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Abstract

Purpose Blood culture (BC) diagnostics are influenced by many factors. We performed a targeted interdisciplinary analysis
to analyse effects of various measures on BC diagnostics performance.

Methods A diagnostic stewardship initiative was conducted at two intervention and two control wards in a German tertiary
level hospital. The initiative comprised staff training on the correct indications and sampling for BC, implementation of
information cards, labels to identify the collection site, regular BC bottle feedback including the number of bottles, filling
volumes and identified pathogens; and the use of a specific sampling device (BD Vacutainer®). Before and after the inter-
ventions, two three-month measurement periods were performed, as well as a one-month follow-up period to assess the
sustainability of the conducted measures.

Results In total, 9362 BC bottles from 787 patients were included in the analysis. The number of BCs obtained from periph-
eral venous puncture could be increased at both intervention wards (44.0 vs. 22.2%, 58.3 vs. 34.4%), while arterial sampling
could be reduced (30.6 vs. 4.9%). A total of 134 staff members were fully trained. The intervention led to a considerable
increase in BC knowledge (from 62.4 to 79.8% correct answers) with differences between the individual professional groups.
Relevant reduced contamination rates could be detected at both intervention wards.

Conclusions As knowledge on the correct BC sampling and strategies to reduce contamination varies considerably between
clinical departments and healthcare professionals, a targeted training should be adapted to the specific needs of the individual
professional groups. An additional filling device is not necessary.
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Bloodstream infections are associated with high morbid-
ity and mortality, and at least 5.3 million deaths per year
are attributed to bacteraemia and sepsis worldwide [10].
Therefore, it is essential to detect these infections as early
as possible, currently with the diagnostics of blood cultures
(BCs). Rapid pathogen identification enables effective and
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targeted antibiotic therapy and can significantly improve
patient outcomes [2]. However, this requires the attention
to several pre-analytical aspects among others to achieve
low contamination rate of the BCs, which should be less
than 3%, to avoid unnecessary therapies, associated costs
and prolonged hospital stays [17, 25].

A key aspect is the collection of a sufficient number
of BCs to reduce false-negative and false-positive BCs,
which can lead to incorrect clinical interpretations [1].
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Thus, with the collection of three BC sets, one aerobic
and one anaerobic bottle each, the sensitivity can be
increased from 67.4% with one set to 95.6%. [25].

Insufficiently filled BCs are a frequent problem, con-
nected to false-negative findings or a higher contamina-
tion rate, optimising the blood volume increases the sen-
sitivity [3, 11, 16]. Therefore, filling volumes should be
given a high priority.

BCs collected from catheters are more often false-pos-
itive, especially from arterial catheters [5, 15, 18, 19, 22].
Improvement is possible with peripherally sampled BCs,
and the often less cumbersome catheter method should
only be performed if a catheter infection is suspected.
Educational interventions have already been successfully
used in individual professional groups to improve BC
diagnostics, however, the focus was not on interdiscipli-
nary groups [2, 13, 20]. Therefore, this study focuses on
the educational intervention in an interdisciplinary team
with heterogeneous levels of training. This reflects and
evaluates the common clinical practice. The intervention
was therefore combined with a detailed staff survey to
evaluate interdisciplinary knowledge and experience with
BC diagnostics.

Methods
Study design

An intervention study was carried out on four wards at Saar-
land University Medical Center in Homburg, Germany, and
the study comprised four different phases: From February
to April (period 1; measurement), in May (interim period;
Diagnostic Stewardship intervention including staff ques-
tioning, training, and implementation of different tools, con-
tinued measurement), from June to August (period 2; meas-
urement), and from November to December 2021 (follow-up
period; measurement). BC bottles were analysed by bottle
weight and pathogen identification. A haematological nor-
mal care unit (NCU I) with monitoring facilities and a surgi-
cal intensive care unit (ICU I), each with matched control
wards (NCU C, ICU C), selected on the basis of previous
year's data regarding the total amount of BCs collected and
potential contaminations (Fig. 1). A previously determined
average weight of the empty bottles was used to calculate
the blood volume they contained.

