produce a new metallo-b-lactamase
identified as VIM11. Such a finding appears alarming
because of the increased mortality and cost of hospital-
ization associated with infections because of these
organisms and the poor sensitivity of routine labora-
tory testing in their detection.

However, in contrast with the very high frequency of
MDRGN colonization, infection occurred in only 12%
of patients, accordingly with other studies.9 In our set-
ting, the relatively low proportion of VLBW infants, in
whom health care-associated infections are most prob-
able to occur after colonization, likely contributed to
minimize the risk of infection. Infected and uninfected
infants did not significantly differ in their characteris-
tics at admission, except for more frequent malfor-
mation in the infected ones. However, it is known
that congenital malformation, especially the major
ones that often require surgery and very prolonged
hospital stay, may play a significant role in neonatal
infections.1,3
Both MDRGN colonization and multicolonization
proved to be associated with early gestational age,
low birth weight, and length of stay, whereas the role
of invasive life support procedures as independent
risk factors was not confirmed by multivariate analysis.
This is consistent with previous observations that, in
some cases, have actually described a negative asso-
ciation between the use of invasive equipment and
acquisition of MDRGN as a result of more accurate
handling and manipulations reserved to more sus-
ceptible newborns.8 Alternatively, it is probable that, in
the NICU under study, the widespread colonization am-
plified by cross transmission has negatively influenced
the strength of association. Although prematurity and
low birth weight are not modifiable risk factors, it is
imperative to promote among caregivers awareness
of risk of acquiring MDRGN isolates among intensive
care infants.

Newborn nutrition has been recently emphasized as
a critical issue.24-27 In the analysis of risk factors, we
found that feeding by formula was consistently associ-
ated with cross transmission and colonization by ESBL-
producing strains, whereas breast-feeding proved to
be protective against acquisition of ESBL-producing
bacilli. Milk formulas are a well-known vehicle of nos-
ocomial infection in NICUs, and their contamination
may be also responsible for cross transmission as a
result of inadequate manipulation procedures and
handwashing.24,27 On the other hand, the absolute pro-
tective role of breast-feeding, because of its peculiar
nutritional and immunologic properties, is confirmed
by several authors.25,26

As expected, MDRGN colonization was associated
with total exposure to antimicrobial drugs, but the
use as empiric therapy of early onset infections of
ampicillin-sulbactam and gentamicin did not result
in increased colonization. Indeed, many newborns in
our study acquired MDRGN colonization in an early
phase of their NICU stay, before induction or selection
of resistance mechanisms would likely occur after an-
tibiotic exposure. In other studies, previous antibiotic
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exposure has been variably associated with coloniza-
tion by MDRGN.4,8,9 However, epidemiologic features
of these organisms may be peculiar of a given unit,
and, in our setting, the strength of association with
antecedent antibiotic exposure might be weakened
by the extensive cross transmission.

Our study has some potential limitations. The lim-
ited data on the organisms responsible for clinical
infection cases did not allow for a reliable assessment
of the ratio of colonized to infected patients and the
cause-effect relationship between risk factors and
infection. The NICU patient is a unique host ecosystem
because the intestinal microflora develops after
admission to the unit and colonization by MDR orga-
nisms from the nosocomial environment could be con-
sidered unavoidable.9 However, most experts agree in
believing that colonization is a prerequisite for infec-
tion by gram-negative bacilli and that knowledge of
their transmission routes in nonepidemic situations
may be the key to identify the prevalent mode of trans-
mission in an NICU.28 Moreover, rectal samples were
not obtained at admission and discharge, so time of
acquisition and clearing of MDRGN isolates was not
thoroughly available. Examination of the formula and
environmental flora was not performed during the
period under study. Finally, it should be noted that
some peculiarities of our setting, such as the high
rate of caesarean section and the low frequency of
VLBW infants, make problematic a generalization of
the results to other NICUs.

The antibiotic usage pattern in ICUs largely contrib-
utes to emergence of drug resistance, especially in an
NICU in which the spectrum of available antibiotics is
more restricted. Variable effects of antibiotic control
policies in decreasing the reservoir of resistant gram-
negative bacilli have been reported by some au-
thors.29,30 In our study, the large proportion of MDRGN
colonization acquired through cross transmission iden-
tifies infection control instead of antibiotic control as
the key issue and urges the identification and applic-
ation of targeted infection control policies. Assuming
that MDRGN are transmitted to the infants mainly via
the hands of the caregivers, the importance of limiting
overcrowding-understaffing and implementing strin-
gent hand cleansing procedures must be emphasized,
along with the adoption of compliance-enhancing
strategies and measuring tools.7,23,31 The frequent
association between ESBL/MBL production and epi-
demic clones demands that adequate measures be
implemented to control spread of these resistant orga-
nisms in NICUs. At present, adoption of targeted infec-
tion control strategies and antibiotic stewardship are
the approaches most supported by sound scientific
evidence to discourage the emergence and diffusion
of multidrug-resistant organisms.30,31 A greater
understanding of the epidemiology of nosocomial or-
ganisms and the peculiar features of health care units
may greatly contribute to contain the reservoir of
MDRGN organisms.
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Antimicriobial resistance patterns of
colonizing flora on nurses’ hands in
the neonatal intensive care unit
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Background: The Centers for Disease Control and Prevention recommends the use of an alcohol-based handrub for health care
worker hand hygiene. The purpose of this study was to examine effects of hand hygiene product and skin condition on the
antimicrobial resistance patterns of colonizing hand flora among nurses.
Methods: Colonizing hand flora of 119 nurses working in 2 neonatal intensive care units was compared during a 22-month cross-
over study using alcohol handrub or antiseptic soap.
Results: Altogether, 1442 isolates from 834 hand cultures (mean, 7 cultures/nurse) were obtained. In 3 of 9 regression analyses
modeling for resistant staphylococcal flora, the use of antiseptic soap was a significant predictor of resistance, and nurses with
damaged skin were 2.79 times more likely to carry Staphylococcus warneri isolates resistant to gentamicin.
Conclusion: Hand hygiene product and skin condition may influence resistance patterns of hand flora of care providers.
(Am J Infect Control 2007;35:231-6.)
The hands of health care workers may serve as res-
ervoirs for organisms causing health care-associated
infections, including infections caused by multidrug-
resistant strains.1,2 In 2002, the Centers for Disease
Control and Prevention revised the recommendations
for hand hygiene to include the use of alcohol-based
products for standard hand hygiene.3 However, the
possible effects of hand hygiene products on the skin
flora of personnel hands, including antibiotic resis-
tance patterns, have not been extensively studied. We
recently reported that the hands of a small number of
new graduate nurses initially harbored methicillin-sus-
ceptible strains of staphylococci, which were replaced
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by methicillin-resistant strains within a few months
of employment in the 2 study units.4 The purposes of
this study were to describe the types and antimicrobial
resistance patterns of hand flora among nurses work-
ing in 2 neonatal intensive care units (NICUs) over a
22-month period and to examine risk factors, including
the type of hand hygiene product, for antimicrobial
resistance in the hand flora.

METHODS

Sample and setting

A substudy was conducted of a larger clinical trial
in which a crossover design was used to evaluate the
impact of 2 hand hygiene products,5 a detergent-based
antiseptic containing 2% chlorhexidine gluconate
(Bactoshield; Steris Corporation, St. Louis, MO) and a
61% alcohol-based handrub (Avagard; 3M HealthCare,
St. Paul, MN), on health care-associated infections in ne-
onates. The study was conducted in 2 Manhattan NICUs
between March 2001 and January 2003. The 2 NICUs
are part of the New York Presbyterian Hospital system:
a 43-bed unit (NICU 1) and a 50-bed unit (NICU 2).

All full-time nurses working in these units were asked
to volunteer for the study; 119 of 155 nurses (76.8%)
agreed to participate. Nurses were selected for this study
because they were the primary staff members perma-
nently assigned to the study units and they had the
most frequent contact with the neonates.6 Throughout
the study, all staff on each unit used the same hand
hygiene product, including a moisturizer provided by
the hospital, and artificial fingernails were prohibited.
Nonstoned rings were allowed. The study was approved
231
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by the institutional review boards of both study sites,
and each of the participating nurses signed a consent
form. During the 22 study months, the condition of
each nurse’s hands was assessed monthly, and a hand
culture was obtained quarterly, as described below.

Skin assessment

Nurses’ skin condition was recorded monthly using 2
assessment tools. First, trained research personnel rated
the skin on the hands of the participating nurses under
33 magnification on a scale of 0 to 5, with 0 being exten-
sive cracking of the skin and widespread redness and 5
being normal skin with no observable irritation. Previous
studies have confirmed that the ratings generated from
this observer assessment tool were consistent with der-
matologist ratings of skin condition and had an interrater
reliability of $90% over a range of skin conditions.7-9

The second assessment tool was a self-rated scale
with which participating nurses scored the skin on
their hands using 4 criteria: appearance, intactness,
moisture content, and sensation. The scale ranged
from 4 to 28, with healthier skin having a higher score.
Previous studies have demonstrated that this self-rating
tool was significantly correlated with other measures
of skin condition.10-13 The observer-rated and self-
rated skin condition scores were collected indepen-
dently of one another.

Hand culturing and species identification

Hand cultures were obtained every 3 months using a
modified glove-juice technique.14 Nurses cleaned their
hands with the available product immediately prior to
sampling so that we could identify resident rather than
transient flora. Their dominant hand was inserted into
a sterile polyethylene bag containing 50 mL sampling so-
lution (0.075 mol/L phosphate buffer, pH 7.9, containing
0.1% polysorbate 80 and 0.1% sodium thiosulfate), and
the hand was massaged through the bag for 1 minute.
The Clinical Microbiology Service of New York-Presbyte-
rian Hospital, Columbia Campus, performed all micro-
biologic testing. Undiluted, 10- and 100-fold diluted
aliquots of sampling solution were plated onto 5% sheep
blood agar plates (BBL; Becton Dickinson Microbiology
Systems, Cockeysville, MD). Organisms were identified
by the MicroScan Walk Away 96 system (Dade Behring
Inc, Newark, DE). Using the clinical laboratory’s standard
protocols, a colony of each morphologically distinct
colony type was selected for identification.

Antimicrobial susceptibility patterns

Antimicrobial susceptibilities were determined by
the MicroScan Walk Away 96 system (Dade Behring
Inc). In accordance with the Clinical and Laboratory
Standards Institute,15 the isolates were dichotomized
as either susceptible or nonsusceptible based on
minimum inhibitory concentration values, with iso-
lates determined to be ‘‘intermediate’’ or ‘‘resistant’’
categorized as nonsusceptible. Further analyses were
conducted to examine changes in the staphylococcal
flora (Staphylococcus warneri, Staphylococcus epidermi-
dis, Staphylococcus aureus) of each nurse during the
study period. For each nurse, we assessed changes in
susceptibility of their S epidermidis isolates to oxacillin,
rifampin, and gentamicin at each sampling period. We
defined a potentially clinically relevant change in resis-
tance as a change from susceptible to resistant or from
resistant to susceptible to 2 or more of these agents.

Data analysis

Initially, x2 tests were used to examine differences
in the relative proportions of the type of organism (ie,
gram negative, gram positive, or fungi) by study unit
(NICU 1 or 2) and hand hygiene product in use at the
time of the culture (antiseptic soap or alcohol-based
rub) as well as the difference in the proportion of iso-
lates susceptible or nonsusceptible to antibiotics dur-
ing the 2 hand hygiene product periods. Next, logistic
regression models were used to examine potential pre-
dictors of carrying S warneri, S epidermidis, or S aureus
isolates resistant to oxacillin, rifampin, and gentami-
cin. Models to predict vancomycin resistance were
not included because there were too few isolates resis-
tant to vancomycin. Separate regression models were
fit for each species and antibiotic combination. In
each model, the dependent variable was the presence
or absence of resistance, and predictor variables
included hand product used (alcohol-based rub or anti-
septic soap), number of years worked in the NICU, site
(NICU 1 or 2), and observer-rated skin condition. Only
observer-rated skin condition was used in the models
because observer and self-rating assessments of skin
condition were significantly correlated (P , .01). A
stepwise procedure with a variable entering the model
at P 5 .1 and retained in the model at P 5 .05 was used
(SAS software; SAS Institute, Cary, NC).

RESULTS

There were 834 hand cultures available for this anal-
ysis: 417 during the alcohol-based handrub period and
417 during the antiseptic soap period. An average of
7.0 (range, 1-8) cultures were obtained from each nurse
participant (7.1/nurse in NICU 1 and 6.4/nurse in NICU
2). Only 3 of the 119 nurses were male, and the average
age of participating nurses was 41.1 years.5

Types of flora

During the study period, 1442 isolates were collected
from the hands of 119 nurses (Table 1). Most were
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gram-positive bacteria (88.8%, 1281/1442), 6.6% were
gram-negative bacteria (95/1442), and 4.6% were fungi
(66/1442). Of all the isolates, 85.7% (1236/1442) were
staphylococci, with S epidermidis and S warneri account-
ing for 36.3% (524/1442) and 36.1% (520/1442) of iso-
lates, respectively. Because there were no differences in
the types of organisms found on the hands of nurses
from the 2 units (P 5 .13), the data from the 2 sites
were combined for the subsequent multivariate analyses.

Antibiotic susceptibility patterns

The antibiotic susceptibility profiles of staphylococ-
cal species for which $10 isolates were identified dur-
ing the study period are shown in Table 2. In general,
S epidermidis and S warneri isolates were not suscep-
tible to b-lactam agents, including oxacillin, but were
susceptible to quinolone agents.

During the 22-month study period, there were 81.5%
(97/119) of nurses from whom S epidermidis was iso-
lated more than once, and 70.6% (84/119) of nurses
had S epidermidis isolated from at least half of the cul-
tures obtained. The antimicrobial susceptibility profiles
of S epidermidis remained the same in 69.2% (63/91) of
nurses from whom more than 1 isolate was identified;
in 16.5% (15/91), there was 1 change, and, in 14.3%
(13/91), there were 2 or more changes in the antibiotic
resistance profile over time. However, changes in the
resistance patterns of S epidermidis isolates from these
13 nurses had no distinguishable pattern with time.

Hand product, skin condition,
and antibiotic resistance

We explored 9 regression models to identify predic-
tors of resistance to oxacillin, rifampin, or gentamicin
in S warneri, S epidermidis, and S aureus. In 6 of these
models, none of the variables assessed were significant
predictors of resistance. In 3 models, the hand product
was the only significant predictor of antibiotic resis-
tance; during the period when antiseptic soap was
used, there was a significant increase in S epidermidis
isolates resistant to oxacillin (relative risk, 1.92; 95%
confidence intervals (CI): 1.08-3.43) and gentamicin
(relative risk, 1.50; 95% CI: 1.00-2.27) and a 7.22 times
increased risk of rifampin resistance among S warneri
isolates (95% CI: 2.97-17.56). Additionally, the relative
risk of resistance to gentamicin among S warneri iso-
lates from nurses with damaged skin compared with
nurses with healthy skin was 2.79 (95% CI: 1.35-5.81;
Table 3).

DISCUSSION

To our knowledge, this is the largest longitudinal
study of nurses’ hand flora conducted to date. New
and clinically relevant information was identified re-
garding the types and antimicrobial resistance patterns
of nurses’ hand flora, the relationship between hand
hygiene product and flora, and the potential role of
skin health on antimicrobial resistance of the coloniz-
ing flora.

Types and antimicrobial susceptibilities
of nurses’ hand flora

As expected, S epidermidis was the most common
organism isolated from nurses’ hands. In this sam-
ple, however, there was also a higher prevalence of

Table 1. Gram positive, gram negative, and fungal species
isolated from NICU nurses’ hands*

Isolates Nurses

Species n % n %y

Gram-positive organisms

Enterococcus faecalis 20 1.4 18 15.1

Enterococcus faecium 4 0.3 4 3.4

Micrococcus species 10 0.7 9 7.6

Staphylococcus aureus 41 2.8 26 21.8

Staphylococcus auricularis 15 1.0 13 10.9

Staphylococcus capitis 14 0.9 12 10.1

Staphylococcus capitis-ureolyticus 35 2.4 24 20.2

Staphylococcus epidermidis 524 36.3 118 99.2

Staphylococcus haemolyticus 27 1.9 20 16.8

Staphylococcus hominis 27 1.9 22 18.5

Staphylococcus simulans 16 1.1 13 10.9

Staphylococcus warneri 520 36.1 116 97.5

Staphylococcus species (other) 17 1.2 15 12.6

Streptococcus species 3 0.2 3 2.5

Other gram-positive organisms 8 0.6 8 6.7

Subtotal 1281 88.8 421

Gram-negative organisms

Acinetobacter baumanii 8 0.6 5 4.2

Acinetobacter lwoffi 17 1.2 16 13.4

Enterobacter cloacae 10 0.7 9 7.6

Enterobacter species (other) 10 0.7 10 8.4

Escherichia coli 3 0.2 3 2.5

Klebsiella oxytoca 10 0.7 9 7.6

Klebsiella pneumoniae 11 0.8 9 7.6

Pseudomonas aeruginosa 2 0.1 2 1.7

Psuedomonas species (other) 7 0.5 7 5.9

Serratia marcescens 4 0.3 4 3.4

Other gram-negative organisms 13 0.9 11 9.2

Subtotal 95 6.6 85

Other

Candida albicans 8 0.6 5 4.2

Candida parapsilosis 41 2.8 27 22.7

Candida species (other) 12 0.8 11 9.2

Other 5 0.3 5 4.2

Subtotal 66 4.6 48

Total 1442 100.0 554

*N 5 119 nurses.
ySome nurses carried .1 isolate of a given species, but were only counted once/

species. Thispercentage is the percentage of nurses from whom this organism was

isolated at least once.
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Table 2. Proportion of staphylococcal isolates susceptible to selected antimicrobial agents

Percentage (number of isolates)

Total No. isolates Oxacillin Rifampin Gentamicin Levofloxacin

Staphylococcus aureus 41 85.4 (35) 92.7 (38) 85.4 (35) 92.7 (38)

Staphylococcus auricularis 15 53.3 (8) 100 (15) 86.7 (13) 80.0 (12)

Staphylococcus capitis-capitis 14 92.9 (13) 92.9 (13) 85.7 (12) 92.9 (13)

Staphylococcus capitis-ureolyticus 35 82.9 (29) 97.1 (34) 82.9 (29) 94.3 (33)

Staphylococcus epidermidis 524 12 (63) 96.6 (506) 27.5 (144) 93.3 (489)

Staphylococcus haemolyticus 27 19.2 (5) 92.6 (25) 55.6 (15) 66.7 (18)

Staphylococcus hominis 27 48.1 (13) 100 (27) 66.7 (18) 96.2 (25)

Staphylococcus simulans 16 60.0 (9) 100 (16) 75.0 (12) 93.8 (15)

Staphylococcus warneri 520 14.6 (76) 88.6 (459) 21.4 (111) 93.8 (486)

Vancomycin not included in table because most isolates were susceptible.

Table 3. Predictors of resistance in staphylococcal hand flora of nurses, as analyzed by logistic regression*

Organism

Antibiotic

(No. isolates tested) Significant variables

Relative risk

(95% CI)

Staphylococcus epidermidis Oxacillin (n 5 478) Hand product

Alcohol Referent

Antiseptic soap 1.92 (1.08-3.43)

Gentamicin (n 5 472) Hand product

Alcohol Referent

Antiseptic soap 1.50 (1.00-2.27)

Staphylococcus warneri Gentamicin (n 5 447) Skin Condition

Healthy Referent

Damaged 2.79 (1.35-5.81)

Rifampin (n 5 463) Hand product

Alcohol Referent

Antiseptic soap 7.22 (2.97-17.56)

*Predictor variables included in each model: hand product, skin condition, years worked on unit, and site (NICU 1 or 2).
S warneri than has been noted in other studies,9,16,17

despite the fact that it was not known to be a prevalent
organism in the study hospital. This finding is impor-
tant for 2 reasons. First, it may indicate that the colo-
nizing flora of health care personnel can become
modified over time to reflect individual differences by
practice site. This was further confirmed by our finding
that, although these nurses often retained the same
strain of S epidermidis during the study period, they
also shared a single clone among other each other
and among their patients, as previously reported,18

evidence that this clone was associated with this spe-
cific critical care environment.

Our group and others have recently reported
decreased susceptibility to vancomycin among neo-
nates.19,20 Although S warneri is not known to be of
major clinical significance, cases of health care-associ-
ated infection with this organism have been reported
among neonates.21-24 Hence, this ‘‘normal flora’’ may
be emerging as yet another multidrug-resistant oppor-
tunistic pathogen among high-risk, low-birth-weight
neonates.
The majority of the S epidermidis and S warneri
isolates from the nurses’ hands were resistant to
antibiotics commonly used on the NICU. In previous
studies conducted more than a decade ago, rates of
oxacillin resistance among coagulase-negative staphy-
lococci from nurses’ hands ranged from 26% to
60%.16,23 In our study, 79% of these isolates were
resistant to oxacillin. Patient care personnel have
been found to be colonized with higher rates of antimi-
crobial-resistant S aureus isolates than nonmedical
personnel.25 In contrast with the high rates of oxacillin
resistance noted in coagulase-negative staphylococci,
generally low rates of methicillin-resistant S aureus
have been isolated from nurses’ hands in previous
studies: 1 of 129 (0.8%)22 and 3 of 79 (3.8%) nurses.25

These rates are slightly lower than the rate noted in our
study (5/119, 4.2%), although in 1 survey of several
hospitals in which MRSA was endemic, the majority
of S aureus isolates from staff were methicillin resis-
tant.26 Clearly, personnel hands are a potential reser-
voir of resistance that can be transmitted to patients
in high-risk environments.
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Factors associated with antimicrobial resistance

We found in this study that antimicrobial resistance
was significantly more common for several antibiotics
when nurses were using the chlorhexidine-containing
soap or when the skin on their hands was damaged.
In a 6-year study, Gordin et al27 reported a decrease
in the number of health care-associated methicillin-
resistant S aureus and vancomycin-resistant enterococ-
cus acquired by patients when an alcohol product
was used for staff hand hygiene, but we did not exam-
ine the rates of clinical infections caused by antibiotic-
resistant organisms among neonates in our study.

