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Abstract

Patients with viral respiratory infections often present symptoms compatible with bloodstream infections. Consequently, the
winter period commonly associated with epidemic respiratory illnesses shows an increase in the number of blood cultures (BC)
and to occasional saturation of automated BC systems. Here, we explored the seasonal variations in BC samples and the potential
impact of shortening the incubation time of BC when automated BC systems are close to saturation. A retrospective study was
conducted during a 3-year period in 4 hospitals located in the Paris region, France. All aerobic and anaerobic bottles were
included, except pediatric bottles and those sampled for suspicion of endocarditis. The number of BC bottles collected during the
winter period was compared to the annual baseline. All bottles positive after a 4-day incubation were analyzed regarding clinical
and microbiological findings. The number of BC bottles was significantly higher during the winter periods, compared to the
annual baseline (up to 14%). A total 0£292,349 BC bottles were analyzed with 23,363 (8.0%) positive, including 236 (1%) after a
4-day incubation. Of these 236 bottles, 76 (64.8%) were positive with a contaminant, 78 (33.1%) with a clinically significant
microorganism identified for the same patient in the previous 4 days, and only 5 (2.1%) with a clinically significant microor-
ganism not previously identified. Winter periods were associated with a significant increase in BC samples. Shortening the
incubation time of BC bottles from 5 to 4 days seems a relevant option when automated BC systems are close to saturation.
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Introduction present symptoms such as undetermined fever (>38°C) or
raised respiratory rate, compatible with bloodstream infec-

The winter influenza epidemic is associated with an increased  tions (BSI). Consequently, the winter period shows an in-
number of attendances in the emergency departments, hospi-  creased number of blood cultures sampled and may be asso-
talizations, and an excess of mortality [1]. These patients often ~ ciated with a risk of saturation of automated blood culture
systems. For blood cultures, a bottle must be removed from
the automated device to load another. If the number of bottles
Marc Vasse and Eric Farfour contributed equally to this work. exceeds the capacities of the automated device, their incuba-
tion would be delayed. Several strategies such as reducing the
number of bottles sampled by patients, delaying the incuba-
tion of blood culture bottles, or processing to a manual incu-
bation of the bottles could be proposed. However, all of them
Département des Agents Infectieux, Laboratoire de Bactériologie, have limitations and might reduce the performance of blood
S;IIJOS;::;SLEE:C]?@OISIére_Femand Widal, APHP, culture analysis. The median time-to-positivity (TTP) of pos-
' itive blood culture was previously reported to be less than 24 h

for most microorganisms [2—4]. Although the recommended
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Therefore, the potential impact of shortening the incubation
time of blood culture bottles should be assessed before
implementing such a strategy, with particular emphasis on
the clinical relevance of late-positivity bottles.

Here we performed a 3-year multicenter study to (1) ex-
plore seasonal quantitative variations in blood cultures and (2)
to determine the time to positivity of blood culture bottles and
the clinical relevance of late-positivity bottles. Altogether,
these observations could provide well-documented informa-
tion to shorten incubation time of BC during periods with a
risk of saturation of automated devices.

Material and methods
Participant center and blood culture bottles

We performed a multicenter retrospective study between
August 1, 2015, and July 31, 2018. Four hospitals located in
the Paris region (France) participated in the study: Foch
Hospital (Suresnes) (center A), Robert Ballanger Hospital
(Aulnay-Sous-Bois) (center B), Lariboisiére University
Hospital (Paris) (center C), and Paris Saint-Joseph Hospital
(Paris) (center D). All blood cultures collected on aerobic
and anaerobic bottles were included, and pediatric bottles
were excluded. Automated devices for blood culture incuba-
tion were BacT/ALERT (BioMérieux, Marcy-1’¢toile, France)
for centers C and D and BactecFX (Becton Dickinson
Franklin Lakes, NJ, USA) for centers A and B. According to
International Guidelines, 4 blood culture bottles should be
sampled in each patient with suspected bacteremia [5]. The
blood culture bottles were processed in the automated device 7
days a week during opening hours. They were incubated for 5
days as recommended by the manufacturer and French guide-
lines [6]. Blood culture bottles incubated for more than 5 days
(i.e., sampled in a context of suspicion of endocarditis) were
excluded. The TTP was defined as the time between the start
of incubation and the detection of bacterial growth by the
automated system.

