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Quality indicators for blood culture: 1 year of monitoring with
BacT/Alert Virtuo at a French hospital
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Abstract

Introduction. Blood culture (BC) remains the gold standard for the diagnosis of bloodstream infection. Clinical microbiology
laboratories must ensure the quality of their BC process from receipt to definitive results.

Aim. In this study, we followed the evolution of different quality indicators for BCs over the first year of implementation of the
BacT/Alert Virtuo system in a French hospital.

Methodology. In our laboratory, we instituted regular monitoring of several quality indicators to track (i) delays in sample reg-
istration, (ii) delays in loading BC bottles in our incubating system (BacT/Alert Virtuo) after registration, (iii) the volume of blood
in bottles and (iv) the contamination rates.

Results. For 53892 BC bottles loaded in the BacT/Alert Virtuo from 23 January to 31 December 2019, the delays in sample
registration, loading and unloading were respectively 3.5h+0.016, 44min+0.209and 5.8h+0.0727. Intriguingly, the automated
process performed by the BacT/Alert Virtuo system to check the blood volume in bottles was only performed for 60% of the
loaded bottles. Among these, 30% contained the recommended volume of blood (between 7 and 13ml). Finally, the contamina-
tion rate was found to be 27.2% for samples at our institution.

Conclusions. The delays in sample registration, loading and unloading were found to be acceptable, even though they could be
improved by ensuring a continuous service during the night duty period. Furthermore, the percentage of volumes measured is
insufficient and must be improved and the majority of bottles do not contain the recommended blood volume.

since blood volume has been demonstrated to be one of the
most critical factors for successful results [6]. Accordingly,
the optimal volume of blood per bottle must be between 7
and 13 ml. If this volume is insufficient, there is a statistical
increase in the risk of a false-negative result [7].

INTRODUCTION

Bloodstream infections are associated with high mortality and
morbidity worldwide [1, 2]. Blood culture (BC) is essential
for the diagnosis of sepsis. It remains the gold standard for
the detection and culture of the micro-organisms involved in
the bacteraemia before antimicrobial susceptibility testing.
The delay between BC sampling and definitive results should
be as short as possible to implement the most appropriate
antimicrobial therapy [3]. BacT/Alert Virtuo (bioMérieux,
Durham, NC, USA) is the latest version of the automated
bioMérieux BC system that facilitates rapid detection of posi-
tive BCs [4, 5]. On top of its automated loading and unloading

Within the framework of BC accreditation described by
the international standard ISO 15189, quality indicators are
fundamental tools for accuracy and patient safety [8, 9]. These
indicators facilitate the monitoring and evaluation of labora-
tory performance across critical points in pre-examination,
examination and post-examination processes. In this study,

process for the BC bottles, this system is able to perform
measurement of blood volume by scanning the sample level
of each bottle with a camera. This last technology is crucial,

we followed the evolution of different quality indicators for
BCs over the first year of implementation of the BacT/Alert
Virtuo system in a French hospital.

Received 05 August 2020; Accepted 08 December 2020; Published 17 December 2020

Author affiliations: 'Department of Bacteriology-Hygiene, Bicétre Hospital, Assistance Publique - Hopitaux de Paris, Le Kremlin-Bicétre, France;
2UMR-S 1184, Paris-Saclay University, Le Kremlin-Bicétre, France; *French National Reference Center for Antibiotic Resistance, France; “Paris-Saclay
University, Faculty of Medicine, Le Kremlin-Bicétre, France.

*Correspondence: Laurent Dortet, laurent.dortet@aphp.fr

Keywords: accreditation; BacT/AlertVirtuo; blood culture; quality indicators.

Abbreviations: BC, blood culture; SEM, standard error of mean.