Although others have reported a higher prevalence
of certain potential pathogens such as S aureus and
gram-negative bacteria among nurses with damaged
skin,9 this may be the first report of a possible relation-
ship between hand hygiene product, skin condition,
and antimicrobial resistance. Irritant contact dermatitis
and other skin problems are prevalent among health
care providers, and the detergent base in soaps is one
of the primary causes.7,28

To our knowledge, there has been no biologic mech-
anism identified that could explain our observed as-
sociation between chlorhexidine use and antibiotic
resistance. It is possible that the link may be an inter-
mediary one, ie, that the soap is associated with more
skin damage and that it is the damaged skin that facil-
itates the colonization of hands with hospital-associ-
ated resistant flora. We have previously reported, in
fact, that skin condition was significantly better when
the alcohol product as compared with the antiseptic
soap was used among these nurses.5 An alternative
explanation is that microorganisms may develop resis-
tance mechanisms to the chlorhexidine itself, as has
been described with triclosan, a bisphenol ingredient
used in some antiseptic products.29 The potential asso-
ciation between the antiseptic soap and increased
antibiotic resistance clearly needs further study. In the
meantime, the Centers for Disease Control and Preven-
tion’s recommendations3 regarding use of alcohol
hand hygiene products and attention to skin health
among staff hands may be important for reducing the
possibility that the hands of health care personnel
could become reservoirs of antimicrobial resistance.

This study had several limitations that must be con-
sidered when assessing the relevance of our findings.
First, we only obtained cultures every 3 months and
did not sample every nurse participant at every sam-
pling interval, although the average number of samples
was 7/nurse. Clearly, this represents only a snapshot of
changes in skin flora that might occur over time. Sec-
ond, only a single colony-forming unit of each mor-
phologic type was speciated from each hand sample.
Hence, it is possible that several strains or different
clones of any organism, in particular the coagulase-
negative staphylococci, were present but not detected.
Furthermore, we were unable to study multidrug-resis-
tant, gram-negative bacteria on nurses’ hands because
there were too few isolates. Finally, there may have
been unmeasured factors that changed during the
periods when the 2 hand hygiene products were used
that could have affected resistance patterns.

CONCLUSION

In summary, it appears that the normal skin flora of
nurses has become increasingly resistant when com-
pared with earlier studies. Furthermore, in this study
hand hygiene product and skin condition were associ-
ated with antibiotic resistance in the staphylococcal
flora; for some antibiotics, an increased risk of resis-
tance was found when nurses used an antiseptic soap
rather than an alcohol product and when their skin
was damaged. The potential impact of various hand hy-
giene products on the numbers, types, and resistance
patterns of staff hand flora warrants further research.
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Implications of the changing face of
Clostridium difficile disease for health
care practitioners
Lynne V. McFarland, PhD,a,b Henry W. Beneda, MPH,c Jill E. Clarridge, PhD,d,e and Gregory J. Raugi, MD, PhDf,g

Seattle, Washington

Recent reported outbreaks of Clostridium difficile-associated disease in Canada have changed the profile of C difficile infections.
Historically, C difficile disease was thought of mainly as a nosocomial disease associated with broad-spectrum antibiotics, and
the disease was usually not life threatening. The emergence of an epidemic strain, BI/NAP1/027, which produces a binary toxin
in addition to the 2 classic C difficile toxins A and B and is resistant to some fluoroquinolones, was associated with large numbers
of cases with high rates of mortality. Recently, C difficile has been reported more frequently in nonhospital-based settings, such as
community-acquired cases. The C difficile disease is also being reported in populations once considered of low risk (children and
young healthy women). In addition, poor response to metronidazole treatment is increasing. Faced with an increasing incidence of
C difficile infections and the changing profile of patients who become infected, this paper will reexamine the current concepts on
the epidemiology and treatment of C difficile-associated disease, present new hypotheses for risk factors, examine the role of
spores in the transmission of C difficile, and provide recommendations that may enhance infection control practices. (Am J Infect
Control 2007;35:237-53.)
Recent events have refocused attention on Clos-
tridium difficile infections and caused the medical
community to reevaluate its assumptions about the
virulence, known risk factors, and possible modes of
transmission of this important health care-associated
pathogen.

Clostridium difficile–associated disease (CDAD) is
traditionally thought of as a nosocomial pathogen
that may cause limited, small outbreaks. The pathogen-
esis of CDAD involves a triad of factors: (1) disruption
of normal intestinal flora (usually by broad-spectrum
antibiotics), (2) exposure to C difficile (usually during
hospitalization), and (3) host factors (comorbidity and
advanced age or impaired immune status). The CDAD
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is not a trivial disease because C difficile may have
life-threatening complications, such as ileal perfora-
tion,1 fulminant colitis,2 toxic megacolon,3 or brain
empyema.4 Clostridium difficile-associated disease has
also been shown to extend hospital stays a mean of 4
to 14 days,5-7 increase the risk of other nosocomial in-
fections,8 and increase health care costs.5-7,9,10 The esti-
mated cost of health care associated with CDAD is $1.1
billion/year in the United States.7,11 Although most pa-
tients with an initial episode of CDAD respond well to ei-
ther metronidazole or vancomycin, 20% develop
recurrent episodes of CDAD that occur episodically
over years, despite repeated antibiotic treatments.9

After more than 20 years of research and experience
with C difficile, health care providers became com-
placent that methods of transmission, risk factors,
effective infection control practices, and effective ther-
apies were well understood. However, the incidence of
CDAD continues to rise despite continued focus on
methods to reduce the number of hospital cases, to
eradicate the spores of C difficile from the environment,
and to find effective strategies for treating patients with
recurrent CDAD.

In 2002, hospitals in Quebec, Canada, reported out-
breaks of high numbers of cases of serious CDAD
infections that were health care associated and had a
high mortality rate. These outbreaks challenged practi-
tioners to reevaluate diagnosis, treatment, and infec-
tion control strategies in light of the changing profile
of CDAD. The purpose of this paper is to summarize
and integrate these new findings into our understand-
ing of CDAD and to discuss how these new data should
influence infection control practices.
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INCIDENCE IN NORTH AMERICA

In the United States, rates of CDAD have continued to
increase since the 1990s despite established infection
control programs and effective treatments (Table 1).
Higher CDAD rates are typically reported in teaching
hospitals,25 on medical and surgical services or inten-
sive care units, and among elderly patients.15

In December 2002, CDAD outbreaks of an unexpect-
edly large number of cases were reported in 30 hospi-
tals in the providence of Quebec, Canada. From 2003
through 2005, outbreaks spread to adjacent hospi-
tals.12 These outbreaks were characterized by a 4.5-
fold higher incidence (156.3/100,000) over historical
rates (35.6/100,000 in 1991), nearly a 5-fold increase
in mortality (4.5% in 1991 to 22% in 2004), and a
2.5-fold increase in complicated CDAD cases (7.1%
in 1991 to 18.2% in 2003).12,26 An estimated 14,000
cases, including 2000 deaths (28% mortality rate),
were reported in Quebec during this outbreak period.27

C difficile was the primary cause of mortality in 3.2% of
the 2000 deaths. It was proposed that possible causes
for these outbreaks included the emergence of a hy-
pervirulent strain of C difficile, suboptimal infection
control practices, or a poor response to the standard
treatment for CDAD (metronidazole).12,19,28

CHARACTERIZATION OF THE BI/NAP1/027
STRAIN

The designation of the strain associated with the
Canadian outbreaks, BI/NAP1/027, combines the re-
sults of several strain typing methods: restriction-endo-
nuclease analysis (REA) group BI, pulsed-field gel
electrophoresis (PFGE) type NAP1 (North American
PFGE type 1), and ribotype 027. This strain is of toxino-
type III (presence of binary toxin CDT and contains an
18-base pair [bp] tcdC deletion). As a result of the
tcdC deletion, toxin A and B production is not in-
hibited.29 Strains with the tcdC deletion have been
found to produce 16 times more toxin A and 23 times
more toxin B than other C difficile strains that do not
have this gene deletion.30 Another novel characteristic
of this strain is that it is resistant to gatifloxacin and
moxifloxacin. This is a recent development because
older isolates of BI/NAP1 were not resistant to fluoro-
quinolones.31 As fluoroquinolones have become one
of the most prescribed groups of antibiotics, the devel-
opment of antibiotic resistance in health care-associ-
ated strains of CDAD has become a focus of clinical
concern.

Because of the unprecedented increase in the num-
ber of cases in Canada caused by this strain, historical
C difficile isolate collections were reexamined for the
presence of the BI/NAP1 strain. McDonald et al found
that 96 (51%) of 187 isolates from 8 United States hospi-
tals collected between 2000 and 2003 were typed as
BI/NAP1.31 This strain was found in 2 hospitals in the
United States before the appearance of the Canadian
outbreaks. This strain is not new because it was first iso-
lated in 1984, although infrequently (14 of 6000 isolates
collected before 2001). The difference is that older iso-
lates of BI/NAP1 were not associated with outbreaks or
resistant to fluoroquinolones.31 Since the Canadian out-
breaks, the BI/NAP1 strain has been found in the United
States,32 the United Kingdom,33 and The Netherlands.34

Implications for infection control: Examination of in-
dividual clinical cases and incidence rates of CDAD may
not reveal the presence of an outbreak caused by hyper-
toxigenic-producing strains. Although few hospital
laboratories currently assay for C difficile by culture
and strain type C difficile isolates, these would be a valu-
able tool to track the occurrence of specific strains of
C difficile and the transmission through an institution.
Strain typing methods such as ribotyping or pulsed-field
gel electrophoresis are not readily available at most hos-
pital laboratories.

VIRULENCE OF C DIFFICILE STRAINS

The main virulence factors for C difficile are an
enterotoxin designated toxin A and a cytotoxin
designated toxin B. Both toxins disrupt the actin cyto-
skeleton of intestinal epithelial cells by the UDP-
glucose-dependent glycosylation of Rho and Ras
proteins. Usually C difficile isolates from CDAD patients
produce both toxin A and B, but nontoxigenic strains
(A2B2) or atypical toxin strains (A2B1) may also
cause symptoms.4,35,36 Of 153 isolates from CDAD
cases at the Chicago Veterans Administration (VA) Med-
ical Center, 123 (80%) were A1B1, 13 (9%) were non-
toxigenic (A2B2), and 17 (11%) were toxin variants
(A2B1).37 The frequency of toxin variants (A2B1) iso-
lates from CDAD cases was found to be higher in other
populations (39% of 77 isolates) in Japan.38 Strains that
produce only toxin A and not B (A1B2) have only been
reported in 1 patient with recurrent CDAD.39 As shown
in Fig 1, the pathogenicity locus (PaLoc) of C difficile
contains 2 genes encoding toxin A (tcdA) and toxin
B (tcdB) and 3 other important genes: a positive regu-
lator for toxin production (tcdR), a gene producing
a holin-like protein involved in membrane disruption
(tcdE), and a negative regulator for toxin production
(tcdC).29,40

A third toxin, a binary toxin designated CDT (actin-
specific ADP-ribosyltransferease), was described in
1988 from the C difficile strain CD196.41 The binary
toxin is composed of 2 independent proteins: cdtA (en-
zymic component that catalyzes the ADP-ribosylation
of actin and causes cytoskeleton disorganization) and
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Table 1. Changes in the frequency of Clostridium difficile-associated disease in various populations

Population CDAD rate (yr) References (No.)

Secular trends

Hospitalized patients, Quebec, Canada 35.6/100,000 (1991) Pepin et al, 2004 (12)

156.3/100,000 (2003)

Veterans Administration Facilities, United States 5.1/1000 (1994) Perlin, 2005 (13)

13.5/1000 (2004)

NNISS,* United States 4.7/10,000 (1994) Archibald et al, 2004 (14)

5.8/10,000 (2000)

NHDS,y United States 31/100,000 (1996) McDonald et al, 2006 (15)

61/100,000 (2003)

Community acquired

Community acquired, United States 7.6/100,000 (2004-2005) CDC, 2005 (16)

Community acquired, managed care, United States 3.2/100,000 (1993-1997) Frost et al, 1999 (17)

Community managed care, United States 12/100,000 (1992-1994) Levy et al, 2000 (18)

Community acquired, United Kingdom 22/100,000 (1994-2004) Dial et al, 2000 (19)

Community acquired, Sweden 25/100,000 (1999-2000) Noren et al, 2004 (20)

High-risk populations

Elderly patients, United Kingdom 39.5/100 Settle et al, 1998 (21)

Adult oncology, France 13.2/100 Blot et al, 2003 (22)

General medicine ward, United States 7.8/100 McFarland et al, 1989 (23)

Burn ICU, Kuwait 5.9/100 Rotimi et al, 2002 (24)

Elderly patients with NAP1 strain 865/100,000 Pepin et al, 2004 (12)

CDAD, Clostridium difficile-associated disease; NNISS, National Nosocomial Infections Surveillance system; NHDS, National Hospital Discharge Survey; ICU, intensive care unit.

*NNISS incidence density, cases per 10,000 patient days.
yNHDS cases per discharges.
cdtB (binding component that recognizes cell-surface
receptors and causes the enzymic component to be in-
ternalized).42 The location of the binary genes has not
been determined, but it is not located within the PaLoc
locus. The prevalence of binary toxin in C difficile iso-
lates from human sources ranges from 1% to
16%.36,37,43-45 In some outbreaks, binary toxin-posi-
tive strains of C difficile are more frequently isolated.
Binary toxin was detected in 65% of the C difficile
isolates among different REA strain types from a hospi-
tal in Pennsylvania during 2001-2002.32 Most of the
binary toxin isolates also produce toxins A and B,43

but binary toxin isolates were also found in 16% of non-
toxigenic (A2B2) C difficile isolates37 and in 11% of
toxin variant (A2B1) strains.36 Recently, binary toxin
strains of C difficile have been found to be resistant to
fluoroquinolones, although there is no direct link
between the development of antibiotic resistance and
the carriage of binary toxin. The association between
binary toxin and pathogeneity is still unclear. Binary
toxin-positive isolates are cytopathic in cell culture
and, when tested in CDAD animal models, A2B2CDT1

strains were found to cause fluid accumulation in rab-
bit ileal loops but not diarrhea or death in hamster
models.46 To determine whether strains carrying bi-
nary toxins were associated with increased virulence
in humans, 26 CDAD cases of patients who were toxin
A1B1CDT1 were compared with 42 CDAD controls
who were toxin A1B1CDT2.42 The binary-positive
cases reported more abdominal pain (64% vs 39%,
respectively) and reported long (.7 days) course of
diarrhea (56% vs 29%, respectively). Unfortunately,
no data on the strain types were reported in this study.
To analyze the influence of binary toxin alone, without
the confounding presence of toxin A or B, it would
be necessary to compare the severity of CDAD in pa-
tients who are A2B2CDT1 with patients who are
A2B2CDT2, but this has not been reported.

The presence of 2 major toxins (A or B) is usually
more predictive of severe CDAD cases rather than in-
fection with a specific strain or the presence of binary
toxin. One study found that the fecal toxin concentra-
tion was associated with increasing CDAD severity (0.5
U/g in mild CDAD, 6.8 U/g in moderate, and 149 U/g in
severe CDAD (P , .001), but the strain type was not as-
sociated with disease severity.47 This was in contrast
to an older study that did not find significant differ-
ences in toxin presence, toxin amount, or immunoblot
strain type in CDAD cases compared with asymptom-
atic carriers.48 The new BI/NAP1 strain of C difficile
appears to be an exception to the rule that strain
type does not predict the severity of CDAD. A study
in the United States linked an increase in colectomies
because of fulminant cases caused by the BI/NAP1
strain.31 It is still unclear whether the apparent in-
creased severity of CDAD cases caused by the BI/
NAP1 strain is due to increased toxin A and B produc-
tion, presence of binary toxin, resistance to gatifloxa-
cin and moxifloxacin, or another undescribed
virulence factor.28,30,31
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Fig 1. Schematic of Clostridium difficile toxin genes. Nineteen-kilobase region pathogenicity locus (PaLoc) contains
tcdR (positive regulator of toxin A and B production), tcdB (cytotoxin B), tcdE (holin-like protein), tcdA (enterotoxin
A), and tcdC (negative regulator of toxin A and B). The binary toxin is controlled by cdtA (enzymic component) and

cdtB (binding component). Adapted from Rupnik et al29 and Barbut et al.42
Implications for infection control: Surveillance for
the BI/NAP strain of C difficile in health care facilities
may be of value to predict a possible increase in severe
cases of CDAD and define potential outbreaks; there-
fore, early intervention of infection control measures
could prevent potential outbreaks. However, severe
cases of CDAD have been reported associated with
other strains besides BI/NAP/027. The role of binary
toxin and virulence of CDAD is unclear.

COMMUNITY-ACQUIRED CDAD

The preconception that CDAD is mainly a nosoco-
mial disease has been challenged recently by the
increasing frequency of community-acquired cases.
In the past, rates of community-acquired CDAD
have been low (Table 1), ranging from 3.2 to 16.2/
100,000.17,18 Unfortunately, the definition of commu-
nity acquired varies. Some studies of community-
acquired CDAD in outpatients failed to determine
whether there had been recent hospitalization and
did not culture for C difficile at admission. One study,
which did culture newly admitted patients at admis-
sion, found that of the 112 patients who had positive
C difficile assays during the study, 74% were negative
on admission but acquired C difficile during their stay
on the study ward; 21% were admitted with a positive
C difficile assay and had a history of hospitalization
(#3 months); and only 5% were community
acquired (positive at admission with no history of
hospitalization).23

Currently, more community-acquired cases of CDAD
are being reported (Table 1).49 Patients admitted into 2
hospitals over 4.5 years in British Columbia with a pri-
mary diagnosis of CDAD were reviewed, and 67 (44%)
had community-acquired C difficile.50 In France, signif-
icantly more of the 26 C difficile isolates with binary
toxins were community acquired (65% vs 36%, respec-
tively, P , .05), however, this study defined community
acquired as ‘‘onset of symptoms within 3 days after ad-
mission, regardless of previous hospitalizations,’’ which
probably overestimated the frequency of community-
acquired cases by including cases that may had been
previously hospitalized.42 In the United States, commu-
nity-acquired cases of the BI/NAP1 strain have been
reported in 4 states.16 These 23 community-acquired
CDAD patients were young (48% #18 years of age),
35% had no history of recent antibiotic exposure
(in the prior 3 months), and 30% were thought to have
acquired C difficile from close contacts with diarrheal
disease. Of the 23 community-acquired cases, 26% re-
quired hospitalization and 35% relapsed.