Gram staining was performed for all positive blood culture
bottles. One drop of broth was inoculated on blood agar plates
under anaerobic condition and Polyvitex chocolate agar plate
under 5% of CO, for a 2-day incubation at 35°C. All culture
media were supplied by BioMérieux (Marcy-L’Etoile,
France). Growing colonies were identified using a Microflex
LT mass spectrometer and the MBT Compass software
(Bruker Daltonics, Bremen, Germany).

Seasonal variation in the number of blood culture
bottles

The variation of blood culture bottles incubated was calculat-
ed and graphed by month and by center. The seasonal
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evolution in the number of blood culture bottles incubated
was calculated for each 1-year period. A 1-year period was
centered on the 4 “winter” months (i.e., 1 December to 31
March) and was defined from August 1 to July 31). The an-
nual baseline was defined as the average of the monthly num-
ber of blood cultures collected over the 1-year period under
consideration, excluding the winter months. Each month was
compared to the annual baseline for that year, and the percent-
age change was reported.

Assessing the impact of a 4-day incubation

All positive bottles incubated between August 1, 2015, and
July 31, 2018 were included. The TTP was analyzed by type
of bottles and classed by slots of 6 h. All blood cultures pos-
itive for 4 or more days following incubation were analyzed
regarding clinical and microbiological findings [7, 8]. A mi-
croorganism responsible for infection was considered as “clin-
ically significant,” in contrast to a “contaminant,” according to
the European Society of Clinical Microbiology and Infectious
Diseases guidelines [9].

The presence of one of the following microorganisms in a
single BC bottle or BC set was a priori considered as contam-
inant: coagulase-negative staphylococci (CoNS), with the ex-
ception of S. lugdunensis, Propionibacterium spp., Bacillus
spp. other than B. anthracis, Corynebacterium spp. (diphthe-
roids), Aerococcus-like organisms, Micrococcus spp.,
viridans group streptococci other than S. pneumoniae, and
Neisseria spp. other than N. gonorrhoeae or N. meningitidis.

These microorganisms were considered as significant
when other BC bottles collected 48h before were positive with
the same microorganism, after reviewing of clinical data.

In case of “clinically significant” microorganism detected,
results of all other bottles sampled within 4 days were
reviewed, and then the positive bottle was classed between
“clinically significant with anteriority” and “clinically signif-
icant without anteriority.”

Statistical analysis

For the statistical comparison, a Shapiro-Wilk test for normal-
ity of distribution was first performed, and a z-student test was
performed for continuous variables, using the R software ver-
sion 3.1.3 [10]. Significance was considered if p<0.05.

Ethics

The study was carried out in accordance with the Declaration
of Helsinki. This study was a non-interventional study with no
addition to standard care. Biological material and clinical data
were obtained only for standard diagnostic following physi-
cians’ prescriptions (no specific sampling, no modification of
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the sampling protocol). Data analyses were carried out using
an anonymized database.

Results

Seasonal variation of the number of blood culture
bottles

Overall, the number of processed blood culture bottles was
significantly higher during the winter periods, compared to
the annual baseline (Fig. 1). This relative increase was
14.2%, 12.1%, and 12.8% for winter periods 2015-2016,
20162017, and 20172018, respectively (p<0.05).

The magnitude of the change was variable depending on the
center and the winter (Fig. 2). Center A encountered the highest
increase in all winter periods, while the increase was below 5%
for each winter period in center C. Center A experienced each
year a significant increase in all 4 months of winter, and a
similar trend is noticed in center D. In center C and D, the
increase was heterogeneous between and within each.

Significance of blood culture bottles with TTP greater
than 4 days

A total of 292,349 blood culture bottles, including 146,581
aerobic and 145,768 anaerobic bottles, were processed during
the study period bottles (Table 1). The rate of positivity was
significantly higher in aerobic (12,318/146,581; 8.4%) than in
anaerobic bottles (11,045/145,768; 7.6%) (p<0.01).

Growth was detected for 83.6%, 95.2%, 98.2%, and 99.4%
of positive aerobic bottles after 24h, 48h, 72h, and 96h of
incubation, respectively (Supplementary Table 1). Growth
was detected for 75.9%, 93.5%, 97.2%, and 98.6% of positive
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anaerobic bottles after 24h, 48h, 72h, and 96h of incubation,
respectively (Supplementary Table 1).

As the cumulative positivity rate was high after a 4-day
incubation, we then focused on the clinical relevance of blood
culture bottles with TTP greater than 4 days.

