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Abstract
Candidemia is a growing problem in hospitals all over the world. Despite advances in the med-
ical support of critically ill patients, candidiasis leads to prolonged hospitalization, and has a
crude mortality rate around 50%.We conducted a multicenter surveillance study in 16 hospi-
tals distributed across five regions of Brazil to assess the incidence, species distribution, anti-
fungal susceptibility, and risk factors for bloodstream infections due toCandida species. From
June 2007 to March 2010, we studied a total of 2,563 nosocomial bloodstream infection
(nBSI) episodes.Candida spp. was the 7th most prevalent agent. Most of the patients were
male, with a median age of 56 years. A total of 64 patients (46.7%) were in the ICUwhen can-
didemia occurred. Malignancies were the most common underlying condition (32%). The
crude mortality rate of candidemia during the hospital admission was 72.2%. Non-albicans
species ofCandida accounted for 65.7% of the 137 yeast isolates.C. albicans (34.3%),Can-
dida parapsilosis (24.1%),Candida tropicalis (15.3%) andCandida glabrata (10.2%) were the
most prevalent species. Only 47 out of 137Candida isolates were sent to the reference labora-
tory for antifungal susceptibility testing. AllC. albicans,C. tropicalis andC. parapsilosis isolates
were susceptible to the 5 antifungal drugs tested. Among 11C. glabrata isolates, 36% were
resistant to fluconazole, and 64%SDD. All of them were susceptible to anidulafungin and
amphotericin B.We observed thatC. glabrata is emerging as a major player among non-albi-
cans Candida spp. and fluconazole resistance was primarily confined toC. glabrata andC.
krusei strains.Candida resistance to echinocandins and amphotericin B remains rare in Brazil.

Mortality rates remain increasingly higher than that observed in the Northern Hemisphere
countries, emphasizing the need for improving local practices of clinical management of
candidemia, including early diagnosis, source control and precise antifungal therapy.
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Characteristics of the 137 patients with nBSIs caused by Candida spp. at the 16 Brazilian
hospitals are demonstrated in Table 1. Most of the patients were male, with a median age of 56
years. Most of patients needed intensive care support (64.2%) and 46.7% were in the ICU when
candidemia occurred.

Concerning predisposing factors, 68 patients (49.6%) were mechanically ventilated, 8 were
receiving hemodialysis and 121 (88.3%) had central venous catheters at the time of the diagno-
sis of candidemia.

The mean time between admission and first nBSI caused by Candida spp. was 29 days.
Malignancies were the most common underlying condition, but neutropenia was rare

(<1%).
The crude mortality of candidemia patients during the hospital admission was 72% (53%

for non-ICU and 85% for ICU patients (p<0,01), Table 2.
Of the 137 Candida isolates causing monomicrobial nBSI, non-albicans species accounted

for 65.7%. The rank order of the major Candida spp. isolated was C. albicans (34.3%), Candida
parapsilosis (24.1%), Candida tropicalis (15.3%), Candida glabrata (10.2%), Candida krusei
(1.5%), Candida pelliculosa (1.5%), Candida lusitaniae (0.7%), Candida famata (0.7%), and
Candida guilliermondii (0.7%).

Only 47 out of 137 Candida isolates were sent to the reference laboratory (LEMI) for further
confirmation of species and antifungal susceptibility testing.

The identification at species level was correct for all isolates tested by the sentinel centers
and 6 strains initially identified as Candida spp. were determined to be C. tropicalis (4), C. glab-
rata (1) and C. albicans (1). Consequently, C. tropicalis accounted for 18% of all 137 candide-
mia episodes.

Table 1. Demographics and clinical characteristics of the 137 patients withCandida spp. monomicro-
bial nosocomial bloodstream infections.

Parameters No

Demographics

Male 71 (51.8%)

Age (median) 56 y.o

Hospitalization

Time to candidemia* 29 days

ICU admission** 88 (64.2%)

ICU at the time of candidemia 64 (46.7%)

Underlying Conditions

Malignancy 44 (32.1%)

Gastrointestinal 26 (18.9%)

Neurologic 11 (8.0%)

Respiratory 9 (6.5%)

Renal 9 (6.5%)

Hepatic 8 (5.8%)

Cardiovascular 7 (5.1%)

Trauma 6 (4.3%)

Transplantation (solid organ) 5 (2.9%)

Transplantation (bone marrow) 2 (1.4%)

*Time to candidemia: time from hospital admission to first culture positive for Candida spp.
** ICU—Intensive Care Unit.

doi:10.1371/journal.pone.0146909.t001
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The 36 C. albicans, C. tropicalis and C. parapsilosis isolates were susceptible to the 4 antifun-
gal drugs tested.

Among 11 C. glabrata isolates, 4 isolates were resistant to fluconazole, and 7 fluconazole
susceptible dose-dependent (SDD). All were susceptible to anidulafungin and amphotericin-B
(see Table 3).

Discussion
Few multicenter studies have been published in Brazil addressing the incidence of candidemia,
susceptible populations, crude mortality rates, etiology and rates of in vitro antifungal resis-
tance [10,11,26,27].

In our series, Candida spp. was the 7th most prevalent cause (5.6%) of nosocomial blood-
stream infection among all pathogens studied in SCOPE Brazil where 137 monomicrobial Can-
dida nBSI were characterized [26].

It is important to emphasize that the incidence of candidemia is probably underestimated in
the present study considering that: 1) we excluded putative patients who could develop candi-
demia after bacteremia since we have evaluated only the first episode of bloodstream infection

Table 2. Crudemortality of patients with candidemia stratified by venue.

Total (137) ICU *(64) Non ICU (73) Private Hospital **(28) Non-private Hospital (109)

Crude Mortality 72.2% (99) 85.0% (55) 53.0% (39) 75.0% (21) 66.9% (73)

*ICU vs. non-ICU—p-value <0.01 (OR = 5.3 95%CI 2.2–13.6).
**Private hospital vs. non-private hospital—p-value = 0.42 (OR = 1.5 95%CI 0.5–4.3).

doi:10.1371/journal.pone.0146909.t002

Table 3. In vitro susceptibility of 47Candida spp. strains against 4 antifungal agents.

Species/MIC (μg/mL) Drug 0,03 0,06 0,125 0,25 0,5 1,0 2,0 4,0 8,0 16 32 64 >64

C. albicans (N = 14) Amphotericin B 6 8

Fluconazole 13 1

Voriconazole 12 2

Anidulafungin 14

C. tropicalis (N = 16) Amphotericin B 16

Fluconazole 2 2 7 5

Voriconazole 13 2 1

Anidulafungin 16

C. glabrata (N = 11) Amphotericin B 11

Fluconazole 1* 1* 3* 2* 1** 3**

Voriconazole 1 6 4

Anidulafungin 11

C. parapsilosis (N = 6) Amphotericin B 5 1

Fluconazole 1 1 3 1

Voriconazole 4 2

Anidulafungin 4 2

Only 47 out of 137 Candida spp. were available for antifungal susceptibility testing.
* SDD—Susceptible Dose Dependent (CLSI M27 S4)).
** R—Resistant (CLSI M27 S4).

doi:10.1371/journal.pone.0146909.t003
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objective. To determine the role of unit-based transmission that accounts for cases of early Clostridium difficile infection (CDI) during
hospitalization for allogeneic stem cell transplant.

setting. Stem cell transplant unit at a tertiary care cancer center.

methods. Serially collected stool from patients admitted for transplant was screened for toxigenic C. difficile through the hospital stay and
genotyping was performed by multilocus sequence typing. In addition, isolates retrieved from cases of CDI that occurred in other patients
hospitalized on the same unit were similarly characterized. Transmission links were established by time-space clustering of cases and carriers of
shared toxigenic C. difficile strains.

results. During the 27-month period, 1,099 samples from 264 patients were screened, 69 of which had evidence of toxigenic C. difficile;
52 patients developed CDI and 17 were nonsymptomatic carriers. For the 52 cases, 41 had evidence of toxigenic C. difficile on the first study
sample obtained within a week of admission, among which 22 were positive within the first 48 hours. A total of 24 sequence types were isolated
from this group; 1 patient had infection with the NAP1 strain. A total of 11 patients had microbiologic evidence of acquisition; donor source
could be established in half of these cases.

conclusions. Most cases of CDI after stem cell transplant represent delayed onset disease in nonsymptomatic carriers. Transmission on
stem cell transplant unit was confirmed in 19% of early CDI cases in our cohort with a probable donor source established in half of the cases.

Infect. Control Hosp. Epidemiol. 2016;37(1) :8–15

Clostridium difficile is the most common healthcare-associated
infection in the United States.1 In hospitalized patients, the risk
of C. difficile infection (CDI) in persons with hematologic
malignancy and in hematopoietic stem cell transplant (SCT)
recipients is among the highest. Cumulative incidence of CDI
in the first year after allogeneic SCT has been reported to be
12.5% to 21% across various studies, a risk that is 15 to 25
times greater than for all hospitalized patients (0.85%).2–10 In
these reports, the timing of CDI after SCT is strikingly similar;
more than half of all cases occur early, around the time of
conditioning and within the first month after transplant.5–8,11

Many transplant units struggle to control the high
healthcare-associated rates of CDI, and clusters and outbreaks
are frequently encountered.12,13 Transmission patterns of
C. difficile in acute care settings from geographically defined
populations have been elucidated by the application of various

fingerprinting techniques. By characterizing CDI cases detected
by a low-sensitivity enzyme immunoassay test, Walker et al14

showed that 37% of allC. difficile cases on a renal transplant unit
could be attributed to ward-based transmission, much higher
than the overall 23% suspected transmission among all
hospitalized patients in this study. Their findings suggest that
transmission of C. difficile in complex high-risk populations
may be more frequent; however, a similar approach has not yet
been applied to study this risk in SCT units.
The frequent occurrence of early CDI among SCT recipients

offers a unique opportunity to examine the role of unit-based
transmission, an extremely important aspect to recognize before
effectual interventions for CDI prevention can be established.
Our study was designed to determine the frequency of

unit-based transmission that led to cases of early CDI
(day −10 to day +40) in adult patients hospitalized for

Affiliations: 1. Infection Control, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York; 2. Infectious Disease Service,
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objective. To determine the role of unit-based transmission that accounts for cases of early Clostridium difficile infection (CDI) during
hospitalization for allogeneic stem cell transplant.

setting. Stem cell transplant unit at a tertiary care cancer center.

methods. Serially collected stool from patients admitted for transplant was screened for toxigenic C. difficile through the hospital stay and
genotyping was performed by multilocus sequence typing. In addition, isolates retrieved from cases of CDI that occurred in other patients
hospitalized on the same unit were similarly characterized. Transmission links were established by time-space clustering of cases and carriers of
shared toxigenic C. difficile strains.

results. During the 27-month period, 1,099 samples from 264 patients were screened, 69 of which had evidence of toxigenic C. difficile;
52 patients developed CDI and 17 were nonsymptomatic carriers. For the 52 cases, 41 had evidence of toxigenic C. difficile on the first study
sample obtained within a week of admission, among which 22 were positive within the first 48 hours. A total of 24 sequence types were isolated
from this group; 1 patient had infection with the NAP1 strain. A total of 11 patients had microbiologic evidence of acquisition; donor source
could be established in half of these cases.

conclusions. Most cases of CDI after stem cell transplant represent delayed onset disease in nonsymptomatic carriers. Transmission on
stem cell transplant unit was confirmed in 19% of early CDI cases in our cohort with a probable donor source established in half of the cases.
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Clostridium difficile is the most common healthcare-associated
infection in the United States.1 In hospitalized patients, the risk
of C. difficile infection (CDI) in persons with hematologic
malignancy and in hematopoietic stem cell transplant (SCT)
recipients is among the highest. Cumulative incidence of CDI
in the first year after allogeneic SCT has been reported to be
12.5% to 21% across various studies, a risk that is 15 to 25
times greater than for all hospitalized patients (0.85%).2–10 In
these reports, the timing of CDI after SCT is strikingly similar;
more than half of all cases occur early, around the time of
conditioning and within the first month after transplant.5–8,11

Many transplant units struggle to control the high
healthcare-associated rates of CDI, and clusters and outbreaks
are frequently encountered.12,13 Transmission patterns of
C. difficile in acute care settings from geographically defined
populations have been elucidated by the application of various

fingerprinting techniques. By characterizing CDI cases detected
by a low-sensitivity enzyme immunoassay test, Walker et al14

showed that 37% of allC. difficile cases on a renal transplant unit
could be attributed to ward-based transmission, much higher
than the overall 23% suspected transmission among all
hospitalized patients in this study. Their findings suggest that
transmission of C. difficile in complex high-risk populations
may be more frequent; however, a similar approach has not yet
been applied to study this risk in SCT units.
The frequent occurrence of early CDI among SCT recipients

offers a unique opportunity to examine the role of unit-based
transmission, an extremely important aspect to recognize before
effectual interventions for CDI prevention can be established.
Our study was designed to determine the frequency of

unit-based transmission that led to cases of early CDI
(day −10 to day +40) in adult patients hospitalized for
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Clostridium difficile—To Test or Not to Test?
Response to Kundrapu et al

To the Editor—While the laboratory diagnosis of Clostridium
difficile infection (CDI) has been a subject of much discussion
in recent years, the exact criteria to decide which specimens to
test are less debated. Kundrapu et al1 call for laboratories using
stand-alone nucleic acid amplification tests for C. difficile
testing to reduce testing of specimens that fail to meet clinical
criteria, specifically patients with diarrhea without recent
antibiotic exposure. In their study, a patient did not meet
clinical criteria for testing if they had <3 unformed stools
within 24 hours. We caution against this approach because it
may delay implementation of infection prevention and control
precautions. In addition, the potential for confusion exists
between the criteria for laboratory testing of a diarrheal
specimen and the definition of a clinical case of CDI.

The guidelines from the American Society for Microbiology2

recommend that toxigenic C. difficile testing be limited to
patients with ≥3 unformed stool specimens in a 24- hour
period unless ileus is suspected. This recommendation
contrasts with other international CDI guidelines, and the
reasoning behind this difference is unclear. European guide-
lines recommend testing unformed stool of patients with
potential infective diarrhea and negative tests for common
enteropathogens, irrespective of a number of factors, including
antibiotic use.3 Irish4 and UK5 guidelines recommend testing
all diarrheal specimens as early as possible if an infectious
cause is suspected rather than waiting until 3 episodes of
diarrhea have occurred. This approach allows early imple-
mentation of appropriate infection prevention and control
precautions as delays may increase the risk of C. difficile
transmission. Likewise, the Society for Healthcare Epidemiology
of America (SHEA) and the Infectious Diseases Society of
America (IDSA) guidelines6 (also cited by Kundrapu et al1)
recommend testing for C. difficile or its toxins on diarrheal
(unformed) stool only, unless ileus is suspected. The usual
presentation of CDI is defined in IDSA/SHEA guidelines as
≥3 episodes of diarrhea within 24 hours; however, they do not
specify that stool specimens are not to be tested unless the
patient has at least 3 unformed stools.

Assuming that stool specimens meet the necessary require-
ments for laboratory testing (ie, unformed), we are not
convinced that the laboratory is the appropriate place to
decide whether specimens be tested for C. difficile. Notably, of
the patients defined as ‘not meeting clinical criteria for testing,’
a significant proportion (37%) had received antibiotics
within the previous 90 days,1 which is a risk factor for CDI
and should have prompted testing. As with many infections,

CDI should be diagnosed on clinical grounds with laboratory
results supporting the diagnosis, and not vice versa.7 We are
concerned that implementation of the authors’ proposal to
reduce testing in patients not meeting clinical criteria for CDI
may have a detrimental effect on efforts to control the dis-
semination of C. difficile spores in the hospital environment.
While the use of the clinical definition is useful to provide a
standardized definition for reporting, this definition is more
suitable for standardized surveillance purposes than for
laboratory processing. A significant limitation of this study, as
acknowledged by the authors, is the absence of C. difficile toxin
testing. Had the diagnostic testing included an assay for
C. difficile, it would have added certainty to the decision to
exclude these patients as CDI cases and more validity to their
strict use of this case definition.8,9

We agree that details of the patient’s clinical presentation
are needed for accurate interpretation of CDI laboratory
results; however, we suggest that this be done after the
laboratory has tested the (unformed) stool specimen. Because
C. difficile laboratory results are used not only to manage
patients with CDI but also to minimize C. difficile transmission
risk, we argue that delaying specimen acquisition until the
patient has had ≥3 episodes of diarrhea in 24 hours increases
the risk of C. difficile transmission. If strategies are required to
reduce inappropriate laboratory testing, clinician engagement
and education are key to ensuring correct patient selection
based on clinical assessment. We suggest that stool specimens
be sent to the laboratory when CDI is clinically suspected,
regardless of the number of episodes of diarrhea, and we sug-
gest that clinical correlation be required between the patient’s
symptoms and laboratory results. As well as improving
laboratory efficiency, this approach minimizes cross infection
by promoting early implementation of infection prevention
and control precautions; it also prevents inappropriate treatment
of asymptomatic carriers.
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Response to Prior and Fitzpatrick

To the Editor—Many laboratories in the United States use
nucleic acid amplification tests (NAATs) for the diagnosis of
Clostridium difficile infection (CDI). Although NAATs have
excellent sensitivity, there is increasing concern that asymp-
tomatic carriers of toxigenic C. difficile with unformed stool
due to other causes (eg, laxatives) are often diagnosed with
CDI, resulting in unnecessary treatment and inflation of CDI
rates.1–5 One strategy to address this concern has been to
restrict testing to patients with 3 or more unformed stools
within 24 hours.5 Alternatively, a common approach in
Europe is not to restrict testing but to use a 2- or 3-step testing

algorithm in which results of stool toxin testing and clinical
assessments are used to guide management for patients with
positive initial screening assays for C. difficile. In this approach,
a positive toxin assay indicates CDI and a negative toxin assay
suggests an asymptomatic carrier who may contribute to
transmission as a fecal excretor.6 Fecal excretors are isolated
but are not routinely treated or reported as CDI cases.
As noted by Prior and Fitzpatrick,7 the European CDI

testing approach has some advantages. Testing after a single
unformed stool facilitates rapid diagnosis, and fecal excretors
are isolated but not exposed to unnecessary CDI treatment.
We share the concern of Prior and Fitzpatrick regarding the
potential for transmission by fecal excretors. We demonstrated
that antibiotic-exposed patients not meeting criteria for CDI
(ie, <3 unformed stools within 24 hours) were as likely to have
skin and/or environmental contamination as CDI patients
meeting criteria for testing.1 Similarly, Biswas et al8 demonstrated
that fecal excretors frequently shed spores.
It is possible that the European approach to CDI testing may

begin to replace stand-alone NAAT testing in the United
States, as has been advocated by Polage et al.3 However, some
caveats to this approach deserve further study. First, our
findings suggest that a subset of fecal excretors may present
a relatively low risk for transmission. Specifically, none of
17 patients with an alternative explanation for diarrhea
(eg, laxatives) and no antibiotic exposure in the past 90 days
had skin and/or environmental shedding (see Figure 1 of
Kundrapu et al1). In the absence of antibiotic exposure, the
microbiota of these carriers may be sufficiently intact to
maintain C. difficile colonization at low levels that are less likely
to be associated with shedding. Based on these results, we
recommended that facilities using NAATs for CDI testing
could reduce testing in this subset of patients because isolation
of those with positive CDI tests might provide limited
infection prevention benefits while subjecting patients to
isolation. Because our study was relatively small and
included only 1 center, additional studies are needed to
confirm our findings. Second, although Prior and Fitzpatrick
suggest that toxin testing adds certainty to decision making,
further studies are needed to clarify whether the presence
or absence of toxin truly provides certainty in distinguishing
colonization from infection. In previous studies, asympto-
matic carriers, including those who have recently completed
successful CDI treatment, often have had detectable toxin
in stool.2,9,10 Thus, unnecessary treatment may be prescribed
for carriers if a positive toxin assay is deemed sufficient
evidence to diagnose CDI in the absence of clinically significant
diarrhea.
Third, the recommendation that the clinical presentation

should be assessed after lab results are available is reasonable
but will require education. In practice, clinicians often
reflexively treat positive tests. For example, Buckel et al4

found that 100% of asymptomatic patients testing positive
for toxin genes by NAAT were treated for CDI despite a
stewardship intervention that included education plus
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objective. To determine the role of unit-based transmission that accounts for cases of early Clostridium difficile infection (CDI) during
hospitalization for allogeneic stem cell transplant.

setting. Stem cell transplant unit at a tertiary care cancer center.

