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Abstract
Antibiotic stewardship programmes (ASP) are essential to tackle antibiotic resistance. Clinical microbiologists (CMs) play a key
role in these programmes; however, few studies describe their actual involvement. Our objective was to explore CMs’ involve-
ment in French hospital ASP. In 2018, we conducted a survey among CMs working in large public French hospitals (600 acute
care beds or more). The questionnaire focused on the following topics: microbiology department’s characteristics, hospital ASP,
and CMs’ involvement in this programme, including their use of rapid diagnostic tests (RDT). Fifty/74 CMs answered (response
rate 68%), with 68% working in a teaching hospital. CMs were leading the ASP in 6% of cases, and 57% of hospitals had a
multidisciplinary antibiotic stewardship team.Most microbiology departments (92%) were using specific PCR, processed 24/7 in
74% of hospitals. More than half (58%) were using syndromic panel-based testing, 94% mass spectrometry, and 96%
immunochromatographic/colorimetric RDT. Blood cultures were processed 24/7 in 44% of hospitals. CMs were involved in
this. Finally, 42% of CMs wished to be more involved in their hospital’s ASP, the most frequently reported barrier being lack of
time (36%). CMs should be more involved in ASP. RDT are widely used, but not implemented in an optimal way.
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Introduction

Hospital-based antibiotic stewardship (ABS) teams should be
multidisciplinary, and it is often recommended that they

include at least an infectious diseases (ID) physician, a clinical
pharmacist and a clinical microbiologist (CM), even though
their composition can be quite flexible [1–3]. CMs indeed
play a key role within hospital ABS programmes [4, 5].
Rapid diagnostic tests (RDTs), such as PCR or MALDI-
TOF mass spectrometry, have in the last years considerably
decreased the turnaround time for bacterial identification and
antibiotic susceptibility results [6], and therefore, the time for
selecting targeted antibiotic therapy [7]. Introduction of those
new technologies represents a significant cost for the institu-
tion, and its benefit on patients’ outcomes is greater if ABS
teams facilitate the use of these RDTs [6–9]. With the recent
development of so many RDTs, CMs’ contribution to ABS
programmes is even more important to help clinicians and
ABS teams use these tests and interpret their results
appropriately.

Surprisingly, there are very few data in the literature
exploring to what extent and how CMs participate in
hospital ABS programmes, and CMs’ involvement is
extremely variable between countries [10, 11]. Our ob-
jective was thus to explore CMs’ involvement in ABS
programmes in large public French hospitals, including
a focus on their use of RDTs, using a cross-sectional
questionnaire survey.
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Methods

Background information regarding AMS programmes
and RDTs in France

In France, CMs are either medical doctors or clinical pharma-
cists; both have the same specialized training in microbiology
during their residency. However, there is no specific manda-
tory training on ABS during their specialty training.

In France, certification standards for hospital make manda-
tory the presence of an AMS programme leader, but not the
presence of a multidisciplinary ABS team [12–14].

There are recommendations from the Antibiogram
Committee of the French Society for Microbiology (CA-
SFM) regarding antibiotic susceptibility testing and reporting,
and the SFM also produces a practical handbook (called
REMIC) for CMs. However, there are no specific recommen-
dations on which most recent RDTs to prefer and implement
in the hospital setting.

In France, CMs’ routine duties are to supervise and validate
microbiological results, perform antimicrobial susceptibility
testing (AST) of bacterial pathogens, provide rapid diagnosis
of common infections and communicate critical results to clin-
ical wards with diagnostic and/or therapeutic counselling.
They also perform epidemiological surveillance for resistance
and provide cumulative susceptibility reports [4, 5].

Participants

Eligible hospitals were large French public hospitals, i.e. any
number of beds when part of the Assistance Publique-
Hôpitaux de Paris, and ≥ 600 acute care beds otherwise, with
an on-site microbiology department. The list and number of
beds of all French hospitals were available on the French
National Hospital Federation (Fédération Hospitalière de
France) website [15].

Data collection

One CM per hospital was selected to reply to our survey, on
behalf of the whole microbiology department, and received an
invitation through email including information about the study
and a link to the online survey. In the case of non-response,
two reminders were sent. The survey was open fromMarch to
June 2018.

