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Background: Although the principles for blood cultures (BCs) guidelines provide a recommendation for collection patterns, the
complexity of clinical practice occasionally prompts clinicians to adopt non-standard collection patterns. Here, we investigate the
influences of different BC collection patterns on detection of pathogens.
Methods: The BC collection patterns of 96 hospitals were surveyed online. And a retrospective study of BC data from a tertiary
hospital was conducted.
Results: The results showed that 53.1% of hospitals adopted the recommended patterns. Among the 1439 episodes of true-positive
BCs, 67.4% were found in both the left- and right-sided bottles; 58.2% were found in both aerobic and anaerobic bottles.
Conclusion: The present study suggested that the rate of standard collection patterns of blood culture was low and the non-standard
collection patterns were associated with decreased detection of pathogens. Simultaneous collection of blood on the left and right sides
was recommended as an effective pattern of BC collection.
Keywords: blood culture, collection pattern, online survey, time-to-positivity, pathogen detection

Introduction
Bloodstream infection (BSI) is the most common cause of morbidity and mortality worldwide.1 Blood culture (BC) can
detect pathogens that cause BSI, which is essential to assess their antimicrobial susceptibility, providing significant
guidance for the treatment of BSI.

Increasing the detection rate of pathogens in BSI has become a key challenge for clinicians. For adult patients,
although blood volume is undoubtedly the most important variable in detecting bacteremia and fungemia,2–4 the patterns
of BC, adequate blood volume, multiple sets of BCs, multiple puncture sites, and the combination of aerobic and
anaerobic bottles can influence the rate of positive BCs.5–7

Although the current guidelines have presented recommendations for the collection of BC specimens,8 due to the
large volume of blood drawn at a time, blood collection is markedly affected by the physician’s discretion and patients’
compliance. At present, a number of hospitals do not fully follow the procedures recommended by the guidelines,9 and
blood is collected in accordance with advice presented by hospitals or physicians, including adopting a single puncture
site, or using anaerobic bottles only when obligate anaerobic bacteria are highly suspected. There are currently no data
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on BC collection patterns in local hospitals. Thus, we conducted a questionnaire survey on the BC patterns of 96
hospitals (including secondary and tertiary hospitals) located in Hebei province, China. As a result, we found that there
were a variety of inappropriate BC patterns in several hospitals in this region. Then, we retrospectively analyzed the rate
and the time-to-positivity (TTP) of positive BCs in a large comprehensive tertiary hospital, in order to evaluate the
influences of different BC patterns.

Materials and Methods
Study Design
A survey of BC collection was conducted in 96 hospitals, in addition to a single-center retrospective analysis of BC data
in a tertiary hospital which belongs to these 96. The survey included 96 hospitals that participated in the Antimicrobial
Resistance Surveillance System of Hebei Province (China). The retrospective analysis of BC collection patterns was
conducted in a tertiary general hospital, with 2400 inpatient beds. We retrieved BC data of outpatients and inpatients
from January 2018 to October 2020, including clinical diagnosis, time of drawing BCs, positive BC rate, TTP, and
pathogenic bacteria detection results. The inclusion criteria were as follows: 1) adult patients aged ≥18 years, 2) the
existence of two or more sets of BCs collected simultaneously. Therefore, the results of only one-set or one-bottle of BC
collected simultaneously were excluded. Each positive-BC sample was assessed for contamination according to the
following predefined criteria: when coagulase-negative Staphylococci (CoNS), Micrococcus species, Bacillus species,
Corynebacterium species, and Propionibacterium acnes were present in a positive-BC sample, clinicians and micro-
biology laboratory staff work together to identify bacterial contamination. Informed consent was obtained from the study
participants prior to the commencement of the study. All procedures will be performed in adherence to the Helsinki
declaration. Ethical approval from the Institutional Review Board of the Affiliated Hospital of Chengde Medical
University.