Implications for infection control: Community-
acquired CDAD is becoming a greater problem. The
profile of affected patients may be different than health
care-associated CDAD cases and should prompt ap-
propriate laboratory investigation in young people
with diarrheal disease. If community-acquired cases
of CDAD continue to become more frequent, diagnostic
algorithms and standard definitions may need to be
expanded from including only patients with a recent
hospitalization to include the community-acquired
cases as CDAD.51,52

SOURCES OF C DIFFICILE

Although the majority of cases of CDAD are reported
in the hospital setting, CDAD should be considered
a health care-associated disease because it occurs in
long-term care facilities, day care facilities, and outpa-
tient clinics.16,52-55 The question of whether the orga-
nism is acquired in the hospital or is already present
at admission as part of the patient’s indigenous micro-
flora has not been fully answered. Asymptomatic car-
riers of C difficile may become symptomatic after
exposures to specific risk factors in the hospital lead
to overgrowth and toxin production, triggering diar-
rheal symptoms. Unfortunately, few investigators have
both cultured patients at admission to a health care
facility and asked about prior history of recent hospi-
talization.23 It has been accepted that if the newly admit-
ted patient has a negative assay for C difficile and has
had no history of prior hospitalization, then if CDAD
develops during the hospital stay, the case can be
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considered as nosocomial. However, as the specificity
of C difficile toxin assays range from 88% to 99% and
C difficile can be frequently detected after an initial neg-
ative C difficile toxin assay, false-negative results may
occur.55,56 A recent study using a more sensitive poly-
merase chain reaction (PCR) method detected C difficile
in 53% of healthy, community-based adults (with no
history of hospitalization or antibiotic exposure) that
conventional PCR methods or conventional toxin
assays did not detect.57 Therefore, low-level, endemic
carriage of C difficile may be more common than previ-
ously thought. Only after patients are exposed to agents
that disrupt normal intestinal microflora (such as anti-
biotics, surgery, medications) that allows the upsurge
in the numbers of C difficile organisms do laboratory
assays detect C difficile frequently. Other evidence
from patients who have multiple recurrences of CDAD
supports endogenous carriage. A study using PCR ribo-
typing of 89 C difficile isolates reported that most recur-
rences (90%) were due to the endogenous strain of
C difficile acquisition, whereas only 10% of the recur-
rences were due to a new strain.20 The source of the
original C difficile strain is still in question because
most (84%) had a prior history of hospitalization in
this study. In another study of 18 patients with recurrent
CDAD, 67% of the isolates from the recurrence were
identical to the isolates from the initial episode, and
only 33% had been reinfected with a new strain of C dif-
ficile.58 Reliance on strain typing to determine epidemi-
ologic spread and source of infection was recently
called into doubt by a study that found simultaneous
carriage of multiple types of strains in patients with
CDAD. Of 23 patients with a primary episode of
CDAD, 2 (8.7%) carried 2 distinct PCR ribotypes, and,
of 23 patients with recurrent CDAD, 6 (26%) had differ-
ent C difficile strains isolated from the same fecal
sample.59

Sources of community-based or nonhealth care set-
tings of C difficile may include exposure to spores in the
soil, carriage by pets (dogs, cats, horses), contaminated
foods, or exposure to household contacts with diar-
rhea.60,61 In 102 health care visitation dogs in Canada,
58% were positive for C difficile, 71% of those isolates
produced toxins, and 1 was typed as the hypervirulent
BI/NAP1 strain.62,63 Although few reports of animal to
human transmission of C difficile have been reported,
these types of sources may be overlooked, especially
in community-acquired CDAD.16

Implications for infection control: As community-
acquired cases are more frequently reported, the
search for the source of C difficile infections needs to
be expanded to nonhospital vectors. Further research
with more sensitive C difficile assays is needed to deter-
mine the prevalence of endogenous carriage of C diffi-
cile to correctly target the preventive measures.
RISK FACTORS

Emerging populations at risk

Reports of CDAD in what has been considered as
‘‘low risk’’ populations (young healthy women and
children) have increased recently. Children are known
to develop CDAD, but reported outbreaks are less com-
mon than in adult patients.54 Reports from Canada dur-
ing 2000-2003 found that 200 young children (mean
age, 5.4 years) developed CDAD, of whom 23% were suf-
ficiently serious to require hospitalization, and 31% had
at least 1 recurrence.64 Whether the high rate of hospi-
talization was due to a more virulent C difficile strain
or shifts in other risk factors in the pediatric population
was not reported. A high frequency (18%) of CDAD was
detected in 250 children aged 5 to 12 years on antibi-
otics in a hospital in India.65 Clostridium difficile-associ-
ated disease was recently found in another population
traditionally considered of low risk (young peripartum
women). Ten women developed CDAD, of whom 40%
were sufficiently severe to require hospitalization, and
50% had at least 1 recurrence of disease.16 Of these 10
cases, 64% had isolates of the recent epidemic strain
(BI/NAP1/027) that carries the binary toxin and is consid-
ered more virulent than other C difficile strains.30

Proton pump inhibitors

Association of CDAD with antacid therapy or gastric
acid-lowering medications remains controversial; sev-
eral studies found a positive association,8,66 but an-
other study found no significant association.67

Recently, 3 studies have shown that proton pump
inhibitors (PPI) were associated with higher rates of
CDAD,19,68,69 whereas 2 studies did not find a signifi-
cant association between CDAD and PPIs.70,71 At the
time of the Canadian outbreaks, a cohort study of
1187 inpatients at a Montreal teaching hospital from
August 2002 to May 2003 found CDAD in 81 (68%) of
the patients, and those who used PPIs had twice the
risk of CDAD (odds ratio [OR], 2.1; 95% CI: 1.2-3.5).19

Another study in community-acquired CDAD cases
found that people taking PPI had nearly 3 times the
risk for developing CDAD.68 In another study in a
long-term facility (347 beds) in New York, significantly
more (60%) of CDAD cases used PPI compared with
only 32% of control residents.69 The PPIs are fre-
quently used in hospitalized patients (49%-68%), but
it is apparent that more research is needed before lim-
iting PPI use in hospitals, as was recently suggested.19

Fluoroquinolone therapy

Fluoroquinolones became the most common class of
antibiotics prescribed to adults in the United States.72

Historically, fluoroquinolone use was associated with
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a 2- to 13-fold risk of CDAD but, because this type
of antibiotic was not frequently prescribed, the
absolute numbers of quinolone-associated CDAD were
low.10,73-75

One of the proposed theories behind the large
reported outbreaks in Canada was that a fluoroquino-
lone-resistant strain (BI/NAP/027) was circulating at
the same time when fluoroquinolone use was common
in Canadian hospitals. Two studies in Canada found
a significantly higher risk of CDAD for patients pre-
scribed fluoroquinolones. In a study of 12 hospitals
in Quebec, Canada, during 2004, CDAD case patients
had nearly 4 times higher rates of fluoroquinolone
use (OR, 3.9; 95% CI: 2.3-6.6) compared with matched
controls.28 Ciprofloxacin, gatifloxacin, and moxifloxa-
cin were significantly associated with CDAD, whereas
levofloxacin was not. A retrospective cohort study per-
formed of 5619 patients admitted to 1 hospital from
2003 to 2004 in Quebec found that use of fluoroquino-
lones was high (29%). Patients given fluoroquinolones
have 3.4 times the risk of developing CDAD than those
patients not given this class of antibiotic.70

An opportune time to study the effect of an antibi-
otic on health care-associated pathogen rates is when
a hospital changes its formulary recommendations.
Two such studies found a higher incidence of CDAD
associated with the switch to gatifloxacin. A formulary
replacement of levofloxacin by gatifloxacin occurred
at the Atlanta VA long-term care facility in October
2001.53 Before the formulary change, the rate of
CDAD was 0.4/1000 patient-days and after the switch,
the CDAD rate increased to 1.3/1000. After levofloxacin
was reintroduced on July 2002, the rate of CDAD fell to
pregatifloxacin levels (0.3/1000 patient-days). These
results were confounded by a single facility-wide
hypochlorite disinfection performed in June 2002.
However, because CDAD rates continued to be low for
months following the single disinfection process, these
results favor a central causative role for the formulary
antibiotic change for the increase in CDAD rates. A
nested case-control study of CDAD cases at this institu-
tion found that gatifloxacin use was significantly more
common in CDAD cases than in controls (67% vs 25%,
respectively, P , .05).53 Another study at a 600-bed ter-
tiary-care teaching medical center in Pittsburgh docu-
mented an increased rate of CDAD after a formulary
change from ciprofloxacin to levofloxacin.76 The for-
mulary change occurred March 1999 when the rate
of CDAD was 2.7/1000 discharges, and, 9 months after
the switch to levofloxacin, the rate of CDAD increased
to 6.8/1000 discharges. A nested case-control study of
203 CDAD cases and 203 matched (admission date,
type of medical service, and length of stay [LOS]) con-
trols found that levofloxacin use was associated with
an increased risk of CDAD (OR, 2.0; 95% CI: 1.2-3.3).
Implications for infection control: Fluoroquinolone
use is a major risk factor for CDAD. Although data are
preliminary regarding the precise risk for individual
members of this antibiotic class, it is clear that changes
in hospital formulary preferences among fluoroquino-
lones have a profound effect on CDAD rates. The role of
PPIs as a risk factor for CDAD is not as clear.

INFECTION CONTROL PRACTICES

Historically, the control of C difficile outbreaks have
relied on multiple strategies, including (1) interrupting
the routes of transmission by handwashing, patient
isolation, enteric precautions; (2) reducing the risk
of exposure to C difficile spores using environmental
disinfectants or disposable medical equipment; (3) re-
ducing the pool of susceptible patients by antibiotic
control policies that limit broad-spectrum antibiotic
use; and (4) reducing infectious cases by prompt
diagnosis and effective treatment.51,55 Although the
strengths of the evidence-based effectiveness of these
different strategies vary (Table 2), infection control pol-
icies have relied on a combination of these methods to
control CDAD.

With the upsurge in reported CDAD outbreaks and
the emergence of an epidemic, hypervirulent strain
of C difficile, reliance on standard infection control
practices may become more important. One explana-
tion for the reported outbreaks in Canada was substan-
dard infection control practices.113 The decline of
CDAD cases in 2005 (from .40 cases/1000 admissions
to ,12 cases/1000 admissions) was associated with
more stringent infection control and cleaning practices
that began in June 2004.113 During this same time pe-
riod, no changes in antibiotic use occurred.114 Other
clinicians claim that changes in infection control poli-
cies did not significantly reduce CDAD rates.115 The
Quebec provincial surveillance system reported that
CDAD rates in late 2004 and early 2005 were similar
to the time of preinfection control practice changes.116

Regardless of the cause of the upsurge in reported
cases in Canada, recent research has focused (Table 3)
on the effective control of CDAD in health care settings
in 6 strategic areas: (1) surveillance programs, (2) inter-
rupting transmission, (3) reducing exposure to C diffi-
cile spores, (4) antibiotic stewardship programs, (5)
preventive vaccines, and (6) effective treatments. How-
ever, the most effective infection control programs are
integrated programs that combine all 6 strategies.51,55,112

Surveillance

Active surveillance and reporting of CDAD is not
required in the United States, but mandatory reporting
was started in the United Kingdom in 2004.120 The Vet-
erans Health Administration (VHA) is the single largest
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Table 2. Historical evidence rating for studies on strategies to limit the transmission of Clostridium difficile

Studies by evidence-based rating, reference (No.)*

Recommended strategies A B C

Surveillance

Secular trend tracking Frost et al, 1999 (17)

Rexach et al, 2005 (77)

Archibald et al, 2004 (14)

Van den Berg et al, 2004 (78)

Typing of C difficile strains McCoubrey et al, 2003 (79)

Wullt et al, 2003 (80)

Noren et al, 2004 (20)

Geric et al, 2004 (37)

Kato et al, 2005 (81)

Outbreak investigations to

reveal weak areas

McFarland et al, 1989 (23)

Struelens et al, 1991 (82)

Prevent the spread of

C difficile organism

Handwashing with chlorohexidine

or use of gloves

Johnson and Gerding,

1990 (83)

Pittet et al, 2000 (84) McFarland et al, 1989 (23)

Bettin et al, 1994 (86) Johnson and Gerding, 1998 (85)

Boyce and Pittet, 2002 (87)

Salemi et al, 2002 (88)

Environmental disinfectants Wilcox et al, 2004 (89) Kaatz et al, 1998 (90) Rutala et al, 1993 (91)

Struelens et al, 1991 (82) Wilcox and Fawley, 2000 (92)

Mayfield et al, 2000 (93) Hota, 2004 (94)

Use of disposable

medical equipment

Jernigan et al, 1998 (95) Brooks et al, 1992 (96)

Patient isolation/cohorting Boone et al, 1998 (97) McFarland et al, 1989 (23)

Verity et al, 2001 (98)

Treatment of asymptomatic

carriers not effective

Johnson et al, 1992 (99) Bender et al, 1986 (100)

Kerr et al, 1990 (101)

Reduce clinical burden of disease

Antibiotic restriction programs Pear et al, 1994 (102) Climo et al, 1998 (103)

Ho et al, 1996 (104)

McNulty et al, 1997 (105)

Settle et al, 1998 (21)

Ludlam et al, 1999 (106)

Carling et al, 2003 (107)

Khan and Cheesbrough,

2003 (108)

Thomas et al, 2003 (109)

Integrated infection control programs

Combinations of the above Stone et al, 1998 (110) Struelens et al, 1991 (82)

Zafar et al, 1998 (111)

Apisarnthanarak et al,

2004 (112)

*A, Evidence from randomized, controlled trials in patients with C difficile-associated disease; B, evidence from open trials, pre- and postintervention trials, crossover trials in

healthy volunteers or uncontrolled trials; C, observational studies, expert opinion, case reports, anecdotal evidence only.
provider of health care in the United States, operating
163 hospitals and 130 long-term care facilities. Within
the VHA, 93% of the facilities operate periodic or con-
tinuous surveillance for C difficile.121 Hospital surveil-
lance programs have shown to reduce rates of
methicillin-resistant Staphylococccus aureus but have
not been studied specifically to observe its effect on
CDAD rates.122 The value of an active surveillance
program includes the documentation of secular trends,
the detection of emergent antibiotic-resistant strains,
the investigation of outbreaks, and the ability to gather
data on the effectiveness of infection control
programs.14,35,77,78,123,124

Interruption of transmission routes

Clostridium difficile is thought to be transmitted ei-
ther from person to person by contaminated hands
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Table 3. Recent studies of interventions to limit the transmission of Clostridium difficile

Strategy

Outcomes

References (No.)

CDAD incidence

before intervention

CDAD incidence

after intervention

Interrupting routes of transmission

Alcohol hand sanitizers 2.7/1000 patient-days 6.8/1000 patient-days* Muto et al, 2005 (76)

Alcohol hand gel 3.2/10,000 patient-days 3.4/10,000 patient-days, ns Gordin et al, 2005 (117)

Reducing exposure to C difficile spores

Hypochlorite disinfectant 8.9/100 admissions 5.3/100 admissions* Wilcox et al, 2004 (89)

Antibiotic stewardship programs

Reduce cephalosporins 3.9/100 admissions 1.2/100 admissions* O’Connor et al, 2004 (118)

Reduce ceftaximes 4.5/100 admissions 2.2/100 admissions* Wilcox et al, 2004 (119)

Integrated infection control program 8.0/1000 patient-days 4.2/1000 patient-days* Apisarntharak et al, 2004 (112)

CDAD, Clostridium difficile-associated disease; ns, not significant.

*P , .05.
or indirectly through contaminated environmental sur-
faces. Clostridium difficile has been cultured from the
hands of health care personnel, patients, and visitors
in rooms of CDAD patients, and national guidelines rec-
ommend thorough handwashing and/or use of dispos-
able gloves.23,85,87 In an effort to reduce CDAD rates at
several hospitals, alcohol hand sanitizers were installed,
but this infection control practice did not have any sig-
nificant impact on the rates of CDAD.76,125 Alcohol
hand gels were introduced at the Veterans Affairs Medi-
cal Center in Washington, DC, but had no effect on
CDAD rates (3.2/10,000 patient-days before and 3.4/
10,000 after).117 The lack of effectiveness for alcohol in
these 2 studies is not surprising because alcohol is used
to stimulate C difficile spore germination in culture
broths.14 Therefore, handwashing using soap or chloro-
hexidine or use ofdisposable gloves is still recommended.

Reducing environmental contamination

The persistence of C difficile in health care settings
is largely due to its ability to shed durable spores on
a wide variety of environmental sites.23,126 The Society
of Hospital Epidemiologists of America (SHEA) and the
Centers for Disease Control and Prevention (CDC) con-
tinues to recommend the use of unbuffered 1:10 hypo-
chlorite solution rather than detergents to disinfect
surfaces.52,94,127 Hypochlorite solutions have been
found to be more effective than other types of environ-
mental disinfectants, including detergents,93,128 gluta-
radehyde,91 combination products of acetic acid and
hydrogen peroxide.129 Acidified bleach, regular bleach,
and hydrogen peroxide were found to inactivate
C difficile spores within 15 minutes, but are all strong
oxidizers and not recommended for routine use.130

Wilcox et al recently confirmed the usefulness of hypo-
chlorite disinfectants on a ward that showed a signifi-
cant reduction in CDAD rates (8.9/100 admissions
before and 5.3/100 after, P , .05), but a ward using
detergents did not show a change in CDAD rates.89

The continued development of an environmental disin-
fectant that is sporicidal yet sufficiently nontoxic for
routine use is challenging.

The role of spores

Spores are part of the natural life cycle of C difficile.
Humans may ingest, inhale, or swallow the spores,
which are then passed through the stomach. Fordtran
et al showed that, at normal gastric pH (,4.0), vegeta-
tive cells of C difficile die, but spores are not affected.131

In the acidic environment, the spores are not killed di-
rectly, but germinant binding may be inhibited. Germi-
nants are factors that initiate spore germination and
include heat, free bile acids, and lactate.132-134 The
PPIs, which have been associated with higher CDAD
rates, raise gastric pH, allowing germinants to bind
more effectively.135 This may be the mechanism be-
hind the observation that patients given PPI have in-
creased susceptibility to CDAD. Gastric acid acts as a
natural defense mechanism, not by directly killing
spores, but by inhibiting spore germination. Once the
spores reache the small intestine, most germinate
within 1 hour.136 Vegetative cells of C difficile may
flourish in the intestines only if the normal microbial
flora have been disrupted. Normal flora has the ability
to inhibit the colonization of opportunistic pathogens
through a complex mechanism termed ‘‘colonization
resistance.’’137 Once this normal microflora barrier is
disrupted (for example, by broad-spectrum antibiotics,
surgery, chemotherapy, or other medications), C diffi-
cile can colonize, reproduce, and produce toxins. These
toxins (toxins A and B) attach to enterocytes, causing
cellular disruption and fluid loss, resulting in diarrhea.
As vegetative C difficile cells die, new spores are formed
and released in the stool into the environment. Some
spores may remain lodged in the intestines, acting as
seeds for future CDAD episodes.
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Although vegetative forms of C difficile die rapidly
outside the anaerobic environment of the intestines,
C difficile spores are stable at a wide range of tempera-
tures from 2208C to 908C,138 are resistant to desicca-
tion, are sensitive to only high heat and alkaline
pH,139 and can survive brief heating at 1008C (2-35
minutes).140 Spores facilitate transmission of CDAD
within health care settings, and their persistence can
lead to subsequent infections and outbreaks. When
environmental surfaces are assayed for C difficile
spores in a room with either an asymptomatic carrier
or a symptomatic patient, spores have been found on
nearly every type of environmental surface, especially
near the patient areas.23,126 Several studies have shown
persistence of spores of C difficile in the environment
for 5 months.141 In 1 study, environmental sites were
cultured in rooms with and without CDAD patients.23

Once a CDAD patient was in the room, 45% of environ-
mental samples were positive for C difficile spores, and
82% of those environmental isolates were of the iden-
tical strain type as the patient’s (Fig 2). One year later,
C difficile spores were still detected in the room, and
36% of the isolates were of the original patient’s strain
type. As time progressed, not only did the patient’s
strain persist, but other types of C difficile strains were
found on environmental surfaces as other patients
transitioned through the room.

Some strains of C difficile are hyperproducers of
spores, which enables wide spore dissemination.92

The emerging BI/NAP1/027 strain is one of these hyper-
producing spore strains, which might help to explain
why outbreaks caused by this strain resulted in a
greater number of patients than outbreaks caused by
other C difficile strains.142

Efforts to reduce the dissemination of spores into
the environment have been focused on 2 fronts: (1) ef-
fective therapies that might reduce spore carriage and
(2) environmental disinfectants. Among 163 patients
with recurrent CDAD, vancomycin or metronidazole
therapy cleared vegetative cells of C difficile effectively,
but neither antimicrobial was effective in clearing
spores by the end of therapy (43% and 56% positive
for spores, respectively).143 To date, there is no effective
therapy directed at C difficile spore eradication. The
search continues for an environmental disinfectant
that would be sporicidal for C difficile and practical for
a wide variety of surfaces and yet be sufficiently non-
toxic for routine use by patients and health care workers.

Antibiotic stewardship programs

One current strategy to retard the increasing inci-
dence of antibiotic-resistant pathogens (such as the
BI/NAP1 strain of C difficile) focuses on antibiotic utili-
zation programs. Overuse of antibiotics has led to the
development of antibiotic-resistant strains by several
pathogens, and C difficile is no exception to this trend.
Clindamycin-resistant strains of C difficile have been
reported in Sweden,144 Poland,145 and the United
States.146 The frequency of macrolide (MLSb)-resistant
strains of C difficile also has been increasing in
Poland4,123 and in Germany.147 Antibiotic stewardship
programs, multidisciplinary programs involving physi-
cians, microbiologists, pharmacists, and infection con-
trol practitioners, set protocols for prior authorization
and concurrently review and give feedback on antibi-
otic use.148 There are many reports in the literature
that antibiotic restriction has reduced CDAD
rates,52,103,108 and a recent review found that 60% of
studies found a significant reduction of CDAD with
this strategy.149 Recent investigations have confirmed
these earlier findings. A reduction in cephalosporin
use at a hospital in Ireland led to a reduction in risk
of acquiring CDAD by one third.118 Cefotaxime use
was reduced on a geriatric medical unit in a United
Kingdom hospital in favor of piperacillin-tazobactam,
resulting in a 52% decrease in CDAD rates (Table 3).119

Vaccines

Vaccines against C difficile may be another strategy
to reduce the number of susceptible patients and limit

Fig 2. Persistence of Clostridium difficile spores in
the hospital environment. Sequential assay results

over 1 year of environmental sites from 22 rooms
negative for C difficile before a CDAD-positive

patient was admitted to room. (Previously
unpublished data, used by permission of author,

Lynne McFarland.)
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health care-associated outbreaks. Early research into
vaccines has shown promise. A toxoid vaccine was
tested in 30 healthy volunteers and showed an in-
creased level of antitoxin A immunoglobulin G.150 A
parenteral C difficile vaccine containing toxoid A and
toxoid B was tested in 3 patients with recurrent
CDAD.151 Two of the 3 patients showed significant in-
creases in serum IgG for antitoxin A and B, and none
reported further recurrences. Currently, clinical trials
are ongoing to determine the value of vaccines for
the prevention of CDAD.