001300 © 2021 The Authors

This is an open-access article distributed under the terms of the Creative Commons Attribution License
o

1


http://jmm.microbiologyresearch.org/content/journal/jmm/
https://creativecommons.org/licenses/by/4.0/deed.ast

Emeraud et al., Journal of Medical Microbiology 2021;70:001300

METHODS
Hospitals

Bicétre Hospital (BCT) belongs to the Paris-Sud University
Hospitals group, which is one of the 12 hospital groups of
the Assistance Publique — Hopitaux de Paris (AP-PH). It is
a 1000-bed tertiary teaching hospital with a large number
of medical and surgical specialties. The clinical laboratory
of bacteriology at Bicétre also receives samples from Paul
Brousse Hospital (PBR), an 800-bed tertiary teaching univer-
sity hospital. Samples from BCT are received by the labora-
tory throughout the day and night, and those from PBR are
delivered several times per day by couriers between 7 a.m. and
7 p.m. During the night duty period (Monday-Saturday every
day lasts from 7 p.m. to 7 a.m., but on Sunday this is reduced
to the afternoon), with a reduced technical staff, positive BC
bottles are not unloaded from the automated system.

BC system

Since January 2019, the laboratory has been equipped with
a BacT/Alert Virtuo (bioMérieux, Durham, NC, USA) for
blood infection detection. Three types of BC bottles are used:
(i) aerobic bottles (BacT/Alert FA plus), (ii) anaerobic bottles
(BacT/Alert EN plus) and (iii) paediatric bottles (BacT/Alert
PF plus).

Followed indicators

Within the framework of BC accreditation, the following
quality indicators were chosen for monitoring: (i) number
of BC bottles received per month, (ii) delay from sampling
to registration (=routing delay), (iii) delay from registration
to loading of the bottles in the incubation system (=loading
delay), (iv) positive bottle unloading delay (=unloading delay),
(v) positive bottle rate, (vi) percentage of bottles for which
the volumes are automatically measured, (vii) percentage of
bottles with conforming volume (7 to 13 ml for FA and FN
plus bottles), (viii) BacT/Alert Virtuo false-positivity rate and
(ix) rate of BC sample contamination.

All indicators, except the rate of contamination and false
positives per BC bottle, were extracted each month from the
middleware MYLA (bioMérieux, Durham, NC, USA) and
entered into an Excel workbook, allowing automatic calcula-
tion of all indicators. The rate of false-positive growth signals
that corresponds to the percentage of bottles with a positive
signal and a negative culture was extracted every 15 days from
the BacT/Alert Virtuo.

Volumes were considered to be non-conforming if they
measured less than 7ml or more than 13 ml. The collection
of these data began on 23 January 2019, corresponding to the
date of the implementation of the BacT/Alert Virtuo system
in our laboratory.

The BC contamination rate was evaluated per sample (aerobic
and anaerobic bottles correspond to one sample for adults
and the paediatric aerobic bottle corresponds to one sample
for children). Data were extracted from the laboratory
information management system (GLIMS edited by MIPS,

Vincennes, France). A unique positive BC sample with
recognized contaminants (coagulase-negative staphylococci,
Micrococcus spp., Bacillus spp. and viridans group strepto-
cocci) was considered as probable contamination [10].

RESULTS

A total of 53892 BC bottles were introduced into the BacT/
Alert Virtuo from 23 January to 31 December 2019. Of
these, 95% were aerobic or anaerobic bottles and 5% were
paediatric bottles (Table 1). The monthly number of bottles
received was stable at 4769+118 (average+sEM), except for a
drop in activity in August (n=3881 bottles), corresponding
to the summer school holidays (Table 1).

For all BCs, the average delay between sampling in the
clinical ward and sample registration in the laboratory
(=routing delay) was 3.5h+0.016 (Table 1). The median
routing delay was 2.5h, and 5% of samples had a routing
delay longer than 12h (Fig. 1a). During the day (7 a.m.
to 7 p.m.), the average routing delay was 3.1h+0.021. This
delay significantly (P <0.001, Student’s ¢-test) increased to
4.2h+0.026 during night duty periods. Since the bacteri-
ology laboratory is located in BCT, this routing delay is
significantly quicker for samples from BCT than for those
from PBR located at 2km (2.6 h+0.0206 vs 6.5h+0.0686, P
<0.001).

