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B

lood cultures remain the mainstay of laboratory diagnosis of
bloodstream infections (BSIs) in infants and children. Recovery of a pathogen is advantageous, as it confirms the diagnosis of
bacteremia and allows for identification and susceptibility testing
on the organism to optimize antimicrobial therapy and duration.
A negative blood culture is just as important, as it rules out cases of
bacteremia and prompts continued investigation of other infectious or noninfectious etiologies or cessation of unnecessary empirical antimicrobial therapy.
The spectrum of pathogens causing pediatric BSI varies widely
by age, presenting symptoms, and immune status. In 1979, an
evaluation of pediatric blood culture found Haemophilus influenzae to be the most prevalent organism followed by Streptococcus
pneumoniae and Staphylococcus aureus (1). Today, H. influenzae
and S. pneumoniae are rare bloodstream pathogens due to widespread vaccination. A 2012 study of infants of ⬍3 months of age
found the leading causes of bacteremia to be Escherichia coli,
group B Streptococcus (Streptococcus agalactiae), and S. aureus (2).
The rate of BSI in otherwise healthy children drops precipitously
after the first few months of life, but if occurring, the most common pathogens are S. aureus, S. pneumoniae due to communityacquired pneumonia, and Neisseria meningitidis in adolescents.
Immunocompromised children are susceptible to a broad range
of bloodstream pathogens, including all of those previously mentioned as well as Pseudomonas aeruginosa and Candida spp. (3).
The majority of studies related to the laboratory diagnosis of
BSI focus on the adult population. Thus, this minireview will be
devoted to children and the multifactorial aspects involved in obtaining an optimal pediatric blood culture specimen, including
timing, volume, and bottle selection. Lastly, a discussion on the
rapid diagnostic approaches currently available and their impact
on pediatric management and outcomes will be reviewed.
BLOOD CULTURE COLLECTION

Factors that may influence the recovery of pathogens from the
blood include the timing of blood collection, number of sets collected, and blood volume. It is well accepted that the volume of
blood collected is the single most important factor. Evidence from
both adult and pediatric studies show that the probability of recovering a pathogen from blood culture increases with the volume
of blood obtained. In addition, the time to detection inversely
correlates with the volume of blood cultured (4). Optimal collection of blood volume is particularly relevant in the pediatric pop-
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ulation, as collecting a sufficient volume can be difficult due to the
diminutive size of the patients and the risk of requiring blood
transfusion to compensate for repeated phlebotomy (5).
Importance of blood volume. The inherent difficulties in obtaining blood from children have contributed to the common
misconception that children have higher levels of bacteremia
compared to adults; thus, a blood volume of 0.5 to 1.0 ml is presumed sufficient to detect bloodstream pathogens (6, 7). This was
supported by reports of high CFU per milliliter (CFU/ml) of
blood in children with H. influenzae (6,293 CFU/ml) and S. pneumoniae (51 CFU/ml) (8). Multiple recent studies have confirmed
that low-level bacteremia is more common than previously
thought, occurring in 38% to 68% of all pediatric patients with a
positive blood culture (9, 10), and ⬍1 ml of blood volume is
inadequate for the detection of pathogens present at a density of
⬍4 CFU/ml (5). A study of infants of ⱕ2 months of age demonstrated that over two-thirds of culture-positive patients had colony counts of ⱕ10 CFU/ml, and between 2 and 6 ml of blood was
required for pathogen detection (11). The same group confirmed
these findings in a subsequent study in children of ⱕ15 years of
age where 60.3% had ⬍10 CFU/ml, and 23.1% of pathogens
were present at ⱕ1 CFU/ml (10). The two studies confirmed
low-level bacteremia in 71% to 75% of patients that died from
sepsis (10, 11).
Despite the presence of low-level bacteremia in children, procurement of insufficient blood volume remains a significant concern. A study performed at a tertiary children’s hospital in Australia evaluated the blood volume of 1,358 blood culture bottles,
1,067 of which were collected prior to educational intervention.
