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A B S T R A C T

The COVID-19 pandemic has strongly impacted healthcare settings. We assess changes in blood culture prac-
tices and results during the COVID-19 era. All blood culture vials processed between January 1, 2017, and
December 31, 2020, by 3 clinical laboratories were included. A baseline period from January 1, 2017 to
December 31, 2019, was compared to the year 2020. COVID-19 “waves” were defined as follows: “wave 1”
from March 16 to May 10, 2020, and “wave 2” from October 29 to December 14, 2020. A mean of 143.5 and
158.6 vials per day were processed in 2019 and 2020 respectively. Up to 300 and 220 vials per day were
processed during waves 1 and 2. Among positive vials, a higher rate of contaminant was noticed during
wave 1 (55.9% vs 45.0%; P < 0.0001) and interwave (46.0% vs 38.6%; P < 0.0001) in comparison to previous
years. The prevalence of contaminants returned to the baseline level during wave 2. Streptococcus pneumonia
prevalence fell in 2020 in comparison to the baseline (0.4% vs 1.4%; P < 0.0001). The COVID-19 pandemic was
associated with an increase in the number of blood culture vials processed, the rate of contaminants, and a
fall in the number of pneumococcal bloodstream infections.

© 2023 Elsevier Inc. All rights reserved.
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1. Introduction

Outbreaks of respiratory viruses, including influenza and SARS-
CoV-2, are associated with high pressure on health systems i.e.,
increase in the number of emergency consultations, hospital admis-
sion in medicine and intensive care units [1,2]. As these patients can
present symptoms compatible with bloodstream infections (BSI),
blood cultures (BC) are usually sampled. Consequently, an increased
number of blood culture vials are processed by clinical laboratories
during winter and automated blood culture instruments could be
overwhelmed [3,4]. Considering COVID-19 pandemic, an increase in
blood culture contaminants was reported during the first wave of the
pandemic in comparison to the pre-epidemic period [5,6].

Furthermore, as a consequence of COVID-19 control policies and
bacterial superinfections of viral infection, the distribution of bacte-
rial species might change over the year regarding respiratory virus
seasons [7]. However, the SARS-CoV-2 pandemic had strongly
impacted the circulation of other respiratory viruses with an almost
disappearance of traditional influenza viruses during flu season [8].
In the present study, we assess changes in blood culture practices
and results during the COVID-19 era.

2. Methods

2.1. Study design

Two French hospital laboratories participated in this retrospective
study. All blood culture vials sampled between January 1, 2017, and
December 31, 2020 were included. A baseline period from January 1,
2017 to December 31, 2019, was compared to the year 2020. COVID-
19 “waves” were defined according to French national epidemiologi-
cal data, i.e. with “wave 1” from March 16 to May 10, 2020, and “wave
2” from October 29 to December 14, 2020 [9]. The national daily
number of hospital admission for COVID-19 were issued from
national surveys [10].

All local data were extracted from laboratory software Glims v8
(MIPS, Gent, Belgium). Each center provided the overall number of
blood culture vials processed per day, and the number of vials posi-
tive for each micro-organisms. The 7-day moving average of the
number of vials processed was then calculated for baseline and epi-
demic periods. The distribution of micro-organisms recovered from
blood culture was calculated for 4 periods of 2020 and their
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respective baselines: (1) prepandemic from January 1st, to March
15th; (2) COVID wave 1, fromMarch 16th to May 10th; (3) interwave,
fromMay 11st to October 28th; (4) COVID wave 2, from October 29th
to December 14th. A single strain of micro-organisms was included
per patient and period.

Statistical analyses were performed using the R-Software (R-foun-
dation, Vienna, Austria) (R [11]). A P-value lower than 0.05 using the
chi-square test was considered significant.