Survey Procedure
To our knowledge, there has been no survey on BC collection in Hebei province to date. To verify the performance of the
questionnaire, pre-testing of 20% of the study population was performed to examine their performance on the ques-
tionnaire, and the required amendments were accordingly applied. The questionnaire survey was implemented on an
online platform, developed by Tencent, Inc. (Shenzhen, China). We distributed electronic questionnaires among the
microbiology laboratories staff in 96 hospitals. Participants filled in data truthfully after collecting BC data. There were
eight items about BCs in the questionnaire, as follows: (i) how many sets of BCs did your laboratory receive per month?;
(ii) what’s the method of BC collection in adult patients?; (iii) what’s the percentage of adult patients with two or more
sets of BCs?; (iv) what’s the percentage of adult patients with two bottles (left and right aerobic bottles) of BCs from
each side of the body?; (v) what’s the percentage of adult patients with two bottles (aerobic bottle + aerobic bottle) of
BCs from one side?; (vi) what’s the percentage of adult patients with two different bottles (aerobic bottle + anaerobic
bottle) of BCs on one site?; (vii) what’s the percentage of adult patients with only one bottle of BC?; and (viii) Did your
microbiology laboratory conduct anaerobic cultures during normal time period? After the questionnaires were filled-out,
our research team members collected and analyzed the data.

BC Method
The procedures used for blood collection and skin disinfection in patients were strictly carried out on the basis of the
Principles and Procedures for Blood Cultures (CLSI-M47-A).8 One aerobic bottle (BACT/ALERT FA; bioMérieux,
Paris, France) and one anaerobic bottle (BACT/ALERT FN; bioMérieux) from one puncture site were defined as a set of
BCs. One or more sets of BCs collected simultaneously from the same patient were defined as one episode in this study.
Blood was typically collected from the left and right limb veins, unless contraindicated or disapproved by the patient.
The left and right sides mentioned in the current study represent one venipuncture site on the left and right limbs,
respectively. A total of 8–10 mL of blood was injected into each bottle. A nurse, who was in charge of blood collection,
marked the blood collection site on each culture bottle. All BC bottles were transported directly to the laboratory by
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medical staff within 2 h. BC bottles were incubated in an automatic BACT/ALERT 3D instrument (bioMérieux) for up to
7 days. The TTP of each BC was recorded, and liquid from each BC bottle was inoculated into a blood agar plate,
a MacConkey agar plate, and a chocolate agar plate and incubated at 36°C for 18–24 h. An anaerobic Brucella culture
medium was added to positive anaerobic bottles instead of positive aerobic bottles. Then anaerobic Brucella medium
grew under anaerobic conditions at 36°C. The blood Gram stain results were immediately reported to clinicians.

Identification of Isolates
The pure colonies growing on solid media were identified using a VITEK®2 Compact Instrument (bioMérieux) or
MALDI-TOF MS (bioMérieux) according to the manufacturer’s instructions.

Statistical Analysis
Descriptive statistics were used to describe the TTP of aerobic and anaerobic BCs, and data were presented as the median
[interquartile range (IQR)]. The Pearson’s chi-square test, designated as the primary method of statistical analysis, was
employed to analyze rates of positive BCs between the left and right sides, and rates of positive BCs between aerobic and
anaerobic BCs. Then, Wilcoxon’s rank sum test, designated as the secondary method of statistical analysis, was utilized
to analyze the outcome variables of the TTP between the aerobic and anaerobic BCs. P < 0.05 was considered
statistically significant. SPSS 19.0 software (IBM, Armonk, NY, USA) was used to carry out statistical analysis.

Results
General Outcomes
Based on the survey results collected from 96 hospitals, we found that 53.1% (n = 51) of the hospitals adopted two or
more BC sets on two sides (left and right sides), including hospitals that used two or more BC collection methods.
Additionally, 10.4% (n = 10) of the hospitals collected one aerobic bottle on both the left and right sides, respectively;
5.2% (n = 5) of the hospitals collected two aerobic bottles on one side (meaning one site); 26.0% (n = 25) of the hospitals
collected paired aerobic/anaerobic bottles on one side (meaning one site); and 5.2% (n = 5) of the hospitals only collected
a single aerobic bottle (Figure 1).

Integration of Data
During the study period, a total of 17,678 episodes (29,366 sets) were collected in our microbiology laboratory and 1534
episodes (2622 sets) detected pathogens. Among them, 60 cases of BCs, where the pathogens were detected as
contaminant, were excluded. This study excluded all patients for whom only a single set of BCs was collected. As
a result, 1439 episodes (2527 sets) of true-positive BCs from adult patients were included in the present study (Figure 2).
Among them, two sets of positive BCs accounted for the highest proportion (2278 sets (90.1%)), followed by three sets
(n = 198, 7.8%), four sets (n = 39, 1.5%), and six sets (n = 12, 0.5%).

