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Results BC sampling was considered an important diag-
nostic tool by 95% of the participants. However, only 23% 
of them would collect BCs in three scenarios for which BC 
ordering is recommended by present guidelines in Ger-
many; almost one out of ten physicians would not have 
taken blood cultures in any of the three scenarios. The 
majority of participants (74%) reported not to adhere to 
the guideline recommendation that blood culture sampling 
should include at least two blood culture sets from two dif-
ferent injection sites. High routine in blood culture sam-
pling, perceived importance of blood culture diagnostics, 
the availability of an in-house microbiological lab, and the 
department the physician worked in were identified as pre-
dictors for good blood culture practice.
Conclusion Our study suggests that there are substantial 
deficits in BC ordering and the application of guidelines 
for good BC practice in Germany. Based on these findings, 

Abstract 
Purpose Blood culture (BC) sampling rates in Germany 
are considerably lower than recommended. Aim of our 
study was to assess knowledge, attitudes, and practice of 
physicians in Germany regarding BC diagnostics.
Methods We conducted a cross-sectional mixed-methods 
study among physicians working in inpatient care in Ger-
many. Based on the results of qualitative focus groups, a 
questionnaire-based quantitative study was conducted in 
2015–2016. In total, 706 medical doctors and final-year 
medical students from 11 out of 16 federal states in Ger-
many participated.
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multimodal interventions appear necessary for improving 
BC diagnostics.

Keywords Blood culture · Sepsis · Bloodstream infection · 
Focus groups · KAP survey

Background

Bloodstream infections (BSI) and their clinical correlates 
(sepsis and septic shock) are a major cause of morbidity 
and mortality worldwide [1]. For Germany, Fleischmann 
et al. [2] estimated the annual incidence of sepsis as 335 
cases per 100,000 persons per year. Sepsis incidence rates 
are rising in many countries due to aging population struc-
tures and an associated increase in predisposing comorbidi-
ties (e.g., by immunosuppressive medication) [2]. As in-
hospital case fatality rates for patients with sepsis (36.5%) 
and severe sepsis (60.3%) remain high in Germany [2], the 
early diagnosis of BSI is essential to decrease the overall 
burden of disease [3]. Blood culture (BC) sampling is still 
the key diagnostic tool for BSI; it allows not only patho-
gen identification but is also necessary for targeted antibi-
otic therapy based on susceptibility testing [4]. There are 
several guidelines available for Germany describing when 
and how BC sampling should be performed in patients with 
suspected BSI, (both from a microbiological [5] and a clin-
ical perspective [6]).

Nevertheless, BC sampling rates in Germany seem to 
be considerably lower than recommended [7–9], indicat-
ing deficits in the practice of BC sampling. The reasons 
for that are, however, unclear. The previous studies on 
deficits in BC sampling and in the application of guide-
lines into clinical practice are scarce. She et al. [10] ana-
lysed attitude and practice of German and US physicians 
towards different diagnostic tests for sepsis in 2015; in 
this study, German physicians reported lower BC order-
ing rates than their US colleagues. However, the authors 
did neither investigate reasons for this difference, nor 
did they assess knowledge about the correct indication 
and performance of BC diagnostics. In a single-center 
US study, Parada et al. [11] showed deficiencies in BC-
related knowledge among physicians; more experienced 
physicians and those with self-reported training on BC 
sampling showed better knowledge. Two studies from 
developing countries showed as well deficits in blood 
culture-related knowledge [12, 13], but due to struc-
tural differences in the health care systems, these results 
are not easily transferable to Germany. No study has 
yet evaluated how deficits in knowledge and attitudes 
towards BC sampling affect physicians’ practice in order-
ing BC and in performing them correctly. The aims of our 

study were to identify potential problems in BC sampling 
practices of physicians in Germany and to assess their 
modifiability.

Methods

Study design

We conducted this study in a mixed-methods design [14]. 
In a first step, we performed a qualitative analysis based 
on three focus groups in three different German hospi-
tals, including all professional groups involved in pre-
analytic BC diagnostics (inpatient care physicians, final-
year medical students, and intensive care nurses); this 
part of the study aimed to identify potential problems in 
the process of BC ordering and sampling and to prepare 
the quantitative survey in a second step. Focus groups 
were carried out according to the standards suggested by 
Krueger [15], were transcribed, and were then analysed 
using qualitative content analysis by two independent 
readers [16]. As a result of the focus group analyses, we 
identified three main problem categories (institutional, 
individual, and procedure-related) in which 11 potential 
problems of the BC sampling process could be classified 
(Table 1).