Effective treatments

The last strategy to control CDAD rates is the prompt
treatment of infected cases so that transmission of
spores into the environment is shortened and potential
transmission to other susceptible patients is limited.
Treatments for CDAD include antibiotic therapy, pro-
biotics, prebiotics, immunoglobulin treatment, and
toxin-binding polymers.

Antibiotic therapy

Treatment of infected patients is another strategy to
reduce health care associated CDAD. Oral vancomycin
is the only FDA-approved treatment for CDAD, but
metronidazole has also been used. These 2 antibiotics
have been considered the ‘‘standard’’ treatments for
CDAD152 and have been considered of equivocal effi-
cacy for decades, but recent data place this opinion
into question. In 80% to 90% of patients with CDAD,
diarrhea symptoms resolve within a typical 10-day
treatment, regardless of antibiotic type. After antibi-
otics have been discontinued, 20% to 60% of patients
may develop at least 1 recurrence of CDAD within 2
to 4 weeks, necessitating additional antibiotic treat-
ments.143 Some patients may develop ‘‘recurrent
CDAD’’ or repeated episodes that occur over a period
of years. In these types of patients, vancomycin is usu-
ally given for the recurrences, along with another type
of adjunctive therapy. In 163 cases of recurrent CDAD,
tapering or pulsed doses of vancomycin were signifi-
cantly more effective than metronidazole.143 By the
end of therapy, vancomycin was more effective at
clearing C difficile culture and/or toxins (89%) than
metronidazole (59%, P , .001).

Recently, the effectiveness of metronidazole has
been questioned because several studies reported
high failure rates.71 Typically, once metronidazole is
given, over 95% of patients report that their diarrheal
symptoms resolved within 3 to 4 days.55,152 Several
recent studies have reported higher than expected
metronidazole failure rates. Of 207 patients with
CDAD treated with metronidazole at the Houston
Veterans Administration Medical Center from 2003 to
2004, 46 (22%) did not respond to the initial metroni-
dazole treatment, and 58 (28%) recurred within 90
days.153 Musher et al153 examined a small number
(18 isolates) from this institution and found that all iso-
lates were sensitive to metronidazole and were of
mixed PFGE strain types. In 845 patients treated with
metronidazole in Quebec during 2003-2004, 26%
failed initial treatment, and 338 (47.2%) recurred
within 60 days of treatment.154 The recurrence rate re-
mained high even after adjusting for the aging popula-
tion. A retrospective study of 99 cases of CDAD at
Temple Hospital in Pennsylvania during 2000-2001
found that 38% failed to respond to metronidazole
treatment.155 Risk factors that predicted metronidazole
failure were low albumin level (,2.5 g/L) and stay in an
intensive care unit. No recurrence rates were given in
this paper. A prospective study at the same hospital
in 2005 found that of 27 CDAD patients treated with
metronidazole, 17 (59%) did not respond to treat-
ment.156 All of the 17 patients were still taking the an-
tibiotic that induced CDAD, whereas all the patients
that responded well to metronidazole discontinued
the inducing antibiotic.

One possible reason why a higher rate of metronida-
zole treatment failure was observed is antibiotic resis-
tance. Previously, metronidazole resistance has been
infrequent in C difficile isolates. No resistance to either
metronidazole or vancomycin was found in 186 iso-
lates from patients in the United Kingdom157 or in
140 isolates from patients in Poland.145 Of 49 C difficile
strains isolated from patients in Israel, none were resis-
tant to vancomycin, but 1 (2%) was resistant to metro-
nidazole.158 Of 415 C difficile isolates from patients in
Spain, 6% of isolates were resistant to metronidazole,
and 3% had reduced susceptibility to vancomycin.159

Several studies analyzed a small number (10-20) of
metronidazole failures and did not find any metronida-
zole-resistant isolates associated with the fail-
ures.160,161 None of the isolates from patients with
metronidazole treatment failure in the previous 4 stud-
ies were checked for metronidazole resistance nor has
it been reported whether the BI/NAP1 strain has devel-
oped metronidazole resistance. The reason behind the
apparent increase in metronidazole failures has not
been explained but may be due to other factors related
to the host, such as poor immune status, comorbidities,
or intestinal conditions. As recurrent CDAD continues
to persist as a clinical problem and the frequency of
metronidazole failure increases, the search for more
effective treatment strategies continue.162

Probiotics

Probiotics (nonpathogenic microbes administered
to improve intestinal balance and restore disrupted
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Table 4. Proposed changes to established strategies for health care practitioners for Clostridium difficile-associated disease

Previous recommendations* Current proposed recommendations

Infection control Use of alcohol-based antiseptics or gloves Discontinue alcohol-based antiseptics

Patient isolation precautions if incontinent Contact precautions, per facility isolation

policy guidelines Patient isolation or

cohorting during outbreaks for

incontinent cases

Hypochlorite disinfection of surfaces of room

with CDAD patient

Hypochlorite disinfectant effectiveness

confirmed

Antibiotic restriction programs

Surveillance for C difficile isolates rates,

review of severe CDAD cases, identification

of specific strains

Educational programs stressing transmission,

handwashing procedures, and

environmental disinfection

Antibiotic stewardship programs established

More research for methods to destroy

C difficile spores

Integrated infection control programs during

outbreaks heightened (more stringent

handwashing, cohorting, contact

precautions, environmental disinfection)

Diagnosis Culture or toxin assay for diarrhea stools only Consider both C difficile culture and toxin

assays, rapid assays during outbreaksDo not assay asymptomatic carriers

Inclusion of ‘‘low-risk’’ populations when

diagnosing C difficile cases (community

acquired, children, peripartum women,

recent use of fluoroquinolones)

Treatments Prompt treatment of CDAD Prompt treatment of CDAD cases confirmed

Oral metronidazole is treatment of choice Combine standard antibiotic treatment

(vancomycin) with alternative treatments

for cases of recurrent C difficile disease
Retreat recurrences with second course of

metronidazole
Metronidazole failures followed until

diarrhea resolved

Discontinue offending antibiotic if possible

CDAD, Clostridium difficile-associated disease.

*Reference: 2002 Society of Hospital Epidemiologists of America (SHEA) Position Paper.52
normal microflora) are moving into mainstream for the
treatment of gastrointestinal disorders.162,163 In 1 study,
patients with CDAD were randomized to a combination
treatment of oral vancomycin (2 g/day for 10 days) and
Saccharomyces boulardii (1 g/day for 4 weeks) or vanco-
mycin and placebo. Patients treated with vancomycin
and the probiotic had significantly decreased recur-
rence rates (16.7%) compared with vancomycin and
placebo (50%).164 A metaanalysis of 6 randomized con-
trolled trials using probiotics combined with 1 of the 2
standard antibiotics to treat CDAD found that
probiotics significantly reduced the risk of CDAD
(combined relative risk, 0.59; 95% CI: 0.41-0.85;
P 5 .005).165

Prebiotics

Prebiotics are nondigestible food components
(starch or fiber) that stimulate the growth of bifidobac-
teria, a type of bacterium thought to play a major role
in inhibiting the establishment of opportunistic patho-
gens in the intestine. Prebiotics are given alone, with-
out a probiotic organism. A randomized trial of 142
CDAD cases treated with standard antibiotics with
or without an adjunctive prebiotic (oligofructose) was
conducted. Significantly fewer (8.3%) patients in the
prebiotic-treated group had a recurrence within 60
days compared with those on placebo (34.3%, P ,

.001).166

Immunoglobulin treatment

The host immune response is an important predic-
tor of recurrences of CDAD, and the production of an-
titoxins A and B antibodies are found in patients who
do not develop recurrent CDAD.162 Unfortunately, no
randomized, placebo-controlled trials have been re-
ported. Evidence from uncontrolled trials or case series
studies show that increasing the immune response
may be beneficial.167 In a small pilot study of patients
with CDAD (9 had recurrent CDAD), all were given
bovine antibody-enriched whey for 2 weeks after treat-
ment with standard therapy (usually metronida-
zole).168 This enriched whey product has high levels
of IgA antitoxin antibodies and has been shown to be
protective of CDAD in hamster models. Of the 16
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patients, 15 cleared C difficile toxins by the end of treat-
ment, and none reported further recurrences (median
follow-up, 333 days). In another small case series, 5 pa-
tients with recurrent CDAD were treated with standard
antibiotics (metronidazole and/or vancomycin) and in-
travenous immunoglobulin (400 mg/kg) given either in
single or multiple doses.169 Two patients died of unre-
lated causes during the study, 2 patients reported no
further recurrences, and 1 patient recurred after 6
weeks. Another study treated 14 patients with refractory
CDAD with intravenous immunoglobulin (150-400 mg/
kg), and 64% responded within 10 days.170 This ap-
proach seems promising, but requires controlled clinical
trials to prove that immunoglobulin is an effective treat-
ment for recurrent CDAD.

Toxin-binding polymer

Another approach is to give an agent that would bind
C difficile toxins within the intestinal lumen. Braunlin
et al found that tolevamer, a sodium salt of styrene sul-
fonate polymer, binds C difficile toxin A extensively.171

In a phase 2 trial of 222 patients with CDAD, a high
dose (6 g/day) of tolevamer was found to be equivalent
to vancomycin treatment (500 mg/day).172 Of those
treated with vancomycin, 91% were cured by day 10
compared with 83% treated with 6 g/day of tolevamer,
and only 67% of those treated with 3 g/day of tolevamer
responded. Controlled clinical studies in humans with a
higher dose (9 g/day tolevamer) are ongoing.162

Implications for infection control: Although newer
infection control strategies have recently been tested
(alcohol handrubs, different types of disinfectants,
vaccines, new treatments), only antibiotic stewardship
programs have reduced CDAD rates. Current infection
control practices remain in good standing but are
only effective if practiced. More research is needed to
reduce transmission by C difficile spores, to find effec-
tive disinfectants and treatments, and to find methods
to prevent CDAD outbreaks.

CONCLUSION

The emergence of a fluroroquinolone-resistant, hy-
pervirulent strain of C difficile resulted in high numbers
of patients with severe CDAD and caused several large
outbreaks in Canada. These events have renewed focus
on infection control practices for this disease. Several
recommendations for infection control practitioners
are suggested (Table 4). The occurrence of this strain
is not unique to North America, and it should be ex-
pected to appear at other health care-associated institu-
tions. The need to determine the specific strain type of
C difficile isolates may be valuable in detecting the
arrival of hypervirulent strains and tracking its trans-
mission through health care facilities. However, this
requires that hospital laboratories isolate C difficile by
culture and have strain-typing methods available.
These strain-typing assays are not widely available,
and greater accessibility is recommended. An increase
in the frequency of severe cases of CDAD may herald
the arrival of the BI/NAP1/027 strain at an institution.
Infection control practitioners and clinicians need to
be vigilant for other strains of C difficile because a dif-
ferent profile of patients with CDAD is becoming
more frequent (community-acquired cases, children,
fluoroquinolone-associated cases) that may not be as-
sociated with the emergent BI/NAP1/027 strain. Re-
search into more effective treatments for CDAD and
recurrent CDAD is warranted. The increasing fre-
quency of metronidazole failures is concerning, and
randomized clinical trials are needed to determine
whether this observation is due to a failure of the met-
ronidazole itself or to confounders present in the ob-
servational studies. It would be prudent for infection
control practitioners to have established strategies in
place to control CDAD infections. Integrated infection
control programs that involve educational programs,
handwashing/gloving protocols, appropriate environ-
mental disinfectants, and antibiotic stewardship pro-
grams offer the most effective benefits.
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Screening for pulmonary tuberculosis
using chest radiography in new
employees in an industrial park
in Taiwan
Shih-Bin Su, MD, MS,a,b Chien-Fang Chiu, MD,a Cheng-Ta Chang, MD,c Kow-Tong Chen, MD, PhD,d

Ching-Yih Lin, MD,e and How-Ran Guo, MD, MPH, ScDb,f

Tainan, Taiwan

Background: Pulmonary tuberculosis (TB) is prevalent in Taiwan, but it is suspected that its occurrence has been underestimated
by the National TB Surveillance Program. A pre-employment health examination is mandated by law in Taiwan, providing a mech-
anism to assess the occurrence of TB more accurately.
Methods: A pre-employment TB screening program of an industrial park was used to evaluate the performance of the National TB
Surveillance Program in Taiwan. The yields of the pre-employment TB screening, using chest radiography from July 2004 to June
2005, were compared with corresponding results of the National TB Surveillance Program.
Results: A total of 17,105 new employees with an even gender distribution (men:women ratio, 50.2%:49.8%) underwent screening
during the study period. Among the participants, 22 (128.6 per 100,000) new patients with pulmonary TB were diagnosed, and
7 (31.8%) of the patients had positive bacteriology findings. Compared with the results of the National TB Surveillance Program,
the pre-employment screening had a much higher yield (128 vs. 47 per 100,000, P , .001).
Conclusion: The yield of the active surveillance program through mandatory screening was much higher than that of the National
TB Surveillance Program, which is a passive reporting system. The results of this study highlight the need for more active TB sur-
veillance efforts in endemic areas like Taiwan. (Am J Infect Control 2007;35:254-9.)
Pulmonary tuberculosis (TB) has been prevalent in
Taiwan for a substantial period of time. The mortality
related to TB was reported to be as high as 294.4 per
100,000 individuals in 19471 but has declined gradu-
ally and reached a historical low of 4.23 per 100,000
in 2003.2 Despite this decline in the mortality, TB was
still listed as the thirteenth leading cause of death in
Taiwan as of 2004.2 A nationwide survey revealed
that the prevalence of bacteriologically confirmed pul-
monary TB was 1.02% in 1947, and this figure declined
to 0.06% in 1993. On the other hand, owing to the
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improvement in the notification mechanism, the num-
ber of TB cases reported to the National TB Surveillance
Program, which is operated by the Department of
Health of the central government, has increased in re-
cent years. Such an improvement was achieved by the
implementation of the ‘‘no-report-no-reimbursement’’
and ‘‘notification-fee’’ policies.3 In 1997, the number of
newly diagnosed cases reached 15,386, with a reported
incidence rate of 71.1 per 100,000 individuals, and the
number of newly diagnosed cases remained at approx-
imately 15,000 for each year since that time.4

Even so, it has been suspected that the National TB
Surveillance Program has underestimated the occurrence
of TB in Taiwan because the program assesses the occur-
rence on the basis of people who participate in various
health checkups and people who seek medical help,
mostly because of clinical symptoms and signs. In fact,
2 studies have been conducted to evaluate the occurrence
of pulmonary TB among certain Taiwanese subpopula-
tions using active case-ascertainment approaches: 1 on
prison inmates5 and the other on military conscripts.6

Whereas both studies reported higher estimates of the
occurrence of TB than the results from the National TB
Surveillance Program for corresponding time periods,
they were both conducted among very specific subpopu-
lations; inmates are at a higher risk of acquiring pulmo-
nary TB because prisons are crowded confined spaces,
and all military conscripts are 19-year-old men.

mailto:hrguo@mail.ncku.edu.tw
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Therefore, further studies are needed to evaluate the pos-
sible underestimation for the whole population.

A preemployment health examination for every
new employee is mandated by law in Taiwan. Whereas
the main purpose of this examination is to determine
whether the newly employed worker is fit for the job,
the examination canalso serve as a screening forcommu-
nicable diseases to prevent the spread of such diseases
within the workplace. Chest radiography (CXR) is a re-
quired item of the examination and can serve as screen-
ing for pulmonary TB. In an industrial park in Taiwan,
new employees receive the examinations at the clinic lo-
cated within the park, and such a scenario offers a unique
opportunity to assess the occurrence of pulmonary TB in
a working population, which can be adopted as a model
to evaluate whether the National TB Surveillance Pro-
gram has underestimated the occurrence of pulmonary
TB. We analyzed the data from the preemployment
screening and compared those with the corresponding
data obtainedfrom the National TB Surveillance Program.

METHODS

We included all new employees who underwent the
standard preemployment health examination during
the period between July 2004 and June 2005 in an
industrial park in Tainan, Taiwan. All the examinations
were carried out at the clinic in the park, which is the
only health care institute located in the park. According
to certain regulations of the Taiwanese government,
every new employee of a company must undergo a
standard health examination prior to commencing
work with that company. This requisite health exami-
nation includes a standard 14 3 14-inch CXR film,
routine urine sample, complete blood cell count, blood
biochemistry, and a general physical examination.
Whereas the main purpose of the examination is to de-
termine whether the worker is fit for the job, the CXR
also serves as screening for pulmonary TB so as to pre-
vent the spread of this disease within the workplace. As
is the case for the National TB Surveillance Program,
participants with suspicious lesions on the CXR films
were referred for further evaluation to a specialist hos-
pital, the Chest Hospital of the Department of Health
(also known as the Tainan TB Center) in this case. The
diagnosis of TB was made according to the guidelines
implemented by the Taiwan Center for Disease Control
(CDC) of the Department of Health, which include fol-
low-up CXR, sputum smears for acid-fast bacilli (AFB),
and culture for Mycobacterium tuberculosis.1 The final
diagnosis was made during the weekly staff conference
after a review of results of the examinations and was
confirmed by the TB specialists of the Taiwan CDC.
The Taiwan CDC has adopted the World Health Organi-
zation’s case definitions of TB in general, although,
because Taiwan is an endemic area of TB and because
many physicians are experienced in the diagnosis of
TB, a more aggressive approach to the diagnosis of
TB is applied to minimize the spread of the disease
throughout Taiwan. Therefore, the diagnosis of TB is
confirmed for a culture-negative patient who has CXR
findings compatible with active TB but fails to respond
clinically to a 1-week-treatment regimen with broad-
spectrum antibiotics and if the physician deems it
appropriate to administer a full course of anti-TB treat-
ment after the treatment with antibiotics.1 In addition,
cases of nontuberculous mycobacteria were excluded
as cases of TB.

The extent of the patient’s disease was classified
as ‘‘minimal’’ (pulmonary involvement less than the
lung parenchyma area demarcated by a horizontal
line extending from along the lower end of the second
rib), ‘‘moderately advanced’’ (pulmonary involvement
of less than a single lung parenchyma), ‘‘far-advanced’’
(pulmonary involvement of more than a single lung
parenchyma), and ‘‘cavitary’’ (cavity formation in lung
parenchyma).1 All detected cases of TB were reported
to the National TB Surveillance Program and treated
with a rifampin-based, short-course anti-TB regimen.
All suspicious cases underwent follow-up examinations
and were required to complete the treatment course. To
prevent the introduction of TB into the workplace, new
employees with TB were not allowed to enter the work-
place before the completion of their treatment.

The yield of a screening program was calculated
using the following equation7:

yield 5 number of new TB patients=

number of new employees examined:

Patients who were being treated for TB at the time
of screening and participants who had a history of TB
were excluded from the study. In addition to the overall
yield, we also calculated sex- and age-specific yields.

To evaluate the possible underestimation of TB oc-
currence by the National Surveillance Program, we ob-
tained data from the program for the year 2003, which
was the most updated published data available at the
time of study. This program has been and still is oper-
ated by the CDC of the Department of Health as apart
of the National Notifiable Disease Surveillance System
and receives reports of new cases identified through
screening programs at all hospitals in Taiwan as well
as those identified through mobile CXR screening
buses. We compared the gender- and age-specific yields
deriving from the national surveillance program to the
corresponding data observed in our study and evalu-
ated the differences in the results of the 2 programs us-
ing the x2 test. All statistical analyses were conducted
using the Statistical Package for the Social Sciences
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(SPSS for Windows, Version 12.0, Chicago, IL), and all
statistical tests were performed at a 2-tailed significance
level of 05.

To protect patient confidentiality, the database cre-
ated by our study was password protected, and all per-
sonal identifiers were removed from the database. The
protocol of this study was determined as not requiring
ethical review by the Human Experiment Review Board
of the National Cheng Kung University.

RESULTS

During the study period, 17,105 new employees,
comprising 8592 women and 8513 men, underwent
preemployment health examinations at the clinic.
The study participants were aged from 15 to 68 years,
with a mean of 27.3 years. Among those, a male patient
with previously diagnosed pulmonary TB, who had al-
ready commenced treatment for this condition at the
time of screening, was identified and excluded from
further analyses. Of the remaining 17,104 participants,
pulmonary TB was diagnosed for 22, resulting in an
overall yield of 128.6 per 100,000 individuals. Half
of the 22 newly diagnosed patients were between 25
and 34 years of age, and half of the patients revealed
‘‘minimal’’ disease involvement. Seven patients (31.8%)
had at least 1 sputum culture that was positive for
Mycobacteriun tuberculosis, and 2 patients (9.1%) had 1,

Table 1. Characteristics of 22 new patients of pulmonary
tuberculosis identified through preemployment screening
in an industrial park in Tainan, Taiwan, from July 2004
to June 2005

Disease characteristics Number %

Sex

Women 11 50.0

Men 11 50.0

Age (yr)

15-24 8 36.4

25-34 11 50.0

$35 3 13.6

Extent of disease

Minimal 11 50.0

Moderately advanced 8 36.4

Far advanced 1 4.5

Cavities 2 9.1

Sputum smear acid-fast stain

Positive 2 9.1

Negative 20 90.9

Bacteriologically confirmed*

Positive 7 31.8

Negative 15 68.2

Family history of TB

Yes 1 4.5

No 21 95.5

*Sputum smear positive on acid-fast stain and/or culture positive for Mycobacterium

tuberculosis.
or more than 1, sputum smear exhibiting the presence
of AFB as seen under microscopy. Both of the 2 patients
with positive sputum AFB smears also had positive spu-
tum cultures, such that the yield of bacteriologically
confirmed pulmonary TB was 40.9 per 100,000 individ-
uals (Table 1).