Using a criteria of ⱖ0.5 ml for patients who are ⬍1 month old,
ⱖ1.0 ml for patients who are 1 to 36 months old, and ⱖ4.0 ml for
patients who are 36 months old and older, only 46.0% of blood
culture bottles collected in the preintervention period contained
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Identification of bloodstream infections is among the most critical tasks performed by the clinical microbiology laboratory.
While the criteria for achieving an adequate blood culture specimen in adults have been well described, there is much more ambiguity in pediatric populations. This minireview focuses on the available pediatric literature pertaining to the collection of an
optimal blood culture specimen, including timing, volume, and bottle selection, as well as rapid diagnostic approaches and their
role in the management of pediatric bloodstream infections.

Minireview

an adequate blood volume. Patient age appears to impact the
blood volume obtained, as the proportion of blood culture bottles
with ⬍0.5 ml of blood increased from 12.4% in all patients to
30.0% in patients who are ⬍1 month of age (12). Similarly, when
evaluating blood culture submissions, inadequate volume (defined by patient weight and not age) was obtained in 40.0% of
cases in a single study of 843 patients who were ⱕ18 years of age
with at least 1 positive blood culture.
The two above studies reported correlation between blood cultures that were positive with noncontaminant bacteria and adequate blood volume (incidence rates of 60% to 71%). In contrast,
the studies found that procurement of low blood volume inversely
correlated with blood culture contamination rates (12, 13). Sixtyfive percent of positive blood cultures deemed to be contaminants
had inadequate blood volume (13), and recovery of contaminant
was twice as likely when inadequate blood volume was obtained
(5.1% versus 2.8%) (12). These findings further support the necessity of obtaining sufficient blood culture volume, as the recovery of contaminants has been reported in 25% to 69% of all positive blood cultures in pediatric patients (12–14) and is associated
with unnecessary antimicrobial therapy, prolonged hospitalization, and incurred cost. It is not particularly clear why low volume
blood cultures are more prone to yield contaminants; one theory
is that the acquisition of contaminants is independent of blood
volume, and rather the collection of larger blood volume dilutes
the concentration of the contaminant present in the blood culture
bottle, reducing the chance of detection during the incubation
period (13, 15).
Several studies in the adult population have reported an increased detection yield of 0.6% to 4.7% for each additional milliliter of blood procured for culture, concluding that increases in
blood culture volume directly correlate with an increase in the
detection rate (16, 17). Similar findings have been reported in the
pediatric population (4, 13, 18); specifically, a large study per-
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formed in Kenya with blood culture data on 19,339 children who
were ⬍13 years of age found that the proportion of positive blood
cultures significantly increased with each milliliter of blood (5.6%
at 1 ml, 6.8% at 2 ml, and 7.9% at 3 ml) (18).
In conclusion, there are limited data to establish the optimal
collection volume in children, and the majority of information is
extrapolated from studies in adult populations. A safe and appropriate approach is that the collection of blood should be proportionate to the patient’s total blood volume and, more specifically,
the patient’s weight. As illustrated in Fig. 1, there is a lack of consensus among the current recommendations for pediatric blood
collection (19–22). The most current guidelines from the Infectious Diseases Society of America (IDSA) and the American Society of Microbiology (ASM) recommend the collection of 3% to
4% of total patient blood volume in patients weighing ⬍12.7 kg
and 1.8% to 2.7% in patients weighing ⬎12.8 kg (22). This is
supported by a past study that showed that collection of up to
4.5% of a patient’s total blood volume will increase the yield of
pathogen detection without jeopardizing patient safety (10).
Weight-based guidelines are simple on paper but are complicated
to carry out in practice. In critically ill patients, collection of an
adequate amount of blood, even when based on the patient
weight, is often not feasible. Additionally, there is a limit on the
total blood volume that can be removed from a patient in a 24-h
period, and blood culture is just one of the many laboratory tests
that may be competing for the limited amount of blood available.
Future studies are needed to determine how effective the weightbased guideline is at optimizing the detection of bloodstream
pathogens.
