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ABSTRACT Matrix-assisted laser desorption ionization–time of flight mass spectrom-
etry (MALDI-TOF MS) decreases the time to organism identification and improves
clinical and financial outcomes. The purpose of this study was to evaluate the im-
pact of MALDI-TOF MS alone versus MALDI-TOF MS combined with real-time,
pharmacist-driven, antimicrobial stewardship (AMS) intervention on patient out-
comes. This single-center, pre-post, quasiexperimental study evaluated hospitalized
patients with positive blood cultures identified via MALDI-TOF MS combined with
prospective AMS intervention compared to a control cohort with MALDI-TOF MS
identification without AMS intervention. AMS intervention included: real-time MALDI-
TOF MS pharmacist notification and prospective AMS provider feedback. The primary
outcome was the time to optimal therapy (TTOT). A total of 252 blood cultures, 126
in each group, were included in the final analysis. MALDI-TOF MS plus AMS interven-
tion significantly reduced the overall TTOT (75.17 versus 43.06 h; P � 0.001), the
Gram-positive contaminant TTOT (48.21 versus 11.75 h; P � 0.001), the Gram-
negative infection (GNI) TTOT (71.83 versus 35.98 h; P � 0.001), and the overall hos-
pital length of stay (LOS; 15.03 versus 9.02 days; P � 0.021). The TTOT for Gram-
positive infection (GPI) was improved (64.04 versus 41.61 h; P � 0.082). For GPI, the
hospital LOS (14.64 versus 10.31 days; P � 0.002) and length of antimicrobial ther-
apy 24.30 versus 18.97 days; P � 0.018) were reduced. For GNI, the time to microbi-
ologic clearance (51.13 versus 34.51 h; P � 0.001), the hospital LOS (15.40 versus
7.90 days; P � 0.027), and the intensive care unit LOS (5.55 versus 1.19 days; P �

0.035) were reduced. To achieve optimal outcomes, rapid identification with MALDI-
TOF MS combined with real-time AMS intervention is more impactful than MALDI-
TOF MS alone.
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Despite advances in antimicrobial therapy, bloodstream infections (BSIs) remain a
threat to hospitalized patients. A significant proportion of health care-associated

infections result from multidrug-resistant organisms (MDROs). These infection rates
continue to uptrend, posing a substantial public health risk by driving providers to
utilize broad-spectrum antimicrobials and potentiating the cycle that creates MDROs
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(1–3). To minimize these threats, early administration of appropriate antimicrobial
therapy is critical, as are antimicrobial streamlining to optimal therapy and discontin-
uation of inappropriate therapy, particularly in the setting of contaminated cultures
(4–7). Utilizing time-consuming conventional methods of organism identification can
delay the time to optimal therapy (TTOT) and increase patient exposure to unnecessary
antimicrobials.

Matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-
TOF MS) rapidly and accurately identifies isolated organisms to the genus and species
levels. Compared to conventional methods, MALDI-TOF MS decreases the time to
organism identification by approximately 1.2 to 1.5 days (8–10). Several studies have
established that the combination of MALDI-TOF MS identification and real-time anti-
microbial stewardship (AMS) intervention provided by AMS teams (ASTs) improves
patient outcomes compared to traditional methods of organism identification (9–12).
However, there are limited data evaluating AMS by comparing rapid organism identi-
fication via MALDI-TOF MS alone with MALDI-TOF MS combined with real-time AMS
intervention. Preliminary data at the study location suggested that implementation of
MALDI-TOF MS without stewardship intervention did not have an impact on the time
to optimal antimicrobial therapy. Therefore, the purpose of this study was to evaluate
the impact of rapid organism identification via MALDI-TOF MS alone versus MALDI-TOF
MS combined with real-time AMS intervention on the time to optimal antimicrobial
therapy for patients with positive blood cultures.

RESULTS

A total of 252 blood cultures from 239 patients were included in the final analysis:
126 from 116 patients in the preintervention group and 126 from 123 patients in the
intervention group. Of the 126 positive blood cultures in each arm, 113 from 103
patients in the preintervention group and 83 from 80 patients in the intervention group
had true (i.e., noncontaminant) bacteremia. One bacteremia was evaluated per patient.
Polymicrobial BSIs were evaluated by organism, as the optimal therapy may vary. There
were no statistically significant differences in baseline demographic data (Table 1)
between the two groups. There were higher observed Pitt bacteremia scores and
Charlson comorbidity indices in the intervention group, although the difference was
not statistically significant. Hospice and palliative care consults were numerically higher
in the intervention group, but interventions encouraging earlier consults were imple-
mented between study periods. The most common sources of infection were genito-
urinary, intraabdominal, and respiratory (Fig. 1). There was no difference in infection-
causing organisms between the groups; however, significantly more contaminants
were noted in the intervention group (Table 1).