Based on these potential problems, we developed a 
KAP (knowledge, attitude, practice)-survey which was 
piloted with 29 physicians in two different hospitals; the 
survey was then adapted according to the results and to 
the qualitative feedback of the pilot study; the translated 

Table 1  Problems identified by focus groups among physicians, 
final-year medical students, and intensive care nurses with respect to 
appropriate blood culture sampling

a Only mentioned by medical students in their final year

Institutional problems

 Lack of standardization
 Technical difficulties
 Transport modalities
 Economic pressure
 Lack of time

Individual problems

 Lack of knowledge about procedure and indication
 Low motivation for taking blood cultures
  Blood culture diagnostics is not treated with priority
  Advantage of blood culture diagnostics is hardly known
  Little trust in blood culture results
  Low intrinsic motivation
 Lack of routinea

 Sterile performance is difficulta

 Lack of perceived responsibilitya

Microbiological procedures

 Long latency period before result reduces therapeutic relevance
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version of the questionnaire is made available as Online 
Resource 1. The final survey included 52 questions about 
the correct initiation and the practical application of BC 
sampling, about the knowledge of the relevant BC guide-
lines as well as about attitudes towards these guidelines. 
Furthermore, we asked for the demographic characteris-
tics of the participants as well as for the characteristics 
of their hospitals. The survey was implemented using the 
software LimeSurvey® and delivered online.

We identified all registered hospitals in 11 of 16 fed-
eral states of Germany and sent an invitation to partici-
pate in the survey to all clinical directors (n = 3087) in 
November 2015. We asked them to forward the invita-
tion to all physicians working in their departments. 
Moreover, all final-year medical students in the Federal 
State of Lower Saxony were invited using centralised 
mailing lists. We sent two reminders in December 2015 
and January 2016.

Since case numbers for neurologists and derma-
tologists were rather small, we decided to group them 
together with internal medicine physicians into “non-
surgical disciplines” which might have masked depart-
ment-specific effects. However, we did not find any 
differences between internal medicine physicians and 
neurologists when analysing them separately in a sensi-
tivity analysis.

Statistical analyses

Survey results were analysed descriptively using relative 
frequencies and means and their 95% confidence inter-
vals or medians and interquartile ranges; groups were 
compared by the Chi-squared tests and t tests or Wil-
coxon rank-sum tests as appropriate. A composite good 
practice score was constructed for the analysis of indi-
vidual and institutional predictors for good practice in 
BC diagnostics. The score included points for three case 
studies about the correct initiation, a question about the 
correct blood volume for BC bottles, implementation of 
sampling of BC sets from two different injection sites, 
and a question about waiting time after skin disinfection 
(in total 0–24 points possible). Potential predictors were 
first tested univariably for their association with score 
values in mixed-effects linear regression models, allow-
ing for heterogeneity in scores across federal states. In 
case predictors showed an association with the outcome 
(p < 0.25), they were included in a multivariable linear 
regression model to estimate their effect when adjusted 
for other potential predictors. Beta coefficients and corre-
sponding 95% confidence intervals are reported as effect 
measures; a beta of “zero” corresponds to no effect, while 
a beta of “one” indicates a one point increase in score 
values per one point increase in the predictor variable. 

All statistical analyses were carried out using Stata 12 
(StataCorp, US).

Results

A total of 706 medical professionals (636 physicians rep-
resenting all levels of medical training and a variety of spe-
cialties and 70 final-year medical students) were included 
in our study (Table 2). Participating medical staff repre-
sents 11 of the 16 federal states in Germany; the majority 
of study participants worked in academic teaching hospitals 
(54.4%).

