
Place des traitements courts dans la 
pneumonie bactérienne :

« Shorter is better »
Aurélien DINH

Maladies infectieuses, Hôpital Raymond 
Poincaré, Garches, APHP



Patients with CAP should be treated for a minimum of 5 days.
The recommended duration for patients with good clinical response
within the first 2-3 d of therapy is 5 to 7 days total 

IDSA/ATS guidelines (Mandell et al. CID 2007)

NICE recommenda;ons (2014)

5 day course of anGbioGc therapy for paGents with low severity CAP; 
Consider a 7-10 day course of anGbioGc therapy for paGents with
moderate and high severity CAP.

Recommandations



Sur le terrain

Yi et al. CID 2017

- Etude rétrospective

- Base de donnée 

informatique hospitalière 

(2012-2013)

- PAC simple

- 22 128 patients (2100 

hopitaux)

- Durée moyenne 9,5j

70%>7j
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Figure 3. 
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Duration of Antibiotic Use Among Adults With 
Uncomplicated Community-Acquired Pneumonia 
Requiring Hospitalization in the United States
Sarah H. Yi, Kelly M. Hatfield, James Baggs, Lauri A. Hicks, Arjun Srinivasan, Sujan Reddy, and John A. Jernigan

Division of Healthcare Quality Promotion, Centers for Disease Control and Prevention, Atlanta, Georgia

Background. Previous studies suggest that duration of antibiotic therapy for community-acquired pneumonia (CAP) often 
exceeds national recommendations and might represent an important opportunity to improve antibiotic stewardship nationally. Our 
objective was to determine the average length of antibiotic therapy (LOT) for patients treated for uncomplicated CAP in US hospitals 
and the proportion of patients with excessive durations.

Methods. Records of retrospective cohorts of patients aged 18–64 years with private insurance and aged ≥65 years with Medicare 
hospitalized for CAP in 2012–2013 were used. Inpatient LOT was estimated as a function of length of stay. Outpatient LOT was 
based on prescriptions filled post discharge based on data from outpatient pharmacy files. Excessive duration was defined as outpa-
tient LOT >3 days.

Results. Inclusion criteria were met for 22 128 patients aged 18–64  years across 2100 hospitals and 130 746 patients aged 
≥65 years across 3227 hospitals. Median total LOT was 9.5 days. LOT exceeded recommended duration for 74% of patients aged 
18–64 years and 71% of patients aged ≥65 years. Patients aged 18–64 years had a median (quartile 1–quartile 3) 6 (3–7) days outpa-
tient LOT and those aged ≥65 years had 5 (3–7) days.

Conclusions. In this nationwide sample of patients hospitalized for CAP, median total LOT was just under 10 days, with more 
than 70% of patients having likely excessive treatment duration. Better adherence to recommended CAP therapy duration by improv-
ing prescribing at hospital discharge may be an important target for antibiotic stewardship programs.

Keywords. antibiotic use; community-acquired pneumonia; length of therapy; treatment duration.
 
Community-onset infections of any kind and lower respiratory 
tract infections acquired in any setting are the most common 
indications for antibiotic use among hospitalized patients [1]. 
Community-acquired pneumonia (CAP), in particular, results 
in approximately 600 000–800 000 hospitalizations annually 
among adults in the United States [2, 3].

Through the Core Elements of Antibiotic Stewardship [4], 
the Centers for Disease Control and Prevention (CDC) advises 
hospitals to develop and implement recommendations for anti-
biotic selection and duration based on local antibiotic suscepti-
bilities of infection-causing organisms and national guidelines. 
The Core Elements cite CAP as an indication for which this 
strategy may be particularly helpful [4].

In 2007, the Infectious Diseases Society of America (IDSA) 
and the American Thoracic Society (ATS) published national 
guidelines for treatment of CAP, recommending a minimum 

5 days of therapy, with 7 or more days rarely necessary, and use 
of clinical stability criteria to determine when to discontinue 
[5]. Previous studies show that the average length of antibiotic 
therapy (LOT) for CAP in the United States exceeds IDSA–
ATS guidelines of 5–7 days among adults hospitalized for CAP, 
suggesting a potentially important opportunity to improve 
antimicrobial stewardship. However, these studies were not 
generalizable to the US population [6–11]. Here, we used 
nationwide data to determine the LOT most commonly used 
for treatment of patients hospitalized for CAP in the United 
States.

METHODS

Study Design

We used a retrospective cohort design and administrative 
data to study the duration of antibiotic therapy among adult 
patients hospitalized for CAP and discharged in 2012 and 
2013. This work was conducted under data use agreements 
with Truven Health Analytics and the Centers for Medicare 
& Medicaid Services (CMS). The work using MarketScan 
data was determined not to involve human patients under 
45 Code of Federal Regulations (CFR) 46.102(f); therefore, 
institutional review board review was not required [12]. The 
work using CMS data was determined to be exempt from the 
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Are infection specialists recommending short antibiotic treatment
durations? An ESCMID international cross-sectional survey
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Objectives: To evaluate the current practice and the willingness to shorten the duration of antibiotic therapy
among infection specialists.

Methods: Infection specialists giving at least weekly advice on antibiotic prescriptions were invited to participate
in an online cross-sectional survey between September and December 2016. The questionnaire included 15 clini-
cal vignettes corresponding to common clinical cases with favourable outcomes; part A asked about the antibi-
otic treatment duration they would usually advise to prescribers and part B asked about the shortest duration
they were willing to recommend.

Results: We included 866 participants, mostly clinical microbiologists (22.8%, 197/863) or infectious diseases
specialists (58.7%, 507/863), members of an antibiotic stewardship team in 73% (624/854) of the cases, coming
from 58 countries on all continents. Thirty-six percent of participants (271/749) already advised short durations
of antibiotic therapy (compared with the literature) to prescribers for more than half of the vignettes and 47%
(312/662) chose shorter durations in part B compared with part A for more than half of the vignettes. Twenty-
two percent (192/861) of the participants declared that their regional/national guidelines expressed durations of
antibiotic therapy for a specific clinical situation as a fixed duration as opposed to a range and in the multivari-
able analysis this was associated with respondents advising short durations for more than half of the vignettes
(adjusted OR 1.5, P"0.02).

Conclusions: The majority of infection specialists currently do not advise the shortest possible duration of antibi-
otic therapy to prescribers. Promoting short durations among these experts is urgently needed.

Introduction

Using the shortest possible duration of antibiotic treatment is a key
component of responsible antibiotic use,1–3 with some studies sug-
gesting that shortened durations can limit the emergence of bac-
terial resistance,4–6 without compromising clinical outcomes.7–15

Most antibiotic stewardship guidelines recommend that stew-
ardship teams implement guidelines and strategies to promote

the shortest effective duration of antibiotic therapy.6,16 No study
has, however, explored the current practices of infection special-
ists, who are often members of an antibiotic stewardship team,
regarding duration of antibiotic therapy.

The objective of our international cross-sectional survey was thus
to describe current practices of infection specialists as well as their
willingness to shorten the duration of antibiotic therapy. Our hypoth-
esis was that not all of them are ready to advise short durations and

VC The Author(s) 2018. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please email: journals.permissions@oup.com.
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• Enquête internationale
• Interrogatoire (15 situations cliniques)
• 866 participants (experts : infectiologues, 

EMA, microbiologistes)
• En France 46% ont recommandé une durée 

courte

JAC 2018



« We know everything about antibiotics
except how much to give »

Maxwell Finland



Et pourtant !



Intérêt d’une durée courte pour une 
même efficacité !!

Meilleure qualité de vie

Moins de toxicité, d’effets indésirables Satisfaction du patient

Meilleure efficacité ??!!

Moins de résistances 
bactériennes

Durée de traitement courte

Moindre coût

Meilleure observance

D’après Li JZ. Am Med J 2007



H. Goosens 
Lancet 2005



FDR de portage de pneumocoque péni R

Guillemot D, JAMA 1998



Notably, among pa.ents who developed recurrent pulmonary
infec.ons, mul.resistant pathogens emerged significantly less
frequently in those who had received 8 days of an.bio.cs (42.1% vs 
62.3% of recurrent infec.ons; P=.04). 