Processing of the blood culture bottles

Aerobic, anaerobic, and Mycosis BC bottles of BD BAC-
TEC™ (Becton, Dickinson and Company, Heidelberg,

All periods:
02-08, 11-12/2021
N=9528
Exclusion N=166 (1.7%)
N=86 (51.8%) material request avallable, bottle not sent*
N=57 (34.3%)bottle not available for measurement?
N=14 (8.4%) weight not documented before processing®
N=3 (1.8%) registered as positive before start of measurement
N=3 (1.8%) bottle broken, measurement not possible*
N=3 (1.8%) not clearly identifiable?
N=9362
Period 1 Interim period Period 2 Follow-up period
02-04/2021 05/2021 06-08/2021 11-12/2021
N=3751 (40.1%) N=1314 (14.0%) N=3333 (35.6%) N=964 (10.3%)
cul Kve NCUI NUC <"1} Kuce NCUI NUC v Kuce NI Muc K1 e NCUI NCU C
N=1270 Ne667 N=854 N=960 NaS59 Ns248 N=166 Na341 N=1255 NaS63 N=648 N=862 N2396 N=172 N=150 N2246
(33.8%) (17.8%) (22.8%) (25.6%) (42.5%) (18.9%) (12.6%) (26.0%) (37.7%) (17.0%) (19.4%) (25.9%) (41.1%) (27.8%) (15.6%) (25.5%)

*Unavailable for measurement
2Errors in documentation

Fig. 1 Flowchart of a study pertaining to improved blood culture diagnostics at a university hospital in Southwest Germany, February to Decem-

ber 2021. Overview of all time periods and exclusion
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Germany) were used. The minimum incubation time was six
days (35 +1 °C). In case of suspected cardiac infection an
incubation of 14 days was conducted. Pathogen growth was
detected in BACTEC FX (Becton, Dickinson and Company,
Heidelberg, Germany) and identified according to internal
standards by Gram staining and MALDI-TOF-based identi-
fication. New pathogens were reported by telephone to the
responsible physicians. Likely contaminants, i.e. coagulase-
negative staphylococci (CONS) or Cutibacterium spp. were
interpreted using clinical information [4, 12].

Staff questioning, training and implementation
of new diagnostic tools

Interdisciplinary training sessions a 15-20 min were con-
ducted mainly during handovers (optional digital use of
recorded trainings), aiming at providing knowledge, present-
ing new measures, and generally sensitising the staff to the
topic of BC diagnostics.

Anonymised participant questionnaires with ten multi-
ple-select questions were distributed before and after the
training, containing general respondents’ information and
BC-knowledge (supplementary material).

The implemented tools included BC pocket sized informa-
tion cards, new BC labelling (supplementary material), weekly
feedback to ward managers on the BC statistic including
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numbers, pathogens, contamination status and calibration
marks. The BD Vacutainer® blood collection set, a winged
cannula with attached vacuum adapter, was launched in ICU L.

After period 2, the staff questionnaire was used again with
new questions related to the tools.

Analysis and calculations were subsequently carried out
using Microsoft® Excel® (Microsoft 365, Redmond, United
States of America) and GraphPad Prism (GraphPad Soft-
ware, San Diego, United States of America).

Results
Baseline characteristics

During the study period, 9362 BC bottles from 787 patients
were included, of which 3268 (34.9%) were aerobic, 3300
(35.2%) anaerobic and 2792 (29.8%) Mycosis (fungal) bot-
tles. A subset of 165 (1.7%) BCs were excluded, mostly due
to unavailability for weight measurement (87.9%), which
occurred for example, when a material request for BC was
received but the bottle was not sent in, or when the bottle
was broken (Fig. 1). In 780 (8.3%) bottles, pathogens could
be detected, 109 (14.0%) of these were interpreted as likely
contamination (Fig. 2).
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The average age of the patients was similar on all wards
(63.9 years to 69.6 years). Only in NCU I patients were
around 10 years younger. At all wards, more male patients
(64.3%) were treated than female patients (35.7%). The
intervention wards (IWs) had a median duration of stay over
20 days (Table 1).

Distribution of microbiological pathogens

CONS were detected with the highest rate (from 45.4 to
74.0% of all pathogens). Gram-negative pathogens could be
detected with a rate of 24.6 to 30.5% (commonest Escheri-
chia coli), except on ICU C (Table 2).

