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Introduction

Bacteremia is a major cause of sepsis, being the source of 
30%-40% of sepsis cases. Although bacteremia is often 
caused by gram-positive organisms, gram-negative organ-
isms do play a role as well.1 Delays in appropriate therapy 
and inappropriate empiric treatment have shown to increase 
patient mortality.2-4 Quick administration of appropriate 
antimicrobial therapy is crucial to the survival of patients. 
The increasing spread of multidrug-resistant (MDR) bacte-
ria and the potential for multiple resistance mechanisms to 
simultaneously be present creates complex challenges and 
has led to the increased use of broad-spectrum antibiotics.5 
These unnecessarily broad regimens can not only increase 
selection of MDR strains in the hospital, thereby increasing 
mortality, but are also associated with higher costs, espe-
cially when utilizing carbapenems while awaiting final cul-
ture results.6 Use of rapid molecular technology improves 
patient outcomes by providing the information to stream-
line patients from empiric antibiotic coverage to targeted 

treatment in a more efficient time frame than waiting for the 
traditional culture and sensitivity results.7

A rapid molecular diagnostic test (MDT) is used to iden-
tify several different organisms and their genetic resistance 
markers. The software used for this study identifies 4 differ-
ent genera (Acinetobacter, Citrobacter, Enterobacter, and 
Proteus), 4 species (Escherichia coli, Klebsiella oxytoca, 
Klebsiella pneumoniae, and Pseudomonas aeruginosa), and 
6 different resistance genes (CTX-M, IMP, KPC, NDM, 
OXA, and VIM). The sensitivity is greater than 92% and 
specificity is greater than 99% for identification of gram-
negative bacteria and genetic resistance markers.8 
Conventional methods require extended time periods due to 
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the need for subculture, identification, and susceptibility 
testing while a rapid MDT provides the option for identifica-
tion of the organisms and resistance within hours.9 For refer-
ence, Figure 1 provides a timeline comparison of the rapid 
MDT assay versus traditional blood culture workflow.

Dodémont et al. evaluated the performance of the rapid 
MDT assay for accuracy and reliability. After assessing 125 
positive blood cultures, 116 of the cultures were monomi-
crobial while only 9 were polymicrobial. The rapid MDT 
assay showed 99% and 83.3% accuracy for monomicrobial 
and polymicrobial, respectively. No misidentification 
occurred when assessing the organisms, and only 3 results 
were reported as false negatives.10 Kim et al. also evaluated 
the performance of the rapid MDT assay. This study was 
able to assess 150 different gram-negative organism sam-
ples. Of these, 146 were monomicrobial and 138 were iso-
lates that the rapid MDT assay was able to detect. When 
looking at the results from the organisms that the rapid 
MDT assay could potentially identify, all but one of the 
detected isolates were correctly identified (137 out of 138 
isolates).9 Hill et  al. assessed 51 different gram-negative 
organisms, and the rapid MDT was able to correctly iden-
tify all 51 cultures. The assay was also able to correctly 
identify all 14 carbapenemase resistance mechanisms that 
were present.11 The promising results from these studies 
prove that the rapid MDT results can provide opportunities 
for earlier interventions to promote improved patient out-
comes. The purpose of this study was to assess the impact 
of a pharmacist-driven rapid MDT assay protocol.

Methods

Study Design

This was a single-center quasi-experimental, 1-group pre-
test-posttest design. It was conducted by chart review in a 
community hospital, evaluating the impact of pharmacists 
before and after an intervention was made. Data were 

collected from patient charts and de-identified, so informed 
consent was not required. This research was determined to 
be exempt from institutional review board oversight consis-
tent with West Florida Healthcare and in accordance with 
institutional policy.

Patients

Hospitalized adult patients were included in this study if 
they had a gram-negative blood culture with one of the fol-
lowing organisms detected: Escherichia coli, Klebsiella 
oxytoca, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Acinetobacter spp., Citrobacter spp., Enterobacter spp., or 
Proteus spp. Patients were excluded if they were discharged 
or expired prior to culture results or if the patient had a 
mixed infection. Patients were still included if they had 
mixed infections from a contaminant or if the blood culture 
grew a gram-positive organism prior to a gram-negative 
organism (rapid MDT assay could not be ran on the sam-
ple). Cultures were deemed contaminated based on clinical 
judgement and documentation of the provider. Mixed flora, 
patient presentation, and discordant growth between multi-
ple cultures were specifically considered when determining 
whether a contaminant was present.

Study Design

The 2 cohorts included a pre-protocol implementation 
group (Group A) and a post-protocol implementation group 
(Group B). Group A patients were admitted between January 
1, 2019, and June 30, 2019. Group B patients were admitted 
between September 7, 2020, and February 28, 2021. Data 
collected for each patient included patient demographics, 
length of hospital stay, intensive care unit (ICU) placement, 
Gram stain results, rapid MDT results, date of first empiric 
antibiotic received, date of targeted antibiotic received, 
mortality, antibiotic allergies, and acceptance rate of phar-
macist interventions.