J. Chastre et al. JAMA 2003



Intérêt individuel/collectif
• Intolérance et EIG = échec et….émergence de résistances
• Balance bénéfice/risque

Rubinstein E. Int J Antimicrob Agents. 2007 Nov;30 Suppl 1:S76-9



Microbiote barrière et risque infectieux

• Effet barrière vis-à-vis des 
bactéries exogènes
“résistance à la 
colonisa<on”

– élimina<on totale de la 
souche exogène

– main<en de la souche 
exogène en sous-
dominance

• La flore diges<ve s<mule 
l’immunité locale et 
générale 



El Moussaoui et al. BMJ 2006



Principe
• Diminuer l’inoculum jusqu’au niveau où l’immunité peut contrôler 

l’infection (vs. « stériliser »)

R. El Moussaoui, BMJ 2006

RCT
PAC non sévère
3 vs 8j de peni A



Effectiveness of three days of beta-lactam antibiotics for 
hospitalized community-acquired pneumonia: 
a randomized non-inferiority double-blind trial

A.Dinh1, J. Ropers1 B. Davido1, C. Duran1, L. Deconinck1, M. Matt1, O. Senard1, A. Lagrange2, V. De Lastours3, F. Bouchand4, V. Delcey5, D. 
Benhamou6, V. Vitrat7, P. Rouselot, M.-C. Dombret8, B. Renaud9, Y.-E. Claessens10, J. Labarère11, J.-P. Bedos12, Ph Aegerter13, A.-C. Crémieux14, The 

PTC Study group

#O1126

Données disponibles avril 2018

Analyses toujours en cours

Toutes les analyses n’ont pu être réalisées

Seul critère principal : Guérison à J15



Hypothèse de l’étude
Une antibiothérapie de 3 jours est suffisante 

• chez les patients avec une PAC modérément sévère 

• répondant favorablement après 3 jours de C3G ou amoxicilline-ac clav. (Halm et 
al. NEJM 2002) 

Méthode

• Étude multicentrique (20 centres)

• contrôlée, randomisée vs placebo (en double aveugle)

• de non infériorité

• sur 2 groupes parallèles

• évaluant 2 durées de TT : 3 j vs 8 j



Critères d’inclusion

• > 18 ans
• Ayant consulté en urgence 3 jrs avant 

• Admis pour PAC 
– 1 des signes: dyspnée, toux, exp. muco-pur., foyer de crépitants
– + T°C > 38
– + Nouvel infiltrat à la RX

• Ayant répondu à 3 jrs de TT par C3G ou amox-clav.
– T°C ≤ 37,8
– + Critères de stabilité IDSA (FC < 100/min et FR < 24c/min)
– + SaO2 ≥ 90% (mode oxygénation normale préalable PAC)
– + Pa Systolique ≥ 90 mmHg

• Ayant donné son consentement
• Apte à prendre un traitement oral

J0

J3



Schéma de l’étude

Jour 0 Jour 3 Jour 8 (+2) Jour 15 (+2) Jour 30 (+10)

Placebo

ATB Etude

- Dernier jour 
ATB/Placebo

- Contact Tél 

Évaluation
Inclusion
Randomisation
Dispensation

Admission
/Urgences

Consultation Consultation
Biologie
Radio control

TTT Conco, EI, RECIDIVE

72hrs (C3G ou 
Augmentin)

5j TTT PTC



Critère de jugement principal

La guérison est définie à J15 par l’association de : 
• Apyrexie (température corporelle < 37,8°C)
• Disparition ou amélioration (qui pourra être évaluée par le 

CAP score) des signes cliniques suivants s’ils étaient 
initialement présents : 

– dyspnée, 
– toux, 
– expectorations muco-purulentes, 
– foyer de crépitants

• Sans antibiothérapie additionnelle depuis J3



Screening



Population (1ère inclusion 22 Décembre 2013 - Dernière inclusion 2 Février 2018)

3 jours de traitement 8 jours de traitement
N patients 157 153
Hommes (n, %) 91 (58.0) 96 (62.7)
Age (médiane, IQR) 73.00 [54.00, 85.00] 74.00 [58.00, 83.00]
Comorbidités (n, %)

InsQtuQonnalisé 8 (5.1) 2 (1.3)
Néoplasie 2 (1.3) 4 (2.6)
Pathologie hépatique 5 (3.2) 2 (1.3)
Insuffisance cardiaque 31 (19.7) 33 (21.6)
Maladie vasculaire cérébrale 13 (8.3) 10 (6.5)
Insuffisance rénale 15 (9.6) 11 (7.2)
Insuffisance coronarienne 25 (16.1) 20 (13.1)
Diabète 24 (15.4) 34 (22.2)
BPCO 31 (20.0) 42 (27.5)
Tabagisme actif 31 (20.3) 25 (17.2)
Vaccin grippe (< 1 an) 21 (18.4) 19 (18.3)
Vaccin pneumocoque (< 5 ans) 5 (4.6) 8 (8.2)

GIR 6.00 [6.00, 6.00] 6.00 [6.00, 6.00]



Admission (J0)

3 jours de traitement 8 jours de traitement
N patients 157 153
Signes cliniques à J0 (n, %)
Dyspnée 85 (54.1) 88 (57.5)
Toux 130 (82.8) 122 (79.7)
Expectorations muco-
purulentes

62 (39.5) 58 (37.9)

Crépitants 124 (79.5) 114 (74.5)
Score de Glasgow 
(médiane, IQR)

15.00 [15.00, 15.00] 15.00 [15.00, 15.00]

Confusion 16 (10.3) 11 (7.2)
PSI Score (médiane, IQR) 81.00 [57.00, 106.00] 84.00 [58.00, 104.00]
Premier symptôme (n, %)
Dyspnée 63 (40.4) 35 (23.0)
Crépitants 53 (34.0) 4 ( 2.6)
Toux 130 (83.9) 62 (40.8)



Admission (J0)

Paramètres biologiques 
(médiane, IQR) 3 jours de traitement 8 jours de traitement

Hématocrite (%) 37.95 [36.00, 41.40] 38.80 [35.30, 42.35]
Hémoglobine (g/dL) 12.80 [11.90, 13.90] 13.10 [11.90, 14.30]
Leucocytes (G/L) 11.50 [8.05, 15.95] 11.78 [8.79, 15.30]
PNN (G/L) 9.71 [6.57, 14.22] 9.70 [6.90, 13.30]

Plaquettes (G/L)
212.00 [167.00, 

271.50]
216.00 [166.75, 

274.00]
Urée (mmol/L) 6.70 [4.80, 8.80] 5.90 [4.70, 8.30]

Sodium (mmol/L) 137.0 [135.00, 139.00]
138.00 [135.00, 

140.50]
Glucose (mmol/L) 6.2 [5.40, 7.00] 6.20 [5.35, 7.75]
Créatinine (µmol/L) 78.00 [65.00, 100.00] 79.00 [63.00, 97.00]
Albumine (g/dL) 3.30 [3.00, 25.90] 3.40 [3.00, 4.00]
C-reactive protein (mg/L) 135.50 [58.50, 235.00] 108.00 [48.25, 212.00]
Procalcitonine (µg/L) 0.60 [0.20, 2.25] 0.20 [0.10, 0.65]



Outcome à J15

3 jours de 
traitement

8 jours de 
traitement 95% CI

Analyse ITT, n 156 152

Guérison à J15 109 (69.9%) 93 (61.2%) [-1.09%; 
20.55%]

Analyse PP, n 136 131

Guérison à J15 103 (75.7%) 90 (68.7%) [-2.07%; 
20.43%]

Non inferiorité démontrée !
Une durée de 3 jours n’est pas inférieure à un durée 

de 8 jours de traitement



En faveur 
de 3 jours

En faveur 
de 8 jours



Vers une durée individualisée ?



Inventer des critères d’arrêt ?