Figure 1 Proportion of hospitals using each blood culture collection pattern.
Notes: Figure shows the proportion of hospitals that used some a method of blood collection, not that the hospital used only this method.
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The Relationship Between Different BC Collection Patterns and the True-Positive
Rates
Among 2562 sets of positive BCs, duplicate strains were excluded, and a total of 1439 episodes were detected. Gram-
negative bacteria, Gram-positive bacteria, anaerobic bacteria, and fungi accounted for 58.4%, 41.6%, 4.4%, and 3.6%,
respectively. We compared 1439 true-positive episodes between the left and right sides, and found that the true-positive
rate of all episodes increased under different BC patterns on the left and right sides. The results showed that there was no
significant difference in detection of BSI episodes between left and right collection side (P = 0.52) (Figure 3). We also

Figure 2 Study flowchart.

Figure 3 Comparison of the rate of positive BCs between left-sided aerobic and anaerobic and right-sided aerobic and anaerobic combinations (n = 1439).
Notes: Figure shows the percentages of true-positive episodes detected from all blood culture bottles in combination among the 1439 episodes, where 1195 (83%) were
detected from the left AER+ANA combination and 1181 (82.1%) from the right AER+ANA combination. There was no statistical difference between the two combinations
(P=0.52).
Abbreviations: AER, aerobic bottle; ANA, anaerobic bottle.
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found that the bilateral (left + right) combination significantly increased the detection rate of pathogens compared to
unilateral collection and aerobic bottle collection. Additionally, the detection rate of collected aerobic and anaerobic
bottles on the left or right side was 31.7% and 30.7%, respectively, higher than those of one aerobic bottle collected on
each side. The increase in the number of bottles and collection sites remarkably improved the detection rate of pathogens
compared with improper collection strategies (Figure 4).

No Significant Difference in the Rate or Distribution of True-Positive Episodes
between the Left- and Right-Sided BCs
In the survey, 36.4% of hospitals used unilateral culture (including unilateral aerobic only and unilateral aerobic + anaerobic).
Therefore, the distribution of true-positive episodes on the left and right sides was analyzed. The number of episodes detected
on the left and right sides was 970 (67.4%), 245 (17.0%) of which were only detected on the left side, and 224 (15.6%) were
only detected on the right side. There were significant differences among the three groups (P< 0.001), indicating that if only
one-side collection was performed on the left or right side, 17.0% and 15.6% of episodes might be missed (Table 1). We then
analyzed episodes that only occurred on one side. The most important pathogens that only grew on the left side included
Escherichia coli, coagulase negative Staphylococcus, and Enterobacterales ord. nov., while pathogens that only grew on the
right side were E. coli, Klebsiella pneumoniae, and Enterobacterales ord. nov. (Table 2). We found that there was no
significant difference in the rate or distribution of true-positive episodes between the left- and right-sided BCs.

Figure 4 Increased percentage of detected pathogens in association with blood culture collection patterns.
Notes: Figure shows the percentages of the true-positive episodes detected from blood culture bottles in combination among the 1439 episodes, and then, the two
combination patterns were compared. Bilateral represents left and right. Bilateral (AER+ANA), a total of four BC bottles, including paired aerobic and anaerobic bottles
from one puncture site on the left limb (two bottles) and paired aerobic and anaerobic bottles from one puncture site on the right limb (two bottles). Left (AER+ANA),
blood from a puncture site on the left limb was injected into aerobic and anaerobic bottles, and the same pattern was repeated in the right limb.
Abbreviations: AER, aerobic bottle; ANA, anaerobic bottle.