Other factors impacting blood culture positivity. Traditionally, it was perceived that drawing blood around the time of a
temperature spike would increase the likelihood of recovery of an
organism. However, the presence of fever lacks the ability to independently predict BSI; rather, other findings must be taken into
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FIG 1 There is no consensus on blood volume collection recommendations by weight. Modified with permission from Lancaster et al. (34). Summary of
recommended blood volume by Cumitech 1C blood cultures IV, the Infectious Diseases Society of America (IDSA) and the American Society of Microbiology
(ASM), the Manual of Clinical Microbiology, 10th ed, and the Clinical and Laboratory Standards Institute (CLSI) guideline M47-A. An estimated total blood
volume of 80 kg/ml was used to illustrate CLSI’s recommendation of not exceeding 1% of total blood volume.
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tective effect of antibiotic-neutralizing substances varies by manufacturer.
Time to positivity for detection of catheter-associated bacteremia. Many bacteria are adept at adhering to plastic surfaces and
forming biofilms. Often in immunocompromised patients and
neonates with positive blood cultures, it is difficult to determine if
the source of a patient’s bacteremia is an indwelling catheter or
another source. To further complicate the picture, catheters are
often colonized with skin flora such as coagulase-negative staphylococci, which make a true infection and contaminating organism difficult to distinguish with only a single positive blood culture. In the past, quantitative blood cultures were used to help
elucidate the true source of infection. There are many methods of
interpretation, but in general, a blood culture drawn from a central line that grows ⬎100 CFU/ml bacteria or has a colony count
that is 3- to 5-fold greater than a paired peripheral blood draw was
indicative of a catheter-associated bloodstream infection (28–30).
Quantitative cultures have fallen out of favor in recent years
because of the low blood volume that is cultured, because cultures
are only checked for growth once or twice per day compared to
every 10 min for automated blood culture systems, and because of
questions about the sensitivity and specificity of the procedure for
detection of catheter-associated bacteremia. Automated blood
cultures do not provide quantitative colony counts, but the same
objective can be achieved by measuring the difference in time to
positivity (TTP) of blood cultures when an equal volume is drawn
from a catheter and a peripheral source within minutes of each
other. A study of spiked pediatric blood culture bottles with a
known quantity of bacteria showed that, for coagulase-negative
staphylococci, a 10-fold increase in bacterial density correlated to
a 2.3- to 2.6-h reduction in TTP, while a 5-fold increase in bacterial density correlated to a 1.6- to 1.8-h reduction (31). Another
study from St. Jude’s Children’s Hospital found that the sensitivity
of TTP to diagnose catheter-associated bloodstream infection using a differential of 180 min was only 61% with a specificity of 94%
(32).
In conclusion, for diagnosis of pediatric catheter-associated
infections, few microbiology laboratories perform quantitative
cultures. A ⬎2-h differential in time to positivity between catheter
and peripheral blood cultures is indicative of the catheter being
the nidus of infection, but this testing method must be used with
caution due to its low sensitivity.
BLOOD CULTURE BOTTLES

The utility of pediatric blood culture bottles. Pediatric blood culture bottles were developed to support the specific needs of pediatric patients, namely, the culture of low blood volumes and the
detection of fastidious organisms. The reduced amount of broth
optimizes the blood to broth ratio and improves the time to detection for culture of small blood volumes. Of commonly used
aerobic bottles, BD Bactec Peds Plus/F Medium (Becton Dickinson, Franklin Lakes, NJ, USA) and BacT/Alert PF (bioMérieux,
Marcy I’Etoile, France) recommend a minimum of 0.5 ml of
blood, while the VersaTREK Redox (Oakwood Village, OH, USA)
claims it can detect bacteremia with as little as 0.1 ml of blood.
Pediatric bottles also contain a different broth formulation to support the growth of fastidious pediatric pathogens, such as S. pneumoniae, H. influenzae, and Neisseria meningitidis. These organisms are rarely detected from blood cultures these days due to
widespread vaccination, which leads one to question if pediatric-
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account, including hypotension and elevated white blood cells
(23). To our knowledge, there are currently no pediatric studies
available on this subject. A retrospective, multicenter study of
1,436 adult patients found no significant association between enhanced recovery of bacteria and collection of blood cultures at the
time of fever spike. The authors concluded that, at least in the
adult population, the timing of blood culture collection is not
important and should be based on convenience (24). This coincides with IDSA/ASM guidelines that collection should be dictated based on the patient’s acuity (22).