Attitude towards blood culture diagnostics

Nearly, all (97.6%) of the study participants considered BC 
sampling to be a very important or an important diagnos-
tic tool; the vast majority (96.3%) considered BC sampling 
their responsibility. Most (81.3%) of the participants indi-
cated that there was a need for improvement concerning 
BC sampling practices in Germany. Two-thirds (66.7%) of 
the participants reported that guidelines for BC ordering 
and sampling exist in their hospital on some administrative 
level (for 49.2% of participants hospital wide; for 58.1% on 
department or ward level). Half of the participants (50.6%) 
stated to follow existing guidelines in at least 75% of the 
cases, whereas 13.3% of all participants indicated not to 
know the guidelines in detail.

Blood culture ordering practice

Only 22.6% of the respondents would have initiated BC 
sampling in all of the three constructed case studies for 
which BC testing is recommended by German guidelines 
(Fig. 1). A majority (66.1%) of the respondents reported 
that they would have taken BCs in case of an elderly lady 
with hypothermia and suspicion of pneumonia; the same 
was true for a patient with a central line accompanied by a 
rise in CRP (67.7%). Less than half (46.2%) of the partici-
pants would have initiated BC sampling in case of a young 
woman presenting with symptoms of a urinary tract infec-
tion and chills (Fig. 1). When asked to indicate which three 
clinical criteria for BC sampling they apply most often in 
their own clinical practice, study participants mentioned 
most often fever above 38.5 °C (81.2%), chills (45.6%), 
and clinical suspicion of infection (41.4%) (Fig. 2).

A majority of participants (60.8%) acknowledged that 
despite an existing indication for BC sampling, antibiotic 
therapy is often initiated first. As reasons for this, partici-
pants mentioned lack of time as most important (56.2%) 
followed by “calculated antibiotic therapy in the pres-
ence of a known focus made BC sampling dispensable” 
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Table 2  Characteristics of 
participants (n = 706)

Study population (n = 706)

Sex

 Female 260 (36.8%)

 Male 446 (63.2%)

Current function

 Head of department 130 (18.4%)

 Consultant 226 (32.0%)

 Resident 280 (39.7%)

 Final-year student 70 (9.9%)

Duration of job

 <12 months 22 (3.1%)

 1–5 years 131 (18.6%)

 5–10 years 127 (18.0%)

 >10 years 356 (50.4%)

 Final-year student 70 (9.9%)

Speciality

 Surgical disciplines 157 (22.2%)

 Internal medicine/neurology/dermatology 259 (36.7%)

 Anaesthesia 177 (25.1%)

 Paediatrics 52 (7.4%)

 Other 61 (8.6%)

Unit

 Normal ward 380 (53.8%)

 Intensive care unit 194 (27.5%)

 Emergency room 21 (3.0%)

 Outpatient clinic 28 (4.0%)

 Operation theatre 83 (11.8%)

Number of beds

 <200 114 (16.1%)

 201–400 175 (24.8%)

 401–600 135 (19.1%)

 >600 249 (35.3%)

 I don’t know 33 (4.7%)

Type of hospital

 University hospital 171 (24.2%)

 Academic teaching hospital 384 (54.4%)

 Other 147 (20.8%)

 I don’t know 4 (0.5%)

Federal state

 Baden-Württemberg 114 (16.2%)

 Bavaria 93 (13.2%)

 Berlin 53 (7.5%)

 Brandenburg 33 (4.7%)

 Hamburg 20 (2.8%)

 Hessen 56 (7.9%)

 Mecklenburg-West Pomerania 36 (5.1%)

 Lower Saxony 217 (30.7%)

 North Rhine-Westphalia 43 (6.1%)

 Rhineland-Palatinate 36 (5.1%)

 Saarland 5 (0.7%)
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Fig. 1  Three scenarios for blood culture ordering. a Percentages of 
participants who would order blood culture samples in 0, 1, 2, or 3 
of the scenarios (n = 708). b Percentages of participants who would 
have ordered blood cultures for each scenario (n = 708). Scenario 1: 

Bedridden, elderly woman with suspicion of pneumonia and hypo-
thermia. Scenario 2: Patient with central-venous catheter and increase 
in CRP. Scenario 3: 32-years old female outpatient with dysuria and 
shivering

Fig. 2  Reasons for a and 
against b blood culture 
sampling. a Most common 
indications for BC sampling 
in the clinical practice of the 
participants (every participant 
could choose up to three indica-
tions). b Reasons reported by 
the participants why they do not 
perform BC sampling according 
to the guidelines
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(30.5%, Fig. 2). There was no difference in the perceived 
and reported importance of the item “Lack of time” 
between those institutions in which BC sampling is 
mainly performed by nurses and those in which doctors 
are in charge (χ2, p = 0.790).