Staff training and survey

Among the 134 trained persons (86.5% of the total staff),
77 (57.5%) were women. A total of 88 (82.2%) were trained
in ICU I and 46 (95.8%) in NCU I. Main groups were the
nursing staff [ICU I: 69 (78.4%), NCU I: 22 (47.8%)] and the
physicians [ICU I: 19 (21.6%) NCU I: 17 (37.0%)]. There
was no relevant change in the follow-up survey.

Before the intervention, 32.7% of the knowledge ques-
tions were answered correctly or partially correctly (30.7%),
i.e. not all correct answers were selected, but no incorrect
ones either. After the training, there was a clear improve-
ment to 57.8% correct and 22.0% partially correct answers.
This effect reduced to 51.2% correct and 20.9% partially
correct answers in the follow-up survey. Before the train-
ing, different answers in all areas of BC diagnostics between
the professional groups were given. The question pertaining
to BC indication was correctly answered in 30.0% by the
nursing staff and 70.0% of the physicians in ICU 1. Simi-
lar results were obtained regarding "hygiene and BC". Here
36.4% of the nursing staff had answered correctly and 58.8%
of the physicians in NCU I (Table 3; Fig. 3). The handling of
the BC indication was divergent among Intervention Ward’s
(IWs). This, as well as the choice of sampling site, was made
by physicians in 92.0% of cases in ICU I, while 37.6% of the
NCU I respondents said that the nursing staff and physicians
were responsible. The sampling itself was carried out by the
entire staff on both wards, on NCU I also by the medical
assistants.

Tools were generally rated well, but with different rank-
ings among IWs. In ICU I, staff training was rated highest,
followed by new labelling of the collection sites and infor-
mation cards. NCU I preferred the cards, followed by train-
ing and labels. This is confirmed, since the label use analysis
was better accepted in ICU I, than in NCU I: 91.5 vs. 80.8%.
The BD Vacutainer® was only preferred by 6.4%.

@ Springer

Sampling sites

At ICU I, most of BCs were drawn from central venous
catheters in period 1 (45.7%), followed by arterial cath-
eters (30.6%) and peripheral veins (22.2%). In comparison,
more BCs were drawn from peripheral veins in period 2
(44.0%), while arterial ones were significantly less fre-
quently (4.9%, p <0.0001). Central venous collections
remained on an equal level (p=0.04) (Fig. 2).

At NCU I, more BCs were collected from central than
peripheral veins in period 1 (59.1 vs. 34.4%), which was
reversed in period 2 (p <0.0001).

The contamination rate was reduced at both IWs in
all sampling localisations (total reduction period 1 vs.
period 2 of 4.9 to 2.1% at ICU I and 2.2 to 0.4% at NCU
I) (Fig. 2).

Blood culture bottle characteristics

Across all time periods, aerobic bottles were filled with
9.6 ml in ICU I and with 8.3 ml in NCU I. The same was
true for standard anaerobic (9.5 vs. 8.2 ml), and anaerobic
lytic (9.9 vs. 8.7 ml). Since the Mycosis bottles (MB) are
available with different bottle materials, both batches were
purchased on availability (56.1% glass and 43.9% plastic
bottles) and resulted in divergent blood filling volumes of
plastic (9.9 vs. 8.7 ml) and glass bottles (10.4 vs. 9.3 ml).
Considering the study period, 17.1% of MB were under-
filled and 42.2% were overfilled. Glass bottles were over-
filled compared to plastic bottles (p=0.0029). This was no
longer detectable after the intervention (p=0.55) on ICU
I. Furthermore, the MB calibration mark to indicate the
optimal filling level was applied in 29.0% of the cases on
ICU I, compared to 0.0% of cases during period 1.

Discussion

In recent years, most research was done to improve the
analytical part of BC diagnostics [23]. BC diagnostics is
one of the few infectious medicine procedures in which
clinical staff decide on incubation media and influence the
result. Pre-analytics are therefore of atmost importance.
This intervention study describes a diagnostic steward-
ship initiative pertaining to BC diagnostics across differ-
ent wards of a university hospital. It included knowledge
evaluations, a staff-reported assessment of implemented
tools and a laboratory-based appraisal of BC diagnostics.
To our knowledge, such a combined approach has not pre-
viously been carried out.
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Table 1 (continued)

&

NCUI NCUC
(N=20) (N=34)

ICUC
(N=10)

ICUT
(N=35)

NCUI NCUC
(N=58) (N=88)

IcuC
(N=40)

ICUT
(N=101)

