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Abstract

Background/Objectives: Bloodstream infections are among the most severe infectious
diseases, with mortality rates up to 25%. Delays as short as one hour in the diagnosis or ini-
tiation of the appropriate antimicrobial therapy can significantly worsen patient outcomes.
Methods: This retrospective study, in an Italian 900-bed hospital from January 2019 to
December 2024, evaluates the impact of a 24/7 reorganization of the clinical microbiology
laboratory, adding a night shift to ensure around-the-clock processing and introducing a
fast-track diagnostic pathway to prioritize the blood cultures from critically ill patients
(called urgent blood cultures) in terms of turnaround times for Gram staining, microor-
ganism identification, and resistance marker detection. Results: A total of 194,171 blood
cultures were processed. Following the implementation of the 24/7 model, the median
Gram stain turnaround time decreased from 4.46 to 1.40 h, microorganism identification
turnaround time decreased from 5.75 to 2.35 h, and resistance marker turnaround time
from 6.97 to 2.68 h. Significant reductions were observed especially during night shifts.
Urgent blood cultures yielded a higher positivity rate (16.22% vs. 13.04%) and included
the isolation of time-critical bacteria that can cause meningitis, such as Streptococcus pneu-
moniae. Conclusions: The continuous around-the-clock processing of blood culture and
prioritized blood cultures for critically ill patients significantly reduced reporting times,
particularly overnight. This model enhances early sepsis management and exemplifies how
tailored and precision microbiology, supported by strong interdisciplinary collaboration
and effective communication, can enhance earlier targeted antimicrobial treatment.

Keywords: blood culture; sepsis; 24/7 laboratory organization; critical patients

1. Introduction

Bloodstream infections (BSIs) are among the most severe infectious diseases, with
mortality rates ranging from 11% to 25% [1]. Even a one-hour delay in reporting results
and initiating or adjusting antibiotic therapy can negatively affect patient survival [1,2]. In
cases of sepsis, survival rates drop by 7.6% for every hour of delay in initiating appropriate
antibiotic therapy [2]. Sepsis guidelines recommend starting antimicrobial treatment within
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one hour for septic shock and within three hours for suspected sepsis without shock [3].
The early identification of high-risk patients using early warning scores (MEWS, NEWS,
NEWS-2, qSOFA) and continuous 24/7 blood culture processing are essential to prevent
diagnostic and therapeutic delays and improve patient outcomes [4].

Empirical broad-spectrum antimicrobial therapy in sepsis must be balanced against
the growing threat of antimicrobial resistance, highlighting the need for effective antimi-
crobial stewardship programs [5]. Blood cultures remain the gold standard for diagnosing
bloodstream infections [6]. The timely and accurate identification of pathogens and resis-
tance markers detection is crucial to optimize patient outcomes and antimicrobial use [7].
However these technical developments call for improvements in other steps including the
optimization of the pre-analytical parameters, the rapid start of incubation, reorganization
(e.g., 24/7 blood culture processing), and the close involvement of antimicrobial stew-
ardship teams to ensure the full use of these techniques in patient management. Indeed,
continuous-monitoring blood culture systems and rapid diagnostics have reduced the time
to results; however, the turnaround time still depends on laboratory organization [6,8,9].
Delays between culture positivity and diagnosis emphasize the importance of uninter-
rupted, 24/7 blood culture processing to avoid postponing critical therapeutic decisions.

Since 2012, a project aimed at improving sepsis management has been implemented at
our hospital, Fondazione IRCCS Policlinico San Matteo in Pavia (Italy), with progressive
steps introduced over time [10,11]. In 2015, blood culture incubators were placed in
the emergency room, in the infectious diseases ward and in the intensive care units to
reduce pre-incubation time [10,11]. Since 2019, an alert system to notify infectious disease
consultants has enabled real-time consultations for preliminary BC results, improving
antimicrobial stewardship programs. In 2020, a fast-track system was also introduced for
BCs collected from critical patients with suspected sepsis and/or septic shock (identified as
critical as MEWS > 3 or NEWS-2 > 5). These samples were flagged with a specific code—
urgent blood cultures (Urg-BC)—to differentiate and prioritize them for rapid processing.
Blood cultures were therefore managed 24/7 using an organizational model designed
to provide a fast and preferential route for positive samples identified as “urgent’. This
approach ensured diagnostic continuity and protected patient care, especially in septic
shock, where time is critical. A dedicated team with structured shifts, including night
coverage, a guaranteed uninterrupted around-the-clock workflow, and real-time response
at any time.