Blood culture sampling practice

While the majority of participants (78.0%) reported to 
take more than one BC set at a time (in more than 75% of 
the cases), only a quarter (26.0%) followed (in more than 
75% of the cases) guideline recommendation to obtain 
at least two BC sets from at least two separate injection 
sites. Most (82.7%) of the participants stated that they fill 
each BC bottle with at least 8–10 ml of blood as recom-
mended by guidelines and manufacturers. Hygiene meas-
ures aiming at a reduction of contamination risks were 
implemented well by the participants (89.4% performed 
hand disinfection before BC sampling, 84.0% used dis-
posable gloves, 98.0% conducted skin disinfection, and 
72.0% disinfection of the diaphargma of BC bottles 
in more than 75% of the cases). However, only 31.7% 
reported to wait always for 60 s after skin disinfection as 
suggested by German guidelines.

Predictors of good blood culture practice

Having a microbiological laboratory at the institution 
(β-coefficient (β) = 1.13; 95% confidence interval (95% 
CI) 0.31–1.94), the number of BC sets taken in the last 
30 days (β = 0.51 per set; 95% CI 0.18–0.84) as well as 
the importance attached to BC sampling (β = 1.62; 95% 
CI 0.82–2.42) were all associated with good BC practice 
in our multivariable regression model. Participants working 
in non-surgical departments (internal medicine/neurology/
dermatology) (β = 2.57; 95% CI 1.65–3.50) or anaesthe-
sia (β = 3.36; 95% CI 2.36–4.35) reported better BC prac-
tice than participants from surgical departments (Table 3). 
There was no interaction between perceived importance of 
BC sampling and the number of BCs ordered or drawn in 
the linear regression model (p = 0.7664).

While hospital size and the participants’ professional 
role had no systematic effect on good BC sampling prac-
tice, there was some evidence that physicians working in 
university hospitals and in hospitals with BC guidelines in 
place report a better BC practice. There was no evidence 
for regional differences (indicated by a lack of effect of 
federal state on the score in the empty model (p = 0.097) 
and in the final multivariable model (p = 0.378) in multi-
level mixed-effects linear regression).

Table 3  Predictors for good blood culture practice (n = 706, linear regression analysis)

Univariable Multivariable

β-coefficient 95% CI p value β-coefficient 95% CI p value

Female −0.27 [−0.98; 0.44] 0.451

Male Reference

Current function 0.450

 Head of department Reference

 Consultant 0.82 [−0.19; 1.82]

 Resident 0.55 [−0.42; 1.52]

 Final-year student 0.71 [−0.65; 2.06]

Speciality <0.001 <0.001

 Surgical disciplines Reference Reference

 Internal medicine/neurology/dermatology 3.00 [2.12; 3.90] 2.57 [1.65; 3.50]

 Anaesthesia 3.66 [2.71; 4.62] 3.36 [2.36; 4.35]

 Paediatrics 1.66 [0.27; 3.06] 0.96 [−0.5; 2.42]

 Other 1.61 [0.29; 2.93] 1.45 [0.09; 2.80]

Hospital size

 Number of beds (per 100 beds increase) 0.10 [−0.06; 0.26] 0.212 −0.16 [−0.36; 0.04] 0.122

SOP in place 0.82 [0.09; 1.55] 0.027 0.68 [−0.03; 1.39] 0.061

Number of blood cultures taken in last 30 days 0.91 [0.58; 1.24] 0.51 [0.18; 0.84] 0.002

Importance attached to blood culture (very important vs. rest) 2.11 [1.30; 2.92] <0.001 1.62 [0.82;2.42] <0.001

Academic hospital 1.04 [0.19; 1.88] 0.016 0.90 [−0.46; 1.85] 0.062

Microbiological laboratory at the institution 0.81 [0.13; 1.50] 0.020 1.13 [0.31; 1.94] 0.007
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Potential for improvement

The majority of the surveyed physicians (71.3%) stated to 
be aware of the fact that not enough BCs are taken in Ger-
many. As most important reasons why BC sampling is not 
performed according to the guidelines, 80.5% of the par-
ticipants indicated that the guidelines are not known suf-
ficiently; 68.8% reported that there is not enough time in 
clinical practice to perform BC sampling according to the 
guidelines. Only 6.9% doubted the scientific basis behind 
the guidelines; 7.5% suggested that economic reasons are 
important for not performing BC diagnostics according to 
the guidelines.

