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Abstract
Hospitals regularly seek to upgrade their antimicrobial stewardship program (ASP). Our aim was to evaluate the impact of 
simplified therapeutic guidelines (STGs) compared to various established tools for ASP on the rate of optimal antibiotic 
therapy (OAT) and antibiotic consumption. Audits of antibiotic prescriptions were carried out over a 24-month period. Feed-
back information led to STGs (e.g., ≤ 15 drugs). The impact of STGs was based on the rate of OAT, defined as a diagnosis 
of the infectious disease in the patient’s medical records associated with the corresponding therapy indicated in the STGs 
or in other guidelines. STGs were compared to five other means of ASP: internal or national guidelines, audit, information 
regarding antibiotic consumption and bacterial resistance, and restricted access to targeted antibiotics. Antibiotic consump-
tion was measured in defined daily doses/1000 days of hospital stay, focusing on third-generation cephalosporins (TGC) 
and fluoroquinolones (FQ). Twenty-six hospitals were audited from April 2017 to June 2019. A total of 1,028 antibiotic 
prescriptions were analyzed, including 204 (20%) after STG implementation in seven hospitals. In multivariate analysis, 
OAT (n = 176, 17%) was associated with STGs, AOR 2.21 [1.51–3.22], and with three tools in place, 1.75 [1.24–2.48]. The 
relative variations of consumption of TGC and FQ for hospitals with or without STGs were − 13.1 vs. + 9.4% and − 18.5 
vs. − 2.7%, respectively, from 2018 to 2019. STGs were more likely than other ASP tools to improve the rate of OAT and to 
reduce the consumption of antibiotics.
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Introduction

Antimicrobial stewardship programs (ASPs) involve a 
combination of tools and services aimed at the reduction of 
the overuse of antibiotics and the associated emergence of 
multidrug-resistant (MDR) bacteria [1–3]. Although ASPs 
are based on a variety of complementary approaches, the 
involvement of a dedicated multidisciplinary committee 
for appropriate use of antibiotics, as well as audits with 
feedback, is key requirements [3–5].

However, given the limited number of available experts 
in the field of antimicrobial stewardship and due to the 
multiplicity of the targets, human resources — and there-
fore financial support — need to be greatly increased [6, 
7]. Indeed, ASPs are a resource-intensive process, thus 
prompting complementary approaches to be considered 
to improve the quality of the antibiotic prescriptions and 
to reduce the number of prescriptions.

Considering the challenges that come with antibiotic 
resistance and the scarcity of continuous medical education 
in the field of antibiotic use, repeated audits and feedback 
appear to be the cornerstones of efficient ASPs that improve 
antibiotic practices [5, 8, 9]. Accordingly, we have previ-
ously reported that repeated audits and providing feedback 
information were followed by improvement of the quality of 
antibiotic prescriptions when the feedback was individual-
ized by immediate dedicated sessions referred to as “accom-
panied self-antibiotic reassessment” (ASAR) [10]. ASARs 
are constructive discussions with the physicians regarding 
their own patients and their own prescriptions, taking into 
account the local setting and the epidemiology of bacterial 
resistance, which allow the ASM team and the practition-
ers to issue simplified therapeutic guidelines (STGs). The 
main idea of STG is to provide non-expert clinicians with 
a short list of antibiotics chosen from the national recom-
mendations, easier to remember than a large panel, and best 
suited to their activities performed and to the epidemiology 
of bacterial resistance observed in their respective institu-
tions [11]. Accordingly, these STGs may have some dif-
ferences between institutions, and for example, treatments 
of meningitis were not implemented in the institutions 
without emergency department or with surgical activities 
only. Importantly, we also showed that STGs reduced the 
antibiotic consumption [10]. However, we found that they 
were not implemented in all of the participating hospitals, 
as some local antimicrobial stewardship teams were not in 
favor of deviation from national directives, considering that 
use of STGs was not in keeping with established good prac-
tices. Therefore, our aim was to study the impact of STG 
on the quality of antibiotic prescriptions by comparison 
with other institutions that were at different levels of ASP 
implementation.

Methods

This was a prospective multicenter study involving several 
private hospitals, working under the same administration 
and that had the same electronic patient records (EPR) sys-
tem. Part of our method has been reported elsewhere [5].