2.2. Laboratory analysis

Blood culture vials were incubated in Bactec FX (Becton Dickinson,
Franklin Lakes, NJ) or BACT/ALERT Virtuo (BioM�erieux, Marcy l’�etoile,
France) systems. All blood culture vials were incubated for 5 days
before being considered negatives [12]. Micro-organisms were iden-
tified using MALDI-TOF mass spectrometry with the MicroFlex LT
(Bruker Daltonic, Bremen, Germany) as recommended by the manu-
facturer. According to French guidelines, the presence of one of the
following microorganisms in a single BC bottle or BC set was a priori
considered as contaminant: coagulase-negative staphylococci
(CoNS), with the exception of Staphylococcus lugdunensis, Cutibacte-
rium spp., Bacillus spp. other than Bacillus anthracis, Corynebacterium
spp. Other than Corynebacterium diphteriae, Aerococcus-like organ-
isms, Micrococcus spp., viridans group streptococci other than Strep-
tococcus pneumoniae, and Neisseria spp. other than Neisseria
gonorrhoeae or Neisseria meningitidis [12].

3. Results

3.1. Number of vials processed

Overall, 217,788 blood culture vials were processed by the clinical
laboratories during the study period. The mean number of vials proc-
essed per day was 149.6, 144.9, 143.5, and 158.6 in 2017, 2018, 2019,
and 2020 respectively. The number of vials processed during the
baseline period was the highest over the 70 first days, reaching more
than 200 vials sampled on day 4 (Fig. 1). It then gradually decreases
with a dip below 100 vials processed per day around days 225 to 230
(August). In contrast, the number of vials processed in 2020, was
marked by 2 peaks. It dramatically increased around day 70 reaching
a peak of up to 300 vials on days 94 and 97. The number of vials proc-
essed then returned to the baseline level around day 130. A slight
increase occurs then on day 240, peaking at 220 vials processed on
Fig. 1. Seven days moving average of blood culture via
day 303, before it returned to the baseline level on day 320. Notably,
the second peak of 2020 was in a similar range to the single peak of
the baseline (days 1−70). The number of vials processed in 2020 fol-
lowed a similar trend to the number of hospital admission during
wave 1, but not wave 2.

3.2. Distribution of bacterial species

Overall, 12,042 nonduplicate positive vials were included: 3,193
in 2020 and 8,849 during the baseline period. The distribution of the
micro-organisms recovered from blood culture was significantly dif-
ferent in 2020 in comparison to the baseline period (P < 0.0001)
(Fig. 2). The overall rate of contaminant was significantly higher dur-
ing COVID-19 wave1 (5.5% vs 2.6%; P < 0.001), interwave (2.6% vs
1.6%; P < 0.001), and COVID-19 wave2 (2.9% vs 2.0%; P < 0.001) while
it was similar during the prepandemic period (2.5% vs 2.3%; P = 0.25).
Among positive-vials, the rate of micro-organisms considered as con-
taminant was similar during the prepandemic (47.2% vs 49.1%;
P = 0.42) and COVID wave 2 (45.7% vs 44.4%; P = 0.66) periods in com-
parison to the baseline. Conversely, a higher rate of contaminant was
noticed during COVID-19 wave 1 (55.9% vs 45.0%; P < 0.0001) and
interwave (46.0% vs 38.6%; P < 0.0001).

The rate of Streptococcus pneumoniae was significantly lower in
2020 in comparison to the 3 previous years (0.4% vs 1.4%; P < 0.0001).
The number of patients with S. pneumoniae bacteremia was 42, 35,
and 44 in 2017, 2018, and 2019 respectively, and fell to 11 in 2020.
However, while the rate of S. pneumoniae positive vials was not sig-
nificantly different during the prepandemic (1.0% vs 1.7%, P = 0.22),
and the COVID wave 1 (0.4% vs 0.7%, P = 0.41) periods in comparison
to the baseline, it was significantly lower during interwave (0.1% vs
1.5%; P < 0.001), and COVID wave 2 (0.2% vs 3.0%, P < 0.001).

4. Discussion

The originality of our work was to highlight several changes that
occur during the early stage of the pandemic, i.e., number of vials proc-
essed and the rate of contaminants among positive blood cultures, and
later, i.e., fall of S. pneumoniae bacteremia. Furthermore, we show that
the trend in the number of vials processed follows the number of hos-
pital admission during COVID wave 1 but not COVID wave 2.

