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auras été présente a chacun de mes grands évenements de vie, au-dela du quotidien initial de la
coloc, puis du quotidien de tags sur photos, memes ou posts WhatsApp quand les kilométres nous

ont séparés. Merci d’avoir été la et de continuer a I'étre, et merci d’étre toi.

Cocotte : On s’est connu au tout début de nos études respectives, et des centaines de soirées folles
ont suivi, avec des millions de photos, de plumes, de paillettes, et autant de moments chers, qui

continueront en dépit des aléas.

A mes parents : Je peux affirmer sans aucun doute que je ne vous dis jamais assez merci. Merci pour
votre éducation et pour votre amour qui ont fait de moi la personne que je suis. Merci pour votre
soutien, a tous niveaux, qui m’a permis d’en arriver a ce jour. Merci d’étre resté les parents idéaux

dans ma vie adulte. Je vous aime, et ¢a aussi, je ne le dis pas assez. J'espére vous rendre fiers.

s

Et a toi mon cceur, mon amour: Tu as été a mes cOtés a travers |'externat, 'ECN, l'internat et
maintenant la thése ; nous venons de nous promettre de passer nos vies ensemble, et je te remercie
pour tout 'amour que tu me prodigues, tous les jours. Merci de m’avoir supporté, encouragé, de

m’avoir aidé a prendre du recul et a profiter des bonnes choses quand il le fallait. Je t'aime.
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Et puis bon, merci a moi aussi, apres tout, c’est quand méme avec mes petites mains et ma grosse

téte que tout ¢a s’est fait. J’en aurai perdu pas mal de dioptries et de cheveux, mais je pourrai dire :

I did it.
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LISTE DES ABREVIATIONS

AST: antibiotic susceptibility testing

ATB: antibiotic

BC: blood culture

BSI: blood stream infection

CAT: change in antibiotic therapy

ESBL: extended spectrum beta-lactamase

ICU: intensive care unit

IQR: interquartile range

IS: immunosuppressive

LOS: length of stay

Maldi-ToF MS: Matrix assisted laser desorption ionization time-of-flight mass spectrometry
MRSA: methicillin-resistant staphylococcus aureus
PREI: pre-intervention period

POSTI: post-intervention period
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CLINICAL IMPACT OF AROUND THE CLOCK
PROCESSING OF BLOOD CULTURES
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ABSTRACT

Background: Rapid microbial identification is pivotal in order to adapt antibiotic treatment and
ensure its efficacy in bloodstream infections. We aimed to evaluate the clinical impact of an
uninterrupted around the clock processing of blood cultures on antibiotic prescription and patient

outcome.

Methods: Monomicrobial episodes of bacteremia were retrospectively evaluated over two four-
month periods (pre and post-intervention), before and after a continuous 24/7 workflow system was
implemented in our clinical microbiology laboratory. Species identification was performed by mass
spectrometry directly on positive blood cultures. Primary outcome was the time from specimen
collection to the first change in antibiotic therapy (CAT), defined as initiation, discontinuation,
addition or switch occurring after detection of bacterial growth. Secondary outcomes were the time
from specimen collection to efficient antibiotic therapy (defined as at least one molecule with in vitro
activity on the causative pathogen), the time from collection to bacterial growth detection, to
pathogen identification, and to antibiotic susceptibility testing results. Hospital length of stay and all-

cause mortality at 30 days following bloodstream infection onset were also evaluated.

Results: 548 episodes of bacteremia in 515 patients were included in the final analysis. Mean time to
CAT was reduced by 10.4 hours in the post-intervention group (POSTI, p<0.001). Mean time until
efficient antibiotic therapy was reduced by 4.8h in POSTI (p<0.001) when empirical treatment was
lacking or ineffective. The time from specimen collection to bacterial growth detection was reduced
by 3.4h (p<0.001), the time to pathogen identification by 6.9h (p<0.001), and the time to
susceptibility testing results by 5.1h (p=0.006) in POSTI. There was no difference in hospital length of
stay between the two groups. At 30 days, 30 patients had died in PREI vs 23 in POSTI (p=0.5).