NCUI NCUC
(N=20) (N=36)

NCUC ICUI ICUC
(N=103) (N=56) (N=15)

NCU I
(N=55)

ICUC
(N=51)

ICUI
(N=129)

Stay-
related
data

Springer

12.9)

0

3 (30)

2(5.71)

0

1(1.7)

21(20.8) 16 (40)

0

3200 0

8 (14.3)

1(1.0)

23(17.8) 10(19.6) 0

Trans-

ferred
to

exter-
nal

hospital

With

0

0

1(33.3)

1(6.25)

0

0

8(53.3)

9 (25.7)

0

0

6(353) O 1(3.5) 2(9.5) 1(12.5)

8 (15.7)

posi-
tive

BC
Deceased 39 (30.2)

5(14.7)
2(22.2)

14 (40) 3 (30) 2 (10)
0

7 (43.75)

10 (11.4)

2(3.5)
4(16)

5(12.5)
2 (13.3)

27 (36.7)

8(22.9)

5(13.9)
2 (20)

3(15)
1 (20)

19 (18.5) 19 (33.9) 3(20)
8(38.1)

8(27.6)

6(10.9)
3(18.8)

6(11.8)

1(33.3)

1(6.7)

1(12.5)

4 (23.5)

18 (35.3)

With

posi-
tive

BC

General information on patients’ characteristics in a study pertaining to improved blood culture diagnostics at a university hospital in Southwest Germany, February to December 2021

Microbiological pathogens

Improved BC diagnostics involves the evaluation of the path-
ogen spectrum. Here, CONS was the most detected group of
pathogens. There is the need to evaluate between a catheter
infection and a contamination, especially if only one BC out
of several is reported positive [4, 12, 14, 27]. There was an
overall decrease of contaminations and CONS (from 55.3
to 33.9%) at ICU I in interim period and period 2 (from
4.9 to 2.1%) with recommended contamination rates less
than 3% of all BC sets sampled [7, 17]. Questions regarding
hygiene and BC sampling were answered correctly more
often after training. Similar effects were demonstrated in
previous studies, where a lower proportion of CONS was
detected after training [15, 16, 20, 21]. In contrast, at NCU
I aless frequent detection of CONS was not seen, yet a gen-
eral decrease in contaminations (from 2.2 to 0.4%), demon-
strating good training effects. The comparison of ICU I and
NCU I shows that sole use of the BD Vacutainer® in ICU 1
produced decreasing contamination rates, but that training
alone achieved similar results.

It is noteworthy that no Gram-negative pathogens were
detected at ICU C. Hence, we compared the Gram-negative
pathogens detected in previous years with the study time.
We found several detections of Gram-negative pathogens
in previous years, but still below the expected range, which
suggests room for improvement pertaining to adequate blood
culture sampling indication on this ward. Additionally, the
specific patient population treated on ICU C may be less at
risk for Gram-negative bacteraemia.

Sampling sites

Closely related to contamination is the choice of BC collec-
tion localisation and contaminations appear more frequently
when BCs are drawn from catheters [5, 15, 21]. The inter-
pretation of a positive BC from this localisation is more
complicated [9, 12, 24]. The decrease in contaminations
is probably a changed behaviour of both IWs concerning
sampling localisation after training. This is indicated by the
evidence of significantly more correctly answered questions
after training (57.8% before vs. 96.6% correct and partially
correct answers after training on ICU I and 15.2% before
vs. 84.8% on NCU I), while the control wards showed no
changes. During the follow-up period, the contamination
rate decreased in NCU I, but increased slightly in ICU I,
highlighting the importance of training repetition to revise
routinized procedures [26].

The study data indicate the relevance to know who is
responsible for BC diagnstics. It was found that physicians
and medical assistants perform peripheral BC, while nurs-
ing staff perform the catheter BCs. After training, there was
evidence of increased peripheral collection, so it can be
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Table 3 Staff survey in a study pertaining to improved blood culture diagnostics at a university hospital in Southwest Germany, February to

