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ABSTRACT The rapid identification of blood culture isolates and antimicrobial sus-
ceptibility test (AST) results play critical roles for the optimal treatment of patients
with bloodstream infections. Whereas others have looked at the time to detection in
automated culture systems, we examined the overall time from specimen collection
to actionable test results. We examined four points of time, namely, blood specimen
collection, Gram stain, organism identification (ID), and AST reports, from electronic
data from 13 U.S. hospitals for the 11 most common, clinically significant organisms
in septic patients. We compared the differences in turnaround times and the times
from when specimens were collected and the results were reported in the 24-h
spectrum. From January 2015 to June 2016, 165,593 blood specimens were col-
lected, of which, 9.5% gave positive cultures. No matrix-assisted laser desorption ion-
ization–time of flight (MALDI-TOF) mass spectrometry was used during the study pe-
riod. Across the 10 common bacterial isolates (n � 6,412), the overall median
(interquartile range) turnaround times were 0.80 (0.64 to 1.08), 1.81 (1.34 to 2.46),
and 2.71 (2.46 to 2.99) days for Gram stain, organism ID, and AST, respectively. For
all positive cultures, approximately 25% of the specimens were collected between
6:00 a.m. and 11:59 a.m. In contrast, more of the laboratory reporting times were
concentrated between 6:00 a.m. and 11:59 a.m. for Gram stain (43%), organism ID
(78%), and AST (82%), respectively (P � 0.001). The overall average turnaround times
from specimen collection for Gram stain, organism ID, and AST were approximately
1, 2, and 3 days, respectively. The laboratory results were reported predominantly in
the morning hours. Laboratory automation and work flow optimization may play im-
portant roles in reducing the microbiology result turnaround time.
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The consensus guidelines for managing patients with bloodstream infections specify
a collection of blood cultures before the initiation of empirical antibiotic therapy

and a de-escalation to the most appropriate therapy as soon as the pathogen identi-
fication and antimicrobial susceptibility profile are known (1). The value of blood
cultures is emphasized by the observation that empirical antibiotic therapy is fre-
quently inappropriate and associated with increased morbidity and mortality, pro-
longed hospitalizations, and associated increased hospital costs (2–7). A decrease in the
time between the collection of blood cultures and the reportable results is associated
with a reduced time to optimal therapy, improved patient outcomes, and decreased
hospital costs (8–15). One method to decrease the time to actionable results is to
eliminate the needs to subculture positive blood culture bottles and incubate the
subculture plates overnight before the identification and susceptibility tests are per-
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formed. Variable results have been reported for processing positive blood culture
broths directly (16–20). These variable results are a function of the organism identity
(e.g., there is better success with Gram-negative rods than with Gram-positive cocci)
and the methods used to concentrate the organisms and standardize the test inoculum;
however, it is now generally accepted that the direct testing of positive blood culture
broths can be performed successfully (21–23). A further reduction in the time to
accurate identification of blood culture isolates is obtained by processing positive
blood culture broths directly using matrix-assisted laser desorption ionization–time of
flight (MALDI-TOF) mass spectrometry (24–27).

Quantitative data regarding current microbiological culture processes and the time
needed for clinicians to obtain the results from the specimen collection are scarce.
Savinelli et al. (28) reported that the delays in reporting positive blood cultures were
significantly impacted by laboratory staffing, and a recent survey across five centers in
Italy revealed that the turnaround time for blood culture results was significantly
influenced by laboratory workflow practices (28, 29). In this study, we examined blood
culture turnaround times (TATs) for three actionable results: Gram-stain, microorganism
identification (ID), and antimicrobial susceptibility tests (ASTs).

(The preliminary data were presented in part at the European Congress of Clinical
Microbiology and Infectious Diseases 2017 and ASM Microbe 2017.)

MATERIALS AND METHODS
Data. We used the BD Insights research database (30, 31) of Becton, Dickinson and Company

(Franklin Lakes, NJ) to analyze deidentified microbiological data that were electronically captured from
13 acute care hospitals in the United States. The microbiological data were captured as part of
automated hospital-wide infections surveillance. The numbers and sizes of the study hospitals were 1
small (�100 beds), 8 medium (100 to 300 beds), and 4 large (�300 beds) hospitals. One was an academic
medical center and 12 were nonacademic centers. Six hospitals performed identifications and antibiotic
susceptibility tests with Vitek 2 (bioMérieux, Hazelwood, MO), six hospitals used MicroScan (Beckman
Coulter, Brea, CA), and the method used by one was unknown at the time of the study. No hospital
identified organisms routinely with MALDI mass spectrometry. The study protocol was approved by the
New England Institutional Review Board/Human Subjects Research Committee (Wellesley, MA) and
conducted in compliance with the Health Insurance Portability and Accountability Act (HIPAA).