Conclusion: Around the clock processing of blood cultures allows for a faster change in antibiotic

therapy and hastens the time to efficient antibiotic therapy prescription.
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INTRODUCTION

Bloodstream infections (BSI) represent a significant healthcare burden, with nearly 2 million episodes
annually in North America and Europe combined (1), and are associated with high mortality rates,
ranging from 20% to over 50% in case of septic shock (2,3). One of the main risk factors for mortality
in BSI is the delay between sepsis onset and first administration of an effective antibiotic, with a
suggested 7.6% mortality increase per hour without appropriate antibiotic therapy (4,5). While most
clinical presentations of BSI will warrant the initiation of an empirical antibiotic therapy, optimal
antibiotic prescription remains dependent on microbiological findings. The gold standard for
microbial identification is the incubation of blood cultures, which allows bacterial growth detection;
then, Gram staining represents the first clue towards definitive pathogen identification. Historically,
conventional identification techniques subsequently implied overnight subculture, followed by
antibiotic sensibility testing, resulting at best in a 48-hour timeframe until complete results were
available (6). In order to ensure the fastest effective antibiotic treatment, rapid and efficient
identification methods are required, especially considering the added ecological impact of

maintaining broad-spectrum empirical antibiotic therapy for longer than necessary (7).

In recent years, clinical microbiology laboratories have managed to optimize their performance in
this regard through the widespread use of new identification techniques (8). Matrix-assisted laser
desorption ionization time-of-flight mass spectrometry (Maldi-ToF MS) has notably emerged as one
of the essential tools in micro-organism identification, with a high degree of specificity and sensitivity
(9). Moreover, direct use of Maldi-ToF MS on positive blood cultures has been repeatedly evaluated,
showing a success rate of up to 90%, with an accuracy of over 99%, especially for gram-negative
pathogens (10-13). This rapid identification technique decreases the turnaround time compared to
traditional procedures, foregoing altogether the subculture-induced 24-hour delay, which in turn
may allow for a reduction in the time to efficient and optimal antibiotic prescription. Indeed, Vlek et
al. found an 11.3% increase in effective antibiotic therapy in the first 24 hours after blood culture
collection, following a 28.8-hour reduction in turnaround time (p=0.01) thanks to early pathogen
identification (14). Additionally, Clerc et al. found in a prospective study that direct Maldi-ToF
identification led to a modification of empirical therapy in 35.1% of cases, versus 20.8% after Gram
staining without species identification (15). Decreased costs and hospital length of stay can also be
expected, as Perez et al. showed an estimated 2.4-million-dollar annual reduction following a 5.3

days’ decrease in hospital stay (p=0.002 and 0.008, respectively) with batch-wise direct Maldi-ToF MS
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identification (16). Their study also showed a reduction in mortality in case of gram-negative

bacteremia (8.9 vs 21.0%, p=0.01).

Still, as most clinical microbiology laboratories operate on a scheduled timeline, only specific and
limited samples are processed during night-time or on weekends. Typically, blood cultures are loaded
in the incubators during “working hours”, and positive samples are processed during the same
period. This can lead to a prolonged delay through every step of the identification technique, with
possible consequences on patient care or even on mortality. Indeed, Schneiderhan et al. found that
60% of blood cultures turned positive outside regular duty hours (17). After specimen collection,
time to positivity during incubation can already be reduced by continuous loading of incubators, as
was shown by Kerremans et al., with an overall 10.1-hour reduction in turnaround time (p<0.001)
(18). Around-the-clock processing of blood cultures therefore seems to be the next step in improving
laboratory efficiency, with a reduced timeframe for microbial growth detection and full identification
(19). There are however limited data on the clinical impact of continuous processing of blood

cultures.

In this study, we aimed to evaluate the impact of around-the clock sample processing of blood

cultures on antibiotic prescription, patient mortality and hospital length of stay.



22

METHODS
Study design

This study was a single-center retrospective analysis of two identical periods of time, in a 1600-bed
tertiary care teaching hospital in Nice, France: first, from July 1* to October 31* 2016, before the
laboratory was opened 24 hours a day, hereafter referred to as the pre-intervention period (PREI);
then, from July 1* to October 31* 2017, after the practice change was implemented, hereafter

referred to as the post-intervention period (POSTI).

During PREI, the laboratory was fully staffed between 8 a.m. and 6.5 p.m.; then, after 6.5 p.m., the
reduced on-call staff only processed cerebrospinal fluid samples and malaria tests in a dedicated area
close to the emergency room. The laboratory itself was technically closed from 6.5 p.m. to 8 p.m.;
blood cultures were not loaded in the incubators (BACT/alert® automated system) during this
timeframe and positive samples (as per the BACT/alert® notifications) were only processed in the
morning. During POSTI, following an increase in on-call personnel, the laboratory was opened non-
stop. Regarding blood cultures, loading in incubators was performed continuously, and Gram staining
of positive samples was immediately realized following growth detection through incubator alerts. As
for species identification, an in-house method for direct same-day use of Maldi-ToF MS (Bruker®) on
positive incubating blood cultures was locally evaluated, approved and defined as standard
procedure in June 2016. Consequently, after the 24-hour workflow was implemented in 2017, batch-
wise identification via Maldi-ToF MS was performed during the nightshift in addition the dayshift
series. Likewise, antibiotic susceptibility testing was performed directly from the index positive
sample in both periods. Finally, the first available information regarding pathogen species
identification was given by the microbiologist to the caregiver, by phone, along with advice regarding
antibiotic therapy and infection source investigation, either between 8 a.m. and 6.5 p.m. in PREI or
24 hours a day in POSTIL. There was an on-call physician on every ward, who could prescribe or

change antibiotic therapy if necessary.