methods. Serially collected stool from patients admitted for transplant was screened for toxigenic C. difficile through the hospital stay and
genotyping was performed by multilocus sequence typing. In addition, isolates retrieved from cases of CDI that occurred in other patients
hospitalized on the same unit were similarly characterized. Transmission links were established by time-space clustering of cases and carriers of
shared toxigenic C. difficile strains.

results. During the 27-month period, 1,099 samples from 264 patients were screened, 69 of which had evidence of toxigenic C. difficile;
52 patients developed CDI and 17 were nonsymptomatic carriers. For the 52 cases, 41 had evidence of toxigenic C. difficile on the first study
sample obtained within a week of admission, among which 22 were positive within the first 48 hours. A total of 24 sequence types were isolated
from this group; 1 patient had infection with the NAP1 strain. A total of 11 patients had microbiologic evidence of acquisition; donor source
could be established in half of these cases.

conclusions. Most cases of CDI after stem cell transplant represent delayed onset disease in nonsymptomatic carriers. Transmission on
stem cell transplant unit was confirmed in 19% of early CDI cases in our cohort with a probable donor source established in half of the cases.
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Clostridium difficile is the most common healthcare-associated
infection in the United States.1 In hospitalized patients, the risk
of C. difficile infection (CDI) in persons with hematologic
malignancy and in hematopoietic stem cell transplant (SCT)
recipients is among the highest. Cumulative incidence of CDI
in the first year after allogeneic SCT has been reported to be
12.5% to 21% across various studies, a risk that is 15 to 25
times greater than for all hospitalized patients (0.85%).2–10 In
these reports, the timing of CDI after SCT is strikingly similar;
more than half of all cases occur early, around the time of
conditioning and within the first month after transplant.5–8,11

Many transplant units struggle to control the high
healthcare-associated rates of CDI, and clusters and outbreaks
are frequently encountered.12,13 Transmission patterns of
C. difficile in acute care settings from geographically defined
populations have been elucidated by the application of various

fingerprinting techniques. By characterizing CDI cases detected
by a low-sensitivity enzyme immunoassay test, Walker et al14

showed that 37% of allC. difficile cases on a renal transplant unit
could be attributed to ward-based transmission, much higher
than the overall 23% suspected transmission among all
hospitalized patients in this study. Their findings suggest that
transmission of C. difficile in complex high-risk populations
may be more frequent; however, a similar approach has not yet
been applied to study this risk in SCT units.
The frequent occurrence of early CDI among SCT recipients

offers a unique opportunity to examine the role of unit-based
transmission, an extremely important aspect to recognize before
effectual interventions for CDI prevention can be established.
Our study was designed to determine the frequency of

unit-based transmission that led to cases of early CDI
(day −10 to day +40) in adult patients hospitalized for
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To the Editor—While the laboratory diagnosis of Clostridium
difficile infection (CDI) has been a subject of much discussion
in recent years, the exact criteria to decide which specimens to
test are less debated. Kundrapu et al1 call for laboratories using
stand-alone nucleic acid amplification tests for C. difficile
testing to reduce testing of specimens that fail to meet clinical
criteria, specifically patients with diarrhea without recent
antibiotic exposure. In their study, a patient did not meet
clinical criteria for testing if they had <3 unformed stools
within 24 hours. We caution against this approach because it
may delay implementation of infection prevention and control
precautions. In addition, the potential for confusion exists
between the criteria for laboratory testing of a diarrheal
specimen and the definition of a clinical case of CDI.

The guidelines from the American Society for Microbiology2

recommend that toxigenic C. difficile testing be limited to
patients with ≥3 unformed stool specimens in a 24- hour
period unless ileus is suspected. This recommendation
contrasts with other international CDI guidelines, and the
reasoning behind this difference is unclear. European guide-
lines recommend testing unformed stool of patients with
potential infective diarrhea and negative tests for common
enteropathogens, irrespective of a number of factors, including
antibiotic use.3 Irish4 and UK5 guidelines recommend testing
all diarrheal specimens as early as possible if an infectious
cause is suspected rather than waiting until 3 episodes of
diarrhea have occurred. This approach allows early imple-
mentation of appropriate infection prevention and control
precautions as delays may increase the risk of C. difficile
transmission. Likewise, the Society for Healthcare Epidemiology
of America (SHEA) and the Infectious Diseases Society of
America (IDSA) guidelines6 (also cited by Kundrapu et al1)
recommend testing for C. difficile or its toxins on diarrheal
(unformed) stool only, unless ileus is suspected. The usual
presentation of CDI is defined in IDSA/SHEA guidelines as
≥3 episodes of diarrhea within 24 hours; however, they do not
specify that stool specimens are not to be tested unless the
patient has at least 3 unformed stools.

Assuming that stool specimens meet the necessary require-
ments for laboratory testing (ie, unformed), we are not
convinced that the laboratory is the appropriate place to
decide whether specimens be tested for C. difficile. Notably, of
the patients defined as ‘not meeting clinical criteria for testing,’
a significant proportion (37%) had received antibiotics
within the previous 90 days,1 which is a risk factor for CDI
and should have prompted testing. As with many infections,

CDI should be diagnosed on clinical grounds with laboratory
results supporting the diagnosis, and not vice versa.7 We are
concerned that implementation of the authors’ proposal to
reduce testing in patients not meeting clinical criteria for CDI
may have a detrimental effect on efforts to control the dis-
semination of C. difficile spores in the hospital environment.
While the use of the clinical definition is useful to provide a
standardized definition for reporting, this definition is more
suitable for standardized surveillance purposes than for
laboratory processing. A significant limitation of this study, as
acknowledged by the authors, is the absence of C. difficile toxin
testing. Had the diagnostic testing included an assay for
C. difficile, it would have added certainty to the decision to
exclude these patients as CDI cases and more validity to their
strict use of this case definition.8,9

We agree that details of the patient’s clinical presentation
are needed for accurate interpretation of CDI laboratory
results; however, we suggest that this be done after the
laboratory has tested the (unformed) stool specimen. Because
C. difficile laboratory results are used not only to manage
patients with CDI but also to minimize C. difficile transmission
risk, we argue that delaying specimen acquisition until the
patient has had ≥3 episodes of diarrhea in 24 hours increases
the risk of C. difficile transmission. If strategies are required to
reduce inappropriate laboratory testing, clinician engagement
and education are key to ensuring correct patient selection
based on clinical assessment. We suggest that stool specimens
be sent to the laboratory when CDI is clinically suspected,
regardless of the number of episodes of diarrhea, and we sug-
gest that clinical correlation be required between the patient’s
symptoms and laboratory results. As well as improving
laboratory efficiency, this approach minimizes cross infection
by promoting early implementation of infection prevention
and control precautions; it also prevents inappropriate treatment
of asymptomatic carriers.
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Response to Prior and Fitzpatrick

To the Editor—Many laboratories in the United States use
nucleic acid amplification tests (NAATs) for the diagnosis of
Clostridium difficile infection (CDI). Although NAATs have
excellent sensitivity, there is increasing concern that asymp-
tomatic carriers of toxigenic C. difficile with unformed stool
due to other causes (eg, laxatives) are often diagnosed with
CDI, resulting in unnecessary treatment and inflation of CDI
rates.1–5 One strategy to address this concern has been to
restrict testing to patients with 3 or more unformed stools
within 24 hours.5 Alternatively, a common approach in
Europe is not to restrict testing but to use a 2- or 3-step testing

algorithm in which results of stool toxin testing and clinical
assessments are used to guide management for patients with
positive initial screening assays for C. difficile. In this approach,
a positive toxin assay indicates CDI and a negative toxin assay
suggests an asymptomatic carrier who may contribute to
transmission as a fecal excretor.6 Fecal excretors are isolated
but are not routinely treated or reported as CDI cases.
As noted by Prior and Fitzpatrick,7 the European CDI

testing approach has some advantages. Testing after a single
unformed stool facilitates rapid diagnosis, and fecal excretors
are isolated but not exposed to unnecessary CDI treatment.
We share the concern of Prior and Fitzpatrick regarding the
potential for transmission by fecal excretors. We demonstrated
that antibiotic-exposed patients not meeting criteria for CDI
(ie, <3 unformed stools within 24 hours) were as likely to have
skin and/or environmental contamination as CDI patients
meeting criteria for testing.1 Similarly, Biswas et al8 demonstrated
that fecal excretors frequently shed spores.
It is possible that the European approach to CDI testing may

begin to replace stand-alone NAAT testing in the United
States, as has been advocated by Polage et al.3 However, some
caveats to this approach deserve further study. First, our
findings suggest that a subset of fecal excretors may present
a relatively low risk for transmission. Specifically, none of
17 patients with an alternative explanation for diarrhea
(eg, laxatives) and no antibiotic exposure in the past 90 days
had skin and/or environmental shedding (see Figure 1 of
Kundrapu et al1). In the absence of antibiotic exposure, the
microbiota of these carriers may be sufficiently intact to
maintain C. difficile colonization at low levels that are less likely
to be associated with shedding. Based on these results, we
recommended that facilities using NAATs for CDI testing
could reduce testing in this subset of patients because isolation
of those with positive CDI tests might provide limited
infection prevention benefits while subjecting patients to
isolation. Because our study was relatively small and
included only 1 center, additional studies are needed to
confirm our findings. Second, although Prior and Fitzpatrick
suggest that toxin testing adds certainty to decision making,
further studies are needed to clarify whether the presence
or absence of toxin truly provides certainty in distinguishing
colonization from infection. In previous studies, asympto-
matic carriers, including those who have recently completed
successful CDI treatment, often have had detectable toxin
in stool.2,9,10 Thus, unnecessary treatment may be prescribed
for carriers if a positive toxin assay is deemed sufficient
evidence to diagnose CDI in the absence of clinically significant
diarrhea.
Third, the recommendation that the clinical presentation

should be assessed after lab results are available is reasonable
but will require education. In practice, clinicians often
reflexively treat positive tests. For example, Buckel et al4

found that 100% of asymptomatic patients testing positive
for toxin genes by NAAT were treated for CDI despite a
stewardship intervention that included education plus
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testing to reduce testing of specimens that fail to meet clinical
criteria, specifically patients with diarrhea without recent
antibiotic exposure. In their study, a patient did not meet
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within 24 hours. We caution against this approach because it
may delay implementation of infection prevention and control
precautions. In addition, the potential for confusion exists
between the criteria for laboratory testing of a diarrheal
specimen and the definition of a clinical case of CDI.
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recommend that toxigenic C. difficile testing be limited to
patients with ≥3 unformed stool specimens in a 24- hour
period unless ileus is suspected. This recommendation
contrasts with other international CDI guidelines, and the
reasoning behind this difference is unclear. European guide-
lines recommend testing unformed stool of patients with
potential infective diarrhea and negative tests for common
enteropathogens, irrespective of a number of factors, including
antibiotic use.3 Irish4 and UK5 guidelines recommend testing
all diarrheal specimens as early as possible if an infectious
cause is suspected rather than waiting until 3 episodes of
diarrhea have occurred. This approach allows early imple-
mentation of appropriate infection prevention and control
precautions as delays may increase the risk of C. difficile
transmission. Likewise, the Society for Healthcare Epidemiology
of America (SHEA) and the Infectious Diseases Society of
America (IDSA) guidelines6 (also cited by Kundrapu et al1)
recommend testing for C. difficile or its toxins on diarrheal
(unformed) stool only, unless ileus is suspected. The usual
presentation of CDI is defined in IDSA/SHEA guidelines as
≥3 episodes of diarrhea within 24 hours; however, they do not
specify that stool specimens are not to be tested unless the
patient has at least 3 unformed stools.

Assuming that stool specimens meet the necessary require-
ments for laboratory testing (ie, unformed), we are not
convinced that the laboratory is the appropriate place to
decide whether specimens be tested for C. difficile. Notably, of
the patients defined as ‘not meeting clinical criteria for testing,’
a significant proportion (37%) had received antibiotics
within the previous 90 days,1 which is a risk factor for CDI
and should have prompted testing. As with many infections,

CDI should be diagnosed on clinical grounds with laboratory
results supporting the diagnosis, and not vice versa.7 We are
concerned that implementation of the authors’ proposal to
reduce testing in patients not meeting clinical criteria for CDI
may have a detrimental effect on efforts to control the dis-
semination of C. difficile spores in the hospital environment.
While the use of the clinical definition is useful to provide a
standardized definition for reporting, this definition is more
suitable for standardized surveillance purposes than for
laboratory processing. A significant limitation of this study, as
acknowledged by the authors, is the absence of C. difficile toxin
testing. Had the diagnostic testing included an assay for
C. difficile, it would have added certainty to the decision to
exclude these patients as CDI cases and more validity to their
strict use of this case definition.8,9

We agree that details of the patient’s clinical presentation
are needed for accurate interpretation of CDI laboratory
results; however, we suggest that this be done after the
laboratory has tested the (unformed) stool specimen. Because
C. difficile laboratory results are used not only to manage
patients with CDI but also to minimize C. difficile transmission
risk, we argue that delaying specimen acquisition until the
patient has had ≥3 episodes of diarrhea in 24 hours increases
the risk of C. difficile transmission. If strategies are required to
reduce inappropriate laboratory testing, clinician engagement
and education are key to ensuring correct patient selection
based on clinical assessment. We suggest that stool specimens
be sent to the laboratory when CDI is clinically suspected,
regardless of the number of episodes of diarrhea, and we sug-
gest that clinical correlation be required between the patient’s
symptoms and laboratory results. As well as improving
laboratory efficiency, this approach minimizes cross infection
by promoting early implementation of infection prevention
and control precautions; it also prevents inappropriate treatment
of asymptomatic carriers.
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isolation. Because our study was relatively small and
included only 1 center, additional studies are needed to
confirm our findings. Second, although Prior and Fitzpatrick
suggest that toxin testing adds certainty to decision making,
further studies are needed to clarify whether the presence
or absence of toxin truly provides certainty in distinguishing
colonization from infection. In previous studies, asympto-
matic carriers, including those who have recently completed
successful CDI treatment, often have had detectable toxin
in stool.2,9,10 Thus, unnecessary treatment may be prescribed
for carriers if a positive toxin assay is deemed sufficient
evidence to diagnose CDI in the absence of clinically significant
diarrhea.
Third, the recommendation that the clinical presentation

should be assessed after lab results are available is reasonable
but will require education. In practice, clinicians often
reflexively treat positive tests. For example, Buckel et al4

found that 100% of asymptomatic patients testing positive
for toxin genes by NAAT were treated for CDI despite a
stewardship intervention that included education plus
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(See the article by Kamboj et al18 on pages 8–15.)
Clostridium difficile has become known as a pathogen respon-

sible for a considerable number of avoidable healthcare-acquired
infections. Acquisition is traditionally thought to involve the
ingestion of spores from the contaminated healthcare environment
by patients whose normal bowel flora is altered by antibiotics.1

While the majority of these patients remain asymptomatic, some
develop diarrhea, further contaminating the environment and
serving as a source of ongoing transmission.1,2 Clabots et al3

demonstrated that the rate of C. difficile acquisition is linearly
correlated with length of hospital stay, lending further support to
the role of the hospital environment as an important reservoir of
C. difficile. Thus, prevention efforts have relied largely on measures
aimed toward reducing the risk of environmental spreadwithin the
healthcare setting such as contact precautions and environmental
disinfection, as well as antimicrobial stewardship.4

For many years, C. difficile was generally regarded as an
inconvenient but readily treatable cause of antibiotic-associated
diarrhea. In 2003, however, this organism was afforded new
respect with the recognition of the North American Pulsed Field
type 1 (NAP1)/PCR ribotype 027 strain.5 This strain became
epidemic in several countries and was associated with dramatic
increases in healthcare-acquired infection, morbidity, mortality,
and metronidazole treatment failures compared with previously
described with C. difficile.6–9 Public inquiries attributed patient
deaths during these epidemics to deficiencies in nursing
and medical care, infection control practices, administrative
responsiveness, and resource allocation.10,11 Media reports of
these outbreaks used harsh and litigious language, describing the
pathogen as deadly, healthcare providers as villains, and patients
as victims.12 These reports were followed by demands for
transparency around C. difficile infection in hospitals.13

In the wake of these events,C. difficile has become synonymous
in the public perception with dirty hospitals, poor management,
and noncompliant healthcare providers. Outbreaks have led to
successful litigation against healthcare organizations, and
criminal charges have been considered in at least one instance.14

The threat of sanctions and loss of financial reimbursement for
patients who develop C. difficile infection during their hospital
stay has led to a heightened focus by healthcare administrators on

unit-level healthcare-onset C. difficile infection (HO-CDI) rates
and accountability. One study found that public reporting was
associated with a substantial reduction HO-CDI rates and
attributed this reduction to quality improvement efforts by
individual healthcare organizations.15 Consumer groups are now
using HO-CDI data to rate hospital performance.16,17

In this issue of Infection Control and Hospital Epidemiology, an
article by Kamboj et al18 serves as a caution against using
HO-CDI rates as a healthcare system performance measure.
Using multilocus sequence typing (MSLT), the authors
characterized toxigenic strains of C. difficile from the stools of a
large cohort of patients admitted to a stem-cell transplant unit.
In this high-risk patient population, 26% of patients were found
to be colonized with a toxigenic strain ofC. difficile at the time of
admission; 75% of these colonized patients later developed
C. difficile infection with an identical strain to the one they were
carrying at the time of admission. Considerable diversity
was observed among C. difficile isolates in this population,
suggesting multiple potential sources of acquisition. The
HO-CDI rate, as defined by standard surveillance definitions,
was very high on the study unit (3.6 per 1,000 patient days).
Conversely, this study found microbiologic evidence of
nosocomial acquisition in only 21% of cases, and only half of
those had an epidemiologic link to an earlier patient with
identical strain type. Thus, healthcare acquisition could be
established in only a very small proportion of cases. The authors
conclude that most cases of C. difficile infection in this inpatient
population represent development of disease in asymptomatic
carriers rather than transmission within the inpatient setting.
This is not the first study to call into question the belief that

C. difficile infection is largely acquired through environmental
reservoirs within the healthcare setting. Eyre et al19 used
whole-genome sequencing of isolates from a large cohort of
inpatients with C. difficile infection to demonstrate that only
35% of patients were genetically related to an earlier case of
C. difficile infection. Furthermore, in nearly half of these
genetically related cases (46%), there was no epidemiologic
evidence of hospital transmission. These authors also
identified a diversity of strains suggesting multiple sources of
transmission. A large population-based study in the United
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Transmission of Clostridium difficile During Hospitalization
for Allogeneic Stem Cell Transplant

Mini Kamboj, MD;1,2,3 Anna Sheahan, PhD;1 Janet Sun, BS;1 Ying Taur, MD, MPH;2,3 Elizabeth Robilotti, MD, MPH;1,2,3

Esther Babady, PhD;4 Genovefa Papanicolaou, MD;2,3 Ann Jakubowski, MD, PhD;3,5 Eric Pamer, MD;2,3

Kent Sepkowitz, MD1,2,3

objective. To determine the role of unit-based transmission that accounts for cases of early Clostridium difficile infection (CDI) during
hospitalization for allogeneic stem cell transplant.

setting. Stem cell transplant unit at a tertiary care cancer center.

methods. Serially collected stool from patients admitted for transplant was screened for toxigenic C. difficile through the hospital stay and
genotyping was performed by multilocus sequence typing. In addition, isolates retrieved from cases of CDI that occurred in other patients
hospitalized on the same unit were similarly characterized. Transmission links were established by time-space clustering of cases and carriers of
shared toxigenic C. difficile strains.

results. During the 27-month period, 1,099 samples from 264 patients were screened, 69 of which had evidence of toxigenic C. difficile;
52 patients developed CDI and 17 were nonsymptomatic carriers. For the 52 cases, 41 had evidence of toxigenic C. difficile on the first study
sample obtained within a week of admission, among which 22 were positive within the first 48 hours. A total of 24 sequence types were isolated
from this group; 1 patient had infection with the NAP1 strain. A total of 11 patients had microbiologic evidence of acquisition; donor source
could be established in half of these cases.

conclusions. Most cases of CDI after stem cell transplant represent delayed onset disease in nonsymptomatic carriers. Transmission on
stem cell transplant unit was confirmed in 19% of early CDI cases in our cohort with a probable donor source established in half of the cases.

