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Background: Quality assurance and quality management are driving forces for controlling blood culture
best practices but should not be disconnected from the end-point target, i.e. patient value.
Aims: This article is intended to help microbiologists implement blood culture accreditation that is
actually beneficial to patient management.
Sources: Experience from a nationwide taskforce for promoting quality assurance and competence in
clinical microbiology laboratories, guidelines on blood culture.
Content: Experience in blood culture accreditation according to International standard ISO 15189 stan-
dards is provided in this review, with a particular focus on critical points that are specific to blood culture
(e.g. excluding strain identification or antimicrobial susceptibility testing). Blood culture test method
verification is based on risk analysis, and evaluation of the test method's performance is based on the
literature review and suppliers' data. In addition, blood culture performance relies largely on the quality
of its pre-analytical phase, and the test method should be monitored based on key performance in-
dicators such as the volume of blood cultured, the contamination rate and time to transportation. Other
critical key indicators include the rate of false-positive signals, the rate of positive blood cultures, the
ecology associated with positive results, and the timely communication of the results to the ward during
the post-analytical phase. Finally, a critical analysis of quality controls and of the tools needed to improve
blood culture monitoring in the future is provided.
Implication: Appropriate quality assurance should focus on patient value rather than technical details to
provide an appropriate clinical service. B. Lamy, Clin Microbiol Infect 2018;24:956
© 2018 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Given today's high standards for quality and competence, a test
method must be shown to be fit for purpose such that a facility's
customers can have confidence in the results produced. Quality
management systems in medical laboratories are specified by
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biology and Infectious Diseases. Pu
international standard ISO 15189. Objective evidence must be
provided of this confidence, which is achieved through method
validation, quality and technical requirements, quality manage-
ment and a process of continual quality improvement; these factors
are clear driving forces for controlling blood culture best practices.

Method validation is challenging in clinical microbiology because
living microorganisms represent an extra source of uncontrollable
variation that can affect results and because test methods are the
sum of sequential and conditional sub-processes. For instance, blood
culture can comprise 6 to 12 sub-processes for validation (Fig. 1a).
One frequent pitfall is that accreditation can focus excessively on
blished by Elsevier Ltd. All rights reserved.
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Fig. 1. Complex test method in clinical microbiology and consequences for performance analysis according to ISO 15189 standards. Example of blood culture. (a) The entire process
is composed of several simple processes (sub-processes) for which either the output element of the process n e 1 is the input element of the next process n (sequential process) or
an input element is that of one of several processes. Some sub-processes are conditional, meaning that they are implemented according to the result of the previous output element.
Depending on the laboratory organization in place, the entire process may include 6 to 12 sub-processes for validation, including back-up methods (e.g. Gram staining or iden-
tification phenotypic method, first-line method and back-up method). Several ID methods (e.g. ID phenotypic method and molecular biology blood culture kit) can coexist in the
process, depending on the strategies in place. Red: sub-processes shared with other microbial test methods; blue: sub-processes specific to blood culture test method. (b) Example
of consequences induced by the complex structure of the process. In the performance analysis, two levels of assessment should be distinguished and considered, the instrument
level and the diagnosis level. Abbreviations: ID, identification; AMST: antimicrobial susceptibility testing.
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technical details rather than on patient value, which results in an
inappropriate clinical service, i.e. quality being disconnected from
the end-point target of improved patient care. Indeed, the oppor-
tunity costs associated with an overemphasis on the technical as-
pects of a process, with the associated marginal gains, are incurred
at the expense of other (pivotal) aspects of the process (e.g. pre- and
post-analysis). With the deliberate aims of combating this danger
and promoting an approach that is helpful to patient care, several
initiatives have been developed. One such initiative is the French
Society for Microbiology's national Committee for Quality in
Microbiology (QUAMIC), which guides laboratories in appropriate
method verification achievement, preventing excessive controls and
promoting improved patient care [1,2]. Here, some of these expe-
riences are discussed through the example of blood culture test
method validation, with a particular focus on critical points that are
specific to blood culture (e.g. excluding strain identification or
antimicrobial susceptibility testing). This article is not intended to be
an inventory of all the determinants and recommendations that are
available elsewhere [3e8] but instead aims to help microbiologists
to implement blood culture accreditation such that it is actually
beneficial to patient management.