Table 1 Distribution of True-Positive Episodes in the Left- and Right-Sided Blood Cultures

Microorganisms True-Positive Episodes χ2 P-valuea

Total Left+Right (n/%) Only Left (n/%) Only Right (n/%)

Gram-negative bacteria 840 560/66.7 140/16.7 140/16.7 630.0 <0.001
Gram-positive bacteria 421 272/64.6 87/20.7 62/14.7 281.3 <0.001

Mixed bacteria 26 23/88.5 1/3.8 2/7.7 - -

Anaerobic bacteria 64 50/78.1 7/10.9 7/10.9 86.7 <0.001
Fungus 52 35/67.3 8/15.4 9/17.3 40.6 <0.001

Brucella 36 30/83.3 2/5.6 4/11.1 - -

Totals 1439 970/67.4 245/17.0 224/15.6 1128.5 <0.001

Notes: aComparison of the number of true-positive episodes detected from Left+Right BCs, left-sided BCs alone, and right-sided BCs alone.
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Distribution of True-Positive Episodes on the Aerobic and Anaerobic BCs
The survey results showed that at least 20.8% of hospitals did not collect anaerobic bottles. Therefore, we compared the
number of true-positive episodes in aerobic and anaerobic bottles. As presented in Table 3, the total number of true-positive
episodes in both aerobic and anaerobic bottles was 838 (58.2%), including 381 (26.5%) in only aerobic bottles, and 220
(15.3%) in only anaerobic bottles. There were significant differences among the three groups (P < 0.001). This revealed that
when only aerobic bottles were collected, at least 15.3% of facultative and obligate anaerobes were missed. Table 4
provides a detailed analysis of pathogens that only grew in anaerobic bottles. There were 158 (11.5%, 158/1377) facultative
anaerobes and fungus, and 62 (100%, 62/62) obligate anaerobic bacteria that grew only in anaerobic bottles, including
S. aureus, K. pneumoniae and obligate anaerobes, which might cause serious consequences. If only aerobic BC bottles were
collected, these pathogens might not be detected.

Table 2 Aerobic and Anaerobic Pathogens Grown Only in Single Side Bottles

Aerobic Bacteria Only Left-Sided (n) Only Right-Sided (n)

Gram-negative bacteria
Escherichia coli 68 67

Klebsiella pneumoniae 24 27

Pseudomonas aeruginosa 9 8
Acinetobacter baumannii 8 4

Other Enterobacterales ord. nov 25 25

Other non-fermenting bacteria 6 9
Gram-positive bacteria
Staphylococcus aureus 9 8
Coagulase negative

Staphylococcus
46 23

Enterococcus 15 13
Streptococcus pneumoniae 3 1

Other Streptococci 11 13

Other Gram-positive bacteria 3 4
Mixed bacteria 1 2

Anaerobic bacteria 7 7

Fungi 8 9
Brucella 2 4

Overall missed/total growth 245/1439=17.0% 224/1439=15.6%

Table 3 Distribution of True-Positive Episodes in Aerobic and Anaerobic Blood Cultures

Microorganisms True-Positive Episodes χ2 P-valuea

Total Both (AER+ANA) Only AER
(n/%)

Only ANA
(n/%)(n/%)

Gram-negative bacteria 840 522/62.1 217/25.8 101/12.0 506.7 <0.001

Gram-positive bacteria 421 289/68.6 77/18.3 55/13.1 357.0 <0.001
Mixed bacteria 26 24/92.3 1/3.8 1/3.8 - -

Anaerobic bacteria 64 2/3.1 0/0.0 62/96.9 - -
Fungus 52 1/1.9 50/96.2 1/1.9 - -

Brucella 36 0/0.0 36/100.0 0/0.0 - -

Totals 1439 838/58.2 381/26.5 220/15.3 642.8 <0.001

Notes: aComparison of the number of true-positive episodes detected from AER+ANA BCs, AER BCs alone, and ANA BCs alone.
Abbreviations: AER, aerobic; ANA, anaerobic.
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Comparison of TTP Between the Aerobic and Anaerobic Bottles
Table 5 compares the median and interquartile range of the TTP between the aerobic and anaerobic bottles. Regardless of
whether BCs were collected from the left or right side, the median TTP in the anaerobic bottles was shorter than that in
the aerobic bottles by nearly 1 h, and the difference was statistically significant (P < 0.001). However, whether an aerobic
bottle or anaerobic bottle was analyzed, there was no significant difference in TTP between the left and right sides.
Table 6 summarizes the results of analysis of the TTP in aerobic and anaerobic bottles of the five most abundant true
pathogens. Among them, E. coli, K. pneumoniae, and Enterococcus faecium were detected in anaerobic bottles sooner
than in aerobic bottles (P < 0.001). In contrast, the median TTP of Staphylococcus aureus and S. epidermidis in the
aerobic bottles was shorter than that in the anaerobic bottles (P < 0.05).