The number of blood culture sets and what constitutes a “set”
may also influence the laboratory detection of BSIs. The IDSA/
ASM document offers concrete guidance for adult patients, recommending 2 to 4 blood culture sets (1 aerobic and 1 anaerobic
bottle per set) for each septic episode. In the pediatric population,
collection of blood culture sets, which can include 1 or 2 bottles, is
solely based on patient weight. Only one set is recommended for
children weighing ⬍1 kg, and an additional set is recommended in
patients weighing ⬎1 kg (22). Although collection of multiple sets
may also assist clinicians in ruling out probable contaminants
when only 1 bottle is positive, in practice it is uncommon to collect
multiple blood culture bottles in pediatric patients at any weight
(12). The question is whether additional blood draws would improve the recovery rate in pediatric patients. There are a number
of studies that concluded that ensuring sufficient blood volume
within 1 bottle is more beneficial than obtaining multiple blood
bottles. A study of 300 patients ranging from 2 months to 18 years
of age presenting to the emergency department found that collection of a single 6-ml blood culture had a higher recovery yield
compared to 2 separate 2-ml bottles (4). These findings were further supported by a prospective study of 216 neonates with 2 sets
of blood cultures collected from 2 separate sites within 15 to 30
min of each other. Twenty of the 216 neonates (9.2%) had cultureproven sepsis, and all cases were positive from the two sites, demonstrating that a single blood culture set with at least 1 ml of blood
is sufficient for detection of bacteremia in neonates (25), which
allows for further avoidance of blood transfusion and unnecessary
pain. In contrast, a recent study on febrile neutropenic patients
who were ⬍21 years of age with hematological malignancies identified 9.2% additional cases of BSI upon repeat culture, highlighting the necessity of repeat blood cultures in this patient population (26). This study did not report the blood volume that was
inoculated into each bottle, which raises the question of adequate
volume and whether that may have increased the recovery yield in
the first blood draw.
The administration of antibiotics prior to obtaining blood cultures is detrimental to organism recovery. To combat this issue,
antibiotic-neutralizing substances, such as charcoal or antibioticbinding resin beads, are often added to commercial blood culture
bottles. A study to determine the effectiveness of antibiotic-neutralizing agents spiked BacT/Alert Pediatric FAN (bioMérieux,
Durham, NC) and Bactec Peds Plus (BD Diagnostics, Sparks,
MD) blood culture bottles with 8 common pediatric blood culture
pathogens with and without an organism-appropriate antibiotic.
Organisms grew in all but one bottle without antibiotics, but in the
presence of antibiotic, organisms were only recovered in 19% of
the BacT/Alert Pediatric FAN and 50% of the Bactec Peds Plus
blood culture bottles (27). These data demonstrate that pediatric
patients that are pretreated with antibiotics have drastically reduced recovery of bacteria from blood culture and that the pro-
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present in the aerobic bottle. Unfortunately there is no data in the
literature to support this position. It is more likely that these situations are due to a random sampling event, which is especially
common when very small amounts of blood are cultured from
patients with low-level bacteremia (36).
Due to the very low prevalence of clinically significant anaerobic bacteremia in pediatric patients, there is a push by some institutions to eliminate routine anaerobic blood culture as a costsaving measure (38, 41). One hospital demonstrated that various
interventions put in place to reduce nonindicated anaerobic blood
culture resulted in an 80% decrease in anaerobic blood culture,
while the number of aerobic blood cultures submitted for culture
was unaffected. The reduction in anaerobic blood cultures was
still present 1 year after the intervention, resulting in a substantial
cost savings for the hospital (41).
In conclusion, pediatric patients are at low risk for development of anaerobic sepsis and are at higher risk for sepsis with
obligate aerobic organisms, such as Candida and Pseudomonas.
With limited blood volume, the data show that it is prudent to
culture the entire volume under aerobic conditions unless the
patient is at increased risk for anaerobic bacteremia. This practice
also has the beneficial side effect of reducing hospital costs associated with anaerobic blood cultures.