The overall yield of the National TB Surveillance
Program was 47.2 per 100,000 individuals, which was
significantly lower than the corresponding figure found
in our screening program (Table 2). Furthermore, as
compared with the results from the National TB Sur-
veillance Program, our screening program had signifi-
cantly higher yields for all age groups and for both
men and women. However, whereas our program had
similar yields between the 2 sexes, the National TB sur-
veillance Program had a more than 2-fold higher yield
for men as compared with women (Table 2).

DISCUSSION

It is generally believed that providing prompt and
effective treatment to patients suffering from TB may
bring the disease under control globally,8 but the prob-
lem regarding how to identify effectively such patients
among an apparently healthy population (the screen-
ing for TB) remains a great challenge to both public
heath practitioners and clinicians. In areas with a rela-
tively low prevalence, the policy of preemployment
mass CXR screening for pulmonary TB remains contro-
versial even for health care workers,9,10 who are at a
higher risk.11 TB can arise and spread within a regular
workplace,12 and certain mass CXR screening pro-
grams have been applied in areas with a relatively
low prevalence, this being especially the case when
the goal is the elimination of the disease.13

The main purpose of the mandated preemployment
health examination in Taiwan is to determine whether
the worker is fit for the job, although it may be seen to
also serve the purpose of screening for communicable
diseases. Because this compulsory examination in-
cludes a CXR, it can serve effectively as screening for
pulmonary TB The mandatory nature of the health ex-
amination offers a unique opportunity to evaluate the
performance of the National TB Surveillance Program,
which is a combination of various screening programs,
including the complimentary Adult Health Examina-
tion offered by the National Health Insurance, the pre-
recruitment health examination for the military service
for 19-year-old men,6 the screening using mobile CXR
buses, and others. Whereas the reporting to the CDC
of all cases of TB as detected by various health care
institutes and all physicians is mandated by law in
Taiwan, the participation in some of the above-
mentioned programs, such as the Adult Health Exami-
nation and the mobile bus screening, is voluntary.
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Table 2. Comparisons between results of the preemployment screening at an industrial park and those of the
National TB Surveillance Program in Taiwan

Characteristics

Participants Patients

Yield of the

preemployment screening

Yield of the National TB

Surveillance Program

Relative risk* P valueNumber % Number % (per 100,000 individuals) (per 100,000 individuals)

Sex

Women 8592 50.2 11 50.0 128.0 40.7 3.15 ,.001

Men 8512 49.8 11 50.0 129.2 91.7 1.41 ,.001

Age (yr)

15-24 5548 32.4 8 36.4 144.2 25.6 5.64 ,.001

25-34 10,152 59.4 11 50.0 108.4 31.3 3.46 ,.001

$35 1404 8.2 3 13.6 213.7 63.3 3.34 .025

Total 17,105 100.0 22 100.0 128.6 47.2 2.72 ,.001

*Relative risk of being detected by the preemployment screening vs by the National TB Surveillance Program; P values are for x2 tests.
Therefore, some previous studies have speculated that
the occurrence of pulmonary TB in Taiwan may have
been underestimated by the National TB Surveillance
Program,5,6 as has been the cases for a number of other
passive public health surveillance systems.14

In fact, a mass TB survey of all prisons in Taiwan
in 1999 screened a total of 51,496 inmates using 70 3

70-mm miniature films and referred 1148 (2%) of these
individuals to undergo follow-up examinations using
14 3 14-inch films.5 Among the 922 individuals who
completed follow-up examinations, pulmonary TB was
diagnosed for 107. On the basis of the assumption
that the prevalence of TB among those who failed to
undergo follow-up examinations was equivalent to
that among those who did undergo follow-up examina-
tions, the study obtained an estimated prevalence of
258.7 per 100,000 inmates. Among these 107 patients,
88 (82.2%) were newly diagnosed, resulting in a yield
of 212.9 per 100,000 individuals under the similar as-
sumption that the yield of new TB cases among those
who failed to undergo follow-up examinations was
equal to the yield for those who did undergo follow-
up examinations. Contrasting such figures, however,
the National TB Surveillance Program’s yield was
only 61.3 per 100,000 in 1999.1 Likewise, another
survey of TB applied similar approaches to military
conscripts in 1997 and 1998 in Taiwan and notified
2969 of the 305,140 19-year-old men (1%) initially
examined to undergo follow-up examinations.6 Among
the 2782 men (94%) who completed the follow-up ex-
aminations, pulmonary TB was diagnosed for 237, of
whom 212 (89%) were newly diagnosed. Accordingly,
the estimated yield from this military conscript study
was 74.3 per 100,000 individuals, which was similar
to the yield of 82 per 100,000 of the National TB Sur-
veillance Program for 19-year-old men conducted in
1998.6 For that same year, however, if the 99 cases
detected by the military screening were excluded, the
yield of the National TB Surveillance Program for
19-year-old men was only 32.7 per 100,000, a figure
similar to the corresponding yields for 22-year-old
men (31.8 per 100,000) and 23-year-old men (30.6
per 100,000) for the same year. Comparing the data
on men with those of the National TB Surveillance
Program on women (23 per 100,000 for 19 year olds,
22 per 100,000 for 20 year olds, 25 per 100,000 for 21
year olds, 23 per 100,000 for 22 year olds, and 25 per
100,000 for 23 year olds), the researchers concluded
that the peak in the yield for 19-year-old men revealed
by the data from the National TB Surveillance Program
was due to the military screening and that the relatively
low yields for 20-year-old men (25.3 per 100,000) and
21-year-old men (16 per 100,000) might be due to a
‘‘post-screening effect’’ following early case detection
by the military screening that resulted in a decrease in
detectable cases subsequent to this screening.6 In other
words, the result of this military conscript study sup-
ported the suspicion raised by the prison inmate study
that the National TB Surveillance Program tends to un-
derestimate the occurrence of pulmonary TB in Taiwan.

The mandatory preemployment health examination
in Taiwan provides a potential mechanism to assess the
occurrence of pulmonary TB in a working population,
but, to the best of our knowledge, no study using such
an approach, as was the case in our study, has been
conducted and published in the relevant literature.
One previous study reported that, at the time of study,
there existed 65 industrial parks in Taiwan, but only 10
of those had an on-site common health care unit.15

Although all of the other 9 parks were more than 10
years old, the clinic at which we conducted the current
study was the most recently established and was still
hiring large numbers of new employees; such a sce-
nario, therefore, offered a unique opportunity to assess
the occurrence of certain diseases in the general popu-
lation. In fact, a previous study on the workers in this
same park found that the seroprevalence of rubella
among employees was compatible with corresponding
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figures observed in studies using representative sam-
ples of the general population.16 Using the data from
the preemployment screening, the results of the cur-
rent study confirmed the suspected underestimation
of the occurrence of TB by the National TB Surveillance
Program.

Of the 22 new pulmonary TB patients identified in
our study, half (11 patients; 50.0%) had only ‘‘minimal’’
disease involvement, an outcome that is compatible to
the corresponding finding of 51% (120 in 237 indi-
viduals) in the military conscript study.6 Both studies
applied an active surveillance approach instead of a
passive reporting approach, and the results of both
have demonstrated that most patients identified by
this approach were in the early stage of the disease,
an outcome that illustrates the relative effectiveness
of such an approach for early diagnosis.

Although HIV infection is a well-known risk factor
for TB, none of the patients identified in our study
had HIV infection. This is not surprising because HIV
is not as prevalent as TB in Taiwan. Because none of
our study participants were health care workers, we be-
lieve the individuals identified as TB patients acquired
the disease in the general community, which is not at
all uncommon for endemic area of TB like Taiwan. Al-
though lung malignancy should always be considered
as a differential diagnosis for pulmonary TB, no case
of lung malignancy was identified among the TB pa-
tients diagnosed in our study.

The National TB Surveillance Program had a more
than 2-fold higher yield for men as compared with
women (91.7 vs 40.7, respectively, per 100,000), whereas
the current study has observed similar yields for both
sexes (129.2 vs 128.0, respectively, per 100,000). This
may be attributable, at least in part, to the fact that
men have more opportunities to receive mandatory TB
screenings, including the military recruitment screening
and preemployment screenings. This finding indicates
the need for more active TB surveillance for women in
the general population. All of the 22 new patients iden-
tified in our study were reported to the National TB Sur-
veillance Program as required by law, and each of these
patients received anti-TB therapy. In addition, their start-
ing dates for going to work were postponed to prevent
the transmission of TB to their coworkers.

A substantial proportion of the TB patients (31.8%)
identified in the current study had positive sputum cul-
ture, which indicated that these patients were able to
transmit the diseases to others, and they are important
cases to both public health and occupational health.17

In particular, patients who are sputum smear-positive
for AFB are highly infectious and thus considered as
the most important source of the transmission of TB.
For the modern industry, almost all of the workers
work in air-conditioned buildings, and the presence
of such patients in the workplace poses a threat to
the heath and well-being of other workers. Our study
results demonstrate the importance of preemployment
screening for TB in endemic areas like Taiwan. The pro-
portion of bacteriologically confirmed pulmonary TB
cases constituted approximately 61.4% of all tubercu-
losis cases reported to the National TB Surveillance
Program.1 It should be noted that a large proportion
of cases reported to the program are identified through
voluntary participation in various screenings, and many
of those individuals are in fact symptomatic or suspect
that they have contracted the disease. However, in the
current study, participation in the screening was man-
dated by law, which may explain the relatively smaller
proportion of bacteriologically confirmed cases. In the
previous study on military conscripts, in which partic-
ipation in the screening was also mandated by law,
the proportion of bacteriologically confirmed cases
was even lower (8.9%) than that in our study.6 There-
fore, the yields in our study were not likely to be
underestimations.

The preemployment health examination is not de-
signed for screening for TB exclusively, and, therefore,
the tuberculin skin test and sputum smear are not
included. However, all the participants with suspected
pulmonary TB were referred to the Chest Hospital for
further diagnostic procedures, although none of them
underwent bronchoscopy for diagnosis. Whereas the
diagnosis of TB in some of the culture-negative patients
might have been inaccurate, such an outcome would
not affect the conclusions of our study because the
same diagnostic criteria were applied to both the pre-
employment screening of workers and the National
TB Surveillance Program. Because new employees con-
stitute an active working population, they may tend to
be somewhat healthier than other people of the same
age and thus may not be truly representative of the
general population. If that happened to be the case
here, the rates of TB might have been underestimated
in our study. Nonetheless, because our main finding
was that the preemployment screening revealed higher
rates of TB infection than the National TB Surveillance
Program, if the preemployment screening did underes-
timate the rates, such an outcome would not change
our main conclusion. Still, it should be recognized
that the accurate diagnosis of pulmonary TB using
CXR alone is difficult, and, therefore, other TB screen-
ing efforts in addition to the preemployment health
examination are needed to identify new cases.

Our study has revealed that the National TB Surveil-
lance Program, which is a passive reporting system, un-
derestimates the occurrence of TB in Taiwan, this being
particularly so for women. It has been argued previously
that proper coordination between occupational and
community health services will give the best results,
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and logically, this should lead to a rapid decline of the
disease.18 The results of our study support this argu-
ment and demonstrate the importance of preemploy-
ment TB screening in endemic areas like Taiwan.
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Prescription of prophylactic antibiotics
for neurosurgical procedures
in teaching hospitals in Iran
Mehrdad Askarian, MD, MPH,a Ali Reza Moravveji, MD, MPH,a and Ojan Assadian, MD, DTMHb

Shiraz, Iran, and Vienna, Austria

Background: To assess the appropriateness of surgical antibiotic prophylaxis in neurosurgical procedures, using the American
Society of Health-System Pharmacists (ASHP) guideline as reference, 110 patients were prospectively evaluated. Monitoring surgical
antibiotic prophylaxis is crucial in ensuring appropriate use of antimicrobial agents in this setting. This will minimize the conse-
quences of antibiotic misuse such as increased drug antibiotic resistance, adverse events, and higher costs to the institution.
Methods: We recruited 110 consecutive patients undergoing clean neurosurgical treatment in 2 hospitals. Data were collected
prospectively from patients’ medical records between February 2004 and April 2004. The data collection forms for each patient
included hospital name, patient demographics, type of surgery, and type of antimicrobial prophylaxis regimen (drug name,
dose, interval, route of administration, number of doses and time administered, and duration of administration).
Results: Discrepancies about antibiotic selection, duration, and start time of prophylaxis were seen between current administra-
tion and the ASHP guideline. The direct cost of prophylactic antibiotics for the 110 procedures was 14 times greater than what it
would have cost to administer prophylactic antibiotics adhering to the ASHP guideline (US $802 vs US $59; US $7.29 vs US $0.54
per patient, respectively). This is equivalent to US $6.75 of extra costs per procedure and patient.
Conclusion: This study indicates the need for interventions to improve the rational use of antibiotic prophylaxis in Iran to prevent the
complications of inappropriate administration of antimicrobials and decrease unnecessary costs. (Am J Infect Control 2007;35:260-2.)
Surgical site infections (SSIs) are the most common
and serious complication among surgically treated
patients, resulting in increased rates of morbidity and
mortality, length of stay in hospital, and cost.1

Postoperative infection following neurosurgery
occurs at a reported incidence of 4%, accounting for
a mortality of approximately 14% of the total postoper-
ative deaths.2 Postoperative infection in clean neuro-
surgery is even lower, with reported frequencies up to
1%.3 Gram-positive Staphylococci are the most com-
mon causative pathogens for postoperative infections
in neurosurgery patients. Infection can occur in super-
ficial tissues such as skin surrounding the wound, bone
flap, or in the deeper tissues; even superficial wound
infections may cause complications such as osteomye-
litis, meningitis, encephalitis, abscess, or death.4
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Although the rate of infection in clean neurosurgical
operations is known to be low, the routine use of pro-
phylactic antibiotics has been adopted by many neu-
rosurgeons because of the potentially devastating
consequences of infectious complications.5 The effective-
ness of antibiotic prophylaxis in preventing postoperative
wound infections has been proven in several studies.
Therefore, surgical antibiotic prophylaxis accounts for
over 30% of antibiotic prescriptions in general hospitals.
However, in surgical centers it can be as high as 95%.
Monitoring surgical antibiotic prophylaxis is crucial in
ensuring appropriate use of antimicrobial agents in this
setting. This will minimize the consequences of antibiotic
misuse such as increased drug antibiotic resistance,
adverse events, and higher costs to the institution.6

The choice of antimicrobial agent, the starting time
of administration, and the duration of prophylaxis are
factors that can affect the appropriate use of surgical
antibiotic prophylaxis. In this study, we used the
recommendations made by the American Society of
Health-System Pharmacists (ASHP)7 to assess the
appropriateness of antibiotic prophylaxis for surgical
procedures in 2 teaching hospitals affiliated with
Shiraz University of Medical Sciences in Shiraz, Iran.

METHODS

We specifically chose to review adherence to anti-
biotic prophylaxis in neurosurgical procedures. We
recruited 110 consecutive patients undergoing clean
neurosurgical treatment from 2 hospitals (57 cases

mailto:askariam@sums.ac.ir
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from hospital ‘‘A’’ and 53 from hospital ‘‘B’’) in Shiraz,
the capital of the province Fars. These hospitals are the
sole referral centers for neurosurgical treatment for a
population of 4 million inhabitants living in this prov-
ince. Data were collected prospectively from patients’
medical records between February 2004 and April
2004. The data collection forms for each patient
included hospital name, patient demographics, type
of surgery, and type of antimicrobial prophylaxis
regimen (drug name, dose, interval, route of admini-
stration, number of doses and time administered, and
duration of administration). Because of therapeutic
use of antibiotics instead of prophylactic, the proce-
dures classified as dirty-infected wound were excluded
from the study. Cases for which it was not possible to
determine prophylactic or therapeutic use of antibi-
otics were also excluded. Adherence to the ASHP rec-
ommendations was assessed by a clinician. Data were
recorded into EPI-INFO 2002 program (Centers for Dis-
ease Control and Prevention, Atlanta, GA) and analyzed
using SPSS for Windows 11.5 (SPSS Inc., Chicago, IL).
Statistical evaluation was conducted by descriptive
analysis including frequencies.

RESULTS

Records for 110 patients were collected and
reviewed. Sixty-six percent were male. Patients’ age
ranged between 14 and 76 years (mean, 40.6 years;
SD 6 16.3); 15.5% of operations were emergency
procedures, and wound classes were clean in 100%.

Only 1 patient (0.9%) received prophylactic anti-
biotics in accordance with the entire set of recommen-
dations given by the ASHP guidelines. In 81 patients
(74.3%), prophylaxis was started at the time of induc-
tion of anesthesia as recommended by the ASHP.
Prophylaxis was continued in patients for several
days (mean, 5 days; SD 6 4.8) rather than the ASHP
recommendation of only a single-dose antibiotic.

A total of 9 different antibiotics or combinations
thereof were prescribed for 109 patients. One patient
received only 1 substance (cefazolin), and up to 5 types
of antibiotics were administered for others. The most
frequently used antibiotics, alone or in combination,
were intravenous gentamicin (in 108 cases; 98%) and
cefazolin (in 107 cases; 97%). Some oral agents such
as cephalexin, cloxacillin, and metronidazol were used
subsequently after intravenous agents in 32 patients
(29%). Vancomycin was prescribed for 3 patients
(2.7%) without any evidence of b-lactam allergy.

The direct cost of prophylactic antibiotics for the 110
procedures was 13.6 times greater than what it would
have cost to administer prophylactic antibiotics adher-
ing to the ASHP guideline (US $802 vs US $59 or US
$7.29 vs US $0.54 per patient, respectively).
DISCUSSION

This study showed discrepancies between current
administration of antibiotics for surgical prophylaxis
and the ASHP guideline. The major mistakes were anti-
biotic selection, duration, and start time of prophylaxis.

The ASHP recommends a single dose of 1000-mg
cefazolin at the time of induction of anesthesia for
prevention of SSI. However, most patients received
cefazolin but in combination with other antibiotics, in-
cluding gentamicin or oral antimicrobial compounds.
In general, it is debatable whether the concomitant
use of oral and parenteral antibiotics has greater effi-
cacy in prevention of postsurgical infections.8

The question of why some patients received subse-
quent oral antibiotics regardless of any postoperative
infection in our study was unclear and needs further
investigation. The use of vancomycin for prophylaxis
is appropriate only when there is a true type I hyper-
sensitivity to b-lactam or when there is a high
incidence of SSI because of methicillin-resistant staph-
ylococci.9 Vancomycin was used in 3% of our patients
without any of these situations present.

Aminoglycosides such as gentamicin, which were
used for most patients, may be nephrotoxic and oto-
toxic, even with precise therapeutic doses, and the use
of these in prophylaxis may predispose for the emer-
gence of methicillin-resistant staphylococci. This may
initiate an unfavorable cascade in which treatment
with vancomycin may select for the emergence of
vancomycin-resistant enterococci. Therefore, amino-
glycosides are not endorsed for systemic prophylaxis.10

In light of the ASHP’s recommendations of only
1 time, single-dose antibiotic prophylaxis for neurosur-
gical procedures, none of the patients in our study
received optimal duration of prophylaxis. In fact, the
unwarranted prolonged use of antibiotics increases
the likelihood of developing infections by antibiotic-
resistant bacteria, exposes patients to more adverse
drug effects, and increases the overall medical cost.11

The initiation time of antibiotic therapy was appro-
priate for three fourths of the patients. Antibiotic pro-
phylaxis must be initiated early enough to allow the
antibiotic to achieve effective tissue concentration.
Administration of the antibiotic too early may compro-
mise antibiotic efficacy.12

The results of this study show that the direct cost of
current surgical antibiotic prophylaxis was approxi-
mately 14-fold greater than the cost of a suggested reg-
imen by guideline. This is equivalent to US $6.75 of
extra cost per procedure and patient or US $743 for
the 110 investigated patients. To put these excess costs
in a socioeconomic perspective, it should be noted that
the minimum salary of a worker in Shiraz that year was
US $120 per month.
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Our study has several important limitations. Al-
though most Iranian neurosurgical departments share
a close communication and standards are similar, our
results represent the situation in the province of Fars
and cannot be generalized to the Iranian situation. Sec-
ond, we have no documented evidence that the ASHP
practices would have been any more effective or more
economic. We decided to use recommendations pub-
lished by the ASHP to measure against rational and
evidence-based international standards. However, the
possibility exists that recommendations given by the
ASHP guidelines were not feasible in our patients or
for the situation in Iran.