PCT ?
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Articles

Effect of procalcitonin-guided antibiotic treatment on 
mortality in acute respiratory infections: a patient level 
meta-analysis
Philipp Schuetz*, Yannick Wirz*, Ramon Sager*, Mirjam Christ-Crain, Daiana Stolz, Michael Tamm, Lila Bouadma, Charles E Luyt, Michel Wolff, 
Jean Chastre, Florence Tubach, Kristina B Kristoffersen, Olaf Burkhardt, Tobias Welte, Stefan Schroeder, Vandack Nobre, Long Wei, Heiner C Bucher, 
Djillali Annane, Konrad Reinhart, Ann R Falsey, Angela Branche, Pierre Damas, Maarten Nijsten, Dylan W de Lange, Rodrigo O Deliberato, 
Carolina F Oliveira, Vera Maravić-Stojković, Alessia Verduri, Bianca Beghé, Bin Cao, Yahya Shehabi, Jens-Ulrik S Jensen, Caspar Corti, 
Jos A H van Oers, Albertus Beishuizen, Armand R J Girbes, Evelien de Jong, Matthias Briel*, Beat Mueller

Summary
Background In February, 2017, the US Food and Drug Administration approved the blood infection marker 
procalcitonin for guiding antibiotic therapy in patients with acute respiratory infections. This meta-analysis of patient 
data from 26 randomised controlled trials was designed to assess safety of procalcitonin-guided treatment in patients 
with acute respiratory infections from different clinical settings.

Methods Based on a prespecified Cochrane protocol, we did a systematic literature search on the Cochrane Central 
Register of Controlled Trials, MEDLINE, and Embase, and pooled individual patient data from trials in which patients 
with respiratory infections were randomly assigned to receive antibiotics based on procalcitonin concentrations 
(procalcitonin-guided group) or control. The coprimary endpoints were 30-day mortality and setting-specific treatment 
failure. Secondary endpoints were antibiotic use, length of stay, and antibiotic side-effects.

Findings We identified 990 records from the literature search, of which 71 articles were assessed for eligibility after 
exclusion of 919 records. We collected data on 6708 patients from 26 eligible trials in 12 countries. Mortality at 30 days 
was significantly lower in procalcitonin-guided patients than in control patients (286 [9%] deaths in 3336 procalcitonin-
guided patients vs 336 [10%] in 3372 controls; adjusted odds ratio [OR] 0·83 [95% CI 0·70 to 0·99], p=0·037). This 
mortality benefit was similar across subgroups by setting and type of infection (pinteractions>0·05), although mortality was 
very low in primary care and in patients with acute bronchitis. Procalcitonin guidance was also associated with a 
2·4-day reduction in antibiotic exposure (5·7 vs 8·1 days [95% CI –2·71 to –2·15], p<0·0001) and a reduction in 
antibiotic-related side-effects (16% vs 22%, adjusted OR 0·68 [95% CI 0·57 to 0·82], p<0·0001).

Interpretation Use of procalcitonin to guide antibiotic treatment in patients with acute respiratory infections reduces 
antibiotic exposure and side-effects, and improves survival. Widespread implementation of procalcitonin protocols in 
patients with acute respiratory infections thus has the potential to improve antibiotic management with positive 
effects on clinical outcomes and on the current threat of increasing antibiotic multiresistance.

Funding National Institute for Health Research.

Introduction
The US Food and Drug Administration approved 
the blood infection biomarker procalcitonin for the 
purpose of guiding antibiotic therapy in the context of 
acute respiratory infections and sepsis in February, 
2017.1 Procalcitonin is a calcitonin-related gene product 
expressed by human epithelial cells in response to 
bacterial infections and is conversely downregulated 
during viral infections.2,3 Study findings have shown that 
procalcitonin concentrations fall rapidly during recovery 
from acute bacterial infections.4 As a surrogate marker of 
host response to bacterial infections, procalcitonin has 
therefore been proposed as an adjunct to traditional 
clinical and diagnostic parameters in helping to manage 
patients presenting with clinical symptoms suggestive of 
systemic infections and to guide antibiotic prescribing 
practices.5

Acute respiratory tract illnesses are one of the leading 
causes of adult hospital admissions and death worldwide, 
and are associated with antibiotic overuse.6 Although 
more than 40% of respiratory infections have a viral cause, 
imprecise bacterial diagnostics and provider concerns 
about co-infection prompt antibiotic prescription in most 
cases.7 Several trials have reported significant reductions 
in antibiotic exposure, when procalcitonin was used to 
guide decisions about initiation of antibiotics in low-risk 
patients (eg, patients with a clinical syndrome of bronchitis 
in the emergency department) and duration of treatment 
in high-risk patients (eg, in patients with pneumonia).8 
However, although one trial9 found a reduction in 
mortality associated with procalcitonin-guided antibiotic 
stewardship in the intensive care unit (ICU), conclusive 
evidence on the safety of this approach across clinical 
settings and different types of respiratory infections has 

Lancet Infect Dis 2017

Published Online 
October 13, 2017 
http://dx.doi.org/10.1016/ 
S1473-3099(17)30592-3
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and thus mortality and adverse outcome rates differed 
slightly from previous reports. In accordance with the 
Cochrane method, we used GRADE system42 to assess risk 
for selection bias, performance bias, detection bias, 
attrition bias, reporting bias, and other bias.

Data analysis
We included all patients with an acute respiratory 
infection randomly assigned to a procalcitonin-guided 
care group or a control group in the analysis. There were 
two prespecified primary endpoints: all-cause mortality 
within 30 days of randomisation and treatment failure 
within 30 days of randomisation. For trials with a shorter 
follow-up period, we used the available information (eg, 
treatment failure at the time of hospital discharge). 
Definitions of treatment failure varied by and were 
specific for each clinical setting. For the primary care 
setting, we defined treatment failure as death, hospital 
admission, infection-specific complications (eg, 
empyema for lower respiratory tract infection, or 
meningitis for upper respiratory tract infection), 
recurrent or worsening infection and patients reporting 
any symptoms of an ongoing respiratory infection (eg, 
fever, cough, or dyspnoea) at 30-day follow-up. Recurrent 
or worsening infection was defined as receiving another 
course of antibiotics in patients in whom antibiotics were 
discontinued, or increasing antibiotic dose or frequency 
in patients already receiving therapy for the same index 
infection. For patients initially evaluated in the 
emergency department or hospital, but not ICU setting, 
we defined treatment failure as death, subsequent ICU 
admission, hospital re-admission after index hospital 
discharge, infection-associated complications (eg, 
empyema or acute respiratory distress syndrome), and 
recurrent or worsening infection within 30 days of 
follow-up. In the ICU setting, we defined treatment 
failure as death within 30 days of follow-up and recurrent 
or worsening infection.

Secondary endpoints were antibiotic use defined as 
initiation of antibiotics, duration of antibiotics in days, 
and total exposure to antibiotics (total number of 
antibiotic days divided by total number of patients). 
Exploratory analyses of other clinical outcomes included 
length of hospital stay, ICU admission, length of ICU 
stay, antibiotic side-effects (appendix p 8), and number of 
days with restricted activities of daily living within 14 days 
of randomisation.

For the coprimary endpoints (mortality and treatment 
failure), we calculated odds ratios (ORs) and 95% CIs 
using multivariable hierarchical logistic regression.43,44 
Variables in the multivariate analysis were treatment 
group, age, sex, and type of infection. To control for 
variability within and between trials, we added a trial 
variable to the model as a random effect. Linear regression 
models were fitted for continuous endpoints and logistic 
regression models were fitted for binary secondary 
endpoints. Analyses were done following the intention-

to-treat principle—analysing patients according to the 
groups to which they were randomly assigned. We 
excluded patients who withdrew consent and assumed no 
events for the few patients lost to follow-up before day 30 
after randomisation. Censoring was used for patients 
with a follow-up shorter than 30 days for time-to-event 
analyses.

Prespecified sensitivity analyses were done for the 
quality indicators allocation concealment, blinded 
outcome assessment, follow-up time, and protocol 
adherence (<70% vs ≥70%). We evaluated heterogeneity 
of disease severity across the patient population with 
prespecified analyses stratified by clinical setting and 
diagnosis. We tested for subgroup effects by adding 
interaction terms to the model. Finally, heterogeneity 
and inconsistency was further assessed in a meta-
analysis of aggregate data from all eligible trials using I² 
and Cochran’s Q test.45 All statistical analyses were done 
using Stata (version 9.2) and Review Manager 
(version 5.3).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

71 articles assessed for eligibility

4 datasets not received
2 datasets with no identifiable respiratory

infection patients

39 articles excluded
1 did not use procalcitonin
2 reviews
2 paediatric studies
2 editorials

26 non-randomised trials
6 duplicate publications

990 records identified through database searching
of Cochrane Central Register of Controlled Trials,
MEDLINE, and Embase

919 records excluded based on review of
titles and abstracts

32 RCTs included in aggregate data analysis
(9909 participants)

26 RCTS included in final patient data analysis 
(6708 participants with acute respiratory 
infections)

Figure 1: Study selection
RCT=randomised controlled trial.