In all of these facilities, the same infectious diseases (ID) 
physician (P-MR) met with the key members of the antimi-
crobial stewardship team, including the head of administra-
tion, and they reported each available ASP tool implemented 
in the facility: 1. the existence of an internal antibiotic guide-
line (irrespective of the medium, paper and/or intranet), 2. 
information regarding antibiotic consumption defined as evi-
dence of at least one annual specific session for discussion 
between the pharmacist and the physicians, 3 information 
regarding antimicrobial resistance defined as evidence of 
at least one annual specific session for discussion between 
the infection control nurse/doctor or microbiologist and the 
physicians, 4. the list of restricted access antibiotics and how 
the access was restricted, and 5. results of previous antibi-
otic audits carried out in the year before the study. These 
five items were retained as they form the cornerstone of all 
ASPs, which are aimed at achieving responsible antimicro-
bial use, monitoring, and surveillance [12].

Ethics

The antibiotic audits were sponsored by the French National 
Health Agency, and the patients or their relatives provided 
written consent for computerization of their anonymized per-
sonal data for hospitalization and clinical research purposes 
according to the French national ethics recommendations.

Antibiotic audits

At each institution and over several periods of 2 consecu-
tive days, all of the patients receiving antibiotic therapies 
were included through EPR selection. The EPRs included 
the patient’s entire medical history, all laboratory and 
radiological results, and documentation of any additional 
treatments. As the audits were in real-time clinical activi-
ties, the same data were hence available to the ID special-
ists and the prescribers. Two audits were carried out in the 
institutions that did not use the STGs, and four audits were 
carried out in the institutions in which the STGs were in 
place. All of the audits were followed by immediate feed-
back to the voluntary prescribers.

Non-infectious syndromes were defined as an obvious 
other diagnosis that explained the clinical presentation 
and/or the associated inflammatory syndrome [5].
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An unspecified diagnosis was defined as the absence of 
an identified diagnosis or a suspected diagnosis of infectious 
disease upon full perusal of the EPR.

Definitions of healthcare-associated infections (HCAI) 
and community-acquired ones were those used in a previ-
ous study [5].

Antibiotic treatment analysis

Optimal antibiotic therapy (OAT) was defined as a well-
established diagnosis and appropriate antibiotic use, includ-
ing the empirical treatment and its reassessment. Thus, the 
analysis of the antibiotic therapy was per patient, whatever 
the number of antibiotics used. Then, the whole antibiotic 
therapy was evaluated in accordance with STGs or with the 
internal guidelines or the national recommendations used 
as references.

Antibiotic reassessment was defined as any modification 
of the first-line treatment. Reassessment with antibiotic sim-
plification was defined as a reduction in the number of the 
prescribed antimicrobials or a narrower spectrum of activity 
of the drug used as a second-line treatment.

An adverse outcome was defined as the persistence or 
worsening of clinical symptoms over 3 days of the antibiotic 
therapy.

The presence of an antibiotic consultant at the institution, 
who should be identified by the institution’s head adminis-
trative office, the availability of ID specialist advice, and 
the related recommendation in the EPR were systematically 
recorded.

Data consistency was ensured by the ID physician, who 
acted as the coordinator of the ASP in the hospital partner-
ship network and who participated in all of the institutions’ 
audits, in close collaboration with the pharmacist and/or the 
infection control referee.

Simplified therapeutic guidelines

As described previously, the STGs included no more than 15 
antibiotic drugs for most of the common infectious diseases 
reported by the participating hospitals, chosen in accord-
ance with national guidelines, local microbiological data, 
and analysis of antibiotic consumptions [10]. The antibiotic 
treatment duration was the shortest time possible in order to 
limit antibiotic adverse effects and the emergence of MDR 
bacteria. Thus, the STGs avoided third-generation cephalo-
sporins (TGC) drugs as well as fluoroquinolones in empiri-
cal treatments, instead favoring piperacillin/tazobactam in 
the context of HCAI. Carbapenem prescriptions were gener-
ally avoided, but prescribers retained the liberty to prescribe 
any antibiotic drug based on their own decision, irrespective 
of the STG recommendation. As an example, therapeutic 
propositions for urinary infections are available in Fig. 1.

Importantly, the introduction of STGs in the voluntary 
institutions resulted for other ASPs tools in a “dormant 
phase,” and notably, the list of restricted antibiotics was 
completely forgotten.