Data collection

All positive blood cultures drawn on a date that fell within either one of the study periods were
evaluated. Only first episodes of monomicrobial bloodstream infections in patients aged over 18
were included. First episodes referred to bacteremia occurring in a patient without any previous
positive blood culture in the past seven days. Polymicrobial bacteremia was defined as the isolation
of two or more micro-organisms during the same episode. Coagulase-negative staphylococci as well
as environmental contaminants were not included, nor were all fungi-associated bloodstream

infections, blood cultures referred from outside facilities, or false-positive signals from BACT/alert®
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notifications (absence of micro-organism upon culture). Patients were ultimately excluded if they
were transferred to another hospital after specimen sampling, if they were treated as outpatients or
if they died before the first results of the index blood culture were available. Absence of
comprehensive data regarding timing of antibiotic prescription and/or of blood culture sampling (i.e.
absence of evaluable timeframe) also led to an exclusion from the final analysis.

Data regarding patients’ age, sex, ward of care, intensive care requirement, immune competence,
hospital length of stay, underlying infection, setting of infection (community acquired or nosocomial),
as well as the nature and timing of systemic antimicrobial agents prescribed, were extracted from
patients’” medical records and the hospital common prescription software (Clinicom®, Metavision®
and Orbis®). Immunodeficiency included HIV infection, ongoing chemotherapy, cytotoxic agents,
corticosteroids (at a dosage of 7.5 mg or more of prednisolone daily), or any other
immunosuppressive agents prescribed within 1 month of infection onset. Underlying infections were
classified as genito-urinary, respiratory, catheter-related, endocarditis, bone and joint infection
following surgery, intra-abdominal or cutaneous. Infections were considered nosocomial if they were
hospital-acquired (bacteremia occurring over 48 hours after admission, with no prior sign of
infection) or healthcare-related (bacteremia following any kind of medical or surgical procedure or
treatment). Empirical therapy referred to any systemic anti-infective agent prescribed prior to the
first available microbiological result. Bloodstream infection onset was considered as the collection
time of the index positive blood culture.

Data regarding causative pathogen, antibiotic susceptibility, the time of specimen collection, the time
of arrival at the laboratory and loading in the incubator, the time of bacterial growth detection, the
time of species identification, and of complete antibiotic susceptibility testing results, were extracted

from the laboratory information software (Glims®).

Outcomes

Primary outcome was the time from specimen collection to the first change in antibiotic therapy
occurring after detection of bacterial growth. Changes included antibiotic initiation, or, in case of
empirical therapy, addition of a new drug, switch to a different regimen, discontinuation of one or

more drugs (if multiple antibiotics were initially prescribed), or complete antibiotic discontinuation.

Secondary outcomes included all-cause in-hospital patient mortality at 30 days following
bloodstream infection onset, hospital length of stay, and the time from collection to effective
antibiotic therapy. Treatment was considered effective when the causative pathogen was susceptible
in vitro to at least one prescribed antimicrobial agent, as per the antibiotic susceptibility testing

results. Additionally, the laboratory’s performance in regard to pathogen identification was
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evaluated, through several time intervals: the time from blood culture draw to sample loading into
the incubator; the time to positivity, defined as the time from specimen collection to bacterial
growth detection through BACT/alert® notification; the time to pathogen species identification by
Maldi-ToF MS; and finally the turnaround time, defined as the time from specimen collection to

antibiotic susceptibility testing results.

Statistical analysis

Results for continuous variables are expressed as means with standard deviation or as medians with
interquartile range (IQR) when not normally distributed, and for categorical variables as absolute
number with percentages between brackets. Summary data were calculated using a Student’s t test
(normal distribution) or Mann-Whitney U test (skewed distribution) for continuous variables and by
chi-square or Fisher test for categorical variables. Analyses were performed with use of the R®

software (R foundation for Statistical Computing).
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RESULTS
Study population

The flowchart illustrating the evaluation and inclusion process is presented in Figure 1. A total of
1817 positive index blood cultures were evaluated. Eventually, 548 bloodstream infection episodes
were included in the final analysis: 277 in PREI and 271 in POSTI, representing 264 and 251 patients
in each study period. There was no difference between the two groups regarding patient
characteristics. Overall, patients were mostly male (54.0%), with a mean age of 70.7 + 17.7 years, and
were treated in majority on medical wards (83.4%). Immunodeficiency was present in 22.1% of
patients and 53.6% of episodes were community-acquired. The most frequent underlying infection
involved the urinary tract, accounting for 36.1% of episodes. Patient and episode characteristics are

summarized in Table 1.