Definition of TAT. We examined three blood culture TATs: (i) from blood specimen collection to the
first Gram stain report, (ii) from specimen collection to the first organism ID, and (iii) from specimen
collection to the first AST. We compared the differences in TATs for the 11 (10 bacterial species and 1
aggregated fungal species) most common, clinically significant organisms in septic patients, based on
the literature (32, 33) and by examining the frequency distribution from this study. Among the 10
bacterial species, we combined categories with lower frequencies for further statistical analysis. We also
examined the time from when the specimens were collected and the results were reported in the 24-h
spectrum.

Statistical analysis. We conducted descriptive statistical analysis by using the �2 test to compare the
rate differences, with a two-tailed P value of �0.05 designated as a significant difference. The data were
analyzed using SAS V9.4 (SAS Institute Inc., Cary, NC).

RESULTS

From 1 January 2015 to 30 June 2016, 165,593 blood specimens were collected, of
which 9.5% resulted in positive cultures. The 10 most common and clinically important
bacterial isolates (n � 6,412) accounted for 76.5% of the overall isolates (Table 1).
Among the bacterial isolates, 61.5% (3,945/6,412) were Gram positive and 38.5%
(2,467/6,412) were Gram negative. Approximately 6.2% of the overall isolates (516/
8,383) were yeasts and 17.4% (1,455/8,383) were polymicrobial mixtures. They were
included in this analysis for comparative purposes. The proportions of bacterial isolates
tested for antimicrobial susceptibility ranged from 58.8% (Staphylococcus aureus) to
73.0% (Escherichia coli), with no yeast isolates tested (Table 1).

The median (interquartile range) turnaround times for bacterial isolates from spec-
imen collection were 0.80 (0.64 to 1.08), 1.81 (1.34 to 2.46), and 2.71 (2.46 to 2.99) days
for Gram stain, organism ID, and AST, respectively (Table 2). The average turnaround
times differed by the type of organism for all three measures (all P � 0.001) (Fig. 1). The
detection of growth and initial Gram-stain reports were earliest with Streptococcus spp.
(average of 0.74 days) and Escherichia coli (average of 0.92 days) and longest with
Candida spp. (average of 2.23 days). The Gram stain results for polymicrobial mixtures
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were intermediate at 1.22 days on average. The average TAT ranged from 1.45 (Strep-
tococcus spp.) to 4.64 (Candida spp.) for ID and from 2.71 (E. coli) to 3.51 (polymicrobial
mixtures) days for the AST results (Fig. 1).

Compared to those for smaller hospitals (�300 beds), larger hospitals (�300 beds)
had slightly shorter Gram stain turnaround times for E. coli, K. pneumoniae, and
Enterococcus and shorter organism ID times for E. coli and Pseudomonas aeruginosa (all
P � 0.05), but this pattern was not consistent across organisms (data not shown).

The distributions of blood specimen collection times and culture result reporting
times are presented in Fig. 2. A low baseline of blood specimen collections occurred
throughout the 24-h period, with approximately 5% of the specimens collected each
hour from 09:00 to 22:00. In contrast, the laboratory reporting times were more

TABLE 1 Major organisms and antimicrobial susceptibility test distribution

Major organism No. (%) of isolates

Antimicrobial susceptibility
testing

n %

Bacteria 6,412 (76.5) 4,166 65.0
Gram positive

Staphylococcus aureus 2,690 (32.1) 1,583 58.8
Streptococcus agalactiae, S. pneumoniae, S. pyogenes 688 (8.2) 420 61.0
Enterococcus faecalis, E. faecium 567 (6.8) 383 67.5
Sum 3,945 (47.1) 2,386 60.5

Gram negative
Escherichia coli 1618 (19.3) 1,181 73.0
Klebsiella pneumoniae 462 (5.5) 326 70.6
Pseudomonas aeruginosa 202 (2.4) 140 69.3
Proteus mirabilis 185 (2.2) 133 71.9
Sum 2,467 (29.4) 1,780 72.2

Fungi
Candidaa 516 (6.2) 0 0.0

Polymicrobial 1,455 (17.4) 888 61.0

Total 8,383 (100.0) 5,054 60.3
aCandida species with the highest frequencies included C. albicans, C. krusei, C. parapsilosis, and C. tropicalis.

