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ABSTRACT

Background: Blood culture is widely accepted as the gold standard investigation for the diagnosis of blood stream
infections (BSI). The number of blood cultures collected has a considerable impact on the organism isolation. This
study aims to optimize the number of blood cultures needed, for an optimal diagnostic yield in BacT/ALERT
VIRTUO system mainly in a resource limited setting.

Methods: All the blood cultures (BCs) obtained in BacT/Alert bottles per patient during a 24-h period were included
as ‘one episode’ and categorized as single bottle, 1-set (2 aerobic bottles), 2 sets and 3 sets. BC bottles were incubated
in the BacT/ALERT VIRTUO (bioMérieux) for a period of five days. Bottles flagged positive were subjected to
Gram staining and culture plating. Colonies grown were identified by MALDI-TOF MS, VITEK MS, bioMérieux.
Results: Cumulative positivity rate increased (21.7%, 41.4%, 56.1%, 60.6%) and pathogen isolation rate increased
(10.3%, 21.8%, 30.4% and 33.8%) progressively when collected in single bottle, 1, 2 and 3 sets respectively. The
pathogen detection rate for GNB and GPC were 45.1% and 42.6% respectively with one bottle and this got upsurged
to 85.6% and 98.9% for GNB and 83.6% and 98.2% for GPC when collected in <1 set and <2 sets respectively.
Conclusions: Two BC sets over a 24-h period can detect approximately 98% of the pathogens with a cumulative
positivity rate of 60% and hence it is a justifiable alternative approach to the standard practice of 3-sets of BCs.
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INTRODUCTION

Bloodstream infections (BSIs) and sepsis pose a
significant impact on global health. Although the global
burden of sepsis is difficult to ascertain, World Health
Organization (WHO) estimated that about 49 million
cases of sepsis and 11 million sepsis-related deaths occur
worldwide annually, accounting for almost 20% of all
global deaths. Low- and middle-income countries
(LMICs) account for approximately 85% of global sepsis
burden.! Early and accurate diagnosis of BSls is the
cornerstone for institution of appropriate pathogen-
directed antimicrobial therapy.

Despite of advancement in molecular techniques and
biomarkers, blood culture is widely accepted as the gold
standard investigation and the first line tool for the
diagnosis of BSIs.2® With the advent of continuous-
monitoring blood culture systems (CMBCS), there has
been a sustained improvement in the pathogen isolation
in blood cultures.* In spite, there are a number of
preanalytical factors which influence the outcome of a
BC investigation-number of BCs drawn, method of skin
asepsis, amount of blood volume, source of collection,
timing of sampling with respect to antibiotic
administration etc.> Among the factors stated above, the
number of BCs collected has a considerable impact on
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the organism isolation. Most guidelines recommend to
obtain three sets (six bottles, 8-10mL per bottle) of blood
culture for optimal pathogen recovery. Several studies in
the literature stated that the diagnostic yield of blood
cultures significantly improves with the increase of the
number of blood cultures drawn (67%, 80% and 96%
with 1, 2 and 3 sets of BCs respectively).3® However,
implementing the practice of drawing multiple sets of
BCs is extremely difficult, particularly in LMICs, which
may be attributed to financial, manpower, ethical and
infrastructure-related constraints. The situation is more
difficult in public sector settings catering to poor people,
where it is often observed that clinicians tend draw only
one or two BC bottles, which results in a very poor
organism isolation.”

While drawing extraordinarily suboptimal specimen (1
BC bottle) definitely has a poor diagnostic yield, at the
same time obtaining 3 sets of BCs appears to be far from
reality in public sector facilities of LMICs.%7 It is also
believed that the newer CMBCS such as BacT/ALERT
VIRTUO may detect bacteremia at lower levels than
older systems like BacT/ALERT .8°

Therefore, this study has been undertaken to revisit the
BC collection guideline, and to optimize the number of
blood cultures needed, for an optimal diagnostic yield in
BacT/ALERT VIRTUO system.

METHODS

This was prospective observational study conducted from
May 2019 to April 2021 at diagnostic blood culture
division, Department of Microbiology, Jawaharlal
Institute of Postgraduate Medical Education & Research
(JIPMER), Puducherry.

Inclusion criteria

All the blood culture bottles received in the microbiology
laboratory were included in the study.