PREI: July— October 2016
2303 positive blood cultures

1431 subsequent positive BC
within one episode

Notincluded: 532
Contaminant, fungi or false
positive (389)
Polymicrobial bacteremia (67)
Pediatric patients (9)

BC from another facility (45)
ATB prescription on paper (22)

Excluded: 63
LOS <24 H [37)
Patient death preceding first
results (16)
Missing Data (10)

872 episodes of
bacteremia evaluated

W

340 episodes included

Wy

277 episodes analyzed
(264 patients)

POSTI : July— October 2017
2740 positive blood cultures

1795 subsequent positive BC
within one episode

Notincluded : 591
Contaminant, fungi or false
positive (407)
Polymicrobial bacteremia (107)
Pediatric patients (9)

BC from another facility (48)
ATB prescription on paper (20)
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945 episodes of
bacteremia evaluated
\
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N\
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354 episodesincluded
\
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271 episodes analyzed
(251 patients)

Excluded: 83
LOS < 24 H [54)
Patient death preceding first
results (13)
Missing Data (16)

Figure 1. Flowchart of bloodstream infections included in both study periods

ATB: antibiotic; BC: blood culture; LOS: length of stay; PREI: pre-intervention period; POSTI: post-intervention
period
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Characteristic Value p-value
Pre-intervention Post-intervention
Patient demographics n =264 (%) n =251 (%)
Mean age 71.7+17.4 70.2+£18.1 0.585
Male Sex 138 (52.3) 140 (55.8) 0.478
Immunodeficiency 53(20.1) 56 (22.3) 0.608
Ongoing chemotherapy 29 (11.0) 37 (14.7) 0.31
Anti-rejection medication 14 (5.3) 10 (4.0) 0.397
Corticosteroids 3(1.1) 2 (0.8) 0.95
Other IS agent 3(1.1) 3(1.2) 1
HIV 2(0.8) 3(1.2) 1
Other 2(0.8) 1(0.4) 0.611
Episode characteristics n=277 (%) n=271(%)
Ward of care
Medical 228 (82.3) 229 (84.5) 0.566
Surgical 49 (17.7) 42 (15.5) 0.567
Intensive care unit admission® 30(10.8) 33(12.2) 0.719
Acquisition setting
Community acquired 154 (55.6) 140 (51.7) 0.402
Nosocomial 123 (44.4) 131 (48.3) 0.388
Underlying infection
Genito-urinary 107 (38.6) 91 (33.6) 0.254
Intra-abdominal 61 (22.0) 57 (21.0) 0.859
Catheter related 31(11.2) 32 (11.8) 0.926
Cutaneous® 15 (5.4) 30(11.1) 0.024
Respiratory 16 (5.8) 11 (4.1) 0.465
Endocarditis 12 (4.3) 14 (5.2) 0.796
Bone and joint 7 (2.5) 3(1.1) 0.34
Other® 4(1.4) 2(0.7) 0.689
Unknown® 24 (8.7) 31(11.4) 0.348

IS: immunosuppressive

®refers to patients who required intensive care at bloodstream infection onset.

b including non-organ related surgical site infections, skin and soft tissue infections and bacteremia from

wounds and bed sores.

“includes bacteremia following dental infections (three and two episodes in each group, respectively) or

meningitis (one patient in the pre-intervention group).

4 refers to bacteremia without evidence for any underlying infection or apparent source.
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The most common causative pathogen isolated was Escherichia coli (38.1%). There was no difference

between the two groups regarding micro-organisms. The complete detail can be found in Table 2.