On the basis of these organizational interventions, the present study aimed to evaluate
the turnaround times (TATs) for Gram staining, microorganism identification, and resistance
marker detection in BCs over the six-year period following the implementation of 24/7
laboratory organization and a fast-track, preferential diagnostic pathway dedicated to BCs
from critical patients.

2. Results
2.1. Distribution of Positive Blood Cultures

From 1 January 2019 to 31 December 2024 (excluding the COVID-19 period from 1
January to 30 April 2020), a total of 194,171 BCbs were processed from 23,508 patients who
were hospitalized. Of these BCbs, 177,224 (91.27%) were Non-Urg-BCbs and 16,947 (8.73%)
were Urg-BCbs. A total of 115,131 (59.29%) BCbs were collected during daytime, while
the remaining 79,040 (40.70%) were collected during the night shifts. BCbs were collected
mostly in the intensive care units (ICUs) and in the emergency room (ER), accounting for,
respectively, 15.36% and 15.29% of the total, followed by the hematology (12.63%) and the
infectious diseases (ID; 9.66%) wards (Figure 1). At least half of the BCbs collected during
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the night shift were from the ER (18.19%), ICUs (14.79%), hematology (12.08%), and general
medicine (9.63%).
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Figure 1. Pareto chart of requested blood culture bottles from 1 January 2019 to 31 December 2024,
excluding COVID-19 period (1 January to 30 April 2020).

Urg-BCbs were collected mainly from patients admitted to the ICU and ER, at 34.44%
and 32.22% respectively. The remaining 33.44% of the Urg-BCbs were collected from
different wards.

During the study period, 25,858 (13.31%) BCbs tested positive, of which 23,109 were
Non-Urg-BCbs and 2749 were Urg-BCbs (13.04% and 16.22%, respectively, of the total num-
ber of requested Non-Urg-BCbs and Urg-BCbs, p < 0.001). The BCbs were flagged positive
a median of 14.09 [Q1-Q3: 10.29-19.38] h after incubation, with a BCb contamination rate
of 5.53%. The first encounter accounted for 10,340 of the BCbs (9086 Non-Urg-BCbs and
1254 Urg-BCbs). The percentages of BCbs that became positive during day and night were
comparable among the five periods and did not significantly differ (Figure 2). The median
percentage of BCbs flagged positive during the night was 54.56% [53.36-56.58] and 45.35%
[44.50-45.71] during the day.

2.2. Gram Stain Turnaround Time

In 2019 (period P1), when the CML operated 12 h per day, the median time from
BCb positivity to Gram stain result (Gram-TAT) was 4.46 [Q1-Q3: 1.79-8.27] h. However,
following the introduction of the night shift and transition to a 24/7 operational model
(period P2), the overall median Gram-TAT decreased significantly. Specifically, it declined
to 2.43 [1.40—4.18] h in P3 and further to 1.40 [0.94-2.38] h in P5 (Figure 3A and Table 1).
This decreasing trend in Gram-TAT was statistically significant during the study period
(p < 0.001), with an ry, = 0.42 [95% CI: 0.38-0.45] when comparing P2 to P5. Notably for
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BCbs that were flagged positive during night, the median Gram-TAT was 7.51 [5.06-10.06]
h in P1 and reached 1.74 [1.06-3.06] h in P5 (p < 0.001).

100
75
g
50 E
8
25
o O
=
E
o

100

75

50

25

0
P1 P2 P3 P4 P5

. Day positivity . Night positivity

Figure 2. Percentage of positive blood cultures during day and night, stratified by period (P1 to P5)
and type of blood culture (Non-Urg-BC and Urg-BC).