Infect. Control Hosp. Epidemiol. 2016;37(1) :8–15

Clostridium difficile is the most common healthcare-associated
infection in the United States.1 In hospitalized patients, the risk
of C. difficile infection (CDI) in persons with hematologic
malignancy and in hematopoietic stem cell transplant (SCT)
recipients is among the highest. Cumulative incidence of CDI
in the first year after allogeneic SCT has been reported to be
12.5% to 21% across various studies, a risk that is 15 to 25
times greater than for all hospitalized patients (0.85%).2–10 In
these reports, the timing of CDI after SCT is strikingly similar;
more than half of all cases occur early, around the time of
conditioning and within the first month after transplant.5–8,11

Many transplant units struggle to control the high
healthcare-associated rates of CDI, and clusters and outbreaks
are frequently encountered.12,13 Transmission patterns of
C. difficile in acute care settings from geographically defined
populations have been elucidated by the application of various

fingerprinting techniques. By characterizing CDI cases detected
by a low-sensitivity enzyme immunoassay test, Walker et al14

showed that 37% of allC. difficile cases on a renal transplant unit
could be attributed to ward-based transmission, much higher
than the overall 23% suspected transmission among all
hospitalized patients in this study. Their findings suggest that
transmission of C. difficile in complex high-risk populations
may be more frequent; however, a similar approach has not yet
been applied to study this risk in SCT units.
The frequent occurrence of early CDI among SCT recipients

offers a unique opportunity to examine the role of unit-based
transmission, an extremely important aspect to recognize before
effectual interventions for CDI prevention can be established.
Our study was designed to determine the frequency of

unit-based transmission that led to cases of early CDI
(day −10 to day +40) in adult patients hospitalized for
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in the first year after allogeneic SCT has been reported to be
12.5% to 21% across various studies, a risk that is 15 to 25
times greater than for all hospitalized patients (0.85%).2–10 In
these reports, the timing of CDI after SCT is strikingly similar;
more than half of all cases occur early, around the time of
conditioning and within the first month after transplant.5–8,11
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healthcare-associated rates of CDI, and clusters and outbreaks
are frequently encountered.12,13 Transmission patterns of
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(See the article by Kamboj et al18 on pages 8–15.)
Clostridium difficile has become known as a pathogen respon-

sible for a considerable number of avoidable healthcare-acquired
infections. Acquisition is traditionally thought to involve the
ingestion of spores from the contaminated healthcare environment
by patients whose normal bowel flora is altered by antibiotics.1

While the majority of these patients remain asymptomatic, some
develop diarrhea, further contaminating the environment and
serving as a source of ongoing transmission.1,2 Clabots et al3

demonstrated that the rate of C. difficile acquisition is linearly
correlated with length of hospital stay, lending further support to
the role of the hospital environment as an important reservoir of
C. difficile. Thus, prevention efforts have relied largely on measures
aimed toward reducing the risk of environmental spreadwithin the
healthcare setting such as contact precautions and environmental
disinfection, as well as antimicrobial stewardship.4

For many years, C. difficile was generally regarded as an
inconvenient but readily treatable cause of antibiotic-associated
diarrhea. In 2003, however, this organism was afforded new
respect with the recognition of the North American Pulsed Field
type 1 (NAP1)/PCR ribotype 027 strain.5 This strain became
epidemic in several countries and was associated with dramatic
increases in healthcare-acquired infection, morbidity, mortality,
and metronidazole treatment failures compared with previously
described with C. difficile.6–9 Public inquiries attributed patient
deaths during these epidemics to deficiencies in nursing
and medical care, infection control practices, administrative
responsiveness, and resource allocation.10,11 Media reports of
these outbreaks used harsh and litigious language, describing the
pathogen as deadly, healthcare providers as villains, and patients
as victims.12 These reports were followed by demands for
transparency around C. difficile infection in hospitals.13

In the wake of these events,C. difficile has become synonymous
in the public perception with dirty hospitals, poor management,
and noncompliant healthcare providers. Outbreaks have led to
successful litigation against healthcare organizations, and
criminal charges have been considered in at least one instance.14

The threat of sanctions and loss of financial reimbursement for
patients who develop C. difficile infection during their hospital
stay has led to a heightened focus by healthcare administrators on

unit-level healthcare-onset C. difficile infection (HO-CDI) rates
and accountability. One study found that public reporting was
associated with a substantial reduction HO-CDI rates and
attributed this reduction to quality improvement efforts by
individual healthcare organizations.15 Consumer groups are now
using HO-CDI data to rate hospital performance.16,17

In this issue of Infection Control and Hospital Epidemiology, an
article by Kamboj et al18 serves as a caution against using
HO-CDI rates as a healthcare system performance measure.
Using multilocus sequence typing (MSLT), the authors
characterized toxigenic strains of C. difficile from the stools of a
large cohort of patients admitted to a stem-cell transplant unit.
In this high-risk patient population, 26% of patients were found
to be colonized with a toxigenic strain ofC. difficile at the time of
admission; 75% of these colonized patients later developed
C. difficile infection with an identical strain to the one they were
carrying at the time of admission. Considerable diversity
was observed among C. difficile isolates in this population,
suggesting multiple potential sources of acquisition. The
HO-CDI rate, as defined by standard surveillance definitions,
was very high on the study unit (3.6 per 1,000 patient days).
Conversely, this study found microbiologic evidence of
nosocomial acquisition in only 21% of cases, and only half of
those had an epidemiologic link to an earlier patient with
identical strain type. Thus, healthcare acquisition could be
established in only a very small proportion of cases. The authors
conclude that most cases of C. difficile infection in this inpatient
population represent development of disease in asymptomatic
carriers rather than transmission within the inpatient setting.
This is not the first study to call into question the belief that

C. difficile infection is largely acquired through environmental
reservoirs within the healthcare setting. Eyre et al19 used
whole-genome sequencing of isolates from a large cohort of
inpatients with C. difficile infection to demonstrate that only
35% of patients were genetically related to an earlier case of
C. difficile infection. Furthermore, in nearly half of these
genetically related cases (46%), there was no epidemiologic
evidence of hospital transmission. These authors also
identified a diversity of strains suggesting multiple sources of
transmission. A large population-based study in the United
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(See the Editorial Commentary by Johnson on pages 654–5.)

We compared rates of recurrent Clostridium difficile infection in
patients receiving or not receiving oral vancomycin prophylaxis
with systemic antimicrobial therapy. The incidence of C. difficile
infection was significantly lower in patients receiving prophy-
laxis (4.2% vs 26.6% in those without prophylaxis; odds ratio,
0.12; 95% confidence interval, .04–.4; P < .001).

Keywords. prophylaxis; Clostridium difficile; vancomycin;
antimicrobial agents.

Clostridium difficile infections (CDIs) may be associated with sig-
nificant illness and occasional deaths and are characterized by fre-
quent recurrences [1, 2]. Unfortunately, the optimal approach to
reducing the risk of recurrence, particularly in high-risk patients
who require systemic antimicrobial therapy, remains unclear.
During the past several years, we observed an increasing number
of patients with history of CDI who were given oral vancomycin
prophylaxis (OVP) when systemic antimicrobial therapy was re-
quired and wondered whether this approach was effective in re-
ducing the risk of recurrent CDI in this patient population.

METHODS

This was a retrospective cohort study performed at Mercy Hos-
pital St Louis, a 979-bed community teaching hospital in St
Louis, Missouri. Hospital electronic health records were used to
identify all adult patients (aged ≥18 years) who had previous
chart documentation of “loose stools” or “diarrhea” and concur-
rent positive stool test for C. difficile by polymerase chain reaction

(PCR) (Xpert C. difficile/Epi; Cephied) and were subsequently
hospitalized and treated with systemic antimicrobial therapy.
The study period for previous CDI episode and subsequent hos-
pitalization requiring systemic antimicrobial therapy was 1 Janu-
ary 2010 through 31 December 2014.

Recurrence of CDI was defined as symptoms of loose stools
or diarrhea in a patient whose stool tested positive for C. difficile
by PCR within 4 weeks after completion of systemic antimicro-
bial agents, based on inpatient and outpatient provider notes.
We targeted the 4-week period after completion of systemic an-
timicrobial therapy because the highest incidence of CDI after
hospital discharge occurs during this period [3] and longer sur-
veillance periods might have increased the likelihood of includ-
ing patients who acquired C. difficile after completion of OVP.

Systemic antimicrobial therapy was defined as ≥1 day of treat-
ment with ≥1 agent. Exclusion criteria included pregnancy, van-
comycin allergy, concurrent treatment with metronidazole for any
indication during OVP, and diagnosis with inflammatory bowel
disorder (eg, Crohn disease), diverticulosis, diverticulitis, or bacte-
rial gastrointestinal infection with agents other than C. difficile (eg,
Salmonella sp.). Fisher exact and Student t tests were used to com-
pare categorical and continuous data, respectively, with differences
considered statistically significant at P < .05. The study was ap-
proved by Mercy Hospital’s institutional review board.

RESULTS

Of 580 patients initially screened, 377 had ≥1 exclusion criterion;
198 had inflammatory bowel disorder, 119 were receiving concur-
rent metronidazole therapy, 46 had bacterial gastroenteritis, 8
were <18 years old, and 6 were pregnant. Of the remaining 203
eligible patients, 71 received OVP (29 [41%] at a dose of 125 mg
and 42 [59%] at a dose of 250 mg twice daily) during the course
of their systemic antibiotic therapy and for up to 1 week after its
completion, and 132 received no OVP (control group). The mean
duration of OVP (including both inpatient and postdischarge
days) was 13.7 days (range, 3–29 days).

Patient characteristics in OVP and control groups are shown in
Table 1. There was no significant difference between the 2 groups
with regard to age, sex, race, interval between previous CDI and
hospital admission, probiotic use in the hospital, rate of discharge
to home, mean duration of systemic antimicrobial therapy, or use
of selected antimicrobials, including fluoroquinolones (levofloxa-
cin or ciprofloxacin), cephalosporins, aminopenicillins, aztreonam,
or a fixed combination therapy with intravenous vancomycin,
levofloxacin, and piperacillin-tazobactam. The OVP group was sig-
nificantly more likely to have received a carbapenem or a gastric
acid-suppressive agent (ie, histamine-2 receptor antagonist
[H2RA]) or a proton-pump inhibitor (PPI). The mean duration
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Efficacy of Oral Vancomycin in
Preventing Recurrent Clostridium
difficile Infection in Patients Treated
With Systemic Antimicrobial Agents
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(See the Editorial Commentary by Johnson on pages 654–5.)

We compared rates of recurrent Clostridium difficile infection in
patients receiving or not receiving oral vancomycin prophylaxis
with systemic antimicrobial therapy. The incidence of C. difficile
infection was significantly lower in patients receiving prophy-
laxis (4.2% vs 26.6% in those without prophylaxis; odds ratio,
0.12; 95% confidence interval, .04–.4; P < .001).

Keywords. prophylaxis; Clostridium difficile; vancomycin;
antimicrobial agents.

Clostridium difficile infections (CDIs) may be associated with sig-
nificant illness and occasional deaths and are characterized by fre-
quent recurrences [1, 2]. Unfortunately, the optimal approach to
reducing the risk of recurrence, particularly in high-risk patients
who require systemic antimicrobial therapy, remains unclear.
During the past several years, we observed an increasing number
of patients with history of CDI who were given oral vancomycin
prophylaxis (OVP) when systemic antimicrobial therapy was re-
quired and wondered whether this approach was effective in re-
ducing the risk of recurrent CDI in this patient population.

METHODS

This was a retrospective cohort study performed at Mercy Hos-
pital St Louis, a 979-bed community teaching hospital in St
Louis, Missouri. Hospital electronic health records were used to
identify all adult patients (aged ≥18 years) who had previous
chart documentation of “loose stools” or “diarrhea” and concur-
rent positive stool test for C. difficile by polymerase chain reaction

(PCR) (Xpert C. difficile/Epi; Cephied) and were subsequently
hospitalized and treated with systemic antimicrobial therapy.
The study period for previous CDI episode and subsequent hos-
pitalization requiring systemic antimicrobial therapy was 1 Janu-
ary 2010 through 31 December 2014.

Recurrence of CDI was defined as symptoms of loose stools
or diarrhea in a patient whose stool tested positive for C. difficile
by PCR within 4 weeks after completion of systemic antimicro-
bial agents, based on inpatient and outpatient provider notes.
We targeted the 4-week period after completion of systemic an-
timicrobial therapy because the highest incidence of CDI after
hospital discharge occurs during this period [3] and longer sur-
veillance periods might have increased the likelihood of includ-
ing patients who acquired C. difficile after completion of OVP.

Systemic antimicrobial therapy was defined as ≥1 day of treat-
ment with ≥1 agent. Exclusion criteria included pregnancy, van-
comycin allergy, concurrent treatment with metronidazole for any
indication during OVP, and diagnosis with inflammatory bowel
disorder (eg, Crohn disease), diverticulosis, diverticulitis, or bacte-
rial gastrointestinal infection with agents other than C. difficile (eg,
Salmonella sp.). Fisher exact and Student t tests were used to com-
pare categorical and continuous data, respectively, with differences
considered statistically significant at P < .05. The study was ap-
proved by Mercy Hospital’s institutional review board.

RESULTS

Of 580 patients initially screened, 377 had ≥1 exclusion criterion;
198 had inflammatory bowel disorder, 119 were receiving concur-
rent metronidazole therapy, 46 had bacterial gastroenteritis, 8
were <18 years old, and 6 were pregnant. Of the remaining 203
eligible patients, 71 received OVP (29 [41%] at a dose of 125 mg
and 42 [59%] at a dose of 250 mg twice daily) during the course
of their systemic antibiotic therapy and for up to 1 week after its
completion, and 132 received no OVP (control group). The mean
duration of OVP (including both inpatient and postdischarge
days) was 13.7 days (range, 3–29 days).

Patient characteristics in OVP and control groups are shown in
Table 1. There was no significant difference between the 2 groups
with regard to age, sex, race, interval between previous CDI and
hospital admission, probiotic use in the hospital, rate of discharge
to home, mean duration of systemic antimicrobial therapy, or use
of selected antimicrobials, including fluoroquinolones (levofloxa-
cin or ciprofloxacin), cephalosporins, aminopenicillins, aztreonam,
or a fixed combination therapy with intravenous vancomycin,
levofloxacin, and piperacillin-tazobactam. The OVP group was sig-
nificantly more likely to have received a carbapenem or a gastric
acid-suppressive agent (ie, histamine-2 receptor antagonist
[H2RA]) or a proton-pump inhibitor (PPI). The mean duration
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The incidence of C. difficile infection was significantly lower in patients 
receiving prophylaxis (4.2% vs 26.6% in those without prophylaxis; odds ratio, 
0.12; 95% confidence interval, .04–.4; P < .001). Prospective studies are 
needed to better define the risks and benefits of OVP in this vulnerable 
patient population.  
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objective. Hospitalized influenza patients are often treated with antibiotics empirically while awaiting final diagnosis. The goal of this study
was to describe the inappropriate continuation of antibiotics for influenza respiratory tract infections (RTIs).

design. We retrospectively studied adults admitted to our institution over 2 respiratory flu seasons with positive influenza RTIs.
Inappropriate antibiotic duration (IAD) was defined as antibiotic use for >24 hours after a positive influenza test in patients presenting with
<72 hours of RTI symptoms and with no other indications of bacterial infection.

results. During the study period, 322 patients included in this study were admitted for influenza RTI. Respiratory cultures were ordered for
50 of these patients (15.5%) and 71 patients (22%) had a positive chest x-ray, but antibiotics were prescribed to 211 patients (65.5%) on
admission. Antibiotics were inappropriately continued in 73 patients (34.5%). Patients receiving IAD had a longer length of stay (LOS) (median,
6 days; range, 4–9 days) compared with those whose antibiotics were discontinued appropriately (median, 5 days; range, 3–8 days) and those
who were not treated with antibiotics (median, 4 days; range, 3–6 days; P< .001). However, mortality was similar among these 3 groups:
3 patients (4.1%) from the IAD cohort died; 6 patients (4.3%) from the group with an appropriate antibiotic duration died; and 2 patients
[1.8%] from the group given no antibiotics died (P= .510). The 30-day readmission rates were similar as well: 9 patients (12.3%) from the IAD
group were readmitted within 30 days; 21 patients (15.2%) from the group with appropriate antibiotic duration were readmitted; and 11 patients
(9.9%) from the group given no antibiotics were readmitted (P= .455). Total hospital costs were greater in patients treated with IAD ($10,645;
range, $6,485–$18,035) compared with the group treated with appropriate antibiotic duration ($7,479; range, $4,866–$12,922) and the group
given no antibiotics $5,961 (range, $4,711–$9,575). Thus, the hospital experienced a median loss in net hospital revenue of $2,076 per IAD
patient compared with a patient for which antibiotic duration was appropriate.

conclusion. The majority of patients with influenza RTI received antibiotics on admission, and 34.5% were inappropriately continued on
antibiotics without evidence of bacterial infection, which led to increased LOS, loss of net revenue, and no improvement in outcome. Thus,
stewardship initiatives aimed at this population are warranted.

Infect Control Hosp Epidemiol 2016;37:583–589

Acute respiratory tract infections (RTIs) represent a cumber-
some and pervasive public health problem. In the United
States, they culminate in more morbidity and mortality than
any other infection.1,2 Published studies indicate that viral
etiologies account for 11%–55% of community-acquired
pneumonia cases among adults, and mixed viral-bacterial
co-infections constitute as many as 39% of pneumonia cases
with an identified pathogen, particularly in patients who
present later after development of symptoms.3–7

The course of influenza disease ranges from self-limiting
respiratory symptoms characterized by cough, headache,
fever, and muscle aches in healthy individuals to complications
such as bronchitis, acute otitis media, and pneumonia.8–10

Serious complications including secondary bacterial infection,
acute respiratory distress syndrome, and other organ-system
dysfunction can occur in all populations, but particularly in
the elderly, young children, patients with co-morbidities, and
those who are immunocompromised.11–13 As a result, the
disease can cause hospital admissions and fatalities among the
most susceptible patients. In addition, the economic burden is
estimated to be billions of dollars from absenteeism and loss of
productivity.14

The optimal management of viral infections, logically, does
not necessitate the use of antibacterial agents, but studies suggest
that approximately 50% of antibiotics prescribed in emergency
departments (EDs) for acute RTIs are inappropriately
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discussion

Antibiotic stewardship may soon be a Condition of Participation
for US hospitals in the Centers for Medicare and Medicaid
Services (CMS) payment program.23 While many stewardship
interventions focus on antimicrobial utilization in the inpatient
setting, addressing inappropriate therapy that begins in the ED is
currently needed. Influenza RTIs are infections for which anti-
biotic therapy clearly provides no value; however, our data from
a single center reveal antibiotic treatment of 65.5% of patients
who were admitted. Furthermore, we observed that antibiotics at
our center were continued for an inappropriate duration in

34.5% of influenza patients receiving antibiotics, even in the
absence of any clinical signs or diagnostic results suggesting
bacterial infection. Patients receiving antibiotics for an
inappropriate duration (IAD group) had significantly longer
hospital LOS, higher hospital costs, and as a result, lower net
revenue for the institution.
Our observations of antibiotic treatment of 65.5% of patients

with influenza RTI are consistent with other reports.15–17 Jeong
et al24 determined the rate of antibiotic prescriptions in patients
presenting to their ED with influenza-like illness before and
after implementation of an influenza virus rapid-antigen test.
Antibiotics were used to treat 43.9% of these patients before the
implementation of RT-PCR testing; this rate was reduced to 25%
after this intervention. Notably, their study excluded patients
admitted to the hospital from the ED, who presumably would
have higher rates of antibiotic treatment. A study by Linder
et al25 assessed antibiotic utilization in US ambulatory clinics and
EDs over a 7-year period. They observed inappropriate antibiotic
prescriptions in 26% of visits. Notably, although 65.5% of our
influenza patients received antibiotics on admission to the
hospital, two-thirds of these patients had their antibiotics
discontinued early or appropriately continued based on
positive cultures, radiology, or late presentation. The remaining
34.5% of these patients had antibiotics continued without the
presence of strong data to suspect a bacterial co-infection. This
latter observation is unique in the medical literature and
indicates a targeted opportunity for antibiotic stewardship
intervention.
In our study, the extension of antibiotic administration for

an inappropriate duration neither improved clinical outcomes
nor made the patients less likely to return to the hospital
within 30 days. These patients also appeared to respond to

figure 1. Number of patients treated with antibiotics per number
of days in appropriate antibiotic duration versus inappropriate
antibiotic duration groups.

table 2. Clinical and Economic Outcomes by No Antibiotics on Admission Versus Appropriate Antibiotic Duration Versus Inappropriate
Antibiotic Duration

Outcome
Total cohort
(N= 322)

No Antibiotics on
Admission (N= 111;

34.4%)

Appropriate
Antibiotic Duration
(N= 138; 42.8%)