Table 2. Micro-organisms isolated from the index blood culture in each episode

Causative pathogen Value p-value
Pre-intervention Post-intervention
n =277 (%) n=271(%)

Gram-negative bacteremia 193 (69.7) 185 (68.3) 0.792
Escherichia coli 108 (39.0) 101 (37.3) 0.744
Klebsiella spp 29 (10.5) 39 (14.4) 0.207
Enterobacter spp 20(7.2) 10 (3.7) 0.103
Proteus spp 5(1.8) 4 (1.5) 1
Morganella spp 3(1.1) 1(0.4) 0.624
Other enterobacteriaceae 2(0.7) 7 (2.6) 0.103
Pseudomonas spp 12 (4.3) 8(3.0) 0.526
Anaerobic bacteria 13 (4.7) 12 (4.4) 1
Other gram-negative organisms 1(0.4) 3(1.1) 0.368

Gram-positive bacteremia 84 (30.3) 86 (31.7) 0.792
Staphylococcus aureus 36 (13) 47 (17.3) 0.194
Streptococcus spp 31(11.2) 24 (8.9) 0.443
Enterococcus spp 14 (5.1) 11 (4.0) 0.723
Other gram-positive organisms 3(1.1) 4 (1.5) 1

The rates of cephalosporin-resistant gram-negative bacteremia were similar in both study periods
(11.2% ESBL-producing bacteria each; 1.7% and 0% amp-C producing bacteria, respectively, p=0.854).
Carbapenem-resistant enterobacteriaceae were found in 3 episodes in PREI, versus none in POSTI
(p=0.337). There were more MRSA-associated infections in the post-intervention group (2.8% vs
17.0% of Staphylococcus aureus-associated bacteremia, p=0.029). Nosocomial bacteremia were
significantly associated with Enterobacter spp (p<0.001), Klebsiella spp (p=0.002) and Pseudomonas
spp (p<0.001).

Finally, we found that 52.0% of all evaluated blood cultures were drawn between 6.5 p.m. and 8
a.m., while 67.3% were detected positive in the same timeframe, leading to a combined 89.2% of

samples that were either drawn or found positive between 6.5 p.m. and 8 a.m.

Outcomes

Antibiotic prescription was either initiated or changed after pathogen identification and oral result

communication in 227 episodes in PREI and 236 in POSTI (82.0 vs 87.0%, p=0.123; Table 3). Mean
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time from sample collection to the first change in antibiotic therapy (CAT) was reduced by 10.4 hours

in POSTI (56.0 + 35.5 vs 45.6 + 30.2 hours, p<0.001).

Table 3. Distribution of antibiotic therapy in both study groups

Antibiotic prescription Value p-value

Pre-intervention Post-intervention

n=277 (%) n =271 (%)
Empirical antibiotic treatment 220 (79.4) 197 (72.7) 0.081
Antibiotic change after BC results 227 (82.0) 236 (87.0) 0.123
Antibiotic initiation 52 (18.8) 73 (26.9) 0.03
Switch to a different antibiotic 156 (56.3) 140 (51.7) 0.582
Discontinuation of > one drug 8(2.9) 10(3.7) 0.545
Addition of a new antibiotic 11 (4.0) 13 (4.8) 0.591
No change 50 (18.1) 35(12.9) 0.123

BC : blood culture

“Antibiotic initiation” was more frequent in POSTI than in PREI (26.9% vs 18.8%, p=0.03), as opposed
to the modification of an empirical treatment. If the evaluation timeframe was limited to the first 48
hours after blood culture collection, there were 16 CAT in PREI vs 52 in POSTI in the first 24 hours and

a total of 116 vs 161 in under 48 hours, respectively (p<0.001, figure 2).

60,0
p<0,001 p=0,713 p<0,001

50,0

40,0

30,0

m PREI
m POS5TI

Proportion of episodes

<24h 24-48h =48h

Time from specimen collection to first change in antibiotic therapy

Figure 2. Distribution of episodes according to the time from specimen collection to the first
change in antibiotic therapy

PREI: pre-intervention period; POSTI: post-intervention period
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There were 220 episodes in PREl and 197 in POSTI that benefited from an empirical antibiotic
treatment. Beta-lactams were the most frequently used antibiotic, as they were present in 85.5%
and 84.8% of regimens, respectively. Empirical treatment was ineffective in 51 episodes in each
group (23.2% and 25.9%, respectively, p=0.148). Regarding patients with either ineffective empirical
treatment or without any altogether, the time to effective treatment was reduced by 4.8 hours in

POSTI (p<0.001).

Median hospital length of stay was 16.0 days in PREI and 15.0 days in POSTI (IQR [9.0-33.0] and [9.0-
26.5], p=0.83). At 30 days following bloodstream infection onset, a non-significant difference in

mortality was found, as 30 patients had died in PREI vs 23 in POSTI (10.8% vs 8.5%, p=0.511).

The continuous workflow implemented in POSTI allowed for a reduction in the mean time from
blood culture collection to sample loading in incubators: 7.9 + 6.8h vs 3.6 + 4.5h (p<0.001).
Consequently, the average time to positivity was reduced by 3.4 hours in POSTI (p<0.001) and
subsequently, all timeframes regarding laboratory performance were also significantly reduced in

POSTI, as is illustrated in Figure 3.

