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l. Introduction

Critical shortages of blood culture (BC) vials or “bottles” used for BC collection are an infrequent but serious
event that can occur due to a variety of supply chain and quality control hurdles. Some shortages may affect
a single medium type, while others may broadly impact entire lines of supplies (i.e. aerobic, anaerobic, pedi-

atric, mycobacterial, and fungal bottles) for a given instrument or manufacturer. Acquiring new instrumenta-
tion and pivoting to a different supply line from a different manufacturer can take months due to contracting
and availability of alternative options. Therefore, managing supplies during such shortages mainly relies on



thoughtful use, stewardship of available reagents, and, during severe shortages may require reducing use be-
low that of standard of care best practices.

Each system'’s response to BC bottle shortages must be individualized based on the type of shortage, sever-
ity of the shortage, baseline clinical practices and utilization, and optimal clinical indications for use for the
patients they serve (Figure 1). During mild shortages, institutions may be able to maintain full standard of
care testing through conventional management. Conventional management can include no changes to base-
line practices or a heightened emphasis on best practices, including diligent supply management to ensure no
wastage and implementing diagnostic stewardship programs throughout the system to optimize BC test use.
As the severity of a shortage increases or as a system’s inventory decreases, more drastic management strat-
egies may be required to ensure patient care while conserving supplies. The interventions employed during
mild shortages (conventional to contingency management) should be continued during more severe short-
ages (contingency to crisis management) in an additive manner. During contingency and crisis management,
additional strategies to conserve supplies and reduce testing are typically not supported by standard of care
or best practice guidelines. In its most extreme form, crisis management may even include strategies to care
for patients in the complete absence of performing BCs.

In this document, we provide practical recommendations for 1) how to approach institution- or system-level
coordination to manage BC bottle inventory and patient testing during shortages, 2) optimizing test quality
to reduce the need for specimen recollection, and 3) we summarize published guidelines and diagnostic stew-
ardship studies that exemplify common opportunities for stewardship of BCs that can improve patient care
during routine practice and may especially be considered for implementation during shortages to help con-
serve supplies for the most clinically necessary indications. Additionally, 4) we review the test performance
data behind some best practice standards that healthcare systems may consider modifying or foregoing to
reduce testing during contingency or crisis management. We aim to provide a comprehensive review of best
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Figure 1. Tiered response categories that may be implemented based on the severity of BC bottle shortages. During BC bottle shortages,
healthcare systems should first determine baseline inventory management and clinical utilization practices. Depending on the severity

of the BC bottle shortage and target reduction of use required for an individual institution, different interventions may be required. We
recommend that first interventions include emphasizing best practices to improve patient care and conserve supplies (conventional man-
agement of BC bottle inventory). During severe shortages, best practice interventions may not be sufficient. In those cases, in addition to
best practice interventions, systems must identify additional conservation methods that reduce use beyond what is typically recognized
as best practice (contingency management) or what is not supported by best practices standards (crisis management).
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practices. However, when moving beyond best practices, we encourage users to consider the stage and se-
verity of the shortage in their system (Figure 1) and work collaboratively with clinical leadership to weigh the
benefits and risks of contingency and crisis management interventions.

Il. Approaches to Coordinate Blood Culture Inventory Management and
Clinical Conservation Efforts

Avoiding duplicating efforts or creating conflicting plans of action within an institution or healthcare sys-
tem (“system”) is critical. Microbiology laboratories must communicate with hospital leadership and clinical
stakeholders to alert them to this critical issue, determine if there are already efforts underway throughout
the system to address the shortages and to garner support for the tasks that will be necessary to manage
inventory and clinical use during the shortage.

To understand the magnitude of the problem and manage inventory, systems should act promptly to prevent
reaching critical inventory levels. Below is an overview of step-wise approaches for how laboratory leaders
can help coordinate efforts and collaborate throughout the system to quickly organize a response to BC bot-
tle shortages. These activities are also presented in Figure 2. Importantly, while inventory management and
clinical guidance efforts are operationally distinct, both are essential to maintaining clinical testing during a
shortage. Therefore, we recommend taking steps to coordinate these efforts simultaneously.

@ Determine the Baseline and Scope of the Shortage

- Quantify baseline inventory

- Determine typical use and calculate days of supply on-hand

- Contact your local blood culture bottle vendor representative to request estimates of the extent of expected
shortages and weekly allocation for your system

@ Coordinate Inventory Management Coordinate Clinical Guidance @

- Communicate with hospital and clinical - Communicate with hospital and clinical leadership. Obtain
leadership. Obtain support support

- Collaborate with supply management - Create a core, multi-disciplinary clinical guidance

- Obtain accurate blood culture bottle inventory workgroup. Collaborate with clinical stakeholders

- Centralize and reallocate supplies - Develop blood culture shortage clinical guidance based on

- Work with the vendor to expedite and escalate the severity of the shortage (e.g., conventional,
orders contingency or crisis management)

- Investigate alternative blood culture testing and - Partner with information technology teams and clinical
supplies options leadership to implement utilization interventions

@ Continuously Monitor and Respond
to Changes

- Continuously monitor blood culture bottle inventory, use, and supplies receipt

- Meet with and update hospital and clinical leaders at an agreed upon frequency

- Monitor safety and quality signals to detect any need to adjust the clinical guidance or utilization interventions

- Set inventory and blood culture bottle use targets and adjust clinical guidelines as needed to respond to changes in
inventory

Figure 2. Recommended steps and tasks for laboratories to take to help organize their system’s response to a BC bottle shortage.
When coordinating a response to BC bottle shortages, we recommend that laboratory leaders first determine the baseline bottle invento-
ry for their system and estimate the extent and scope of the shortage. Next, both inventory management strategies and clinical guidance
to reduce use must be coordinated. These activities generally require collaboration with different groups and experts but should be
managed at the same time. Depending on the system, laboratory leaders may or may not be delegated to coordinate these responses.
Therefore, it is imperative to first communicate with hospital and clinical leadership, determine the status of the system’s response, and
identify areas in which laboratory expertise is needed. After initial coordination and strategies are developed, an iterative process of mon-
itoring and responding to changes should proceed until the shortage is resolved.

Z
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Determine the Baseline Situation and Scope of the Shortage

1.

Quantify the inventory on-hand.

a. Accurate counts include stock in the system’s distribution or storage center and unused bottles that
were already distributed to the units. To determine the baseline situation, include inventory counts
from the primary storage location at minimum. Supplies on the units may be determined subsequently
to not delay coordination activities (see Coordinate Inventory Management subsection below).

Determine typical use and calculate the expected days of supply on-hand.

a. Weekly or daily average use over the prior month may be sufficient when determining the baseline
situation. For long term planning, additional data is recommended to assess seasonality trends (see
Continuously Monitor BC Inventory and Use and Respond to Changes subsection below).

Understand the chain of distribution within your system and determine whether there is one or more dis-
tributors working with a single or different hospitals.

Contact your local sales representative to request the following information:

a. Extent of delivery reduction

b. Estimates for the weekly allocation

c. Freguency of communication regarding updates/arrange regular check-ins with the representative

Coordinate Inventory Management

1.

Communicate the baseline situation and scope of the shortage to hospital leadership. Obtain support to

modify routine inventory management procedures.

a. Determine if other groups or departments are already developing interventions for inventory manage-
ment. If so, align your efforts and collaborate.

Obtain an accurate inventory of all BC bottles in the system, including bottles on the units, if not already

done above.

a. Track the guantities and lot number of each type of bottle (e.g., aerobic, anaerobic, pediatric, myco-
bacterial or fungal) and the expiration dates of associated lots.

Engage the supply management team.

a. Depending on the institution, BC bottle ordering may be directly managed by the laboratory, through
a non-laboratory supply management team or by both teams. In either case, the system’s supply
management team should be engaged as they can offer unigue expertise in working with vendors and
mMmanaging supply inventory.

Centralize and reallocate supplies.

a. Notify clinical areas of the shortage and of interventions that will be implemented to more stringently
manage supplies. Engage unit and nursing leaders.

b. Engage supply and stocking teams to assist in inventory management to provide information on how
and where they stock BC bottles.

c. Pull supplies back from locations to minimum periodic automatic replacement (PAR) levels.
New PAR levels should reflect the stage of supply management (i.e. conventional, contingency, or cri-
sis), BC bottle inventory, and the expected reduction in use based on temporary clinical guidance (See
Coordinate Clinical Guidance section below)

d. Remove or reduce inventory from areas that historically have had low levels of BC orders (e.g., most
ambulatory clinics).

e. Redistribute near-expiration date bottles to high-use areas to avoid waste due to expiring.

Continuously work with the vendor to minimize delays in supply receipt and escalate orders.

Investigate alternative resources. Examples include:

a. Utilizing alternative BC bottles that are also FDA-cleared for your laboratory’s instrumentation (e.g.,
glass bottles instead of plastic or standard bottles instead of resin bottles). If alternatives are (or be-
come) available, in the United States laboratories must perform test verification studies before imple-
menting different BC bottle types for clinical use.
= Laboratories should consider the extent of verification needed or ability to streamline the necessary

verification based on CLIA requirements, risk assessment, and available supply.



b.

C.

d.

Collaborating with neighboring hospitals or systems that use BC systems not affected by the shortage.

= Laboratories may be able to partner with nearby sites to obtain supplies and send specimens for
alternative BC systems with additional capacity. Note, during times of severe shortage, manufactur-
ers that are not directly affected by a shortage also may closely monitor or limit supplies to current
customers to ensure supply stability. Therefore, obtaining additional supplies to partner with other
laboratories may not be possible.

= Considerations: feasibility to rapidly transport collected BC bottles, supply stability and availability
for the alternative system, method of transferring orders, result and critical value communication

(e.g., are the EMRs interfaced?), differences in reporting protocols between laboratories (e.g., anti-

biotic susceptibility cascades), capacity of the partnering laboratory to work-up additional positive

cultures.

1. Transport collected samples at room temperature.

2. Transport times must comply with manufacturer recommendations. To accept specimens that
exceed the manufacturer’'s recommended transport time, the performing laboratory must per-
form test validation to demonstrate acceptable recovery of microorganisms.

3. Some manufacturers do not state a time limit within which a collected bottle must be loaded
onto the continuous monitoring automated BC instrument. Two studies have demonstrated min-
imal to no impact with transportations times >4 h, but transportation beyond 12 h is not recom-
mended (3-5).