SPEEDING UP THE LABORATORY DIAGNOSIS OF
BLOODSTREAM INFECTIONS

In the past few years, the development of a number of rapid diagnostic methodologies has revolutionized the approach to diagnosing BSIs in all patient populations. There are many commercially
available assays that are approved by the United States Food and
Drug Administration (FDA) for in vitro diagnostic use on positive
blood cultures, including peptide nucleic acid fluorescent in situ
hybridization (PNA FISH; AdvanDx, Woburn, MA), FilmArray
blood culture identification panel (BCID; BioFire, Salt Lake City,
UT), and Verigene Gram-positive blood culture (BC-GP) and
Gram-negative blood culture (BC-GN) panels (Nanosphere,
Northbrook, IL). Utilization of matrix-assisted laser desorption
ionization–time of flight mass spectrometry (MALDI-TOF MS)
directly from positive blood culture has been extensively explored
by multiple institutions using either the CE-marked Sepsityper kit
(Bruker Daltonics, Brenham, Germany) or laboratory-developed
methods (42, 43) and is deemed to be a reliable and less expensive
alternative to molecular panels. A recent review by Kothari et al.
provides a thorough summary of the most recent technologies for
diagnosis of BSI (44). A novel approach to rapid diagnostics from
positive blood cultures is the Accelerate ID/AST system (Accelerate Diagnostics, Tucson, AZ), which offers identification for 19
bacteria and yeast targets from positive blood cultures. What is
unique about this system is the delivery of phenotypic susceptibility results rather than mere detection of resistant genes. The test is
currently not approved by the FDA, but preliminary data appear
promising (C. Price et al., presented at the 25th European Congress of Clinical Microbiology and Infectious Diseases, Copenhagen, Denmark, 25 to 28 April 2015).
The movement toward organism identification directly from
whole blood further expedites the detection process and addresses
the multifactorial complexity of obtaining appropriate blood cultures. T2Candida (T2 Biosystems, Inc., Lexington, MA) was approved by the FDA in 2014 and allows for the detection of Candida
spp. directly from whole blood. There are currently no studies
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specific blood culture bottles are still necessary, especially for hospitals that serve both adult and pediatric populations. Unfortunately, there are very few data to support either position. On the
subject of the optimal blood-to-broth ratio, a study from 1984
demonstrated that common pediatric bloodstream pathogens, including fastidious organisms, were routinely recovered at a blood/
broth ratio of 1:100 and there was no difference in time-to-positivity compared to a ratio of 1:10 (33). Schreckenberger et al.
compared the time to positivity of BacT/Alert pediatric bottles to
standard aerobic bottles for the same system by seeding bottles
with 17 bacterial pathogens and one yeast pathogen at two concentrations. They found that the pediatric bottles did not reduce
the time to positivity, and in fact, the standard bottles signaled
positive more quickly than the pediatric bottles in almost all cases
(P. Schreckenberger et al., presented at the 109th American Society for Microbiology General Meeting, Philadelphia, PA, 17 to 21
May 2009). The only published data directly comparing pediatric
and adult blood culture bottles for their ability to recover organisms is a recent manuscript in which a total of 600 Bactec Peds
Plus/F and Bactec Plus Aerobic/F blood culture bottles were
seeded with 0.5 to 3 ml of 10 common bacteria and yeasts at concentrations of 1 to 10 CFU/ml and ⬍1 CFU/ml (34). At a concentration of 1 to 10 CFU/ml, the two bottle types had similar detection rates. At concentrations of ⬍1 CFU/ml, the seeded organisms
were more frequently detected in the pediatric bottles for 6 organisms, they were more frequently detected in the adult bottles for 3
organisms, and for one organism they were detected in the same
number of bottles. These data suggest that pediatric blood culture
bottles may offer a slight advantage in terms of detecting bacteremia at very low concentrations submitted in very low volumes.
Further clinical studies are necessary to definitively answer this
question.
Anaerobic blood culture for pediatric patients. Anaerobic organisms contribute to 10% to 20% of all bacteremia in adults (35).