Table 1. Summary of time for Gram-TAT, ID-TAT, and Marker-TAT for overall and type of blood
culture (Non-Urg-BC and Urg-BC). Median time [Q1-Q3] is indicated in hours. Arrows indicate

the trend.
Gram-TAT ID-TAT Marker-TAT
Period Nor];—CUrg- Urg-BC Overall Nor];-CUrg- Urg-BC Overall Nm]‘;-(l;]rg- Urg-BC Overall
Pl 4.46 4.46 5.75 5.75 6.97 6.97
[1.79-8.27] [1.79-8.27]  [3.04-9.59] [3.049.59]  [3.63-11.05] [3.63-11.05]
P 2.96 2.04 2.77 4.05 2.72 3.91 5.71 491 5.59
[1.51-541]  [1.24-3.08] [1.46-5.21] [2.54-6.77] [2.15-4.42] [2.47-6.61] [3.39-7.73] [2.30-7.26] [3.35-7.73]
P3 2.5 2.01 2.43 3.49 3.06 3.41 3.69 2.96 3.61
[1.45-4.38]  [1.28-3.30]  [1.404.18]  [243-5.50] [2.57-5.08]  [2.44-5.50] [2.56-6.23] [2.33-5.39] [2.45-5.84]
P4 2.13 1.66 2.08 2.86 2.76 2.85 4.03 3.05 3.70
[127-4.00]  [1.09-2.89] [1.24-3.87] [2.12-4.89] [2.07-4.41] [2.11-4.83] [2.48-6.49] [2.43-3.94] [2.44-6.15]
P5 1.43 1.27 1.40 2.37 221 2.35 2.71 2.51 2.68
[0.94-2.48]  [0.89-1.98]  [0.94-238] [1.77-3.53] [1.60-3.18]  [1.76-3.42] [1.98-4.07] [1.79-3.61] [1.94-3.97]
Significant
trend 1 (p<0.001) | (p<0.001) | (p<0001) {(p<0.001) | (p<0.001) |(p<0.001) |(p<0001) |(p=003) | (p<0.001)

For Non-Urg-BCbs, the median hours for Gram-TAT decreased from 4.46 in P1 to
2.5hin P3 (p < 0.001; ryp, = 0.56 [95% CI: 0.53-0.58]). As shown in Figure 3B, the Gram-TAT
continued to decrease significantly in P4 and P5, reaching 1.43 h in the validation period
P5. The Gram-TAT of the Non-Urg-BCbs that became positive during the night decreased
from 7.51 [5.06-10.06] in P1 to 1.81 [1.08-3.17] h in P5, with the decreasing trend being
statistically significant (p < 0.001), as shown in Figure 3D.

For the Urg-BCbs during the study periods (P1 excluded), the median Gram-TAT was
1.44 [0.97-2.39], which was significantly lower than the 1.73 [1.05-3.18] h for Non-Urg-BC
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(p < 0.001). In P2, the Gram-TAT was 2.04 [1.24-3.08] and decreased to 1.27 [0.89-1.98] h in
the validation period, P5 (p < 0.001; ry, = 0.34 [95% CI: 0.24-0.44]) (Figure 3C). The Gram-
TAT of the Urg-BCbs that became positive during the night decreased from 2.37 [1.72-3.45]
h in P2 to 1.48 [1.00-2.29] h in P5, with the decreasing trend being statistically significant
(p < 0.001) (Figure 3E).
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Figure 3. Gram stain TAT during the five periods, divided by overall Gram stain TAT (A), Non-Urg-
BC stain TAT (B), Urg-BC Gram stain TAT (C), Non-Urg-BC Gram stain TAT based on positivity time
(day/night) (D), Urg-BC Gram stain TAT based on positivity time (E).

2.3. Gram Staining Results

Considering the total positive BCbs, Gram-positive cocci (GPC) accounted for 39.9%
(including BC contaminations), followed by Gram-negative bacilli (GNB) (36.32%), Gram-
positive cocci in chains (GPCC) (11.88%), fungi (7.08%) and polymicrobial flora (2.15%)
(Figure 4). In terms of the Gram stain result, no statistically significant difference was
observed in the percentage of fungi, Gram-positive cocci (GPC) and polymicrobial flora
among the five periods.

The GPC percentage was 40.37% for the Non-Urg-BCbs and 37.08% for the Urg-BCbs
(p = 0.03); the GNB percentage was 35.99% for the Non-Urg-BCbs and 38.68% for the
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Urg-BCbs (p > 0.05); the GPCC percentage was 11.89% for the Non-Urg-BCbs and 11.80%
for the Urg-BCbs (p > 0.05). Fungi accounted for 6.99% and 7.74% of the Non-Urg-BCbs
and Urg-BCbs, respectively (p > 0.05). Polymicrobial flora accounted for 2.18% and 1.91%
of the Non-Urg-BCbs and Urg-BCbs, respectively (p > 0.05).
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Figure 4. Gram stain classification of positive blood cultures during day and night, stratified by period
(P1 to P5) and type of blood culture (Non-Urg-BC and Urg-BC). GNB = Gram-negative bacilli, GPC =
Gram-positive cocci, GPCC = Gram positive cocci in chains. Values below 5% are indicated with *.