December 2021
Questions ICU I before train-  ICU I after training ICU I final ques- NCU I before NCU I after train-  NCU I final
ing tioning training ing questioning
N=90 (%) N=288 (%) N=47 (%) N=46 (%) N=46 (%) N=26 (%)
Question 1: When are blood cultures collected?
Correct total 35(38.9) 78 (88.6) 29 (61.7) 26 (56.5) 44 (95.7) 19 (73.1)
Correct nursing 21 (30) 60 (87) 19 (57.6) 12 (54.6) 22 (100) 10 (83.3)
staff
Correct physicians 14 (70) 18 (94.7) 10 (71.4) 10 (58.8) 16 (94.1) 9 (64.3)
Partly correct total 44 (48.9) 6(6.8) 16 (34) 19 (41.3) 24.4) 6(23.1)
Partly correct 39 (55.7) 6(8.7) 13 (39.4) 9 (40.9) 0 1(8.3)
nursing staff
Partly correct 5(25) 0 3(21.4) 7(41.2) 1(5.9) 5(35.7)
physicians
Correct and incor- 10 (11.1) 4 (4.6) 2 (4.3) 1(2.2) 0 1(3.9)
rect total
Correct and incor- 9 (12.9) 34.4) 1(3) 1(4.6) 0 1(8.3)
rect nursing staff
Correct and incor- 1 (5) 1(5.3) 1(7.1) 0 0 0
rect physicians
Question 2: At which localisation are blood cultures collected?
Correct total 5(5.6) 41 (46.6) 17 (36.2) 0 11 (23.9) 6(23.1)
Correct nursing 229 32 (46.4) 11 (33.3) 0 4(18.2) 3(25)
staff
Correct physicians 3 (15) 9 (47.4) 6 (42.9) 0 5(29.4) 3(21.4)
Partly correct total 47 (52.2) 44 (50) 24 (51.1) 7(15.2) 28 (60.9) 2(7.7)
Partly correct 36 (51.4) 36 (52.2) 17 (51.5) 3(13.6) 13 (59.1) 2 (16.7)
nursing staff
Partly correct 11 (55) 8 (42.1) 7 (50) 2(11.8) 10 (58.8) 0
physicians
Correct and incor- 25 (27.8) 3(3.4) 6(12.8) 30 (65.2) 7(15.2) 17 (65.4)
rect total
Correct and incor- 21 (30) 1(1.5) 5(15.2) 15 (68.2) 5(22.7) 7 (58.33
rect nursing staff
Correct and incor- 4 (20) 2 (10.5) 1(7.1) 11 (64.7) 2(11.8) 10 (71.4)
rect physicians
Incorrect total 13 (14.4) 0 0 9(19.6) 0 1(3.9)
Incorrect nursing 11 (15.7) 0 0 4(18.2) 0 0
staff
Incorrect physi- 2 (10) 0 0 4 (23.5) 0 1(7.1)
cians
Question 3: How many blood cultures should be collected at what interval?
Correct total 11(12.2) 25 (28.4) 13 (27.7) 10 (21.7) 23 (50) 13 (50)
Correct nursing 1(1.4) 11 (15.9) 4(12.1) 2(9.1) 11 (50) 7 (58.3)
staff
Correct physicians 10 (50) 14 (73.7) 9 (64.3) 7(41.2) 3(17.7) 6 (42.9)
Partly correct total 26 (28.9) 42 (47.7) 26 (55.3) 21 (45.7) 22 (47.8) 12 (46.2)
Partly correct 18 (25.7) 40 (58) 21 (63.6) 11 (50) 10 (45.5) 5(41.7)
nursing staff
Partly correct 8 (40) 2 (10.5) 5(35.7) 6(35.3) 9 (52.9) 7(50)
physicians
Correct and incor- 6 (6.7) 5(.7) 0 5(10.9) 1(2.2) 0
rect total
Correct and incor- 5 (7.1) 4(5.8) 0 4(18.2) 1(4.6) 0

rect nursing staff
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Table 3 (continued)

Questions ICU I before train-  ICU I after training ICU I final ques- NCU I before NCU I after train-  NCU I final
ing tioning training ing questioning
N=90 (%) N=88 (%) N=47 (%) N=46 (%) N =46 (%) N=26 (%)
Correct and incor- 1 (5) 1(5.3) 0 1(5.9) 0 0
rect physicians
Incorrect total 47 (52.2) 16 (18.2) 8(17) 10 (21.7) 0 1(3.9)
Incorrect nursing 46 (65.7) 14 (20.3) 8(24.2) 5(22.7) 0 0
staff
Incorrect physi- 1(5) 2 (10.5) 0 3(17.7) 0 1(7.1)

cians

Question 4: How much blood should be filled in an aerobic or anaerobic blood culture?