PREI
TO H5 H10 H15 H20 H25 H30 H35 H40 H45 H50 H55 HB0
| | | - b | | | | —o
7.9 £6.8h 21.1 £ 10.5h 30.2 + 11.4h 56,0 £ 355h 59.5%22.2h
Specimen  Loadingin Growth Identification and result Impact on antibiotic AST results
sampling incubator detection communication therapy
p<0.001 p<0.001 p<0.001 p<0,001 p=0.006
TO H5 H10 H15 H20 __.-"IH25 H30 H35 HAQ H45 H50 H55 He60
@o—- | L9 @- | | | | O |
3.6 +4.5h 17.7 £10.8h 23.3+11.3h 45,6 +30,2h 54.4 + 21.4h
POSTI

Figure 3. Timeline comparison of both study periods regarding sample processing and impact on
treatment

AST: antibiotic susceptibility testing; PREI: pre-intervention period; POSTI: post-intervention period.

Results are presented as means + standard deviation of the time from specimen collection to loading
incubators, bacterial growth detection, species identification by Maldi-ToF MS, first change in antibiotic
therapy, and AST results.
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DISCUSSION

In this retrospective study of 548 monomicrobial episodes of bacteremia, we found a significant 10.4-
hour reduction in the time to the first change in antibiotic therapy after around the clock sample
processing was implemented. Likewise, the time from blood culture (BC) collection to specimen
loading in incubators, to bacterial growth detection, to pathogen identification and to antibiotic
susceptibility testing results were all reduced through the continuous workflow. These improvements

allowed for a significant 4.8-hour reduction in the time to effective antibiotic therapy.

Data regarding the clinical impact of a 24-hour workflow for BC is limited. Two studies evaluated a
partial aspect of around the clock sample processing: first, in a prospective randomized controlled
clinical trial, Kerremans et al. showed a 10.1h reduction in turnaround time thanks to uninterrupted
loading in incubators (p<0.001), which in turn led to a 21-hour decrease in the time to empirical
antibiotic treatment modification (p=0.024)(18). Second, Barenfanger et al. showed that by adding an
evening shift in order to process more blood cultures, mean turnaround time was reduced by 5.2
hours (p=0.001) which allowed for a reduction in the time to appropriate antibiotic therapy
(p=0.006)(20). These results were mirrored in studies conducted in laboratories with a 24/7
workflow: Perez et al. showed in 2013 that rapid pathogen identification in a 24-hour workflow
setting was associated with a 36.7-hour reduction in the time to active antibiotic treatment
(p=0.0001) compared to conventional techniques (21). However, only gram-negative bacteremia
were included in this before/after study, and the 24/7 setting was not the evaluated variable.
Eveillard et al. showed that appropriate antibiotic therapy was started sooner in 22.7% of patients if
bacterial identification and antibiotic susceptibility testing were performed 24 hours a day, but their
study was not limited to blood cultures, and did not use direct same-day identification (22). On the
other hand, in a prospective randomized controlled study, Bruins et al. found that extending the
usual workday was not associated with an increase in antibiotic change or a reduction in the time to

effective treatment, but they only added one hour to their schedule (23).

We found a higher rate of antibiotic initiation following BC results in the post-intervention group,
which suggests that the earlier communication of pathogen identification allowed for an immediate
targeted treatment, when it would have remained empirical in the pre-intervention group in the
same timeframe, as the clinician would still be waiting for the first result. This led to the reduction in
the time to effective therapy in the post-intervention group, and highlights the considerable impact

rapid microbial identification can have in a 24-hour setting (24).
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Our study population consisted mostly of elderly male patients hospitalized on medical wards, with a
total of 63 intensive care units (ICU) admissions (11.5%) following infection onset, and 53.6%
community-acquired episodes. Comparing demographics from one study to another remains difficult
owing to the discrepancies in inclusion criteria between them. Indeed, ICU requirement and
acquisition setting of bloodstream infection show somewhat variable rates in most studies: from 10

to 61% for ICU admissions and from 59 to 79% for healthcare-associated infections (9,15,21,25,26).