See Online for appendix
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additional trials. Trials were done in 12 countries: 
Australia, Belgium, Brazil, China, Denmark, France, 
Germany, Italy, the Netherlands, Serbia, Switzerland, 
and the USA (table 1, appendix p 1). There were 
two primary care trials with patients with upper 
respiratory tract infections and lower respiratory tract 
infection (n=1008), 11 trials from emergency departments 
and medical wards with patients with lower respiratory 
tract infection (n=3253), and 13 trials from ICUs with 
patients who were septic because of lower respiratory 
tract infections (n=2447). Procalcitonin-based algorithms 
used in the different trials were similar in concept and 
recommended initiation or continuation of antibiotic 
therapy based on procalcitonin cutoff levels. Adherence 
to algorithms was variable, ranging from 44% to 100% 
(appendix p 3). Quality of trials according to GRADE was 
moderate to high (appendix p 6). Caregivers and patients 
were blinded to the intervention in most of the trials, but 
half of trials did not have a blinded outcome assessment. 
There was no evidence of publication bias based on 
inspection of the funnel plot (appendix p 7).

Baseline characteristics of individual patients were 
similar in procalcitonin and control groups (table 2). Most 
patients were recruited in the emergency department or 
the ICU. Community-acquired pneumonia was the most 
frequent diagnosis in more than 40% of patients (table 2).

There were 286 deaths within 30 days in 3336 procalcitonin-
guided patients (9%) compared with 336 deaths in 
3372 controls (10%), resulting in a signifi cantly lower 
mortality associated with procalcitonin-guided therapy 
(adjusted OR 0·83 [95% CI 0·70–0·99], p=0·037; table 3). 
This effect was consistent across clinical settings (no 
significant difference due to subgroup effect), although 
mortality could not be estimated in primary care trials in 
which only one death was reported in a control patient. The 
effects on mortality were also consistent among different 
types of infections (no significant difference for each 
interaction), excluding patients with bronchitis for whom 
mortality could not be assessed (table 3).

Treatment failure in procalcitonin-guided patients was 
numerically lower than control patients, but not 
significantly different (23·0% vs 24·9%; adjusted OR 0·90 
[95% CI 0·80–1·01], p=0·068). These results were similar 
among subgroups by clinical setting and type of respiratory 
infection (pinteractions>0·05; table 3). Mortality and treatment 
failure results were also not significantly different from 
the main analysis in the sensitivity analysis based on the 
main quality indicators of trials with no evidence of effect 
modification (appendix p 5).

As an additional sensitivity analysis, a meta-analysis of 
the aggregate results of all 32 eligible trials was done and 
included the six trials initially excluded from the 
individual patient data analysis (figure 2). The point 
estimate for mortality was similar to the individual 
patient data analysis, but was not significant (OR 0·89 
[95% CI 0·78–1·01]). The aggregate analysis of treatment 
failure showed a significant reduction in risk of treatment 

failure associated with procalcitonin-guided treatment 
(0·90 [0·81–0·99]). Heterogeneity for both endpoints 
was low suggesting similar effects among subgroups 
(I²=0% for both).

Procalcitonin guidance was associated with a reduction 
in total antibiotic exposure (mean 5·7 days vs 8·1 days in 
the control group, adjusted regression coefficient 
–2·43 days [95% CI –2·71 to 2·15], p<0·0001; table 4, 
figure 3). Fewer patients in the procalcitonin group were 
prescribed antibiotics than in the control group and, in 
patients for whom antibiotics were prescribed, duration 
of therapy was shorter in procalcitonin-guided patients. 
The effect on antibiotic use differed by clinical setting. In 
the primary care setting, lower antibiotic exposure was 
mainly due to lower initial prescription rates in 
procalcitonin-guided patients than control patients 
(pinteraction<0·0001). Similarly, lower antibiotic exposure due 
to lower prescription rates was found in selected 

Control 
(n=3372)

Procalcitonin 
group (n=3336)

Age, years 61·2 (18·4) 60·7 (18·8)

Sex

Men 1910 (57%) 1898 (57%)

Women 1462 (43%) 1438 (43%)

Clinical setting

Primary care 501 (15%) 507 (15%)

Emergency department 1638 (49%) 1615 (48%)

ICU 1233 (37%) 1214 (36%)

Primary diagnosis

Total upper acute respiratory 
infection

280 (8%) 292 (9%)

Common cold 156 (5%) 149 (4%)

Rhino-sinusitis, otitis 67 (2%) 73 (2%)

Pharyngitis, tonsillitis 46 (1%) 61 (2%)

Total lower acute respiratory 
infection

3092 (92%) 3044 (91%)

Community-acquired pneumonia 1468 (44%) 1442 (43%)

Hospital-acquired pneumonia 262 (8%) 243 (7%)

Ventilator-associated pneumonia 186 (6%) 194 (6%)

Acute bronchitis 287 (9%) 257 (8%)

Exacerbation of COPD 631 (19%) 621 (19%)

Exacerbation of asthma 127 (4%) 143 (4%)

Other lower acute respiratory 
infection

131 (4%) 144 (4%)

Procalcitonin dose on enrolment

Data available 2590 (77%) 3171 (95%)

<0·1 µg/L 921 (36%) 981 (31%)

0·1–0·25 µg/L 521 (20%) 608 (19%)

>0·25–0·5 µg/L 308 (12%) 383 (12%)

>0·5–2·0 µg/L 358 (14%) 520 (16%)

>2·0 µg/L 482 (19%) 679 (21%)

Data are mean (SD) or n (%). ICU=intensive care unit. COPD=chronic obstructive 
pulmonary disease.

Table 2: Baseline characteristics of included patients
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bacterial invasion, are highest in patients who have 
bacteraemia, and correlate with disease severity and 
clinical outcome of patients with infection.49,50 Unlike 
other inflammatory markers, procalcitonin release is 
blocked by cytokines, which characterise the typical 
immune response to viral infections (interferon γ).51 
Procalcitonin is therefore more specific for bacterial 
infections than C-reactive protein or white cell count.52–54 
Procalcitonin concentrations rapidly fall by about 
50% each day during resolution of infection and are 
therefore useful in monitoring the clinical course and 
supporting decisions to discontinue antibiotic treatment.

However, an important impediment to the evaluation 
and validation of any sepsis marker has been the absence 

of a reliable reference standard for bacterial infection, 
particularly for respiratory infections. For procalcitonin, 
sensitivities and specificities of around 80% have been 
reported in previous observational studies using blood 
culture as the reference standard.55,56 To increase 
sensitivity and specificity of procalcitonin, existing 
algorithms use a variety of cutoff points in conjunction 
with clinical criteria to guide antibiotic prescription.10 
Although observational research does not permit 
measurements of the true diagnostic accuracy of 
procalcitonin, interventional research is helpful to 
understand the clinical effect of such algorithms. Several 
studies have now compared antibiotic use and clinical 
outcomes of acute respiratory infections in patients 

Control (n=3372) Procalcitonin group 
(n=3336)

Adjusted OR or difference (95% CI), 
p value*

pinteraction

Overall

Initiation of antibiotics 2894 (86%) 2351 (70%) 0·27 (0·24 to 0·32), p<0·0001 ··

Duration of antibiotics, days† 9·4 (6·2) 8·0 (6·5) –1·83 (–2·15 to –1·5), p<0·0001 ··

Total exposure of antibiotics, days‡ 8·1 (6·6) 5·7 (6·6) –2·43 (–2·71 to –2·15), p<0·0001 ··

Setting-specific outcomes

Primary care 501 507 ·· ··

Initiation of antibiotics 316 (63%) 116 (23%) 0·13 (0·09 to 0·18), p<0·0001 <0·0001

Duration of antibiotics, days† 7·3 (2·5) 7·0 (2·8) –0·52 (–1·07 to 0·04), p=0·068 0·064