Inappropriate
Antibiotic Duration
(N= 73; 22.7%) P Value

Mortality 11 (3.4) 2 (1.8) 6 (4.3) 3 (4.1) .510
Time to temperature normalization,

median d (IQR)
1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) .373

Time to WBC normalization, median d
(IQR)

2 (1–3) 1 (1–1.5) 2 (1–4.25) 2 (1–3.75) .050

LOS, median d (IQR) 5 (3–7) 4 (3–6) 5 (3–8) 6 (4–9) <.001a

Discharge status
Home 218 (70.1) 83 (74.7) 91 (65.9) 44 (60.2) .154
Health care 93 (29.9) 26 (23.4) 41 (24.7) 26 (35.6)

30-day readmission 40 (12.4) 11 (9.9) 21 (15.2) 9 (12.3) .455
Total hospital cost, median $ (IQR) 7,553 (5,002–13,077) 5,961 (4,711– 9,575) 7,479 (4,866–12,922) 10,645 (6,485–18,035) <.001a

Hospital net revenue, median $ (IQR)b 2,214 (−2,091–4,623) 2,202 (−507–4,342) 2,957 (−1,616–6,439) 881 (−4,892–3,196) <.001a

NOTE. All data are presented as number (%), unless otherwise indicated.
LOS, length of stay; IQR, inter-quartile range (25th–75th percentile); SNF, skilled nursing facility; WBC, white blood cell count.
aInappropriate antibiotic duration (IAD) group was significantly different from the other groups.
bHospital net revenue= gross payments received − total hospital cost.
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objective. Hospitalized influenza patients are often treated with antibiotics empirically while awaiting final diagnosis. The goal of this study
was to describe the inappropriate continuation of antibiotics for influenza respiratory tract infections (RTIs).

design. We retrospectively studied adults admitted to our institution over 2 respiratory flu seasons with positive influenza RTIs.
Inappropriate antibiotic duration (IAD) was defined as antibiotic use for >24 hours after a positive influenza test in patients presenting with
<72 hours of RTI symptoms and with no other indications of bacterial infection.

results. During the study period, 322 patients included in this study were admitted for influenza RTI. Respiratory cultures were ordered for
50 of these patients (15.5%) and 71 patients (22%) had a positive chest x-ray, but antibiotics were prescribed to 211 patients (65.5%) on
admission. Antibiotics were inappropriately continued in 73 patients (34.5%). Patients receiving IAD had a longer length of stay (LOS) (median,
6 days; range, 4–9 days) compared with those whose antibiotics were discontinued appropriately (median, 5 days; range, 3–8 days) and those
who were not treated with antibiotics (median, 4 days; range, 3–6 days; P< .001). However, mortality was similar among these 3 groups:
3 patients (4.1%) from the IAD cohort died; 6 patients (4.3%) from the group with an appropriate antibiotic duration died; and 2 patients
[1.8%] from the group given no antibiotics died (P= .510). The 30-day readmission rates were similar as well: 9 patients (12.3%) from the IAD
group were readmitted within 30 days; 21 patients (15.2%) from the group with appropriate antibiotic duration were readmitted; and 11 patients
(9.9%) from the group given no antibiotics were readmitted (P= .455). Total hospital costs were greater in patients treated with IAD ($10,645;
range, $6,485–$18,035) compared with the group treated with appropriate antibiotic duration ($7,479; range, $4,866–$12,922) and the group
given no antibiotics $5,961 (range, $4,711–$9,575). Thus, the hospital experienced a median loss in net hospital revenue of $2,076 per IAD
patient compared with a patient for which antibiotic duration was appropriate.

conclusion. The majority of patients with influenza RTI received antibiotics on admission, and 34.5% were inappropriately continued on
antibiotics without evidence of bacterial infection, which led to increased LOS, loss of net revenue, and no improvement in outcome. Thus,
stewardship initiatives aimed at this population are warranted.
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Acute respiratory tract infections (RTIs) represent a cumber-
some and pervasive public health problem. In the United
States, they culminate in more morbidity and mortality than
any other infection.1,2 Published studies indicate that viral
etiologies account for 11%–55% of community-acquired
pneumonia cases among adults, and mixed viral-bacterial
co-infections constitute as many as 39% of pneumonia cases
with an identified pathogen, particularly in patients who
present later after development of symptoms.3–7

The course of influenza disease ranges from self-limiting
respiratory symptoms characterized by cough, headache,
fever, and muscle aches in healthy individuals to complications
such as bronchitis, acute otitis media, and pneumonia.8–10

Serious complications including secondary bacterial infection,
acute respiratory distress syndrome, and other organ-system
dysfunction can occur in all populations, but particularly in
the elderly, young children, patients with co-morbidities, and
those who are immunocompromised.11–13 As a result, the
disease can cause hospital admissions and fatalities among the
most susceptible patients. In addition, the economic burden is
estimated to be billions of dollars from absenteeism and loss of
productivity.14

The optimal management of viral infections, logically, does
not necessitate the use of antibacterial agents, but studies suggest
that approximately 50% of antibiotics prescribed in emergency
departments (EDs) for acute RTIs are inappropriately
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<72 hours of RTI symptoms and with no other indications of bacterial infection.

results. During the study period, 322 patients included in this study were admitted for influenza RTI. Respiratory cultures were ordered for
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6 days; range, 4–9 days) compared with those whose antibiotics were discontinued appropriately (median, 5 days; range, 3–8 days) and those
who were not treated with antibiotics (median, 4 days; range, 3–6 days; P< .001). However, mortality was similar among these 3 groups:
3 patients (4.1%) from the IAD cohort died; 6 patients (4.3%) from the group with an appropriate antibiotic duration died; and 2 patients
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given no antibiotics $5,961 (range, $4,711–$9,575). Thus, the hospital experienced a median loss in net hospital revenue of $2,076 per IAD
patient compared with a patient for which antibiotic duration was appropriate.
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antibiotics without evidence of bacterial infection, which led to increased LOS, loss of net revenue, and no improvement in outcome. Thus,
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Acute respiratory tract infections (RTIs) represent a cumber-
some and pervasive public health problem. In the United
States, they culminate in more morbidity and mortality than
any other infection.1,2 Published studies indicate that viral
etiologies account for 11%–55% of community-acquired
pneumonia cases among adults, and mixed viral-bacterial
co-infections constitute as many as 39% of pneumonia cases
with an identified pathogen, particularly in patients who
present later after development of symptoms.3–7

The course of influenza disease ranges from self-limiting
respiratory symptoms characterized by cough, headache,
fever, and muscle aches in healthy individuals to complications
such as bronchitis, acute otitis media, and pneumonia.8–10

Serious complications including secondary bacterial infection,
acute respiratory distress syndrome, and other organ-system
dysfunction can occur in all populations, but particularly in
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those who are immunocompromised.11–13 As a result, the
disease can cause hospital admissions and fatalities among the
most susceptible patients. In addition, the economic burden is
estimated to be billions of dollars from absenteeism and loss of
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not necessitate the use of antibacterial agents, but studies suggest
that approximately 50% of antibiotics prescribed in emergency
departments (EDs) for acute RTIs are inappropriately

Affiliations: 1. Center for Anti-infective Research and Development, Hartford Hospital, Hartford, Connecticut; 2. Division of Infectious Diseases, Hartford
Hospital, Hartford, Connecticut; 3. University of Connecticut, School of Pharmacy, Storrs, Connecticut; 4. Department of Pharmacy, Hartford Hospital,
Hartford, Connecticut; 5. Department of Pathology and Laboratory Medicine, Hartford Hospital, Hartford, Connecticut.

PREVIOUS PRESENTATION. An abstract of this data set was presented at the Joint 55th Interscience Conference on Antimicrobial Agents and Chemotherapy and 28th
International Congress of Chemotherapy Meeting (ICAAC/ICC) 2015, San Diego, California, September 18, 2015.

© 2016 by The Society for Healthcare Epidemiology of America. All rights reserved. 0899-823X/2016/3705-0013. DOI: 10.1017/ice.2016.17
Received October 27, 2015; accepted January 11, 2016; electronically published February 1, 2016

infection control & hospital epidemiology may 2016, vol. 37, no. 5

 
-  Median loss in net hospital revenue of $ 2.076/IAD 

-  Mortality was similar. 

MY FAVORITE INFECTION CONTROL PUBLICATIONS IN 2016  
 

discussion

Antibiotic stewardship may soon be a Condition of Participation
for US hospitals in the Centers for Medicare and Medicaid
Services (CMS) payment program.23 While many stewardship
interventions focus on antimicrobial utilization in the inpatient
setting, addressing inappropriate therapy that begins in the ED is
currently needed. Influenza RTIs are infections for which anti-
biotic therapy clearly provides no value; however, our data from
a single center reveal antibiotic treatment of 65.5% of patients
who were admitted. Furthermore, we observed that antibiotics at
our center were continued for an inappropriate duration in

34.5% of influenza patients receiving antibiotics, even in the
absence of any clinical signs or diagnostic results suggesting
bacterial infection. Patients receiving antibiotics for an
inappropriate duration (IAD group) had significantly longer
hospital LOS, higher hospital costs, and as a result, lower net
revenue for the institution.
Our observations of antibiotic treatment of 65.5% of patients

with influenza RTI are consistent with other reports.15–17 Jeong
et al24 determined the rate of antibiotic prescriptions in patients
presenting to their ED with influenza-like illness before and
after implementation of an influenza virus rapid-antigen test.
Antibiotics were used to treat 43.9% of these patients before the
implementation of RT-PCR testing; this rate was reduced to 25%
after this intervention. Notably, their study excluded patients
admitted to the hospital from the ED, who presumably would
have higher rates of antibiotic treatment. A study by Linder
et al25 assessed antibiotic utilization in US ambulatory clinics and
EDs over a 7-year period. They observed inappropriate antibiotic
prescriptions in 26% of visits. Notably, although 65.5% of our
influenza patients received antibiotics on admission to the
hospital, two-thirds of these patients had their antibiotics
discontinued early or appropriately continued based on
positive cultures, radiology, or late presentation. The remaining
34.5% of these patients had antibiotics continued without the
presence of strong data to suspect a bacterial co-infection. This
latter observation is unique in the medical literature and
indicates a targeted opportunity for antibiotic stewardship
intervention.
In our study, the extension of antibiotic administration for

an inappropriate duration neither improved clinical outcomes
nor made the patients less likely to return to the hospital
within 30 days. These patients also appeared to respond to

figure 1. Number of patients treated with antibiotics per number
of days in appropriate antibiotic duration versus inappropriate
antibiotic duration groups.

table 2. Clinical and Economic Outcomes by No Antibiotics on Admission Versus Appropriate Antibiotic Duration Versus Inappropriate
Antibiotic Duration

Outcome
Total cohort
(N= 322)

No Antibiotics on
Admission (N= 111;

34.4%)

Appropriate
Antibiotic Duration
(N= 138; 42.8%)

Inappropriate
Antibiotic Duration
(N= 73; 22.7%) P Value

Mortality 11 (3.4) 2 (1.8) 6 (4.3) 3 (4.1) .510
Time to temperature normalization,

median d (IQR)
1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) .373

Time to WBC normalization, median d
(IQR)

2 (1–3) 1 (1–1.5) 2 (1–4.25) 2 (1–3.75) .050

LOS, median d (IQR) 5 (3–7) 4 (3–6) 5 (3–8) 6 (4–9) <.001a

Discharge status
Home 218 (70.1) 83 (74.7) 91 (65.9) 44 (60.2) .154
Health care 93 (29.9) 26 (23.4) 41 (24.7) 26 (35.6)

30-day readmission 40 (12.4) 11 (9.9) 21 (15.2) 9 (12.3) .455
Total hospital cost, median $ (IQR) 7,553 (5,002–13,077) 5,961 (4,711– 9,575) 7,479 (4,866–12,922) 10,645 (6,485–18,035) <.001a

Hospital net revenue, median $ (IQR)b 2,214 (−2,091–4,623) 2,202 (−507–4,342) 2,957 (−1,616–6,439) 881 (−4,892–3,196) <.001a

NOTE. All data are presented as number (%), unless otherwise indicated.
LOS, length of stay; IQR, inter-quartile range (25th–75th percentile); SNF, skilled nursing facility; WBC, white blood cell count.
aInappropriate antibiotic duration (IAD) group was significantly different from the other groups.
bHospital net revenue= gross payments received − total hospital cost.
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objective. We aimed to determine the frequency of qacA/B chlorhexidine tolerance genes and high-level mupirocin resistance among
MRSA isolates before and after the introduction of a chlorhexidine (CHG) daily bathing intervention in a surgical intensive care unit (SICU).

design. Retrospective cohort study (2005–2012).

setting. A large tertiary-care center.

patients. Patients admitted to SICU who had MRSA surveillance cultures of the anterior nares.

methods. A random sample of banked MRSA anterior nares isolates recovered during (2005) and after (2006–2012) implementation of a
daily CHG bathing protocol was examined for qacA/B genes and high-level mupirocin resistance. Staphylococcal cassette chromosome mec
(SCCmec) typing was also performed.

results. Of the 504 randomly selected isolates (63 per year), 36 (7.1%) were qacA/B positive ( + ) and 35 (6.9%) were mupirocin resistant.
Of these, 184 (36.5%) isolates were SCCmec type IV. There was a significant trend for increasing qacA/B (P= .02; highest prevalence, 16.9% in
2009 and 2010) and SCCmec type IV (P< .001; highest prevalence, 52.4% in 2012) during the study period. qacA/B( + ) MRSA isolates were
more likely to be mupirocin resistant (9 of 36 [25%] qacA/B( + ) vs 26 of 468 [5.6%] qacA/B(− ); P= .003).

conclusions. A long-term, daily CHG bathing protocol was associated with a change in the frequency of qacA/B genes in MRSA isolates
recovered from the anterior nares over an 8-year period. This change in the frequency of qacA/B genes is most likely due to patients in those years
being exposed in prior admissions. Future studies need to further evaluate the implications of universal CHG daily bathing on MRSA qacA/B
genes among hospitalized patients.

Infect Control Hosp Epidemiol 2016;37:590–597

Methicillin-resistant Staphylococcus aureus (MRSA) is a major
cause of healthcare-associated infections.1–3 Compared with
methicillin-susceptible strains, MRSA is associated with
increased risk of adverse health outcomes and increased
treatment costs.4,5 Multiple studies have shown that MRSA
nasal colonization is a risk factor for subsequent MRSA
infection.6–8 Interventions to interrupt MRSA transmission
among hospitalized patients include active surveillance for
colonization and contact precautions.9,10

Recently, the use of chlorhexidine (CHG)-based body wash,
either alone or in combination with intranasal antibiotics such
as mupirocin, has been demonstrated to reduce the incidence
of MRSA transmission and subsequent infection among
hospitalized patients.11–13 However, widespread use of

chlorhexidine may result in the selection of bacteria that are
chlorhexidine tolerant, with the potential to limit the
effectiveness of this intervention in the future. In S. aureus,
chlorhexidine tolerance is associated with the qac gene family
(qacA/B), which code for efflux pumps capable of extruding
chlorhexidine and other biocidal compounds from the
cell.14–17 The presence of qacA/B has been associated with
elevated minimum bactericidal concentrations for chlorhex-
idine and MRSA decolonization protocol failures.18,19 The
implementation of a daily topical chlorhexidine antiseptic
protocol among ICU patients resulted in the selection of a
qacA/B–positive ( + ) MRSA strain, while the transmission of
other MRSA strains was reduced during the 2-year period.20

Some plasmids harboring the qac genes may contain additional
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Statistical analyses were performed with SPSS and SAS v9.3
(SAS Institute, Cary, NC).

This study was approved by the Washington University
Human Research Protection Office.

results

Patient Characteristics

Overall, 1,880 banked MRSA isolates recovered from the
anterior nares from 2005 to 2012 were available for testing. In
total, 41 isolates were excluded: 27 were repeat isolates from
the same patient, 13 were methicillin-susceptible S. aureus on
confirmatory testing, and 1 was from a patient who was not in
the SICU at the time of testing (Figure 1). After exclusions,
MRSA isolates from 504 randomly selected patients (63 per
year) were included in the study (Figure 1). Characteristics of
the study participants are shown in Table 1. Notably, 70%
of the MRSA isolates were obtained within the first 2 days of
SICU admission. Among all the MRSA isolates, 36 (7.1%) were
qacA/B( + ). There was no significant difference in the pre-
valence of qacA/B MRSA isolates among patients in whom
MRSA was initially recovered >2 days after ICU admission
(10 [27.8%] qacA/B( + ) vs 144 [30.8%] qacA/B(− ); P= .85).
Also, we found no significant difference in the prevalence of
qacA/B positivity among MRSA isolates relative to transfer

from another hospital or facility (11 [30.5%] qacA/B( + ) vs
91 [19.5%] qacA/B(− ); P= .13). Compared with patients
colonized with qacA/B(− ) MRSA isolates, patients colonized
with qacA/B( + )MRSA isolates were less likely to have diabetes
(5.6% vs 22.3%; P= .02) or congestive heart failure
(0 vs 13.7%; P= .009) (Table 2).

Prevalence of qacA/B( + ) and mupA( + )

The prevalence of qacA/B( + ) MRSA isolates was 6.2% in the
implementation year, then this rate fell to 0–1.5% between
2006 and 2008. The prevalence then increased to 16.9% for
2 years (2009 and 2010) and subsided thereafter, indicating a
significant trend for qacA/B (P= .02) (Figure 2). Of the MRSA
isolates tested, 35 (6.9%) were mupirocin resistant by the
diffusion disk method. All of the phenotypically mupirocin-
resistant isolates were mupA( + ).
The prevalence qacA/B( + ) isolates obtained <2 days

showed a significant trend compared with isolates obtained
≥ 2 days of SICU admission (P= .04 for qacA/B <2 days after

figure 1. Selection of study population. MRSA, methicillin-
resistant S. aureus; MSSA, methicillin-susceptible S. aureus; SICU,
surgical intensive care unit.

table 1. Patient Characteristics

Patient Characteristic No. (%) (N = 504)

Age, y, median (IQR) 63 (48–75)
Female gender 207 (42)
Race
White 375 (74.4)
Non-white 129 (25.6)

Medical comorbidities
CHF 64 (12.7)
COPD 107 (21.2)
Diabetes mellitus 106 (21)
Malignancy 79 (15.7)
Cirrhosis 19 (3.8)
Solid organ transplant 6 (1.2)
ESRD 9 (1.8)
HIV infection 4 (0.8)

Previous admissions to BJH in prior 12 months
0 167 (33)
1–5 201 (40)
> 5 136 (27)

Central venous catheter in place 151 (30)
Days from ICU admission to MRSA (+ ) culture
1–2 d 350 (70)
>2 d 154 (30)

Outcomes
ICU LOS, d, median (IQR) 3 (2–9)
Hospital LOS, d, median (IQR) 14 (7–26)
In-hospital mortality 78 (15.5)

NOTE. IQR, interquartile range; MRSA, methicillin-resistant S. aureus;
CHF, congestive heart failure; COPD, chronic obstructive pulmonary
disease; ERSD, end-stage renal disease; HIV, human immunodeficiency
virus; BJH, Barnes-Jewish Hospital; ICU, intensive care unit; LOS,
length of stay.
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Statistical analyses were performed with SPSS and SAS v9.3
(SAS Institute, Cary, NC).

This study was approved by the Washington University
Human Research Protection Office.

results

Patient Characteristics

Overall, 1,880 banked MRSA isolates recovered from the
anterior nares from 2005 to 2012 were available for testing. In
total, 41 isolates were excluded: 27 were repeat isolates from
the same patient, 13 were methicillin-susceptible S. aureus on
confirmatory testing, and 1 was from a patient who was not in
the SICU at the time of testing (Figure 1). After exclusions,
MRSA isolates from 504 randomly selected patients (63 per
year) were included in the study (Figure 1). Characteristics of
the study participants are shown in Table 1. Notably, 70%
of the MRSA isolates were obtained within the first 2 days of
SICU admission. Among all the MRSA isolates, 36 (7.1%) were
qacA/B( + ). There was no significant difference in the pre-
valence of qacA/B MRSA isolates among patients in whom
MRSA was initially recovered >2 days after ICU admission
(10 [27.8%] qacA/B( + ) vs 144 [30.8%] qacA/B(− ); P= .85).
Also, we found no significant difference in the prevalence of
qacA/B positivity among MRSA isolates relative to transfer
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91 [19.5%] qacA/B(− ); P= .13). Compared with patients
colonized with qacA/B(− ) MRSA isolates, patients colonized
with qacA/B( + )MRSA isolates were less likely to have diabetes
(5.6% vs 22.3%; P= .02) or congestive heart failure
(0 vs 13.7%; P= .009) (Table 2).