The reduction in turnaround times and the earlier antibiotic treatment modification were not
significantly associated with decreased length of stay (LOS) or mortality in our study. Regarding the
former, a possible explanation might stem from the fact that LOS data extracted from our hospital
information database included in-hospital recovery units, leading to a prolonged LOS that was
possibly not caused by the bloodstream infection (BSI), therefore not influenced by a faster approach
to patient care in this regard. Regarding mortality, while statistically not significant, there were seven
less patients in the post-intervention group that had passed away at 30 days following BSI onset. Had
our study population been larger, the difference in mortality rates might have been more significant.
However, establishing a relevant chronological limit like the 30-day mark used in most BSI studies
(16,21,27) suggesting association between mortality and BSI management is hazardous at best, and
any conclusions should be carefully made. Data in published studies focusing on rapid microbial
identification are conflicted regarding both LOS and mortality. Vardakas et al. found in their review
that one of the factors associated with mortality in BSI was the time to efficient antibiotic therapy.
The aforementioned studies by Barenfanger et al. and Kerremans et al. found a non-significant
difference in mortality (7.9% vs 9.6%) and a 48-hour reduction in LOS (p=0.006) for the former, and
no statistically significant difference regarding both parameters for the latter (18,20,27). Perez and
colleagues found a statistically significant reduction in LOS (11.9 vs 9.3 days, p=0.01) and a non-
significant reduction in mortality (10.7% vs 5.6%, p=0.19)(21); while in their study on antibiotic-
resistant gram-negative bacteremia, both results were significant: 10.7 vs 16 days (p=0.008) and 8.9
vs 21.0 % (p=0.01), respectively (16). There are several confounding variables when one evaluates
mortality and length of stay alike, even in seemingly comparable populations, as any complication
can lead to patient death or increase LOS, with no relation whatsoever to antibiotic efficiency or

laboratory performance, which could explain the non-significant results found in our study.

Regarding laboratory performance, continuous managing of blood cultures, from loading in
incubators to antibiotic susceptibility testing, appears to be mandatory in order to ensure the best
possible results, as we showed that 89.2% of samples were either drawn or detected positive during
“off-hours”, which is on par with the 90% rates found by Schneiderhan et al (17). This information

alone should be an incentive to standardize the uninterrupted workflow system in all clinical
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microbial laboratories. Additionally, delays in processing BC upon arrival can hinder micro-organism
recovery, which can be avoided by continuous loading in incubators and non-stop monitoring alike
(28,29). However, the time from collection to arrival remains out of the laboratory’s control, no
matter the “working hours”, and should be of concern when evaluating turnaround times. A point
could also be made regarding continuous species identification through immediate Maldi-ToF MS
following Gram staining, as opposed to batch-wise series. In the study by Schneiderhan et al.,
immediate identification by Maldi-ToF MS allowed for an extra 5-hour reduction in turnaround time
compared to batch-wise series; however, only two series were performed every night in their
evaluation, while there were at least three in our study (17). Finally, the success rate of direct Maldi-
ToF identification on positive BC was not systematically available in our study; in case of dubious
results, Gram staining would thus have constituted the first information communicated by phone to
the clinician, which could increase the delay until antibiotic modification, as was shown by Clerc et al

(15).

To our knowledge, standard of care and hospital ecology were similar in both evaluated periods. A
sporadic variation remains however possible, as illustrated by the difference in rates of MRSA-
associated bloodstream infections, which probably explains the increased proportion of underlying
“cutaneous infections” found in POSTI. We selected two identical calendar periods in an effort to
avoid seasonal pathogen variation and any bias pertaining to changes in staff experience and
training, as the study center was a teaching hospital. We voluntarily excluded any potential
contaminant, which led us to disregard all coagulase negative staphylococcus-associated (CoNS)
bacteremia, aside from a handful of Staphylococcus lugdunensis. The inclusion of these CoNS-related
infections would have allowed us to evaluate the timing of antibiotic discontinuation in case of actual
contamination, as was done by French et al, and evidently, a fraction of them is bound to have had

clinical significance indeed (30).

Our evaluation of antibiotic therapy only concerned inpatients. Any treatment received prior to
admission was not recorded, and patients treated outside our facility following blood culture draw
were not included. Moreover, antibiotic prescription changes, or lack thereof, might have been
influenced by other microbiological results, or by clinical incidents such as allergic reactions or acute
kidney failures. On the other hand, physicians are often likely to maintain the same treatment in case
of clinical improvement, thus leading to a longer delay until antibiotic prescription change following
apparently efficient empirical treatment (31). This can be viewed as an illustration of real-life
practice, as clinical patient evolution can remain the primal motivation for prescription changes, or

lack thereof, often leading to antibiotic escalation or, on the opposite, to the absence of streamlining
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even in light of microbiological findings. Still, we found a significant difference regarding the
proportion of episodes that benefited from antibiotic therapy modification - or initiation - in the first
48 hours following blood culture collection. It seems reasonable to assume that these early
modifications resulted from blood culture findings, and it is precisely the patients with no empirical

antibiotic therapy that would benefit the most from the reduction in turnaround times.