Overview of the blood culture process, requirements and
pitfalls

Aimed to diagnose bloodstream infection, blood culture should
be processed and reported in a timely fashion because effective
antimicrobial therapy critically influences the outcomes of patients
with sepsis [9e12]. A sufficient volume of blood inoculated at
bedside (optimally 40e60 mL distributed in four to six bottles) is
critical for bacterial detection [3,4,8,13]. Culture-positive bottles
follow sub-processes outlined in Fig. 1a. The combined effect of
under-filled blood culture bottles and a high rate of solitary blood
cultures (only two bottles collected during a sepsis event in adult
patients) results in an insufficient volume of blood cultured, with an
increased risk of false-negative results [8]. False-positive results are
mostly caused by sample contamination during blood collection.
Furthermore, automatic microbial growth detection from bottles is
associated with a false-positive signal in patients with very high
levels of leucocytes and/or with over-filled bottles [14e16]. False-
negative signals can occur when a bottle is flagged negative
despite containing bacteria (e.g. due to the pre-incubation temper-
ature and excess time from blood collection to loading the instru-
ment [17e20] or to slow-growing microorganisms or
microorganisms that cannot grow in the blood culture broth). Such
events result in two levels of performance analysis (episode, in-
strument) that should be considered inmethod verification (Fig.1b).

Method accreditation versus method validation

The scope of accreditation for a test method includes three
phases (pre-analysis, analysis, and post-analysis), and control of the
entire process is reached by quality management that includes
procedures, personnel qualification and monitoring of key in-
dicators. Method validation is more strictly centred on the analysis
phase (Fig. 2). Blood culture represents a particular process with
very few equivalents in laboratory tests because the entire volume of
a specimen is taken for analysis, and this sample volume critically
determines disease detection. Consequently, it is difficult to separate
the pre-analytical and the analytical phases for method validation.

Blood culture test method verification

The question of how to achieve method validation of blood
culture can be greatly clarified by considering that a test method is
a complex process involving several simple processes (Fig. 1).
Validation includes validating every sub-process used to report
negative or positive results. Because blood culture has been
extensively assessed and is currently the reference standard for
diagnosing bloodstream infection, test method validation is limited
to ‘verification’, provided that the user respects general and sup-
plier guidelines. The laboratory still needs to confirm its ability to
apply the method, but the workload is considerably lower
compared with that associated with the validation of a method that
has been developed in-house. When users practice a sub-process
that differs from guidelines and for which the level of evidence in
the literature does not ensure enough confidence for safe patient
management, this particular sub-process should be validated and
not only verified until enough evidence is available. Direct anti-
microbial susceptibility testing from broth of positive bottles
instead of antimicrobial susceptibility testing from colony is such
an example at the time of this review's publication. As a qualitative
method, blood culture verification is limited to the following:

� A critical analysis of the test method to identify the critical steps
and defineways to control these steps. Several methods exist for
analysing the causes and consequences, but the easiest and
most versatile is certainly the 5-M Method. This method, based
on the Ishikawa diagram, is highly versatile. The causes that
emerge during analysis are grouped into the following cate-
gories: machine, method, manpower, materials and medium.
Then, methods of control are described and implemented.

� An evaluation of the test method's performance for justifying
the choices made locally, primarily based on the literature and
supplier data to document sensitivity, specificity, ruggedness
and stability. Based on these data, users should conclude that
filled bottles should be maintained at room temperature to
reduce the risk of false-negative results, that collecting more
than three paired bottles over a 24-h period is not necessary and
that collecting up to three paired bottles could be performed on
one occasion and not over a 24-h period [3,4,8,18e20],

� On-site verifications are limited to equipment performance re-
cords when instruments are furnished. When replacing the
machine used, instrument comparison is not necessary because
no result comparison is performed for an individual patient.
Follow-up is mostly based on indicator records.

Laboratories should rely on their quality management system to
obtain a high degree of confidence that analytical aspects of the
process are working well, and to monitor improvements in quality
when required. The objective is to prevent errors, to maintain the
lowest rate of non-conformities and to help define methods for
improvement. For instance, competence assessment is pivotal in
clinical microbiology. Such assessment requires job description,
training, confirmation and a re-assessment routine before perfor-
mance of tasks. Compliance with manufacturers' instructions and
indicator records, which serve as an internal quality control, in-
ternal quality assurance and external quality assessment, are also
beneficial for the categories of manpower, methods and machine.
Finally, performing non-conformity assessments, internal audits
and management reviews is useful for obtaining a high degree of
confidence that analytical aspects are under control.

