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Need for the diagnosis of bloodstream infections

Bloodstream infections (BSI) are a major cause of death
[1] and it is accepted that initiating an effective antimi-
crobial therapy in severe sepsis reduces mortality in a
timely manner [2, 3]. In the era of increasing resistance,
knowing pathogen and antibiotic susceptibility is critical
for initiating appropriate antimicrobials [4, 5]. Unfortu-
nately, microbial documentation of severe infections
leading to BSI is still often overlooked and recognized too
late for both technical and organisational reasons.

Classical tools for diagnosing BSI are blood cultures
(BC), i.e. collection of a large volume of blood (40 ml per
episode) distributed into bottles and incubated at 35–37 �C
as soon as possible [6]. The time to result is long (2–3 days)
because laboratories rarely work 24/7 and identification
and antibiotic susceptibility testing are usually performed
on subcultures [7]. Only 10 % of BC processed are positive
and improving performance is a challenge [6, 7]. More-
over, patients often receive antimicrobials for therapeutic
or prophylactic purposes, and BC positivity rates are lower
unless specific bottles are used [4].

Molecular diagnosis of BSI appeared some years ago
as a second option [5, 8]. Advantages of molecular
detection are (1) shorter time to results [9] and (2)
detection of non-cultivable microorganisms such as many
fungi and bacteria under antibiotic pressure. However, the
sensitivity of molecular tests is lower than that of cultures
because the sample submitted to the test is much smaller
(1.5 ml blood vs. 40 ml) and thus the limit of reproduc-
ible detection is about 30–100 colony forming units
(CFU)/ml, compared to 1–10 CFU/ml for BC.

Are blood cultures the gold standard for BSI?

In a recent issue, Geoffrey Warhurst and colleagues
measured the performance of the LightCycler� SeptiFast
(LSF) test for patients with suspected healthcare-associ-
ated BSI [10]. They also performed a systematic review
for determining STARD criteria of this test [11]. War-
hurst et al. compared the LSF results to BC and concluded
that the sensitivity of LSF was low (LSF positive in only
47 out of 80 BC-positive cases). Interference with human
DNA and the presence of PCR inhibitors in the blood [12]
might explain the false-negative LSF tests. However LSF
was positive in many cases where BC was negative, but
these cases were considered as false-positives since BC
served as the gold standard. In the meta-analysis of 41
studies, summary sensitivity was somewhat higher (68 %)
and specificity similar (86 %) to those in Warhurst’s
study [10]. These values are lower than those reported in
the previous meta-analysis by Chang et al. who calculated
75 % sensitivity and 92 % specificity for 34 studies
published until 2012, again taking BC as the reference
[13].

The main question is whether blood cultures can still
be considered the gold standard, especially in healthcare-
associated infections (HAI) where patients often receive
antibiotics. Calculation of sensitivity with regard to
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clinical status and type and severity of infection seems
more appropriate. Doing that, BC sensitivity would be
only 50 % in septic shock, 35 % in severe sepsis, 30 % in
febrile neutropenia and 10–20 % overall in patients sus-
pected of having BSI [7, 8, 14]. Therefore, blood cultures
are often falsely negative. This may be due to technical
reasons (see above) and clinical microbiologists should
evaluate BC efficiency along with mandatory quality
assurance studies [6]. In addition, it is well known that BC
has only 70 % specificity since 20–30 % BC are falsely
positive because of contaminants, leading to excess
treatment and secondary HAI [15].

If the gold standard is clinical status, how much
would the performance of the molecular test change?

With this new gold standard, the molecular test can be
true-positive but BC false-negative. This would explain
why, in Warhurst’s study, the LSF test was positive in 97
cases where BC was negative, showing the presence of
DNA for 123 pathogens. Compelling studies that have
performed both tests in patients suspected of having BSI
usually observed a higher positivity rate for molecular
tests over BC (Table 1) and these results were frequently
concordant with biomarkers of infection, such as
C-reactive protein and procalcitonin [9].

Clinically, the most critical question is whether or not
patients not covered by guideline-adherent calculated
therapy are detected early and a change of therapy is
initiated. Observational studies suggest that such a sce-
nario is observed under routine conditions [9] and would
not be detected by the analysis applied by Warhurst and
colleagues.

Which patients will benefit from molecular testing?

In the two meta-analyses, the main criticism was the high
variability of results. This is primarily due to heteroge-
neity of the patient populations included and illustrated by
very different BSI prevalence: from 7 % (below standard
rate for BC quality assurance) to 47 % in Dark’s review.
From other studies [9, 16], it appeared that molecular
detection and BC are not detecting the same microbes.

This could be a reason to perform both tests in patients
suspected of having BSI. The cost of adding a molecular
test to BC was addressed by Alvarez et al. [17]: for 54
patients in the control group when diagnosis was restric-
ted to BC, the total cost was €42,198 and for 48 patients
having LSF, the cost was significantly lower (€32,228).

LSF is a highly specialized technique composed of a
critical step of DNA extraction from blood and a highly
specific real-time PCR. Other multi-pathogen real-time
PCR systems were described and their performances are
similar but with specific technical advantages of some
tests, although not all are commercially available [8, 13].

Given that all the molecular tests available so far are
cumbersome and need technical expertise, it seems
worthwhile to apply them preferentially to severe infec-
tions such as septic shock and severe sepsis [3].

Conclusions in favour of using molecular testing

Given the mortality and morbidity rates of severe infec-
tions, the clinical microbiology laboratory should do its
best in to give the etiological diagnosis as often as pos-
sible. Multi-pathogen real-time PCR systems can
circumvent the lack of sensitivity and specificity of BC.
We now need more rapid and automated tests with ran-
dom access in order to apply them in a 24/7 continuous
workflow.
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