Antibiotic consumption

We measured antibiotic consumption at the institutional 
level using the national software Consores®, which all 
healthcare facilities are officially required to use to report 
their antibiotic consumption to the relevant health authori-
ties (defined as daily doses per 1,000 days of hospitalization) 
[13]. The relative variation of antibiotic consumption from 
2018 to 2019 was calculated as follows: (Q2019 − Q2018)/
Q2018 × 100 (Fig. 2).

Our primary outcome was to measure the impact of STGs 
on the quality of antibiotic therapies, determined by the rate 
of OAT. As one main goal of ASPs is to reduce the antibiotic 
consumption, our second outcome was to compare the latter 
before and after STGs’ implementation.

Statistical analysis

The data were analyzed with StatView software version 5.0, 
and statistical significance was established at α = 0.05. The 
continuous variables were compared with the Student’s t test 
or the Mann–Whitney test when appropriate. Proportions 
were compared with the χ2 or Fisher’s exact test when appro-
priate. Logistic regression was used to study the risk fac-
tors of OAT, and the results are presented as adjusted odds 
ratios (AORs) with their 95% confidence intervals (CIs). 
Variables were selected for the multivariate analysis based 
on the level of significance of the univariate association with 
OAT (p < 0.1). To determine the role of STGs in OAT, pre-
scriptions after STGs implementations were audited through 
2 other periods. Models were built up sequentially, starting 
with the variable most strongly associated with OAT and 
continuing until no other variable reached significance or 
altered the odds ratios of variables already in the model. 
When the final model was reached, each variable was 
dropped in turn to assess its effect.

Results

A total of 26 institutions were audited from April 2017 to 
March 2019, allowing analysis of the 1,028 patients receiv-
ing an antibiotic therapy, including 204 (20%) after STG 
implementation in seven hospitals. There were some struc-
tural differences between the institutions in terms of the 
number of beds (median, 170; range, 68 to 288) and the 
medical/surgical activities, with one institution performing 
only medical activities and another one undertaking only 
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surgical activities. Of note, fifteen emergency departments 
and ten intensive care units were involved in these multi-
center audits.

Antimicrobial stewardship program at baseline

The main characteristics of ASP implementation as well 
as the rate of OAT at baseline in these institutions are 
reported in Table 1. No ASP was implemented in 5 of the 
26 hospitals (19.2%), and the ASPs of 4 of the 26 hospitals 

deployed the five considered tools. Regarding each ASP’s 
tool, 1. the guidelines were always full copies of the national 
ones, continuously available on the intranet, and were obvi-
ously weakly used; 2. reports of antibiotic consumption and 
antimicrobial resistance were rarely followed up as fewer 
than six physicians were present in these institutions that 
employed several dozen prescribers; 3. when there was a 
list of restricted access antibiotics, there was no real restric-
tion for the prescribers except for the generation of a short 
list of items to justify the prescription, which resulted in an 

Firts line: one single dose of Fosfomycine trometamol

Second line: Nitrofurantoin

Firts line: Cefotaxime

(+ Amikacin in case of severe infection)

Second line: Amikacin

Firts line: Piperacillin / tazobactam

(+ Amikacin in case of severe infection)

Firts line: Cotrimoxazole

Second line: Ciprofloxacin

Fosfomycine trometamol

Pivmecillinam

One single dose of Ofloxacin or Ciprofloxacin

Nitrofurantoin

Cotrimoxazole

Cefixime

Cefotaxime, Ceftriaxone

Amikacin, Gentamicin, Tobramycin

Cefotaxime + Amikacin in case of severe infection

Carbapenemes + Amikacin in case of risk factors for ESBL infections

Cefotaxime, Ceftriaxone

Piperacillin / tazobactam

Carbapenemes + Amikacin in case of risk factors for ESBL infections

Amoxicillin

Amoxicillin / clavulanic acid

Cefixime

Ciprofloxacin / Ofloxacin / Levofloxacin

Cotrimoxazole

Uncomplicated cystitis

Pyelonephritis or prostatitis

HCA-urinary infections

depending of 
in vitro susceptibilities

Panel A: French guidelines Panel B: Simplified therapeutic guidelinesDiagnosis

Antibiotic Reassessment

Fig. 1   Example of simplified therapeutic proposition for urinary 
infections. These propositions have to be compared with French 
guidelines in which community-acquired infections and healthcare-
associated (HCA) ones are in separate documents [11]. Both empiri-
cal antibiotic therapies and antibiotic reassessment are described. In 

the real version, dosage and duration are indicated. Importantly, the 
ASM teams have to remember that STGs are the final result of a pro-
cess including the analyses of microbial resistance, antibiotic con-
sumptions, and real-time audit with immediate feedback at the pre-
scriber’s level