Prevalence of qacA/B( + ) and mupA( + )

The prevalence of qacA/B( + ) MRSA isolates was 6.2% in the
implementation year, then this rate fell to 0–1.5% between
2006 and 2008. The prevalence then increased to 16.9% for
2 years (2009 and 2010) and subsided thereafter, indicating a
significant trend for qacA/B (P= .02) (Figure 2). Of the MRSA
isolates tested, 35 (6.9%) were mupirocin resistant by the
diffusion disk method. All of the phenotypically mupirocin-
resistant isolates were mupA( + ).
The prevalence qacA/B( + ) isolates obtained <2 days

showed a significant trend compared with isolates obtained
≥ 2 days of SICU admission (P= .04 for qacA/B <2 days after

figure 1. Selection of study population. MRSA, methicillin-
resistant S. aureus; MSSA, methicillin-susceptible S. aureus; SICU,
surgical intensive care unit.

table 1. Patient Characteristics

Patient Characteristic No. (%) (N = 504)

Age, y, median (IQR) 63 (48–75)
Female gender 207 (42)
Race
White 375 (74.4)
Non-white 129 (25.6)

Medical comorbidities
CHF 64 (12.7)
COPD 107 (21.2)
Diabetes mellitus 106 (21)
Malignancy 79 (15.7)
Cirrhosis 19 (3.8)
Solid organ transplant 6 (1.2)
ESRD 9 (1.8)
HIV infection 4 (0.8)

Previous admissions to BJH in prior 12 months
0 167 (33)
1–5 201 (40)
> 5 136 (27)

Central venous catheter in place 151 (30)
Days from ICU admission to MRSA (+ ) culture
1–2 d 350 (70)
>2 d 154 (30)

Outcomes
ICU LOS, d, median (IQR) 3 (2–9)
Hospital LOS, d, median (IQR) 14 (7–26)
In-hospital mortality 78 (15.5)

NOTE. IQR, interquartile range; MRSA, methicillin-resistant S. aureus;
CHF, congestive heart failure; COPD, chronic obstructive pulmonary
disease; ERSD, end-stage renal disease; HIV, human immunodeficiency
virus; BJH, Barnes-Jewish Hospital; ICU, intensive care unit; LOS,
length of stay.
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USA isolates containing any of the SCCmec type’s genetic element in
these 2 years that would suggest a clonal MRSA outbreak in the
ICU. We cannot rule out the possibility of dissemination of

qacA/B due to horizontal transmission of a qacA/B-containing
plasmid among the endemic MRSA strains in the unit.35

However, the prevalence of this genetic element did not
remain persistently elevated in the setting of stable daily
chlorhexidine use throughout the post-implementation per-
iod. Our findings suggest that long-term daily chlorhexidine
bathing at the concentration used in this ICU did not result in
sustained, widespread dissemination of genes encoding for
chlorhexidine tolerance.
The prevalence of high-level phenotypic mupirocin resis-

tance among MRSA nasal isolates was 6.9% and remained
stable. This finding is similar to that of an earlier study of nasal
MRSA isolates from patients in this ICU from 2002 to 2004,
which reported the high-level mupirocin resistance rate to be
8.6%.29 Intranasal mupirocin therapy was not systematically
used in any area of the hospital during the study period. All
high-level mupirocin-resistant MRSA isolates we tested con-
tained mupA. Among the MRSA isolates tested, 9 (1.8%)

figure 2. Prevalence of qacA/B( + ) among sampled MRSA nasal isolates, per year (2005–2012). MRSA, methicillin-resistant S. aureus;
p, P value.

figure 3. Annual prevalence of qacA/B(+ ) MRSA, stratified by detection <2 days (n= 24) versus ≥2 days (n= 12) after ICU admission.
MRSA, methicillin-resistant S. aureus; p, P value.

table 3. Comparison of MRSA Isolate Characteristics by
qacA/B Status

qacA/B( + ) MRSA,
No. (%) (n = 36)

qacA/B(− ) MRSA,
No. (%) (n = 468) P Value

mupA(+ ) 9 (25) 26 (5.6) .003
mupA(− ) 27 (75) 442 (94.4)
SCCmec type
I 2 (5.5) 8 (1.7) .15
II 18 (50.0) 287 (61.4) .21
III 0 3 (0.6) .00
IV 15 (41.7) 169 (36.1) .59
V 1 (2.8) 1 (0.2) .13

NOTE. MRSA, methicillin-resistant S. aureus; SCCmec, staphylococcal
cassette chromosome mec.
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objective. We aimed to determine the frequency of qacA/B chlorhexidine tolerance genes and high-level mupirocin resistance among
MRSA isolates before and after the introduction of a chlorhexidine (CHG) daily bathing intervention in a surgical intensive care unit (SICU).

design. Retrospective cohort study (2005–2012).

setting. A large tertiary-care center.

patients. Patients admitted to SICU who had MRSA surveillance cultures of the anterior nares.

methods. A random sample of banked MRSA anterior nares isolates recovered during (2005) and after (2006–2012) implementation of a
daily CHG bathing protocol was examined for qacA/B genes and high-level mupirocin resistance. Staphylococcal cassette chromosome mec
(SCCmec) typing was also performed.

results. Of the 504 randomly selected isolates (63 per year), 36 (7.1%) were qacA/B positive ( + ) and 35 (6.9%) were mupirocin resistant.
Of these, 184 (36.5%) isolates were SCCmec type IV. There was a significant trend for increasing qacA/B (P= .02; highest prevalence, 16.9% in
2009 and 2010) and SCCmec type IV (P< .001; highest prevalence, 52.4% in 2012) during the study period. qacA/B( + ) MRSA isolates were
more likely to be mupirocin resistant (9 of 36 [25%] qacA/B( + ) vs 26 of 468 [5.6%] qacA/B(− ); P= .003).

conclusions. A long-term, daily CHG bathing protocol was associated with a change in the frequency of qacA/B genes in MRSA isolates
recovered from the anterior nares over an 8-year period. This change in the frequency of qacA/B genes is most likely due to patients in those years
being exposed in prior admissions. Future studies need to further evaluate the implications of universal CHG daily bathing on MRSA qacA/B
genes among hospitalized patients.

Infect Control Hosp Epidemiol 2016;37:590–597

Methicillin-resistant Staphylococcus aureus (MRSA) is a major
cause of healthcare-associated infections.1–3 Compared with
methicillin-susceptible strains, MRSA is associated with
increased risk of adverse health outcomes and increased
treatment costs.4,5 Multiple studies have shown that MRSA
nasal colonization is a risk factor for subsequent MRSA
infection.6–8 Interventions to interrupt MRSA transmission
among hospitalized patients include active surveillance for
colonization and contact precautions.9,10

Recently, the use of chlorhexidine (CHG)-based body wash,
either alone or in combination with intranasal antibiotics such
as mupirocin, has been demonstrated to reduce the incidence
of MRSA transmission and subsequent infection among
hospitalized patients.11–13 However, widespread use of

chlorhexidine may result in the selection of bacteria that are
chlorhexidine tolerant, with the potential to limit the
effectiveness of this intervention in the future. In S. aureus,
chlorhexidine tolerance is associated with the qac gene family
(qacA/B), which code for efflux pumps capable of extruding
chlorhexidine and other biocidal compounds from the
cell.14–17 The presence of qacA/B has been associated with
elevated minimum bactericidal concentrations for chlorhex-
idine and MRSA decolonization protocol failures.18,19 The
implementation of a daily topical chlorhexidine antiseptic
protocol among ICU patients resulted in the selection of a
qacA/B–positive ( + ) MRSA strain, while the transmission of
other MRSA strains was reduced during the 2-year period.20

Some plasmids harboring the qac genes may contain additional
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isolates containing any of the SCCmec type’s genetic element in
these 2 years that would suggest a clonal MRSA outbreak in the
ICU. We cannot rule out the possibility of dissemination of

qacA/B due to horizontal transmission of a qacA/B-containing
plasmid among the endemic MRSA strains in the unit.35

However, the prevalence of this genetic element did not
remain persistently elevated in the setting of stable daily
chlorhexidine use throughout the post-implementation per-
iod. Our findings suggest that long-term daily chlorhexidine
bathing at the concentration used in this ICU did not result in
sustained, widespread dissemination of genes encoding for
chlorhexidine tolerance.
The prevalence of high-level phenotypic mupirocin resis-

tance among MRSA nasal isolates was 6.9% and remained
stable. This finding is similar to that of an earlier study of nasal
MRSA isolates from patients in this ICU from 2002 to 2004,
which reported the high-level mupirocin resistance rate to be
8.6%.29 Intranasal mupirocin therapy was not systematically
used in any area of the hospital during the study period. All
high-level mupirocin-resistant MRSA isolates we tested con-
tained mupA. Among the MRSA isolates tested, 9 (1.8%)

figure 2. Prevalence of qacA/B( + ) among sampled MRSA nasal isolates, per year (2005–2012). MRSA, methicillin-resistant S. aureus;
p, P value.

figure 3. Annual prevalence of qacA/B(+ ) MRSA, stratified by detection <2 days (n= 24) versus ≥2 days (n= 12) after ICU admission.
MRSA, methicillin-resistant S. aureus; p, P value.
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No. (%) (n = 36)

qacA/B(− ) MRSA,
No. (%) (n = 468) P Value

mupA(+ ) 9 (25) 26 (5.6) .003
mupA(− ) 27 (75) 442 (94.4)
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II 18 (50.0) 287 (61.4) .21
III 0 3 (0.6) .00
IV 15 (41.7) 169 (36.1) .59
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methicillin-susceptible strains, MRSA is associated with
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nasal colonization is a risk factor for subsequent MRSA
infection.6–8 Interventions to interrupt MRSA transmission
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colonization and contact precautions.9,10

Recently, the use of chlorhexidine (CHG)-based body wash,
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as mupirocin, has been demonstrated to reduce the incidence
of MRSA transmission and subsequent infection among
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CONCLUSIONS 
 
-  Prevalence of qacA/B associated with chlorhexidine tolerance did 

change over time among colonizing MRSA isolates over the 8-year 
period of daily patient bathing with chlorhexidine soap;  

-  Further studies are needed to determine whether other ICU-based 
decolonization strategies, such as universal treatment with 
chlorhexidine and intranasal mupirocin, will result in selection of 
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objective. We aimed to determine the frequency of qacA/B chlorhexidine tolerance genes and high-level mupirocin resistance among
MRSA isolates before and after the introduction of a chlorhexidine (CHG) daily bathing intervention in a surgical intensive care unit (SICU).

design. Retrospective cohort study (2005–2012).

setting. A large tertiary-care center.

patients. Patients admitted to SICU who had MRSA surveillance cultures of the anterior nares.

methods. A random sample of banked MRSA anterior nares isolates recovered during (2005) and after (2006–2012) implementation of a
daily CHG bathing protocol was examined for qacA/B genes and high-level mupirocin resistance. Staphylococcal cassette chromosome mec
(SCCmec) typing was also performed.

results. Of the 504 randomly selected isolates (63 per year), 36 (7.1%) were qacA/B positive ( + ) and 35 (6.9%) were mupirocin resistant.
Of these, 184 (36.5%) isolates were SCCmec type IV. There was a significant trend for increasing qacA/B (P= .02; highest prevalence, 16.9% in
2009 and 2010) and SCCmec type IV (P< .001; highest prevalence, 52.4% in 2012) during the study period. qacA/B( + ) MRSA isolates were
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recovered from the anterior nares over an 8-year period. This change in the frequency of qacA/B genes is most likely due to patients in those years
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genes among hospitalized patients.
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Methicillin-resistant Staphylococcus aureus (MRSA) is a major
cause of healthcare-associated infections.1–3 Compared with
methicillin-susceptible strains, MRSA is associated with
increased risk of adverse health outcomes and increased
treatment costs.4,5 Multiple studies have shown that MRSA
nasal colonization is a risk factor for subsequent MRSA
infection.6–8 Interventions to interrupt MRSA transmission
among hospitalized patients include active surveillance for
colonization and contact precautions.9,10

Recently, the use of chlorhexidine (CHG)-based body wash,
either alone or in combination with intranasal antibiotics such
as mupirocin, has been demonstrated to reduce the incidence
of MRSA transmission and subsequent infection among
hospitalized patients.11–13 However, widespread use of

chlorhexidine may result in the selection of bacteria that are
chlorhexidine tolerant, with the potential to limit the
effectiveness of this intervention in the future. In S. aureus,
chlorhexidine tolerance is associated with the qac gene family
(qacA/B), which code for efflux pumps capable of extruding
chlorhexidine and other biocidal compounds from the
cell.14–17 The presence of qacA/B has been associated with
elevated minimum bactericidal concentrations for chlorhex-
idine and MRSA decolonization protocol failures.18,19 The
implementation of a daily topical chlorhexidine antiseptic
protocol among ICU patients resulted in the selection of a
qacA/B–positive ( + ) MRSA strain, while the transmission of
other MRSA strains was reduced during the 2-year period.20

Some plasmids harboring the qac genes may contain additional
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We assessed the impact of a reflex urine culture protocol, an
intervention aimed to reduce unnecessary urine culturing, in inten-
sive care units at a tertiary care hospital. Significant decreases in urine
culturing rates and reported rates of catheter-associated urinary tract
infection followed implementation of the protocol.
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Diagnosis of catheter-associated urinary tract infection
(CAUTI) is challenging among patients in intensive care units
(ICUs), a patient population for which CAUTI diagnosis relies
on fever.1–3 Frequent urine culturing as part of a diagnostic
evaluation for fever (ie, “pan-culturing”) may increase the
detection of asymptomatic bacteriuria and funguria that
do not require treatment. Misdiagnosis of asymptomatic
bacteriuria or funguria as CAUTI is a major cause of
inappropriate antimicrobial use.2–5

From January 1, 2011, through March 31, 2014, an
academic tertiary care hospital in Maryland, which had been
measuring CAUTI rates in its ICUs using the Centers for Disease
Control and Prevention’s National Healthcare Safety Network
since 2010, implemented a series of CAUTI prevention strategies
in response to high CAUTI rates. In October 2013, epidemio-
logists from the Centers for Disease Control and Prevention were
invited by the Maryland Department of Health and Mental
Hygiene and the hospital to assist with an investigation of the
high CAUTI rates. This report focuses on the impact of a urine
culturing protocol to reduce unnecessary urine cultures.

methods

The investigation focused on 5 ICUs at the hospital: cardiac
critical care unit, medical ICU, neurocare ICU, neurotrauma
critical care unit, and surgical ICU. CAUTI events, CAUTI rates,
and the urinary catheter device utilization ratio were defined on
the basis of National Healthcare Safety Network protocols.1

The investigation team assessed implementation of policies
and procedures related to CAUTI prevention from 2010 into
2014 (Figure 1). In January 2013, a reflex urine culture
protocol was initiated in ICUs in response to recognition of
suboptimal urine culturing practices such as repeated ordering
of cultures and obtaining cultures without accompanying
urinalyses. Under the reflex urine culture protocol, when a
urine culture is ordered, the hospital laboratory is alerted to
perform a urinalysis on the specimen first. A urine culture is
subsequently performed only if pyuria is present, defined by
the clinical laboratory as greater than 10 white blood cells/
high-power field. This protocol was implemented on the basis
of data that the absence of pyuria in an immunocompetent
patient suggests a diagnosis different from a urinary tract
infection.4,7 The protocol was not an option for oncology or
transplant patients and physicians could override the protocol
if necessary. During the first 6 months of implementation,
clinicians manually ordered a urine culture if the urinalysis was
positive; in July 2013, this procedure was automated by the lab.
Data collected included the number of urine cultures

performed in the laboratory and data reported to National
Healthcare Safety Network, including CAUTIs, urinary
catheter–days, and patient-days from all 5 locations. Monthly
rates of urine cultures (urine cultures/100 patient-days)
performed on specimens from all patients (with and without
urinary catheters) admitted to the 5 ICUs from January 1,
2012, through March 31, 2014, were calculated. Monthly
CAUTI rates (CAUTIs/1,000 urinary catheter–days) among
the 5 ICUs from July 1, 2011, through March 31, 2014, were
assessed. The potential impact of the reflex urine culture
protocol (ie, intervention), implemented by the hospital on
January 1, 2013, on urine culturing rates and CAUTI rates was
evaluated using a negative binomial regression interrupted
time-series analysis. Since urine culturing rate data were not
available before January 1, 2012, the preintervention period for
assessing CAUTI rates was 6 months longer than for urine
culturing rates; the postintervention period was the same for
both (January 1, 2013–March 31, 2014). Because the reflex
urine culture protocol intervention is not expected to affect
device use, temporal changes in the urinary catheter device
utilization ratio (urinary catheter–days/patient-days) from
July 1, 2011, through March 31, 2014, were assessed using log
binomial regression. Differences in urine culturing rates,
CAUTI rates, and the device utilization ratio were assessed
across the 5 ICU locations by adding interaction terms
between ICU and intervention in the final models. All analyses
were conducted using SAS, version 9.3 (SAS Institute).

results

Urine culturing rates at the beginning of the preintervention
period differed significantly among the 5 ICU locations
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critical care unit, and surgical ICU. CAUTI events, CAUTI rates,
and the urinary catheter device utilization ratio were defined on
the basis of National Healthcare Safety Network protocols.1

The investigation team assessed implementation of policies
and procedures related to CAUTI prevention from 2010 into
2014 (Figure 1). In January 2013, a reflex urine culture
protocol was initiated in ICUs in response to recognition of
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of cultures and obtaining cultures without accompanying
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perform a urinalysis on the specimen first. A urine culture is
subsequently performed only if pyuria is present, defined by
the clinical laboratory as greater than 10 white blood cells/
high-power field. This protocol was implemented on the basis
of data that the absence of pyuria in an immunocompetent
patient suggests a diagnosis different from a urinary tract
infection.4,7 The protocol was not an option for oncology or
transplant patients and physicians could override the protocol
if necessary. During the first 6 months of implementation,
clinicians manually ordered a urine culture if the urinalysis was
positive; in July 2013, this procedure was automated by the lab.
Data collected included the number of urine cultures

performed in the laboratory and data reported to National
Healthcare Safety Network, including CAUTIs, urinary
catheter–days, and patient-days from all 5 locations. Monthly
rates of urine cultures (urine cultures/100 patient-days)
performed on specimens from all patients (with and without
urinary catheters) admitted to the 5 ICUs from January 1,
2012, through March 31, 2014, were calculated. Monthly
CAUTI rates (CAUTIs/1,000 urinary catheter–days) among
the 5 ICUs from July 1, 2011, through March 31, 2014, were
assessed. The potential impact of the reflex urine culture
protocol (ie, intervention), implemented by the hospital on
January 1, 2013, on urine culturing rates and CAUTI rates was
evaluated using a negative binomial regression interrupted
time-series analysis. Since urine culturing rate data were not
available before January 1, 2012, the preintervention period for
assessing CAUTI rates was 6 months longer than for urine
culturing rates; the postintervention period was the same for
both (January 1, 2013–March 31, 2014). Because the reflex
urine culture protocol intervention is not expected to affect
device use, temporal changes in the urinary catheter device
utilization ratio (urinary catheter–days/patient-days) from
July 1, 2011, through March 31, 2014, were assessed using log
binomial regression. Differences in urine culturing rates,
CAUTI rates, and the device utilization ratio were assessed
across the 5 ICU locations by adding interaction terms
between ICU and intervention in the final models. All analyses
were conducted using SAS, version 9.3 (SAS Institute).
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Hygiene and the hospital to assist with an investigation of the
high CAUTI rates. This report focuses on the impact of a urine
culturing protocol to reduce unnecessary urine cultures.
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The investigation focused on 5 ICUs at the hospital: cardiac
critical care unit, medical ICU, neurocare ICU, neurotrauma
critical care unit, and surgical ICU. CAUTI events, CAUTI rates,
and the urinary catheter device utilization ratio were defined on
the basis of National Healthcare Safety Network protocols.1

The investigation team assessed implementation of policies
and procedures related to CAUTI prevention from 2010 into
2014 (Figure 1). In January 2013, a reflex urine culture
protocol was initiated in ICUs in response to recognition of
suboptimal urine culturing practices such as repeated ordering
of cultures and obtaining cultures without accompanying
urinalyses. Under the reflex urine culture protocol, when a
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subsequently performed only if pyuria is present, defined by
the clinical laboratory as greater than 10 white blood cells/
high-power field. This protocol was implemented on the basis
of data that the absence of pyuria in an immunocompetent
patient suggests a diagnosis different from a urinary tract
infection.4,7 The protocol was not an option for oncology or
transplant patients and physicians could override the protocol
if necessary. During the first 6 months of implementation,
clinicians manually ordered a urine culture if the urinalysis was
positive; in July 2013, this procedure was automated by the lab.
Data collected included the number of urine cultures
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were conducted using SAS, version 9.3 (SAS Institute).

results

Urine culturing rates at the beginning of the preintervention
period differed significantly among the 5 ICU locations
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(Figure 2). There was no significant change in the monthly
urine culturing rate in any location (P= .79) during the pre-
intervention period. In the month immediately following the

intervention, the urine culturing rates decreased
significantly (P= .0012) across all 5 units, with the neuro-
trauma critical care unit and surgical ICU experiencing greater

figure 1. Timeline of catheter-associated urinary tract infection (CAUTI) prevention initiatives implemented by the hospital, 2010–2014.
HPF, high-powered field; ICU, intensive care unit; NHSN, National Healthcare Safety Network; WBC, white blood cell.

figure 2. Predicted urine culturing rates in 5 intensive care units in relation to hospital interventions, January1, 2012–March 31, 2014.
Urine culturing rates at the beginning of the preintervention period differed significantly among the 5 intensive care unit locations; therefore,
each unit is shown individually. CAUTI, catheter-associated urinary tract infection.
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of cultures and obtaining cultures without accompanying
urinalyses. Under the reflex urine culture protocol, when a
urine culture is ordered, the hospital laboratory is alerted to
perform a urinalysis on the specimen first. A urine culture is
subsequently performed only if pyuria is present, defined by
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performed on specimens from all patients (with and without
urinary catheters) admitted to the 5 ICUs from January 1,
2012, through March 31, 2014, were calculated. Monthly
CAUTI rates (CAUTIs/1,000 urinary catheter–days) among
the 5 ICUs from July 1, 2011, through March 31, 2014, were
assessed. The potential impact of the reflex urine culture
protocol (ie, intervention), implemented by the hospital on
January 1, 2013, on urine culturing rates and CAUTI rates was
evaluated using a negative binomial regression interrupted
time-series analysis. Since urine culturing rate data were not
available before January 1, 2012, the preintervention period for
assessing CAUTI rates was 6 months longer than for urine
culturing rates; the postintervention period was the same for
both (January 1, 2013–March 31, 2014). Because the reflex
urine culture protocol intervention is not expected to affect
device use, temporal changes in the urinary catheter device
utilization ratio (urinary catheter–days/patient-days) from
July 1, 2011, through March 31, 2014, were assessed using log
binomial regression. Differences in urine culturing rates,
CAUTI rates, and the device utilization ratio were assessed
across the 5 ICU locations by adding interaction terms
between ICU and intervention in the final models. All analyses
were conducted using SAS, version 9.3 (SAS Institute).

results

Urine culturing rates at the beginning of the preintervention
period differed significantly among the 5 ICU locations
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decreases compared with other units. There were significant
downward trends in monthly urine culturing rates during the
postintervention period, which was consistent across all 5 ICU
locations (P< .001).

