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Introduction
Sepsis a major public health problem, with an esti-

mated incidence of 300 per 100,000 inhabitants [1,2]. 
Sepsis is involved in one-third to one-half of all in-hos-
pital deaths [3] with a mortality rate reaching 30% 
[1,2,4,5]. The outcome of septic patients relies on the 
early identification and rapid implementation of appro-
priate treatments, especially hemodynamic optimiza-
tion and antibiotics administration, named bundle of 
cares [3,6] whose efficacy to reduce mortality is proven 
[6-12]. Most of the time, sepsis results from a bacter-
aemia [13].

Blood cultures are the standard method for the diag-
nosis of bacteraemia. A blood culture consists of taking 
a predefined volume of blood in order to identify the 
germ(s) responsible of the bacteraemia. The “sepsis-3” 
conference underlined that the quality of blood culture 
is at the utmost importance to first allow the identifi-
cation of the origin of sepsis and second to adapt an-
tibiotic treatment based on lab results [14]. To reach 
this goal, recommendations for blood culture drawing 
practices have been performed but vary between coun-
tries [15-18].

However, bad practices are involved in blood culture 
contamination with an approximate rate of 3% in the 
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US [19]. Blood culture contamination results in unnec-
essary and insensible antibiotic use, increased length of 
hospital stay and increased healthcare costs [20,21]. Pa-
tient’s skin at the venepuncture site is often the source 
of blood culture contamination [22]. In order to reduce 
blood culture contamination rates, the efficacy of good 
practice recommendations, pre-packaged antisepsis 
kits, dedicated phlebotomy teams as frequent and easi-
ly accessible training have been observed [23,24].

However, teaching, training and practices of blood 
culture drawing varies among countries [15-18]. For 
example, in France, blood cultures are mainly taken 
by nurses. Therefore, in order to promote good clini-
cal practices and reduce consequences of false positive 
blood culture, enhancing appropriate initial teaching 
and training of nursing students appears to be essential.

The aim of this study is to evaluate the teaching 
and the training received by French nursing students at 
school and hospital on blood culture execution and re-
lated hygiene practices.

Methods and Statistical Analysis

French specificities 
French blood culture guidelines, lastly updated in 

2015 [16], underline that in case of sepsis, blood culture, 
aerobic and anaerobic, should be performed immedi-
ately, and before any antibiotic administration [25]. The 
French and international guidelines recommend sam-
pling a unique peripheral sample, first aerobic bottle 
and second anaerobic bottle, in order to optimize the 
sensitivity for the detection of microorganism [15,26]. 
In France, a nurse can perform blood culture without 
any supervision in accordance with the ward protocols.

Two theoretical lessons concerning blood culture ex-
ecution are dispensed: 1 during the first year and 1 dur-
ing the second year [27]. The practical teaching is dis-
pensed during the internship during one of the 3 years 
of the initial training for French nursing students.

Study design
A cross-sectional study aiming to evaluate the teach-

ing and the training received by French nursing students 
on blood culture execution and related hygiene practices 
based on a survey was performed. The survey was based 
on a questionnaire (Annex 1) sent out to all French nurs-
ing schools between October 2017 and January 2018.

The questionnaire was established by a nurse after 
discussion between two nurses and two staff physicians 
leading to a consensus on its contents. The question-
naire encompassed 22 short answer questions and 
multiple-choice questions exploring the theoretical and 
practical aspects of teaching and training received by 
nursing students on hygiene practices concerning blood 
culture practice. The external validity was evaluated 
with 10 nurse students fulfilling the questionnaire to 

ensure understanding and clarity of issues.

Ethical considerations
Student participation was voluntary. In the electron-

ic-mail it was specified that “the participation is totally 
voluntary, and the participants can withdraw from the 
study anytime without giving any reason”. According to 
the French law, the study was exempted by Human Sub-
jects Committee review considering that the study as a 
voluntary audit.

Data collection
All responses were collected electronically via Goog-

le Form©.

Analysis
Quantitative data are expressed as mean ± standard 

deviation (SD). Qualitative variables are expressed as 
frequency with percentage.

Results
One thousand and thirty-six nursing students filled 

out the survey representing a response rate of 10% of 
the 10,000 French nursing students. Of these, 90% were 
female. The mean age was 24 ± 6 years. Among the re-
sponders, 48% were third year, 38% second year and 
14% first year nursing students.