Survey tool development

The questionnaire was developed by a multidisciplinary team
(CM, ID physician and public health specialist), based on the
literature [4, 5, 16]. The 80-item questionnaire (supplementary
data 1) was formatted in SurveyMonkey® and pilot tested by
three CMs, to check for clarity. It was divided in eight

sections: (a) baseline characteristics of participating hospitals,
(b) blood cultures and RDTs, (c) recommendations to clini-
cians, (d) reporting of AST results, (e) participation to an ABS
team, (f) educational activities, (g) organization of the ABS
programme, and (h) perceptions of CMs’ involvement in the
ABS programme. A RDTwas defined as a test result provided
to clinicians within 3 h after starting being processed in mi-
crobiology departments [17].

Ethical statement

In accordance with French laws, this survey did not need any
ethical approval. Participation in the survey was voluntary,
anonymous and without any financial compensation.

Data analyses

Continuous variables were presented as means (and standard
deviations), or as medians (and interquartile ranges) depend-
ing on the variables’ distribution. Categorical variables were
described as absolute numbers and frequencies. R® software
(version 3.5.1) was used.

Results

Baseline characteristics of participating hospitals

We identified 74 eligible hospitals in France, while 50 CMs
replied to the questionnaire (response rate = 68%).
Characteristics of respondents and hospitals are presented in
Table 1. Almost all CMs (49/50, 98%) declared that there was
an ID specialist working onsite. Fourteen respondents (14/50,
28%) were from the Paris teaching group of hospitals.

Participation in the ABS team

Almost all hospitals had an ABS programme leader (49/50,
98%), mostly an ID physician (43/49, 88%), rarely a CM
(3/49, 6%). This leader coordinated an ABS multidisciplinary
team in 57% (28/49) of hospitals. CMs were part of the ABS
multidisciplinary team in all hospitals (28/28).

Among hospitals with a multidisciplinary team, 36% (10/
28) and 46% (13/28) of CMs were in contact with the ABS
programme leader every day and several times a week, respec-
tively (single choice question (SCQ), mainly through phone
calls (22/28, 79%, multiple choice question (MCQ)) and/or
face-to-face meeting (24/28, 86%, MCQ) and/or e-mail (15/
28, 54%, MCQ). They interacted for instance to discuss blood
cultures’ results, complex clinical situations or antibiotic pre-
scriptions. CMs and pharmacists were in contact less than
once a week in 39% of cases (11/28, SCQ). They interacted
to discuss for instance antibiotic prescriptions, especially
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those with restricted use, and consistency between antibiotic
prescriptions and microbiological results. There was no inter-
action between CMs and pharmacists in 18% of the hospitals
(5/28, SCQ).

CMs reported that their microbiology department produced
annually detailed data on local bacterial epidemiology and that
they were involved in the local antibiotic prescription guide
(supplementary data 2).

Blood cultures and RDTs

Almost all microbiology departments had implemented spe-
ci f ic PCR, MALDI-TOF mass spectrometry and
immunochromatographic/colorimetric tests (e.g., detection of
MRSA, ESBL-E, CPE), except for syndromic panel-based
testing implemented in only 29/50 hospitals (58%). Further
details are available in Tables 2 and 3.

Recommendations to clinicians

CMs frequently provided advice to clinicians on antibiotic
prescribing and infection management through phone calls
(36/50, 72%), and sometimes face-to-face during ward rounds

(19/50, 38%). Table 2 describes the way results of a positive
test were communicated to clinicians.

Reporting of AST results

Most microbiology departments (39/50, 78%, MCQ) reported
written AST results along with a commentary to guide clini-
cians with their antibiotic prescribing (Table 4).

Thirty-six percent of departments (18/50, yes/no question
(y/n)) used selective reporting of AST results, mainly for urine
samples. Seventy-four percent of departments (37/50, y/n) did
not report AST for samples that looked like contamination
(Table 4).

Perceptions of CMs’ involvement in the ABS
programme

A majority of CMs (21/50, 42%, y/n) wished they were more
involved in the ABS programme in their hospital, mainly for
educational activities, giving advice to clinicians, and/or pro-
moting more appropriate use of microbiological tests.

The most frequently reported barriers to their involvement
were lack of time (N = 18), conflict with clinicians (N = 5),
mostly ID specialists.

Discussion

Our survey conducted among CMs working in large public
hospitals in France provides original findings describing their
involvement in ABS programmes, including their use of RDTs.
We found that CMs were indeed actively participating in ABS
activities and that RDTs’ use was widespread but quite hetero-
geneous. Finally, we also identified areas for improvement.