Obtaining additional instrumentation for alternative BC system and evaluating alternative blood cul-
turing methods. Inquire with your local vendor representative to determine availability.

In some cases, the manufacturer may extend the expiration dates for specific lot numbers of BC
bottles. Laboratories or the supply management team may consider sequestering expired BC bottles
instead of discarding them upon expiration, in case an extension is granted.

Coordinate Clinical Guidance

1.

Communicate the baseline situation and scope of the shortage to hospital leadership. Obtain support to
coordinate the development of clinical guidance for BC use during the shortage.

a.

b.

Determine if other groups or departments are already developing interventions and clinical guidance.
If so, align your efforts and collaborate.

Obtain support from clinical leadership, such as Chief of Staff or Chief Medical Officer, to implement
a BC shortage clinical guidance, reinforce messaging and restrictions, and for operational resources
(e.g., information technology support).

Create a multi-disciplinary clinical team to develop BC clinical utilization and conservation strategies. At
minimum, the core team should include representatives from antimicrobial stewardship, infectious diseas-
es, infection prevention and control and the laboratory.

a.

The multi-disciplinary core team may also include representatives from the emergency department
(ED), critical care, surgery, hemato-oncology, pediatrics, nursing and others. If not included in the core
team, representative clinical stakeholders should be consulted regarding individual guidelines that will
be most relevant to their clinical practices before the guidelines are implemented.

The multi-disciplinary clinical team will need to develop BC shortage clinical guidance.

a.
b.

Determine baseline BC use practices throughout the system.

Identify opportunities to conserve supplies through heightened emphasis on best practices (Figure 1).

= Prioritize and reeducate about best practices for collecting BCs (refer to section Factors that In-
crease Test Quality and Reduce Need for Recollection).

= Implement diagnostic stewardship programs wherever possible beyond those used at baseline (re-
fer to section Approaches to Optimize Indications for Blood Culture Ordering).

= Implement supply conservation methods that require adjustments in clinical practice. For exam-
ple: removing the option to order automatically repeating orders (“daily” order frequency); remove
specimen orders that enable collection and temporary storage of a BC specimen before a BC is
ordered (“extra blood”, “hold”, or “rainbow” orders).

Determine whether BC bottle conservation through best practices and close inventory management

will be sufficient to manage testing through the shortage or if contingency or crisis management is

required. If contingency or crisis management is required:



= |dentify non-standard of care practices that may be employed. Examples: restricting repeat blood
culture order frequency; not inoculating body fluid specimens for culture into BC bottles; routinely
collecting one set of BCs instead of two sets (refer to sections Culturing Sterile Body Fluid and
Recommended Number of Blood Culture Sets).

= Assess the relative benefits (extent of BC use reduction and extension of BC bottle availability) ver-
sus relative risks (reduced detection of blood stream infections, BSIs) of implementing each poten-
tial non-standard practice.

= Prioritize and develop specific guidance for test use according to clinical indication based on the
performed risk/benefit assessment.

Partner with Laboratory Information Systems (LIS) and Hospital Information Systems (HIS) teams to

utilize information technology infrastructure to develop tools and operationalize the BC shortage clinical

guidance. Examples methods include:

a. Test order creation or modifications

b. Best practice alerts, restrictions, and order-based messaging

c. ldentify order sets that contain BCs and determine appropriateness (e.g., default selection for BC)

d. Create comments or clinical note tools (e.g., SmartPhrases) to streamline clinical documentation relating
to BC orders, indications, or instructions (e.g., subspecialist recommendations to the primary team)

Use multi-modal communication to communicate BC shortage clinical guidance to all providers and

clinical staff.

a. Ordering providers (including resident physicians), nursing, and phlebotomy teams may need instruc-
tions specific to their role in the process. Tailor concise communication for each group.

b. Use more than one communication tool. Examples include HIS automated messaging, e-mail distribu-
tion lists, ‘screen saver’, network login screen, and working with the graduate medical education office
to communicate with resident and fellow trainees.

Continuously Monitor BC Inventory and Use and Respond to Changes

1.

Partner with supply chain management and information technology teams to regularly obtain accurate

BC bottle inventory, usage, and supplies receipt counts.

a. Helpful reports include inventory reports, unit-specific inventory distribution, and number of BC speci-
mens received in the laboratory. Measure the daily or weekly average distribution and use.
= Analytic reports within BC instrument software are often useful resources to obtain daily utilization

data.
=  Monitor BC collection by department or location. This data should be shared with the Clinical Guidance
team to determine if the implemented interventions have the intended impact on ordering practices.

b. Create a dashboard to monitor inventory. Recommended metrics include current inventory, current
daily use (usually a running 7-day average), and supply days on-hand for each location within the sys-
tem. Monitor inventory of each type of BC bottle separately.

c. If the shortage is predicted to extend over several months, long term planning for seasonal variation in
test use may be necessary. Consider obtaining historic BC data over the prior 6-12 months, or longer,
to identify trends and predict future variability.

Determine the appropriate frequency (e.g., daily, weekly) and methods of communication with hospital
and clinical leadership. Keep supply management, risk management, patient quality and safety, and hospi-
tal executive leadership informed throughout the decision-making process.

Continuously collaborate with the Clinical Guidance and Inventory Management teams.
a. Determine if the employed clinical and inventory interventions are achieving the expected or target
impact on supplies.

* Evaluate need for modifications to the clinical guidance (e.g., clarify implemented interventions,
increased messaging or efforts to improve adherence, add new or remove guidance in response to
the severity of the shortage and BC inventory).

b. Monitor safety and quality signals that indicate a need to reassess the initial risk/benefit decisions.

Modify clinical guidance accordingly.

c. Setinventory indicators and thresholds that will signal a need to change clinical utilization

*  Generally, this is based on days of supply on-hand monitoring (e.g., at 10 days of supply, X interven-

tion is introduced; at 6 days of supply, Y intervention).
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Ill. Factors that Increase Test Quality and Reduce Need for Recollection

Diagnosing BSlIs is an essential function of clinical microbiology laboratories. There are best practices and
expert guidelines from international standards organizations with recommendations on the proper practice
of BC collection and testing to diagnose BSIs and infective endocarditis (6, 7). There are several factors that
influence the likelihood of detecting bacteremia. These factors include the volume of blood collected, the
number of BCs performed, timing compared to antimicrobial therapy initiation, and adherence to proper
patient preparation and collection technigue. Even when following best practices, fewer than 10% of BCs are
typically positive, yet it is estimated that 20-60% of those positive BCs are due to contaminating microorgan-
isms rather than true pathogens (8-10). Key quality practices are highlighted for each subsection below and
are summarized in Summary Box 1.

Impact of volume of inoculated blood on BC performance

The gquantity of microbial pathogens in the blood during a bacteremic episode has been reported to range
anywhere from 1to 10 colony forming units per milliliter of blood in adult patients (11-15). In pediatric patients,
the magnitude of bacteremia was reportedly higher (16), but this notion has been an area of controversy.
Low level bacteremia is also common in pediatric patients. We refer the reader to a contemporary minireview
published on this topic (17). Because of low concentrations of circulating bacteria, a common adage has been
that the more blood collected, the higher the likelihood of a positive culture, and this is well described in the
literature (18). BC bottles should be inoculated with the maximal (optimal) fill volume recommended by the
manufacturer, but should not be overfilled beyond maximum recommended volume. For pediatric patients,
weight-based guidelines should be followed to determine optimal and safe blood volume (19).

Active monitoring of BC bottle fill volumes coupled with feedback is an important quality improvement activ-
ity for clinical laboratories. It has been shown to improve overall BC positivity. In their multicenter study, Khare
et al. found that the baseline average fill volume was 2.3 mL (range 1.6 to 3.3 mL) across all ten hospitals
before interventions were implemented (20). Following the interventions, 7/10 hospital sites achieved the rec-
ommended fill volume (8 to 10 mL/bottle) following a comprehensive plan including education, monitoring,
and real-time feedback. This led to a systemwide increase in overall BC positivity by nearly 40% during the
program (initial positivity 6.7% versus 9.3% after intervention).

= BC bottles should be filled with the optimal blood volumes recommended by the manufacturer to op-
timize pathogen yield.
= Laboratories should have a guality system that monitors BC volumes and provides feedback to collectors.

Timing of BC sampling

It is recommended that BCs be collected before initiation of empiric antimicrobial therapy when there is
concern for sepsis or septic shock (21). A study by Scheer et al. reported a 20% decrease in the detection of a
pathogen from BC sets collected during antimicrobial therapy compared to those collected before antimicro-
bial administration (22).

Major guidelines no longer endorse specific timing of BCs when multiple sets are ordered simultaneously or in
relation to febrile episodes in the patient, rather emphasizing optimal blood volume sampling and collection
before antimicrobial therapy is initiated (6, 19). Previous recommendations suggested that BC sets should be
collected 30-60 minutes apart. A study by Fabre et al. determined that the yield of positive BCs was similar
between sets collected in short intervals versus those with longer intervals (23). Additionally, a multicenter
study by Riedel et al. evaluated the relationship between BC collection times around elevations in body
temperature. Among 1,436 patients evaluated, no association between body temperature increases and the
time of an initial positive BC was identified. This study concluded that waiting to collect a BC during a febrile
episode is not critical for the detection of bacteremia (24).

= For optimal vield, BCs should be collected prior to initiation of antimicrobial therapy whenever possible.
= Multiple BCs may be drawn consecutively without an intervening timeframe between draws.
= Draw timing considerations in relation to fever do not increase yield of BCs.



Minimizing BC contamination

Blood is normally sterile and positive BCs with a known pathogen have a high positive predictive value for in-
fection. However, contamination of BCs with microorganism(s) that are not causing a BSI is a serious problem.
Despite the critical role that BCs play in diagnosing bacteremia, in some settings the majority of positive BCs
are due to contamination from the skin microbiota during venipuncture (8-10). This is because the skin cannot
be sterilized and antiseptic cleansing practices only remove surface microbiota. The bacteria that reside in
hair follicles and deeper in the dermis may remain. Therefore, the strategies employed to minimize BC con-
tamination are multifactorial.

Contamination events lead to patient harm through increasing hospital stay, increased exposure to broad-spec-
trum antimicrobial agents with potential toxicity, and delay in establishing a true diagnosis (10, 25-27). Contami-
nated BCs are also costly to systems and often lead to repeat BCs and additional diagnostic testing (28).