Fig. 2   Relative variation of anti-
biotic consumption from 2018 
to 2019. Data were available 
for seven hospitals with STGs 
and seventeen hospitals without 
this tool. In the latter, a median 
of three tools of ASP were in 
place. A Relative variation of 
total antibiotic consumption. B 
Relative variation of consump-
tion of third-generation cephalo-
sporins (TGC), fluoroquinolo-
nes (FQ), and piperacillin/
tazobactam (Pip/taz)
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incomplete form filled by the nurses; and 4. the audits were 
mainly carried out on antibiotic prophylaxis, and most of the 
time there was no feedback. Thus, in 2017, the overall mean 
rate of OAT was 14.4%, and this was 10.0% in the seven 
institutions that had agreed to implement STGs.

Comparison of the number of tools of ASP in place in 
these institutions and the antibiotic consumption did not 
reveal any relationship: there was a median of 475, 320, 
384, 402, and 366 DDD/1000 days of hospital stay with 1, 
2, 3, 4, and 5 items, respectively, (p = 0.265). Additionally, 
we did not observe any correlation between the size of the 
institution, the medical or surgical specialties, and the num-
ber of tools already in place (data not shown).

There was no antibiotic referee in 9 (34.6%) of the 26 
institutions.

Table 1 also shows the rate of OAT per institution at 
baseline; for institutions with STGs, the rate of OAT was 

10.0%. There was no relationship with the ASP imple-
mentation according to the number of tools in place, with 
median rates of 15.3, 10.4, 16.8, 19.0, 7.0, and 21.4% for 
1, 2, 3, 4, and 5 items, respectively, (p = 0.257). Also, the 
median rate of OAT was similar in clinics with or without 
internal guidelines, 13.9 vs 14.8% respectively.

Regarding the antibiotic treatments for 1,028 patients, 
a recommendation was obtained in 121 cases (11.8%), 
mainly from the antibiotic referee (101 recommendations, 
amounting to 83%). An antibiotic recommendation was 
obtained mostly for endocarditis (12/27 cases, i.e., 44.4%) 
or osteomyelitis and joint infections (17/53 cases, i.e., 
32.0%) and far fewer in the other disease-related groups: 
urinary infections, 26/277 (9.3%), or pulmonary infec-
tions, 16/203 (7.8%), p < 0.001.

Table 1   Antimicrobial stewardship program implementation at base-
line in the 26 participating healthcare institutions. Optimal antibiotic 
therapy (OAT) was defined as a written diagnosis associated with an 
antibiotic prescription in accordance with the national guidelines or 

simplified therapeutic guidelines. Information regarding antibiotic 
consumption was defined as evidence of the data being made avail-
able to the practitioners

1. Daily defined dose/1000 days of hospital stay; *healthcare institution with STG; **median

Institution location Internal 
guideline

Audit Information on anti-
biotic consumption

Information on 
bacterial resistance

Restricted access to 
targeted antibiotics

total DDD Rate of OAT

St Saulve x x x x x 5 314 50.0
Fréjus x x x x - 4 201 34.3
Nantes - - x x x 3 308 29.2
Bordeaux x - x x - 3 412 26.0
St Quentin* - x x x - 3 352 22.5
Perpignan - x x x - 3 352 22.5
St Amand - - - - - 0 - 22.2
Albi - x x - - 2 325 17.5
Vannes x - x x - 3 390 17.5
Poissy - - - - - 0 - 15.1
Bourges* - - - - - 0 - 14.8
Arles - - x - - 1 566 14.2
Bruges - - x x - 2 351 13.7
Bergerac - - - - - 0 - 13.6
Clermont - - x x x 3 424 13.1
Carcassonne x - - - - 1 - 12.0
Montauban x x x x - 4 619 11.5
Pau* - - x x x 3 278 11.4
Strasbourg - - - - - 0 - 10.6
Niort* - x x x - 3 384 8.6
Sidobre* x x x x x 5 381 7.1
Avignon - - x x - 2 316 6.8
Cabestany* x x x x x 5 597 6.1
Valenciennes x x x x x 5 402 5.2
Nevers - x x - - 1 384 5.2
Tarbes* x x x x x 4 330 4.3
Total, n = 26 10 10 20 17 8 3** 366** 14.4
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Risk factors for optimal antibiotic therapy

An OAT was noted in 176 cases (17%). It should be pointed 
out that the absence of a diagnosis in the patient’s file was 
encountered in 173/852 (20%) cases of non-optimal antibiotic 
therapy. Of note, the rate of OAT in institutions after STG 
implementation was 27.9%.