2.4. Microorganism Identification Turnaround Time

In cases where rapid identification was performed, the overall ID-TAT significantly
decreased from 5.75 (3.04-9.60) h in P1 to 2.35 (1.76-3.42) h in P5 (P1 vs. P5: p < 0.05;
ryp = 0.59 [95% CI: 0.54-0.63]), as shown in Table 1. In particular for BCbs that were
flagged positive during the night, the median ID-TAT was 8.71 [6.28-11.13] h in P1 and
2.35[1.68—4.00] h in P5 (p < 0.001).

For the Non-Urg-BCbs, the median ID-TAT in P1 was 5.75 [3.04-9.60], while, in P5, it
was 2.37 [1.77-3.53] h, which was a statistically significant decrease (p < 0.001; ry, = 0.55
[95% CI: 0.50-0.60]). The decreasing trend in the ID-TAT was especially observed for
BCbs that were flagged positive during the night, changing from 8.71 [6.28-11.13] in P1 to
2.41[1.70-4.21] hin P5 (p < 0.001). For those flagged positive during daytime, the median
time remained stable between 2.73 [2.05-3.55] in P1 and 2.37 [1.87-3.05] h in P5.

For the Urg-BCbs, the ID-TAT changed from 2.72 [2.15-4.42] in P2 to 2.21 [1.60-3.18]
h in P5 (p < 0.001 for the trend). Moreover, a significant decrease was observed for the
Urg-BCbs that were flagged positive during the night in P5 compared to all previous
periods (p < 0.001 for the trend). Conversely, ID-TAT remained unchanged for the Urg-
BCbs flagged positive during the day. The microorganisms isolated from positive blood
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cultures are shown in Table 2 and Figure 5. From this point onward, the BCBs identified as
contaminants were excluded from the analysis.

Table 2. Microorganisms isolated from Non-Urg-BCbs and Urg-BCbs.

Overall Non-Urg-BC Urg-BC
N %l/tot Pos BCs N %ltot Pos BCs N %ltot Pos BCs
(9176) (8078) (1098)
Escherichia coli 1492 16.26% 1284 15.90% 208 18.94%
Klebsiella pneumoniae 609 6.64% 534 6.61% 75 6.83%
Pseudomonas aeruginosa 331 3.61% 288 3.57% 43 3.92%
Enterobacter spp. 168 1.83% 144 1.78% 24 2.19%
Klebsiella spp. 144 1.57% 129 1.6% 15 1.37%
Salmonella spp. 24 0.26% 20 0.25% 4 0.36%
H. influenzae/N. meningitidis 14 0.15% 14 0.17% 0 -
Anaerobic Gram-negative 102 1.11% 93 1.15% 9 0.82%
Other Gram-negative 646 7.04% 565 6.99% 81 7.38%
Staphylococcus spp. 1727 18.82% 1552 19.21% 175 15.94%
Staphylococcus aureus 831 9.06% 744 9.21% 87 7.92%
Enterococcus spp. 624 6.8% 546 6.76% 78 7.1%
Viridans group streptococci 290 3.16% 261 3.23% 29 2.64%
Streptococcus pneumoniae 86 0.94% 72 0.89% 14 1.28%
Streptococcus agalactiae 31 0.34% 24 0.3% 7 0.64%
Streptococcus pyogenes 22 0.24% 16 0.2% 6 0.55%
Listeria spp. 13 0.14% 10 0.12% 3 0.27%
Anaerobic Gram-positive 74 0.81% 64 0.79% 10 0.91%
Other Gram-positive 260 2.83% 220 2.72% 40 3.64%
Candida spp. 704 7.67% 609 7.54% 95 8.65%
Polymicrobial BCbs 984 10.72% 889 11.01% 95 8.65%

100

75

6.65%
14.34% B2ELS
4.94% 23.41%

25

< <& S) N &
¢ s o ¢ 5
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& ©
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|| candida spp. [ Escherichia coli [ Polymicrobial BChs
Enterobacter spp. . Klebsiella pr i Pseud: aerugi Viridans group streptococci
|| Enterococcus spp. | Klebsiella spp.