Total exposure of antibiotics, days‡ 4·6 (4·1) 1·6 (3·2) –3·02 (–3·45 to –2·58), p<0·0001 0·101

Emergency department 1638 1615 ·· ··

Initiation of antibiotics 1354 (83%) 1119 (69%) 0·49 (0·41 to 0·58), p<0·0001 <0·0001

Duration of antibiotics, days† 9·8 (5·4) 7·3 (5·1) –2·45 (–2·86 to –2·05), p<0·0001 <0·0001

Total exposure of antibiotics, days‡ 8·2 (6·2) 5·2 (5·4) –3·02 (–3·41 to –2·62), p<0·0001 <0·0001

Intensive care unit 1233 1214 ·· ··

Initiation of antibiotics 1224 (99%) 1116 (92%) 0·02 (0·01 to 0·05), p<0·0001 <0·0001

Duration of antibiotics, days† 9·5 (7·4) 8·8 (7·8) –1·23 (–1·82 to –0·65), p<0·0001 <0·0001

Total exposure of antibiotics, days‡ 9·5 (7·4) 8·1 (7·9) –1·44 (–1·99 to –0·88), p<0·0001 <0·0001

Disease-specific outcomes

Community-acquired pneumonia 1468 1442 ·· ··

Initiation of antibiotics 1455 (99%) 1340 (93%) 0·08 (0·04 to 0·15), p<0·0001 <0·0001

Duration of antibiotics, days† 10·5 (6·2) 8·0 (5·7) –2·45 (–2·87 to –2·02), p<0·0001 <0·0001

Total exposure of antibiotics, days‡ 10·4 (6·2) 7·5 (5·9 –2·94 (–3·38 to –2·5), p<0·0001 0·004

Exacerbation of COPD 631 621 ·· ··

Initiation of antibiotics 453 (72%) 266 (43%) 0·29 (0·23 to 0·36), p<0·0001 0·017

Duration of antibiotics, days† 7·4 (5·3) 7·2 (6·7) –1·15 (–2 to –0·31), p=0·007 0·003

Total exposure of antibiotics, days‡ 5·3 (5·6) 3·1 (5·6) –2·22 (–2·83 to –1·6), p<0·0001 0·506

Acute bronchitis 287 257 ·· ··

Initiation of antibiotics 189 (66%) 68 (26%) 0·18 (0·12 to 0·26), p<0·0001 <0·0001

Duration of antibiotics, days† 7·1 (3·0) 6·4 (3·5) –0·35 (–1·15 to 0·45), p=0·393 0·359

Total exposure of antibiotics, days‡ 4·7 (4·2) 1·7 (3·3) –2·95 (–3·59 to –2·31), p<0·0001 0·33

Ventilator-associated pneumonia 186 194 ·· ··

Initiation of antibiotics 186 (100%) 193 (100%) ·· ··

Duration of antibiotics, days† 13·1 (7·9) 10·8 (8·7) –2·22 (–3·8 to –0·65), p=0·006 0·253

Total exposure of antibiotics, days‡ 13·1 (7·9) 10·8 (8·7) –2·45 (–4·09 to –0·82), p=0·003 0·786

Data are n, mean (SD), or n (%), unless otherwise specified. OR=odds ratio. COPD=chronic obstructive pulmonary disease. *Multivariable hierarchical model adjusted for age 
and diagnosis and trial as a random effect. †Total days of antibiotic therapy in patients in whom antibiotics were initiated. ‡Total days of antibiotic therapy in all randomly 
assigned patients.

Table 4: Antibiotic treatment overall and stratified by setting and diagnosis
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infections such as acute bronchitis. Lower antibiotic 
prescription rates and shorter duration of antibiotic 
therapy in patients contributed to the lower overall 
exposure in the emergency department setting. In the 
ICU setting and in patients diagnosed with community-

acquired pneumonia, the lower exposure was mainly 
explained by shorter treatment durations.

There was a significant reduction in antibiotic-related 
side-effects in procalcitonin-guided patients (16% vs 22%; 
adjusted OR 0·68 [95% CI 0·57–0·82], p<0·0001). This 

Control (n=3372) Procalcitonin group 
(n=3336)

Adjusted OR (95% CI)*, p value pinteraction

Overall

30-day mortality 336 (10%) 286 (9%) 0·83 (0·7 to 0·99), p=0·037 ··

Treatment failure 841 (25%) 768 (23%) 0·90 (0·80 to 1·01), p=0·068 ··

Length of ICU stay, days 13·3 (16·0) 13·7 (17·2) 0·39 (–0·81 to 1·58), p=0·524 ··

Length of hospital stay, days 13·7 (20·6) 13·4 (18·4) –0·19 (–0·96 to 0·58), p=0·626 ··

Antibiotic-related side-effects 336/1521 (22%) 247/1513 (16%) 0·68 (0·57 to 0·82), p<0·0001 ··

Setting-specific outcomes

Primary care 501 507 ·· ··

30-day mortality 1 (<1%) 0 (0) ·· ··

Treatment failure 164 (33%) 159 (31%) 0·96 (0·73 to 1·25), p=0·751 0·715

Days with restricted activities 8·9 (4·2) 8·9 (4·1) 0·07 (–0·44 to 0·59), p=0·777 ··

Antibiotic-related side-effects 128/498 (26%) 102/506 (20%) 0·65 (0·46 to 0·91), p=0·012 0·596

Emergency department 1638 1615 ·· ··

30-day mortality 62 (4%) 57 (4%) 0·91 (0·63 to 1·33), p=0·635 0·546

Treatment failure 292 (18%) 259 (16%) 0·87 (0·72 to 1·05), p=0·141 0·807

Length of hospital stay, days 8·2 (10·5) 8·1 (7·5) –0·14 (–0·73 to 0·44), p=0·631 0·684

Antibiotic-related side-effects 208/1023 (20%) 145/1007 (14%) 0·66 (0·52 to 0·83), p=0·001 0·596

Intensive care unit 1233 1214 ·· ··

30-day mortality 273 (22%) 229 (19%) 0·84 (0·69 to 1·02), p=0·081 0·619

Length of ICU stay, days 14·8 (16·2) 15·3 (17·5) 0·56 (–0·82 to 1·93), p=0·427 0·849

Length of hospital stay, days 26·3 (26·9) 25·8 (23·9) –0·33 (–2·28 to 1·62), p=0·739 0·641

Disease-specific outcomes

Community-acquired pneumonia 1468 1442 ·· ··

30-day mortality 206 (14%) 175 (12%) 0·82 (0·66 to 1·03), p=0·083 0·958

Treatment failure 385 (26%) 317 (22%) 0·78 (0·66 to 0·93), p=0·005 0·052

Length of ICU stay, days 10·5 (10·3) 11·9 (13·3) 1·45 (0·15 to 2·75), p=0·029 0·119

Length of hospital stay, days 13·3 (15·7) 13·9 (16·1) 0·74 (–0·25 to 1·73), p=0·143 0·094

Antibiotic-related side-effects 186/671 (28%) 127/666 (19%) 0·62 (0·48 to 0·8), p<0·0001 0·227

Exacerbation of COPD 631 621 ·· ··

30-day mortality 24 (4%) 19 (3%) 0·80 (0·43 to 1·48), p=0·472 0·847

Treatment failure 110 (17%) 104 (17%) 0·94 (0·7 to 1·27), p=0·704 0·676

Length of hospital stay, days 9·3 (13·9) 8·4 (7·2) –0·6 (–1·84 to 0·64), p=0·342 0·658

Antibiotic-related side-effects 30/274 (11%) 29/275 (11%) 0·93 (0·53 to 1·63), p=0·805 0·198

Acute bronchitis 287 257 ·· ··

30-day mortality 0 (0) 2 (1%) ·· ··

Treatment failure 55 (19%) 52 (20%) 1·11 (0·72 to 1·7), p=0·643 0·4

Length of hospital stay, days 2·6 (5·7) 2·2 (4·7) –0·21 (–0·9 to 0·48), p=0·556 0·97

Antibiotic-related side-effects 54/250 (22%) 39/226 (17%) 0·77 (0·49 to 1·22), p=0·263 0·657

Ventilator-associated pneumonia 186 194 ·· ··

30-day mortality 29 (16%) 23 (12%) 0·75 (0·41 to 1·39), p=0·366 0·644

Treatment failure 51 (27%) 44 (23%) 0·78 (0·48 to 1·28), p=0·332 0·522

Length of ICU stay, days 23·5 (20·5) 21·8 (19·1) –1·74 (–5·64 to 2·17), p=0·383 0·441

Length of hospital stay, days 33·8 (27·6) 32·0 (23·1) –2·14 (–7·04 to 2·75), p=0·391 0·448

Data are n, mean (SD), or n (%), unless otherwise specified. OR=odds ratio. ICU=intensive care unit. COPD=chronic obstructive pulmonary disease. *Multivariable hierarchical 
regression with outcome of interest as dependent variable; age and respiratory tract infection diagnosis as independent variables; and trial as a random effect.