MALDI-TOF MS plus AMS intervention, which had an 88% acceptance rate (Table 2),
resulted in a significantly shorter TTOT than MALDI-TOF MS alone (75.17 versus 43.06
h; P � 0.001). Further evaluation of the results on the basis of organism type demon-
strated that MALDI-TOF MS plus AMS intervention led to a shorter TTOT for patients
with contaminated cultures (48.21 versus 11.75 h; P � 0.001) and Gram-negative
infections (71.83 versus 35.98 h; P � 0.001). There was faster optimization for patients
with Gram-positive infections, although the difference was not statistically significant
(64.04 versus 41.61 h; P � 0.082) (Table 3).

Ten patients in the preintervention group and eight in the intervention group were
never on optimal therapy and were excluded from the final TTOT analysis. In the
intervention group, the following reasons for the patients never having received
optimal therapy were identified: four patients were severely immunocompromised,
and providers were uncomfortable de-escalating therapy prior to confirmed sus-
ceptibility data; two patients had a multidrug-resistant Acinetobacter baumannii
infection and did not receive one of the two AST-approved combination therapies;
and two patients with penicillin allergies were initiated on aztreonam when ceph-
alosporin therapy was more appropriate, in accordance with the institution’s beta-
lactam allergy guide. Due to the retrospective nature of evaluation of the prein-
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tervention group, it was difficult to evaluate the reasons why patients in this group
were never on optimal therapy.

Optimization of MALDI-TOF MS through its pairing with prospective AMS interven-
tion resulted in a significantly shorter hospital length of stay (LOS; 15.03 versus 9.02

TABLE 1 Patient baseline demographics

Patient demographic Preintervention (n � 116) Intervention (n � 123) P value

Mean age (yr) � SD (n)
All 58.33 � 28.3 63.5 � 23.4 0.219
Adult 68.43 � 17.8 (97) 68.59 � 16.4 (113) 0.946
Pediatric 6.78 � 7.5 (19) 6 � 6.5 (10) 0.783

No. (%) of females 63 (54.3) 66 (53.7) 0.920

No. (%) with following clinical status:
General medicine 77 (66.3) 82 (66.7) 0.962
ICU 39 (33.6) 41 (33.3) 0.962
Hospice or palliative care consult 12 (10.3) 22 (17.9) 0.095

Mean Pitt bacteremia score � SD 1.91 � 1.96 2.39 � 2.44 0.096
No. (%) with hemodynamic instability requiring

vasopressors
20 (17.2) 19 (15.4) 0.708

Mean Charlson comorbidity index � SD 4.81 �3.76 5.15� 3.47 0.468

No. (%) with following no. of MDRO risk factorsa

0 23 (19.8) 27 (21.9) 0.558
1 29 (25) 39 (31.7)
2 29 (25) 29 (23.6)
3 21 (18.1) 20 (16.3)
4 10 (8.6) 7 (5.7)
5 4 (3.4) 1 (0.8)

No./total (%) with MDRO infections 27/113 (25.3) 21/83 (23.9) 0.996

No. (%) of organisms
All Gram positive 56 (44.4) 78 (61.9) 0.005
Gram-positive infection 43 (76.8) 35 (44.9) 0.340
Gram-positive contaminant 13 (23.2) 43 (55.1) �0.001
Gram negative 59 (46.8) 46 (36.5) 0.097

aMDRO risk factors include health care exposure (recent hospitalization for �48 h or nursing home/skilled nursing facility residence), prior antimicrobial (especially
broad spectrum) use within 90 days, recent history of MDRO, hospitalization for �5 days, mechanical ventilation for �5 days, immunosuppression, chronic dialysis
within 30 days, a recent invasive procedure, home wound care, intravenous drug use, and structural lung disease.