Regarding the delay between loading bottles into the BacT/
Alert Virtuo and registration in the laboratory informa-
tion management system (=loading delay), the average time
was 44 min +0.209 and the median was 30 min (Table 1). A
difference could be observed between day and night duty
periods (44 min+0.0032 vs 46 min+0.0090 average delay, P
<0.001). The majority of the bottles (94.1%) were loaded
into the automated system in less than 2h (Fig. 1b).

Regarding the delay in unloading positive bottles
(=unloading delay), the average time was 5.8 h+0.0727 and
the median was 4.5h (Table 1). Interestingly, the distribu-
tion of unloading delays identified two peaks (Fig. 1c) at
less that 1h (33.9% of positive BCs) and between 10 and
15h (19.0% of positive BCs). As expected, the positive
BC bottles unloaded in less than 1h likely correspond
to those that were positive during the day duty period,
whereas positive BC bottles unloaded between 10h to 15h
correspond to those that were positive during the night
duty period.

Of note, the blood volume was only measured automatically
by the BacT/Alert Virtuo for 60% of the loaded bottles (FA
and FN plus bottles) (Table 1). During the first month’s use
of the BacT/Alert Virtuo the volumes were only measured
for 44% of the loaded bottles, whereas this rate reached
almost 70% by the end of the year (Table 1). Among the
bottles for which the volume was measured, only 30% had
a conforming volume (7 to 13 ml). These volumes were less
than 7ml or more than 13ml in 63 and 7% of the cases,
respectively (Fig. 1d).



sa)310q J1ujeipaed ‘44 'S811309 21GOJaRUE ‘N4 !S8)})0q 21q0Jae "4 ‘PauluIa)}ap Jou aN
W E| PUB / UBIMIBQ SBWN|OA ‘SaWN|oA Bulwiojuo)}
24n)nd aAnebau pue onIA 1a1y/ 1988 Yiim eubis aaijisod yiim saj30q ‘aalyisod asied

70:001300

Emeraud et al., Journal of Medical Microbiology 2021

134 LT 0L o€ 9 LE 09 190 L0°0 11 S S'Ly SV %
LT9€T (3349 LT9€T (2349 121¢ 9050T 090€€ s€ TLLS yg's uru gy yse 099¢ $095¢ 8795T 68€S u T830L
9% 61 |74 6T L 6€ s9 66°0 o 11 9 Ly Ly %
L60T LS8 L60T LS8 LEE 091 Ys6T S ¥0S uv'9 uru gy qoe 08T Yric yric 895¥ u Toquiadaq
8¥ 0T |74 6T L v 69 o ¥0°0 01 S Sy S’y %
SheT 9L6 SheT 9L6 PS¢ 1661 Tzee [4 €61 qeo urw gy yge 09T 68CC 88TC LE8Y u TaquiAON
0s 0T w 8T L € 69 0LT 8T°0 11 9 Ly Ly %
0s¥c 996 0s¥c 996 PS¢ 960T 91¥e 6 8TS qo9 uru gy qoe €LT 9zeT LT€T 9t6¥ u 12qo10
i 81 |74 6T 9 8¢ 9 60T o 01 S S'Ly S'LY %
6€61 88L 6€61 88L 0LT 6991 LTLT S LSY ycy urugg qre 67T 10T £90T L9¢¥ u 1aquiaydag
oy 81 69 153 S S€ LS 000 000 4t 9 Ly Ly %
1HsT 89 1HsT 89 061 1s€T €eee 0 iy ug's uru ¢ qLe e 081 LT81 188¢ u ysndny
9€ ST 0L o€ i4 (43 1s 000 000 4t 4 87 87 %
0L L 0L L 0re jat 9Tve 0 98S ug's uru ¢ qre 661 0sce 0Lze 6€LY u Am(
oy 61 L9 €€ L e 09 LEO ¥0°0 11 S S'Ly S'LY %
8F61 €76 8¥61 (349 LIE 1691 168¢ [4 ws yes uru 2y ye'e [tigs 66CC ¥0€T €v8y u dun(
w 91 w 8T 9 9¢ 65 69°0 90°0 6 4 87 87 %
€v0T ¥8L €v0T 8L 8T 6SL1 LT8C € (434 qo9 uru ye'e 01T L0€T 01€T LT8¥ u Aepy
Fid ST SL ST S (U4 09 vLo 80°0 11 S S'Ly Sy %
15T SSL 15T SSL e 00T 900¢€ 14 8€S ugs uru 6§ yoe £34 88¢€T 06€C 6005 u pady
9% LT €L LT S w 9 %50 90°0 11 S S'Ly S’y %
86T 606 86T 606 9¥T e L£9¢€ € 9LS ug's uru gy yee 1544 65T 87ST 00€S u Prepy
9% LT €L LT S 144 9 8€°0 ¥0°0 01 i4 87 87 %
L6ET 088 L6ET 088 08T LTTT LLTE [4 ¥es yss uru gy yLe 661 SLVT S8¥T 6S1S u Arenaqag
(43 (48 €L LT (4 6T a4 0 0 (U8 i4 8v 8v %
sy 1L1 sy L1 13 61% S79 0 8¥1 yse'L uru oy yey 9 989 889 Blagt u Arenue(
(paanseawt
(2103) & Suowre) (paanseawr (%)
sawmjoa (re101) 4 Asaurnjoa Suoure) Tuer< > (vd saanisod [e10) (%) 12301
Sururroyuod SaWN|oA Sururioyuod 4 I I I ‘Nd) sapoq /xsaanisod /xsaanisod ,saanisod onjIIA omuaip
-uoN Sururroyuo) -uoN Sururroyuo) yStg Mo painseapy as[ey Jo "'oN as[ey Jo 'oN as[ey Jo 'oN ur Surpeopuny  urSurpeo]  wondaday ad NA Vi e101,