Participation in ABS activities and ABS team
organization

Our results confirm that CMs participate in a wide range of
ABS activities and 42% of the respondents declared they
wished to be even more involved in ABS programmes.
Specific funding to secure dedicated CM time is, however,
needed, as none of the surveyed CMs did receive any funding
to compensate for CMs’ work and since lack of time was the
main reported barrier to increased participation.

Our survey provides some insight regarding the distribu-
tion of roles within the ABS team in France. The leader is
usually an ID physician, and CMs quite rarely interact with
clinicians during ward rounds (38% of the cases).
Communication within the ABS team is quite good between
CMs and ID physicians, with frequent and close face-to-face
as well as phone interactions, whereas interactions are much
less frequent and mostly by phone between CMs and

Table 1 Characteristics of microbiology departments and hospitals
participating to the survey

N = (/50) %

Hospital

Public teaching hospital 34 68

Public non-teaching hospital 16 32

Acute care hospital beds

Mean (SD) 1160 (676) –

Median (IQR) 1000 (700–1440) –

Total hospital beds

Mean (SD) 1578 (891) –

Median (IQR) 1481 (1082-1976) –

Department is processing samples from

Its own hospital only 17 34

Several nearby hospitals 32 64

National accreditation process engaged

Yes 45 90

No 5 10

Number of CMs (FTE) in the department

Mean (SD) 4.6 (2.9) –

Median (IQR) 4 (3–5) –

FTE/1000 acute care hospital beds

Mean (SD) 4.3 (2.1) –

Median (IQR) 4.0 (3.1–4.7) –

CMs clinical microbiologists, FTE full-time equivalent, IQR interquartile
range, SD standard deviation
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pharmacists. Having more frequent and balanced interactions
within the full ABS team is, however, desirable, and further
investigation on this topic would be useful [18].

Communication of positive results

Positive microbiological results were mainly communicated
to clinicians by phone. These positive results were accompa-
nied by diagnostic and/or therapeutic recommendations (made
half of the time by a CM) in 72% of cases for blood cultures,
which is quite high as compared with the literature [19].

We feel that the communication of a result as important as a
positive blood culture should ideally be given, within the
French context, by both a CM and a physician with ID clinical
expertise, since most French CMs have limited practical train-
ing on clinical diagnosis and patient management.

Rapid diagnostic tests

RDTs were widely used in the large public hospitals we sur-
veyed, except for syndromic panel-based testing that were

available in only 58% of the cases. The range of tests was
amazingly diverse, and this might reflect the absence of na-
tional guidance on this topic. Professional societies, national
or international, may have a role to play here, to standardize
the use of these RDTs.

Several studies have highlighted the positive impact of
having blood cultures processed 24/7 on patients’ mortality
and length of stay [20]. However, providing a 24/7 service
requires time and human resources [21]. In our study, only
44% of blood cultures were processed 24/7.

However, education of clinicians and ABS team members
regarding the indication and interpretation of these tests’ re-
sults was suboptimal. Whereas hospital guidelines describing
how to perform these tests were almost always (88%) avail-
able, such guidelines explaining when these tests are indicated
and how to interpret the results were not always in place (57%
and 2% respectively). Moreover, CMs organized educational
sessions for clinicians and ABS team members/programme
leaders in only one third of the cases when implementing
RDTs, to provide training on indication, use, interpretation
and limitations of the test.

Table 2 Blood cultures and rapid diagnostic tests: implementation at hospital level, communication of positive results to clinicians and educational
activities

Blood cultures Specific PCR Syndromic
panel-based
testing

Mass
spectrometry

Immunochromatographic/
colorimetric tests

Test implemented in the microbiology department 46 (92.0) 29 (58.0) 47 (94.0) 48 (96.0)

The test is processed a

7/7, 24/24 22 (44.0) 6 (13.0) 4 (13.8) 2 (4.3) 9 (18.8)

Every day, during the day only 18 (36.0) 28 (60.9) 13 (44.8) 40 (85.1) 33 (68.8)

From Mondays to Fridays during the day 8 (17.4) 7 (24.1)

Positive results are communicatedc b

To the clinician along with diagnostic
and/or therapeutic recommendations

36 (72.0) 33 (71.7) 19 (65.5) 22 (46.8) 28 (58.3)

On their own to the clinician 16 (32.0) 17 (37.0) 10 (34.5) 28 (59.6) 24 (50.0)

To the ABS programme leader/team 13 (26.0) 10 (21.7) 2 (6.9) 8 (17.0) 8 (16.7)