Blood cultures are usually performed in patients with severe
febrile illness in order to recover an etiologic micro-organism and
guide appropriate antibiotics. Related to the influenza season an
ls processed and hospital admission for COVID-19.



Fig. 2. Distribution of micro-organisms recovered from positive blood culture.
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increased number of blood culture vials are processed during the
winter [4]. As previously reported, we found a strong increase in the
number of blood cultures vials sampled during wave 1 [13]. However,
our results show this increase follows the number of hospital admis-
sion for COVID-19. During wave 1, COVID-19 was the main cause of
hospital admission for febrile respiratory infections. The increase in
blood culture vials sampled might be related to at least 2 findings.
First, according to national guidelines and due to limited resources
for performing SARS-CoV-2 RT-PCR, the etiological diagnosis of
SARS-CoV-2 infection was only performed in patients with viral-like
pneumonia after exclusion of other etiology. Then knowledge of
COVID-19 and bacterial superinfections were limited during wave 1.
The increase in blood culture vials processed during wave 1 is likely
attributable to over-ordering in a population with a low rate of true
bacteremia [13,14]. However, an increase in hospital-acquired blood-
stream infections was reported during the COVID-19 pandemic in
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severely hill patients [15,16]. At the Assistance Publique − Hôpitaux
de Paris, about 2 third of the bloodstream infections could be consid-
ered hospital-acquired based on the time interval between patient
admission and blood culture sampling [15]. In comparison to wave 1,
wave 2 was characterized by a less sudden increase in the number of
patients admitted to hospital settings and a better understanding of
the disease. Indeed, viral and bacterial co-infection remains rare in
patients with COVID-19 (Haedo et al., n.d.; [17,18,21]). As a conse-
quence, the number of blood culture vials sampled remains similar to
the baseline level during the flu season. Furthermore, SARS-CoV-2
RT-PCR was systematically performed in all patients presenting in
the emergency department during wave 2 making the diagnosis of
COVID-19 more rapid.

We found a high rate of contaminants during wave 1 of the pan-
demic as previously reported [5,13,19]. However, most of these pre-
vious studies were performed during the first weeks of the pandemic
or included the overall first year of the pandemic without any distinc-
tion between COVID wave and interwave. Here, we highlight the rate
of contaminant return to baseline during wave 2. Esquer Garriguos
et al. reported a peak in the rate of contaminants in May 2020, and
then a trend to decline at the end of their study in august 2020 [19].
In the present study, the rate of contaminant returned to the baseline
level at the end of 2020. The increase in contaminant rate might be
related to lower adherence to optimal phlebotomy technique due to
an increase in workload and staffing shortages and an increase in
blood culture sampling. However, mask wear were previously associ-
ated with of blood cultures contamination rates [20]. Conversely, the
rate of pneumococcal bacteremia fell in the later period of the study
(interwave and wave 2). A fall in the incidence of invasive infection
due to S. pneumoniae, Haemophilus influenzae and, Neisseria meningi-
tidis was reported by national references laboratories of 26 countries
in 2020 since the beginning of the COVID-19 pandemic [7]. The
authors attributed this finding to the COVID-19 control policies and
public information campaigns that reduced the transmission of respi-
ratory pathogens. However, we found here a delay of the decrease of
pneumococcal invasive diseases after the beginning of the COVID-19
pandemic. These differences could be related either to the lower
number of centers in the present study, or the under-reporting of
pneumococcal invasive diseases when clinical laboratories were
overwhelmed by COVID-19 during wave 1.

In conclusion, we report several changes in blood culture sam-
pling and processing during the first year of the COVID-19 pandemic:
an increase in the number of blood culture vials processed and in the
rate of contaminants during the first weeks of the pandemic and then
a fell in the number of pneumococcal bloodstream infections. These
changes might be related to a better knowledge of COVID-19, better
resources management, and COVID-19 control policies. Subsequent
surveys are needed to assess these trends.
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