In conclusion, this study indicates the need for inter-
ventions to improve the rational use of antibiotic pro-
phylaxis to prevent the complications of inappropriate
administration of antimicrobials and decrease unneces-
sary costs. We suggest that the mistakes in prescribing
practice for surgical antibiotic prophylaxis in our study
were due to lack of adherence to guidelines among sur-
gical teams.
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Bacterial contamination of
stethoscopes with antimicrobial
diaphragm covers
Mark W. Wood, RRT, BS,a Ryan C. Lund, MPH, CIC,b and Kurt B. Stevenson, MD, MPHb

Boise, Idaho

Antimicrobial stethoscope covers impregnated with silver ions have been developed to prevent surface contamination and poten-
tial transmission of bacterial pathogens to patients. To test their practical utility, covers were distributed with the manufacturers’
recommendations to a mixed group of health care professionals in a medical/surgical intensive care unit and an emergency de-
partment. Seventy-four clinicians were selected from a convenience sample for surface cultures and standard questioning regard-
ing cleaning and cover use. Surface colony counts were significantly lower for uncovered stethoscope diaphragms (mean, 71.4
colonies) compared with covers used #1 week (mean, 246.5 colonies) and those .1 week old (mean, 335.6 colonies). After
controlling for type of clinician, frequency of stethoscope cleaning, and method of stethoscope cleaning, only the presence of
a stethoscope cover was associated with higher colony counts (P , .0001). We question the practical utility of the antimicrobial
diaphragm covers evaluated in this study for reducing the surface colonization of potentially harmful microorganisms. (Am J Infect
Control 2007;35:263-6.)
Indirect contact with contaminated patient environ-
ment or medical devices has been associated with
transmission of nosocomial pathogens and provides
the basis for the implementation of current transmis-
sion-based isolation guidelines.1 Many nosocomial in-
fections have been demonstrated to be due to cross
transmission.2 Many of these infections could poten-
tially be prevented through adequate application of
infection control practices.

Medical devices including stethoscopes and oto-
scopes have been demonstrated to be contaminated
with bacterial species and have been implicated as po-
tential vectors of cross transmission.3-10 Other inani-
mate objects such as pagers,11 toys in the neonatal
intensive care unit,12 and hospital surfaces13 have like-
wise been implicated. The stethoscope represents per-
haps the most commonly used medical device in the
hospital. Numerous studies have examined the dia-
phragm surface and earpieces for bacterial contamina-
tion and have determined that it occurs at a very
high rate (66%-100%).3-10 Among isolated pathogens,
staphylococcus species including methicillin-resistant
Staphylococcus aureus (MRSA) have been reported.3-8,10,14

Cleaning the diaphragm with alcohol has been
demonstrated to reduce surface bacterial counts.3,6-8

Although cleaning does decrease bacterial load,
studies show that health professionals may not be
committed to the process of routine cleaning. In one
study, only 48% of health care providers cleaned their
stethoscopes daily or weekly, 37% monthly, and 7%
yearly; and 7% had never cleaned their stethoscopes.6

Covering the surface of the stethoscope diaphragm
with an antimicrobial cover may prevent contamina-
tion and cross transmission of nosocomial pathogens.
Diaphragm covers impregnated with silver ions have
the potential to suppress growth of bacteria and fungi
and thus prevent transmission of nosocomial patho-
gens. We report our experience of the practical utility
of antimicrobial stethoscope diaphragm covers by
comparing cultures from the surfaces of covered and
uncovered stethoscopes and evaluating clinician’s
practices regarding stethoscope cleaning and care. We
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discuss the implications of our findings on the poten-
tial impact of these antimicrobial covers and stetho-
scope care in infection prevention.

METHODS

During the fall of 2003, antimicrobial diaphragm
covers ($2 per individual) with the manufacturers’ rec-
ommendations about cleaning and routine changing
of covers were distributed to a mixed group of health
care professionals working in a large medical/surgi-
cal/trauma intensive care unit (ICU) and a regional
trauma emergency department (ED). All clinicians
were instructed that they may be randomly selected
to participate in a culture study and to complete a sur-
vey regarding their stethoscope care.

During the study period, health care workers were
selected from a convenience sample of the ICU and
ED staffs as randomly as possible for culture of stetho-
scope diaphragms. These included equal number of
individuals with and without antimicrobial covers. Cul-
tures were obtained by pressing the diaphragm surface
for 5 seconds on a blood agar plate and incubating the
culture aerobically for 48 hours. After incubation, the
total number of colonies of bacterial growth was
counted for each sample, but the genus and species
of the cultured organisms were not specifically identi-
fied. An example of a positive culture is illustrated in
Fig 1.

At the time of culture, each health care worker was
asked to complete a short written survey. Each clinician
indicated whether they were using an antimicrobial

Fig 1. Example of a culture plate demonstrating
bacterial growth from the surface of a contaminated

stethoscope.
cover and whether it was being used beyond the
1-week time frame recommended by the manufacturer.
Additionally, clinicians were categorized by role and
training (physician, nurse, respiratory therapist, or
other), were queried about how often they cleaned
the stethoscope (between every patient, several times
a day, once daily, once monthly, or rarely if ever), and
were asked to identify which cleaning agent was used
(alcohol wipes, soap and water, antiseptic wipes, or
the alcohol-based handrub). The mean number of col-
onies was compared between those without covers
and those with short-term (,1 week) or long-term
cover use (.1 week old). Multiple linear regression
modeling was performed to determine predictors of
the number of colonies cultured from the diaphragm
surface with presence or absence of antimicrobial dia-
phragm cover, type of clinician, frequency of stetho-
scope cleaning, and method of stethoscope cleaning
as covariates in the model. Surface colony counts, the
dependent variables, were transformed to the natural
logarithm to satisfy the assumption of homoscedascity
in the linear regression model. All statistical tests were
2-sided, and significance was set at P , .05, with all
analyses performed using STATA, version 8 (Stata Cor-
poration, College Station, TX).

RESULTS

One hundred percent of the diaphragms cultured
were contaminated. Colony counts were significantly
lower for uncovered stethoscope diaphragms (mean,
71.4 colonies) compared with covers less than or equal
to 1 week old, as recommended by the manufacturer
(mean, 246.5 colonies) and those greater than 1 week
old (mean, 335.6 colonies). Health care workers who
were surveyed were generally reflective of the distribu-
tion of types of clinicians within the institution (36
nurses, 21 respiratory therapists, 14 physicians, and
3 nurse assistants). Mean colony counts by clinician
type were highest among nurses (203.1 colonies), fol-
lowed by nurse assistants (197.7 colonies), physicians
(193.1 colonies), and respiratory therapists (169.5 col-
onies). Viewed differently, the majority of uncovered
stethoscopes (91.9%) had colony counts in the 0 to
199 range compared with only 35.1% of covered steth-
oscopes (Table 1). Most of the covered stethoscopes had
.200 colonies (23, 62.1%) with 14 (37.8%) having 400
to 599 colonies.

Only 11 of 74 (15%) health care workers cleaned
their stethoscope between every patient. One third
(25/74, 34%) cleaned several times a day, with slightly
less (22/74, 30%) cleaning their stethoscopes daily.
Fewer (9/74, 12.2%) of those surveyed rarely if ever
cleaned their stethoscopes, and 7 of 74 (9.5%) did so
once a month. Most surveyed health care workers
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Table 2. Stethoscope surface colony counts with or without cover stratified by stethoscope care

Physician Nurse

Respiratory

Therapist Other Totals

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Frequency of stethoscope

cleaning

Between Every Patient 0 (0) 1 (50.0) 5 (55.6) 0 (0) 4 (44.4) 1 (50.0) 0 (0) 0 (0) 9 (100) 2 (100)

Several Times a Day 1 (6.3) 2 (22.2) 8 (50.0) 4 (44.4) 7 (43.8) 3 (33.3) 0 (0) 0 (0) 16 (100) 9 (100)

Once Daily 5 (71.4) 2 (13.3) 1 (14.3) 7 (46.7) 0 (0) 4 (26.7) 1 (14.3) 2 (13.3) 7 (100) 15 (100)

Once Monthly 0 (0) 1 (16.7) 1 (100) 4 (66.7) 0 (0) 1 (16.7) 0 (0) 0 (0) 1 (100) 6 (100)

Rarely if Ever 0 (0) 2 (40.0) 3 (75.0) 3 (60.0) 1 (25.0) 0 (0) 0 (0) 0 (0) 4 (100) 5 (100)

Totals 6 (16.2) 8 (21.6) 18 (48.7) 18 (48.7) 12 (32.4) 9 (24.3) 1 (2.7) 2 (5.4) 37 (100) 37 (100)

Method of stethoscope

cleaning

Alcohol Wipes 1 (3.5) 6 (22.2) 17 (58.6) 13 (48.2) 10 (34.5) 6 (22.2) 1 (3.5) 2 (7.4) 29 (100) 27 (100)

Antiseptic wipes 4 (66.7) 2 (22.2) 1 (16.7) 4 (44.4) 1 (16.7) 3 (33.3) 0 (0) 0 (0) 6 (100) 9 (100)

Alcohol Hand Gel 0 (0) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0) 0 (0) 1 (100) 1 (100)

Soap and Water 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0)

Totals 6 (16.2) 8 (21.6) 18 (48.7) 18 (48.7) 12 (32.4) 9 (24.3) 1 (2.7) 2 (5.4) 37 (100) 37 (100)

Table 1. Stethoscope colony counts with or without cover stratified by job description

Colony counts from culture of stethoscope diaphraghm surface

0-199 200-399 400-599 .600 Totals

Job Description

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Cover

No. (%)

No Cover

No. (%)

Physician 2 (33.3) 7 (87.5) 0 (0) 1 (12.5) 4 (66.7) 0 (0) 0 (0) 0 (0) 6 (100) 8 (100)

Nurse 6 (33.3) 16 (88.9) 4 (22.2) 2 (11.1) 7 (38.9) 0 (0) 1 (5.6) 0 (0) 18 (100) 18 (100)

Respiratory Therapist 5 (41.7) 9 (100) 5 (41.7) 0 (0) 2 (16.7) 0 (0) 0 (0) 0 (0) 12 (100) 9 (100)

Other 0 (0) 2 (100) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 1 (100) 2 (100)

Totals 13 (35.1) 34 (91.9) 9 (24.3) 3 (8.1) 14 (37.8) 0 (0) 1 (2.7) 0 (0) 37 (100) 37 (100)

Table 3. Linear regression model evaluating the predictors of stethoscope surface colony counts*

Variable

Regression

coefficient* p value

95% Confidence

Intervals

Job Description

Physician Reference - -

Nurse 20.0054001 0.987 20.6426102, 0.6318101

Respiratory Therapist 0.0157252 0.964 20.6848798, 0.7163302

Other 0.1543865 0.809 21.118059, 1.426832

Frequency of Cleaning

Rarely, if ever Reference - -

Between every patient 20.4117073 0.363 21.310265, 0.4868503

Once daily 0.0023183 0.995 20.7746493, 0.779286

Once monthly 0.3188067 0.503 20.6277348, 1.265348

Several times a day 20.2414011 0.519 20.9859584, 0.5031561

Method of Cleaning

Soap and water Reference - -

Alcohol wipes 20.4439758 0.660 22.450394, 1.562442

Antiseptic wipes 20.1818037 0.856 22.172516, 1.808909

Alcohol hand gel 20.5350889 0.664 22.988912, 1.918734

Stethoscope Cover

No cover Reference - -

Cover used ,1 week 1.66603 ,0.0001 0.8939513, 32.438108

Cover used .1 week 1.615923 ,0.0001 1.108545, 2.123301

*Natural logarithmic transformation of colony counts evaluated in this regression model.
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(56/74, 76%) used alcohol wipes to clean their stetho-
scope compared with only 15 of 74 (20%) who used
antiseptic wipes. The mean colony counts were not
dramatically different between these types of clean-
ing methods (188.5 and 201.3, respectively). One
individual used soap and water as a cleaning method.
Data on method of stethoscope cleaning are stratified
by clinician type in Table 2.

The relationship between surface colony counts and
the presence or absence of stethoscope cover, type of
clinician, and frequency and method of cleaning was
definitively determined using multiple linear regres-
sion modeling (Table 3). When controlling for the
type of health care worker and the frequency and
method of cleaning the stethoscope, only the presence
of an antimicrobial stethoscope cover was associated
with higher colony counts (P , .0001).

DISCUSSION

All stethoscope diaphragm surfaces in this study
demonstrated bacterial contamination consistent with
the findings of other investigators.3-10 Surprisingly,
the surface colony counts were higher on the surfaces
of the antimicrobial covers, especially if they were be-
ing used beyond the manufacturer’s recommended
time frame of 1 week. It is speculated that the added
surface area in conjunction with the embossing may
provide a surface that protects microbes from cleaning
agents, thus creating higher colony counts. Further-
more, many of the cultures of the covered diaphragms
had colonies in the shape of the embossed lettering on
the covers. The method and frequency of cleaning,
however, did not appear to impact independently the
surface colonization; only the use of the cover was as-
sociated with higher colony counts. In addition, at the
time of this study, the investigators were not aware of
an antimicrobial stethoscope cover impregnated with
silver ions that did not have embossing. Therefore,
one was not examined.

The practical utility of these covers in preventing
surface colonization and potential transmission of
organisms to patients is seriously questioned based
on the results of this small pilot study. The validity of
this study should be confirmed by a larger randomized
trial. Using these types of devices may give a false
sense of security to health care workers; prolonged
use of covers appeared to result in even higher colony
counts. Their use may also induce clinicians to clean
their stethoscopes less frequently. Although this study
failed to show a relationship between cleaning and
reduced colony counts, other investigators have
demonstrated that cleaning the diaphragm with
alcohol reduces surface bacterial counts.3,6-8
This study has several limitations. Clinicians,
although selected in random fashion from a larger
convenience sample of ICU staff and ED staff, were
not prospectively randomized to either study arm.
This may have introduced selection bias. Another lim-
itation was the failure to identify the organisms.
This study was initially conceived as an internal per-
formance improvement project, and budgetary restric-
tions limited extensive microbiologic studies. It is
possible that the higher colony counts on the covered
stethoscopes were skin organisms representing little
risk to patients and that the lower counts on uncovered
scopes were serious pathogens. Regardless, it is
concerning that silver ion impregnated covers would
generally demonstrate significantly higher coloniza-
tion rates than uncovered stethoscope surfaces. This
observation should be considered by others attempting
to use these antimicrobial devices as an infection con-
trol intervention, and these results should be validated
by larger studies.
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Occupationally acquired infectious
diseases among health care workers
in Brazil: Use of Internet tools
to improve management, prevention,
and surveillance
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Alcyone Artioli Machado, MD, PhD,d and Guilherme Côrtes Fernandes, MD, MSce

Rio de Janeiro, São Paulo, and Juiz de Fora, Brazil

Background: Education is a major component of prevention strategies to reduce the risk of occupational transmission of blood-
borne pathogens to health care personnel.
Methods: This study describes the results of an Internet-based project, ‘‘Projeto Riscobiologico.org’’, for which the main objectives
are to disseminate information in the Portuguese language about occupational exposures to bloodborne pathogens through a mail-
ing list and Web site as well as to increase case reports of these events in Brazil.
Results: The mailing list expanded quickly with a total of 2078 participants (from 337 different cities and all Brazilian states), and
5613 messages were exchanged over a 5-year period. Mean length of participation was almost 2 years (697 days). Most of the par-
ticipants (74%) reported that they frequently manage occupational exposures. Nevertheless, results showed an important lack of
basic knowledge regarding this issue. In contrast with the high participation in the mailing list, a small number of institutions
started to participate in the voluntary surveillance system.
Conclusion: The Internet can be used as a tool to increase knowledge and improve practices in the prevention of occupational
bloodborne pathogen exposures. In addition, it may represent a unique opportunity to implement a national surveillance system.
(Am J Infect Control 2007;35:267-70.)
Health care workers (HCWs) are at increased risk of
acquiring infections by bloodborne pathogens in the
health care setting.1,2 A series of prevention strategies
can be implemented to reduce this risk. Educational
programs for HCWs are extremely important and are
among the major components of these strategies.3

The Internet is a worldwide electronic network pro-
viding access to millions of resources. The estimated
number of active Web sites worldwide was greater
than 74 million as of October 2005.4 The use of elec-
tronic mail (e-mail) has grown exponentially in recent
years. It is estimated that a total of 1.2 billion e-mail
mailboxes are in use in 2005 and that the number of
person-to-person e-mails sent on an average day ex-
ceeds 130 billion.5 Mailing lists are currently used to
facilitate online discussions on health issues among
health care workers, students, and patients.6,7

‘‘Projeto Riscobiologico.org’’ (www.riscobiologico.org)
was implemented in Brazil in 2000. A Portuguese lan-
guage mailing list and a Web site were created to allow
the discussion of the management and prevention of
infectious occupationalexposures. In addition, a software
program to increase surveillance of occupational expo-
sures to bloodborne pathogens was developed. The pur-
pose of this article is to describe the results of the
implementation of ‘‘Projeto Riscobiologico.org.’’
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MATERIALS AND METHODS

Description

‘‘Projeto Riscobiologico.org’’ was initiated in
Brazil in 2000. Initially, an e-mail discussion list
(listadediscussao@riscobiologico.org) and a Web site
(www.riscobiologico.org) were implemented. The
main objective was to provide information and to dis-
cuss occupational infections among HCWs in the
Portuguese language. In addition, software (PSBio)
was developed to establish a voluntary surveillance
system of occupational exposures to bloodborne path-
ogens in Brazilian health services.

Invitations to participate in the list and advertise-
ments of the Web site were sent by e-mail to approxi-
mately 800 HCWs (infection control professionals
[90%] and/or occupational health practitioners [10%])
on August 5, 2000. Simultaneously, the Web site was
registered in 40 Web search engines (eg, Google, Yahoo,
Lycos). The project was approved by the Institutional
Review Board of the School of Medicine/Hospital
Universitário Clementino Fraga Filho of the Univer-
sidade Federal do Rio de Janeiro.

Mailing list

Participants subscribed to the list through a form
available on the Web site. Variables collected included
name, e-mail address, occupation, information about
how did he/she learn about the list, experience with
occupational exposures to infectious agents, and spe-
cialty. E-mail messages are sent to a central address,
and a moderator reviewed and approved messages
before distribution to subscribers to eliminate adver-
tisements, junk e-mails, and spam. Only registered par-
ticipants are allowed to send questions and answers
through the mailing list. A maximum of 12 messages
are sent per day. Health and outbreak alerts are distrib-
uted anytime. Since June 2002, the number of e-mails
transferred by the server has been measured. This
measurement represents the number of different mes-
sages sent per day multiplied by the number of partic-
ipants subscribed in the period.

E-mails sent are classified in 7 major topics: general
information and newsletter; health care-related infec-
tions and issues; occupational health and infections;
medical waste; legislation; emergent disease, health,
outbreak alerts; and miscellaneous. All messages are
archived on the Web site.

Web site

The Web site was established with approximately 100
pages containing information about occupational expo-
sures to infectious agents and prevention strategies. Ed-
ucational materials such as international and Brazilian
guidelines as well as topic-related articles were included.
The Web site, which is regularly updated, includes ques-
tions and surveys about several health-related subjects.
Web statistics and web log analyses have been collected
monthly through WebTrends Software since 2000 (Web-
Trends Inc., Portland, OR). Data analyzed include page
views (refers to the sum total of what a user sees in a
browser window), number of visits (a visit begins
when a visitors enters the site with an entry click and
views a succession of 1 or more page views; the end
of a visit is signaled by an exit click or a 10-minute
period of inactivity), and duration of the visit.

Surveillance software-PSBio

A surveillance software based on NaSH (National
Surveillance System for Health Care Workers) from
the Centers for Disease Control and Prevention (CDC,
Atlanta, GA)3 was developed within this project. The
main objective was to implement a voluntary surveil-
lance system of occupational exposures to bloodborne
pathogens among Brazilian health services. Health
professionals and institutions may request the software
PSBio, which is distributed free of charge, through a
form posted on the Web site. At request, information
on occupation, experience with occupational expo-
sures to infectious agents, and specialty is collected.

RESULTS

Mailing list: participants

We present data collected between August 2000
and June 2005. As of June 2005, a total of 2078 partic-
ipants had joined the mailing list, and 1389 (67%)
were still participating. The mean length of participa-
tion was 697 days (standard deviation [SD] 6 592). For
those participants who remained on the list until the
end of the evaluation period, the mean length of par-
ticipation was 887 days (SD 6 576), whereas, for those
who dropped from the list, it was 270 days (SD 6

355).
One hundred sixty-five out of 800 (21%) HCWs who

were invited to participate by e-mail in August 2000
joined the list, and 103 (62%) of those were still partici-
pating as of June 2005. Other users joined the system
after being informed by colleagues (46%) and through
search engines on the Web (34%). From 2000 to 2005,
these last 2 categories increased from 14% to 41% and
5% to 39%, respectively.

Participants from 337 different Brazilian cities
joined the list. The mailing list reached 607 HCWs
from all 27 Brazilian states within 5 months of its
implementation. In addition, participants from 6 other
countries (Cuba, 1; Uruguay, 2; Chile, 1; Peru, 2; Portu-
gal, 11; and the United States, 3) joined the list.

mailto:listadediscussao@riscobiologico.org
http://www.riscobiologico.org
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Most of the participants were nurses (37%), followed
by physicians (19%), occupational health technicians
(8%), pharmacists (7%), and biologists (5%). Five hun-
dred fifty-nine participants (559/2078; 27%) were from
infection control, and 540 (540/2078; 26%) were from
occupational health services. Most of the participants
(74%) reported that they frequently managed HCWs
exposed to blood and body fluids.