At the time of the audit, the duration of the antibiotic ther-
apy was more than 3 days in 824 cases (80%). An antibiotic 
reassessment was noted in 289 cases (28%), being more fre-
quently observed when STGs were used: 68/204 (33%) vs. 
221/824 (27%), p = 0.063. The simplification of the treatment 
was observed in 121 cases (12%) and more frequently when 
the STGs were used: 37/68 (54%) vs. 84/221 (38%), p = 0.016.

Table 2 shows the factors associated with the OAT identi-
fied by univariate and multivariate analysis. Notably, osteo-
myelitis, joint infections, and endocarditis were associated 
with an OAT, since these diagnoses (n = 80) were associated 
with a higher rate of therapeutic recommendations. Further-
more, as the STGs had been devised to reduce the use of FQ 
and to choose piperacillin/tazobactam in HCAI, these antibi-
otics were differentially distributed between OAT and other 
antibiotic treatments. Regarding ASP tools, the multivariate 
analysis showed that the STGs were the main risk factor 
for OAT: AOR [95% CI] 2.21 [1.51–3.22]. No single ASP 
tool was significantly associated with OAT, even when the 
combination of three of them significantly increased its rate: 
AOR 1.75 [1.24–2.48]. Importantly, an OAT was protective 
of an adverse clinical outcome, AOR 0.17 [0.06–0.49], but 
we did not find any relationship between the combination of 
three items and clinical outcomes (data not shown).

Antibiotic consumption

Finally, we studied the antibiotic consumption in these hos-
pitals using the national software Consores®. Although anti-
biotic consumption is meant to be measured in all hospitals 
in France, we were only able to obtain this information for 
seven institutions with STGs and seventeen institutions with-
out these combined tools. Figure 1 shows that there was a 
trend towards more of a decrease in the relative variation of 
consumption of TCG and FQ from 2018 to 2019 in hospitals 
with STGs compared to the others. Interestingly, despite the 
fact that piperacillin/tazobactam was promoted in STGs for 
HCAI in surgery, the relative increase in the use of this drug 
was similar in both groups of institutions.

Discussion

Our study shows that ASP implementation was heteroge-
neous between the hospitals, and that among the various 
tools of the ASP, the STGs were the main factor associated 

with an OAT, leading to nearly threefold the baseline rate of 
OAT in the institutions that used them. Furthermore, OAT 
was associated with a higher rate of favorable clinical out-
comes. Importantly, these results were obtained despite that 
the other ASP tools have been set aside.

A number of limitations of our study need to be pointed 
out. First, 1028 antibiotic treatments could appear as a low 
number for 26 audited institutions, but some of them had 
a low recruitment of infected patients. Second, we did not 
search for a specific impact of each tool in place in the ASP. 
However, several previous studies have reported that audits 
and feedback are the most efficient way to improve the qual-
ity of antibiotic prescriptions, followed by pre-prescription 
authorization [9, 14]. Indeed, STGs have been reported to 
be the result of successive audits with feedback in real-time 
[10]. Thirdly, a favorable outcome was defined as short-
term clinical improvement, which may not be synonymous 
with sustained recovery. However, this association between 
a favorable outcome and STGs precluded to complete 
the study with interrupted time series analysis for ethical 
reasons.

In our study, there was no ASP in 19.2% of the partici-
pating institutions, and an incomplete ASP implementation 
was the rule. Our results are in accordance with a recent 
national online survey in France showing that 16% (15/95) 
of the public and private hospitals had not initiated an ASP 
and that the main tools were not systematically in place [15]. 
In a Dutch survey, the implementation of an ASP was not 
present in 6% of the participating institutions (4/63), but a 
list of restricted antibiotics and bedside consultations was 
present in only 64% and 56% of the latter, respectively [16]. 
The reason for these results appears to be the lack of ID 
and infection control specialists [6, 7]. Moreover, in the par-
ticipating private hospitals, the bacteriology lab is often an 
independent organization, for which the hospital only pays 
for part of their expenditures. Thus, by not being fully part 
of these institutions, the microbiologists were not able to 
ascertain what information may improve the quality of the 
antibiotic prescriptions.