. Staphylococcus spp.

Staphylococcus aureus

Figure 5. Percentage of the microorganisms most frequently isolated from BCs in five representative
wards. Values below 2% are indicated with *.
2.5. Microorganism Identification Results

GPC were the most frequently isolated bacteria, with Staphylococcus spp. accounting
for 18.82% of the BCbs, including Staphylococcus aureus (9.06%) and Enterococcus spp. repre-
senting 6.8%. Gram-negative bacteria accounted for 38.47% of all isolates, with Escherichia
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coli being the most prevalent species (16.26%). Fungi were isolated in 7.67% of the cases
and polymicrobial flora in 10.72% (Table 2 and Figure 5).

In the main five medical areas (ER, general medicine, general surgery, ICUs, and ID)
in our hospital, E. coli (39.60%) was the most frequently isolated microorganism in the
ER, Candida spp. in the ICU (22.09%), S. aureus in the infectious diseases ward (23.41%),
and polymicrobial infections in general surgery (20.19%) (Figure 5). Notably, Streptococcus
pneumoniae was isolated more frequently from Urg-BCbs (1.28%) than from Non-Urg-BCbs
(0.89%). Overall, BCbs positive for bacteria that can cause meningitis (i.e., S. pneumoniae, N.
meningitidis, and Haemophilus influenzae) were equally positive during night and day.

2.6. Resistance Markers Turnaround Time

The overall Marker-TAT significantly decreased from 6.97 [3.63-11.05] in P1 to 2.68
[1.94-3.97] hin P5 (p < 0.05; 13, = 0.60 [95% CI: 0.51-0.67]), see Table 2. For the Non-Urg-
BCbs, the median Marker-TAT significantly decreased from 6.97 [3.63-11.05] in P1 to 2.71
[1.98-4.07] h in P5 (p < 0.05; ryp, = 0.58 [95% CI: 0.49-0.65]). Moreover, for Non-Urg-BCbs
that were flagged positive during the night, Marker-TAT significantly decreased from 7.18
[5.54-8.63] in P2 to 2.85 [1.86-5.53] h in P5. For the Urg-BCbs, Marker-TAT decreased
from 4.90 [2.30-7.26] in P2 to 2.51 [1.79-3.61] in P5; however, no statistical significance
was observed.

2.7. Resistance Marker Identification

Finally, considering the GNB resistance markers in the five periods, the percentage
of extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae was stable over
time (18.40-27.59%), while carbapenem-resistant Enterobacterales (CRE) increased after
the first wave of the COVID-19 pandemic from 3.23% in P2, reaching 18.97% in P3 and
stabilizing in P4 and P5 (7.98% and 10.9%) (Figure 6).

100

75
53.45

69.16

7258 73.62
R 50
27.59
25 24.53
26.17 18.4
24.19
18.97
4.67 798 e
: 323
0
P1 P2 P3 P4 P5

WT ESBL CRE

Figure 6. Percentage of blood cultures with no markers (wildtype), extended-spectrum beta-lactamase-
producing Enterobacterales (ESBL) and carbapenemase-producing Gram negative bacilli (CRE).
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3. Discussion

The prompt recognition and treatment of sepsis are essential, as mortality associated
with septic shock increases by approximately 7% for every hour of delay in initiating
appropriate antimicrobial therapy [12,13]. Rapid microbiological diagnosis, encompassing
pre-analytical, analytical, and post-analytical, must be efficient to enable timely identifica-
tion and response [5,14,15].

Starting in May 2020, the clinical microbiology laboratory was reorganized with
expanded staff capacity and the introduction of night shifts, enabling the 24/7 processing
of BCs. From that date onward, clinicians have also been able to request urgent BCs, which
were identified with a specific code to be recognized and processed with priority, in order to
accelerate the diagnosis for patients with sepsis at higher risk of death. This reorganization
and the implementation of urgent BC processing allowed a reduction in the analytical
turnaround time (TAT) for BCs, measured as Gram-TAT, ID-TAT, and Marker-TAT, during
both daytime and night-time hours.

During the study period, approximately 13% of the collected BCbs were positive, and
over half of these (54%) showed positivity during night-time hours. At the start of the
observation period (P1), the median Gram-TAT for BCbs flagged positive during the night
was approximately 8 h. By period P5 (P5), this had decreased to 1.27 h for BCbs classified
as urgent and 1.48 h for non-urgent BCbs, values that were comparable to those observed
in period 4 (P4), indicating consistency of performance over time.