Proper venipuncture site preparation is crucial to minimize contamination from the skin microbiota. Utiliza-
tion of antiseptic solutions has a tremendous impact on reducing skin bioburden. Recommendations suggest
using chlorhexidine gluconate or iodine tincture for BC specimen collection (29, 30). Chlorhexidine regimens
may be favored as the application requires a shorter drying time on the skin to achieve maximum effect com-
pared to iodine.

Timely feedback to the collector regarding contamination rates has been shown to improve overall compli-
ance with proper technique and reduction in contamination rates (31). This has been shown to be effective
but is resource intensive and rates can fluctuate back to baseline when feedback is not provided.

A systematic review published in 2012 evaluated practices to reduce BC contamination rates. The authors
included studies that focused on dedicated venipuncture for specimen collection, use of phlebotomy teams,
and prepackaged specimen collection kits (32). Dedicated venipuncture yielded significantly lower rates of
BC contamination than collection from an endovascular catheter. Additionally, BC collection by dedicated
phlebotomy teams was associated with reduced BC contamination compared to those collected by non-phle-
botomists. Similarly, a single center study by Gander et al. evaluated the effect of personnel on BC collection
in the ED. In one ED unit, 2,012 (37%) BCs were collected by dedicated phlebotomists with contamination
rates ranging from 2.4 to 3.6% (overall rate 31%) whereas the rates of contamination among non-phlebotomy
collected specimens ranged from 6.2 to 10.2% (overall rate 7.4%) (33). In a second ED unit without dedicated
phlebotomy, the range of BC contamination was similar, ranging from 4.9 to 7.0% (overall rate 5.6%).

Interestingly, another study that evaluated BC contamination rates drawn by phlebotomists and nurses
demonstrated that nurses rather than phlebotomists had lower contamination rates (34). The higher contami-
nation rate for phlebotomists (2.3%) versus nurses (0.8%) was postulated to be due to phlebotomists drawing
more BCs during the study period as well as drawing more specimens from ICU patients who were deemed
more difficult to draw. This evaluation also compared contamination rates by collector in a before-and-after
study utilizing a specimen diversion device. The use of the device by phlebotomists was associated with a sig-
nificant reduction in BC contamination (baseline 2.3% down to 0% with use of the device).

The use of specialized diversion devices to divert the initial volume of blood collected during specimen collec-
tion has been shown to significantly reduce contamination rates to less than 1% when correctly used (35-38).
Skoglund et al. evaluated the economic impact when specimen diversion devices were employed. The authors
detected an 86% reduction in BC contamination by using a specimen diversion device (39). Based on this re-
duction rate, they calculated a 3% cost savings versus the average total cost per clinical episode in which a BC
is drawn.

Minimizing BC contamination reduces downstream resource utilization, including additional BCs, unnecessary
administration of antimicrobial therapy, and other diagnostic tests.

=  BC contamination is minimized by carefully observing antisepsis of collection sites, collector training,
and monitoring of contamination rates coupled with collector education and feedback.
= Use of specimen diversion strategies may help reduce blood culture contamination rates.



Best practices to minimize sample rejection

Most laboratory errors occur in the pre-analytic phase of testing (40, 41). A meta-analysis published in 2023
evaluated blood sample rejection rates in laboratories and found that the leading causes of sample rejection
were pre-analytic errors associated with improperly collected specimens, such as using the wrong container,
insufficient blood volume, and labeling errors (42). These errors can lead to delays in diagnosis as they typi-
cally require repeat specimen collection.

In the event of BC bottle shortage, providers and other clinical staff should be reminded of proper specimen
labeling, specimen stability requirements, and transport instructions per institutional policy to minimize sam-
ple rejection and supply wastage.

Quality metrics related to BCs

In the US, it is the responsibility of clinical microbiology laboratories to monitor BC specimen acceptability
and adequacy in compliance with federal regulations (43). For laboratories that are accredited by the College
of American Pathologists, the laboratory is required to monitor the volume of blood collected in BC bottles
from adult patients and to provide feedback to collectors (44).

Summary Box 1. Strategies to optimize diagnostic yield of blood cultures and re-
duce need for recollection

Optimize volume of blood collected

+ Blood culture bottle fill volume is the single most critical factor to recover and isolate
microorganisms in vitro

+ Blood culture bottles should be filled with the optimal blood volumes recommended by the
manufacturer

* A typical blood culture set comprises of one aerobic bottle and one anaerobic bottle for adult
patients

Timing of blood culture sampling
« Blood cultures should be collected before initiation of antimicrobial therapy

Multiple blood cultures may be drawn consecutively without an intervening timeframe between
draws

« Draw timing considerations in relation to fever do not increase yield of blood cultures
Minimizing blood culture contamination

« Skin antisepsis should be performed using chlorhexidine gluconate or iodine tincture to minimize
the risk of contamination of blood cultures with skin microbiota

* Blood culture contamination is minimized by carefully observing antisepsis of collection sites,
collector training, and monitoring of contamination rates coupled with collector education and
feedback

* Use of specimen diversion strategies may help reduce blood culture contamination rates
Minimizing sample rejection

* Ensure collectors understand the importance of proper specimen labeling, specimen stability
requirements, and transport instructions to minimize sample rejection

Attention to quality metrics related to blood cultures

« The microbiology laboratory is responsible for monitoring the quality metrics tracking blood
culture contamination rate and blood culture bottle fill volumes

A rigorous program to provide feedback to collectors and improve performance on quality
metrics improves diagnostic yield of blood cultures



The clinical microbiology laboratory should also monitor BC contamination rates and investigate instances in
which rates exceed established thresholds. We refer readers to Palevecino et al., a report by the American Society
for Microbiology Laboratory Practices Subcommittee, for comprehensive approaches to calculating and monitor-
ing contamination rates (45). This is an accepted best practice and condition for laboratory accreditation (6, 44).
A CAP Q-Tracks study found that laboratories that submitted quarterly BC contamination data for longer periods
of time were associated with achieving progressive reductions in institutional contamination rates (46).

IV. Approaches to Optimize Indications for Blood Culture Ordering

Diagnostic stewardship of the BC collection process and clinical indications has been employed at many
institutions for various patient populations to optimize BC utilization and improve patient care while minimiz-
ing impact on resources. By reducing unnecessary testing, overtreatment of clinically insignificant organisms,
overestimation of central line associated BSIs (CLABSIs), unnecessary phlebotomy, and resource waste are
avoided. During a time of BC bottle shortage, implementing such diagnostic stewardship strategies can have
the added benefit of helping conserve limited supplies for patients who will benefit the most. In the follow-
ing section, we review interventions that have been employed in published diagnostic stewardship outcome
studies (summarized in Table 1) and provide references to which we encourage readers to refer for additional
collection recommendations and suggestions for algorithms that may fit the needs of their institution. We
also summarize published findings from retrospective analyses that describe low yield scenarios for testing,
but for which the impact of adjusting collection practices through stewardship may not have been studied. As
with most diagnostic stewardship programs, exceptions to recommended routine use may be indicated based
on clinical judgement and unique patient situations. Key practices and stewardship activities presented in the
referenced studies are highlighted for each subsection and are summarized in Summary Box 2.

The approaches below are summarized according to the setting(s) in which the guidelines or stewardship ap-
proaches are reported in the cited literature. However, these practices may be more broadly applied to other
settings.

General Principles

BCs are the gold standard for diagnosing BSIs and one of the most commonly ordered tests in hospitalized
patients. However, <10% of BCs recover organisms, and a significant portion of positive cultures represent
contaminating microorganisms, suggesting opportunities to optimize test use. A large proportion of BCs are
obtained in patients with isolated fever and/or leukocytosis, which do not correlate well with bacteremia (1,
47-53). Thirty to sixty percent of BCs may be inappropriate based on indication (54, 55). Evidence-based
guidance and site-specific stewardship studies regarding appropriate use of BCs have been published (1, 2).

Not all infectious syndromes require BCs to be collected for diagnosis. Rather, the pre-test probability of
bacteremia within the clinical context of the patient should guide the decision to order BCs. Although BC
indications are not standardized, guidelines, scoping reviews and stewardship studies have identified many
low yield and high yield clinical indications for BCs. For example, a 2012 paper evaluated the pre-test proba-
bility of bacteremia in immunocompetent adults in selected clinical scenarios (56). They classified syndromes
as low risk (cellulitis, community-acquired pneumonia), intermediate risk (pyelonephritis) or high risk (severe
sepsis, bacterial meningitis, septic shock). Another paper published in 2020 expanded this work and included
a more comprehensive evaluation of clinical scenarios taking into account not only the yield of BCs but also
the impact of BC results in clinical management (1). A summary of example high yield and low yield clinical
indications for BCs that have been studied in different clinical settings is provided in Table 2. Many of these
studies and study outcomes are further described in the subsections below.

= Pre-test probability of bacteremia and the likelihood of detecting a clinically significant organism
should be carefully considered before ordering any test for infectious diseases and is especially im-
portant during times of critical supplies shortages.

In a retrospective analysis of all populations in their system (e.g., inpatient, ED, and pediatric, including im-
munocompromised patients), Humphries et al. evaluated repeat BC yield in their single site as part of de-
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veloping a strategic approach to reduce use during a critical shortage of BC bottles in July 2024 (57). They
reported that 16.7% of all cultures were repeat collections (drawn >1 h after initial cultures) within 48 h after
initial cultures. Only 5% (155/3,088) of repeat cultures performed within the first 48 h of initial cultures yielded
different results from the initial cultures. Of these discordant results, 11% (17/155) were due to detection a new
organism in the repeat culture when the initial cultures were negative, and 94% (16/17) of those new detec-
tions were adjudicated to be likely contaminating microorganisms. Together, these findings suggest that stew-
ardship optimizing when and for which patients repeat cultures are performed may represent a significant
method to safely reduce total BC collections

=  Repeat BCs within 48 h of initial BCs are of low vield (-5%) in providing new or significant results
compared to initial cultures.

Stewardship Approaches for Immunocompetent Adult Patients in the Inpatient Setting

After a scoping review of 50 studies that determined the pre-test probabilities of positive BCs based on
reported incidence of bacteremia in selected infectious syndromes and development of an evidence-based
algorithm detailing indications for BC use, Fabre et al. found that 24% and 40% of initial BCs collected among
intensive care unit (ICU) and medicine ward patients, respectively, and nearly 40% of repeat BCs collect-

ed were inappropriate (1). After implementing their evidence-based algorithm coupled with education and
provider feedback at their institution, they reported a significant decrease in BC rates across the medical ICU
and medicine wards while increasing the rate of BC positivity for true pathogens (54). Other institutions have
adopted the algorithm bundled with other interventions in surgical units to improve BC utilization with similar
success (58, 59).