Positive results are communicated through phone calls 40 (80.0) 45 (97.8) 25 (86.2) 21 (44.7) 37 (77.1)

Diagnostic and/or therapeutic recommendations (in case of a positive result) are made byc

Clinical microbiologist 33/40 (82.5) 31/45 (68.9) 17/25 (68.0) 21/21 (100.0) 25/37 (67.6)

ABS programme leader 13/40 (32.5) 9/45 (20.0) 4/25 (16.0) 7/21 (33.3) 8/37 (21.6)

ABS programme team 7/40 (17.5) 6/45 (13.3) 3/25 (12.0) 7/21 (33.3) 4/37 (10.8)

Educational sessions were organized when implementing the test, regarding indication, use, interpretation and limitationsc

For clinicians 17 (37.0) 17 (58.6) 8 (17.0) 13 (27.1)

For ABS programme leader 15 (32.6) 11 (37.9) 13 (27.7) 13 (27.1)

For ABS team members 11 (23.9) 8 (27.6) 9 (19.1) 10 (20.8)

No training 16 (34.8) 8 (27.6) 26 (55.3) 26 (54.2)

ABS antibiotic stewardship
a Blood cultures are registered, loaded in the incubators, and positive samples are processed
b Blood cultures with a positive Gram staining on direct examination
c Several answers are possible
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Reporting of AST results

Most microbiology departments (78%) reported AST results
along with a commentary to guide clinicians with their antibi-
otic prescribing, but again, this was not standardized across
hospitals.

Selective reporting of AST results was not common prac-
tice, since it was reported by 36% of departments. Previous
studies have suggested that selective reporting of AST results
may improve the quality of antibiotic prescriptions [22], but
this practice is implemented in only 42% of European

countries [23] and is not yet widespread in France despite
recent encouragements by the SFM [24].

Strengths and limitations

Our results provide original and robust findings (high re-
sponse rate of 68%). Our work has, however, some limita-
tions. The total number of surveyed hospitals is relatively
small (n = 50), since we purposefully focused on large public
hospitals, which are expected to have the best capacity in CM
and ABS in our country; our results are therefore not

Table 3 Details of rapid
diagnostic tests implemented in
microbiology departments

n/N %

Specific PCR

MRSA 31/46 67.4

Clostridium difficile 44/46 95.7

CRE 25/46 54.3

VRE 18/46 39.1

Mycobacterium tuberculosis 16/46 34.8

Neisseria meningitidis 10/46 21.7

Syndromic panel-based PCR testing

Meningitis 18/29 46.2

Bacteraemia 4/29 13.8

Gastroenteritis 8/29 27.6

Respiratory infection 21/29 72.4

Use of MALDI-TOF mass spectrometry 0.0

For bacterial identification 47/47 100.0

Directly on positive blood cultures 18/47 38.3

For rapid detection of ESBL-E, and CPE on blood cultures 1/47 2.1

For rapid detection of ESBL-E and CPE on urine samples 0/47 0.0

CPE Carbapenemase-producing Enterobacteriaceae, ESBL-E extended-spectrum β-lactamase-producing
Enterobacteriaceae, MRSA methicillin-resistant Staphylococcus aureus, VRE vancomycin-resistant enterococci

Table 4 Antibiotic susceptibility
testing results’ reporting strategy N = (/50) %

Microbiology Department reported AST results with a commentary to guide clinicians with their antibiotic
prescribing

No commentary 11 22.0

Inducible MLSB phenotype: avoid clindamycin as single therapy 27 54.0

Group 3 Enterobacteriaceaeb: prefer cefepime 17 34.0

Nalidixic acid-resistance: avoid fluoroquinolones 7 14.0

Microbiology Department used selective reporting of AST resultsa

Yes 18 36.0

No 31 62.0

Microbiology Department does not report AST results for contamination/colonizationa

Yes 37 74.0

No 12 24.0

AST antibiotic susceptibility testing
a One missing data
b AmpC-producing Enterobacteriaceae
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representative of all French hospitals. The participants are also
possibly the ones most interested in ABS and self-reported
data can be associated with a social desirability bias; our re-
sults might present a more optimistic picture as compared to
the reality.

Conclusions

French CMs working in large public hospitals actively partic-
ipate in ABS activities and have access to a wide range of
RDTs. Their participation, however, needs to be reinforced,
with appropriate compensation for their time, and we have
identified several areas for improvement. ABS teams need to
be promoted in France and the distribution of roles needs to be
clearer, with more interactions and more synergy between the
different ABS team members.
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