Correct total 87 (96.7) 87 (98.9) 45 (95.7) 34 (73.9) 45 (97.8) 24 (92.3)
Correct nursing 67 (95.7) 68 (98.6) 31(93.9) 18 (81.8) 21 (95.5) 11 (91.7)
staff
Correct physicians 20 (100) 19 (100) 14 (100) 12 (70.6) 17 (100) 13 (92.9)
Incorrect total 1(1.1) 0 0 9 (19.6) 12.2) 1(3.9
Incorrect nursing 1 (1.4) 0 0 4(18.2) 1(4.6) 0
staff
Incorrect physi- 0 0 0 3(17.7) 0 1(7.1)

cians

Question 5: What are different blood culture bottles used for?

Correct total 69 (76.7) 64 (72.7) 35 (74.5) 21 (45.7) 29 (63) 16 (61.5)

Correct nursing 57 (81.4) 48 (54.5) 25 (75.8) 13 (59.1) 13 (59.2) 9 (75)
staff

Correct physicians 12 (60) 16 (84.2) 10 (71.4) 7(41.2) 11 (64.7) 7 (50)

Partly correct total 10 (11.1) 3(3.4) 12.1) 10 (21.7) 4(8.7) 5(19.2)

Partly correct 8(11.4) 2(2.9) 1(3) 3(13.6) 1(4.6) 1(8.3)
nursing staff

Partly correct 2 (10) 1(5.3) 0 5(29.4) 3(17.7) 4 (28.6)
physicians

Correct and incor- 10 (11.1) 21 (23.9) 11 (23.4) 12 (26.1) 13 (28.3) 5(19.2)
rect total

Correct and incor- 5 (7.1) 19 (27.5) 7(21.2) 5(22.7) 8 (36.4) 2 (16.7)
rect nursing staff

Correct and incor- 5 (25) 2(10.5) 4 (28.6) 4(23.5) 3(17.7) 3(21.4)

rect physicians
Question 6: In which order are blood cultures inoculated in case of conventional syringe collection?

Correct total 19 (21.1) 39 (44.3) 15 (31.9) 18 (39.1) 37 (80.4) 16 (61.5)

Correct nursing 12 (17.1) 29 (42) 8(24.2) 7 (31.8) 17 (77.3) 5@41.7)
staff

Correct physicians 7 (35) 10 (52.6) 7 (50) 9(52.9) 14 (82.4) 11 (78.6)

Incorrect total 71 (78.9) 48 (54.6) 31 (66) 28 (60.9) 9 (19.6) 10 (38.5)

Incorrect nursing 58 (82.9) 40 (58) 24 (72.7) 15 (68.2) 5(22.7) 7(58.3)
staff

Incorrect physi- 13 (65) 8 (42.1) 7(50) 8 (47.1) 317.7) 3(21.4)

cians

Question 7: Under what hygienic circumstances should the collection be performed?

Correct total 40 (44.4) 57 (64.8) 25(53.2) 23 (50) 20 (43.5) 13 (50)

Correct nursing 32 (45.7) 43 (62.3) 15 (45.5) 8 (36.4) 9 (40.9) 4(33.3)
staff

Correct physicians 8 (40) 14 (73.7) 10 (71.4) 10 (58.8) 7(41.2) 9 (64.3)

Partly correct total 9 (10) 5(5.7) 6 (12.8) 11 (23.9) 11 (23.9) 4(154)

Partly correct 7 (10) 4(5.8) 5(5.2) 7 (31.8) 5(22.7) 2 (16.7)