Table 3: Clinical endpoints overall and stratified by setting and diagnosis

Résultats
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BACKGROUND
The effect of procalcitonin-guided use of antibiotics on treatment for suspected lower 
respiratory tract infection is unclear.
METHODS
In 14 U.S. hospitals with high adherence to quality measures for the treatment of 
pneumonia, we provided guidance for clinicians about national clinical practice rec-
ommendations for the treatment of lower respiratory tract infections and the interpre-
tation of procalcitonin assays. We then randomly assigned patients who presented to 
the emergency department with a suspected lower respiratory tract infection and for 
whom the treating physician was uncertain whether antibiotic therapy was indicated 
to one of two groups: the procalcitonin group, in which the treating clinicians were 
provided with real-time initial (and serial, if the patient was hospitalized) procalci-
tonin assay results and an antibiotic use guideline with graded recommendations 
based on four tiers of procalcitonin levels, or the usual-care group. We hypothesized 
that within 30 days after enrollment the total antibiotic-days would be lower — and 
the percentage of patients with adverse outcomes would not be more than 4.5 percent-
age points higher — in the procalcitonin group than in the usual-care group.
RESULTS
A total of 1656 patients were included in the final analysis cohort (826 randomly 
assigned to the procalcitonin group and 830 to the usual-care group), of whom 782 
(47.2%) were hospitalized and 984 (59.4%) received antibiotics within 30 days. The 
treating clinician received procalcitonin assay results for 792 of 826 patients (95.9%) 
in the procalcitonin group (median time from sample collection to assay result, 77 
minutes) and for 18 of 830 patients (2.2%) in the usual-care group. In both groups, 
the procalcitonin-level tier was associated with the decision to prescribe antibiotics 
in the emergency department. There was no significant difference between the pro-
calcitonin group and the usual-care group in antibiotic-days (mean, 4.2 and 4.3 days, 
respectively; difference, −0.05 day; 95% confidence interval [CI], −0.6 to 0.5; P = 0.87) 
or the proportion of patients with adverse outcomes (11.7% [96 patients] and 13.1% 
[109 patients]; difference, −1.5 percentage points; 95% CI, −4.6 to 1.7; P<0.001 for 
noninferiority) within 30 days.
CONCLUSIONS
The provision of procalcitonin assay results, along with instructions on their interpre-
tation, to emergency department and hospital-based clinicians did not result in less 
use of antibiotics than did usual care among patients with suspected lower respiratory 
tract infection. (Funded by the National Institute of General Medical Sciences; ProACT 
ClinicalTrials.gov number, NCT02130986.)
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• Objectif effet utilisation PCT pour ATB des infections respiratoires vs PEC 
comparer prise en charge habituelle

• RCT PCT rendu vs non rendu aux cliniciens pour patient avec suspicion 
infection respiratoire au SAU (14 hôpitaux)
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Procalcitonin-Guided Use of Antibiotics

cal team before decision making in most but not 
all instances. A lack of knowledge about the pre-
scribing practices used by individual physicians 
limits the insights we can make. The potential 
effect of emerging technology that may improve 

the rapid identification of infectious agents — 
technology that was largely unavailable during 
the course of this trial — is unclear. Finally, we 
did not achieve follow-up for all the patients in 
our trial, but our results were robust to com-

Outcome
Procalcitonin 

(N = 826)
Usual Care 
(N = 830)

Difference 
 (95% or 99.86% CI)†

Patients with final diagnosis of community-acquired pneumonia

No. of patients 167 161

Antibiotic-days by day 30 7.8±7.0 7.2±6.0 0.7 (−1.7 to 3.1)

Received any antibiotics by day 30 — estimated no./total no. (%)¶ 148/167 (88.6) 154/161 (95.9) −7.3 (−16.8 to 2.2)

Antibiotic prescription in ED — estimated no./total no. (%)¶∥ 120/167 (71.9) 123/161 (76.3) −4.4 (−19.9 to 11.0)

Antibiotic-days during hospital stay 3.9±3.0 4.1±3.1 −0.2 (−1.5 to 1.1)

Hospital length of stay — days 5.8±4.9 5.9±4.2 −0.1 (−1.2 to 1.1)

Patients with final diagnosis of other lower respiratory tract infection

No. of patients 42 42

Antibiotic-days by day 30 2.5±4.4 4.4±6.4 −2.0 (−4.4 to 0.5)

Received any antibiotics by day 30 — estimated no./total no. (%)¶ 17/42 (39.6) 24/42 (56.9) −17.4 (−39.2 to 4.5)

Antibiotic prescription in ED — estimated no./total no. (%)¶∥ 11/42 (26.2) 18/42 (42.4) −16.2 (−36.3 to 3.9)

Antibiotic-days during hospital stay 1.0±2.0 2.2±2.3 −1.2 (−2.6 to 0.3)

Hospital length of stay — days 5.0±4.0 5.7±2.6 −0.6 (−2.9 to 1.6)

Patients with final diagnosis of non–lower respiratory tract infection

No. of patients 20 21

Antibiotic-days by day 30 2.1±3.2 1.4±2.8 0.7 (−1.3 to 2.6)

Received any antibiotics by day 30 — estimated no./total no. (%)¶ 7/20 (37.2) 6/20 (30.2) 7.0 (−23.1 to 37.2)

Antibiotic prescription in ED — estimated no./total no. (%)¶∥ 3/20 (15.0) 5/21 (23.8) −8.8 (−32.8 to 15.2)

Antibiotic-days during hospital stay 2.6±3.0 0.8±1.5 1.9 (−1.4 to 5.1)

Hospital length of stay — days 6.0±3.8 2.8±1.0 3.3 (−0.6 to 7.1)

*  All data were analyzed in accordance with the intention-to-treat principle, and multiple imputation with the use of chained equations was 
used for missing outcome data. Plus–minus values are means ±SD.

†  To adjust for multiple comparisons, 99.86% confidence intervals are provided for the secondary antibiotic-exposure outcomes (i.e., re-
ceived any antibiotics by day 30, antibiotic prescription in the emergency department [ED], and antibiotic-days during hospital stay) in the 
intention-to-treat population and for all antibiotic-exposure outcomes for the four main final diagnoses (asthma, COPD, acute bronchitis, 
and community-acquired pneumonia). For outcomes expressed as percentages, the differences are given in percentage points.

‡  The intention-to-treat population included all patients who underwent randomization and were eligible for the analysis.
§  The mean (±SD) number of antibiotic-days by day 30 among survivors at day 30 (1630 patients) was 4.3±5.7; the mean number of antibi-

otic-days by day 30 among nonsurvivors at day 30 (26 patients) was 4.4±4.3.
¶  For the outcomes of received any antibiotics by day 30 and antibiotic prescription in ED, we first generated proportions from the inten-

tion-to-treat statistical model. We then multiplied these proportions by the sample size in each treatment group to estimate the counts, 
rounded to the nearest integer.

∥  Antibiotic prescription in the ED includes post-randomization receipt of antibiotics in ED and provision of an antibiotic prescription for 
patients at the time of discharge from the ED.

**  The procalcitonin group in the per-protocol population included only the patients for whom the trial intervention was completed at all 
time points.

††  The procalcitonin group in the per-guideline population included only the patients for whom the treating clinician adhered to procalcitonin 
guideline recommendations at all time points.