TABLE 2 Laboratory turnaround time for the most common organisms

Major organism
No. (%) of
isolates

Turnaround time (days) (median [IQRa])

Gram stain
(n � 8,024)

Organism identification
(n � 8,383)

Antimicrobial
test (n � 5,054)

Bacteria 6,412 (76.5) 0.80 (0.64–1.08) 1.81 (1.34–2.46) 2.71 (2.46–2.99)
Gram positive

Staphylococcus aureus 2,690 (32.1) 0.89 (0.72–1.20) 1.62 (1.00–1.95) 2.79 (2.55–3.10)
Streptococcus agalactiae, S. pneumoniae,

S. pyogenes
688 (8.2) 0.67 (0.59–0.79) 1.50 (0.80–1.78) 2.68 (2.45–2.90)

Enterococcus faecalis, E. faecium 567 (6.8) 0.82 (0.69–1.07) 1.62 (0.87–1.99) 2.90 (2.62–3.20)
Gram negative

Escherichia coli 1,618 (19.3) 0.70 (0.58–0.97) 2.45 (1.91–2.73) 2.61 (2.37–2.86)
Klebsiella pneumoniae 462 (5.5) 0.77 (0.61–1.13) 2.44 (1.92–2.77) 2.57 (2.26–2.84)
Pseudomonas aeruginosa 202 (2.4) 0.82 (0.65–1.18) 1.96 (1.57–2.61) 2.67 (2.51–2.88)
Proteus mirabilis 185 (2.2) 0.95 (0.81–1.37) 2.14 (1.79–2.81) 2.83 (2.63–3.00)

Fungi
Candidab 516 (6.2) 1.98 (1.38–2.87) 3.76 (2.84–5.10) NAc

Polymicrobial 1,455 (17.4) 0.99 (0.74–1.48) 1.69 (1.09–2.34) 3.10 (2.70–3.89)

Overall 8,383 (100.0) 0.85 (0.66–1.27) 1.83 (1.34–2.55) 2.76 (2.49–3.12)
aIQR, interquartile range.
bCandida species with the highest frequencies included C. albicans, C. krusei, C. parapsilosis, and C. tropicalis.
cNA, not available.
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concentrated between 6:00 a.m. and 11:59 a.m. for Gram stain (43%), organism ID
(78%), and AST (82%) results (P � 0.001), with the peak number of all reports between
7:00 and 8:59 a.m. (Fig. 3). When examining by hospital, 10 of the 13 hospitals reported
Gram stain results throughout the 24-h period, and three hospitals reported these
results only during the day shift (see Table S1 and Fig. S1 in the supplemental material).
Organism ID results were reported throughout the 24-h period by only four hospitals
(see Table S2 and Fig. S2). No hospital reported AST results throughout the 24-h period
(see Table S3 and Fig. S3).

DISCUSSION

On average, hospital microbiology laboratories in this study took approximately 1
day from the time of specimen collection to obtain Gram stain results, 2 days to identify
organisms, and 3 days to report antimicrobial susceptibility results. Previous studies
have found that empirical antibiotic therapy is frequently inappropriate, which leads to
increased risks for morbidity and mortality, prolonged hospitalizations, and incremental
costs (2–8). The recognition of the delays in the availability of microbiological results
presents an opportunity for improvement in the care of patients with bloodstream
infections. Slow turnaround times for blood culture results were observed despite the

FIG 1 Average turnaround time by organism.

FIG 2 Distribution of blood culture result reporting times.
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availability of rapid identification directly from positive blood culture broths (e.g.,
MALDI mass spectrometry and spot biochemical tests) and rapid AST results with
automated susceptibility platforms such as Vitek and Phoenix. It is interesting that six
of the hospitals used the Vitek system for ID and AST, but despite the potential
availability of early results, the TATs were similar to those observed for the other six
hospitals using MicroScan systems. It is unclear to what extent the 13 hospitals in this
study have adopted other advanced technologies or fully implemented the technolo-
gies to maximize their benefits.