CAUTI rates at the beginning of the preintervention period
also differed significantly among the 5 ICU locations
(Figure 3). There was no significant monthly change in the
CAUTI rate in any location (P= .45) during the preinter-
vention period. In the month immediately following the
intervention, there was no significant change in the CAUTI
rate (P= .90) in any location. However, during the post-
intervention period, there were significant downward trends in
the monthly CAUTI rates across all ICU locations (P= .04).
When included in the final model, the device utilization ratio
in each unit did not significantly impact the CAUTI rates.

The device utilization ratio decreased significantly in 4 of the
5 ICU locations (neurotrauma critical care unit, neurocare
ICU, medical ICU, and surgical ICU) from July 1, 2011,
through March 31, 2014, with individual ICU decreases
ranging from 31.9% to 47.9%. However, the device utilization
ratio increased significantly by 15.5% in the cardiac critical
care unit during the same period.

discussion

Amultifaceted series of CAUTI prevention strategies was initiated
at a large tertiary care hospital. A reflex urine culture protocol was

temporally associated with a significant reduction in both urine
culturing rates and CAUTI rates across 5 ICUs. Differences in
urine culturing rates among ICUs in the month immediately
following the intervention are likely related to both the pre-
intervention rates and variable compliance with the intervention.
There are several limitations to the analysis. First, we could not

assess a specific causal relationship between the reflex urine cul-
ture protocol and the outcomes; multiple CAUTI prevention
measures were implemented over time, and urine culturing data
were not collected in the first 6 months (July 1, 2011–December
31, 2011) to align with the CAUTI rates. Furthermore, we did not
have data to assess implementation and adherence to the CAUTI
prevention interventions to evaluate their impact on CAUTI
rates. However, no significant trends were observed over
18 months before the intervention, suggesting that this period
reflected an appropriate baseline. Although we did not system-
atically assess whether adverse events occurred as a result of the
intervention, no adverse events were reported. Because this
intervention was performed before the revised 2015 National
Healthcare Safety Network definitions, the impact on reported
CAUTI rates may not be the same as with current definitions.1

Finally, our results may not be generalizable to other healthcare
facilities that do not have comparable CAUTI rates.
In conclusion, a reflex urine culture protocol may be an

effective strategy to decrease unnecessary urine cultures.
Further efforts are warranted to evaluate the role of the clinical
laboratory in improving the diagnostic approach for CAUTIs and

figure 3. Predicted catheter-associated urinary tract infection (CAUTI) rates in 5 intensive care units in relation to hospital interventions,
July 1, 2011–March 31, 2014. CAUTI rates at the beginning of the preintervention period differed significantly among the 5 intensive care
unit locations; therefore, each unit is shown individually. CUSP, Comprehensive Unit-based Safety Program.
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Diagnosis of catheter-associated urinary tract infection
(CAUTI) is challenging among patients in intensive care units
(ICUs), a patient population for which CAUTI diagnosis relies
on fever.1–3 Frequent urine culturing as part of a diagnostic
evaluation for fever (ie, “pan-culturing”) may increase the
detection of asymptomatic bacteriuria and funguria that
do not require treatment. Misdiagnosis of asymptomatic
bacteriuria or funguria as CAUTI is a major cause of
inappropriate antimicrobial use.2–5

From January 1, 2011, through March 31, 2014, an
academic tertiary care hospital in Maryland, which had been
measuring CAUTI rates in its ICUs using the Centers for Disease
Control and Prevention’s National Healthcare Safety Network
since 2010, implemented a series of CAUTI prevention strategies
in response to high CAUTI rates. In October 2013, epidemio-
logists from the Centers for Disease Control and Prevention were
invited by the Maryland Department of Health and Mental
Hygiene and the hospital to assist with an investigation of the
high CAUTI rates. This report focuses on the impact of a urine
culturing protocol to reduce unnecessary urine cultures.

methods

The investigation focused on 5 ICUs at the hospital: cardiac
critical care unit, medical ICU, neurocare ICU, neurotrauma
critical care unit, and surgical ICU. CAUTI events, CAUTI rates,
and the urinary catheter device utilization ratio were defined on
the basis of National Healthcare Safety Network protocols.1

The investigation team assessed implementation of policies
and procedures related to CAUTI prevention from 2010 into
2014 (Figure 1). In January 2013, a reflex urine culture
protocol was initiated in ICUs in response to recognition of
suboptimal urine culturing practices such as repeated ordering
of cultures and obtaining cultures without accompanying
urinalyses. Under the reflex urine culture protocol, when a
urine culture is ordered, the hospital laboratory is alerted to
perform a urinalysis on the specimen first. A urine culture is
subsequently performed only if pyuria is present, defined by
the clinical laboratory as greater than 10 white blood cells/
high-power field. This protocol was implemented on the basis
of data that the absence of pyuria in an immunocompetent
patient suggests a diagnosis different from a urinary tract
infection.4,7 The protocol was not an option for oncology or
transplant patients and physicians could override the protocol
if necessary. During the first 6 months of implementation,
clinicians manually ordered a urine culture if the urinalysis was
positive; in July 2013, this procedure was automated by the lab.
Data collected included the number of urine cultures

performed in the laboratory and data reported to National
Healthcare Safety Network, including CAUTIs, urinary
catheter–days, and patient-days from all 5 locations. Monthly
rates of urine cultures (urine cultures/100 patient-days)
performed on specimens from all patients (with and without
urinary catheters) admitted to the 5 ICUs from January 1,
2012, through March 31, 2014, were calculated. Monthly
CAUTI rates (CAUTIs/1,000 urinary catheter–days) among
the 5 ICUs from July 1, 2011, through March 31, 2014, were
assessed. The potential impact of the reflex urine culture
protocol (ie, intervention), implemented by the hospital on
January 1, 2013, on urine culturing rates and CAUTI rates was
evaluated using a negative binomial regression interrupted
time-series analysis. Since urine culturing rate data were not
available before January 1, 2012, the preintervention period for
assessing CAUTI rates was 6 months longer than for urine
culturing rates; the postintervention period was the same for
both (January 1, 2013–March 31, 2014). Because the reflex
urine culture protocol intervention is not expected to affect
device use, temporal changes in the urinary catheter device
utilization ratio (urinary catheter–days/patient-days) from
July 1, 2011, through March 31, 2014, were assessed using log
binomial regression. Differences in urine culturing rates,
CAUTI rates, and the device utilization ratio were assessed
across the 5 ICU locations by adding interaction terms
between ICU and intervention in the final models. All analyses
were conducted using SAS, version 9.3 (SAS Institute).

results

Urine culturing rates at the beginning of the preintervention
period differed significantly among the 5 ICU locations
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critical care unit, and surgical ICU. CAUTI events, CAUTI rates,
and the urinary catheter device utilization ratio were defined on
the basis of National Healthcare Safety Network protocols.1

The investigation team assessed implementation of policies
and procedures related to CAUTI prevention from 2010 into
2014 (Figure 1). In January 2013, a reflex urine culture
protocol was initiated in ICUs in response to recognition of
suboptimal urine culturing practices such as repeated ordering
of cultures and obtaining cultures without accompanying
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urine culture is ordered, the hospital laboratory is alerted to
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subsequently performed only if pyuria is present, defined by
the clinical laboratory as greater than 10 white blood cells/
high-power field. This protocol was implemented on the basis
of data that the absence of pyuria in an immunocompetent
patient suggests a diagnosis different from a urinary tract
infection.4,7 The protocol was not an option for oncology or
transplant patients and physicians could override the protocol
if necessary. During the first 6 months of implementation,
clinicians manually ordered a urine culture if the urinalysis was
positive; in July 2013, this procedure was automated by the lab.
Data collected included the number of urine cultures

performed in the laboratory and data reported to National
Healthcare Safety Network, including CAUTIs, urinary
catheter–days, and patient-days from all 5 locations. Monthly
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performed on specimens from all patients (with and without
urinary catheters) admitted to the 5 ICUs from January 1,
2012, through March 31, 2014, were calculated. Monthly
CAUTI rates (CAUTIs/1,000 urinary catheter–days) among
the 5 ICUs from July 1, 2011, through March 31, 2014, were
assessed. The potential impact of the reflex urine culture
protocol (ie, intervention), implemented by the hospital on
January 1, 2013, on urine culturing rates and CAUTI rates was
evaluated using a negative binomial regression interrupted
time-series analysis. Since urine culturing rate data were not
available before January 1, 2012, the preintervention period for
assessing CAUTI rates was 6 months longer than for urine
culturing rates; the postintervention period was the same for
both (January 1, 2013–March 31, 2014). Because the reflex
urine culture protocol intervention is not expected to affect
device use, temporal changes in the urinary catheter device
utilization ratio (urinary catheter–days/patient-days) from
July 1, 2011, through March 31, 2014, were assessed using log
binomial regression. Differences in urine culturing rates,
CAUTI rates, and the device utilization ratio were assessed
across the 5 ICU locations by adding interaction terms
between ICU and intervention in the final models. All analyses
were conducted using SAS, version 9.3 (SAS Institute).
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FDXVH�RI�WKH�LOOQHVV��7KH�3&5�IRU�DPSOL¿FDWLRQ�RI�D�����ES�
IUDJPHQW�RI�FLWUDWH�V\QWKDVH�JHQH�ZDV�SHUIRUPHG�DFFRUGLQJ�
WR�D�SUHYLRXVO\�SXEOLVKHG�SURWRFRO��5���'1$�ZDV�H[WUDFWHG�
ZLWK�4,$DPS�'1$�0LQL�.LW��4,$*(1��+LOGHQ��*HUPDQ\��
IURP�ZKROH�EORRG�DQG�WKH�FUXVW�RI�WKH�HVFKDU�FROOHFWHG�RQ�
GD\���RI�LOOQHVV��,Q�DGGLWLRQ��VHUXP�VDPSOHV�ZHUH�WHVWHG�E\�
LQGLUHFW�LPPXQRÀXRUHVFHQW�DVVD\�IRU�VSHFL¿F�,J*�DQG�,J0�
DJDLQVW�)UDQFLVHOOD�WXODUHQVLV�DQG�5LFNHWWVLD�VSS���VSRWWHG�
IHYHU�DQG� W\SKXV�JURXS����GD\V�DQG����ZHHNV�DIWHU�RQVHW�
RI�IHYHU�

'LDJQRVLV�RI�$7%)�ZDV�DI¿UPHG�E\�SRVLWLYH�3&5�UH-
VXOW� IURP�WKH�FUXVW�RI� WKH�HVFKDU�� IXUWKHU�VHTXHQFH�DQDO\-
VLV� UHYHDOHG� WKH� LQIHFWLRQ�ZLWK�5�� DIULFDH�� 6HURORJLF� WHVW-
LQJ�GHPRQVWUDWHG�VHURFRQYHUVLRQ�RI�,J*�WR�5��FRQRULL�DQG�
5�� ULFNHWWVLL��ZKLFK�FURVV�UHDFWV�ZLWK�5��DIULFDH� �QHJDWLYH�
LPPXQRÀXRUHVFHQW� DVVD\� ,J*� WLWHU� DW� LQLWLDO� WHVWLQJ� DQG�
��������IRU�5��FRQRULL�DQG�5��ULFNHWWVLL����ZHHNV�ODWHU���6). 
7KLFN�DQG�WKLQ�EORRG�VPHDUV�ZHUH�QHJDWLYH�IRU�PDODULD�

$7%)� LV� WKH� VHFRQG� PRVW� ZHOO�HVWDEOLVKHG� FDXVH� RI�
IHEULOH� LOOQHVV� DPRQJ� WUDYHOHUV� WR� VXE�6DKDUDQ�$IULFD�� DI-
WHU�PDODULD��8VXDOO\� LW�PDQLIHVWV�E\� IHYHU� ����±�����RI�
FDVHV���KHDGDFKH�����±������HVFKDU�����±�������O\PSK-
DGHQRSDWK\�����±�������DQG�UDVK�����±������7KH�FOLQL-
FDO�DQG�ODERUDWRU\�¿QGLQJV�LQ�WKH�SDWLHQW�UHSRUWHG�KHUH�ZHUH�
VLPLODU�WR�WKRVH�SUHYLRXVO\�UHSRUWHG�DPRQJ�5��DIULFDH–in-
IHFWHG�SDWLHQWV��1���,Q�WKH�DFXWH�SKDVH�RI�LOOQHVV��D�ELRSV\�
DQG�FXOWXUH�IURP�DQ�HVFKDU��DV�ZHOO�DV�3&5��DUH�WKH�PRVW�
VXLWDEOH�PHWKRGV� WR� FRQ¿UP� WKH�$7%)� GLDJQRVLV�� ,Q� WKLV�
FDVH��$7%)�ZDV�SURYHQ�E\�3&5�DQG�VXEVHTXHQW�VHTXHQF-
LQJ�IURP�D�FUXVW�VDPSOH�EXW�QRW�IURP�ZKROH�EORRG�DQG�VH-
URFRQYHUVLRQ�RI�,J*�

7KH�¿UVW�LQIRUPDWLRQ�DERXW�5��DIULFDH�LQ�WLFNV�LQ�8JDQ-
GD�ZDV�SXEOLVKHG�LQ������E\�/RUXVVR�HW�DO���7���EXW�SUHYL-
RXVO\�5��FRQRULL�DOVR�ZDV�IRXQG��8���7KH�SUHYDOHQFH�UDWH�RI�
5��DIULFDH�LQIHFWLRQ�DPRQJ�$PEO\RPPD�YDULHJDWXP�WLFNV�LQ�
8JDQGD�ZDV��������9���5HFHQWO\��3URERVWH�HW�DO��HVWDEOLVKHG�
WKH�SUHVHQFH�RI�SUHYLRXVO\�XQGHWHFWHG�WLFNERUQH�SDWKRJHQV�
LQ�UXUDO�GRJV�DQG�DVVRFLDWHG�WLFNV�LQ�8JDQGD��7LFN�VSHFLHV�
+DHPDSK\VDOLV� OHDFKL, 5KLSLFHSKDOXV� VSS��� DQG�$�� YDULH-
JDWXP�ZHUH�LQIHFWHG�E\�5LFNHWWVLD�VSS�����������LQFOXGLQJ�
5��FRQRULL�DQG�R. massiliae��E\�(KUOLFKLD�VSS�����������LQ-
FOXGLQJ�(��FKDIIHHQVLV��DQG�E\�$QDSODVPD�SODW\V��10).

2XU� 0('/,1(� OLWHUDWXUH� VHDUFK� IRXQG� QR� SUHYLRXV�
GHVFULSWLRQV�RI�KXPDQ�5��DIULFDH�LQIHFWLRQ�LQ�8JDQGD��7KLV�
FDVH�LQGLFDWHV�WKDW�$7%)�VKRXOG�EH�LQFOXGHG�DV�D�SRVVLEOH�
GLDJQRVLV�LQ�SHUVRQV�ZLWK�IHEULOH�LOOQHVV�ZKR�KDYH�WUDYHOHG�
WR�8JDQGD��D�ZHOO�NQRZQ�WRXULVW�GHVWLQDWLRQ�
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VXOW� IURP�WKH�FUXVW�RI� WKH�HVFKDU�� IXUWKHU�VHTXHQFH�DQDO\-
VLV� UHYHDOHG� WKH� LQIHFWLRQ�ZLWK�5�� DIULFDH�� 6HURORJLF� WHVW-
LQJ�GHPRQVWUDWHG�VHURFRQYHUVLRQ�RI�,J*�WR�5��FRQRULL�DQG�
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IHEULOH� LOOQHVV� DPRQJ� WUDYHOHUV� WR� VXE�6DKDUDQ�$IULFD�� DI-
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IHFWHG�SDWLHQWV��1���,Q�WKH�DFXWH�SKDVH�RI�LOOQHVV��D�ELRSV\�
DQG�FXOWXUH�IURP�DQ�HVFKDU��DV�ZHOO�DV�3&5��DUH�WKH�PRVW�
VXLWDEOH�PHWKRGV� WR� FRQ¿UP� WKH�$7%)� GLDJQRVLV�� ,Q� WKLV�
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LQJ�IURP�D�FUXVW�VDPSOH�EXW�QRW�IURP�ZKROH�EORRG�DQG�VH-
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GD�ZDV�SXEOLVKHG�LQ������E\�/RUXVVR�HW�DO���7���EXW�SUHYL-
RXVO\�5��FRQRULL�DOVR�ZDV�IRXQG��8���7KH�SUHYDOHQFH�UDWH�RI�
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+DHPDSK\VDOLV� OHDFKL, 5KLSLFHSKDOXV� VSS��� DQG�$�� YDULH-
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5��FRQRULL�DQG�R. massiliae��E\�(KUOLFKLD�VSS�����������LQ-
FOXGLQJ�(��FKDIIHHQVLV��DQG�E\�$QDSODVPD�SODW\V��10).
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Figure.�$QWLPLFURELDO�UHVLVWDQFH�SUR¿OH�RI�Klebsiella pneumoniae 
LVRODWHG�IURP�KRVSLWDO�LQSDWLHQWV�LQ�6mR�3DXOR��%UD]LO��$��
&DUEDSHQHP�UHVLVWDQFH�WUHQG�DPRQJ�DOO�K. pneumoniae�LVRODWHV�
FXOWXUHG�GXULQJ�-DQXDU\��������±'HFHPEHU�����������Q� �
�������S���������%��3RO\P\[LQ�%�0,&�GLVWULEXWLRQ�VWUDWL¿HG�E\�
FDUEDSHQHP�VXVFHSWLELOLW\��&��3RO\P\[LQ�%�UHVLVWDQFH�WUHQG�
VWUDWL¿HG�E\�FDUEDSHQHP�VXVFHSWLELOLW\������±������%��&��
&DUEDSHQHP�VXVFHSWLEOH�K. pneumoniae��&6.S��LVRODWHG�GXULQJ�
-DQXDU\��������±-XQH�����������Q� ��������DQG�FDUEDSHQHP�
UHVLVWDQW�K. pneumoniae��&5.S��LVRODWHG�GXULQJ�-DQXDU\��������±
'HFHPEHU�����������Q� �������GXULQJ�-XO\��������±'HFHPEHU�����
������RQO\�&5.S�ZHUH�WHVWHG�IRU�SRO\P\[LQ�%�VXVFHSWLELOLW\��Q� �
������$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�FRQGXFWHG�XVLQJ�6$6�6WXGLR�����
�6$6�,QVWLWXWH��,QF���&DU\��1&��86$���7KH�VWDWLVWLFDO�VLJQL¿FDQFH�
RI�D�WUHQG�LQ�UHVLVWDQFH�UDWHV�ZDV�HYDOXDWHG�XVLQJ�WKH�Ȥ��WHVW��LQ�
ZKLFK�S�YDOXHV�������ZHUH�FRQVLGHUHG�VLJQL¿FDQW��K. pneumoniae��
S��������&6.S��S� ��������&5.S��S� �������

N = 3,085; p<0.001). 
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FDXVH�RI�WKH�LOOQHVV��7KH�3&5�IRU�DPSOL¿FDWLRQ�RI�D�����ES�
IUDJPHQW�RI�FLWUDWH�V\QWKDVH�JHQH�ZDV�SHUIRUPHG�DFFRUGLQJ�
WR�D�SUHYLRXVO\�SXEOLVKHG�SURWRFRO��5���'1$�ZDV�H[WUDFWHG�
ZLWK�4,$DPS�'1$�0LQL�.LW��4,$*(1��+LOGHQ��*HUPDQ\��
IURP�ZKROH�EORRG�DQG�WKH�FUXVW�RI�WKH�HVFKDU�FROOHFWHG�RQ�
GD\���RI�LOOQHVV��,Q�DGGLWLRQ��VHUXP�VDPSOHV�ZHUH�WHVWHG�E\�
LQGLUHFW�LPPXQRÀXRUHVFHQW�DVVD\�IRU�VSHFL¿F�,J*�DQG�,J0�
DJDLQVW�)UDQFLVHOOD�WXODUHQVLV�DQG�5LFNHWWVLD�VSS���VSRWWHG�
IHYHU�DQG� W\SKXV�JURXS����GD\V�DQG����ZHHNV�DIWHU�RQVHW�
RI�IHYHU�

'LDJQRVLV�RI�$7%)�ZDV�DI¿UPHG�E\�SRVLWLYH�3&5�UH-
VXOW� IURP�WKH�FUXVW�RI� WKH�HVFKDU�� IXUWKHU�VHTXHQFH�DQDO\-
VLV� UHYHDOHG� WKH� LQIHFWLRQ�ZLWK�5�� DIULFDH�� 6HURORJLF� WHVW-
LQJ�GHPRQVWUDWHG�VHURFRQYHUVLRQ�RI�,J*�WR�5��FRQRULL�DQG�
5�� ULFNHWWVLL��ZKLFK�FURVV�UHDFWV�ZLWK�5��DIULFDH� �QHJDWLYH�
LPPXQRÀXRUHVFHQW� DVVD\� ,J*� WLWHU� DW� LQLWLDO� WHVWLQJ� DQG�
��������IRU�5��FRQRULL�DQG�5��ULFNHWWVLL����ZHHNV�ODWHU���6). 
7KLFN�DQG�WKLQ�EORRG�VPHDUV�ZHUH�QHJDWLYH�IRU�PDODULD�

$7%)� LV� WKH� VHFRQG� PRVW� ZHOO�HVWDEOLVKHG� FDXVH� RI�
IHEULOH� LOOQHVV� DPRQJ� WUDYHOHUV� WR� VXE�6DKDUDQ�$IULFD�� DI-
WHU�PDODULD��8VXDOO\� LW�PDQLIHVWV�E\� IHYHU� ����±�����RI�
FDVHV���KHDGDFKH�����±������HVFKDU�����±�������O\PSK-
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FDUEDSHQHP�VXVFHSWLELOLW\��&��3RO\P\[LQ�%�UHVLVWDQFH�WUHQG�
VWUDWL¿HG�E\�FDUEDSHQHP�VXVFHSWLELOLW\������±������%��&��
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Figure.�$QWLPLFURELDO�UHVLVWDQFH�SUR¿OH�RI�Klebsiella pneumoniae 
LVRODWHG�IURP�KRVSLWDO�LQSDWLHQWV�LQ�6mR�3DXOR��%UD]LO��$��
&DUEDSHQHP�UHVLVWDQFH�WUHQG�DPRQJ�DOO�K. pneumoniae�LVRODWHV�
FXOWXUHG�GXULQJ�-DQXDU\��������±'HFHPEHU�����������Q� �
�������S���������%��3RO\P\[LQ�%�0,&�GLVWULEXWLRQ�VWUDWL¿HG�E\�
FDUEDSHQHP�VXVFHSWLELOLW\��&��3RO\P\[LQ�%�UHVLVWDQFH�WUHQG�
VWUDWL¿HG�E\�FDUEDSHQHP�VXVFHSWLELOLW\������±������%��&��
&DUEDSHQHP�VXVFHSWLEOH�K. pneumoniae��&6.S��LVRODWHG�GXULQJ�
-DQXDU\��������±-XQH�����������Q� ��������DQG�FDUEDSHQHP�
UHVLVWDQW�K. pneumoniae��&5.S��LVRODWHG�GXULQJ�-DQXDU\��������±
'HFHPEHU�����������Q� �������GXULQJ�-XO\��������±'HFHPEHU�����
������RQO\�&5.S�ZHUH�WHVWHG�IRU�SRO\P\[LQ�%�VXVFHSWLELOLW\��Q� �
������$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�FRQGXFWHG�XVLQJ�6$6�6WXGLR�����
�6$6�,QVWLWXWH��,QF���&DU\��1&��86$���7KH�VWDWLVWLFDO�VLJQL¿FDQFH�
RI�D�WUHQG�LQ�UHVLVWDQFH�UDWHV�ZDV�HYDOXDWHG�XVLQJ�WKH�Ȥ��WHVW��LQ�
ZKLFK�S�YDOXHV�������ZHUH�FRQVLGHUHG�VLJQL¿FDQW��K. pneumoniae��
S��������&6.S��S� ��������&5.S��S� �������



Prof. Marcelo Carneiro, MD, PhD 
HSC - UNISC 

MY FAVORITE INFECTION CONTROL PUBLICATIONS IN 2016  
 

Brazil 

b r a z i l i a n j o u r n a l o f m i c r o b i o l o g y 4 7 S (2 0 1 6) 31–37

ht tp : / /www.bjmicrobio l .com.br /

Review

Antimicrobial  resistance  in Enterobacteriaceae  in
Brazil: focus  on  !-lactams  and  polymyxins

Jorge Luiz Mello Sampaioa,b,∗, Ana Cristina Galesc,∗

a Universidade de São Paulo, Faculdade de Ciências Farmacêuticas, Departamento de Análises Clínicas e Toxicológicas, São Paulo,
SP, Brazil
b Fleury Medicina e Saúde, Seção de Microbiologia, São Paulo, SP, Brazil
c Universidade Federal de São Paulo, Escola Paulista de Medicina, Departamento de Medicina Interna, São Paulo, Brazil

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 7 October 2016
Accepted 7 October 2016
Available online 25 October 2016

Associate Editor: Marina Baquerizo

Keywords:
ESBL
KPC
NDM
Extended spectrum !-lactamases
New Delhi metallo-!-lactamase
Klebsiella pneumoniae
carbapenemase
Polymyxin B
Colistin
Antimicrobial resistance
Carbapenemases
Brazil
Enterobacteriaceae

a  b  s  t  r  a  c  t

During the last 30 years there has been a dissemination of plasmid-mediated !-lactamases
in  Enterobacteriaceae in Brazil. Extended spectrum !-lactamases (ESBL) are widely dissem-
inated in the hospital setting and are detected in a lower frequency in the community
setting. Cefotaximases are the most frequently detected ESBL type and Klebsiella pneumoniae
is  the predominant species among ESBL producers. Klebsiella pneumoniae carbapenemase-
producing Enterobacteriaceae became widely disseminated in Brazil during the last decade
and KPC production is currently the most frequent resistance mechanism (96.2%) in car-
bapenem resistant K. pneumoniae.  To date KPC-2 is the only variant reported in Brazil.
Polymyxin B resistance in KPC-2-producing K. pneumoniae has come to an alarming rate
of  27.1% in 2015 in São Paulo, the largest city in Brazil. New Delhi metallo-!-lactamase was
detected in Brazil in 2013, has been reported in different Brazilian states but are not widely
disseminated. Antimicrobial resistance in Enterobacteriaceae in Brazil is a very serious prob-
lem  that needs urgent actions which includes both more strict adherence to infection control
measures and more judicious use of antimicrobials.

© 2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

The first reports on antimicrobial resistance in Gram-negative
rods from Brazil, available at PubMed, were restricted to
community-acquired infections. These reports were on sul-
fadiazine resistance in Escherichia coli, Shigella and Salmonella
and dated from 1968.1,2 In 1971 chloramphenicol resistance
was reported in Salmonella Typhi detected in various Brazil-
ian states3 and Shigella resistant to multiple antimicrobials
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were reported from Rio de Janeiro.4 At that time, !-lactam
resistance was only reported for ampicillin.

The  rise  of  extended-spectrum  !-lactamases

Third generation cephalosporins became available for clini-
cal use in Brazil in early 1980s. In our medical practice, we
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1517-8382/© 2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The first reports on antimicrobial resistance in Gram-negative
rods from Brazil, available at PubMed, were restricted to
community-acquired infections. These reports were on sul-
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-  During the last 30 years there has been a dissemination of 
plasmid-mediated B-lactamases in Enterobacteriaceae in Brazil.  

-  K l e b s i e l l a p n e u m o n i a e c a r b a p e n e m a s e - p ro d u c i n g 
Enterobacteriaceae became widely disseminated in Brazil during 
the last decade and KPC production is currently the most frequent 
resistance mechanism (96.2%) in carbapenem resistant K. 
pneumoniae.  
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Summary
Background Antimicrobial stewardship is advocated to improve the quality of antimicrobial use. We did a systematic 
review and meta-analysis to assess whether antimicrobial stewardship objectives had any eff ects in hospitals and long-
term care facilities on four predefi ned patients’ outcomes: clinical outcomes, adverse events, costs, and bacterial 
resistance rates.

Methods We identifi ed 14 stewardship objectives and did a separate systematic search for articles relating to each one 
in Embase, Ovid MEDLINE, and PubMed. Studies were included if they reported data on any of the four predefi ned 
outcomes in patients in whom the specifi c antimicrobial stewardship objective was assessed and compared the 
fi ndings in patients in whom the objective was or was not met. We used a random-eff ects model to calculate relative 
risk reductions with relative risks and 95% CIs.

Findings We identifi ed 145 unique studies with data on nine stewardship objectives. Overall, the quality of 
evidence was generally low and heterogeneity between studies was mostly moderate to high. For the objectives 
empirical therapy according to guidelines, de-escalation of therapy, switch from intravenous to oral treatment, 
therapeutic drug monitoring, use of a list of restricted antibiotics, and bedside consultation the overall evidence 
showed signifi cant benefi ts for one or more of the four outcomes. Guideline-adherent empirical therapy was 
associated with a relative risk reduction for mortality of 35% (relative risk 0·65, 95% CI 0·54–0·80, p<0⋅0001) 
and for de-escalation of 66% (0·44, 0·30–0·66, p<0⋅0001). Evidence of eff ects was less clear for adjusting therapy 
according to renal function, discontinuing therapy based on lack of clinical or microbiological evidence of 
infection, and having a local antibiotic guide. We found no reports for the remaining fi ve stewardship objectives 
or for long-term care facilities.

Interpretation Our fi ndings of benefi cial eff ects on outcomes with nine antimicrobial stewardship objectives 
suggest they can guide stewardship teams in their eff orts to improve the quality of antibiotic use in hospitals.

Funding Dutch Working Party on Antibiotic Policy and Netherlands National Institute for Public Health and the 
Environment.

Introduction
Although the benefi ts of antibiotic use are indisputable, 
misuse and overuse of antibiotics have contributed to 
antibiotic resistance, which has become a serious and 
growing threat to public health.1,2 Patients with infections 
caused by resistant bacteria generally have an increased 
risk of poor clinical outcomes and death and use more 
health-care resources than patients infected with non-
resistant bacteria of the same species.2

Of all antibiotics prescribed in acute-care hospitals, 
20–50% are either unnecessary or inappropriate.3–6 
Hospitals worldwide have been incorporating anti-
microbial stewardship into hospital policy, with the 
goal of improving the quality of antimicrobial use. The 
primary goal of antimicrobial stewardship is to achieve 
optimum clinical outcomes and ensure cost-eff ective-
ness of therapy while keeping to a minimum 
unintended consequences of anti microbial use, includ-
ing toxic eff ects, selection of pathogenic organisms, 
and the emergence of resistance.7 The characteristics of 
antimicrobial stewardship programmes vary8 but 

generally consist of a range of interventions that can  be 
selected and adapted to fi t the infrastructure of any 
hospital.9

In stewardship programmes, two sets of interventions 
should be distinguished. The fi rst relates to recom-
mended care at the patient level (stewardship objec-
tives), such as treating patients according to the 
guidelines or taking cultures of blood and from the site 
of infection. The second set relates to recommended 
strategies for achieving the stewardship objectives, 
such as restrictive (eg, formulary restriction) and 
persuasive (eg, education and feedback) strategies, to 
improve appropriate antimicrobial use. The evidence 
for the second set of interventions has been 
systematically reviewed,5 but the yields of individual 
stewardship objectives do not seem to have been 
assessed.

We did a systematic review and meta-analysis to 
summarise the current state of evidence of the eff ects of 
antimicrobial stewardship objectives on patients’ clinical 
outcomes (eg, mortality and length of stay [LOS] in 
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Antimicrobial stewardship is advocated to improve the quality of antimicrobial 
use. We did a systematic review and meta-analysis to assess whether 
antimicrobial stewardship objectives had any effects in hospitals and long- 
term care facilities on four predefined patients’ outcomes: clinical outcomes, 
adverse events, costs, and bacterial resistance rates. 
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than for those in whom they were not, with two reporting 
signifi cant diff erences. One RCT showed that therapeutic 
drug monitoring was associated with a non-signifi cant 
increase in hospital LOS. In four of the six observational 
studies, LOS in hospital was shortened in the monitored 
patients, with signifi cant diff erences seen in three 
studies. The remaining two observational studies 
reported non-signifi cantly increased LOS.

13 studies—four non-RCTs and nine observational 
studies—reported on the rate of nephrotoxicicity. The 
RRR was signifi cant at 50% (RR 0·50, 95% CI 0·29–0·88, 
p=0⋅02) across all studies, with moderate heterogeneity 
(I² 45%, fi gure 3).

Data on costs showed wide variation when therapeutic 
drug monitoring was used, but overall there seemed to 
be a benefi cial eff ect. Two RCTs and non-RCTs 
reported non-signifi cant cost savings and one RCT 
reported a non-signifi cant increase in costs. All fi ve 
observational studies reported cost savings, which were 
signifi cant in one.

Discontinuation of empirical treatment based on no 
evidence of infection
Only three studies reported on discontinuation of therapy 
due to no clinical or microbiological evidence of infection 
(appendix). Two of these studies were low-quality RCTs 
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Figure 2: Eff ect on mortality of prescribing empirical antimicrobial therapy according to guidelines

Guideline-adherent empirical 
therapy was associated with a 
RR reduction for mortality of 
35% (RR 0.65, 95% CI 0·54–
0·80, p<0⋅0001) and for de-
escalation of 66% (RR 0.44, 
0·30–0·66, p<0⋅0001). 
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prescribed. With only a few exceptions, resistance rates 
for restricted antibiotics were signifi cantly decreased 
across a wide variety of infective agent and drug com-
binations. A few studies reported increased resistance 
rates for non-restricted antibiotics.

Bedside consultation
Seven observational studies discussed the eff ects of 
bedside consultation (appendix), most of which had high 
risk of bias, meaning the quality of research was poor for 
this objective. Studies with multiple interventions (eg, an 
infectious disease consultation combined with a PET 
scan) were not included.

Five studies showed decreased mortality with bedside 
consultation, with signifi cant eff ects seen in three. Two 
studies reported non-signifi cant increases in mortality. 
In one of these two studies the increase was 7%, although 
the possibility that infectious disease consultations were 
requested because of more severe illness than in patients 
who did not receive a consultation was cited as a potential 
source of bias. The overall eff ect on mortality was not 
signifi cant (appendix), but a sensitivity analysis for 
patients with Staphylococcus aureus bacteraemia yielded a 
signifi cant RRR of 66% (RR 0⋅34, 95% CI 0⋅15–0⋅75, 
p=0⋅008, fi gure 4). Heterogeneity was high.

Three studies reported the eff ect of bedside consultation 
on hospital LOS, with one showing a decrease and two 
showing increases (one signifi cant). One study showed a 
signifi cant increase in identifi cation of deep infection 
foci, for instance mediastinitis, endocarditis, or deep-
seated abscesses.

Only two of seven studies reported data on costs, one of 
which was the study that acknowledged bias. That study 
reported a non-signifi cant increase in expenses, whereas 
the other reported signifi cant cost savings with bedside 
consultations.

Discussion
Our systematic review revealed that use of empirical 
therapy according to guidelines, de-escalation of 
therapy, switch from intravenous to oral therapy, 

therapeutic drug monitoring, use of a list of restricted 
antibiotics, and bedside con sultation (especially for 
S aureus bacteraemia) can lead to signifi cant benefi ts for 
clinical outcomes, adverse events, and costs, although 
the quality of evidence is generally low. Treatment 
according to guidelines and de-escalation of therapy had 
signifi cant eff ects on mortality, although heterogeneity 
between studies was substantial. Most studies that 
assessed prescribing empirical therapy according to 
guidelines involved patients with com munity-acquired 
pneumonia, which makes it diffi  cult to extrapolate the 
results to other infectious diseases. We assume, 
however, that eff ects would be similar where validated 
guidelines are available. Reduced mortality was also 
associated with switching from intravenous to oral 
therapy, therapeutic drug monitoring, use of a list of 
restricted antibiotics, and bedside consultation, but 
these eff ects were not signifi cant. When patients with 
S aureus bacteraemia received bedside consultations, 
mortality was lower and diagnosis of complicated 
disease were better than those in patients who did not. 
A study on the eff ects of infectious disease consultations, 
published after our literature search was completed, 
confi rms these results.16

For some objectives, such as de-escalation of therapy 
and switch from intravenous to oral treatment, not 
showing harm is an important outcome. Some outcomes 
might also be more relevant for some objectives than for 
others. For example, a switch from intravenous to oral 
therapy could decrease the likelihood of catheter-related 
events, although we believe that this stewardship 
intervention would not aff ect mortality or bacterial 
resistance. Many studies included in this systematic 
review had retrospective designs, which carries an 
inherent risk of confounding. Without RCTs, no direct 
inference can be drawn on the causal relations between 
meeting stewardship objectives and outcomes.

Restrictive antibiotic policies were associated with 
reduced resistance rates in most of the studies we 
assessed, but incon sistent relations between antibiotic 
use and resistance rates were also found. In several 
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Figure 4: Eff ect of bedside consultation for Staphylococcus aureus bacteraemia on mortality
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and one was an observational study with a low risk of 
bias. Thus, the overall quality of the evidence was low to 
moderate.

Clinical endpoints were similar irrespective of 
whether treatment was discontinued. One obser vational 
study reported a positive eff ect on mortality and the two 
RCTs reported non-signifi cant favourable eff ects on 
mortality in patients in whom therapy was stopped, but 
overall the eff ect was non-signifi cant with low 
heterogeneity (appendix). Results did not diff er after a 
sensitivity analysis of RCTs (appendix). A decrease was 
seen in ICU LOS in the two RCTs, with one study 
showing a signifi cant eff ect. One RCT also reported that 
discontinuation of treatment was associated with 
reduced costs and a signifi cant benefi cial eff ect on 
resistance rates.

Presence of a local antibiotic guide
One (prospective) observational multicentre study on 
ICU patients done in France reported on the use of a 
local antibiotic guide (appendix). Of our predefi ned 
outcomes only mortality was assessed, which was 
decreased in patients with community-acquired infec-
tions, no socomial infections, and postoperative intra-
abdominal infections if a guide was available. However, 
the observational design meant that the quality of 
evidence was low.