Out of 23,363 positive bottles, 236 (1.0%) were positive
following 4 days of incubation. All microorganisms were bac-
teria, no yeast grown following 4 days of incubation.
Considering the 12,318 positive aerobic bottles, 86 (0.70%)
were positive after an incubation time exceeding 4 days. In
total, 39 (45.3%), 43 (50.0%), and 4 (4.7%) were considered
as “contaminant,” “clinically significant with anteriority,” and
“clinically significant without anteriority,” respectively. The
contaminant microorganisms were coagulase-negative staph-
ylococci (S. pettenkoferi and S. hominis), Corynebacterium
species (Corynebacterium minutissimum and
Corynebacterium spp.), Cutibacterium acnes,
Curtobacterium spp., and Micrococcus luteus.

Of the 11,045 positive anaerobic bottles, 150 (1.4%) were
positive following 4 days of incubation. Of those positive
bottles, 114 (76.0%) were considered as contaminated, almost
exclusively with C. acnes, except one with S. epidermidis.
The other bottles were positive to a microorganism considered
as clinically significant in patients with (n=35; 23.2%) and
without (n=1; 0.7%) another bottle positive for the same mi-
croorganisms in the previous 4 days.

Overall, 5 (0.002%) blood culture bottles were positive
with a clinically significant microorganism without anteriority
in the first 4 days of incubation (Table 2). Except
Streptococcus gallolyticus, all were fastidious microorgan-
isms: Alloscardovia omnicolens (n=1), Campylobacter
upsaliensis (n=1), and Capnocytophaga canimorsus (n=1)
and C. acnes (n=1). The TTP of these bottles ranges from
110 to 119 h. In two cases, another clinical sample was pos-
itive with the same microorganism, a urinary tract infection
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Fig. 2 Seasonal variation in the number of blood-culture bottles incubat-
ed in automated system by center. a Results for center A, b results for
center B, ¢ results for center C, d results for center D. A year period begins

due to Alloscardovia omnicolens and a cervical cellulitis due
to Cutibacterium acnes. In two cases, an effective antibiotic

therapy was administered before the positivity of the blood
culture.

Discussion

Our results demonstrate a seasonal variation in the number of
blood culture bottles incubated in automated devices, with an
increase during winter period. If automated devices are
overwhelmed, we suggest shortening the duration of incuba-

tion has no impact on the sensitivity of bacteremia diagnosis
for most patients.

@ Springer

from August 1 to July 31. Months of winter are represented by red bars
and other months by blue bars

The increase in the number of blood culture bottles incu-
bated in winter might be related to the influenza outbreak
which is associated with an increase in consultation, hospital-
ization, and an excess of death [1]. However, the variation
appears heterogeneous regarding each hospital and different
winter season.

As this increased activity could lead to a saturation of auto-
mated devices, several strategies are possible to face this situa-
tion. First, it is possible to delay the incubation of blood culture
bottles. However, time-to-results would be increased, and con-
sequently, the medical management of the patients worsened
[5, 11]. Furthermore, this option would only respond to a brief
increase in the number of blood cultures bottles, which does not
correspond to an epidemic situation. Indeed, it would lead to a
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Fig. 2 (continued)

continuous increase in the number of bottles awaiting incuba-
tion. Then, incubating blood culture bottles in a laboratory oven
with daily plating on agar media might allow increasing signif-
icantly the number of blood culture bottles processed.
However, it is time-consuming and associated with decreased
sensitivity and specificity [12, 13]. Otherwise, it is possible to
reduce the number of bottles sampled by patients, but the

Table 1 Clinical interpretation of

sensitivity of the analysis might also be negatively impacted.
Finally, reducing the duration of incubation is probably the
simplest and quickest way to solve this situation. However,
the major risk of this strategy is to reduce the sensitivity of
the blood culture by increasing the rate of false negative.