Although some new technologies may be viewed as expensive, the cost of their
adoption may be much lower than the costs associated with delayed appropriate
antimicrobial treatment of septic patients. In addition to the adverse impact of
inappropriate empirical treatment on patient outcomes, a prolonged use of broad-
spectrum antimicrobials is a known risk factor associated with the development and
spread of antimicrobial-resistant organisms. Recent studies have shown that anti-
microbial infections resulted in a larger net loss for hospitals, exceeding $10,000 per
case for multidrug-resistant P. aeruginosa infection (34) or carbapenem-resistant
infections (35), compared to that for infection cases with the same pathogens
without antimicrobial resistance. Furthermore, the Centers for Medicare and Med-
icaid has implemented a policy that financially penalizes hospitals that have higher
than expected nosocomial infections associated with antibiotic use, such as C.
difficile infections (36). All these excess burdens to patients and hospitals call for
early identification of organisms and AST status, which enables targeted appropri-
ate antimicrobial therapy to reduce the clinical and financial burdens as well as the
antimicrobial resistance risk.

Our finding that organism ID and AST reporting are heavily concentrated in the
morning hours indicates that the reporting of the blood culture results is aligned
with workflow practices. In theory, the results of Gram stains, ID, and ASTs should
have a distribution that parallels the collection time for blood cultures. Although we
do not know the exact operational hours of the 13 laboratories, 10 of the 13
hospitals reported Gram stain results throughout the day, evening, and night hours,
albeit with a high concentration in the morning hours (Fig. 2 and 3; see also Fig. S1
and Table S1 in the supplemental material). In contrast, ID or AST results were
reported infrequently during the 10-h period from 18:00 to 04:00 (Fig. 3), with 9

FIG 3 Hourly frequency distributions of blood culture result reporting times.
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laboratories reporting almost no ID and all 13 almost no ASTs during this period of
time (Fig. 2S and 3S and Table 2S and 3S). Thus, the majority of laboratories
apparently had 24-h staffing sufficient for performing and reporting Gram stains but
did not appear to use this staffing for reporting ID or AST results. This points to an
opportunity to modify laboratory workflow processes by prioritizing the identifica-
tion of positive blood culture isolates and the reporting of AST results. Although
this benefit can be maximized by the adoption of technologies such as MALDI-TOF
mass spectrometry for organism identification and rapid AST methodologies, an
improved TAT of results could also be realized by modifying workflow practices
using the existing laboratory technologies.

Limitations. Our study hospitals included small, medium, and large hospitals,

including one academic teaching hospital and 12 nonteaching hospitals. This might
lead to more robust findings than an analysis of a single center, but it did not represent
national hospital characteristics. Further investigation on the differences in types of
hospitals, such as academic versus nonacademic and rural versus urban, using a larger
number of hospitals may shed more light on the microbiology laboratory process in the
United States. Given that 12 of 13 sites in our study were confirmed to not use
MALDI-TOF mass spectrometry, our study results might more likely represent a con-
ventional testing environment. Future studies should expand the scope of sites to
directly assess the impact of the new technology. Although the documentation of
current practices with a larger and more diverse data set may be useful, we believe the
main value of this study is by challenging microbiologists to look critically at their
workflow practices and seek ways to reduce delays in reporting results. The adoption
of new rapid technologies and automation can provide opportunities for workflow and
reporting improvements, but significant improvements can be made with adjustments
in the priorities of processing critically important specimens such as positive blood
cultures.

Another limitation of our study is that we were unable to depict comprehen-
sively the technology and staffing and shift policy, such as night and weekend
coverage, or determine if each hospital was using an onsite microbiological labo-
ratory or processing in a reference laboratory; hence, we were not able to analyze
the underlying contributing factors for the turnaround time delays. However, even
without depicting the underlying causes, the TAT results reported in this study
might still stimulate the readership to assess their own practices and workflow
priorities. In fact, half of the laboratories used a rapid automated platform for ID and
AST and still demonstrated significant delays in the time to reported results. This
points to the need for integrated process improvement.

Despite these limitations, the consistent findings in this subset of U.S. hospitals are
likely to be more broadly applicable. Indeed, laboratory directors may want to review
their operational practices and, if they find similar processing delays, look for oppor-
tunities to streamline the transfer of the most clinically impactful diagnostic informa-
tion in a timely manner.

Conclusion. The average turnaround times from specimen collection for Gram stain,

organism ID, and AST in this study were approximately 1, 2, and 3 days, respectively.
The laboratory results were reported predominantly in the morning hours. An inte-
grated laboratory workflow optimization and adoption of technological innovations
such as MALDI-TOF mass spectrometry, rapid AST platforms, and further laboratory
automation will play important roles in reducing the microbiology result turnaround
time.

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/JCM
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