These students did an internship in medicine, sur-
gery or obstetric ward (81%), geriatric ward (76%), psy-
chiatry ward (70%), intensive care unit (19%) and in the 
emergency department (10%).

At nursing school, only 57% of the nursing students 
declared to have received theoretical training on blood 
culture execution. During their internship, 87% received 
practical training only and 30% theoretical and practical 
training. Of them, 95% thought that improvement on 
training could allow better care: 66% prefer a theoreti-
cal and practical training at nursing school whereas 42% 
prefer that the training should be performed during the 
internship.

Moreover, 28% declared to have no knowledge of 
recommendations on blood culture handling and 12% 
declared a lack of blood culture protocol during the in-
ternship.

Unique sample is considered as the gold standard by 
27% of nurse students.

Main results are summarized in Table 1.

Discussion
In this study, we observed discrepancies between 

good practice recommendations and declared knowl-
edges, theoretical and practical, for blood culture prac-
tices among nursing students. Thus, opportunities exist 
to improve blood culture related practices for nursing 
students to reduce blood culture contamination, im-
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the student despite evidence in favour this last one. 
Single-sampling reduces the incidence of contamination 
[31-33] and improve the diagnosis performance of blood 
culture [32,34]. Adequate volume sampling is the most 
important parameter for the detection of bloodstream 
infection, thus a minimal of 8-10 mL of blood is required 
[26]. The contamination rate is lower when samples 
are drawn by peripheral venipuncture [26,35]. To avoid 
contamination, cleaning the top of blood culture bottle 
is therefore recommended [15,26]. The WHO guidelines 
on drawing blood contain the best practices for health 
worker particularly hygiene practices [36].

The discrepancies observed between recommen-
dations and the declaration of nursing students in this 
study may explain the persistent contamination rate of 
3% observed in France as in other countries [19,37]. The 
herein results are consistent with other studies [35,38].

We plan to use the results of this survey to underline 
the necessity to reinforce the teaching of good health-
care practices during in-class as well as in-hospital train-
ing of nursing students in France. It is essential for nurs-
ing students to have a sound knowledge base of good 
healthcare practices which is the first step in reducing 
blood culture contamination. It is hoped that this will 
eventually lead to an improvement in infectious agent 
identification and a reduction of inappropriate antibiot-
ics administration.

Limits
Some limitations in our study deserve consideration. 

First, it is a declarative survey about practices and not 
an observational study of daily practices. Second, part of 
the results observed here may result from poor teach-
ing practices at hospitals for the nursing staff. Third, the 
sample is not equally dispatched between the 3 years. 
There is a low percentage of first-year nursing students, 
that could artificially enhanced results. Fourth, since 
the recommendations were updated in 2015, it is pos-
sible that not all nursing schools updated their program 
which could have negatively impacted the results. Fifth, 
our results are not directly transposable to other coun-
tries because teaching and training programs are not 
the same than in France.

However, strengthening the teaching and the train-
ing of nurse students is an easy way to improve knowl-
edge and skills in order to enhance blood culture prac-
tice and quality of care.

Conclusion
The knowledge base of nursing students does not 

correspond with good practice recommendations for 
blood culture execution. Strengthening the teaching 
practices at nursing schools and the training during the 
internship would probably help to improve knowledge 
base and reduce blood culture contamination. At the 
end, this may also contribute to improve quality of care 
and reduce health care related costs.

prove quality of care and reduce hospital length of stay 
and related health care costs.

In France, nurses are most of the time female [28]. 
The important rate of female responders in this study is 
consistent with the demography of French nursing stu-
dents [29].

Despite international and national good prac-
tice recommendations for blood culture execution 
[15,17,18,30], we observed major differences in what 
the students knew regarding blood culture practices. 
The recommendations about “peripheral stick” and 
“first aerobic blood culture execution” are relatively 
well known in contrast to other recommendations: Sin-
gle-sampling, cleaning the blood culture bottle tops, 
blood volume sampled and wearing a facial mask. Sin-
gle-sampling is not considered as the gold by most of 

Table 1: A summary of survey results.

n Percentage
Training
At nursing school
Theoretical training 591 57%
Practical training 901 87%
Theoretical and practical training 311 30%
During internship
Theoretical training during 62 6%
Practical training during 508 49%
No training 467 55%

Practice
Coaching during first BC 487 47%
Coaching during first 5 BC 93 9%
Coaching during all BC 238 23%
No coaching during BC 124 12%