Exclusion criteria
Blood culture bottles without appropriate labelling or

mismatch between patient details on bottle and request
form was excluded from analysis.

As this was a prospective study, sample size was not
defined as we were collecting data from the entire
samples received in the laboratory for the period of study
duration.

The study was conducted as a part of routine
investigation. As no additional sample was collected as
part of project, ethical approval was not obtained as there
were no active interventions which were done on
a patient. It is purely a lab-based study which included
only samples received in the laboratory for analysis
without representing demographic details of the patient
during analysis.

Procedure

BCs were obtained in BacT/Alert FA plus aerobic bottles
at the bedside by the clinical team as per the standard
collection protocol.® All the blood cultures obtained per
patient during a 24-h period were included as ‘one
episode’; the specimens obtained beyond 24h was
considered as ‘separate episode’. In this study, blood
culture set is defined as the combination of two aerobic
BC bottles.!* The clinical significance (true infection
versus contamination) of the positive blood culture was
determined by bedside visit through pathogen-directed
antimicrobial stewardship (AMSP) audit, conducted by
the microbiology resident doctors. BCs received at the
microbiology laboratory were incubated in the
BacT/ALERT VIRTUO (bioMérieux) CMBCS for a
period of five days. Bottles flagged positive were
subjected to Gram staining, followed by plating on
suitable culture media and the colonies grown were
identified by matrix assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF MS,
VITEK MS, bioMérieux).

Data collection and statistical analysis

The relevant data collected were entered in Microsoft
Excel and statistical analyses were performed with IBM
SPSS Statistics V22.0 software.'> The parameters used
for the comparison of BC performance when collected in
single bottle and multiple samples (1, 2 and 3 sets) have
been defined in Table 1.

Table 1: Parameters used for the comparison of BC performance collected in single bottle and multiple samples.

Parameters Definition

Cumulative positivity

Number of BSI episodes where at least one BC bottle is flagged positive (pathogen plus

rate contaminant) X100/Total BSI episodes

Pathogen isolation rate X100/Total BSI episodes

Coniamintiion i X100/Total BSI episodes
Sterile rate

Pathogen detection rate

Number of BSI episodes (at least one BC bottle) flagged positive for pathogens
Number of BSI episodes (at least one BC bottle) flagged positive for contaminants
Number of BSI episodes flagged negative (i.e. reported sterile) X100/Total BSI episodes

Number of a specific pathogen isolated from a particular set X 100/Total number of same
pathogen isolated from all BSI episodes
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The comparison of cumulative positivity rate, pathogen Table 2: The blood cultures received in different sets,
isolation rate, and pathogen detection rate between the and their cumulative positivity rate.
episodes collected in single and multiple sets was carried
out by using Kruskal-Wallis test (nonparametric).'? Blood culture No. of BSI *Cumulative
Values of p <0.05 were considered as statistically bottles received _positivity rate
significant. The agreement between increase in pathogen Single BC 66.5% (25,869) 21.7 %
isolation rate and increase in contamination rate has been bottle obtained ' ' (5616/25,869)
analysed by using Cohen’s kappa statistics.*3 1 set (two bottles) 0 41.4%
obtained 26.9% (10458)  (4331/10,458)
RESULTS 2 sets (four . 56.1%
bottles) obtained ©-0% (2:358) (1323/2,358)
A total of 55,825 BC bottles were collected during the 3 sets (six bottles) 0.6% (216 60.6%
study period, from 38,901 BSI episodes from 24,128 obtained 6% (216) (131/216)
patients. The blood cultures received in single set, two
and three sets and their cumulative positivity rate are
depicted in the Table 2.
1000 78.3%
(20253)
80.0 - 58.6%
S -_—- o (6127)
60.0 - < 43.9% 0
B (1035) 33.8% 5 g0 39.4%
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Figure 1: Comparison of outcome of blood culture investigation when collected in different sets.

Table 3: Comparison of pathogen isolation rates for the BSI episodes collected in multiple sets.