FIG 1 Sources of positive blood cultures.
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days; P � 0.021), a significantly shorter ICU LOS for Gram-negative infections (5.55
versus 1.19 days; P � 0.035), a significantly shorter time to microbiologic clearance for
Gram-negative infections (51.13 versus 34.51 h; P � 0.001), and a significantly shorter
length of antimicrobial therapy for Gram-positive infections (24.30 versus 18.97; P �

0.018). Although the time to effective therapy (TTET; 16.8 versus 12.15 h; P � 0.082) and
the overall ICU LOS (4.30 versus 1.22 days; P � 0.053) were not statistically significantly
different, these outcomes are clinically significant in the setting of sepsis and health
care cost reduction, respectively. Due to the significant reduction in the hospital LOS
and ICU LOS, financial outcomes were assessed. Direct costs were reduced by half, and
this resulted in an annual projected health care cost savings of approximately $6.3
million ($28,677 versus $15,784 per patient; P � 0.010) (Table 4).

DISCUSSION

To our knowledge, this is the only study comparing the utility of MALDI-TOF MS
alone with that of MALDI-TOF MS combined with prospective AMS intervention for
adult and pediatric patients with positive blood cultures, highlighting the positive
impact of incorporating pharmacist-driven AMS interventions to molecular rapid diag-
nostic testing (mRDT). Despite having the ability to obtain blood culture results up to
1.5 days faster than traditional identification methods, this study shows that without
real-time AMS intervention, treatment optimization was significantly delayed. Several
studies have established that the use of mRDT in settings with ASPs and microbiology
result analysis improves the time to antimicrobial streamlining and various patient
outcomes compared to traditional methods of organism identification (8–19).

Vlek and colleagues conducted a crossover study of 253 episodes (218 patients) of
BSI that compared traditional identification methods to MALDI-TOF MS and found an
11.3% increase in the proportion of patients on appropriate antimicrobial therapy
within 24 h (64% versus 75.3%; P � 0.001) (8). As the benefits of rapid antimicrobial
administration became evident, studies were designed to evaluate patient outcomes.
Perez and colleagues conducted a pre-post quasiexperimental study that evaluated 219
patients with Gram-negative BSIs and the impact of integrating rapid organism iden-
tification via MALDI TOF with AMS intervention. Similar to our data, their study
demonstrated significant reductions in the length of hospitalization (9.3 versus 11.9
days; P � 0.01) and health care costs ($26,162 versus $45,709 per patient; P � 0.009)
and nonsignificant reductions in the 30-day all-cause mortality rate (5.6% versus 10.7%;
P � 0.19) and the ICU LOS (6.3 versus 7.3 days; P � 0.05) in the intervention group (9).
In a subsequent study, Perez et al. evaluated the clinical outcomes for patients with
antimicrobial-resistant Gram-negative BSIs and found significant improvements in the

TABLE 2 AMS interventions

Intervention type No. (%) of interventionsa

Narrowed coverage 25 (33.3)
Discontinued therapy 24 (32)
Initiated/broadened coverage 15 (20)
Other 11 (14.7)

Total 75 (100)
aInterventions were accepted 88% of the time (n � 66).

TABLE 3 Primary endpoint outcomes

Category

Mean TTOT (h) � SD (n)

P value
Preintervention
(n � 126)

Intervention
(n � 126)

Overall 75.17 � 59.5 43.06 � 35.3 �0.001
Gram-positive infection 64.04 � 63.3 (43) 41.61 � 44.9 (35) 0.082
Gram-positive contaminant 48.21 � 37.1 (13) 11.75 � 23.7 (43) �0.001
Gram-negative infection 71.83 � 61.5 (59) 35.98 � 30.9 (46) �0.001
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hospital LOS (15.3 versus 23.3 days; P � 0.0001) and the ICU LOS (10.7 versus 16 days;
P � 0.008), as well as the 30-day all-cause mortality rate (8.9% versus 21%; P � 0.01),
indicating that AMS intervention is critical when streamlining therapy for MDROs (16).
Although it was not within the scope of the present study, several educational
opportunities were discovered when optimizing treatment for patients infected with
MDROs, particularly with regard to the treatment of beta-lactamase-producing organ-
isms and susceptibility report interpretation.