How to monitor the blood culture process? The value of key-
performance-indicator-based internal quality assurance

It is often asked whether incubator temperature should be
externally verified, as temperature is a critical factor for bacterial
growth. This verification is not recommended [1,2] because there is
no reliable means for achieving this objective without risking the



Fig. 2. Test method and how to control it according to ISO 15189. Overview of the three-phase process (pre-analytical, analytical, post-analytical) and scopes and control means of
the test method validation (limited to analytical phase) and of the test method accreditation (extended to the whole process). Abbreviations: QC, quality control.
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disturbance of the stability of the instrument temperature, and it is
widely accepted that metrology control stops where the in-
struments starts. Instead, verification of proper functioning of
temperature alarms, thorough and regular maintenance by sup-
pliers, and regular survey of the positive bottle rate are preferable.
This latest approach is valuable, as a steady rate reflects the proper
functioning of the instrument in its entirety.

Verifying that the analytic process is under control is typically
achieved in clinical laboratories using quality controls (QCs), i.e.
materials that mimic patient specimens and that contain a known
amount of measurand. The QC approach is traditionally poorly
developed in clinical microbiology because of basic issues associ-
ated with providing robust QC. Concerning blood culture, the issue
is highlighted by the fact that bottle positivity depends strongly on
the bacterial density in blood, which is generally very low (median
1 CFU/mL [8]) and that QC materials are virtually impossible to
prepare. Despite this important unresolved limitation, certain local
accreditation committees and suppliers have suggested or may
suggest that ISO 15189 standards for medical laboratories can be
met by regularly (e.g. monthly) spiking bottles with reference
strains (e.g. Escherichia coli 15,000 CFU/mL [21]) to verify proper
bacterial growth, positive bottle detection and time to detection.
This approach is inconsistent because this condition is far from
routine practice, because it is performed with easy-to-grow strains
and because some of the information can consistently be verified in
a different manner, at no extra cost. In addition, a credible purpose
for such a QC is difficult to determine. If the goal is to verify broth
fertility, the QC is indeed superfluous given themore thorough tests
performed by suppliers on every batch before product release. It is
acknowledged that commercially prepared blood culture media are
exempt from end-user control [22]. If the goal is to identify mal-
functions in cell detectors, a regular QC will not efficiently address
the issue given the total number of positions in an instrument. Such
QC practices constitute a costly false security and are not recom-
mended [1,2]. Key performance indicator (KPI) -based monitoring
should be preferred.

Although QC materials are difficult to produce in clinical
microbiology, borrowing from blood science methodologies can
prove useful for reaching higher degrees of confidence. An original
approach that suits microbiology well consists in monitoring the
method with KPI and run charts well-known in blood science. KPI-
based monitoring provides information similar to that of a QC, but
rather than being based on imperfect QCmaterials, suchmonitoring
uses data extracted from routine processes and is based on pa-
rameters that critically affect blood culture performance, so better
reflecting the routine process quality. A good KPI monitors the
quality of a critical part of a process and is designed to be helpful in
identifying the real causes when data are unacceptable. KPIs are
longitudinally monitored, e.g. according to a LeveyeJennings chart
using an acceptable range based on a literature review and/or a risk
analysis. KPIs out of range should lead to process changes. Several
KPIs have been proposed and are in use: for the pre-analysis phase,
the volume of blood cultured, the rate of contamination and the
time required for the bottle to be loaded; for the analysis phase, the
rate of the instrument false-positive signal, the annual positive
blood culture ecology, and the rate of positive bottles; and for the
post-analysis phase, the frequency of positive results promptly
communicated towards (Table 1). These KPIs, with the exception of
the ecology indicator, can be monitored either continuously or oc-
casionally (via regular audits), either throughout the entire insti-
tution or in part of it, according to local decisions. Such an approach
monitors processes more efficiently than using QC materials [1,2].
Fig. 3 shows an example of how to monitor quality with a KPI run
chart.