BSI episodes flagged

One set (two bottles) is obtained 10,458

Total positive episodes 21.8% (2,278) 12.6%
Any one bottle flagged positive for pathogen 10.9%* (1,136)

Both bottles flagged positive 10.9% (1,142)

Yielded different organisms 1.7% *(178)

Yielded same organism 9.2% (964)

Two sets (four bottles) are obtained 2,358

Total positive episodes (any one out of 4 bottles flagged positive) 30.4% (718) 8.3%
Only 1% set flagged positive 12.5% (294)

Only 2™ set flagged positive 4.9%° (115)

Both sets flagged positive 13.1% (309)

Yielded different organisms 3.4%° (80)

Yielded same organism 9.7% (229)

Three sets (six bottles) are obtained 216

Total positive episodes (any one out of 6 bottles flagged positive) 33.8% (73) 12.9%
Only 1% set flagged positive 5.1% (11)

Only 2" set flagged positive 3.2%" (7)

Only 3 set flagged positive 2.3% *(5)

Any 2 sets flagged positive 8.3% (18)

Yielded different organisms 0.9%" (2)

Continued.
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Isolation rate

BSI episodes flagged

Yielded same organism 7.4% (16)
All sets flagged positive 14.8% (32)
Yielded different organisms 6.5%" (14)
Yielded same organism 8.3% (18)

Abbreviation: BSI, bloodstream infection; *sum of the values indicates net gain in the pathogen isolation rate when 1 set is
supplemented; $sum of the values indicates net gain in the pathogen isolation rate when 2 sets are supplemented; #sum of the
values indicates net gain in the pathogen isolation rate when 3 sets are supplemented

Table 4: Pathogen detection rate (i.e. frequency distribution of pathogens isolated) when collected in different sets.

Frequency distribution of pathogen isolated

Organisms recovered

Single bottle <1 set received* <2 sets received**

Gram-negative bacilli group (N=4269) 45.1% (1927) 85.6% (3653) 98.9% (4224)
Escherichia coli (N=925) 47.9% (443) 84.9% (785) 98.6% (912)
Klebsiella pneumoniae (N=840) 45.1% (379) 85.6% (719) 98.8% (830)
Enterobacter spp. (N=164) 39.0% (64) 87.2% (143) 98.8% (162)
Salmonella spp. (N=86) 64.0% (55) 89.5% (77) 100.0% (86)
Other Enterobacterales (N=126) 43.6% (55) 88.1% (111) 99.2% (125)
Acinetobacter baumannii (N=759) 41.0% (311) 84.6% (642) 98.7% (749)
Other Acinetobacter spp. (N=146) 45.2% (66) 82.9% (121) 100.0% (146)
Pseudomonas aeruginosa (N=341) 42.2% (144) 86.5% (295) 99.1% (338)
Other Pseudomonas spp. (N=247) 47.0% (116) 83% (206) 98.4% (243)
Burkholderia spp. (N=139) 23.7% (33) 82.7% (115) 99.3% (138)
Stenotrophomonas spp. (N=148) 41.2% (61) 87.8% (130) 100.0% (148)
Elizabethkingia spp. (N=176) 73.3% (129) 95.5% (168) 100.0% (176)
Other Non-enterobacterales (N=172) 41.3% (71) 82.0% (141) 99.4% (171)
Gram-positive cocci group (N=1465) 42.6% (624) 83.6% (1224) 98.2% (1438)
Staphylococcus aureus (N=589) 43.8% (258) 85.2% (502) 98.1% (578)
Enterococcus spp. (N=551) 39.4% (217) 82.9% (457) 98.9% (545)
Streptococcus pyogenes (N=69) 37.7% (26) 82.6% (57) 98.6% (68)
Streptococcus pneumoniae (N=67) 62.7% (42) 91.0% (61) 98.5% (66)
Streptococcus agalactiae (N=23) 52.2% (12) 78.3% (18) 100.0% (23)
Viridans Streptococci (N=166) 41.5% (69) 77.7% (129) 95.1% (158)
Yeast (N=447) 44.1% (197) 85.2% (381) 98.4% (440)
Total (N=6181) 44.5% (2748) 85.1% (5258) 98.7% (6102)

*<1 set received includes the no. of episodes in which bottles received as single bottles + 1 set; **<2 sets received includes the
no. of episodes in which bottles received as single bottles + 1 set + 2 sets

Figure 1 depicts the comparison of outcome of blood
culture investigation when collected in different sets. The
pathogen isolation rate was increased when collected in
multiple sets (21.8%, 30.4% and 33.8% for 1, 2 and 3 sets
respectively) compared to when collected in single bottle
(10.3%). At the same time, there was a steady decline in
the false negative episodes-78.3% of single bottle
collections were reported as sterile; as compared to
58.6%, 43.9% and 39.4% of episodes of 1, 2 and 3 sets
collections respectively were reported as sterile.