The Gram staining results play a crucial role in the management of patients with sepsis
and can be associated with decreased patient mortality [16-18]. In particular, the association
between prompt Gram stain reporting and reduced mortality is mainly mediated by
faster clinical decision-making at the bedside. An early Gram stain can immediately
suggest the likely pathogen group and morphology, allowing clinicians to quickly refine
empirical therapy (escalation/de-escalation). This earlier guidance can reduce the time
to the administration of appropriate antimicrobials, improve patient management, and
support antimicrobial stewardship. In this study, the improved Gram stain turnaround
time achieved through the 24 /7 workflow likely contributed to the faster communication of
actionable microbiological data. Cattoir and colleagues evidenced that about one-third of
positive blood cultures led to antibiotic initiation or switch based on the Gram stain result,
mostly due to the presence of Gram-positive stains or yeasts [19]. In our study, Gram-
positive bacteria accounted for 43.13% of the total, followed by Gram-negative bacteria
(38.47%), and yeasts (7.67%).

Recent advances in rapid microorganism identification and antimicrobial susceptibility
testing have substantially reduced TATs [20-23]. By the end of period 5, microorganism
identification and major resistance mechanisms were available within a median time
of less than 3 h after blood culture positivity, corresponding to a median of 17 h from
blood culture collection. During this time, critical bacteria that can cause meningitis (e.g.,
Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae) and yeasts such
as Candida spp. were also identified, underlining the need for a fast processing pathway
for BCs and the communication of the results at all hours [24,25] (see Table 2). This rapid
workflow is particularly relevant given the increasing prevalence of multidrug-resistant
organisms, especially among Gram-negative bacteria in the post-COVID-19 era [26-28].

Given that clinical decision-making relies on laboratory data, enhancing the speed
and accuracy of these results can influence treatment pathways and patient outcomes [20].
Shorter intervals between BC collection and communication of results have consistently
been linked to reduced mortality [16,29]. Earlier microbiological information allows the
faster initiation or optimization of targeted antimicrobial therapy, more rapid de-escalation
from broad-spectrum empirical treatment, and quicker clinical decisions in patients with
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sepsis or bloodstream infection. Our data showed a process improvement, with a marked
reduction in turnaround times after implementation of the 24/7 workflow and fast-track
pathway, with Gram stain, identification, and resistance-marker reporting becoming sub-
stantially faster over time. As the onset of sepsis during night shifts is associated with longer
antimicrobial therapy delays and higher mortality compared with the day shifts [30,31], ef-
forts were made to prioritize the processing of positive BCbs during night shifts, especially
for Urg-BCs requested for critical patients.

Urg-BCs represented roughly 10% of all BCs collected in the study period. Urg-BCs
were mainly collected from the ER and ICU, and their prevalence remained stable over
time. The Urg-BC positivity rate was higher than that of non-Urg-BCs, at 16% versus 13%,
respectively. For example, S. pneumoniae-positive BCs were more frequent among Urg-BCs.
The Urg-BC concept can be seen as a form of tailored medicine: it signals to CML personnel
the critical status of a patient, allowing them to prioritize processing and deliver rapid
results. The timely communication and active, rapid action by clinicians are essential for
effective sepsis management [32]. At the beginning of this reorganization, only Urg-BCs
were processed during night shifts; however, in P5, all blood cultures were processed
overnight, resulting in a reduction in TATs for all BCs.

This study has a potential limitation due to the lack of available outcome data, such
as mortality and length of stay, since these parameters were not systematically recorded
during the study period and therefore could not be included in the present analysis.
These operational improvements can be directly integrated into hospital antimicrobial
stewardship programs, where rapid laboratory data are used to trigger structured review
and the adjustment of antibiotic regimens, thereby enhancing both patient-level outcomes
and antimicrobial resistance control. In the future, this model could be combined with
other emerging rapid diagnostic technologies, offering an around-the-clock framework
to enhance the management of sepsis and bloodstream infections and to strengthen the
quality of care and antimicrobial stewardship programs.