Messages content

During the evaluation period, 5613 messages were
sent through the mailing list, with a mean of 4.8 mes-
sages/day (SD 6 2.8). From June 2002 to June 2005,
4106 messages sent by participants translated to
4,987,948 e-mails generated by the server.

The main topics of discussion in the list are shown
in Table 1. Among 5613 messages, 1312 (23%) were clas-
sified as ‘‘general information and newsletter,’’ 1301
(23%) as ‘‘health care-related infections and issues,’’
880 (16%) as ‘‘occupational health and infections,’’
817 (15%) as ‘‘medical waste management,’’ 397 (7%)
as ‘‘legislation,’’ 170 (3%) as ‘‘emergent diseases and out-
breaks alerts,’’ and 736 (13%) as ‘‘miscellaneous.’’

Web site

The mean monthly number of visits in year 2000
was 787. This number increased to 12,280 in 2005.
The mean length of time visitors spend connected to
the site ranged from 8 to 11 minutes. During the study
period, the number of visitors increased from a mean
of 5115 in 2000 to 34,480 page views/month in 2005.

As of June 2005, the Web site had almost 500 pages.
These pages included information about occupational
exposures among HCWs to several infectious agents.
Additionally, a mean of 12 breaking news/month
had been included in the first page of the Web site
since August 2003. They included mostly health and
outbreak alerts (22%) and announcements from the
Brazilian Ministry of Health and scientific societies
(24%).

An interactive ‘‘questions and quiz’’ tool was also in-
cluded in the Web site: 3556 answers were sent to 28
questions; 59% of all responses were correct. Questions
about basic concepts of management and prevention of
occupational infections showed a low proportion of
correct answers. For example, only 386 of 646 (60%)
participants knew what tests were recommended for
screening source patients; 36 of 68 (53%) knew about
the safety for use of hepatitis B virus vaccine and hepa-
titis B immune globulin (HBIG) during pregnancy, and
230 of 498 (46%) knew about interpretation of serologic
hepatitis B virus tests (hepatitis B surface antigen, anti-
body to hepatitis B surface antigen, and antibody to
hepatitis B core antigen).
Surveillance software

Since January 2002, 1574 professionals requested
the PSBio software. Most of the requests were from
nurses (38%), followed by physicians (20%). Most
HCWs were from occupational health services (432/
1358; 32%) or were from infection control services
(399/1358; 29%). This information was not available
for all respondents.

One hundred fifty-eight health services have com-
pleted registration for the software, but, as of June
2005, only 4 different health care services actually
have started sending data to this voluntary surveillance
system. Difficulties were identified with the use of soft-
ware and complexity of data forms. A new version of
PSBio software was developed, showing better prelim-
inary results with higher adherence to voluntary partic-
ipation by the end of 2005.

DISCUSSION

This study describes the results of an Internet-based
project, ‘‘Projeto Riscobiologico.org,’’ which included
a mailing list, a Web site, and surveillance software
for occupational exposures to bloodborne pathogens.
To our knowledge, this is the first mailing list focused
on infectious occupational exposures among HCWs
in the Portuguese language. A great proportion of
Brazilian HCWs do not understand English, the main
language in scientific medical literature and Web sites.

Table 1. Messages topics of Riscobiologico.org mailing
list-August 2000 to June 2005

N Percentage

General information and newsletter 1312 23

Information about courses, events,

and scientific meetings

713 13

Bibliography and educative material 438 8

General reports and contacts 161 3

Health care-related infections and issues 1301 23

Sterilization, disinfection, reuse 545 10

PPE and isolation precautions 304 5

Support areas (eg, laundry, pharmacy,

housekeeping)

246 4

Other 206 4

Occupational health and infections 880 16

Concepts and follow-up procedures 243 4

Occupational HIV/AIDS Infections 215 4

Immunizations for HCWs 144 3

Surveillance systems 71 1

Other 207 4

Medical waste 817 15

Legislation 397 7

Emergent diseases, health, and outbreak alerts 170 3

Miscellaneous 736 13

Total 5613 100.0

PPE, Personal protection equipment.
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Brazil and 7 other countries have Portuguese as the
official language, with more than 220 million people
speaking Portuguese worldwide.8 This fact supports
the need of up-to-date scientific information in Portu-
guese with easy access via the World Wide Web.

E-mail discussion groups on the Internet are new
academic forums in which knowledge and experience
can be shared.6,7,9-11 Lists may be particularly useful
to disseminate health and outbreak alerts and also as
an early warning system for emerging diseases, such
as the example of ProMED-mail from International
Society for Infectious Diseases, an electronic outbreak
reporting system that monitors infectious diseases
globally.12 Information about emergent diseases, health,
and outbreak alerts increased from less than 0.5% of
the subjects of the mailing list messages in 2002 to
almost 9% in 2005.

Participants subscribed to this list for long periods of
time, with a mean duration of almost 2 years, suggest-
ing a high interest and quality of the subjects discussed.
Using e-mail to reach the target audience was an effi-
cient strategy at the begging of the project; more than
20% of invited professionals joined the list, and more
than 60% of those were still participating after 5 years.

This project was initially implemented to discuss
and provide information about management and pre-
vention of occupational exposures and infectious dis-
eases among HCWs, but other areas of interest were
frequently discussed, such as health care-related infec-
tions and medical waste. This may represent a lack of
other forums to discuss these issues and the need of
additional sources of information for HCWs involved
with infection control. Overall, occupational health
and infections represented only 16% of messages sent
in the list.

Although most of the participants (74%) reported
that they frequently manage HCWs exposed to blood
and body fluids, the messages in the mailing list and
answers to the quizzes showed an important lack of
basic knowledge regarding this subject. It was alarming
that only nearly half of HCWs were able to give correct
answers about serologic screening recommended for
source patient testing and about interpretation of sero-
logic HBV tests. Brazil has resources such as antiretro-
viral drugs for postexposure prophylaxis, guidelines,
and standardized protocols to manage exposures in
the health care setting. Nevertheless, our results dem-
onstrated an important lack of knowledge among
HCWs who manage these exposures. The project ex-
panded quickly, reaching HCWs from several different
cities and all Brazilian states in a short period of time.
This finding indicates the prospect of using the World
Wide Web as an efficient tool to disseminate health-
related information and the opportunity to monitor
knowledge and practices in specific issues and to target
better the topics regarding educational programs.13 In
addition, this model can be expanded to other settings
at which Portuguese language infection prevention
materials are needed and access to health information
is limited. Furthermore, even beyond Portuguese-speak-
ing nations, the experience reported in this study may
be adapted for users in countries without existing
infection prevention program infrastructure.

This project also aimed to implement a voluntary
surveillance system. Although this kind of surveillance
system may lead to a biased sample that may not
represent the national situation, results obtained from
similar systems implemented in developed countries
have been useful to help the development of prevention
strategies.3 Presently, no national surveillance system
for occupational infections among HCWs is in place in
Brazil. In contrast with the high participation in the
mailing list, only 4 institutions began to participate in
the voluntary surveillance system. In conclusion, this
project was successful in functioning as an online dis-
cussion group. In addition, several strategies will be
tested to increase adherence to this voluntary surveil-
lance system.

The authors thank Dr. Denise Cardo for invaluable assistance in the preparation of
this article and for her contribution and participation in ‘‘Projeto Riscobiologico.org’’
since its implementation in 2000 and Dr. Keith Sabin for his comments.
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The infection control audit: The
standardized audit as a tool for change
Elizabeth Ann Bryce, MD, FRCPC, Sydney Scharf, RN, CIC, Moira Walker, RN, CIC, and Anne Walsh, RN

Vancouver, British Columbia, Canada

Background: Health care workers’ compliance with infection control practices and principles is vital in preventing the spread of
disease. One tool to assess infection control practice in clinical areas is the infection control audit; however, many institutions do
not approach this in a systematic fashion.
Methods: Key features of the infection control audit were identified by the infection control team and developed into a standard-
ized format for review of clinical areas. The audit incorporates a review of the physical layout, protocols and policies, knowledge of
basic infection control principles, and workplace practice review.
Results: Over the last 13 years, the infection control unit has completed 17 audits involving 1525 employees. Four-hundred-one
staff members have filled out questionnaires that assessed their understanding of standard precautions. A total of 257 recommen-
dations have been made, and 95% of these have been implemented. The majority of recommendations address separation of clean
and dirty supplies, hand hygiene compliance, hand hygiene signage, proper use of barriers, and environmental cleaning.
Conclusion: The infection control audit is an opportunity to implement changes and to introduce remedial measures in collabo-
ration with various departments and services. A standardized approach to the audit allows benchmarking of practices across the
institution and enhances standards of care. (Am J Infect Control 2007;35:271-83.)
Consistent adherence to infection control principles
is the means by which health care workers can protect
themselves and their patients. The infection control au-
dit is an ideal vehicle to assess consistency of approach
to infection prevention, and it has proven to be a useful
part of infection control programs.1 The audit is an or-
ganized examination of ward or service practices and
procedures that provides an opportunity to simulta-
neously review safety in the workplace and identify
and remedy deficiencies. It is also an ideal time to
reinforce and acknowledge those procedures and prac-
tices that meet high standards of care. The purpose of
this paper is to present our institution’s development
of a standardized audit form to ensure the consistent
and thorough application of key infection control
principles.
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MATERIALS AND METHODS

Background

Vancouver General Hospital is a 700-bed adult
tertiary care facility for British Columbia, Canada, ad-
mitting an average of 22,000 patients a year. The hospi-
tal is the provincial transplantation center as well as the
referral institution for burns, neurosurgery, trauma,
and spinal cord injury. The hospital employs, on aver-
age, 7000 full-time employees (FTE), and the infection
control service is composed of 3.5 FTE medical micro-
biologists, one of whom is the infection control officer
(ICO), and 3.75 FTE infection control professionals
(ICP).

The audit structure

The audit tool was designed and developed over a
series of meetings with members of the infection con-
trol team, consisting of ICPs, ICOs, and medical micro-
biologists. Audit items were selected based on review
of standards and guidelines from the Public Health
Agency of Canada (PHAC), the Association for Profes-
sionals in Infection Control and Epidemiology, Inc
(APIC), and the Hospital Infection Society (HIS) as
well as on practical experience. The audit tool was
shared with the Community Hospital Infection Control
Association-Canada (CHICA-Canada) members, and
feedback was requested. Prior to the audit, the patient
271
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Fig 1. Infection control audit form.
services coordinator and the medical director are ad-
vised in writing that a formal audit of their work area
is to be conducted, and a meeting is arranged to review
the audit process. It is stressed that confidentiality will
be respected and that a standardized audit form (Fig 1)
will be used during the inspection and review process
to ensure fairness and objectivity.

The audit includes an inspection of the physical
plant, a review of workplace infection control prac-
tices, an assessment of health care workers’ knowledge
and application of infection control principles, and a
report documenting deficiencies and required inter-
ventions. All documented deficiencies are followed by
recommendations that are summarized in a worksheet
format with a completion date acceptable to both the
audited unit and the infection control team. The re-
view team involves at least 2 ICPs and 1 medical
microbiologist.

Physical environment

Inspection of the physical environment consists
of a general examination of the layout of the unit
with emphasis on the soiled and clean utility rooms,
medication room, and patient/resident rooms. Special
equipment such as oximeters, endoscopes, and gluc-
ometers are checked for the presence of a regular
cleaning schedule and for compliance. Design flaws
that may inhibit good infection control practice are
noted. The process requires several visits to assess
properly the levels of cleanliness and consistency in
cleaning practices.

Workplace practice review

The infection control practice of all staff is observed
and evaluated using a standardized form to record
lapses in accepted practice (Fig 1). The appropriate
use of isolation rooms, proper hand hygiene, barrier
precautions, and waste disposal are observed and
documented on at least 3 occasions, more frequently
if deficiencies are initially noted. Policy and procedure
manuals are reviewed to determine that all policies
conform to current infection control standards. The
standard audit form also includes appropriate use of
barrier protection, specimen handling, decontamina-
tion of body fluid spills, correct use of isolation proto-
cols, and general staff appearance and attire. Other
practices assessed when applicable include intravascu-
lar line insertion, suctioning, urinary catheter care and
insertion, skin and wound care, and unit-related proce-
dures. When practices are unique to a ward/depart-
ment (eg, the morgue), these are covered with an
addendum to the standard form.

Over several visits, a minimum of 75 hand hygiene
events are observed by an ICP. Standardized criteria
for when hand hygiene is required are used. Episodes
are recorded, using personal digital assistant software
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Fig 2. Hand hygiene survey.
(Pendragon Forms 3.1, Pendragon Software Corpora-
tion, Buffalo Grove, IL) onto a hand hygiene audit
form (Fig 2). No more than 3 events are recorded for
an individual, and only the profession is documented
to maintain anonymity. The ICP is discreet during
auditing and generally is on the ward as part of their
daily rounds. Sampling is opportunistic because not
every individual working on the unit is observed. The
intention of the hand hygiene audit is to primarily
provide feedback in a positive manner to the unit and
is not intended as a research endeavor.

Assessing knowledge and its application

Prior to any documented observations in the work-
place, a questionnaire assessing routine precautions
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Fig 3. Infection control standard precautions survey.
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(Fig 3), frequency of education sessions and health care
worker comprehension, and application of infection
control procedures in the workplace is filled in anony-
mously by staff. The questionnaire contains standard
questions as well as questions suitable for that specific
work environment. After completion of the audit, edu-
cation sessions are scheduled to discuss the responses
to the knowledge and workplace practice assessment
questions.

Report and recommendations

The audit report has a structured format consisting
of a description of the unit, number of staff, number
of beds, and number of monthly admissions. The re-
port follows the same flow as the review process:
(1) description of the unit with its activities, (2) physical
environment, (3) workplace practices, and (4) infection
control knowledge and its application. Findings are
summarized as a list of recommendations that are sup-
ported with references and guidelines whenever possi-
ble. A checklist of responsibilities and action dates are
appended, and a meeting with the clinical area’s multi-
disciplinary team is arranged to discuss the findings
and the recommendations. Typically, this will include
a medical director, patient services manager, nurse
representative, unit educator, respiratory therapist, and
other ward/department specific staff (eg, morgue atten-
dants). The meeting is an opportunity to discuss any
contentious issues prior to the final recommendations.
The ICPs then visit the unit at regular intervals (generally
3 and 6 months) to document progress in implementing
the various recommendations.

RESULTS

The infection control unit has completed 17 audits
at this institution within the last 13 years. The wards
and services reviewed included intensive care,

Table 1. Demographic information*

Demographic Result

Age range 20-65 yr

Years in health care ,5 to .30 yr (average 14.5)

Sex

Female 234 (60%)

Male 89 (23%)

Unknown 67 (17%)

Occupation

Nurse 187 (48%)

Physician 34 (9%)

Technologist/therapist 89 (23%)

Emergency support staff 43 (11%)

Other 37 (9%)

*N 5 390.
emergency department, orthopedic surgery, solid or-
gan transplantation, outpatient clinics, spinal cord
injury unit, pathology and clinical laboratory services,
morgue, food and nutrition services, occupational ther-
apy kitchens, respiratory services, operating room, ra-
diology, and hemodialysis. On average, each audit
occurs over 3 to 6 months and entails approximately
50 to 100 ICP hours. Approximately, 1525 staff mem-
bers have been contacted during the audit periods.
Questionnaires on routine precautions have been com-
pleted by 401 staff.

There were 390 forms available for demographic
analysis of which 60% were submitted by nursing staff
(Table 1). The age range was 20 to 65 years with an av-
erage of 14.5 years in health care. Approximately half
of respondents had attended an infection control edu-
cation session; however, the majority felt that they
understood basic principles of infection control, partic-
ularly barrier use (Table 2). When formal knowledge
was assessed, however, deficiencies were noted in
application of routine precautions, barrier use for air-
borne infections, and hand hygiene practice (Table 3).

A total of 257 recommendations have been made,
and 95% have been acted on (Table 4). The most com-
mon recommendations focused on proper environ-
mental cleaning (11%), proper equipment cleaning
protocols (11%), correct use of personal protective
equipment (11%), hand hygiene procedures (8%),
and separation of clean and soiled supplies (8%). In

Table 2. Infection control education*

Parameter

No. and percentage

responding affirmatively

Attended infection control session 197 (49%)

Sufficient information received 143 (36%)

Personal understanding

of infection control principles

317 (79%)

Personal understanding

of correct barrier use

334 (83%)

*N 5 401 respondents.

Table 3. Infection control knowledge assessment*

Area of assessment Correct response, n (%)

Sharps injury policy 321 (85)

Sharps exposure management 302 (80)

Sharps handling and disposal 310 (82)

Routine precautions

appropriately applied

177 (47)

Personal protection

requirements for tuberculosis

185 (49)

Body fluid spill cleanup procedure 311 (83)

Hand hygiene practice 257 (68)

*N 5 377.
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many instances, once a problem or deficiency was
identified, it was corrected prior to completion of the
audit.

Large scale improvements resulting directly from
the audit process include the introduction of standard-
ized orders for antimicrobial prophylaxis (arising from
the first operating room audit in 1996); the addition of
alcohol handrub dispensers throughout the institution
beginning in 1995 (to address observed lack of hand
hygiene stations); the introduction of a template in
1998 to address additional costs associated with en-
hanced infection control measures in the tendering
process for new construction and renovations (a re-
sponse to physical plant design constraints observed in
the audits); and, more specifically, the addition of 102
negative-pressure rooms in the new acute care tower
(20% of all beds). Other improvements arising from
audit recommendations include use of the hands-free
technique for passing sharps (2000); enhanced
personal protective equipment and new safety pro-
tocols in the autopsy suites (1999); revised protocols
for cleaning of dialysis machines; and introduction of
syndromic surveillance for gastrointestinal and
respiratory infections in the emergency department
(2003).

DISCUSSION

Audits in infection control have received relatively
little attention, although the area should be an ideal
subject because of its focus on patient and health
care worker safety, the availability of standards by
which to measure the quality of care, and the ability
to document improvement in practice. Unfortunately,
most audits involving infection control focus on envi-
ronmental cleanliness rather than encompassing unit
procedures as they apply to the practice of infection
prevention.2 To be truly effective, an audit must consist
of a topic, appropriate practice standards, observation
and testing against the selected standards, identifica-
tion of areas for improvement, and subsequent
interventions and demonstration of improvement in
practice.3-5

Following completion of the first 3 infection control
audits in the early 1990s, it was apparent that there was
a need for a more consistent and organized review pro-
cess. The audit form had been shared with members of
CHICA-Canada and feedback requested, but this was
not a formal verification or validation process.6 Thus,
the audit tool has not been verified, and this is an
acknowledged limitation. The infection control ser-
vices have recently been regionalized, and plans are
underway to review the audit document, weight the
observations, and develop a scoring system. This will
address the urgency of a particular action and the
risk to the patient and/or staff. Construct validity and
interrater reliability will also be assessed as part of
this process.

It must be emphasized that the infection control
audit presents an opportunity to promote infection
prevention and control improvement activities in part-
nership with an organization’s multidisciplinary teams.
Issues that influence the prioritization of the ward/
department to be audited include acuity of patient
care, central venous catheter-associated bloodstream
infections, surgical wound infection rates and high
rates of Clostridium difficile or antibiotic-resistant orga-
nisms, and date of last audit.

The audit is comprehensive and includes inspection
of the physical plant, review of workplace infection
control practices, and assessment of health care
workers’ knowledge and application of infection
control principles. The observational period is then
followed by identification of areas for improvement,
involvement of staff in the report writing process,
and recommendations for further intervention. Al-
though initially the process may seem daunting, the
prolonged period of time for the audit is designed to
account for the busy schedule of the ICP and the need
to incorporate the audit as part of their routine for the
next several months. It is similar to planning a calendar
of educational sessions, but instead, unit or ward visits
are scheduled into the ICP’s day. In this staged man-
ner, the audit becomes less intimidating, particularly
because the ICPs can incorporate some of the observa-
tional tasks as part of their daily rounds. The prolonged
period of observation likely more accurately reflects
true unit practices compared with a set of observations
at a single point in time.

An assessment of the physical layout of any unit
is necessary to determine the ease or difficulty with
which staff can maintain a safe, clean environment

Table 4. Frequency of infection control
recommendations*

Category of recommendation

Frequency,

n (%)

Environmental cleaning procedures 29 (11)

Cleaning of equipment 28 (11)

Use of protective equipment 27 (11)

Hand hygiene practice 21 (8)

Separation of clean and soiled supplies 21 (8)

Accessible protective equipment 16 (6)

Handling and disposal of sharps 13 (5)

Multidose vial procedures 7 (3)

Prohibition of food and drink in work area 6 (2)

Isolation practices 5 (2)

Other (eg, traffic flow, untidiness, isolation signage) 84 (33)

*N 5 257.
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and prevent cross infection. Good or bad design can
affect one’s ability to maintain a clean environment,
and clinical areas must be designed to facilitate good
work habits. Recommendations for changes to the
physical environment are consistent with The Ameri-
can Institute of Architects Academy of Architecture
for Health guidelines and are used to assist with future
renovations.7 Consultation between facility planning
and infection control is now a regular outcome of the
audit process.