Table 3 describes the comparison of pathogen isolation
rates for the BSI episodes collected in multiple sets. Out
of the episodes where BC were collected in one set, the
net gain in the positivity rate was about 12.6% when the
second bottle was implemented-10.9% of episodes

flagged positive for any one bottle and 1.7% of episodes
flagged positive for both bottles but yielded different
organisms. Among the BSI episodes with two sets (four
bottles) of BCs collected, the net gain in the positivity
rate of 2™ set was found to be 8.3-4.9% of episodes
flagged positive only for the 2™ set and 3.4% of episodes
flagged positive for both the sets, but yielded different
organisms. Amid the episodes with three sets (six bottles)
of BCs collected, the net gain in the positivity rate was
12.9% when multiple sets were supplemented.

The impact of multiple samples on pathogen detection
rate (i.e. frequency distribution of pathogens) has been
depicted in Table 4. Out of all gram-negative bacilli
isolated during the study period, 45.1% were isolated
from the episodes received with one bottle, whereas
85.6% and 98.9% were isolated from the episodes
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received with <1 set and <2 sets respectively. Likewise,
the pathogen detection rate for gram-negative cocci group
also upsurged from 42.6% (when collected in single
bottle) to 83.6% and 98.2% when collected in <I set and
<2 sets respectively. Individual organism analysis also
revealed a concordance finding of increase in the
detection rate of most of the pathogens with the increase
in the number of bottles sampled-highest yield was
observed for Burkholderia spp. and Streptococcus
pyogenes. Only a minor proportion of organisms (1.1% of
gram-negative and 1.8% of gram-positive) were
additionally detected when the 3™ set was supplemented.

DISCUSSION

Blood culture (BC) has been regarded as the lifesaving
gold standard investigation for patients with bloodstream
infection (BSI), who are often found to be critically ill
with a higher risk of morbidity and mortality.***> There
are several pre-analytical factors which determine the
performance of BCs; out of which the most critical
parameter is optimal sampling.® Most guidelines
recommend to obtain two to three BC sets over a 24-h
period for the optimal detection of BSIs.®¢¢ Although
the isolation rate increases with multiple sampling; the
financial and ethical restrictions make this strategy
difficult to implement, especially in LMICs and public
sector facilities catering to poor people.” With the advent
of newer CMBCS such as BacT/ALERT VIRTUO, the
isolation rate has been reported to be increased.®?
Therefore, this study has been commenced to determine
the number of blood cultures optimally needed for a
LMIC public sector setting, to achieve a reasonable
diagnostic yield when BacT/ALERT VIRTUO system is
used.

In the present study, a substantial proportion of the BSI
episode (66.5%) were collected in single BC bottle;
whereas multiple samples were obtained only from the
remainder of episodes (26.9% in 1-set, 6.0% in 2-sets and
0.6% in 3-sets) (Table 2). This points towards an urgent
need of intensified continuous educational intervention to
persuade the clinical team to draw BCs in multiple sets.
The cumulative positivity rate was significantly increased
when collected in multiple sets: 21.7% vs 41.4%;
between 1 bottle and 1-set (p value<0.0000001), 41.4%
vs 56.1%; between 1-set and 2-sets (p value<0.0000001).
However, the increase was not found to be significant
between 2-sets and 3-sets (i.e. 56.1% vs 60.6%; p value
=0.1979).

We also observed that the pathogen isolation rate was
gradually increased when collected in multiple sets
compared to single bottle [10.3% vs 21.8%; between 1
bottle and 1-set (p value<0.0000001), 21.8% vs 30.4%;
between 1-set and 2-sets (p value<0.0000001)]; with a
concordance steady decline in the false negative episodes
[78.3% vs 58.6%; between 1 bottle and 1-set (p
value<0.0000001), 58.6% vs 43.9%; between 1-set and 2-
sets (p value<0.0000001)]. There was also decline in

false negative episodes [43.9% vs 39.4%; (p
value=0.1979)] and increase in pathogen isolation rate
[30.4% vs 33.8%; (p value=0.3095)] between 2-sets and
3-sets, but not statistically significant. (Figure 1). The
increase in the pathogen isolation rate was attributed to
one of the following reasons: (i) obtaining multiple
samples would increase the total volume of blood
cultured, thereby improving the isolation.3'78 (i)
obtaining multiple samples over 24 hours may improve
the isolation for the episodes with intermittent
bacteremia.®!4%7, (iii) repeat isolation of same organism
of uncertain pathogenicity in multiple samples may help
in ascertaining its pathogenicity (discriminating the
pathogens from contaminants); subsequently reporting of
these organisms as ‘pathogen’ in the clinical report.®2
Several other studies in the literature reported a similar
finding of increased pathogen isolation with a decrease in
false negative reports when multiple samples were
drawn.3*7'17*18