While this study did not show a significant decrease in TTOT for patients with
Gram-positive infections, we did note a trend toward faster optimization; of note, these
patients were often empirically treated with vancomycin, which is the optimal therapy
for many Gram-positive infections. Furthermore, despite a trend toward a shorter TTET,
we did not see a significant reduction, which may be partly due to several interventions
that ensure that patients receive rapid broad-spectrum therapy when presenting with
sepsis and partly due to a small sample size. When evaluating a large sample of 501
patients, Huang and colleagues found that integration of real-time AMS intervention
resulted in an improved TTET (20.4 versus 30.1 h; P � 0.021) and an improved TTOT
(47.3 versus 90.3 h; P � 0.001). Furthermore, clinical outcomes demonstrated a signif-
icant reduction in the all-cause mortality rate (20.3% versus 12.7%; P � 0.021), the ICU
LOS (8.3 versus 14.9 days; P � 0.014), and bacteremia recurrence (5.9% versus 2.0%; P �

0.038) and a nonsignificant reduction in the hospital LOS (11.4 versus 14.2; P � 0.066)
(10). Despite not having a significant reduction in the TTET, we did note a significant
reduction in the LOS in our study. A conceivable explanation for this may be that as a
result of early pathogen notification and subsequent provider-pharmacist discussion of
streamlining to optimal therapy, providers could confidently discharge patients earlier.

TABLE 4 Secondary endpoint outcomes

Outcome Preintervention Intervention P value

Mean TTET (h) � SD (n) 16.8 � 19.59 (113) 12.15 � 17.2 (83) 0.082

No. of in-hospital deaths from any cause/total no.
of patients (%)

Overall 12/116 (10.3) 15/123 (12.2) 0.805
Gram-positive infection 3/116 (2.6) 8/123 (6.5) 0.256
Gram-negative infection 6/116 (5.2) 7/123 (5.7) 0.860

Mean time (h) to microbiologic clearance � SD
Overall 55.07 � 45.6 42.49 � 46.2 0.059
Gram-positive infection 58.49 � 56.1 53.94 � 62.8 0.595
Gram-negative infection 51.13 � 31.2 34.51 � 26.5 �0.001

Mean hospital LOS (days) � SD
Overall 15.03 � 22.7 9.02 � 7.3 0.021
Gram-positive infection 14.64 � 10.5 10.31 � 7.89 0.002
Gram-negative infection 15.40 � 30.1 7.90 � 6.7 0.027

Mean ICU LOS (days) � SD
Overall 4.30 � 14.0 1.22 � 3.8 0.053
Gram-positive infection 1.43 � 4.2 1.32 � 3.5 0.846
Gram-negative infection 5.55 � 18.3 1.19 � 4.13 0.035

No. (%) of patients with recurrence of same
bacteremia

Overall 4 (3.5) 1 (1.2) 0.255
Gram-positive infection 0 0
Gram-negative infection 4 (3.5) 1 (1.2) 0.255

Mean length (days) of antimicrobial therapy � SD
Overall 18.57 � 11.95 15.93 � 11.11 0.117
Gram-positive infection 24.30 � 16.0 18.97 � 14.8 0.018
Gram-negative infection 14.25 � 5.5 13.20 � 4.5 0.156

Avg direct costsa $28,677 $15,784 0.010
aDifference between preintervention and intervention groups, $12,893. Projected annual cost savings, $6,291,784.
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Interestingly, this study demonstrated a trend toward a reduction in the duration of
antimicrobial therapy in the intervention group, with a significant reduction in the
duration of antimicrobial therapy for patients with Gram-positive infections. Although
the optimal length of therapy depends on the source of infection, a reduction in the
duration of treatment may be the result of faster optimization. In addition to reducing
the duration of therapy, our intervention significantly impacted early discontinuation of
unnecessary antimicrobials, a critical intervention particularly as the rise in antimicro-
bial resistance threatens public health. Nagel and colleagues evaluated patients with
coagulase-negative Staphylococcus-positive blood cultures. Consistent with our study,
their findings showed a significant reduction in unnecessary antimicrobial use (3.0
versus 4.4 days; P � 0.015) (11).

Although the present study demonstrated faster antimicrobial optimization, a
shorter LOS, and substantial cost savings, a significant difference between the mortality
rates of the preintervention and intervention groups was not observed. Clinical studies
evaluating larger sample sizes or narrowing their focus to MDROs did demonstrate
significant reductions in the mortality rate (10, 16). Perhaps we did not observe this
benefit because of our small sample size and broad inclusion criteria. Nonetheless,
facilities with ASTs are more likely to observe mortality rate benefits. In a recent
meta-analysis of 31 studies evaluating the effect of mRDT on clinical outcomes,
Timbrook and colleagues found that the risk of death was lower when mRDT was done
in facilities with ASTs providing intervention and not in facilities without ASTs, dem-
onstrating an overall positive impact of ASTs on the mortality rate (15). However,
literature evaluating the added benefit of AMS intervention alone is limited. The
present study aimed to evaluate this addition of AMS intervention and resulted in an
88% intervention acceptance rate. The high success rate is likely attributable to the
long-standing integration of clinical pharmacists within the institution. Specifically, our
institution has had one full-time equivalent (FTE) infectious diseases clinical pharmacy
specialist devoted to AMS-related activities for approximately 30 years. This pharmacist
is responsible for chairing the AST, program outcomes, and providing daily prospective
audit and feedback Monday through Friday. Despite the success, a challenge of this
study included de-escalating empirical therapy prior to susceptibility results because of
the perceived risk of MDROs regardless of antibiogram utilization.