Discussion
Drawing blood from different peripheral venipuncture sites is a standard method recommended by the CLSI for clinically
obtaining BCs.8 Puncture at different sites not only increases the detection rate of pathogens in the blood due to increased

Table 4 Pathogens Grown Only in Anaerobic Bottles

Facultative Anaerobes and Fungi N

Gram-negative bacteria
Escherichia coli 54

Klebsiella pneumoniae 23

Other Enterobacterales ord. nov. 23
Non-fermenting bacteria 1

Gram-positive bacteria
Staphylococcus aureus 13
Coagulase negative Staphylococcus 13

Enterococcus 17
Other Streptococci 10

Other Gram-positive bacteria 2

Mixed bacteria 1
Fungus 1

Aerobic missing/total aerobic 158/1377=11.5%

Obligate anaerobes n

Bacteroides fragilis 18
Peptostreptococcus anaerobius 10

Bacteroides ovatus 7

Other anaerobic bacteria 27
Anaerobic missed/total anaerobic 62/62=100%

Overall missed/total growth 220/1439=15.3%

Table 5 Comparison of Time-to-Positivity Between Aerobic and Anaerobic Blood Cultures

Positive Site Aerobic Anaerobic Z-value P-valuea

Median (h) IQR Median (h) IQR

Left 13.4 10.1–20.6 12.2 9.1–21.6 −6.5 <0.001
Right 13.2 10.1–20.4 12.2 9.1–20.6 −8.0 <0.001

Notes: aComparison ofmedian TTPof aerobic bottles and anaerobic bottles. Time-to-positivity wasmeasured in hours. The total numbers of aerobic and
anaerobic bottles on the left side were 1033 and 1001, and the total numbers of aerobic and anaerobic bottles on the right side were 899 and 895,
respectively.
Abbreviation: IQR, interquartile range.
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blood volume, but also provides a reliable basis for the determination of contaminating bacteria.10 However, the guideline
does not recommend specific blood collection sites, and a limited number of studies have concentrated on the effects of
different blood collection sites on the rate of positive BCs. The BCs included in the current study were all from the left and
right limb veins, which provided a strong condition to investigate the influences of different blood collection sites on the rate of
positive BCs. To our knowledge, there has been no research into the influences of the left and right sides of blood collection
sites on the rate of positive BCs. In the present study, We found that among the 1439 true-positive episodes, the bilateral (left +
right) combination significantly increased the detection rate of pathogens compared to unilateral collection. We speculate that
there were two possible reasons for this. First, when blood was collected from only a single side, insufficient blood volume
could lead to missed detection of pathogens. Weinstein et al11 reported that 91.5% of episodes were detected with the first set
of BCs and 99.3% of episodes were detected with two sets of BCs. Tarai et al12 compared single BCs with paired BCs, and
found that the rate of positive BCs from a single venipuncture site was significantly lower than that from two venipuncture
sites (7.2% vs 11.8%). The second reason may be that the in vivo distribution of pathogens may differ during different phases
of disease. BCswere collected simultaneously from the left and right side in our study; however, the pathogenwas not detected
in both the left and right BCs collected at the same time, with 17.0% and 15.6% of the episodes, respectively, detected only in
the left- and right-sided BCs. This suggested that the pathogen was not evenly distributed in the blood of the left and right sides
of the body, while further investigation needs to be carried out to indicate whether the distribution is related to the sites of
primary infection. Because previous studies on sets of BCs were based on the number of venipuncture sites, and the specific
sites of blood collection were not mentioned,11,13,14 direct comparisons were not possible here. It appears, from our current
results, that the pattern of simultaneously collecting BCs on the left and right sides is feasible.