ajex Ayranisod-asyey onyarp (ueawr) Aepaq $3[110q Jo 'ON.

610 J0j S84n31N2 poo|q 10} S103BIIPUI AJIjenD Jo BulloyIUO | 81qeL



Emeraud et al., Journal of Medical Microbiology 2021;70:001300

a 100
2%
0%
154
0%
0%
%
o w4
o% o%
0fh 12h 230 34n  45h  56n 670  T8h BSh  S10n 1045h 15200 2030n 3040n 4050
C « 100%
0%
0%
0%
2%
o
10%
20%
o% o%

0n 12n 23h  34n  4Sh  S6n  67n  78h  8BSh  940n  10sh 15200 2030n

0% 100%

0% 0%

0% 0%

o% —
030mn 3omnfh 1h30  Th020  23n  34h  4Sh  S6h  G7n  78h BN  SA0h  1045h  1520n

20507 bottles | 10 209 bottles 2314 bottles with
with low volume [with conforming high volume
4000 (63%) volume (7%)

(30%)
3000
2500
2000

1500

1000

500

o0l
OmL 2mL 4mL GmL 8mL 10mL 12mL 14mL 16mL 18mL 20mL 22m. 24mL 26mL 29mL 31mL

Fig. 1. Quality indicators for blood culture bottles using the BacT/Alert Virtuo over 1year: (a) delay from sampling to registration (=routing
delay), (b) delay from sample registration to loading (=loading delay), (c) delay to unloading positive bottle (=unloading delay) and (d)

percentage and distribution of measured blood volumes in bottles.

Finally, 11% (5772/53892) of the loaded BC bottles turned
to positive (Table 1), with this number corresponding to
3509 BC samples. Among these positive BC bottles, 35
(0.67%) were actually negative in culture (Table 1) and
thus considered to be ‘false positives. Among the 3509 BC
samples with positive bottles, 72.8% (2554/3509) were posi-
tive with germs that were considered to be responsible for
bacteraemia (Fig. 2). The most prevalent organisms respon-
sible for ‘true’ bacteraemia are Enterobacterales (34.7 %,
n=886), coagulase-negative Staphylococcus (19.1%, n=506),
Staphylococcus aureus (14.8%, n=379) and Enterococcus spp.
(5.6%, n=143) (Fig. 2, left panel). Among these BCs, 3.1%