Several limitations exist. This was a quasiexperimental study that utilized a conve-
nience sample and therefore lacked randomization. Patients were not matched, and
substantially more contaminants were present in the intervention group, although
these were excluded from the analysis of secondary outcomes. This study included a
small sample size, which may have contributed to a lack of difference in some of the
secondary outcomes, including the mortality rate. Confounding factors, including the
difference in the source of infection and other unaccounted for variables, cannot be
ruled out and may have impacted the observed outcomes. Another major limitation of
this study was the highly labor-intensive process, as this work was largely completed by
one individual. Interventions were made on the basis of real-time MALDI-TOF MS
results, and patients were evaluated via chart review or direct patient care before
sensitivity data became available. All interventions were made by a pharmacy resident
under the direct supervision of an infectious diseases clinical pharmacy specialist. For
this intervention to be sustained, an additional FTE infectious disease clinical pharma-
cist would need to be supported.

At study completion, a new laboratory process was implemented in response to
MALDI-TOF MS’s inability to detect resistance markers. Although patients with a history
of and risk factors for MDROs were carefully evaluated, absence of susceptibility data at
the time of organism identification made streamlining of therapy particularly challeng-
ing. Walker et al. demonstrated that detection of resistance markers via Verigene BC-GN
assay was valuable and optimized antimicrobial regimens faster, resulting in a signifi-
cantly shorter ICU LOS (16.2 versus 12.0 days; P � 0.03) and a decreased 30-day
mortality rate (19.2 versus 8.1%; P � 0.04), particularly for patients infected with
extended-spectrum beta-lactamase-producing bacteria (20). The significant cost sav-
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ings demonstrated in this study, as well as several others (8, 21, 22), may justify
obtaining additional technology with the ability to detect resistance markers in the
future. Meanwhile, susceptibility testing of bacterial dilutions made from 5-h cultures is
performed via Vitek 2, reducing the time to susceptibility determination by at least 12
h. As a quality control measure, a purity plate from each sample that undergoes
susceptibility testing is always set up since there is a possibility that the sample from
the 5-h culture is contaminated with other bacteria. Susceptibility results are not
released until purity plates are evaluated. Despite the aforementioned challenges, this
24-h microbiology laboratory initially purchased MALDI-TOF MS over other technolo-
gies, as it is more cost effective, fits well into the algorithms and workflows used for
organism identification, and requires no additional equipment or training. Coupled
with AMS intervention, MALDI-TOF MS further demonstrates a significant impact on
patient care.

Conclusion. This study demonstrated that combining rapid culture techniques and
MALDI-TOF MS with real-time AMS intervention consistently provided more favorable
outcomes than MALDI-TOF MS alone, highlighting the importance of real-time AMS.
These data should be factored into budgetary considerations when preparing for the
implementation of mRDT.

MATERIALS AND METHODS
Study design and patient population. This was a single-center, pre-post, quasiexperimental study

conducted in a 645-bed tertiary care teaching facility in a suburban setting. Adult and pediatric patients
admitted to hospital inpatient services during a 3-month period (November 2015 to January 2016) with
a positive blood culture identified via MALDI-TOF MS were included and compared to a control cohort
during the same 3-month period of the previous year (November 2014 to January 2015). Preintervention
patients were evaluated via retrospective chart review, while patients in the intervention group were
prospectively reviewed as cultures became positive without blinding. All of the positive blood cultures
of both groups during the study periods were included for review. Excluded were patients with active
BSIs who were transferred from outside hospitals and patients who expired before a blood culture result
was obtained.