One example: monitoring the volume of blood cultured

It is notoriously difficult to judge, in clinical situations, the
volume of blood that is drawn, particularly under pressure. The
volume of blood cultured should be monitored both by the volume
of blood per bottle and the number of bottles because these two
indicators reflect the total volume, the end-point that determines
blood culture sensitivity [8]. If one or both do not fall within the
acceptable range (Table 1), causes of the quality defect should be
identified, solution(s) implemented and issue resolution verified.
Accurately identifying the real cause(s) influences the choice of
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solutions, which is critical for reaching efficient improvement, as
shown in Fig. 4. For instance, under-filled bottles require educated
phlebotomy/nurse teams, while high-frequency solitary blood
culture requires actions pertaining to blood culture ordering
[8,23,24]. Note that monitoring limited to the volume of blood per
bottle will not permit the detection of improper ordering and will
hamper successful improvement. Recording both the volume of
blood per bottle and the number of filled bottles is therefore
advised. Once the real cause is identified, solution(s) to be imple-
mented should be cautiously discussed because some are more
effective and/or more robust than others [25]. From a similar
baseline situation, two hospitals chose different strategies for
improving blood volume, but the strategy adopted by Hospital 2
was more effective (Fig. 4).

Instrumentation developments can aid in volume monitoring
despite certain limitations. The Bactec FX instrument (Becton
-Dickinson Microbiology Systems, Sparks, MD, USA) estimates the
volume of blood based on red blood cell metabolism, but this esti-
mation is less accurate in the case of anaemia or impaired red blood
cell metabolism, and data are disappointingly not released at the
individual bottle level [26]. The Virtuo blood culture system (bio-
M�erieux,Marcy l’�Etoile, France) automatically estimates the volume
of each bottle using photometric detection of the liquid level in the
bottle, but access to data analysis may incur an extra cost.

Other indicators and remaining questions

Similar initiatives should be undertaken with other KPIs
(Table 1). Concerning the contamination rate, monitoring is more
Table 1
Examples of monitoring key performance indicators useful for verifying that the blood cul
listed [1,2]

Phase Indicator Comment

Pre-analytical Volume of blood per bottle - Poor volume negatively impacts
on BC sensitivity [8]

- Estimated from the bottle
weight or fluid level after
collection

Rate of solitary blood culturesb

per sample period (24 h)
Solitary BC negatively impacts on BC
(adult patients and children >13 kg),
appropriate number of bottles
per sample period should be four to
[3,4,8,50]

Time to bottle load Delayed bottle loading negatively im
on BC yield [17e20]

Rate of contamination Contamination negatively impacts
on BC specificity [6,7]

Analytical Rate of positive bottles per
instrument (or per module if
instrument makes it possible)

Designed to survey that the instrume
(or one module) has no default in
detecting positive bottle; checks the
proper functioning of the instrument
in its entirety

Rate of false-positive signal False-positive signals negatively imp
BC incubating (critical step) and can
a process default that need to be rem
(e.g. anaerobic/aerobic bottle inversio
bottle entry, over-filled bottles)

Rate of species recovered
(ecology)

Overall knowledge of the ecology of
institution. Investigation is required
case of marked reduction of a bacter
group

Post-analytical Rate of appropriate and
prompt reporting of positive
results to clinicians

Delayed or absence of reporting nega
impacts patient care

Abbreviations: BC, blood culture; KPI, key performance indicator.
a To be defined in each laboratory.
b Solitary BC: one or two bottle per episode.
tedious because clinical data collection is necessary to appropri-
ately analyse data. Additionally, despite an extensive literature on
this topic [6,7,27], a practical standard definition for contamination
and what threshold should be used remains challenging. The
threshold of 3% is often reported [6,7,28], although we should not
be satisfied with a 3% rate, and the extent of blood culture
contamination can be obscured by the definition of contamination
[29]. Efforts should be undertaken to clarify and standardize these
points in a manner that allows for future consistent inter-
laboratory comparisons. Contamination rates can be diminished
by revised procedures and techniques (e.g. skin preparation, sam-
pling site and a decrease in the number of samples through the
single-sampling strategy, similar to the recently described diver-
sion technique) and educational programmes [6e8,29e38].

In other respects, time to results is critical, particularly in the
case of sepsis, because the delay negatively affects the positive
blood culture rate [20,39e41], time to effective antimicrobial
therapy and patient survival [9,42]. Monitoring time to bottle load
is advised. This procedure involves monitoring the time required
for transportation and time to load once bottles are received.
These should be minimized as far as possible. Several societies
recommend time to transportation <2 h [4], which is the target for
which all must strive. However, even a threshold of 4 h, as toler-
ated elsewhere [43], may be difficult to reach in many current
routines [39,40]. Efforts should focus on this point, with the caveat
that transportation is not always under the responsibility of mi-
crobiologists. Time to results should be assessed regularly (e.g.
annually). Controlling time to results implies considering incor-
porating advanced rapid test methods but also revising
ture process is under control; only indicators specific to the blood culture process are