A vast majority (90.4%) considered more time in the 
daily routine as helpful; the same was true for regular train-
ing (88.9%) and improved communication of the value 
of BC sampling (88.5%). Measures aiming at a structural 
change were mentioned less frequently [e.g., improved 
extraction systems (66.7%) and faster diagnostic proce-
dures (like, e.g., polymerase chain reactin (PCR)) (78.7%)].

Discussion

We showed in our study considerable deficits in the imple-
mentation of BC sampling and ordering recommendations 
in Germany which might partly explain low BC sampling 
rates observed in surveillance studies.

Although most study participants reported to be aware 
of the importance of BC sampling, less than a quarter of the 
participants would take BC sets in all three constructed sce-
narios representing German guideline recommendations. 
The same was true for the recommendation to take at least 
two BC sets from two different injection sites, which is cru-
cial for reducing both the false-negative and false-positive 
rates. Unspecific reasons like lack of knowledge of existing 
guidelines and lack of time were ranked highest as poten-
tial causes for the gap between attitude and practice. Good 
BC practice was associated with the importance attached to 
BC sampling, the availability of a microbiological lab, the 
number of BCs taken in the last 30 days, and the depart-
ment the physician worked in.

Only few of our participants would have ordered BC in 
all three scenarios; this is in line with the previous studies, 
suggesting that BC sampling rates in Germany are lower 
than in the US [10] and then recommended [7]. The major-
ity of our participants indicated lack of time as a reason 
for not taking BCs, and 90% would consider more time as 
helpful. On one hand, this could point to the actual work 
density in German hospitals and might indicate the wish to 
change work distribution. On the other hand, “lack of time” 
represents the low priority attributed to BC diagnostics, 
since time is relative. This is supported by the observation 

that there was no statistically significant difference in the 
reported importance of the item “Lack of time” between 
those institutions in which BC sampling is mainly per-
formed by nurses and those in which doctors are in charge.

It is further supported by the results of the multivariable 
analyses in which the importance attached to BC diagnos-
tics was a strong predictor for good BC practice. Thus, 
more attention towards the value of BC sampling could 
lead to a prioritization of BC in the clinical work.

Studies about BC-related knowledge, attitude, and prac-
tice are mainly from non-Western countries. Chew et al. 
[13] showed that Malaysian emergency department staff 
had a lack of knowledge concerning good BC sampling 
practice. Ojide et al. [12] analysed BC-related knowledge, 
attitude, and practice in a Nigerian hospital and showed 
that 39.8% did not always order BCs if required, although 
the majority of the medical doctors had good BC-related 
knowledge. Reasons for this included “cost consideration 
for the patients” and “BC bottles not readily available”, 
which suggests that these results are not transferable to the 
German health care system.

In a European study, semi-structured telephone inter-
views with microbiological laboratories and staff from ICU 
were used to assess problems concerning BC sampling [17]. 
This study concluded that transportation time in Germany 
was longer than in other countries probably due to a higher 
proportion of off-site microbiological labs and that deficits 
in communication between hospital and lab staff are more 
common in Germany than in other European countries. A 
majority of our participants considered a better communica-
tion with the lab to be an important step for improvement. 
Moreover, having a microbiological lab onsite was a predic-
tor for better blood culture practice in our study.

Not only the frequency of BC sampling but also the qual-
ity of the procedure is of importance [18–20]. According to 
Schmitz et al. [17], German laboratories report a high rate 
of false-positive results due to pre-analytic contamination. 
Chew et al. [13] described pre-analytic quality problems in 
a small study in Malaysia and showed that the majority of 
the participants did not know the correct time required for 
the skin disinfection. However, they did not analyse reasons 
for these deficits on the physicians’ side. Two-thirds of our 
participants reported not to wait for 60 s skin disinfection. 
The problem of pre-analytical contamination of BC sets is 
further aggravated if BC sets are only taken from one injec-
tion site, since a differentiation between contamination and 
true infection is more difficult. On the basis of five studies, 
Snyder et al. [21] showed in a systematic review that phle-
botomy teams substantially reduce BC contamination rates 
in hospitals. While the majority of our study participants 
reported to fill BC bottles with the recommended volume, 
only about a quarter of our respondents take more than one 
BC set from two different injection sites.
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A regular feedback about the actual and the target rate of 
BC sampling per ward or department was shown to increase 
awareness about BC diagnostics [22]. Parada et al. [11] 
showed that physicians with self-reported subject-related edu-
cation had a better knowledge regarding BC-related knowl-
edge; however, this was only a single-center study in the US.