List of restricted antibiotics
We identifi ed 30 studies that investigated the use of 
restricted antibiotics lists (appendix). One was a non-
blinded RCT and 29 were observational studies. Most 

studies were subject to a high risk of bias and, therefore, 
the general quality of evidence was low.

Eff ects on mortality were reported in nine 
observational studies and the RCT. Two observational 
studies reported non-signifi cant increases in mortality 
and seven reported decreased mortality, with eff ects 
being signifi cant in one. The RCT reported a non-
signifi cant increase in mortality. The overall eff ect on 
mortality was limited, non-signifi cant, and did not 
change after a sensitivity analysis of observational 
studies (appendix).

LOS was reported in fi ve observational studies and was 
associated with signifi cantly shortened duration of 
hospital LOS in two studies, a non-signifi cantly shortened 
duration in two other studies, and a non-signifi cantly 
increased duration in one. The results were similar for 
ICU LOS.

Nosocomial infection rates were reported in fi ve 
observational studies. Three studies reported decreased 
rates, with one showing a signifi cant eff ect, and two 
studies reported an increase, also with one reporting a 
signifi cant eff ect.

The eff ect on costs were reported in 11 observational 
studies and the RCT. All except one observational study 
showed reduced costs with a list of restricted antibiotics, 
with signifi cant eff ects seen in four.

Resistance rates were assessed in 26 studies. Overall, 
restrictive measures were eff ective, with the amount of 
monthly prescribed defi ned daily doses of restricted 
antibiotics being signifi cantly lower than without 
restriction, although this approach sometimes led to 
increased amounts of non-restricted antibiotics being 
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Figure 3: Eff ect of therapeutic drug monitoring on the rate of nephrotoxicity

Evidence of effects was less clear for adjusting therapy according to renal function, 
discontinuing therapy based on lack of clinical or microbiological evidence of infection, and 
having a local antibiotic guide.  
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During the last 30 years there has been a dissemination of plasmid-mediated !-lactamases
in  Enterobacteriaceae in Brazil. Extended spectrum !-lactamases (ESBL) are widely dissem-
inated in the hospital setting and are detected in a lower frequency in the community
setting. Cefotaximases are the most frequently detected ESBL type and Klebsiella pneumoniae
is  the predominant species among ESBL producers. Klebsiella pneumoniae carbapenemase-
producing Enterobacteriaceae became widely disseminated in Brazil during the last decade
and KPC production is currently the most frequent resistance mechanism (96.2%) in car-
bapenem resistant K. pneumoniae.  To date KPC-2 is the only variant reported in Brazil.
Polymyxin B resistance in KPC-2-producing K. pneumoniae has come to an alarming rate
of  27.1% in 2015 in São Paulo, the largest city in Brazil. New Delhi metallo-!-lactamase was
detected in Brazil in 2013, has been reported in different Brazilian states but are not widely
disseminated. Antimicrobial resistance in Enterobacteriaceae in Brazil is a very serious prob-
lem  that needs urgent actions which includes both more strict adherence to infection control
measures and more judicious use of antimicrobials.

© 2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

The first reports on antimicrobial resistance in Gram-negative
rods from Brazil, available at PubMed, were restricted to
community-acquired infections. These reports were on sul-
fadiazine resistance in Escherichia coli, Shigella and Salmonella
and dated from 1968.1,2 In 1971 chloramphenicol resistance
was reported in Salmonella Typhi detected in various Brazil-
ian states3 and Shigella resistant to multiple antimicrobials
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were reported from Rio de Janeiro.4 At that time, !-lactam
resistance was only reported for ampicillin.

The  rise  of  extended-spectrum  !-lactamases

Third generation cephalosporins became available for clini-
cal use in Brazil in early 1980s. In our medical practice, we
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were reported from Rio de Janeiro.4 At that time, !-lactam
resistance was only reported for ampicillin.

The  rise  of  extended-spectrum  !-lactamases

Third generation cephalosporins became available for clini-
cal use in Brazil in early 1980s. In our medical practice, we
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-  Polymyxin B resistance in KPC-2-producing K. pneumoniae has come to an 
alarming rate of 27.1% in 2015 in São Paulo, the largest city in Brazil.  

-  New Delhi metallo-B-lactamase was detected in Brazil in 2013, has been 
reported in different Brazilian states but are not widely disseminated.  

-  Antimicrobial resistance in Enterobacteriaceae in Brazil is a very serious 
problem that needs urgent actions which includes both more strict 
adherence to infection control measures and more judicious use of 
antimicrobials. 
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Abstract

Despite current antimicrobial stewardship programs (ASPs) being advocated by infectious disease specialists
and discussed by national and international policy makers, ASPs coverage remains limited to only certain hospitals
as well as specific service lines within hospitals. The ASPs incorporate a variety of strategies to optimize
antimicrobial agent use in the hospital, yet the exact set of interventions essential to ASP success remains
unknown. Promotion of ASPs across clinical practice is crucial to their success to ensure standardization of
antimicrobial agent use within an institution. To effectively accomplish this standardization, providers who
actively engage in antimicrobial agent prescribing should participate in the establishment and support of these
programs. Hence, surgeons need to play a major role in these collaborations. Surgeons must be aware that
judicious antibiotic utilization is an integral part of any stewardship program and necessary to maximize clinical
cure and minimize emergence of antimicrobial resistance. The battle against antibiotic resistance should be fought
by all healthcare professionals. If surgeons around the world participate in this global fight and demonstrate
awareness of the major problem of antimicrobial resistance, they will be pivotal leaders. If surgeons fail to actively
engage and use antibiotics judiciously, they will find themselves deprived of the autonomy to treat their patients.

Keywords: antibiotic prophylaxis; intra-abdominal infection; necrotizing soft tissue infection; surgical site
infection; trauma

Although most surgeons are aware of the problem of
antimicrobial resistance, most underestimate this prob-

lem in their own hospital. Surgeons should always optimize
antimicrobial management to maximize clinical outcome and
minimize emergence of antimicrobial resistance. The ne-
cessity of formalized systematic approaches to the optimi-
zation of antibiotic therapy in the setting of surgical units
worldwide, both for elective and emergency admissions, has
become increasingly urgent.

In 2013, a Cochrane review was published to estimate
the effectiveness of professional interventions in antibiotic

stewardship for hospital inpatients and to evaluate the im-
pact of these interventions on reducing the incidence of
antimicrobial resistance or Clostridium difficile infection
[1]. The results showed that interventions to reduce ex-
cessive antibiotic prescribing to hospital inpatients were
able to reduce antimicrobial resistance and hospital-
acquired infections (HAIs), improving clinical outcome.
The meta-analysis supported the use of restrictive inter-
ventions when the need is urgent, but suggested that per-
suasive and restrictive interventions are equally effective
after six months.
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Healthcare workers (HCWs) in low- and middle-income countries with high tuberculosis prevalence are at increased risk of tuber-
culosis infection; however, tuberculosis infection control (TBIC) measures are often poorly implemented. The World Health Orga-
nization recommends 4 levels of TBIC: managerial (establishment and oversight of TBIC policies), administrative controls (reducing
HCWs’ exposure to tuberculosis), environmental controls (reducing the concentration of infectious respiratory aerosols in the air),
and personal respiratory protection. This article will discuss each of these levels of TBIC, and review the available data on the im-
plementation of each in sub-Saharan African countries. In addition, we review the attitudes and motivation of HCWs regarding
TBIC measures, and the impact of stigma on infection control practices and implementation. After summarizing the challenges
facing effective TBIC implementation, we will discuss possible solutions and recommendations. Last, we present a case study of
how a clinic effectively addressed some of the challenges of TBIC implementation.
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Healthcare workers (HCWs) in low- and middle-income coun-
tries with high tuberculosis prevalence are at increased risk of
tuberculosis infection due to exposure to greater numbers of tu-
berculosis patients compared with HCWs in lower-burden set-
tings. The risk for tuberculosis disease in HCWs is up to 3 times
higher compared to the general population, with rates ranging
between 25 and 5361 per 100 000 per year, depending on work-
ing location and occupational category [1, 2]. Although these
risks cannot be completely eliminated, they can be reduced by
the implementation of effective tuberculosis infection control
(TBIC) interventions [1, 3]. Historically, infection control has
often been poorly implemented, but the increasing rates of mul-
tidrug-resistant (MDR) and extensively drug-resistant (XDR)
tuberculosis have led to a renewed focus on TBIC [4]. HCWs
are the front-line care providers for tuberculosis and human im-
munodeficiency virus (HIV) patients in the most affected coun-
tries, and the increased risk to HCWs must be addressed
through prioritizing the implementation of effective TBIC pol-
icies in healthcare settings [1–3, 5–8].

TUBERCULOSIS INFECTION CONTROL IN
HEALTHCARE FACILITIES

World Health Organization (WHO) guidelines recommend a
combination of control measures to reduce the transmission

of tuberculosis to HCWs and patients, many of whom may be
immunocompromised, in healthcare settings. The guidelines
recommend 4 levels of protection—namely, an overarching
managerial level, as well as administrative, environmental con-
trols, and personal respiratory protection [4, 9]. Figure 1 depicts
how these levels of prevention are related. A South African–
based epidemiological modeling study found that in a setting
in which nosocomial transmission was driving XDR tuberculo-
sis, a combination of hospital-based controls (consisting of ad-
ministrative and environmental measures, personal respiratory
protection, and offering HIV counseling and testing [HCT] and
antiretroviral therapy [ART] for patients) could avert up to 48%
of XDR tuberculosis cases [10].

OVERARCHING MEASURES: MANAGERIAL
CONTROLS

Managerial control focuses on the establishment and oversight
of TBIC policies, ensuring that management structures and
tools are in place to support the implementation of the other
levels of protection, the “3 lines of TBIC defense.” To guide
the protection of HCWs, the WHO recommends the develop-
ment of country-specific TBIC policies and a coordinating
body. Facility-level managerial policies form the framework
for establishing and implementing all TBIC activities at individ-
ual healthcare facilities. These activities include establishing
local coordinating TBIC bodies, appointing a (tuberculosis) in-
fection control coordinator, conducting a facility TBIC risk as-
sessment, and developing a written facility plan, adapted to the
local situation, that addresses the risk assessment findings.
There is a paucity of data on the effectiveness of different man-
agerial components, and regular monitoring and evaluation
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trols, and personal respiratory protection [4, 9]. Figure 1 depicts
how these levels of prevention are related. A South African–
based epidemiological modeling study found that in a setting
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for establishing and implementing all TBIC activities at individ-
ual healthcare facilities. These activities include establishing
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local situation, that addresses the risk assessment findings.
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recommend 4 levels of protection—namely, an overarching
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trols, and personal respiratory protection [4, 9]. Figure 1 depicts
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based epidemiological modeling study found that in a setting
in which nosocomial transmission was driving XDR tuberculo-
sis, a combination of hospital-based controls (consisting of ad-
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protection, and offering HIV counseling and testing [HCT] and
antiretroviral therapy [ART] for patients) could avert up to 48%
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the protection of HCWs, the WHO recommends the develop-
ment of country-specific TBIC policies and a coordinating
body. Facility-level managerial policies form the framework
for establishing and implementing all TBIC activities at individ-
ual healthcare facilities. These activities include establishing
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managerial level, as well as administrative, environmental con-
trols, and personal respiratory protection [4, 9]. Figure 1 depicts
how these levels of prevention are related. A South African–
based epidemiological modeling study found that in a setting
in which nosocomial transmission was driving XDR tuberculo-
sis, a combination of hospital-based controls (consisting of ad-
ministrative and environmental measures, personal respiratory
protection, and offering HIV counseling and testing [HCT] and
antiretroviral therapy [ART] for patients) could avert up to 48%
of XDR tuberculosis cases [10].

OVERARCHING MEASURES: MANAGERIAL
CONTROLS

Managerial control focuses on the establishment and oversight
of TBIC policies, ensuring that management structures and
tools are in place to support the implementation of the other
levels of protection, the “3 lines of TBIC defense.” To guide
the protection of HCWs, the WHO recommends the develop-
ment of country-specific TBIC policies and a coordinating
body. Facility-level managerial policies form the framework
for establishing and implementing all TBIC activities at individ-
ual healthcare facilities. These activities include establishing
local coordinating TBIC bodies, appointing a (tuberculosis) in-
fection control coordinator, conducting a facility TBIC risk as-
sessment, and developing a written facility plan, adapted to the
local situation, that addresses the risk assessment findings.
There is a paucity of data on the effectiveness of different man-
agerial components, and regular monitoring and evaluation
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should be included in managerial plans to allow for evaluation
of the impact of TBIC implementation [4, 9, 11].

None of the 23 high-burden HIV/tuberculosis countries sys-
tematically collect data on TBIC implementation at a national
level [12]. However, studies have been conducted into manage-
rial aspects of TBIC implementation at the healthcare facility
level. The proportion of facilities found to have a written TBIC
plan or policy in place varied greatly: among facilities studied,
nonewere in East African countries [13],8%were inNigeria [14],
22% were in the city of Durban, South Africa [15], and close to
50% were in Mozambique and other African countries [16, 17].
In a survey of TBIC measures in facilities in Benin, Cameroon,
Ivory Coast, and Togo, 58% had general infection control or
hospital hygiene staff in place, but only 4% had staff dedicated
to TBIC [18].

THE FIRST LINE OF DEFENSE: ADMINISTRATIVE
CONTROL MEASURES

The WHO strongly recommends administrative controls as the
first line of defense, although the quality of the available evi-
dence for the formulation of administrative TBIC policy recom-
mendations is low [4]. The goals of administrative controls are
to prevent HCWs, staff, and patients from being exposed to tu-
berculosis and to reduce transmission of infection by ensuring
rapid diagnosis and treatment of patients and staff with

tuberculosis [4]. Administrative controls specify the appropriate
work practices for the healthcare facility, including promptly
identifying patients with tuberculosis symptoms (screening
and triage), separating and/or isolating infectious patients, con-
trolling the spread of pathogens (through cough etiquette and
respiratory hygiene), minimizing the time infectious patients
spend in healthcare facilities, and reducing diagnostic delays
by reducing turnaround time of sputum tests and use of rapid
diagnostics [4, 9, 11]. Providing a package of prevention
and care interventions for HCWs also forms part of administra-
tive controls. This includes HCT, HIV prevention, ART, and
isoniazid preventive therapy (IPT) for HIV-positive HCWs.
HIV-positive HCWs should be protected from direct exposure
to patients with known or suspected tuberculosis and rede-
ployed from positions where exposure to untreated tuberculosis
is high to areas of lower transmission risk [4].

A study describing adherence to recommended TBIC policies
in 51 primary healthcare clinics in a South African metropolis
found that 26% of facilities practiced triaging, 2% separated pa-
tients suspected to have tuberculosis, and 22% had particulate
respirators available [15]. Additional South African studies also
reported inadequate implementation of administrative TBIC
measures [7, 19, 20]. In central Mozambique, 11% of the facili-
ties separated patients with suspected tuberculosis, and 62%
fast-tracked these patients [16]. Triaging and fast-tracking

Figure 1. Diagram depicting the relationship between the 4 levels of tuberculosis infection control: managerial tuberculosis infection control measures and the 3 lines of
defense. Abbreviations: HCT, HIV counseling and testing; HIV, human immunodeficiency virus; IC, infection control; TB, tuberculosis; TBIC, tuberculosis infection control; UV,
ultraviolet.

S232 • CID 2016:62 (Suppl 3) • Verkuijl and Middelkoop

 at U
niversity of C

alifornia, Santa B
arbara on A

pril 27, 2016
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

HCWs in public hospitals in KwaZulu-Natal, South Africa,
have expressed their concerns about the delay in confirmation
of drug-resistant tuberculosis, increasing the chances of expo-
sure to patients with undiagnosed drug-resistant tuberculosis.
Lack of space often resulted in poor compliance with TBIC pol-
icies on separation or isolation. Although tuberculosis screening
and HCT of HCWs was offered in many facilities, uptake was
reported to be low, mainly due to fear of stigmatization, from
which HCWs are not exempt. HCWs report fears of being os-
tracized or rejected by their families, communities, or even
other HCWs [2, 26, 30, 34]. HCWs in MDR/ XDR tuberculosis
hospital wards expressed fears of acquiring drug-resistant
tuberculosis. These fears revolved around the working environ-
ment, their own well-being, and the well-being of their families
or dependents (Table 1). Although it could be expected that
these fears would motivate HCWs to adhere to infection control
practices to protect themselves, some studies have reported that
the actual response of HCWs is to avoid having to work with
tuberculosis patients [34].

OUTLINING THE CHALLENGES

A qualitative study conducted among HCWs in hospitals in
KwaZulu-Natal [26] categorized the challenges facing TBIC im-
plementation into 3 areas: (1) lack of resources, (2) distrust of
infection control efforts by HCWs, and (3) a disproportionate
focus on personal respiratory protection. These areas “portray a
system in which the managers of healthcare facilities struggle to
comply with policies that lack resources to implement, in cir-
cumstances where the burden of workplace safety is placed on
inadequately trained and supported HCWs” [26]. Challenges
reported in a Mozambican study included healthcare system–
associated factors (inadequate infrastructure and a shortage of
supplies and equipment) and factors related to existing work
policies (respirators are considered uncomfortable and disrupt
communication) [28].

The poor level of implementation of TBIC activities in low-
and middle-income countries is a substantial challenge affecting
efforts to reduce tuberculosis transmission to HCWs. TBIC
activities are inadequately supported by effective managerial
control measures [13–15, 17]. In facilities with ineffective man-
agerial controls, administrative and environmental controls are
often neglected, forcing the main responsibility for the protec-
tion of staff onto individual HCWs. It is in this context that the
overreliance on personal respiratory protection has been report-
ed [26]; however, supply of respirators may be irregular, HCWs
are unaware how to use them correctly, and fit testing is not
available. Fears, stress, avoidance of tuberculosis patients, leav-
ing the profession, and other negative responses result from this
situation [33, 34].

Poor facility infrastructure, building design, and inclement
climate often results in poor natural ventilation. Overcrowding,
lack of space, and lack of outdoor waiting areas are further chal-
lenges for effective TBIC. HCWs seem to lack the optimal TBIC
knowledge, both generally and regarding specific practical as-
pects, such as the correct use of respiratory protection [15, 18,
27, 30].

Another important challenge as discussed above is the stigma
related to tuberculosis and HIV that persists in many commu-
nities [35, 36]. The resulting reluctance to disclose their HIV
and/or tuberculosis status hampers efforts to provide HCWs
with a package of prevention and care interventions and to im-
plement redeployment policies. Furthermore, redeployment of
HIV-infected HCWs is negatively affected by nondisclosure of
HCWs’ HIV status, as well as the lack of lower-risk areas, for
example, in tuberculosis hospitals [26].

RECOMMENDATIONS

There is an urgent need to improve all aspects of TBIC imple-
mentation. The overarching framework of managerial controls
is critical to facilitate the implementation of administrative and
environmental controls and personal respiratory protection in
healthcare facilities, and requires appropriate capacity of man-
agers at all levels. In making decisions about specific TBIC in-
terventions at the healthcare facility level, it is important to take
into consideration the ease and practicality of implementation
and the potential impact: Simple, cost-effective, and high-
impact activities should be prioritized. Further operational
research is needed to determine impact of current strategies,
to inform cost-effective, novel approaches to effective TBIC in-
tervention, and to find methods to motivate HCWs to protect
themselves. Support for HCWs is an essential aspect that
needs more attention in TBIC programs; highlighting the re-
sponsibility of supervisors to be positive role models and devel-
oping systems to reward the efforts made by individual HCWs
may assist in improving overall attitudes and actions toward
TBIC, influence individual HCW behavior and motivation,
and reduce nosocomial transmission of tuberculosis [33].

Table 1. Fears Expressed by Healthcare Workers in Drug-Resistant
Tuberculosis Hospital Wards

Working Environment HCWs’ Own Well-being
Well-being of Family/

Dependents

• Inadequate
infection control
implementation

• Patients’ behavior
• Lack of particulate

respirators
• Stigma should they

develop MDR or
XDR tuberculosis

• Developing MDR or
XDR tuberculosis

• Treatment course
(including the
injections, long period
of hospitalization, and
side effects such as
hearing loss)

• Lack of psychosocial
support (including
stigma)

• Poor treatment
outcomes

• Dying

• Infecting family
members

• Family managing
without them should
they be ill, be
hospitalized, or die

• Financial implications
(the lack of
compensation)

• Lack of psychosocial
support for the family
(including stigma)

Source: Adapted from Tudor et al [34].

Abbreviations: HCW, healthcare worker; MDR, multidrug-resistant; XDR, extensively drug
resistant.
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