Drawn > 5 BC 290 28%
Drawn 2 < BC < 5 249 24%
Drawn 1 < BC < 2 269 26%
No BC drawn 228 22%

BC from peripheral stick 912 88%
BC from arterial line 73 7%
BC from central venous device 321 31%

Cleaning the BC bottle top 736 71%

> 8 ml of blood sample 207 20%
6 to 8 ml of blood sample 425 41%
5 ml of blood sample 332 32%

Aerobic BC first 860 83%
Anaerobic BC first 176 17%

Hygiene practices
Washing hands prior to BC 995 96%
Cleaning venepuncture site prior to BC 974 94%
Wearing gloves 829 80%
Wearing a facial mask 155 15%

n: Number of answers; NS: Nursing school; IS: Internship; BC: 
Blood culture.
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Annex 1: Questionnaire used for the survey.

1. Sex:

� Man

� Woman

2. How old are you:

3. Your training year: *

� 1st year

� 2nd year

� 3rd year

4. What field(s) of internship did you complete (adult 
and paediatric)?

� MSO (medicine, surgery, obstetrics)

� Classical ward

� Long-term care

� Psychiatry

� Intensive care unit

� Emergency department

5. At nursing school, did you have a theoretical course 
on performing blood cultures?

� Yes

� No

6. At nursing school, did you have a hands-on course on 
performing blood cultures?

� Yes

� No

7. How did graduate nurse train you during internship?

� Only in practice

� Only on theory (service protocol, knowledge 
control)

� Theoretical and practical

� No training received

8. Have you read or read any protocols concerning the 
collection of blood cultures (protocol of service, recom-
mendations ...)?

� Yes

� No

� I was not aware of the existence of protocols, 
recommendations

� There was no protocol for blood cultures in 
the service 

9. How much did you have to take blood culture draw-
ing on an internship?

� 1 or 2 times

� Between 2 and 5 times

� More than 5 times

� None

10. Were you supervised during the BC drawing by a 
graduate nurse?

� The first time only

� The first 5 times

� Each time

� Never

11. In what context did you take blood cultures during 
internship?

� Suspicion of bacteraemia

� Suspicion of endocarditis

� Febrile aplasia/immunodepression

� Systematic balance sheet

� I do not remember

12. When collecting a pair of blood cultures, at which 
site do you sample?

� Peripheral preferentially

� On an intravascular device 

� On an intravascular device because the pa-
tient is difficult to sting

� In arterial

13. When there is a suspicion of bacteraemia, how many 
pairs of blood cultures do you take?

� 3 pairs in one puncture

� 1 pair only in one puncture

� 3 pairs spread over 24 hours in several punc-
tures

� More than 3 pairs over 24 hours

14. Have you ever been faced to a differential blood cul-
ture sample?
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� Wearing non-sterile gloves

� Disinfection of the patient’s skin with antisep-
tic

19. When the blood culture is not sent directly to the 
laboratory, where should they be kept?

� At room temperature

� In the fridge

20. Do you think that training on blood culture harvest-
ing at nursing school would be beneficial and would op-
timize patient care?

� Yes

� No

21. Regarding the collection of blood cultures, how 
would you like to be trained to improve your practices?

� Theory and practice at nursing school

� Nursing school theory and internship practice

� Theory and practice in internship by graduate 
nurse

� Theoretical training (books, recommenda-
tions, protocols) and practice in internship

� I do not need special training

22. Do you think that the theoretical/practical training 
on biological samples (beyond blood cultures) is not suf-
ficient?

� Yes

� No

� Without opinion

� Yes

� No

� I do not know what this term means

15. In your opinion, in the case of differential blood cul-
tures, are there any special precautions?

� No, no

� All vials had to be filled with the same volume 
of blood

� Annotate vials per sample site is important

� The sampling time at all puncture sites must 
be less than 10 minutes

16. For a BC, do you think the order of sample collection 
is important (aerobic/anaerobic)?

� Yes, aerobic before anaerobic

� Yes, anaerobic before aerobic

� The order does not matter

17. How much blood did you take?

� Few drops of blood, the volume does not matter

� About 5 ml

� Between 6 and 8 ml

� More than 8 ml

18. What, in your opinion, are the aseptic rules to follow 
when performing blood cultures?

� Washing hands with a hydroalcoholic solution

� Wearing sterile gloves

� Wearing a surgical mask

� Cleaning the top of blood culture bottles with 
antiseptic
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