= Avoid routine use of BCs in immunocompetent patients with isolated fever or leukocytosis,
uncomplicated cellulitis, uncomplicated cystitis or prostatitis, and non-severe pneumonia.

= Avoid routine collection of BCs in response to fever within the first 48 h after surgery (1).

= We refer readers to the scoping review by Fabre et al. as an example algorithm that may be
considered to steward BC orders (1).

Although diagnostic stewardship has recently gained more recognition, efforts to reduce unnecessary BCs
have been ongoing for decades. Gross et al showed that an overall reduction of BCs may be achieved by
optimizing the upfront collection, thus reducing subsequent diagnostic uncertainty (60). When implementing
six rules in combination, the average number of BCs per patient discharged from their ICU decreased from
1.2 to 0.3. Their six recommendations for evaluation of suspected sepsis included: always draw two blood
samples for initial evaluation; draw two to three samples for suspected sepsis; draw four for initial suspicion
of endocarditis, separated by 30min-1hr if antibiotics are to be given that day; BC collection does not need
to be timed in relationship to level of fever; draw two samples when documenting persistent bacteremia after
initially positive BCs; do not draw BCs for persistent fevers after initial BCs are negative and no change in pa-
tient clinical status. Note, some of these six principles are not recommended in more recent studies.

= Optimize initial specimen collection when evaluating suspected sepsis or endocarditis.
= Avoid BC collections for persistent fever after initial BCs are negative in patients with stable or
improving clinical status.

Stewardship Approaches for the Emergency Department Setting

Evaluation of BC utility in the ED is limited. However, evidence suggests hospital BC utilization is heavily in-
fluenced by ED culture volumes (61). Studies have also demonstrated that contamination rates may be higher
in the ED compared to general wards (62). Moreover, the Centers for Medicare and Medicaid Services (CMS)
SEP-1 metric has had an unintended consequence of increasing BC orders in discharged healthy ED patients
(63). Clinical prediction rules such as the Shapiro decision rule that predict true bacteremia are promising and
have been used to develop evidence-based algorithms to reduce unnecessary BCs in the ED (64-67).

= Attention on proper specimen site disinfection protocols can reduce BC contamination if ED does not
have dedicated phlebotomists

In a retrospective observational study, implementation of an evidence-based ordering algorithm and a clinical
decision support tool into the EMR to remind providers of the ordering criteria and to track the indications

1



demonstrated a 33.5% reduction in the mean monthly BC utilization in the ED. The criteria for obtaining BCs
included hemodynamic instability, immunocompromised status, major and minor Shapiro criteria, and severe
community-acquired pneumonia (CAP). The electronic clinical decision tool prompted providers to the algo-
rithm and allowed them to select an indication for ordering BCs (64).

= The Shapiro decision rule and other clinical prediction rules may aid in reducing unnecessary BCs in
the ED.

Fabre et al. implemented an evidence-based BC indications algorithm for initial and repeat BCs for nonneu-
tropenic adults in the medical ICU and medicine wards. A significant reduction in BC utilization was observed
without negatively impacting the BC ordering component of the CMS SEP-1 core measure (54). Theophanous
et al. report applying an algorithm in the ED based on that of Fabre et al, 2020, and demonstrated a decrease
from 1217 to 10.50 BCs per 100 ED admissions postintervention (68).

Stewardship Approaches for the Pediatric Population

Many of the stewardship approaches studied in adult populations may safely be applied to pediatric patients
but should be evaluated for appropriateness by each institution. In addition, we summarize published utilization
studies and resulting recommendations performed specifically in the pediatric population.

A publication by Woods-Hill et al., provides 19 consensus recommendations for optimizing BC collection in criti-
cally ill pediatric patients (2). When applying these recommmendations in pediatric ICUs across 14 sites in the US,
a 33% reduction in BC use was achieved and no indications of harm were detected (69). We refer readers to the
publication for the complete recommendations and highlight a few of their recommendations (2):

= Avoid collecting daily BCs in patients on extracorporeal membrane oxygenation (ECMO), continuous
renal replacement therapy (CRRT), and in immunocompromised patients without specific indications
of infection.

= Avoid BCs in an asymptomatic patient with a broken, cracked, or accidentally disconnected central
venous catheter.

= Avoid BCs in a patient with a new fever in the first 24 hr after surgery, unless there are clinical signs of
sepsis.

= Avoid BCs in immunocompetent patients with a viral syndrome that have a new or persistent fever,
but no signs of sepsis and no central venous catheter or with a central venous catheter but already
have at least one negative BC documented after the start of fever.

In a retrospective analysis by Chand et al., when BCs were collected in non-critically ill patients for evaluation
of cellulitis, only 3% of cultures yielded a clinically significant organism (70). The most common pathogen re-
covered was methicillin susceptible Staphylococcus aureus. Additionally, Infectious Diseases Society of Amer-
ica (IDSA) does recommend BC in the evaluation of skin and soft tissue infections in patients with fever and
neutropenia but does not recommend BCs for uncomplicated cellulitis (71).

= Avoid routine collection of BCs in non-critically ill patients with cellulitis, but without signs of a serious
infection or specific risk factors.

IDSA recommends that pediatric patients with a moderate to severe, presumed bacterial CAP requiring hos-
pitalization have a BC drawn as part of the infection work-up, especially in patients with complicated pneu-
monia (72). In a single site observational analysis by Kwon et al, investigators found that 69% of BCs collected
from previously healthy pediatric patients (6 m-18 y) under evaluation for CAP in their ED did not meet IDSA’s
recommended criteria for collection (73). Kwon et al. further found that the yield (0.11% bacteremia due to a
pathogen) and clinical impact (0% changes in antibiotic regimen) of BCs collected in the ED for evaluation of
CAP in their pediatric population were exceedingly low.

= Avoid BCs in patients with mild community acquired pneumonia and non-toxic, immunized patients
able to be managed in the outpatient setting (including the ED) (72).

= BCs to document clearance are not necessary for Streptococcus pneumoniae in a patient with clinical
improvement of CAP (72).

= BCs are not recommended for the evaluation and diagnosis of bronchiolitis (74).



Pediatric patients presenting with acute gastroenteritis do not generally require microbiologic work-up of the
etiologic agent, including BCs. The European Society for Pediatric Gastroenterology, Hepatology, and Nutrition
and the European Society for Pediatric Infectious Disease guidelines for the management acute gastroenteritis in
children do not include BCs in the evaluation of such cases (75). Note, if the patient presents with symptoms con-
cerning for sepsis associated with a gastrointestinal illness or typhoid fever, sepsis work-up should be activated.

= Avoid BCs in patients presenting with acute gastroenteritis, unless septicemia is suspected.

Stewardship Approaches for Patients with Neutropenia

Many of the strategies discussed in the above sections may be safely applied to immunocompromised pa-
tients as well. However, many clinical studies exclude this population. Therefore, a site-specific risk assessment
is recommended when considering broader application of diagnostic stewardship approaches to immuno-
compromised patients, including patients with neutropenia.

The National Comprehensive Cancer Network (NCCN) recommends that neutropenic patients with a new
fever should be evaluated for infection, including collection of BCs for initial work-up (76). Additionally, IDSA
recommends that an initial fever evaluation in neutropenic patients with cancer include at least two sets

of BCs (77). Similarly, for neutropenic patients presenting to emergency care with fever within 6 weeks of
receiving chemotherapy, American Society of Clinical Oncology and IDSA recommend collecting two sets of
BCs from different anatomic sites as part of the initial diagnostic workup (78).

The optimal workup, timing, and value of repeating BCs after initial fever evaluation in patients with neutropenia
is not agreed upon, but overall repeat BC yield appears to be low. IDSA guidelines for fever in neutropenic pa-
tients recommended that persistent or recurrent fever of >3 days should prompt an evaluation of source, includ-
ing collecting a new set of BCs (note, this clinical practice guideline has been archived by IDSA) (77). However,
NCCN recommends that after initial work-up, including initial BCs, if the patient is clinically stable, improving, or
persistently febrile but otherwise clinically stable, additional BCs are not indicated. If response to therapy eval-
uation is indicated, cultures may be collected 3-5 days after initiation of therapy (76). Since most positive BCs
are detected within the first 48 h and it is expected that effective antimicrobial therapy can require a few days
to clear infection, BCs should not be immediately repeated while awaiting results of the initial work-up (79).
Meanwhile, Robinson et al. found that only 2% of BCs collected after the first day were positive and that clinical-
ly significant microorganisms were rarely recovered from repeat cultures collected after 48 h (79).

Interestingly, in a relatively small retrospective study of 358 BCs collected from admitted adult hematology or
oncology patients, Alsfeld et al. found that only 4% of cultures were positive when drawn on patients receiv-
ing broad-spectrum antibiotics (80). Among the 4% of positive cultures, none were new pathogen detections,
and all were follow-up cultures from a positive culture obtained before broad-spectrum antibiotics. No BCs
collected in response to a new fever were positive while on broad-spectrum antibiotics.

= Initial work-up of fever in neutropenic patients should include at least two BCs, e.g., one peripheral and
one catheter drawn culture (76).

= Avoid daily BCs in clinically stable patients with persistent fever and neutropenia after initial work-up
is performed (76).

= Response to empiric therapy can be evaluated 3-5 days after therapy initiation (76).

The number of BC sets collected for initial work-up of fever and neutropenia in patients with a catheter also
offers an opportunity for stewardship. The NCCN 2023 guidelines recommend collecting at least two sets,
preferably one peripheral draw and one from the catheter. Notably, it is not recommmended to routinely collect
sets from each port.

= Avoid collecting multiple BC sets from each port of a single line in adult patients (76).



Summary Box 2. Stewardship approaches to optimize indications for blood cultures
according to specific settings.