Recent studies have demonstrated that the level of anaerobic bacteremia in children is much lower than that in adults. A study of
nearly 10,000 paired aerobic and anaerobic blood culture bottles
submitted for culture revealed that 7.7% were positive for clinically significant microorganisms, but of this group, only 15 blood
cultures (0.16%) were positive for obligate anaerobes (36). Chart
review determined that the 15 cultures yielding anaerobes belonged to 5 unique patients who were all determined to be at
increased risk for anaerobic bloodstream infections. The low
prevalence of pediatric anaerobic bacteremia has also been reported in other groups (1, 37–39). These studies support the practice of pediatric anaerobic blood cultures only for those at increased risk, such as immunocompromised patients and those
with head, neck, and intraabdominal infections.
Children are at greater risk for bacteremia caused by obligate
aerobic organisms, such as Pseudomonas spp. and Candida spp.
Two studies have shown that culturing the entire blood volume
under aerobic conditions increased detection of clinically significant pathogens compared to culture with aerobic and anaerobic
bottles (39, 40). In these studies, with such a small volume of
blood being cultured from many pediatric patients, the benefit of
detecting clinically significant obligate aerobic organisms outweighed the very low rate of anaerobic pathogen detection. There
is a notion that anaerobic blood culture bottles are superior for
detection of facultative anaerobes, as occasionally the anaerobic
bottle of a blood culture set will detect an organism that is not
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SUMMARY

While performing adult blood culture is a fairly standardized process with definitive guidelines supported by copious data, pediatric blood culture practices vary by institution because published
data and guidelines are lacking. Based on the currently available
data, best practices for pediatric blood culture include obtaining a
sample of adequate blood volume prior to the administration of
antibiotics from any child experiencing clinical signs of sepsis.
Anaerobic blood culture is unnecessary for the majority of patients, and there is debate on the utility of pediatric-specific blood
culture bottles. The scant literature on rapid molecular identification of blood culture pathogens for pediatric patients has shown
that these technologies may directly impact antimicrobial optimization and reduce length of hospital stay and hospital cost. It goes
without saying that more research into many of the topics touched
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upon in this review are needed to further elucidate best practices
for blood culture collection from pediatric patients.
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available in children; a multicenter study in 1,801 adult patients
demonstrated overall sensitivity and specificity of 91.1% and
99.4%, respectively, with a limit of detection of 1 to 3 CFU/ml
(45). Lastly, PCR coupled with electrospray ionization mass spectrometry (PCR/ESI-MS) technology can detect a broad range of
bacteria and yeast pathogens directly from whole blood. The
IRIDICA platform using the IRIDICA BAC BSI assay (Ibis Biosciences, Abbott Molecular, Des Plaines, IL) is CE marked but not
FDA cleared. The system detects ⬎750 bacteria and Candida targets and resistance markers from 5 ml of whole blood with reported positive and negative agreements of 74.8% and 78.6%, respectively, compared to blood cultures (46). There are a number
of limitations to these rapid diagnostic methods. The tests complement conventional identification and susceptibility testing
rather than replace them. Moreover, aside from the T2Candida
test and IRIDICA BAC BSI, all assays described above are dependent on a positive blood culture. A pitfall of the multiplex molecular assays is that they consist of predefined targets, whereas the
MALDI-TOF MS database is significantly broader. In addition,
the Verigene BC-GP and MALDI-TOF MS can misidentify viridans group streptococci as S. pneumoniae, resulting in an increased number of false positives that must be confirmed by conventional biochemical methods (42, 47). Lastly, the feasibility of
the T2Candida and IRIDICA BAC BSI in young children and infants may be limited due to the 3 to 5 ml of blood required.
In contrast to the adult population, there are extremely few
data on the impact of rapid laboratory diagnostics on antimicrobial optimization, patient management, and costs to the health
care system in the pediatric population. A single-center study evaluated the impact of implementing the Verigene BC-GP assay in a
pediatric tertiary care setting. In this study, 440 BSI episodes from
383 patients who were ⱕ18 years of age were enrolled, 221 preimplementation and 219 postimplementation. Although the
study did evaluate all targets included in the panel, the most significant findings were noted for S. aureus BSIs, particularly in the
general pediatric population, where the mean time to identification and antimicrobial resistance detection was shortened by 45.9
h and antimicrobial optimization was shortened by 11.9 h. Furthermore, median length of stay (LOS) from onset of BSI in this
group was decreased by 5.8 days with a median cost savings of
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