(n=78) were positive with at least two different germs. The
last 955 (272 %) positive BC samples led to the identification
of contaminants (Fig. 2). Contaminated cultures mostly
correspond to the growth of coagulase-negative staphy-
lococci (86.8%, n=829), including a majority of Staphylo-
coccus epidermidis (n=433), Staphylococcus hominis (n=155)
S. capitis (n=107) and Staphylococcus haemolyticus (n=62).
The other contaminants corresponded to viridans group
streptococci (n=44), Micrococcus spp. (n=43), Corynebac-
terium spp. (n=19), Propionibacterium spp. (n=12), Derma-
bacter spp. (n=4), Rothia spp. (n=3) and Kocuria spp. (n=1)
(Fig. 2, right panel).
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Fig. 2. Blood culture contamination over 1year: (a) identification of germs grown in positive blood culture samples and (b) rate and

identification of contaminants in positive blood cultures samples.
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DISCUSSION

Monthly monitoring of quality indicators facilitates the
implementation of improvements and rapidly identifies
variations that might have a clinical or a logistical impact.
First, we observed that a large proportion (5.1%) of bottles
took longer than 12h to be transported from the clinical
ward to the laboratory. These were primarily bottles coming
from PBR. Indeed, samples from PBR are delivered several
times a day by couriers, but they are not delivered during
the night duty period. Accordingly, it might be helpful to
increase the rotation in order to limit this delay. Regarding
the delay between registration in the laboratory management
system and the loading of the BC bottles into the BacT/Alert
Virtuo (=loading delay), the average time is very satisfactory
(44 min+0.209) independently of the duty period. The large
majority (94.0%) of the bottles were loaded in less than 2 h. In
addition, the loading delay (44 min+0.209) seems to be negli-
gible compared to the routing delay (3.5h+0.016), limiting
any possible improvement process. Finally, the mean delay
in unloading positive bottles is 5.8h+0.0727. This relatively
long delay is explained by the fact that the positive bottles are
not unloaded during the night duty period. Accordingly, BC
that turn positive at the end of the day will not be analysed
before the morning, resulting in an increase in the average
and median unloading delay. Of note, a peak of BCs unloaded
in less than 1h (33.9%) can be observed. This corresponds
to BCs that turn positive during day duty. Consequently,
the unloading delay could be improved if the management
of positive BCs were the same during night and day duty
period. However, this implies huge organizational changes,
which must be taken in account.

Since the clinical impact of adequate volume of blood inside
bottles is well known, use of a system that is able to measure
the collected blood volumes seems to be a real advantage.
Indeed, it has been shown that the higher the volume
of BCs, the higher the rate of detection of bloodstream
infections [7]. According to guidelines, the targeted blood
volume should be between 8 and 10 ml per bottle. However,
BacT/Alert Virtuo system is not accurate to within 2 ml,
explaining the range set up (7-13 ml). However, our study
highlights two major issues. First, the blood volume is only
measured for 60% of the loaded bottles. Thus, we cannot
assess whether the blood volume is adequate in bottles
that are not measured. Second, only 30% of the measured
volumes were conforming (between 7 and 13ml), and a
large majority of the bottles (63%) contained less than 7 ml
of blood. The improvement in reading between January and
February (44 vs 64%) is due to the education of medical
personnel to place patient labels such that the reading
window is not obscured. The availability of new bottles
from the manufacturer with a dedicated place for these
labels could further improve the percentage of volumes
read. Following our analysis of these volumes, we will target
the hospital services for which the BC volumes are insuf-
ficient and inform the nurses. In addition, it has also been
shown that monitoring the BC volume for paediatric bottles
could improve diagnostic ability [11, 12].

Finally, we determined the rate of BC contamination. Among
the positive BC samples, 27.2% were probably contaminated.
This results in additional laboratory tests, unnecessary anti-
biotic use and longer hospitalizations that increase patient
care costs [13]. This rate might be higher, since we did not
obtain the clinical context for all positive BCs. As previously
reported, the contaminants were primarily coagulase-negative
staphylococci [14, 15]. Hospital departments where the rate
of contaminated positive BCs has been observed should be
targeted to organize educational sessions.

To conclude, this study provides evidence that regular auto-
mated monitoring of several quality indicators can help to
ensure the proper functioning of all steps necessary for the
efficient diagnosis of bloodstream infections.
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