General Principles

Pre-test probability of bacteremia and the likelihood of detecting a clinically significant organism
should be carefully considered before ordering any test for infectious diseases and is especially
important during times of critical supplies shortages

Repeat blood cultures within 48 h of initial blood cultures are of low yield (-5%) in providing new
or significant results compared to initial cultures

Immunocompetent Adult Patients in Inpatient Setting

Avoid routine use of blood cultures in immunocompetent patients with isolated fever or
leukocytosis, uncomplicated cellulitis, uncomplicated cystitis or prostatitis, and non-severe
pneumonia

Avoid routine collection of blood cultures in response to fever within the first 48 h after surgery
A published algorithm may be considered to steward blood culture collection (1)
Optimize initial specimen collection when evaluating suspected sepsis or endocarditis

Avoid blood culture collections for persistent fever after initial blood cultures are negative in
patients with stable or improving clinical status

Emergency Department Setting

The Shapiro decision rule and other clinical prediction rules may aid in reducing unnecessary
blood cultures in the ED

Attention to proper specimen site disinfection protocols can reduce blood culture contamination
if ED does not have dedicated phlebotomists

Pediatric Patients

A published study with 19 recommendations may be considered to steward blood culture
collection (2)

Avoid routine collection of blood cultures in non-critically ill patients with cellulitis, but without
signs of a serious infection or specific risk factors

Avoid blood cultures in patients with mild community acquired pneumonia and non-toxic,
immunized patients able to be managed in the outpatient setting (including the ED)

Blood cultures to document clearance are not necessary for Streptococcus pneumoniae in a
patient with clinical improvement of community acquired pneumonia

Blood cultures are not recommended for the evaluation and diagnosis of bronchiolitis

Avoid blood cultures in patients presenting with acute gastroenteritis, unless septicemia is
suspected

Patients with Neutropenia

Initial work-up of fever in neutropenic patients should include at least two blood cultures, e.g.,
one peripheral and one catheter drawn culture

Avoid daily blood cultures in clinically stable patients with persistent fever and neutropenia after
initial work-up is performed.

Response to empiric therapy can be evaluated 3-5 days after therapy initiation

Avoid collecting multiple blood culture sets from each port of a single line



Table 1. Summary of select studies with interventions to decrease unnecessary blood
culture utilization according to clinical setting.

Clinical setting

Intervention

Outcome

References

Hospitalized,
immunocompetent
adults

Emergency Department

Pediatrics

Patients with
neutropenia

|CU setting: implemented
6 rules to optimize number
of blood cultures collected
based on clinical scenario

Implemented an evidence-
based algorithm for blood
culture ordering plus
education and provider
feedback (Fabre et al., 2020)
M

Established the Shapiro
criteria:

Major criteria: temperature >
39.5°C, indwelling vascular
catheter, or suspected endo-
carditis

Minor criteria: temperature
38.3-39.4°C, age > 65 v, chills,
vomiting, hypotension (sys-
tolic blood pressure < 90 mm
Hg), neutrophil% > 80, white
blood cell count > 18 k/uL,
bands > 5%, platelets < 150
k/, or creatinine > 2.0.

Implemented blood culture

order algorithm incorporating
Shapiro criteria (excludes im-
munocompromised patients)

Implemented blood culture
order algorithm (Fabre et al,,
2020) (D

ICU setting: Implemented 19
consensus recommendations
(Woods-Hill et al., 2021) (2)
across 14 sites

Adult, non-stem cell trans-
plant: changed clinical
practice guideline from daily
cultures to clinically guided
ordering in setting of =3 d of
febrile neutropenia

Adult bone marrow trans-
plant: Implemented protocol
with decreased frequency
of blood cultures, e.g., days
1and 4 vs. for every febrile
episode

Decreased blood culture
orders from 1.2 to 0.3 per
patient discharge

Decreased blood culture
rates from 10.9 to 7.7 blood
cultures per 100 patient days
in 5 medical units

Increased positivity rate of
significant pathogens from
8% to 11% postintervention

Applying 1 major and 2 minor
criteria resulted in sensitivi-
ty of 97-98% for predicting
bacteremia.

Decreased average monthly
blood cultures by 33.5%

Decreased blood culture
events per 100 ED admissions
from 1217 to 10.5

No increase in adverse events

Decreased blood culture use
by 33%
No increase in adverse events

Decreased rate (blood cul-
tures per day of febrile neu-
tropenia beyond 3 d) from 1.4
to 0.7

Decreased number of blood
cultures collected per patient
by 49% without indication of
harm

2]

Gross et al, 1988 (60)

Fabre et al, 2020 (54)

Shapiro et al., 2008 (81)

Pawlowicz et al, 2016 (64)

Theophanous et al., 2024

(68)

Woods-Hill et al, 2022 (69)

Robinson et al, 2022 (79)

Serody et al, 2000 (82)



Table 2. Summary of guidelines and scoping reviews on blood culture indications: low
versus high yield according to clinical setting.

Clinical Setting

Low Yield/Weak Indications

High Yield/Strong Indications

References

Hospitalized,
immunocompetent
adults

Emergency
Department

Pediatrics

Patients with
neutropenia

* Non-septic patients

* |solated fever or leukocytosis

* Uncomplicated cellulitis
including periorbital cellulitis

* Non-severe pneumonia

» Daily BCs for persistent fever

» Fever in first 48 h after
surgery

+ Cystitis/prostatitis

» Cellulitis
* Simple pyelonephritis
« CAP

» Daily surveillance BCs in
immunocompromised
patients and patients on
ECMO or CRRT

* Fever in first 24 h after
surgery

e Immunocompetent patients
with viral syndrome and fever
and no signs of sepsis or
central line

 Cellulitis in non-critically ill
patient

 CAP in an immunized,
previously healthy patient

* Bronchiolitis

* To document clearance of S.
pneumoniae in patients with
clinical improvement of CAP

» Acute gastroenteritis

* Prior receipt of broad-
spectrum antibiotics

» Daily BCs for persistent fever
in clinically stable patient

* Follow-up BCs within 3 d of
previous positive

* BCs from >1lumen of a
central line

» Severe sepsis/septic shock

* Bacterial meningitis

* Shaking chills in febrile
patient

» Endovascular infections
including endocarditis

» Catheter-related BSI

» Discitis and vertebral
osteomyelitis

* Epidural abscess

* Native joint infection

* Ventriculoatrial shunt
infection

* Nonvascular shunt infection

If primary site unavailable for
sampling:

* Severe CAP

» Cholangitis

* Pyogenic liver abscess

* Sepsis

* Hemodynamic instability

* Immunocompromised status
* Severe CAP

* Endocarditis

* Meningitis

» Complicated pyelonephritis
* See also Shapiro criteria

* Sepsis
» Complicated pneumonia
* Febrile infant 8-60 d old

* New fever (=38.3°C or
=38.0°C over 1 h period);
neutropenia defined as
<500/uL, or <1000/uL and
predicted to decline to =500/
uL over next 48 h

Stevens et al, 2014 (71)
Coburn et al, 2012 (56)
Fabre et al, 2020 (1)
Fabre et al, 2023 (53)

Long and Koyfman, 2016 (65)
Shapiro et al., 2008 (81)

Kwon et al, 2017 (73)
IDSA CID 201 (77)
Stevens et al, 2014 (71)
Guarino et al, 2014 (75)
Ralston et al, 2014 (74)
Pantell et al, 2021 (83)

NCCN 2023 (76)
Alsfeld et al, 2019 (80)
Taplitz et al, 2018 (78)

Abbreviations: BC, blood culture; CAP, community-acquired pneumonia; ECMO, extracorporeal membrane oxygenation; CRRT, continu-
ous renal replacement therapy
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V. Culturing Sterile Body Fluids

Best practice recommendations for culturing body fluid specimens include specimen inoculation and incu-
bation using both agar media and broth media, unless the entire specimen is concentrated and inoculated

to only agar media (44). BC bottles (aerobic or aerobic and anaerobic) are the preferred broth medium for
sterile body fluid culture (84).

As an example of a contingency management strategy during shortages, laboratories that routinely inocu-
late BC bottles for their cultures of sterile body fluid specimens may consider temporarily switching to use
agar media alone or conventional broth media. Published literature demonstrates BC systems can increase
detection of pathogens from sterile body fluids by 18-33% when compared to conventional culture media,
although recovery of contaminants may also be increased (85-88). Various factors affect the performance of
BC system-based cultures, including the type of sterile body fluid, volume of fluid collected and inoculated
to bottles, and timing of antibiotic administration relative to specimen collection. Individual laboratories may
therefore choose to examine their own positivity rate and pathogen vield from BC bottles compared to con-
ventional agar plates and/or broth media before making a determination.

V1. Recommended Number of Blood Culture Sets

While best practice guidelines recommend routinely collecting at least two sets of BCs, during times of severe
supplies shortages many institutions may consider conserving supplies by reducing this practice to collect
only one set of BC during crisis management. This section is not intended to recommend for or against re-
ducing BC collections to one set. Rather, as we recognize this will be a common consideration during extreme
situations, we aim to summarize published data regarding the performance of single versus multiple set
collections that institutions may use when performing a site-specific risk assessment of different methods to
conserve supplies.

Examples of society guidelines or best practice standards that recommend collecting more than one BC set:

1. Clinical Laboratory Standards Institute recommends obtaining two to three BC sets per episode within a
24 h period, for both adult and pediatric patients (6).

2. The IDSA/ASM laboratory utilization guide recommends collecting two or three BC sets for the evaluation
of each septic episode in adults, with each bottle containing 10 ml of blood (19).

3. National Comprehensive Cancer Network (NCCN) recommends collecting at least two sets of BCs for
initial workup of patients with fever and neutropenia (76).

4. American Society of Clinical Oncology (ASCO)/IDSA 2018 guidelines recommend that neutropenic pa-
tients presenting to emergency care with fever within 6 weeks of receiving chemotherapy should have at
least two sets of BCs collected from different anatomic sites (78).

5. The International Pediatric Fever and Neutropenia Guideline Panel recommends that the evaluation of
new fever in neutropenic pediatric patients include BCs collected from all lumens for patients with a cen-
tral venous catheter. Concurrent peripheral cultures should be considered (89).

Example studies comparing organism recovery from one versus two or more sets of BCs:

1. Humphries et al. reported 93.7% concordance between the first two or first three initial BC sets collected
(defined as all BCs collected within 1 h of the first culture) (57). For discrepant cultures, 2.1% of cultures
yielded a potential pathogen and 3.6% of cultures yielded a skin commensal in only one of two culture
sets. In this study, the analytic sensitivity and specificity of one set versus two sets of BCs was 67-83.4%
and 95.3-98.6%, respectively. Second or third culture sets accounted for 45% of total BCs collected during
the assessment period. Notably, based on their retrospective review of pathogen recovery in one versus
two sets and a site-specific risk assessment, this institution decided to reduce routine collections to only
one set, except for patients under evaluation for sepsis, during the July 2024 critical supply shortage.

