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Dear Editor,
Periodic monitoring of blood volume is a key performance indicator of high-quality blood culture procedures [1]. Although blood
volume is the most important factor for successful blood culture
[2], its measurement remains challenging. Automatic measurement of blood volume is currently possible because of technical
developments and software advances. BACTEC FX (Becton-Dickinson Microbiology Systems, Sparks, MD, USA) calculates blood
volume by measuring the CO2 production of red blood cells in
≥ 25 bottles [3, 4]. However, its accuracy is significantly affected
by low Hct ( < 30%) values [4]. The recently developed BacT/
Alert Virtuo instrument (bioMérieux, Marcy l’Étoile, France) can
measure blood volume by scanning the sample level of each
bottle. This is the first study to evaluate the accuracy of blood
volume measured by this instrument. We compared the volume
measured using the Virtuo instrument (henceforth, virtual volume) with the volume determined by weighing each bottle with
a scale and dividing it by 1.055, the specific gravity of whole
blood (henceforth, actual volume) [5].
A total of 1,212 blood culture bottles were collected between
September and December 2018 from Gyeongsang National University Changwon Hospital, Changwon, Korea. We used the Virtuo instrument (version 02.01.06.928) with Myla middleware
(version 4.0.0.29; bioMérieux), which improves connectivity, lab-

oratory workflow, and information management. Virtual volume
of each bottle is automatically presented as an integer by the instrument.
Statistical analyses were performed using MedCalc for Windows, version 18.5 (MedCalc Software, Ostend, Belgium), and
P < 0.05 was considered significant. We used the KolmogorovSmirnov test for testing normal distribution and applied the interquartile range (IQR) rule to detect outliers (below the first
quartile–1.5 × IQR or above the third quartile+1.5 × IQR). The
Mann-Whitney test was used to compare the volume of aerobic
and anaerobic bottles, and the Wilcoxon signed rank test was
used to compare paired virtual and actual volumes. Spearman’s
rank correlation was calculated between virtual and actual volumes.
We excluded 71 outliers and analyzed the remaining 1,141
bottles (543 aerobic and 598 anaerobic). Median virtual volume
was 6.0 (4.0–7.0) mL for all bottles and differed between aerobic and anaerobic bottles (6.0 [5.0–7.0] mL vs 5.0 [3.0–6.0]
mL; P < 0.0001). Median actual volume was 4.83 (3.70–5.88)
mL for all bottles and did not differ significantly between aerobic
and anaerobic bottles (4.83 [3.70–5.97] mL vs 4.79 [3.60–5.78]
mL; P = 0.7401). The optimal volume (8–12 mL) accounted for
only 16.0% and 5.0% of virtual and actual volume, respectively
(Fig. 1). Of all bottles, 400 pairs of aerobic and anaerobic bottles
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Fig. 1. Distribution of virtual and actual blood volume in 1,141 blood culture bottles. The optimal volume (8–12 mL) accounted for (A) 16.0%
of the virtual blood volume and (B) 5.0% of the actual blood volume.
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Fig. 2. Differences between virtual and actual blood volume in (A) aerobic bottles and (B) anaerobic bottles. The dashed line indicates the
113
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Fig. 2. Differences between virtual and actual blood volume in (A) aerobic bottles and (B)
median
difference: (A) 1.40 mL and (B) 0.21 mL.
114

were collected from the same patients at the same time, and
they had a median actual volume of 9.91 (7.87–11.09) mL.
Virtual and actual volumes were strongly correlated (r = 0.875
and 0.882 for aerobic and anaerobic bottles, respectively). The
differences between virtual and actual volumes were larger in
aerobic (median difference: 1.40 [0.82–1.88] mL) than in anaerobic (0.21 [-0.46–0.88] mL) bottles (P < 0.0001; Fig. 2).
More blood was collected in aerobic than anaerobic bottles, in
agreement with a previous report [6]. This phenomenon might
be due to the initial inoculation in the
8 aerobic bottles [2].
Another study on Aerobic/F bottles using BACTEC FX found a
0.2 mL difference between virtual and actual volume and a strong
correlation between them (R2 = 0.715) [7]. Yet another study
found a 0.3 mL difference using the same instrument [4]. We
https://doi.org/10.3343/alm.2019.39.6.590
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anaerobic bottles. The dashed line indicates the median difference: (A) 1.40 mL and (B) 0.21

119

mL.

found a significant difference between virtual and actual volume
in both types of bottles. However, the median difference in aero121
bic bottles (1.40 mL; 95% CI, 1.31–1.45) was greater than that
in anaerobic bottles (0.21 mL; 95% CI, 0.07–0.31).
There is a need for caution in evaluating the adequacy of blood
volume based on virtual volume because of the possibility of overestimation.
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