For the improvement of hand hygiene, a multimodal 
campaign was implemented in Germany since 2008 and 
led to an increase of hand hygiene compliance as well as 
alcohol-based hand-rub consumption in the participating 
hospitals [23]. A comparable programme to improve the 
quality of BC sampling in Germany could be successful, 
given that the problems identified in our study appear to be 
modifiable on the level of the physician.

Since good BC practice was less likely in surgical 
departments, it might be effective to implement depart-
ment-specific interventions. The bundle of measures for 
surgical departments could include the establishment of 
phlebotomy teams, the increased availability of infections 
diseases consultants, and subject-related education.

Intervention programmes for improving BC sampling rates 
at German hospitals seem less straight forward given that the 
recommendations from medical professional associations are 
not necessarily concordant. Although our three constructed sce-
narios included at least two triggers for BC sampling according 
to both guidelines, they must be discussed critically. A young 
woman in outpatient care with suspected urosepsis might be 
managed with empirical antibiotic treatment given the low 
probability that the BC will be positive [24]. Furthermore, one 
could argue that an increased CRP value in combination with 
a risk factor (like central lines) should not automatically trigger 
BC sampling. Moreover, in our study, clinicians focused on the 
presence of fever as the most important (or maybe even single) 
trigger for BC sampling which corresponds with the clinical 
experience of the authors. Since a growing number of patients 
(elderly, immunosuppressed, treated with antipyretics) do not 
develop fever, a large number of BSIs can be missed. Moreo-
ver, it has been shown that the level of bacteremia decreases 
shortly after the onset of fever and that BC sampling during 
fever did not show higher positivity rates, so that the early clini-
cal symptoms preceding fever might be a better trigger [25, 26]. 
One problem might be that guidelines for BC sampling are not 
concise enough for clinical routine, so that a large number of 
patients qualify for BC sampling [27]. This has been considered 
in the 2016 revision of the international sepsis criteria [28], but 
was not implemented in guidelines on BC sampling yet.

Strengths and limitations

Major strengths of our study are the mixed-methods 
design allowing a better interpretation of the results and 
the broad coverage of German hospitals. While we had 

to restrict our study to 11 of the 16 federal states in Ger-
many due to technical reasons, there was no evidence for 
regional differences in any of our analyses, suggesting 
that the restriction did not cause selection bias.

The overall response rate was low on the physician 
level, under the assumption that all physicians working 
in the respective hospitals were invited to participate; 
However, it is not clear to what extent loss of participants 
occurred already at the level of the primarily contacted 
department heads, who may not have forward the invi-
tation to their employees. One can assume that heads of 
departments attaching importance to the topic of sepsis 
and BC sampling were more likely to forward our invita-
tion. Thus, the proportion of hospitals or wards with BC 
guidelines might be overestimated. Furthermore, physi-
cians and final-year medical students with interest in the 
field might have been more likely to participate in our 
study, so that the quality of BC ordering and sampling 
might be overestimated. While study participants esti-
mated BC sampling as very important, the low overall 
participation rate might indicate that BC diagnostic is not 
of high priority for most physicians in Germany.

Conclusion

Although the majority of physicians in our study felt 
responsible for BC diagnostics, and attached high impor-
tance to it, there are substantial deficits in the quality of 
BC ordering and sampling in Germany. Factors associ-
ated with good BC practice were the importance attached 
to BC sampling, the presence of an in-house microbio-
logical lab, the department the physician worked in, and 
the number of BC sets taken by the participants in the 
past 30 days. Multimodal intervention strategies targeting 
the main predictors of good BC practice might be helpful 
in improving the quality of BC diagnostics in Germany.
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