2. Neves et al. evaluated the likelihood of obtaining a BSI diagnosis in adult patients diagnosed with sepsis,
severe sepsis, or septic shock when comparing number of BC sets collected and mass of blood collected
(90). In this study 55/345 septic patients had a positive BSI diagnosis based on BCs. Multivariate analysis
was performed to determine predictors of obtaining a positive diagnosis by BC. The odds ratio was 1.27 for
each BC set collected beyond one set and a 1% increase in positivity rates was observed for each additional



1 mL of blood collected in the bottles (odds ratio 1.01). Both parameters were statistically significant.

3. Comparing the recovery of a pathogen in 80 bacteremic patients with at least three sets of BCs collected
within 24 h, the recovery rates were: 80% first collection; 89% first two collections; 99% first three collec-
tions, when collecting 10 mL of blood per BC set (91, 92).

4. Another study evaluating 500 episodes of septicemia found that 91.5% of bacteremic episodes were de-
tected by the first BC set and 99.3% within the first two collections, when collecting 15mL of blood per BC
set (8, 92).

5. Lee et al evaluated the recovery rate of organisms adjudicated to represent clinical infection in adults with
three or more BC sets collected within 24 h from the first set at two facilities. Pathogen recovery rates in this
study were: 73.2% from one set, 87.7% from two sets, 96.9% from three sets, and 99.7% from four sets (93).

6. Cockerill et al. found that collecting 40 mL versus 20 mL of blood increased recovery of pathogens by
21.6% in adult patients without endocarditis (94).

7. lsaacman et al. compared pathogen recovery by number of BCs and volume of blood from a prospective-
ly enrolled, consented pediatric population. A pathogen was detected in 22/288 patients when two BC
sets (set = 1 mL in aerobic bottle, 1 mL in anaerobic bottle) versus 19/288 patients when one BC set was
collected. This study found that increasing the volume of blood improved pathogen recovery rates more
dramatically than did increasing the number of bottles collected (a pathogen was recovered in 24/270
patients when 3 mL of blood was inoculated into each an aerobic and anaerobic bottle). Enrolled patients
included those with a higher likelihood of having bacteremia including age 3-36 months, temperature
>39.5°C, and/or clinical toxicity. Note, bottles were incubated for 7 days in this study (95).

8. Zalmanovich et al. compared collection of one versus two BCs in pediatric patients in Israel (96). They
found that the yield of pathogen recovery from one culture was 1% versus 8.9% from two cultures. Howev-
er, the authors also noted that there was a significant difference in yield from just the first bottle collected
between patients with one versus two BCs (1% for one set, 7.5% for two sets) suggesting a difference in
the baseline populations of each group and perhaps higher suspicion of infection driving the collection
of multiple BCs. Only aerobic or pediatric aerobic bottles were included and volume inoculated into each
bottle was not verified.

VIl. Conclusion

Clinical laboratories have experienced BC supply shortages in the past and must be prepared to deal with pres-
ent and future events. It is imperative for laboratorians to work collaboratively with infectious disease providers,
hospital leadership, supply management teams and other stakeholders to manage conservation efforts system-
wide. Diagnostic stewardship of BCs is an active field of study with many strategies demonstrating success in
recent years. In times of BC bottle shortage, stewardship of BCs is especially critical to ensure that patients pre-
senting with the highest likelihood of BSI or sepsis are appropriately prioritized. However, heightened emphasis
on best practices and stewardship may not be enough during severe shortages; contingency and crisis man-
agement measures may also be required. The degree of conservation or rationing of bottles required may differ
considerably from one hospital to the next. While many different practical approaches, best practice guidelines,
and published evidence were discussed herein, each institution must tailor their response based on internal sup-
ply and usage data and risk assessment for the patients served.

Acknowledgements

We would like to thank Catherine Passaretti, Sarah Turbett, Valeria Fabre, Kim Hanson, Erin Graf, and Linoj
Samuel for their critical review and expert recommendations in the editing of this document. We thank Lynne
Batshon and Dana Wollins for coordinating SHEA and IDSA input and staff support.

Disclosures

G.S., E.P, and N.M. have no disclosures. The following authors receive or received research funding/ hono-
rariums or served as consultants or advisory board members for the following companies : Abbott (P.MK.L.),
bioMerieux (R.H., RS, A.H.), BD (R.H.), Beckman Coulter (A.H.), BioRad (A.H.), Selux (A.H.), Day Zero (A.H.),
Medscape (A.H.), Qiagen (R.H.), NIH (L.F.), Biofire (L.F), Gradientech (R.H.), PhAST (R.H.), Roche (R.H.), and
Avsana labs (L.F).



References

1.

1.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21,

Fabre V, Sharara SL, Salinas AB, Carroll KC, Desai S, Cosgrove SE. 2020. Does This Patient Need Blood Cul-
tures? A Scoping Review of Indications for Blood Cultures in Adult Nonneutropenic Inpatients. Clin Infect
Dis 71:1339-1347.

Woods-Hill CZ, Koontz DW, Voskertchian A, Xie A, Shea J, Miller MR, Fackler JC, Milstone AM, Bright Star
Consensus Authorship G. 2021. Consensus Recommendations for Blood Culture Use in Critically Il Children
Using a Modified Delphi Approach. Pediatr Crit Care Med 22:774-784.

Deslandes V, Rafipour D, Gorn |, Sabri E, Sant N, Desjardins M. 2022. Effect of delayed entry of blood cul-
ture bottles in BACTEC automated blood culture system in the context of laboratory consolidation. Sci
Rep 12:1337.

Venturelli C, Righi E, Borsari L, Aggazzotti G, Busani S, Mussini C, Rumpianesi F, Rossolini GM, Girardis M.
2017. Impact of Pre-Analytical Time on the Recovery of Pathogens from Blood Cultures: Results from a
Large Retrospective Survey. PLoS One 12:e0169466.

Adamik M, Hutchins A, Mangilit J, Katzin B, Totty H, Deol P. 2021. Effect of delayed entry on performance
of the BACT/ALERT FAN PLUS bottles in the BACT/ALERT VIRTUO blood culture system. Eur J Clin Mi-
crobiol Infect Dis 40:699-705.

CLSI. Principles and Procedures for Blood Cultures. 2nd ed. CLSI guideline document M47, Wayne, PA:
Clinical and Laboratory Standards Institute; 2022.

Baron EJ WM, Dunne WM, Yagupsky P, Welch DF, Wilson DM. 2005. Cumitech 1C, Blood Cultures IV. ASM
Press, Washington, DC.

Weinstein MP. 2003. Blood culture contamination: persisting problems and partial progress. J Clin Micro-
biol 41:2275-8.

Hall KK, Lyman JA. 2006. Updated review of blood culture contamination. Clin Microbiol Rev 19:788-802.
Doern GV, Carroll KC, Diekema DJ, Garey KW, Rupp ME, Weinstein MP, Sexton DJ. 2019. Practical Guidance
for Clinical Microbiology Laboratories: A Comprehensive Update on the Problem of Blood Culture Con-
tamination and a Discussion of Methods for Addressing the Problem. Clin Microbiol Rev 33.

Wain J, Diep TS, Ho VA, Walsh AM, Nguyen TT, Parry CM, White NJ. 1998. Quantitation of bacteria in blood
of typhoid fever patients and relationship between counts and clinical features, transmissibility, and anti-
biotic resistance. J Clin Microbiol 36:1683-7.

Henry NK, McLimans CA, Wright AJ, Thompson RL, Wilson WR, Washington JA, 2nd. 1983. Microbiological
and clinical evaluation of the isolator lysis-centrifugation blood culture tube. J Clin Microbiol 17:864-9.
Kreger BE, Craven DE, Carling PC, McCabe WR. 1980. Gram-negative bacteremia. Ill. Reassessment of eti-
ology, epidemiology and ecology in 612 patients. Am J Med 68:332-43.

Werner AS, Cobbs CG, Kaye D, Hook EW. 1967. Studies on the bacteremia of bacterial endocarditis. JAMA
202:199-203.

Bacconi A, Richmond GS, Baroldi MA, Laffler TG, Blyn LB, Carolan HE, Frinder MR, Toleno DM, Metzgar D,
Gutierrez JR, Massire C, Rounds M, Kennel NJ, Rothman RE, Peterson S, Carroll KC, Wakefield T, Ecker DJ,
Sampath R. 2014. Improved sensitivity for molecular detection of bacterial and Candida infections in blood.
J Clin Microbiol 52:3164-74.

Yagupsky P, Nolte FS. 1990. Quantitative aspects of septicemia. Clin Microbiol Rev 3:269-79.

Dien Bard J, McElvania TeKippe E. 2016. Diagnosis of Bloodstream Infections in Children. J Clin Microbiol
54:1418-1424.

Lamy B, Dargére S, Arendrup MC, Parienti JJ, Tattevin P. 2016. How to Optimize the Use of Blood Cultures
for the Diagnosis of Bloodstream Infections? A State-of-the Art. Front Microbiol 7:697.

Miller JM, Binnicker MJ, Campbell S, Carroll KC, Chapin KC, Gonzalez MD, Harrington A, Jerris RC, Kehl SC,
Leal SM, Jr, Patel R, Pritt BS, Richter SS, Robinson-Dunn B, Snyder JW, Telford S, 3rd, Theel ES, Thomson
RB, Jr.,, Weinstein MP, Yao JD. 2024. Guide to Utilization of the Microbiology Laboratory for Diagnosis of
Infectious Diseases: 2024 Update by the Infectious Diseases Society of America (IDSA) and the American
Society for Microbiology (ASM). Clin Infect Dis doi:10.1093/cid/ciae104.

Khare R, Kothari T, Castagnaro J, Hemmings B, Tso M, Juretschko S. 2020. Active Monitoring and Feedback
to Improve Blood Culture Fill Volumes and Positivity Across a Large Integrated Health System. Clin Infect
Dis 70:262-268.