4. Materials and Methods

The Fondazione IRCCS Policlinico San Matteo (Pavia, Italy) is a 900-bed tertiary-care
teaching hospital recording about 28.000 hospitalizations per year. When sepsis/bacteremia
was suspected in adult patients, two or three sets of blood culture bottles (BCbs) were
collected, as recommended by CLSI guidelines [2,33]. Each specimen should contain at
least 10 mL of blood, resulting in a total recommended volume of 40-60 mL.

4.1. Definitions

Blood culture (BC) was defined as two or three sets of blood culture bottles (BCbs),
including aerobic and anaerobic bottles, collected from the same patient on the same day.

Urgent blood culture (Urg-BC) was defined as BCbs collected from patients identified
as critical as MEWS > 3 or NEWS-2 > 5 [34,35]. These BCs were labeled with a specific code
when the sample was accepted into the laboratory’s operating system. Software connected
to the laboratory information system (LIS) stored the information and alerted the personnel
on duty through an automated phone call in case of BC positivity.

Non-urgent blood cultures (Non-Urg-BC) were BCbs collected for non-critical patients.

Time to detection (TTD) was the time elapsed between BCb incubation and positivity.

First encounter was the BCb with lower TTD among the BCbs collected from each
patient within the same day considering Gram stain type.

Gram stain turnaround time (Gram-TAT) was the time elapsed between the positivity
of BCb and the Gram staining result.
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Microorganism identification turnaround time (ID-TAT) was the time elapsed between
BCb positivity and microorganism identification.

Resistance marker turnaround time (Marker-TAT) was the time elapsed between the
BCb positivity and the identification of antibiotic resistance markers.

BCb contamination: Coagulase-negative staphylococci, aerobic and anaerobic diph-
theroids, Micrococcus spp., Bacillus spp., and viridans streptococci were considered contami-
nants when a single BCb was positive. The isolate was reported as a probable contaminant,
and susceptibility testing was not performed [2,36].

4.2. Study Design

This retrospective study considered BCbs collected from 1 January 2019 to 31 December
2024, excluding those from the first wave of the COVID-19 pandemic (1 January to 30 April
2020), as routine laboratory workflows were significantly disrupted during this period.
Starting from January 2020, a fast-track and preferential diagnostic pathway dedicated
to Urg-BC was introduced. In the same period, all personnel—including those from the
virology, mycology, and parasitology units—were trained to handle positive BCbs during
both day and night shifts. Throughout the entire study period, BCbs were incubated 24/7.
Positive BCbs were processed during the operating hours of the clinical microbiology
laboratory (CML), which changed over the course of this study, as detailed in Figure 7.

Non Urg-BCs started to be
processed during night shift

‘ Introduction of Urg-BCs

Urg-BC and Non Urg-BC were

Non Urg-BCs were Urg-BCs were processed processed during day and night
processed only during day and night shift shift
during day shift l A
. A
| | | | | i
P1 P2 P3 P4 P5
Date 1 January 2019 1 May 2020 1 November 2020 1 May 2021 1 May 2022
(from-to) 31 December 2019 31 October 2020 30 April 2021 30 April 2022 31 December 2024
CcML 12H(8a.m. 8 p.m.) 24H 24H 24H 24 H
organization 7/7 days 7/7 days 7/7 days 7/7 days 7/7 days

Figure 7. Schematic timeline of study periods from period 1 (P1) to period 5 (P5) and relative clinical
microbiology laboratory organization.

In detail, positive BCbs were processed during the operating hours of the clinical
microbiology laboratory (CML) following this scheme:

e Period 1 (P1): from 1 January 2019 to 31 December 2019, baseline period. CML
organization was 7 working days a week, operating from 8 am to 8 pm.

e  Period 2 (P2): from 1 May 2020 to 31 October 2020. Introduction of night shifts in CML
organization and of Urg-BC. CML organization was 24/7. All BCbs were processed
during the daytime (from 8 am to 8 pm). Urg-BCbs were also processed during the
night shift (from 8 pm to 8 am).

e  Period 3 (P3): from 1 November 2020 to 30 April 2021. BCb processing was imple-
mented during the night shift. CML operated 24/7. All BCbs were processed during
the daytime; Urg-BCbs were also processed during the night shift. Non-Urg-BCb
processing was gradually introduced during the night shift as personnel training
was implemented.

e  Period 4 (P4): from 1 May 2021 to 30 April 2022. Integration of complete activity
into the overall process of improvement in sepsis diagnosis. All personnel completed
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the training, enabling all BCbs (Urg-BCbs and Non-Urg-BCbs) to be handled equally
during both day and night shifts.

e  Period 5 (P5): from 1 May 2022 to 31 December 2024, validation period. In this period
we evaluated whether the results of the previous periods were maintained over time.