The median TTP was previously reported as less than 24 h
for a wide range of microorganisms [2—4, 14], but extreme

positive blood cultures in more
than 4 days

Aerobic (n=146,581)  Anaerobic (n=145,768)  Overall

(1=292,349)

Positive bottles (1; %)
Time-to-positivity >4 days (n; %)
Contaminant (%)

Anteriority positive (%)
Significant (%)

12,318 (8.4%) 11,045 (7.6%) 23,363 (8.0%)

86 (0.7%) 150 (1.4%) 236 (1.0%)
39 (45.3%) 114 (76.0%) 153 (64.8%)
43 (50.0%) 35(23.3%) 78 (33.1%)
4 (4.7%) 1 (0.7%) 52.1%)
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Table 2  Characteristics of the patients displaying a positive blood culture bottles in more than 4 days due to a “clinically significant” microorganism

Patientn® Type of  TTP (hours) Species Other clinical sample Effective antibiotic therapy Diagnosis

bottle positive to the same  before positivity of blood culture

microorganism

1 Aerobic 110 Streptococcus gallolyticus No Yes Digestive translocation
2 Aerobic 119 Alloscardovia omnicolens Yes (urine) No Urinary tract infection
3 Aerobic 117 Campylobacter upsaliensis ~ No Yes Digestive infection
4 Aerobic 113 Capnocytophaga canimorsus No No Pneumonia
5

Anaerobic 116 Cutibacterium acnes

Yes (surgical sample) No

Cellulitis

TTP was rarely reported, and therefore, the impact of shorten-
ing the duration of incubation on the sensitivity on the diag-
nosis of bacteremia was unclear [ 15]. Recently, using a Bactec
FX automated device, Sepulveda et al. reported that 98.2% of
1859 positive blood culture bottles during the COVID-19 pan-
demic were positive in less than 4 days [16]. However, the
authors did not distinguish aerobic and anaerobic bottles, they
do not explore positive bottles in more than 4 days, and the
number of bottles included was 10 times lower than in the
present study. In another study, Marginson et al. showed that
2.7% of all positive blood culture was positive after 5 days of
incubation, including 0.5% of clinically relevant organisms
[17]. Our results highlight that most bottles positive in more
than 4 days are due to “contaminant,” and for “clinically sig-
nificant” microorganisms, another bottle is frequently positive
to the same microorganism with a shorter TTP. Consequently,
the risk to dismiss bacteremia when shortening the duration of
incubation is null in most patients for common pathogens
using both the BactecFX and the BactAlert devices. If the
increase in number of bottles processed is limited, the strategy
could be implemented to a single type of bottles. In our expe-
rience, a higher rate of anaerobic bottles turns positive follow-
ing 4 days of incubation, but most of them grow a “contami-
nant” microorganism mainly C. acnes, suggesting that reduc-
ing the duration of incubation of this single type of bottle is
probably more accurate. However, the TTP might vary de-
pending on several factors, and we show that a patient could
display a positive bottle with TTP greater than 4 days and
another lower than 4 days. Therefore, accurate practices of
blood culture sampling (i.e., number of bottles sampled and
volume of blood) are required before shortening the duration
of incubation. Moreover, this strategy should not be imple-
mented when a fastidious growing microorganism is
suspected, e.g., in the context of endocarditis, even if several
studies showed that prolonged incubation time does not sig-
nificantly improve the overall sensitivity of blood culture [18].
Furthermore, in case of suspicion of candidemia, previous
reports suggests a TTP superior to 96 h, especially for
Candida glabrata [19, 20].

Our study has several limitations. First, as we assess the
number of bottles incubated each month, a sudden increase in
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the number of blood cultures collected over several days can
lead to saturation of the automated device and will not be
visible in the monthly statistics. Second, this is a retrospective
study with the inherent biases of this type of method. Finally,
we did not have data on the number of solitary blood cultures
collected (defined as a single BC set sampled in a 24-h peri-
od). Indeed, it is now well established that the volume of blood
drawn is an important factor in the positivity rate of blood
cultures [21, 22].

Few pediatric bottles are sampled in our hospitals, and we
were not able to assess the impact of shortening the duration of
incubation of these bottles. But a previous report suggests that
the TTP of positive pediatric bottles could reach up to 96 h;
consequently, shortening the incubation of these bottles
should be assessed before implementation [23].

In conclusion, an adaptive strategy is required when blood
culture-automated devices are overwhelmed in the context of
an infectious epidemic. As most blood culture bottles turn
positive in less than 4 days, shortening the duration of incu-
bation appears the most relevant solution in order to free ad-
ditional capacity. However, TTP might vary according to sev-
eral factors such as local microbial epidemiology or practice in
blood culture sampling. We, therefore, suggest that this strat-
egy should be validated in each laboratory before implemen-
tation. We also suggest that accurate practices of blood culture
sampling are required even more in the particular context of an
infectious epidemic.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10096-021-04248-9.
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