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky JE, Sprung CL, Douglas IS,
Jaeschke R, Osborn TM, Nunnally ME, Townsend SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman CS,
Machado FR, Rubenfeld GD, Webb S, Beale RJ, Vincent JL, Moreno R, Surviving Sepsis Campaign Guide-

19



22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

lines Committee including The Pediatric S. 2013. Surviving Sepsis Campaign: international guidelines for
management of severe sepsis and septic shock, 2012. Intensive Care Med 39:165-228.

Scheer CS, Fuchs C, Grundling M, Vollmer M, Bast J, Bohnert JA, Zimmermann K, Hahnenkamp K, Rehberg
S, Kuhn SO. 2019. Impact of antibiotic administration on blood culture positivity at the beginning of sepsis:
a prospective clinical cohort study. Clin Microbiol Infect 25:326-331.

Fabre V, Jones GF, Hsu YJ, Carroll KC, Cosgrove SE. 2022. To wait or not to wait: Optimal time interval
between the first and second blood-culture sets to maximize blood-culture yield. Antimicrob Steward
Healthc Epidemiol 2:e51.

Riedel S, Bourbeau P, Swartz B, Brecher S, Carroll KC, Stamper PD, Dunne WM, McCardle T, Walk N, Fie-
belkorn K, Sewell D, Richter SS, Beekmann S, Doern GV. 2008. Timing of specimen collection for blood
cultures from febrile patients with bacteremia. J Clin Microbiol 46:1381-5.

Geisler BP, Jilg N, Patton RG, Pietzsch JB. 2019. Model to evaluate the impact of hospital-based interven-
tions targeting false-positive blood cultures on economic and clinical outcomes. J Hosp Infect 102:438-
444,

Bloomfield MG, O’'Connor MJQ, Balm MND, Blackmore TK. 2022. Effect of Blood Culture Contamination
on Antibiotic Use in an Institution With Rapid Laboratory Methods and Phone-Based Clinical Follow-up of
Blood Culture Results. Open Forum Infect Dis 9:0fac529.

Schinkel M, Boerman A, Carroll K, Cosgrove SE, Hsu YJ, Klein E, Nanayakkara P, Schade R, Wiersinga WJ,
Fabre V. 2024. Impact of Blood Culture Contamination on Antibiotic Use, Resource Utilization, and Clinical
Outcomes: A Retrospective Cohort Study in Dutch and US Hospitals. Open Forum Infect Dis 1:ofad644.
Dempsey C, Skoglund E, Muldrew KL, Garey KW. 2019. Economic health care costs of blood culture con-
tamination: A systematic review. Am J Infect Control 47:963-967.

Washer LL, Chenoweth C, Kim HW, Rogers MA, Malani AN, Riddell Jt, Kuhn L, Noeyack B, Jr.,, Neusius H,
Newton DW, Saint S, Flanders SA. 2013. Blood culture contamination: a randomized trial evaluating the
comparative effectiveness of 3 skin antiseptic interventions. Infect Control Hosp Epidemiol 34:15-21.
Story-Roller E, Weinstein MP. 2016. Chlorhexidine versus Tincture of lodine for Reduction of Blood Culture
Contamination Rates: a Prospective Randomized Crossover Study. J Clin Microbiol 54:3007-3009.

Gibb AP, Hill B, Chorel B, Brant R. 1997. Reduction in blood culture contamination rate by feedback to phle-
botomists. Arch Pathol Lab Med 121:503-7.

Snyder SR, Favoretto AM, Baetz RA, Derzon JH, Madison BM, Mass D, Shaw CS, Layfield CD, Christenson
RH, Liebow EB. 2012. Effectiveness of practices to reduce blood culture contamination: a Laboratory Med-
icine Best Practices systematic review and meta-analysis. Clin Biochem 45:999-1011.

Gander RM, Byrd L, DeCrescenzo M, Hirany S, Bowen M, Baughman J. 2009. Impact of blood cultures
drawn by phlebotomy on contamination rates and health care costs in a hospital emergency department.
J Clin Microbiol 47:1021-4.

Tompkins LS, Tien V, Madison AN. 2023. Getting to zero: Impact of a device to reduce blood culture con-
tamination and false-positive central-line-associated bloodstream infections. Infect Control Hosp Epidemi-
ol 44:1386-1390.

Rupp ME, Cavalieri RJ, Marolf C, Lyden E. 2017. Reduction in Blood Culture Contamination Through Use of
Initial Specimen Diversion Device. Clin Infect Dis 65:201-205.

Bell M, Bogar C, Plante J, Rasmussen K, Winters S. 2018. Effectiveness of a Novel Specimen Collection Sys-
tem in Reducing Blood Culture Contamination Rates. J Emerg Nurs 44:570-575.

Nielsen LE, Nguyen K, Wah! CK, Huss JL, Chang D, Ager EP, Hamilton L. 2022. Initial Specimen Diversion
Device(R) reduces blood culture contamination and vancomycin use in academic medical centre. J Hosp
Infect 120:127-133.

Povroznik MD. 2022. Initial Specimen Diversion Device Utilization Mitigates Blood Culture Contamination
Across Regional Community Hospital and Acute Care Facility. Am J Med Qual 37:405-412.

Skoglund E, Dempsey CJ, Chen H, Garey KW. 2019. Estimated Clinical and Economic Impact through Use
of a Novel Blood Collection Device To Reduce Blood Culture Contamination in the Emergency Depart-
ment: a Cost-Benefit Analysis. J Clin Microbiol 57.

Carraro P, Plebani M. 2007. Errors in a stat laboratory: types and frequencies 10 years later. Clin Chem
53:1338-42.

Plebani M, Carraro P. 1997. Mistakes in a stat laboratory: types and frequency. Clin Chem 43:1348-51.
Getawa S, Aynalem M, Melku M, Adane T. 2023. Blood specimen rejection rate in clinical laboratory: A sys-
tematic review and meta-analysis. Pract Lab Med 33:e00303.

20



43.

44.

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

ol

62.

63.

Centers for Medicare & Medicaid Services DoHaHS. 42 CFR Part 493 Subpart K - General Laboratory Sys-
tems. https://www.ecfr.gov/current/title-42/part-493/subject-group-ECFR60b8923402db3f2f.
Pathologists CoA. Microbiology Checklist, CAP Accreditation Program, Northfield, IL. College of American
Pathologists. 2023.

Palavecino EL, Campodonico VL, She RC. 2024. Laboratory approaches to determining blood culture con-
tamination rates: an ASM Laboratory Practices Subcommittee report. J Clin Microbiol 62:e0102823.
Bekeris LG, Tworek JA, Walsh MK, Valenstein PN. 2005. Trends in blood culture contamination: a College
of American Pathologists Q-Tracks study of 356 institutions. Arch Pathol Lab Med 129:1222-5.

Bates DW, Goldman L, Lee TH. 1991. Contaminant blood cultures and resource utilization. The true conse-
guences of false-positive results. Jama 265:365-9.

Linsenmeyer K, Gupta K, Strymish JM, Dhanani M, Brecher SM, Breu AC. 2076. Culture if spikes? Indications
and yield of blood cultures in hospitalized medical patients. J Hosp Med 11:336-40.

Novis DA, Dale JC, Schifman RB, Ruby SG, Walsh MK. 2001. Solitary blood cultures: a College of American
Pathologists Q-probes study of 132,778 blood culture sets in 333 small hospitals. Arch Pathol Lab Med
125:1290-4.

Tabriz MS, Riederer K, Baran J, Jr., Khatib R. 2004. Repeating blood cultures during hospital stay: practice
pattern at a teaching hospital and a proposal for guidelines. Clin Microbiol Infect 10:624-7.

Seigel TA, Cocchi MN, Salciccioli J, Shapiro NI, Howell M, Tang A, Donnino MW. 2012. Inadequacy of tem-
perature and white blood cell count in predicting bacteremia in patients with suspected infection. J Emerg
Med 42:254-9.

Fabre V, Carroll KC, Cosgrove SE. 2022. Blood Culture Utilization in the Hospital Setting: a Call for Diagnos-
tic Stewardship. J Clin Microbiol 60:e0100521.

Fabre V, Davis A, Diekema DJ, Granwehr B, Hayden MK, Lowe CF, Pfeiffer CD, Sick-Samuels AC, Sullivan
KV, Van Schooneveld TC, Morgan DJ. 2023. Principles of diagnostic stewardship: A practical guide from the
Society for Healthcare Epidemiology of America Diagnostic Stewardship Task Force. Infect Control Hosp
Epidemiol 44:178-185.

Fabre V, Klein E, Salinas AB, Jones G, Carroll KC, Milstone AM, Amoah J, Hsu VYJ, Gadala A, Desai S, Goyal
A, Furfaro D, Zimmerman J, Lin S, Cosgrove SE. 2020. A Diagnostic Stewardship Intervention To Improve
Blood Culture Use among Adult Nonneutropenic Inpatients: the DISTRIBUTE Study. J Clin Microbiol 58.
Siev A, Levy E, Chen JT, Gendlina I, Saline A, Mendapara P, Gong MN, Moskowitz A. 2023. Assessing a
standardized decision-making algorithm for blood culture collection in the intensive care unit. J Crit Care
75:154255.

Coburn B, Morris AM, Tomlinson G, Detsky AS. 2012. Does this adult patient with suspected bacteremia
require blood cultures? Jama 308:502-11.

Humphries RMW, PW.,, Banerjee R, Dulek DE, Champion JC, Gaston DC, Talbot TR. 2024. Rapid implemen-
tation of blood culture stewardship: institutional response to an acute national blood culture bottle short-
age. Clinical Infectious Diseases. In Press

Seidelman JL, Moehring R, Gettler E, Krishnan J, McGugan L, Jordan R, Murphy M, Pena H, Polage CR,
Alame D, Lewis S, Smith B, Anderson D, Mehdiratta N. 2024. Implementation of a diagnostic stewardship
intervention to improve blood-culture utilization in 2 surgical ICUs: Time for a blood-culture change. Infect
Control Hosp Epidemiol 45:452-458.

Musgrove H, Ruby A, Chami E, Pollak E, Suleyman G, Gupta A. 2024. Using interprofessional collaboration
to reduce reported rates of central-line-associated bloodstream infection in an intensive care setting. In-
fect Control Hosp Epidemiol 45:674-676.

Gross PA, Van Antwerpen CL, Hess WA, Reilly KA. 1988. Use and abuse of blood cultures: program to limit
use. Am J Infect Control 16:114-7.