4.3. Laboratory Workflow

BCbs were incubated within 2 h of collection at BACTEC EX (Becton Dickinson and
Company, Franklin Lakes, NJ, USA), located in the CML, or in BACTEC FX 40, located
in the Emergency Room, Infectious Diseases ward and Intensive Care Unit. When a BCb
flagged positive, Gram-staining was immediately performed; the result was recorded in the
laboratory information system (LIS) and promptly communicated by phone to the ward
physician. Concurrently, the BCb was plated on appropriate agar media, as indicated by
internal procedures.

Rapid identification was guided by the Gram stain result, in accordance with labora-
tory protocols. In case of Gram-negative bacilli (GNB), Gram-positive bacilli (GPB) and
Gram-positive cocci in chains (GPCC), identification was achieved by Matrix Assisted Laser
Desorption Ionization-Time of Flight (MALDI-ToF) mass spectrometry (Bruker Daltonik,
Bremen, Germany). In the case of Gram-positive cocci (GPC), the coagulase test was used
to identify Staphylococcus aureus.

When polymicrobial flora or yeasts were observed, a multiplex PCR syndromic panel
(FilmArray Blood Culture-2 Panel BioFire diagnostics LLC, Salt Lake City, UT, USA) was
used in order to identify the microorganisms involved and their resistance marker.

Following rapid identification, resistance markers for Enterobacterales were assessed
using either a molecular Xpert® CARBA-R assay (Cepheid, Sunnyvale, CA, USA) or
an immunochromatographic test for carbapenemase production (NG-Test CARBAS5, NG
Biotech Laboratoire, Guipry, France). For the detection of CTX-M-type extended-spectrum
B-lactamases (ESBLs), an NG-Test® CTX-M Multi (NG Biotech Laboratoire, Guipry, France)
was used. In the case of Enterococci, Molecular Xpert® vanA/vanB (Cepheid, USA)
was used to detect vancomycin resistance. For Staphylococci, methicillin resistance was
evaluated using a molecular MRSA /SA Blood Culture assay (Cepheid, USA).

4.4. Data Processing and Statistical Analysis

All data used in this study were extracted from the LIS, which recorded all BCbs
submitted to the CML. Both positive and negative BC bottles were included in the analysis.
First-encounter BCb was considered in the analysis, and BCbs identified as contamination
according to CLSI guidelines were excluded [2,36].

Continuous variables (Gram-TAT, ID-TAT, Marker-TAT) are reported as medians with
interquartile ranges (Q1-Q3). Comparisons of variable distributions across different study
periods were performed using the Kruskal-Wallis test, followed by Dunn’s post hoc test
with Bonferroni’s correction. To estimate effect size, we performed the rank eta-squared
test followed by the Rank-Biserial Correlation (r,;,) to find differences between two groups.

To assess whether there was a monotonic decreasing trend in Gram-TAT and ID-TAT
across the five consecutive periods, we applied Kendall’s rank correlation test (alternative
hypothesis “less”) with periods treated as ordered time points. Within each period, the
comparison of Non-Urg-BC and Urg-BC regarding continuous variables was performed
using the Wilcoxon rank-sum test.

Categorical variables are presented as absolute counts and percentages. Proportions
were compared using the chi-squared (x?) test or the binomial test when only two categories
were present. To assess whether the proportions of each Gram stain result varied across
periods, we performed a proportion test. The significance level was assumed to be 0.05.
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5. Conclusions

The reorganization of our clinical microbiology laboratory led to the establishment of
a fully integrated, around-the-clock system for processing BCs. With this rapid and prefer-
ential workflow for positive blood cultures designated as ‘urgent’, rapid communication
protocols, and advanced diagnostic technologies, we have enhanced our hospital’s capacity
to respond to sepsis both promptly and effectively.

This model exemplifies how tailored and precision microbiology, supported by strong
interdisciplinary collaboration and effective communication, can enhance earlier targeted
antimicrobial treatment. This approach not only reinforces antimicrobial stewardship
but also lays the groundwork for future innovation in the real-time diagnosis of life-
threatening infections.
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