We also analysed the net gain in the pathogen positivity
rates of the BSI episodes when multiple bottles were
supplemented (Table 3). Out of the episodes collected in
one set, the net gain in the positivity rate when the second
bottle was implemented was about 12.6%. Similarly,
among the episodes collected in two and three sets of
BCs, the net gain in the positivity rate when the second
bottle 8.3% and 12.9% respectively when multiple sets
were supplemented. The gain in the positivity rate was
partly attributed to more number of supplemented bottles
flagged positive for the pathogens for the episodes in
which the first set was flagged negative and also to some
extent because of additional organisms recovered from
the supplemented sets (i.e. polymicrobial infections) as
compared to the first set for the episodes in which all the
sets were flagged positive. This observation was
seconded by several other studies in the literature.5".1221

The frequency distribution of pathogens (detection rate)
isolated when collected in multiple sets was evaluated
(Table 4). Out of all organisms isolated during the study
period, only minor proportion (42-45%) were isolated
from the BC episodes received with one BC bottle, as
compared to the BC episodes received with <1 set (83-
85%) and <2 sets (~98%) with a net gain of pathogen
detection of about ~40% and ~13% when one set is
collected compared to single bottle and 2™ set is added to
1%t set BC respectively. This observation was found to be
true for most of the gram-negative, gram-positive
organisms and yeast isolated. Several other authors
published diverse results of positivity rate-85.6% (1 set),
96.5% (2 sets) and 100% (3 sets) by Elantamilan et al;
80.1% (1 set), 93.9% (2 sets) and 96.9% % (3 sets) by
Lee et al.*2% Few studies showed that sampling BC in 1
set vs 2 sets vs 3 sets was associated with positivity rate
of 65.0-75.7%, 80.4-89.2%, and 95.7-97.7%,
respectively.?:>* The difference in the positivity rate in
our study could be attributed to use of an advanced
automated blood culture system ‘BacT/ALERT VIRTUO
system’ which claims to be superior in detection rate than
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other systems.®® These finding suggests that in a
resource-constrained setting of LMICs, obtaining two
sets of BCs within 24 hours is a reasonable alternative
approach. Literature search revealed that numerous
studies suggested different recommendations for optimal
BC sampling-while some studies recommended at least
two separate sets of BCs sampled during a 24-h period
for the optimal diagnosis of BSIs; several other studies

and guidelines recommended three to four BC sets.?232%
27,16,28-29

This study has few limitations. The impact of other pre-
analytical factors such as blood volume, antibiotic
administration with respect to collection, sample
transport time and collection technique on pathogen
isolation rate were not studied. However, the similar
rates of growth observed in the two bottles of a set (1% vs
2nd 3 ys 4™ and 5" vs 6™ bottles) suggest that these
parameters would not have differed significantly among
individual bottles. Second, the sample size was too small
for the BC episodes in which 3 sets were collected,
compared to the BC episodes where one or two sets were
collected.

CONCLUSION

The outcomes of the present study indicate that two BC
sets over a 24-h period can detect approximately 98% of
pathogens (detection rate) with a cumulative positivity
rate of 60%. In LMICs, there is an existing practice of
sending only single BC bottle despite frequent education
and request. This practice is highly discouraged because
of extremely poor isolation of pathogens. In a resource-
limited setting (e.g. LMICs) with financial constraints,
obtaining 2-sets of BCs within 24 hours may be a
justifiable alternative approach to the standard practice of
3-sets of BCs; especially for the laboratories using the
automated continuous-monitoring blood culture systems
like BacT/ALERT VIRTUO system. However, other pre-
analytical factors should be adjusted appropriately such
as adequate blood volume (8-10mL per adult BC bottle),
drawing sample prior to antibiotic administration, sample
transport time of <2h etc.
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