Acceptable range Importance of the
indicator

Monitoring
frequency
(example)

8e10 mL [5,8]
possible KPI: 80% in the
range 8e10 mL

Critical Regulara

sensitivity

eight

As low as possible
Target <10%

Critical Regulara

pacts As low as possible High Regulara

As low as possible
Suggested KPI <3%

Critical Regulara

nt Depends on laboratory
recruitment. To be defined
locally. Should be steady or,
when variable, mostly related
to seasonal variation

Moderate Quarterly

act on
reflect
edied
n at

As low as possible.
Hampered by no recent
evaluation of currently
commercialized media

Moderate. Decision to
follow this KPI depends
on the risk analysis
performed locally

Regulara

the
in
ial

NA
Should be steady or, if variable,
mostly with seasonal
variations, recruitment being
equal

High Annual

tively As low as possible Critical Regulara



Fig. 3. Run chart of the rate prompt reporting of positive blood culture (Gram stain result) to clinicians. Prompt reporting was defined in this example as reporting Gram stain result
by phone within 1 h after Gram reading completion. Data of the audits were extracted from the laboratory system that traces time of result reporting. The acceptable range adopted
(95%e100%) results from risk analysis and was implemented in Q2. Before Q3, procedure in positive blood culture reporting did not address single positive bottle with Gram-
positive cocci grape-like clustering. ‘A’ marks a change in practice that was implemented in Q3, with a clear procedure specifying that Gram stain result of every positive blood
culture should be reported to clinician and a short educational training was provided to staff. ‘B’: following disappointing results observed in Q4eQ7, risk analysis revealed that
results were poorly reported during week-end periods when fewer operators are available. Workflow organization during week-end was revised in Q7 and reminders of procedure
were provided to staff. This led to the acceptable range being reached. ‘C’: Risk analysis showed that the lowered rate observed in Q12 (out of range) resulted from a new employee
who did not properly report results. Action provided was education to this employee with a re-assessment routine, showing that the situation normalized.
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Fig. 4. Example of improvement of the quality of the volume of blood cultured in two hospitals based on key indicator monitoring. From relatively similar baseline situations (data
from audit 1), two institutions adopted different strategies that resulted in different levels of efficiency, as demonstrated by the results from audit 2. The limited communication
implemented by Hospital 1 should be addressed. By contrast, the single-sampling strategy (six bottles in one sampling) adopted by Hospital 2 involved a striking decrease in solitary
blood cultures. The results from audit 2 show that further actions should differ between the two hospitals: Hospital 2 should focus on bottle filling only, while Hospital 1 should
include actions pertaining to both bottle filling and number of sets (order).
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organizational aspects to save time [42,44]. This is certainly an
under-investigated area that requires attention with individual-
ized approaches [45].

What types of tools do we need and where should we go?

Most of the suggested KPIs can be monitored in every labora-
tory, although some may be tedious to collect, and few information
technology systems currently enable a relevant, convenient and
fully automated analysis. Some efforts in this area should be made
by blood culture instrument manufacturers, information technol-
ogy systems and local information technology service departments
to improve smooth monitoring and to provide help for efficient
actions [25]. Additionally, such indicators, when standardized, can
be used for inter-laboratory comparisons. Analysing data at the
population level (laboratories) can improve visibility and moni-
toring efficiency. Determining whether a result of ‘moderate per-
formance’ is indeed a ‘very good’ or a ‘poor’ outlier result compared
with those of the paired group is insightful. Such programmes for
blood culture key indicators are currently not available in many
European countries, although they have been implemented for
decades in the USA [23,46e48]. These types of programmes should
be promoted, given the power of this approach [49].

Conclusion

The main questions raised by the accreditation of blood culture
and improved awareness of critical steps of the process lead to
improved blood culture, bloodstream infection diagnosis and pa-
tient care practices. ISO 15189 accreditation is therefore a good
policy for laboratories for receiving credit for their performance,
but caution calls for the inappropriate escalation of quality mea-
sures that would lead to false security and be counterproductive to
patient management to be addressed. Every quality assurance
initiative must be implemented with the basic requirement of
achieving an actual contribution to patient care. It is essential to
maintain perspective and to keep in mind that patient care is the
goal of any change. Some issues remain unresolved from a practical
point of view despite rather clear knowledge and calls for de-
velopments to assist microbiologists and healthcare workers.
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