Workflow procedures prior to intervention. The workflow prior to intervention was implemented
in 2012 when MALDI-TOF MS technology was purchased. Blood cultures were analyzed for the presence
of microorganisms via the BacT/Alert Microbial detection system (bioMérieux, Durham, NC), which
contains culture media with suitable nutritional and environmental conditions for the most common
organisms found in blood. Inoculated bottles are placed into the instrument (BacT/Alert 3D), incubated,
and continuously monitored for growth. Every 2 h, the BacT/Alert 3D is evaluated for culture positivity.
Once an organism is flagged as positive, a Gram stain is performed and results are posted in the patient’s
electronic medical record (EMR) and promptly called to the charge nurse. Blood agar plates were
preincubated in a 5% CO2 incubator at 35°C for 4 h prior to inoculation in the middle of the plate with
0.1-ml samples from positive blood culture bottles. Inoculated plates were incubated for 5 h in 5% CO2

at 35°C before bacterial growth on these plates was analyzed by MALDI-TOF MS (Vitek MS; bioMérieux).
Once the MALDI-TOF MS identification data are available, results are posted in the EMR but they are not
communicated directly to a health care provider.

New workflow and AMS interventions. Prior to initiating the new workflow, the AST developed a
comprehensive adult and pediatric blood culture and bacteremia guideline including indication for and
timing of blood cultures, methods of obtaining blood cultures, duration of incubation and organism
identification, interpretation of blood culture results, assessment of contamination versus true bactere-
mia, clinical pearls of BSI management, and organism-specific bacteremia treatment recommendations.
The assessment of contamination versus true bacteremia and organism-specific bacteremia treatment
recommendations can be found in Text S1 in the supplemental material. These guidelines were
presented to and approved by the AST and the pharmacy and therapeutics committee.

Positive blood cultures were evaluated by using the same microbiologic procedures prior to this
study. However, rather than passive verification of final culture results, a designated pharmacist was
responsible for receiving real-time notification of all blood culture-positive MALDI-TOF MS results via
pager 24 h a day, 7 days a week. Subsequently, this pharmacist promptly contacted the physician to
provide recommendations based on the AST-approved, evidence-based protocol. Pages received be-
tween the hours of 10:00 pm and 6:00 am were evaluated and triaged by the designated pharmacist;
however, with the exception of events requiring immediate attention, such as organism-antimicrobial
mismatches, overnight pages were addressed immediately the following morning prior to antimicrobial
administration.

Study endpoints. The primary outcome was TTOT, which was determined by the AST on the basis
of previously reported definitions (10). Optimal therapy was defined as the time from blood culture draw
to the time of most appropriate antimicrobial therapy administration on the basis of the bacteremia
guideline, patient-specific susceptibility, and source of infection. This included broadening coverage if
necessary, de-escalating therapy to the narrowest-spectrum antimicrobial, or discontinuing inappropri-
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ate or duplicative antimicrobial therapy. Optimal therapy for contaminants included discontinuation of
therapy, provided there was no other source of infection. Contaminants were adjudicated on the basis
of several AST-approved factors (see Table S1 in the supplemental material). Patients who were never on
optimal therapy were excluded from the TTOT analysis. Antimicrobial recommendations were based on
MALDI-TOF MS results and local, institution-specific resistance patterns for adult and pediatric patients
(see Tables S2 to S7). For true bacteremia only (i.e., contaminants excluded), the following secondary
endpoints were evaluated: the TTET, defined as the time from blood culture draw to the time of first
susceptible antimicrobial administration; the in-hospital all-cause mortality rate; the hospital LOS, the ICU
LOS; the time to microbiologic clearance; the length of antimicrobial therapy (including inpatient and
outpatient treatment durations); and the recurrence of bacteremia within 30 days of antimicrobial
discontinuation. The time to microbiologic clearance was not analyzed for patients without surveillance
cultures. Patients who expired were excluded from the analysis of LOS data. Financial data were
evaluated by the finance department by evaluating direct cost savings based on the LOS for all patients.

Statistical analysis. A sample size of 40 patients per group was needed to achieve 80% power at a
5% significance level with a true difference between the means of 1.50 and a standard deviation of 1.00,
and the equivalence limits are �2.00 and 2.00. Descriptive statistics were performed for all continuous
(mean � standard deviation) and categorical (number [percent]) data. All normally distributed contin-
uous variables were compared by using the Student t test, and all categorical variables were compared
by �2 analysis. Analyses were performed with SPSS for Windows, version 22.0 (SPSS Inc., Chicago, IL), and
a two-tailed P value of 0.05 was considered statistically significant.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/
JCM.02245-16.

SUPPLEMENTAL FILE 1, PDF file, 0.8 MB.
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