Warren BG, Yarrington ME, Polage CR, Anderson DJ, Moehring RW. 2023. Evaluation of hospital blood
culture utilization rates to identify opportunities for diagnostic stewardship. Infect Control Hosp Epidemiol
44:200-205.

Choi EC, Chia YH, Koh YQ, Lim CZQ, Lim JC, Ooi SBS, Ibrahim |, Kuan WS. 2019. Appropriateness of blood
culture: A comparison of practices between the emergency department and general wards. Infect Dis
Health 24:49-55.

Sterk E, Wassermann T, Lamonge R, Semenchuck N, Rech MA. 2023. Overcultured? Blood cultures on
discharged ED patients were ordered more frequently after the SEP-1 bundle initiation. Am J Emerg Med
67:84-89.



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Pawlowicz A HC, Zou B, Payton T, Tyndall JA, Allan B. 2016. Implementation of an evidence- based algo-
rithm reduces blood culture overuse in an adult emergency department. Gen Int Med Clin Innov1.

Long B, Koyfman A. 2016. Best Clinical Practice: Blood Culture Utility in the Emergency Department. J
Emerg Med 51:529-539.

Jessen MK, Mackenhauer J, Hvass AM, Ellermann-Eriksen S, Skibsted S, Kirkegaard H, Schonheyder HC,
Shapiro NI, Network CS. 2016. Prediction of bacteremia in the emergency department: an external valida-
tion of a clinical decision rule. Eur J Emerg Med 23:44-9.

Brown JD, Chapman S, Ferguson PE. 2017. Blood cultures and bacteraemia in an Australian emergency
department: Evaluating a predictive rule to guide collection and their clinical impact. Emerg Med Australas
29:56-62.

Theophanous R, Ramos J, Calland AR, Krcmar R, Shah P, da Matta LT, Shaheen S, Wrenn RH, Seidelman J.
2024. Blood culture algorithm implementation in emergency department patients as a diagnostic steward-
ship intervention. Am J Infect Control doi:10.1016/].ajic.2024.04.198.

Woods-Hill CZ, Colantuoni EA, Koontz DW, Voskertchian A, Xie A, Thurm C, Miller MR, Fackler JC, Milstone
AM, Agulnik A, Albert JE, Auth MJ, Bradley E, Clayton JA, Coffin SE, Dallefeld S, Ezetendu CP, Fainberg NA,
Flaherty BF, Foster CB, Hauger SB, Hong SJ, Hysmith ND, Kirby AL, Kociolek LK, Larsen GY, Lin JC, Linam
WM, Newland JG, Nolt D, Priebe GP, Sandora TJ, Schwenk HT, Smith CM, Steffen KM, Tadphale SD, Toltzis
P, Wolf J, Zerr DM. 2022. Association of Diagnostic Stewardship for Blood Cultures in Critically Il Children
With Culture Rates, Antibiotic Use, and Patient Outcomes: Results of the Bright STAR Collaborative. JAMA
Pediatr 176:690-698.

Chand S, Rrapi R, Song S, Gabel CK, Shah R, El Saleeby C, Kroshinsky D. 2021. Use of resources for pediatric
cellulitis in hospitalized patients: Evaluating the benefit of imaging and blood cultures. J Am Acad Derma-
tol 85:1611-1613.

Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach SL, Hirschmann JV, Kaplan SL,
Montoya JG, Wade JC. 2014. Practice guidelines for the diagnosis and management of skin and soft tissue
infections: 2014 update by the Infectious Diseases Society of America. Clin Infect Dis 59:e10-52.

Bradley JS, Byington CL, Shah SS, Alverson B, Carter ER, Harrison C, Kaplan SL, Mace SE, McCracken GH,
Jr, Moore MR, St Peter SD, Stockwell JA, Swanson JT. 2011. The Management of Community-Acquired
Pneumonia in Infants and Children Older Than 3 Months of Age: Clinical Practice Guidelines by the Pediat-
ric Infectious Diseases Society and the Infectious Diseases Society of America. Clinical Infectious Diseases
53.e25-e76.

Kwon JH, Kim JH, Lee JY, Kim YJ, Sohn CH, Lim KS, Kim WY. 2017. Low utility of blood culture in pediatric
community-acquired pneumonia: An observational study on 2705 patients admitted to the emergency
department. Medicine (Baltimore) 96:e7028.

Ralston SL, Lieberthal AS, Meissner HC. 2015. Ralston SL, Lieberthal AS, Meissner HC, et al. Clinical Practice
Guideline: The Diagnosis, Management, and Prevention of Bronchiolitis. Pediatrics. 2014;134(5):e1474-e1502.
Pediatrics 136:782.

Guarino A, Ashkenazi S, Gendrel D, Lo Vecchio A, Shamir R, Szajewska H, European Society for Pediatric
Gastroenterology H, Nutrition, European Society for Pediatric Infectious D. 2014. European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition/European Society for Pediatric Infectious Diseases
evidence-based guidelines for the management of acute gastroenteritis in children in Europe: update 2014.
J Pediatr Gastroenterol Nutr 59:132-52.

Anonymous. June 28, 2023 NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®). Prevention
and Treatment of Cancer-Related Infections.

Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA, Raad, Il, Rolston KV, Young JA, Wingard
JR, Infectious Diseases Society of A. 2011. Clinical practice guideline for the use of antimicrobial agents in
neutropenic patients with cancer: 2010 update by the infectious diseases society of america. Clin Infect Dis
52:56-93.

Taplitz RA, Kennedy EB, Bow EJ, Crews J, Gleason C, Hawley DK, Langston AA, Nastoupil LJ, Rajotte M,
Rolston K, Strasfeld L, Flowers CR. 2018. Outpatient Management of Fever and Neutropenia in Adults
Treated for Malignancy: American Society of Clinical Oncology and Infectious Diseases Society of America
Clinical Practice Guideline Update. J Clin Oncol 36:1443-1453.

Robinson ED, Keng MK, Thomas TD, Cox HL, Park SC, Mathers AJ. 2022. Reducing Repeat Blood Cultures
in Febrile Neutropenia: A Single-Center Experience. Open Forum Infect Dis 9:0fac521.

Alsfeld LC, Rockey DC. 2019. Utility of Routine Blood Cultures for Inpatient Hematology/Oncology Patients

22



8l.

82.

83.

84.

85.

86.

87.

88.

89.

90.

o1

92.

93.

94.

95.

96.

Receiving Antimicrobials. Am J Med Sci 358:175-18].

Shapiro NI, Wolfe RE, Wright SB, Moore R, Bates DW. 2008. Who needs a blood culture? A prospectively
derived and validated prediction rule. J Emerg Med 35:255-64.

Serody JS, Berrey MM, Albritton K, O’Brien SM, Capel EP, Bigelow SH, Weber DJ, Gabriel, Wiley JM, Schell
MJ, Gilligan PH, Shea TC. 2000. Utility of obtaining blood cultures in febrile neutropenic patients undergo-
ing bone marrow transplantation. Bone Marrow Transplant 26:533-8.

Pantell RH, Roberts KB, Adams WG, Dreyer BP, Kuppermann N, O’'Leary ST, Okechukwu K, Woods CR, Jr.,
Subcommittee On Febrile . 2021. Evaluation and Management of Well-Appearing Febrile Infants 8 to 60
Days Old. Pediatrics 148.

2023. 4. Anaerobic Bacteriology, Clinical Microbiology Procedures Handbook, 5th ed. ASM Press, Washing-
ton, DC.

Sorlin P, Mansoor |, Dagyaran C, Struelens MJ. 2000. Comparison of resin-containing BACTEC Plus Aer-
obic/F* medium with conventional methods for culture of normally sterile body fluids. J Med Microbiol
49:787-791.

Simor AE, Scythes K, Meaney H, Louie M. 2000. Evaluation of the BacT/Alert microbial detection system
with FAN aerobic and FAN anaerobic bottles for culturing normally sterile body fluids other than blood.
Diagn Microbiol Infect Dis 37:5-9.

Bourbeau P, Riley J, Heiter BJ, Master R, Young C, Pierson C. 1998. Use of the BacT/Alert blood culture
system for culture of sterile body fluids other than blood. J Clin Microbiol 36:3273-7.

She RC, Romney MG, Jang W, Walker T, Karichu JK, Richter SS. 2018. Performance of the BacT/Alert Virtuo
Microbial Detection System for the culture of sterile body fluids: prospective multicentre study. Clin Micro-
biol Infect 24:992-996.

Lehrnbecher T, Robinson PD, Ammann RA, Fisher B, Patel P, Phillips R, Beauchemin MP, Carlesse F, Cast-
agnola E, Davis BL, Elgarten CW, Groll AH, Haeusler GM, Koenig C, Santolaya ME, Tissing WJE, Wolf J,
Alexander S, Hu H, Dupuis LL, Sung L. 2023. Guideline for the Management of Fever and Neutropenia in
Pediatric Patients With Cancer and Hematopoietic Cell Transplantation Recipients: 2023 Update. J Clin
Oncol 41:1774-1785.

Neves L, Marra AR, Camargo TZ, dos Santos MC, Zulin F, da Silva PC, de Moura NA, Victor Eda S, Pasternak
J, dos Santos OF, Edmond MB, Martino MD. 2015. Correlation between mass and volume of collected blood
with positivity of blood cultures. BMC Res Notes 8:383.

Washington JA, 2nd. 1975. Blood cultures: principles and techniques. Mayo Clin Proc 50:91-8.

Mylotte JM, Tayara A. 2000. Blood cultures: clinical aspects and controversies. Eur J Clin Microbiol Infect
Dis 19:157-63.

Lee A, Mirrett S, Reller LB, Weinstein MP. 2007. Detection of bloodstream infections in adults: how many
blood cultures are needed? J Clin Microbiol 45:3546-8.

Cockerill FR, 3rd, Wilson JW, Vetter EA, Goodman KM, Torgerson CA, Harmsen WS, Schleck CD, llstrup
DM, Washington JA, 2nd, Wilson WR. 2004. Optimal testing parameters for blood cultures. Clin Infect Dis
38:1724-30.

Isaacman DJ, Karasic RB, Reynolds EA, Kost SI. 1996. Effect of number of blood cultures and volume of
blood on detection of bacteremia in children. J Pediatr 128:190-5.

Zalmanovich A, Temkin E, Biran D, Carmeli Y. 2024. The Yield of One vs. Two Blood Cultures in Children:
Under-Detection and Over-Testing. Antibiotics (Basel) 13.

25