‡‡  Two sensitivity analyses were conducted to assess robustness to missing data: a complete-case analysis, under an assumption that data 
were missing at random, and a missing-not-at-random analysis, in which all data were imputed from the usual-care group.

Table 2. (Continued.)
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IMPORTANCE The optimal duration of antibiotic treatment for community-acquired

pneumonia (CAP) has not been well established.

OBJECTIVE To validate Infectious Diseases Society of America/American Thoracic Society

guidelines for duration of antibiotic treatment in hospitalized patients with CAP.

DESIGN, SETTING, AND PARTICIPANTS This studywas amulticenter, noninferiority randomized

clinical trial performed at 4 teaching hospitals in Spain from January 1, 2012, through August

31, 2013. A total of 312 hospitalized patients diagnosed as having CAPwere studied. Data

analysis was performed from January 1, 2014, through February 28, 2015.

INTERVENTIONS Patients were randomized at day 5 to an intervention or control group.

Those in the intervention group were treated with antibiotics for a minimum of 5 days, and

the antibiotic treatment was stopped at this point if their body temperature was 37.8°C or less

for 48 hours and they had nomore than 1 CAP-associated sign of clinical instability. Duration

of antibiotic treatment in the control group was determined by physicians.

MAIN OUTCOMES ANDMEASURES Clinical success rate at days 10 and 30 since admission and

CAP-related symptoms at days 5 and 10measured with the 18-item CAP symptom

questionnaire score range, 0-90; higher scores indicate more severe symptoms.

RESULTS Of the 312 patients included, 150 and 162 were randomized to the control and

intervention groups, respectively. Themean (SD) age of the patients was 66.2 (17.9) years

and 64.7 (18.7) years in the control and intervention groups, respectively. There were 95men

(63.3%) and 55 women (36.7%) in the control group and 101 men (62.3%) and 61 women

(37.7%) in the intervention group. In the intent-to-treat analysis, clinical success was 48.6%

(71 of 150) in the control group and 56.3% (90 of 162) in the intervention group at day 10

(P = .18) and 88.6% (132 of 150) in the control group and 91.9% (147 of 162) in the

intervention group at day 30 (P = .33). Themean (SD) CAP symptom questionnaire scores

were 24.7 (11.4) vs 27.2 (12.5) at day 5 (P = .10) and 18.6 (9.0) vs 17.9 (7.6) at day 10 (P = .69).

In the per-protocol analysis, clinical success was 50.4% (67 of 137) in the control group and

59.7% (86 of 146) in the intervention group at day 10 (P = .12) and 92.7% (126 of 137) in the

control group and 94.4% (136 of 146) in the intervention group at day 30 (P = .54). Themean

(SD) CAP symptom questionnaire scores were 24.3 (11.4) vs 26.6 (12.1) at day 5 (P = .16) and

18.1 (8.5) vs 17.6 (7.4) at day 10 (P = .81).

CONCLUSIONS AND RELEVANCE The Infectious Diseases Society of America/American

Thoracic Society recommendations for duration of antibiotic treatment based on clinical

stability criteria can be safely implemented in hospitalized patients with CAP.
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SAS statistical software for Windows, version 9.2 (SAS Insti-

tute Inc), or S-Plus 2000 (MathSoft Inc).

Results

Atotal of539patientswereassessed for eligibility (Figure). Be-

fore randomization, 227 patients did not meet the selection

criteria, leaving 312 patients. Of these, 150 patients were ran-

domizedto thecontrolgroupand 162 to the interventiongroup.

Themean (SD)ageof thepatientswas66.2 (17.9) yearsand64.7

(18.7) years in the control and intervention groups, respec-

tively. There were 95 men (63.3%) and 55 women (36.7%) in

the control group and 101men (62.3%) and 61women (37.7%)

in the intervention group. Thirteen patients were later ex-

cluded for protocol violation (6 being treatedwith extra anti-

bioticswithin<1weekafterdischargebytheirprimarycarephy-

sicianwithout evidenceof clinicalworseningand 1 leaving the

hospital voluntarily, whereas in 6 antibiotic treatment was

not stopped during hospitalization despite clinical stability

because of lack of collaboration by their physicians). In addi-

tion, 13 and 3 patients in the control and intervention groups,

respectively, were unavailable for the late follow-up. How-

ever, the status of these 16 patients was checked through

electronicmedical records, andall but 1wasaliveat late follow-

up, whereas no information was found for the other patient.

No differences were found in terms of age, sex, comorbidi-

ties, Katz Index, and severity of disease between those who

violated the protocol or were unavailable for follow-up and

those who did not.

Baselinedemographics andcharacteristicswere similar in

the control and intervention groups (Table 1). Mean (SD) PSI

scores were 83.7 (33.7) and 81.8 (33.8) in the control and in-

tervention groups, respectively (P = .55). Vital signs at day 5

were similar in both groups (eTable 1 in Supplement2). Nearly

80%ofpatients inbothgroupsunderwent treatmentwithqui-

nolones, whereas less than 10%were treated with a β-lactam

plus macrolide. Etiologic diagnosis was made in 35 individu-

als (26.5%) in the control group and 28 (20.5%) in the inter-

vention group (P = .25) (eTable 2 in Supplement 2).

Primary Outcomes
Clinical success rate at day 10was48.6%(71of 150) in the con-

trol group and 56.3% (90 of 162) in the intervention group

(P = .18) in the intent-to-treat analysis and 50.4% (67 of 137)

in the control group and 59.7% (86 of 146) in the intervention

Figure. Study FlowDiagram

539 Assessed for eligibility

227 Excluded

51 Declined participation

39 Died before day 5

57 Admitted to intensive care
unit before day 5

5 Chest tube

75 Prior antibiotic treatment

312 Randomized

137 Included in PP analysis

13 Excluded from analysis

146 Included in PP analysis

16 Excluded from analysis

150 Randomized to control group

150 Included in ITT analysis

162 Randomized to intervention group

162 Included in ITT analysis

13 Protocol violation

1 Left hospital voluntarily

6 Extra antibiotic after discharge
without clinical worsening

6 Lack of collaboration from
physicians during hospitalization

3 Unavailable for follow-up

13 Unavailable for follow-up

ITT indicates intent to treat; PP, per protocol.

Table 1. Baseline Characteristics of Study Participantsa

Characteristic
Control Group
(n = 150)

Intervention Group
(n = 162)

Age, mean (SD), y 66.2 (17.9) 64.7 (18.7)

Sex

Male 95 (63.3) 101 (62.3)

Female 55 (36.7) 61 (37.7)

Tobacco

Current smoker 32 (21.3) 36 (22.6)

Never smoker 68 (45.3) 71 (44.7)

Former smoker 50 (33.3) 52 (32.7)

Alcohol consumption (yes) 24 (16.1) 17 (10.5)

Comorbidities

Liver disease 4 (2.7) 4 (2.5)

Heart disease 38 (25.3) 39 (24.1)

Congestive heart failure 14 (9.3) 12 (7.4)

Cerebrovascular disease 16 (10.7) 9 (5.6)

Renal disease 12 (8.0) 12 (7.4)

COPD 21 (14) 27 (16.7)

Diabetes 25 (16.7) 21 (13.0)

Charlson Comorbidity Index, median
(IQR)

1 (0-2) 1 (0-2)

Charlson Comorbidity Index,
categorized

0 61 (40.7) 70 (43.2)

1 37 (24.7) 47 (29.0)

>1 52 (34.7) 45 (27.8)

Katz Index, mean (SD)b 0.6 (1.6) 0.4 (1.3)

PSI class

I-III 89 (59.3) 102 (63.0)

IV-V 61 (40.7) 60 (37.0)

PSI score, mean (SD) 83.7 (33.7) 81.8 (33.8)

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile

range; PSI, Pneumonia Severity Index.
a Data are presented as number (percentage) of study participants unless

otherwise indicated. Percentages exclude patients with missing data. The

percentage of missing data was 0% for all variables, except for the following:

tobacco, 0.9%; alcohol consumption, 0.3%; and Katz Index, 0.9%.
bThe Katz index assesses patient independence in activities of daily living, with

higher values indicating more dependence (range, 0-6).
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tute Inc), or S-Plus 2000 (MathSoft Inc).