Figure 1.  Rapid molecular diagnostic testing timeline.
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The rapid MDT for gram-negative organisms was imple-
mented in November 2019. The rapid MDT assay is per-
formed on all blood cultures that show gram-negative 
organism(s) identified on Gram stain review. Assay results, 
which are available in approximately 2 hours, are relayed to 
a pharmacist and documented. Once informed of the results, 
pharmacists communicate with the physician to ensure that 
the patient is on the most appropriate antibiotic. A specially 
trained Antimicrobial Stewardship (AMS) pharmacist is 
available during the weekdays to respond to results. If the 
AMS pharmacist is not available (afterhours, weekends, or 
holidays), the result is called to an alternative pharmacist on 
duty. Prior to implementation of the rapid MDT, an AMS 
pharmacist was responsible for responding to all positive 
blood cultures in Group A. Figure 2 shows the workflow of 
a positive blood culture.

Appropriate Antibiotic Choices

In order to train all pharmacists, several educational ses-
sions were provided. These educational sessions explained 
the new RDT process, reviewed the guidance document, 
and provided patient case examples with potential interven-
tions. The guidance document was developed using the 
genus, species, and resistance markers of different organ-
isms detected by the rapid MDT as well as data from the 
hospital’s antibiogram. The patient case examples consisted 
of likely situations and interventions; for example, in a 
patient with gram-negative bacteremia on meropenem, 
when the laboratory calls the pharmacist and reports the 
MDT result of Escherichia coli with no resistance markers, 
the pharmacist will review the patient’s full history and if 
deemed appropriate (based on comorbidities, patient aller-
gies, concurrent infections, likely source of bacteremia, 

etc.) will contact the provider to change from empiric cov-
erage with a carbapenem to an appropriate antibiotic choice, 
which would be a third-generation cephalosporin based on 
our guidance document.

The definition of targeted antibiotic was different 
between the 2 cohorts. Targeted antibiotic in the pre-inter-
vention cohort was defined as the narrowest antibiotic based 
on culture and sensitivity data as well as patient allergies, 
determined by pharmacist chart review. Targeted antibiotic 
in the post-intervention group was defined in the rapid 
MDT guidance document by using the results of local anti-
biogram data as well as resistance data provided by the 
rapid MDT result.

Endpoints

The primary endpoint was the time from first dose of 
empiric antibiotic to the first dose of the targeted antibi-
otic. Secondary endpoints include length of hospital stay, 
time to organism identification, and number of interven-
tions made by pharmacists. For the purpose of this study, 
the time to organism identification was defined as the 
time from positive Gram stain to the time of final culture 
for the pre-implementation group or rapid diagnostic test 
for the post-implementation group, as documented in the 
electronic medical record.

Data Analysis

Demographic data were analyzed using the χ2 test. Results 
were analyzed using Kruskal-Willis and χ2 tests. A statisti-
cian analyzed the data using Statistical Analysis System 
(SAS) version 9.4 software. P values less than 0.05 were 
considered to be significant.

Figure 2.  Blood culture result pathway. Abbreviation: AMS, Antimicrobial Stewardship.
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Results

The demographic data are shown in Table 1. There were no 
significant differences between the 2 groups. Although 
there was a greater percentage of females in the pre-imple-
mentation group, it was not statistically significant.

The primary outcome of this study was found to be statis-
tically significant between the 2 cohorts as seen in Table 2. 
Patients in the post-implementation group were started on 
targeted antibiotics approximately 10 times faster than in the 
pre-implementation group.

The secondary outcomes can be found below the pri-
mary in Table 2. For secondary outcomes, average length of 
stay, ICU admission, time to Gram stain result, pharmacist 
interventions, and number of interventions accepted were 
similar in both groups.

Discussion

Multiple studies have evaluated the use of rapid MDT, but 
very few have assessed the impact that pharmacists can have 
on patient outcomes when using the results. Claeys et  al. 
evaluated the use of a treatment algorithm developed by 
AMS pharmacists for appropriate antibiotic use based on the 
results of the rapid MDT assay results. This study was able to 
determine that the use of a treatment algorithm lead to 88.4% 
of patients receiving appropriate antibiotic care versus only 
78.1% receiving appropriate antibiotics.12 Bork et al. discov-
ered a decreased use of the broad-spectrum antibiotics and an 
increased use of a more narrow option when analyzing the 
use of rapid MDT results on antibiotic usage.3 This study pro-
vides data showing that the use of the rapid MDT gives phar-
macists opportunities for de-escalation and more appropriate 

antibiotic usage. Cosgrove et al. and Holtzman et al. deter-
mined that rapid diagnostics can have little to no difference 
when implemented without an AMS program.13,14 Wenzler 
et al. also discussed the ability of rapid MDTs to be one the 
most powerful AMS interventions when used in conjunction 
with an AMS program.15 These studies support the need for 
pharmacist involvement when using rapid diagnostic 
technology.