The majority of pathogens that cause BSI can grow in aerobic bottles, and injection of blood to anaerobic bottles may cause
difficulties for patients. Therefore, the routine use of anaerobic bottles in BCs has caused controversy.15,16 In the present study, we
found that 220 episodes would be missed if anaerobic bottles had not been drawn, accounting for 15.3% of the total number of
episodes detected (1439). The missed bacteria included all of the anaerobic bacteria, as well as 158 facultative anaerobes, E. coli
and K. pneumoniae, that grew in only anaerobic bottles. In a recent study of 19,739 BCs, 369 (15.8%) were positive only for
anaerobic bottles (negative for aerobic bottles), which is consistent with the results of the present study.15 A Japanese study on
BCs reported an increase of facultative anaerobes detected from anaerobic culture bottles, including 15% of Staphylococcus and
29% of E. coli.17 At present, the drug resistance rate of obligate anaerobes is increasing annually,18,19 and the use of some
antibiotics may also cause facultative anaerobes to fail to grow in aerobic bottles, thus, it is quite unfavorable to the diagnosis and
treatment of patients with BSI if anaerobic bottles are not adopted. Additionally, the CLSI guideline mentions that when less than
the recommended volume of blood is drawn for culture, the blood should be inoculated into the aerobic vial first, while a better
combination seems to be more reasonable. The results of the current research showed that the rates of positive BCs in the left/
right aerobic plus anaerobic bottles were 31.7% and 30.7% higher, respectively, than those of two aerobic bottles collected on
bilateral limbs. Therefore, it can be concluded that if a patient’s blood volume is only sufficient to meet the needs of two culture
bottles, the combination of aerobic and anaerobic bottles at a single blood collection site is more efficacious than taking two
aerobic bottles from two blood collection sites. This finding has rarely been reported in previous studies.

Table 6 Comparing Time-to-Positivity for Different Organisms in Aerobic and Anaerobic Blood Cultures (Hours)

Organism Aerobic Anaerobic Z-value P-valuea

Median (n) IQR Median (n) IQR

Escherichia coli 11.0 (642) 9.0–13.7 9.8 (627) 7.7–12.7 −8.0 <0.001

Klebsiella pneumoniae 12.2 (243) 9.6–17.3 11.3 (248) 8.4–11.3 −13.6 <0.001
Staphylococcus aureus 13.9 (175) 10.3–19.0 15.8 (179) 12.2–24.7 −10.3 <0.001

Enterococcus faecium 14.6 (73) 11.9–7.9 13.7 (74) 10.8–7.1 −6.6 <0.001

Staphylococcus
epidermidis

21.4 (64) 18.0–28.4 23.3 (64) 18.9–31.2 −5.1 <0.001

Note: aComparison of median TTP of aerobic and anaerobic bottles.
Abbreviation: IQR, interquartile range.
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Regarding the question of pathogens that cause BSIs to grow faster in aerobic or anaerobic bottles, different studies
have reached inconsistent conclusions. For instance, the findings of Passerini et al20 were inconsistent with ours, that
is, the TTP of aerobic bottles was shorter than that of anaerobic bottles. This may be related to different types of
culture systems used or differences in the composition of pathogenic bacteria in BSI. We found that in general, the
TTP of the anaerobic bottles was nearly an hour shorter than that of the aerobic bottles. From the groups of organisms,
the TTP of E. coli and K. pneumoniae in anaerobic bottles was shorter than that in aerobic bottles; in contrast, the TTP
of S. aureus and S. epidermidis was shorter in the aerobic bottles. Grohs et al used the same blood culture apparatus as
ours, and found that the TTP of Enterobacteriaceae in the anaerobic bottles was shorter than that in the aerobic
bottles, while S. aureus had a shorter TTP in the aerobic bottles,21 which was consistent with our results. Defrance
et al pointed out that a TTP ≤ 18 h was predictive of Enterobacteriaceae with a positive predictive value of 99.4%.22

Both of these are in favor of the early detection of pathogens that cause BSI. Initiation of an effective antimicrobial
therapy as early as possible, following early detection of pathogens, can significantly improve disease outcomes,14,23

and the use of aerobic bottles alone is not conducive to early detection of pathogens and consequently may delay
a patient’s treatment.

The present study contains several limitations. First, our questionnaire was a multi-center study, while the follow-up
was performed in the form of a single-center study, thus, the number of hospitals should be increased and different
instruments are required. Second, we did not determine whether different blood collection sites from the ipsilateral limb
influenced the rate of positive BCs.

In summary, a combination of aerobic and anaerobic bottles from a single site was superior to two aerobic bottles from two
different sites. Neglecting the use of anaerobic BC bottles may reduce the rate of positive BCs, and was not conducive to the
early detection of pathogens. There was no significant difference in the rate of positive BCs between the two sides of the body.
Simultaneous collection of blood on the left and right sides is recommended as an effective pattern of BC collection.
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