nursing staff
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Table 3 (continued)
Questions ICU I before train-  ICU I after training ICU I final ques- NCU I before NCU I after train-  NCU I final
ing tioning training ing questioning
N=90 (%) N=288 (%) N=47 (%) N=46 (%) N =46 (%) N=26 (%)
Partly correct 2 (10) 1(5.3) 1(7.1) 4(23.5) 5(29.4) 2(14.3)
physicians
Correct and incor- 40 (44.4) 26 (29.6) 16 (34) 11 (23.9) 15 (32.6) 9 (34.6)
rect total
Correct and incor- 30 (42.9) 22 (31.9) 13 (39.4) 7 (31.8) 8 (36.4) 6 (50)
rect nursing staff
Correct and incor- 10 (50) 4(21.1) 3(214) 2(11.8) 5(294) 3(21.4)
rect physicians
Question 8: What has to be considered when labelling the bottles?
Correct total 17 (18.9) 70 (79.6) 39 (83) 7(15.2) 20 (43.5) 18 (69.2)
Correct nursing 10 (14.3) 52 (75.4) 16 (48.5) 0 3(13.6) 541.7)
staff
Correct physicians 7 (35) 18 (94.7) 13 (92.9) 6(35.3) 12 (70.6) 13 (92.9)
Partly correct total 64 (71.1) 14 (15.9) 7(14.9) 34 (73.9) 24 (52.2) 7(26.9)
Partly correct 51 (72.9) 13 (18.8) 6(18.2) 19 (86.4) 18 (81.8) 7(58.3)
nursing staff
Partly correct 13 (65) 1(5.3) 1(7.1) 10 (58.8) 5(294) 0
physicians
Question 9: What has to be considered when withdrawing blood cultures from central venous or port catheters?
Correct total 7(7.8) 33 (37.5) 8 (17) 0 2(4.4) 0
Correct nursing 5(7.1) 23 (33.3) 5(15.1) 0 0 0
staff
Correct physicians 2 (10) 10 (52.6) 3(21.4) 0 0 0
Partly correct total 8 (8.9) 31(35.2) 12 (25.5) 24 (52.2) 32 (69.6) 14 (53.9)
Partly correct 6 (8.6) 27 (39.1) 10 (30.3) 13 (59.1) 18 (81.8) 11 (91.7)
nursing staff
Partly correct 2 (10.0) 4(21.1) 2 (14.3) 10 (58.8) 12 (70.6) 3(21.4)
physicians
Correct and incor- 74 (82.2) 24 (27.3) 25 (53.2) 19 (41.3) 12 (26.1) 12 (46.2)
rect total
Correct and incor- 58 (82.9) 19 (27.5) 16 (48.5) 9 (40.9) 4(18.2) 1(8.3)
rect nursing staff
Correct and incor- 16 (80) 5(26.3) 9 (64.3) 6(35.3) 5(29.4) 11 (78.6)
rect physicians
Question 10: What has to be considered after the blood culture collection?
Correct total 4(4.4) 32 (36.4) 13 (27.7) 3(6.5) 18 (39.1) 10 (38.5)
Correct nursing 34.3) 27 (39.1) 10 (30.3) 0 11 (50) 8 (66.7)
staff
Correct physicians 1 (5) 5(26.3) 3(214) 317.7) 5(9.4) 2 (14.3)
Partly correct total 50 (55.6) 32 (36.4) 16 (34) 33 (71.7) 22 (47.8) 8 (30.8)
Partly correct 41 (58.6) 23 (33.3) 11 (33.3) 20 (90.9) 10 (45.4) 3(25)
nursing staff
Partly correct 9 (45) 947.4) 5(@35.7) 10 (58.8) 9(52.9) 5(@35.7)
physicians
Correct and incor- 27 (30) 16 (18.2) 13 (27.7) 8(17.4) 6 (13) 8 (30.8)
rect total
Correct and incor- 21 (30) 13 (18.8) 8(24.2) 29.1) 1(4.6) 1(8.3)
rect nursing staff
Correct and incor- 6 (30) 3 (15.8) 5(35.7) 317.7) 3(17.7) 7 (50)

rect physicians

Correct: all correct answers ticked. Partly correct: not all correct answers ticked, but no incorrect ones either. Correct and incorrect: correct and
incorrect answers ticked. Incorrect: no correct answers ticked
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1. When are blood cultures collected?

cultures collected?

00 - 100% -
80% l I I 80% Ll . .
60% I I 60%
40% 40%
20% 20%
0 0
before after final before after final before after final

Icul NCUI Icut

7. Under what hygienic circumstances
should the sampling be performed?

central venous or port catheter?
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Fig.3 Answers of nursing staff and physicians to selected questions
of the survey before and after the training as well as the final survey
in a study pertaining to improved blood culture diagnostics at a uni-
versity hospital in Southwest Germany, February to December 2021.

assumed that tasks were delegated less frequently even if
catheters were available due to the new knowledge of BC
diagnostics.