Based on our study results, the use of rapid MDT com-
bined with pharmacist intervention improved average time 
to targeted antibiotic therapy by approximately 40 hours. 
This study agreed with Claeys et al. showing that the use of 
an AMS-derived treatment algorithm can lead to improved 
use of targeted antibiotics in a shorter time frame.12 
Additionally, this study confirmed the importance of utiliz-
ing an established algorithm plus pharmacist involvement 
when assessing rapid diagnostic results in gram-negative 
bacteremia. As mentioned earlier, in the studies by Cosgrove 
et al. and Holtzman et al., the absence of an algorithm and/
or AMS guidance actually reduces the clinical benefits of 
using rapid MDT technology.13,14 Heyerly et al. also found 
that rapid identification combined with pharmacist inter-
vention improved time to optimal antibiotic therapy. 
Although this study had a longer time to optimal antibiotic 
therapy compared with our study (8.4 hours vs 4.4 hours, 
respectively), both studies had a significantly shorter time 
to optimal therapy when utilizing rapid MDT results.16 
Gawrys et al. also found similar results in their study with a 
decrease in time to optimal therapy when utilizing rapid 
MDT in conjunction with pharmacist involvement.17 Porter 
et al. specifically evaluated the use of the rapid MDT in a 
community hospital. Their findings were also in agreement 
with the result of this study and the multiple studies 

Table 1.  Patient Demographics.

Demographic Pre-group (n = 77) Post-group (n = 80) P

Female (%) 48 (62.3) 38 (47.5) 0.0619
Age ± SD (years) 67.7 ± 18.1 72.6 ± 14.8 0.1621
Weight ± SD (kg) 82.3 ± 23.2 83.1 ± 28.7 0.8855

Table 2.  Primary and Secondary Outcomes.

Pre-group (n = 77) Post-group (n = 80) P

Primary outcome  
  Average time to targeted antibiotic (hours ± SD) 44.8 ± 17.8 4.4 ± 5.8 <0.0001
Secondary outcomes
  Average length of stay (days ± SD) 5.7 ± 3.1 6.7 ± 5.2 0.4244
  ICU admission (%) 27 (35.1) 22 (27.5) 0.3065
  Average time to gram stain result (hours ± SD) 16.9 ± 6.9 17.8 ± 5.8 0.0725
  Pharmacist interventions/opportunities (%) 26/54 (48.2) 15/21 (71.4) 0.069
  Interventions accepted (%) 23/26 (88.5) 12/15 (80) 0.5452

Abbreviation: ICU, intensive care unit.
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presented above show the importance of utilizing rapid 
MDT results along with pharmacist involvement.18

Although not statistically significant (P = 0.069), there 
was a greater percentage of interventions in the post- 
implementation group than in the pre-implementation group 
(71.4% vs 48.2%, respectively). Of note, there were not as 
many opportunities for interventions in the post-implemen-
tation group as patients were already on the targeted antibi-
otic therapy. The rapid MDT process was new to all 
members during the assessment of the pre-intervention 
cohort, and data analysis proved that accurate notes were 
not provided on each patient with a rapid MDT result. Due 
to this, in some cases, it was difficult to track if interven-
tions were caused by the pharmacist or the provider, which 
could lead to a falsely low intervention rate.

Strengths of this study include a standardized approach to 
antibiotic choices based on rapid MDT assay results and 
availability of pharmacists 24 hours a day for 7 days a week. 
Limitations of the study included small sample size (less than 
100 patients in each group), inconsistent documentation on 
pharmacist interventions, and the process of documentation 
of interventions changed since the beginning of the study. 
Also, the cohorts were assessed at different times of year as 
the pre-implementation group was assessed from January to 
June, while the post-implementation group was assessed 
from September to February and could have led to seasonal 
differences. The gap in time that occurred between the pre-
implementation group and the post-implementation group 
was simply due to logistics in the protocol and policy imple-
mentation, as well as staff education. At one point during the 
time frame for the post-intervention cohort, reagent for the 
rapid MDT ran out, which could have delayed some of the 
results of the rapid MDT. The delay in result could have led 
to increased time to targeted antibiotic therapy.

Conclusion

The use of rapid MDT combined with pharmacist interven-
tion resulted in a statistically significant decrease in the 
time to targeted antibiotic therapy. Further studies need to 
be performed with accurate pharmacist documentation to 
determine the true pharmacist impact. Also, it would be use-
ful to analyze the cost difference between the 2 cohorts to 
determine if there could be any cost benefit to the pharma-
cist interventions combined with rapid MDT.
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