A rate of OAT close to 30% in institutions with STGs 
could still be considered to be low.

However, our definition of an OAT was restrictive as it 
combined a precise diagnosis and the proposed drugs in the 
STGs, including empirical ones and reassessment, and it has 
not been used to date. This result indicates an effective use 
of STGs, contrasting with the absence of impact of the inter-
nal guidelines observed at baseline between institutions with 
or without the latter, showing a similar rate of OAT. Accord-
ingly, the simplification of the antibiotic therapy was more 
frequently observed when the STGs were implemented. In 
other words, STGs were associated with behavioral changes.

The tripling of the baseline rate of OAT in the institutions 
with STGs was obtained despite that other previous tools in 
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Table 2   Factors associated with optimal antibiotic therapy (OAT) in 
institutions with variable levels of antimicrobial stewardship program 
implementation. Optimal antibiotic therapy (OAT) was defined as a 
well-established diagnosis and appropriate antibiotic use in accord-

ance with STGs. The results are based on univariate and multivariate 
analysis. Reassessment was evaluated only in case of antibiotic ther-
apy ≥ 3 days (n = 824, 80%)

OAT
n = 76 (17%)

No OAT
n = 852 (83%)

p AOR [95% CI]

Number of beds per institution > 170, n = 3 76 (16) 100 (18) 0.243
Wards

  Medicine/Surgery 102/74 479/373 0.672
Antimicrobial stewardship tools

  Internal guidelines 69 (39) 371 (43) 0.289
  Audit 76 (43) 322 (38) 0.181
  Information regarding antibiotic consumption 137 (78) 645 (76) 0.545
  Information regarding bacterial resistance 137 (78) 609 (71) 0.085
  Restricted access to certain antibiotics 65 (37) 360 (42) 0.191
  No tool 22 (12) 139 (16) 0.204
  1 tool 13 (7) 87 (10) 0.249
  2 tools 25 (14) 114 (13) 0.771
  3 tools 79 (45) 255 (30)  < 0.001 1.75 [1.24–2.48]
  4 tools 13 (7) 121 (14) 0.014
  5 tools 27 (15) 153 (18) 0.405

Antibiotic consultant1 at the institution 115 (65) 413 (48)  < 0.001
  Expert antibiotic advice 19 (11) 82 (10) 0.634
  ID specialist advice 20 (11) 24 (3)  < 0.001

Age (years) 72 ± 16 76 ± 14 0.005
Sex ratio (M/F) 1.21 1.16 0.797
Non-infectious syndromes 47 (27) 338 (40) 0.001
Infection as a reason for hospitalization 113 (64) 336 (39)  < 0.001
Suspected or definitive diagnosis

  Urinary tract infections 44 (25) 236 (28) 0.463
  Respiratory infections 42 (24) 161 (19) 0.131
  Gastrointestinal infections 51 (29) 133 (16)  < 0.001
  Cutaneous infections 11 (6) 91 (11) 0.073
  Osteomyelitis, joint infections, or endocarditis 26 (15) 54 (6) 0.001 2.62 [1.54–4.46]
  Unspecified - 173 (20) -

Healthcare-associated infections 58 (33) 362 (42) 0.019
 ≥ 1 microbial test 115 (65) 561 (66) 0.897

  Blood cultures 51 (29) 238 (28) 0.779
  Bacteremia 13 (7) 80 (9) 0.399
  Urine cultures 74 (42) 397 (47) 0.270
  Positive microbial test result 73/115 (63) 300/562 (53) 0.047

Simplified therapeutic guidelines 57 (32) 147 (17)  < 0.001 2.21 [1.51–3.22]
Unnecessary antibiotic therapy - 393 (46) -
Parenteral administration 127 (72) 543 (64) 0.032
Antibiotic combination 58 (33) 305 (36) 0.472