We did not evaluate cost changes that followed the implementation of a continuous workflow. Our
monocentric setting in a large referral center may not be representative of all facilities, especially
regarding the actual possibility of enabling the laboratory to function 24/7, in terms of personnel and
material alike. Indeed, increased expenses associated with the extra staff and procedures need to be
balanced by the reduction in overall hospitalization costs, ideally through reduced LOS and antibiotic
use. Berild et al. were among several teams that showed decreased LOS, antibiotic use and overall
costs following early appropriate antibiotic treatment changes, sometimes up to several thousands
of dollars per patient (20,21,32—-34). Aside from the clinical impact, results showing that rapid
microbial identification procedures are cost-effective are necessary in order to justify their

standardization (19).

The retrospective nature of our work might have led to decreased statistical power and otherwise
avoidable information bias. A prospective design would be of interest, particularly if it involved the
antibiotic stewardship team directly in terms of prescription advice. Indeed, Vardakas et al. showed
that reduction in turnaround time thanks to rapid microbial identification only impacted mortality if
associated with dedicated antibiotic stewardship (27). Huang et al. found in their pre-post study of
501 patients that a significant 28.1-hour reduction in turnaround time through direct Maldi-ToF MS
on positive blood cultures, coupled with result communication ensured until midnight and custom
recommendations by the stewardship team, improved time to effective antibiotic treatment by 9.7
hours (p=0.021), which led to decreased mortality (14.5 vs 20.3%, p=0.021) and shorter ICU stay
(p=0.014)(9). However, such a study design implies a different interventional aspect, which was not
our goal. The ecological benefit of earlier antibiotic modification could also be evaluated through a
prospective interventional study, as the retrospective aspect did not allow for an unbiased evaluation
of the appropriateness of antibiotic treatment, especially regarding possible streamlining or de-

escalation.
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CONCLUSION

We found that a continuous workflow allowed for a significant reduction in turnaround times, which
in turn led to a faster impact on antibiotic therapy and a reduction in the time to efficient treatment.
A prospective study, coupled with hands-on antibiotic stewardship intervention, will hopefully
confirm these results and yield an even greater clinical impact. Integrating a 24-hour processing of
blood cultures appears to be effective and fruitful. Alongside innovative rapid identification and
antibiotic susceptibility testing techniques, it should be the next step in the evolution of clinical

microbiology laboratories.
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RESUME

Objectif - Introduction

La prise en charge des bactériémies nécessite la mise en place d’une antibiothérapie précoce et
efficace, secondairement adaptée aux résultats microbiologiques disponibles. Notre étude visait a
évaluer lI'impact du traitement et du rendu ininterrompus H24 des hémocultures sur la prescription

d’antibiotiques et I’évolution des patients.

Matériels et méthodes

Nous avons rétrospectivement évalué des épisodes de bactériémie monomicrobienne cliniquement
significatifs sur deux périodes de 4 mois, au sein du CHU de Nice, avant et apres I'ouverture H24 du
laboratoire (PRE24 et POST24). L'identification bactérienne par spectrométrie de masse et les
antibiogrammes étaient réalisés directement a partir des flacons détectés positifs. Le critére de
jugement principal était le délai entre le prélevement de I’'hémoculture et la premiére modification
de I'antibiothérapie survenant aprés communication des résultats microbiologiques. Les critéres de
jugements secondaires étaient les délais entre le préléevement et : (i) la mise en place d’un traitement
antibiotique efficace (TAE), défini comme comprenant au moins une molécule active in vitro sur le
pathogene responsable, (ii) la détection de positivité du flacon (TTP), (iii) I'identification d’espece, (iv)
le rendu d’antibiogramme. La mortalité intra-hospitaliére a 30 jours et la durée de séjour étaient

également évaluées.

Résultats

Au total, 548 épisodes de bactériémie chez 515 patients ont été inclus : 277 dans le groupe PRE24 et
271 dans le groupe POST24. Le délai moyen jusqu’a la premiere modification de I'antibiothérapie
était réduit de 10.4h dans le groupe POST24 (p<0.001). Le délai moyen jusqu’au TAE était réduit de
4.8h dans le groupe POST24 pour les patients ayant un traitement empirique inefficace ou inexistant
(p<0.001). Le TTP était réduit de 3.4h dans le groupe POST24 (p<0.001), le délai d’identification
d’espece de 6.9h (p<0.001), et le délai de rendu d’antibiogramme de 5.1h (p=0.006). La mortalité a

J30 était de 10.8 vs 8.5% (p=0.5). La durée de séjour n’était pas modifiée entre les deux populations.

Conclusion
Le traitement H24 des hémocultures permet une adaptation plus rapide du traitement antibiotique

grace a un rendu en continu des résultats.