Staff survey

The core intervention carried out was an interdisciplinary
transfer of knowledge to nursing staff, medical assistants,
and physicians of the IWs. To our knowledge, studies con-
ducted so far have not differentiated between the individual
professional groups within one study [6, 8].

The increase in knowledge was most pronounced among
the nursing staff. Training in BC diagnostics is not part of
the nursing curriculum in Germany and there is no com-
pulsory training after graduation. This explains the lower
initial level of correct answers before training, approaching
those of physicians afterwards. This may be one reason for
the improved contamination rate, as De Dios Garcia et al.
showed an increase in knowledge after a nursing staff train-
ing, but the contamination rate could not be reduced. [6].

Prior to the training, there was a gap in knowledge espe-
cially regarding the correct labelling of BCs, their storage
and logistics. This underlines the importance to ensure error-
free pre-analytics. In general, based on the staff feedback

2. At which localisation are blood

6. In which order are blood cultures
collected in case of conventional
syringe collection?

Ty nER JRR
80% . l
l 60% I
40%
20%

0%
before after final

NCU I

final

before after

icul

before after final

NCUI

9. What has to be considered when
collecting blood cultures from a

before after final

NCUI

Data in % for better comparison due to different number of partici-
pants by each survey period. n nursing staff, p physicians, incorrect:
all answers are wrong, partly correct: not all correct answers were
selected

and results the tools were well received. Differences became
apparent in the weekly feedback. These were rated well
when actively forwarded by the ward manager to the staff.
The more frequently the tools were used, the better the rat-
ing. The BD Vacutainer® received critical feedback, with
longer removal times, a more difficult technique and insuf-
ficient practicability being mentioned.

Correct BC collection requires a lot of prior knowledge,
especially regarding the correct blood volume with mark-
ing of the filling volume to optimise BC diagnostics but
also patient blood management. Overall, there are indica-
tions that the bottle design is not adapted to the advancing
digitalisation of healthcare system. The feedback indicates
an improvement potential through a predefined vacuum and
optimised labelling for the BCs.

Sub-analysis of Mycosis blood cultures

The Mycosis bottle with specially designed media com-
position can be an addition in special cases. However, it
was found that this type of bottle is particularly dependent
on the bottle material for the amount of blood inoculated.
One reason for this could be that a different bottle weight or
the slightly larger size of the glass MB could have led to a
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misguided haptic. In most cases, the calibration mark recom-
mended by the manufacturer was not considered during fill-
ing, as was the case with the other types of bottles. Mycosis
glass BCs were more likely to be overfilled. After staff train-
ing, the fill levels of all MB no longer differed, even though
this was not explicitly addressed in the training. Since no
more statistically significant difference in blood filling vol-
ume in relation to the bottle material could be detected after
the training. The training seems to be sufficient to overcome
such previously unknown peculiarities. However, a possi-
ble effect of material-dependent performance characteristics
should be kept in mind and investigated in future studies.

Limitations

Our study is limited by its monocentric design and the time
restriction to one year. The data indicate that a multicentre
approach could be useful. Second, some results are based
on subjective participant ratings, so an objective evaluation
could elucidate a different outcome. It could be significant
that there is a high turnover of nursing staff, and that trained
staff might have left the ward. A further limitation is that
fewer staff members participated in the follow-up survey
than in the surveys before, possibly due to staff turnover.

Conclusions

In BC diagnostics in particular, a great deal of expertise is
required in pre-analytics to obtain optimal results. These
data show that there are considerable differences between
individual departments in the same hospital, so that a "one
size fits all" approach may not be realistically implementa-
ble. We were able to demonstrate that staff training in
hygiene, handling, and logistics, with particular attention
to interdisciplinary differences in prior knowledge, leads to
a significant reduction in contamination in BCs. This effect
can lead to more meaningful diagnostics and avoid unneces-
sary antibiotic therapies.

The implemented tools were evaluated differently with
the best results for training. The additional use of the BD
Vacutainer® was not preferred due to subjectively assessed
insufficient practicability compared to collection by syringe.
Training without using the BD Vacutainer® was also found
to be effective. Overall, the direct user feedback provided
valuable indications for improved practicability of the BC
bottles in everyday clinical use, such as a predefined vac-
uum or optimised labelling. It shows that well established
procedures should be evaluated regularly regarding correct
implementation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-023-02083-y.
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