  Third-generation cephalosporins 50 (28) 262 (31) 0.538
  Amoxicillin + clavulanic acid 64 (36) 302 (35) 0.817
  Fluoroquinolones 24 (14) 256 (30)  < 0.001 0.39 [0.24–0.62]
  Piperacillin + tazobactam 24 (14) 57 (7) 0.001 2.49 [1.44–4.29]
  Aminoglycosides 26 (15) 125 (15) 0.972
  Carbapenems 2 (1) 21 (2) 0.278
  Glycopeptides 6 (3) 51 (6) 0.173
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place before STGs have been set aside. This was made pos-
sible because the practice of real-time audits indicated that 
non-expert practitioners often did not fully know what to do 
with these tools. The translation of antibiotic consumption 
in DDD into change in daily prescriptions is difficult for 
them. Also, as many empirical antibiotic therapies appear 
to be efficacious [5], the physicians are not helped in the 
process of therapeutic simplification, notably in the absence 
of bacteriological data. Accordingly, a previous large study 
found that 66% of the broad-spectrum antibiotics remained 
unchanged by the 5th day of therapy [17]. In contrast, the 
process of simplification, with STGs containing fewer than 
fifteen drugs, was devised through antibiotic audits and 
real-time feedback in which the physicians were directly 
involved, leading to the perception by the latter that this 
tool allowed adequate antibiotic therapies to be provided to 
their patients [10].

The higher rate of OAT associated with the STGs is due, 
at least in part, to the higher rate of a precise diagnosis being 
specified in the patient’s medical records, leading to more 
antibiotic reassessments with simplification. These results 
confirm our previous study that showed the importance of 
clinical management in ensuring the quality of antibiotic 
therapies [5]. Of note, it has been shown that there is an 
absence of a relationship between ASP implementation and 
the quality of the antibiotic therapy at the bedside [4]. Once 
again, the reason for such a relationship between STGs and 
a precise diagnosis in the patient’s file is most likely that 
the former were based on immediate feedback, allowing for 
some shortcomings in the patient’s file to be noted by the 
prescribers. Clearly, an unknown diagnosis is a barrier to the 
antibiotic reassessment, the latter being based on the accu-
racy of the former. Indeed, a number of reports have revealed 
a high rate of unknown diagnoses in case of patients with 
sepsis, from 10 to > 30% [18–20]. Consequently, unknown 
diagnoses were associated with unnecessary antibiotic 
therapies and/or unfavorable outcomes [5, 21–24]. Further 
studies should address the therapeutic challenges involved 
in antibiotic recommendations for patients with sepsis of 
unknown origin.

Lastly, our study revealed a trend towards less antibi-
otic consumption in the institutions using the STGs com-
pared to the other institutions, which is in accordance 
with previous findings showing a significant decrease in 
critical antibiotics use (e.g., amoxicillin/clavulanic acid, 
third-generation cephalosporins, and fluoroquinolones) 
[10]. The absence of a significant difference in antibiotic 
consumption was linked to an institution with STGs in 
which the antibiotic consumption increased by 90% due 
to the departure of several prescribers between 2018 and 
2019. Also, in the other institutions without STGs, the 
practitioners had benefited from the feedback from two 
rounds of antibiotic audits. These observations illustrate 
the importance of repeated audits and feedback every year 
for all physicians. Of note, two hospitals had modified 
their organization and function, making it difficult to com-
pare antibiotic consumption from 1 year to the next.

Conclusion

STGs were the main tool of ASPs associated with OAT, 
the latter being associated with better clinical outcomes. 
STGs were also associated with a trend towards lower 
antibiotic consumption. Therefore, our results suggest that 
STGs could be included in the core of ASPs.
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Table 2   (continued)

OAT
n = 76 (17%)

No OAT
n = 852 (83%)

p AOR [95% CI]

Effective reassessment (n = 289, 28%) 51 (29) 238 (28) 0.779
Reassessment with simplification2,3 31/51 (61) 90/238 (38) 0.002
Adverse clinical outcome 4 (2) 94 (11)  < 0.001 0.17 [0.06–0.49]

1 Antibiotic consultant, a pharmacist or a microbiologist or any other physician who can devote a portion of their time to work on the antimicro-
bial stewardship program; 2simplification was defined as a narrower spectrum of the second-line treatment or a discontinued regimen, including 
a reduced number of prescribed antimicrobials; 3reassessment with simplification may not be systematically observed in the “optimal antibiotic 
therapy” group because of real-time antibiotic audits and/or due to a difference in the appreciation of the situations between the ID specialist and 
the physicians who took care of the patients
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