Review of workplace practices is evaluated against
existing standards and current facility-specific infec-
tion control policies and procedures. The most com-
monly found deficiencies in the areas reviewed
include incorrect storage of clean and dirty supplies,
poor compliance with handwashing, incorrect use of
barriers, inadequate cleaning of shared equipment,
and consumption of food and beverages in the work
area. Ways in which deficiencies are addressed include
review of work practice with staff, reorganization of
service areas to improve infection control compliance,
and revision of protocols or procedures. For example,
confusion over cleaning of electronic equipment such
as oximeters and glucometers led to changes in clean-
ing protocols and assignment of housekeeping person-
nel to the task. Identification of poor aseptic technique
when accessing multidose lidocaine vials on certain
wards led to the immediate withdrawal of this item
from unit stock. Documentation of inappropriate
mask use and review of exposure risk to airborne dis-
ease in our institution led to increased promotion of
respirators for high-risk respiratory care and training
in their use (prior to severe acute respiratory syn-
drome). The latter intervention was felt to be a high
priority because the region accounted for 38% of all
newly diagnosed tuberculosis cases in the province
and our institution admitted an average of 64 cases of
active respiratory tuberculosis a year.8 These examples
of early successes were a direct outcome of the audit
process and may have contributed to the facility’s
successful infection control management of severe
acute respiratory syndrome cases.9 All of these specific
examples were documented as completed on 3- or 6-
month follow-up to ‘‘close the loop’’ between observa-
tion, recommendation, and implementation.

A recent addition to the audit process is the observa-
tion of opportunities for hand hygiene during a 1-hour
period on 2 or 3 occasions. Compliance rates for hand
hygiene practices vary from 28% to 60% across all pro-
fessions. Varying compliance rates and hand hygiene
practices are highlighted during the postaudit meet-
ings, and staff are invited to provide feedback and sug-
gestions for improving compliance. This component
of the audit allows for the opportunity to compare
the practice of other units within the same institution
and is excellent material for postaudit education ses-
sions. It is difficult to determine whether the hand
hygiene audits and feedback have improved health
care worker compliance, partly because of the numer-
ous barriers and facilitators that affect intent to comply
with this simple yet effective measure and partly
because the intent of the audits was for feedback rather
than as independent evaluation of compliance over
time.

A major component of infection control is education
of the health care worker on routine precautions. Com-
prehension of infection control principles is vital to the
protection of both staff and patients. The purpose of
the knowledge and practice survey as part of the audit
process is to ascertain the level of infection control
knowledge, to determine whether perception of knowl-
edge is genuine, and to evaluate whether knowledge is
applied in the workplace setting. The questionnaire has
been particularly useful in detecting areas that require
further attention. Infection control arranges education
sessions to review the correct responses with unit
personnel and circulates FAQ sheets for each question
following collection of all the survey forms.

In retrospect, the behavioral and knowledge compo-
nents in the knowledge assessment form would have
been better if items had been rated on a scale rather
than as a simple yes or no question. This is a limitation
of the form from an analytical standpoint; however,
it must be emphasized that this particular audit tool
serves mainly to inform the infection control team of
gaps in knowledge and deficiencies in practice, which
then can be communicated back to the ward or unit.
Future plans for the knowledge assessment form
include a factor analysis to verify construct validity
and revision to allow for further assessment of changes
in knowledge over time. This then would allow for
more focused intervention with detailed observations
and research questions.

One illustration of the ability of the knowledge and
practice assessment form to identify areas for improve-
ment was the disappointing results regarding atten-
dance at infection control education sessions and
comments regarding the subject matter presented in
the early audits. It clearly documented a need to revise
the infection control unit’s approach to content deliv-
ery and provided the impetus to create an on-line
infection control education module and infection con-
trol manual. The latter has recently received funding to
assess infection control knowledge retention over time.

Involvement of health care workers from the onset
of the audit and review of the audit findings with feed-
back by staff prior to the final audit draft should be
stressed. Participation in the process by the clinical
areas facilitates acceptance and completion of recom-
mendations in a timely fashion. The nursing unit
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manager, the medical director, the nurse educator, and
the infection control designate on the ward are in-
volved at the beginning of the audit process and are
key participants in the development of action plans.

The goal of the infection control team is to review
each clinical area on a 5- to 7-year cycle, similar to
the hospital accreditation process. Documentation
and consistency of approach should allow the team
to focus on previous deficiencies and to compare infec-
tion control practice over time. This then would com-
plete the audit cycle. The concept of regular review
hopefully will also emphasize the importance of incor-
poration of infection control practices as routine.

The infection control audit can be a daunting task.
A standardized protocol for the audit process provides
a template for an impartial, organized, structured, and
thorough review. Uniformity of approach, front-line
presence of the ICP on the unit, involvement of the
clinical area under review, and documentation of
results have been effective in promoting and improving
standards of infection control in this institution.
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Of viruses, gloves, and crêpes
To the Editor:

Dr. V. Wiwanitkit should be commended for his
attempt to estimate some bloodborne viral pathogens’
(HIV, hepatitis B virus, hepatitis C virus, and hepatitis D
virus) ability to pass through gloves, based on a consider-
ation at the nanostructure level (AJIC 2006,34;(6):400).
Unfortunately, the size of pre-use glove pores in relation
to that of the viruses is far from being the main para-
meter involved in gloves providing adequate protection
to personnel and patients during health care.

Most gloves that are used throughout the world,
especially sterile ones, are made of latex (others are
made of vinyl or nitrile). Latex gloves are manufactured
by applying the thinnest possible coating of latex onto
hand-shaped forms before drying. Making pancakes–
or rather crêpes as the French would have it–provides
a suitable illustration: the thinner the desired crêpe
(glove layer), the more liquid the crêpe batter (poly-
mer) needs to be, and the more likely it is that holes
will appear spontaneously in the crêpe’s structure when
the dough is distributed on the surface of the pan so
that it is entirely covered. Furthermore, additional mi-
cropores may appear during the polymerization stage.

Therefore, gloves are permeable even prior to use, in
a varying proportion that depends on their composi-
tion, the manufacturer, and the quality of the glove.1,2

The physical properties of gloves are further altered
with exposure to body heat, humidity, and mechanical
constraints, whether in the surgical setting or while
examining patients. Studies on surgeons’ gloves have
shown that this proportion increases with use, even
in the absence of documented needlestick.3,4 Thus,
pre-existing holes or in-use tears in the clinical setting
may be significantly larger than are the viruses de-
scribed by V. Wiwanitkit.

In the clinical, nonsurgical setting, wearing a single
layer of quality gloves on intact skin and followed by
hand hygiene procedures can be considered to confer
a high degree of protection. For the reasons described
above, double gloving must be the rule in the surgical
setting. Ideally, both layers must be changed at least
every hour, to provide protection against leakage, expo-
sure to blood if holes appear spontaneously, and in
case of needlestick.5-7

Having access to a sufficient and uninterrupted
supply of gloves is a considerable challenge in resource-

constrained health care settings.8 Unfortunately, many
of these are located in high-prevalence areas, and the
scarcity of health care resources further concentrates
highly viremic patients in hospital wards. Implementing
basic, well-understood, and sustainable infection con-
trol measures—including gloving when necessary—
should be considered a priority in all developing countries
to protect health care workers and patients alike from
these pathogens as well as undiscovered ones.9,10

Arnaud Tarantola, MD, MSc
Département International et Tropical
Institut de Veille Sanitaire
12 rue du Val d’Osne
94415 Saint-Maurice cedex, France
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In response to Silvestri
To the Editor:

We would like to thank Dr. Silvestri and colleagues for
their letter and their contributions to the literature re-
lated to selective decontamination of the digestive tract

mailto:To the Editor:Dr. V. Wiwanitkit should be commended for his attempt to estimate some bloodborne viral pathogens' (HIV, hepatitis B virus, hepatitis C virus, and hepatitis D virus)&nbsp;ability
 to pass through gloves, based on a consideration at the nanostructure level (AJIC 2006,34;(6):400). Unfortunately, the size of pre-use glove pores in relation to that of the viruses is far from be
ing the main parameter involved in gloves providing adequate protection to personnel and patients during health care.Most gloves that are used throughout the world, especially sterile ones, are made of
 latex (others are made of vinyl or nitrile). Latex gloves are manufactured by applying the thinnest possible coating of latex onto hand-shaped forms before drying. Making pancakes&ndash;or rather cr
&ecirc;pes as the French would have it&ndash;provides a suitable illustration: the thinner the desired cr&ecirc;pe (glove layer), the more liquid the cr&ecirc;pe batter (polymer)&nbsp;needs to be, 
and the more likely it is that holes will appear spontaneously in the cr&ecirc;pe's structure when the dough is distributed on the surface of the pan so that it is entirely covered. Furthermore, additi
onal micropores may appear during the polymerization stage.Therefore, gloves are permeable even prior to use, in a varying proportion that depends on their composition, the manufacturer, and the qualit
y of the glove.1,2 The physical properties of gloves are further altered with exposure to body heat, humidity, and mechanical constraints, whether in the surgical setting or while examining patients. S
tudies on surgeons' gloves have shown that this proportion increases with use, even in the absence of documented needlestick.3,4 Thus, pre-existing holes or in-use tears in the clinical setting may be 
significantly larger than are the viruses described by V. Wiwanitkit.In the clinical, nonsurgical setting, wearing a single layer of quality gloves on intact skin and followed by hand hygiene procedure
s can be considered to confer a high degree of protection. For the reasons described above, double gloving must be the rule in the surgical setting. Ideally, both layers must be changed at least every 
hour, to provide protection against leakage, exposure to blood if holes appear spontaneously, and in case of needlestick.5-7Having access to a sufficient and uninterrupted supply of gloves is a conside
rable challenge in resource-constrained health care settings.8 Unfortunately, many of these are located in high-prevalence areas, and the scarcity of health care resources further concentrates highly v
iremic patients in hospital wards. Implementing basic, well-understood, and sustainable infection control measures&mdash;including gloving when necessary&mdash;should be considered a priority in all de
veloping countries to protect health care workers and patients alike from these pathogens as well as undiscovered ones.9,10


Municipal public telephones (n 5 100) were selected
in the inner Belfast area during the summer period
of 2006. Two swabs were taken of each telephone, by
premoistening each sterile cotton swab in sterile
phosphate-buffered saline solution and by thoroughly
swabbing the ear- and mouthpiece of each telephone
apparatus. Swabs were transported to a laboratory
with 2 hours of sampling, after which they were en-
riched in both salt-cooked meat broth (Oxoid CM0094;
Oxoid Ltd, Basingstoke, United Kingdom) and in MAST
MRSA ID broth (MAST Diagnostics Ltd., Merseyside,
United Kingdom) for 24 hours at 378C, in accordance
with the manufacturer’s instructions. After this time,
a 20-mL inoculum from the salt-cooked meat broth en-
richment was plated onto colomycin selective agar for
the detection of presumptive MRSA colonies. Appropri-
ate positive and negative controls were established. No
MRSA was detected in any public telephone examined
by either of the enrichment methods employed.

There have been relatively few studies on the
contamination of public telephones with MRSA.
Previously, a report from Turkey5 identified several
S aureus isolates on a study of 50 phones, but the
methods employed were not able to determine
whether or not these isolates were resistant to methicil-
lin. Additionally, a report on bacterial contamination
on mobile telephones among health care workers6
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(SDD). We agree with their assertion that use of SDD,
when both enteral and parenteral antibiotics are
combined, is associated with lower rates of ventilator-
associated pneumonia and improved mortality. We
also acknowledge that SDD remains controversial
because of the concerns regarding the potential for fur-
ther emergence of resistant organisms. We believe that
individual clinicians and hospitals can make up their
own mind on the use of SDD based on their critical
appraisal of the literature. However, in our opinion,
there are insufficient long-term data on the emergence
of resistant organisms to recommend widespread and
routine use of selective digestive decontamination. We
suspect that, in time, data such as those presented by
Dr. Silvestri and colleagues may help resolve this issue.

Scott A. Flanders, MD
University of Michigan
Ann Arbor, MI

Sanjay Saint, MD, MPH
Ann Arbor VA Medical Center
University of Michigan
Ann Arbor, MI

Harold R. Collard, MD
University of California, San Francisco
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Lack of occurrence of methicillin-
resistant Staphylococcus aureus
on municipal public telephones
To the Editor:

Nosocomially acquired methicillin-resistant Staphy-
lococcus aureus (MRSA) is recognized as a bacterial
pathogen with a significant increase in morbidity and
mortality.1 More recently, community-acquired MRSA
has emerged as a significant pathogen in the commu-
nity, particularly associated with infection in young
healthy adult populations, for example, players on foot-
ball and soccer teams.2 Although these organisms have
been associated with a variety of clinical infections,
asymptomatic MRSA carriage rates of 0.84% (United
States data)3 and 1.5% (United Kingdom data)4 in other-
wise healthy individuals in the community have been
reported. From time to time, as health care microbiolo-
gists, we are asked by patients and members of the pub-
lic, with an anxiety of acquiring MRSA, whether public
telephones are a reservoir of this organism? To date,
there have been relatively few studies examining the
occurrence, persistence, and survival kinetics of MRSA
in the environment. It was therefore the aim of this
study to examine the occurrence of MRSA on public
telephones in and around the inner Belfast area.

identified 2 phones (2/105; 1.9%) with MRSA; however,
given that mobile phones are used personally and are
not commonly shared among workers or from health
care workers to patients, the risk of transmission of
MRSA from person to person is less likely, which is
not the case with municipal public telephones.

In conclusion, although negative in its findings, this
study demonstrated that, within the community exam-
ined, MRSA contamination of public telephones is not
significant. The significance and impact of this study
thus helps us in our epidemiologic understanding
that public phones are not important reservoirs or
vehicles for the transmission of these organisms within
the community. There is relatively limited information
on the reservoirs and survival kinetics of nosocomially
acquired MRSA and, more importantly, community-
acquired MRSA in the community outside the health
care environment. Further work is urgently required
to identify other environmental reservoirs of MRSA in
the community, their routes of transmission, and the
survival kinetics of these organisms in the community
so that we have a better understanding of how they
behave/survive occultly in the community.

Anna O’Connor,a,b

Anne Loughrey, MBa

B. Cherie Millar, PhDa

Colm J. Lowery, DPhilb

James S. G. Dooley, PhDb
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Assessing vaccination rates at
an emergency room
To the Editor:

Vaccination is among the most cost-effective tools to
decrease childhood morbidity-mortality. Nonetheless,
this effectiveness is dependent on vaccination cover-
age. Missed opportunities (MO) for vaccinations occur
when a vaccine-eligible child does not receive the
needed vaccines, and their contribution to under im-
munization is significant.1

To assess the vaccination rates among children ad-
mitted to the emergency room of a university hospi-
tal in Salvador, Brazil, between November 2001 and
November 2003, a retrospective cross-sectional study
was conducted. The medical records were reviewed.
The patients had been evaluated by medical students
supervised by the same professor (C. M. Nascimento-
Carvalho). A standardized form was used, and inquiry
regarding vaccine use was included in the form. The
Brazilian Ministry of Health vaccine schedule was
used as standard. The study was approved by the Insti-
tutional Review Board.

Out of 267 patients, 122 (45.7%) showed the vac-
cines card, 87 (32.6%) informed on vaccines use, and
58 (21.7%) did not provide any information; overall,
31.6% (66/209) had the vaccination schedule incom-
plete (42.6% with and 16.1% without card). The me-
dian age (years) was 1.7 (mean, 2.6 6 2.6 years), and
53.9% were males. Overall, association between young
age (years) with incomplete vaccination schedule was
identified (1.6 6 1.6 vs 2.7 6 2.7 years, respectively,
95% CI mean difference, 0.6-1.8; P 5 .006). This
association was also found by analyzing vaccine card-
holders or vaccine-use reports separately. The median
family income was US $227.30 (mean US, $276.40 6

$166.82). The family income (US $) was greater among
children with complete vaccine schedule, by analyzing
cardholders ($302.73 6 $167.73 vs $230.45 6 $160.00,
respectively, 95% confidence interval mean difference,
8.6-127.3; P 5 .02). The frequency of delayed vaccines
were MMR, 20.8%; Haemophilus influenzae type b first
dose, 17.3%; BCG, 11.5%; hepatitis B second dose, polio
first dose, HIB second dose, tetra first dose, tetra second
dose, 9.6% each; and hepatitis B first dose, polio second
dose, and DPT first booster, 7.7% each.

It is noteworthy that almost half (45.7%) of the
patients included in this study presented the vaccines
card, even looking for health care at an emergency
room, and this made accurate assessment for vaccine
coverage possible. Another study analyzing data from
different settings has reported similar rate for incom-
plete vaccination schedules: 40.4%.2 Different rates
of vaccination coverage have been found by consider-
ing vaccine documentation or patients report, with a
trend for underestimation for patient report,2 as it
was observed herein. The association of young age
with incomplete vaccine schedule highlights how
important it is to decrease MO because the younger
the child the greater is morbidity-mortality, including
vaccine-preventable diseases.1 In general, the lower
the vaccination coverage and the higher the burden
of vaccine-preventable diseases in a population, the
greater the need to improve coverage; urban, low-
socioeconomic-status populations are particularly vul-
nerable to vaccine-preventable diseases,3 which is in
accordance with the association of lower income and
incomplete vaccine schedule found in this study. Im-
proving coverage in impoverished urban communities
should be a priority.3

MO was one of the identified barriers that made it
difficult to vaccinate fully the young children and con-
tributed to the measles epidemics of 1989 and 1990 in
the United States.4 Specific recommendations to elim-
inate MO have been published in 1993 and included
the use of all clinical encounters, including visits for
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skin integrity, which occurs more frequently with 72-
hour changes, may contribute to this result. We have
supported their conclusions in a recent randomized
controlled trial, in which the incidence of phlebitis
was similar in the 3-day change group and the change
when clinically indicated group.4 Among those who
had their peripheral catheter removed for phlebitis,
the mean length of time that the catheter was in situ
was 48.7 hours.

We believe that, if patients are not matched for
risk factors that may influence outcomes, incorrect
conclusions may be drawn. This could have con-
siderable patient care and economic implications.
Consequently, it is important to use the correct study
design when trying to understand significant health
care questions.

Joan Webster, RN, BA
Nursing Director, Research
Royal Brisbane and Women’s Hospital
Herston, QLD, Australia

E-mail: joan_webster@health.qld.gov.au

Sonya Osborne, RN, BN, MN
Lecturer
Queensland University of Technology
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E-mail: s.osborne@qut.edu.au
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mild illnesses, for the provision of needed immuni-
zation.5 In a nationwide study, there was no difference
in a state preference for receiving a needed immu-
nization during an illness visit.6 Expanding access is
strongly recommended on the basis that it improves
vaccination coverage.3 The authors propose the screen-
ing of the immunization status during health care
assistance and the promotion of vaccine use during
mild illnesses at emergency rooms as a strategy to
reduce MO.
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Phlebitis associated with peripheral
intravenous catheters
To the Editor:

Malach et al1 suggest that presence of an intrave-
nous peripheral catheter longer than 3 days is a risk
factor for phlebitis. A point-prevalence research design
was used in their study whereby patients with phlebitis
were compared with an unmatched control group of
patients who did not have phlebitis. There are signifi-
cant problems with drawing strong conclusions from
such a design, which the authors themselves acknowl-
edge. Other prospective, longitudinal studies have
found that it is within the first 2 days following periph-
eral catheter insertion that the patient is at highest risk
for infection.2,3 These authors surmise that breaching

peripheral intravenous catheter dwell times. J Intraven Nurs 1998;

21:301-5.

4. Webster J, Lloyd S, Hopkins T, Osborne S, Yaxley M. Developing a

Research base for intravenous peripheral cannula re-sites (DRIP trial).

A randomized controlled trial of hospital in-patients. Int J Nurs Stud

2006. In press.

doi:10.1016/j.ajic.2006.09.013

In response to Webster and Osborne
To the Editor:

We appreciate the comments made by Webster and
Osborne. Rather than establish the optimal duration of
peripheral intravenous catheters, the purpose of our
study was to determine the rate of phlebitis and associ-
ated risk factors and, through educational intervention,
reduce the rate of phlebitis.1 These aims were achieved.

mailto:nascimentocarvalho@hotmail.com
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Duration of an intravenous catheter of more than
3 days was found to be a risk factor for phlebitis,
therefore suggesting that routine replacement before
this time limit could help reduce the rate of phlebitis.
We agree with Webster and Osborne’s comment that
prospective longitudinal studies are superior for deter-
mination of the optimal duration of intravenous cath-
eters. Their elegant study2 seems to confirm the
finding of other studies3 that replacement when indi-
cated is clinically safe and cost-effective. However,
their study evidently involved a phlebotomy team,
the use of which is associated with a lower rate of
complications than elsewhere, such as in our hospital,
in which house staff insert intravenous catheters.4,5

In such settings, daily examination of the site and
scrupulous observation of the 72-hour limit for
replacement may be called for, especially if point-
prevalence surveys indicate a relatively high rate of
phlebitis.

Ziona Jerassy, RN, MA
Bernard Rudensky, PhD
David Raveh, MD
Amos M. Yinnon, MD
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Yinnon, Infectious Disease Unit, Shaare Zedek
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