Results

Atotal of539patientswereassessed for eligibility (Figure). Be-

fore randomization, 227 patients did not meet the selection

criteria, leaving 312 patients. Of these, 150 patients were ran-

domizedto thecontrolgroupand 162 to the interventiongroup.

Themean (SD)ageof thepatientswas66.2 (17.9) yearsand64.7

(18.7) years in the control and intervention groups, respec-

tively. There were 95 men (63.3%) and 55 women (36.7%) in

the control group and 101men (62.3%) and 61women (37.7%)
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sicianwithout evidenceof clinicalworseningand 1 leaving the

hospital voluntarily, whereas in 6 antibiotic treatment was
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because of lack of collaboration by their physicians). In addi-
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respectively, were unavailable for the late follow-up. How-

ever, the status of these 16 patients was checked through
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tervention groups, respectively (P = .55). Vital signs at day 5
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Characteristic
Control Group
(n = 150)

Intervention Group
(n = 162)

Age, mean (SD), y 66.2 (17.9) 64.7 (18.7)

Sex

Male 95 (63.3) 101 (62.3)

Female 55 (36.7) 61 (37.7)

Tobacco

Current smoker 32 (21.3) 36 (22.6)

Never smoker 68 (45.3) 71 (44.7)

Former smoker 50 (33.3) 52 (32.7)

Alcohol consumption (yes) 24 (16.1) 17 (10.5)

Comorbidities

Liver disease 4 (2.7) 4 (2.5)

Heart disease 38 (25.3) 39 (24.1)

Congestive heart failure 14 (9.3) 12 (7.4)

Cerebrovascular disease 16 (10.7) 9 (5.6)

Renal disease 12 (8.0) 12 (7.4)

COPD 21 (14) 27 (16.7)

Diabetes 25 (16.7) 21 (13.0)

Charlson Comorbidity Index, median
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1 (0-2) 1 (0-2)

Charlson Comorbidity Index,
categorized

0 61 (40.7) 70 (43.2)

1 37 (24.7) 47 (29.0)

>1 52 (34.7) 45 (27.8)

Katz Index, mean (SD)b 0.6 (1.6) 0.4 (1.3)

PSI class

I-III 89 (59.3) 102 (63.0)

IV-V 61 (40.7) 60 (37.0)

PSI score, mean (SD) 83.7 (33.7) 81.8 (33.8)

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile

range; PSI, Pneumonia Severity Index.
a Data are presented as number (percentage) of study participants unless

otherwise indicated. Percentages exclude patients with missing data. The

percentage of missing data was 0% for all variables, except for the following:

tobacco, 0.9%; alcohol consumption, 0.3%; and Katz Index, 0.9%.
bThe Katz index assesses patient independence in activities of daily living, with

higher values indicating more dependence (range, 0-6).
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Study	Designǣ	Allocationǣ	Randomized	

Endpoint	Classificationǣ	Efficacy	Study	

)ntervention	Modelǣ	Parallel	Assignment	

Maskingǣ	Double	Blind	ȋSubjectǡ	Caregiverǡ	)nvestigatorǡ	Outcomes	AssessorȌ	

	

Intervention	group:	

Patients	randomized	at	day	ͷ	to	an	 intervention	or	a	control	groupǤ	Those	 in	 the	

intervention	group	are	 treated	with	antibiotics	 for	a	minimum	of	ͷ	days	and	 the	

antibiotic	 treatment	 is	 stopped	at	 this	point	 if	 their	body	 temperature	 is	ζ͵͹ǤͺιC	

for	 Ͷͺ	 hours	 and	 they	 have	 no	 more	 than	 one	 CAPǦassociated	 sign	 of	 clinical	

instability	 defined	 asǣ	 systolic	 blood	 pressure	 δͻͲ	 mm(gǡ	 heart	 rate	 εͳͲͲ	

beatsȀminǡ	respiratory	rate	εʹͶ	breathsȀminǡ	arterial	oxygen	saturation	δͻͲΨ	or	

PaOʹ	δ͸Ͳ	mm(g	in	room	airǤ		

Control	group:		

Duration	 of	 antibiotics	 in	 the	 control	 group	 is	 determined	 by	 physicians	 as	 in	

routine	clinical	practiceǤ		

	

Eligibility	

	

Patients	η	ͳͺ	years	oldǡ	hospitalized	with	a	diagnosis	of	CAPǤ	Pneumonia	is	defined	

as	 pulmonary	 infiltrate	 on	 chest	 XǦray	 not	 seen	 previously	 plus	 at	 least	 one	

symptom	compatible	with	pneumonia	such	as	coughǡ	feverǡ	dyspneaǡ	andȀor	chest	

painǤ		

	

Exclusion	criteriaǣ	

ATB :

- 80% des patients traités par FQ 

- 10% beta lactamines +ML
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group (P = .12) in the per-protocol analysis. At day 30, it im-

proved to88.6%(132of 150) and91.9%(147of 162) in the con-

trol and interventiongroups, respectively, in the intent-to treat

analysis (P = .33) and to 92.7% (126 of 137) and 94.4% (136 of

146) in thecontrol and interventiongroups, respectively, in the

per-protocol analysis (P = .54). The CAP symptom question-

naire scores were similar in the 2 groups on day 5 (24.7 [11.4]

and 27.2 [12.5] in the control and intervention groups, respec-

tively;P = .10 in the intent-to-treat analysis; and24.3 [11.4] and

26.6 [12.1] in the control and intervention groups, respec-

tively; P = .16 in the per protocol analysis). At day 10, the CAP

symptomquestionnaire scoresdecreased inbothgroups (18.6

[9.0] and 17.9 [7.6] in the control and intervention groups, re-

spectively;P = .69 in the intent-to-treat analysis; and 18.1 [8.5]

and 17.6 [7.3] in the control and intervention groups, respec-

tively,P = .81 in theperprotocol analysis) (Table2).Withindif-

ferent PSI severity groups, clinical success rate at day 10was

comparable in the 2 groups. In the intent-to treat analysis, pa-

tientswithmoreseverediseaseachievedclinical successatday

30more frequently in the intervention group than in the con-

trol group. No differences were observed in the per-protocol

analysis (Table 3). Primary study outcomes by type of antibi-

otics and by hospitals are given in eTable 3 and eTable 4, re-

spectively, in Supplement 2.

Table 3. Clinical Success Rates at Days 10 and 30Among Different Severity Groups Defined by PSI Classa

PSI Class

No. (%) of Participants

P ValueControl Group Intervention Group

Clinical Success at Day 10

PSI classes I-III

Intent to treat 41/86 (47.7) 58/101 (57.4) .18

Per protocol 39/80 (48.8) 58/94 (61.7) .09

PSI classes IV-V

Intent to treat 30/60 (50) 32/59 (54.2) .64

Per protocol 28/53 (52.8) 28/50 (56) .75

Clinical Success at Day 30

PSI classes I-III

Intent to treat 83/88 (94.3) 93/102 (91.2) .41

Per protocol 80/82 (97.6) 89/95 (93.7) .29

PSI classes IV-V

Intent to treat 49/61 (80.3) 54/58 (93.1) .04

Per protocol 46/54 (85.2) 47/49 (95.9) .10

Abbreviation: PSI, Pneumonia

Severity Index.
a Percentages exclude patients with

missing data. The percentage of

missing data in the intent-to-treat

and per-protocol populations was as

follows: clinical success at day 10,

1.9% and 2.1%, respectively; and

clinical success at day 30, 0.9% and

1.0%, respectively.

Table 2. Results for the Primary Study Outcomes

Outcome Control Group Intervention Group P Value

Intent-to-Treat Analysis

Total No. of participants 150 162

Clinical success, No. (%)a

At day 10 71 (48.6) 90 (56.3) .18

At day 30 132 (88.6) 147 (91.9) .33

CAP symptom questionnaire score, mean (SD)b

At day 5 24.7 (11.4) 27.2 (12.5) .10

At day 10 18.6 (9.0) 17.9 (7.6) .69

Per-Protocol Analysis

Total No. of participants 137 146

Clinical success, No. (%)a

At day 10 67 (50.4) 86 (59.7) .12

At day 30 126 (92.7) 136 (94.4) .54

CAP symptom questionnaire score, mean (SD)b

At day 5 24.3 (11.4) 26.6 (12.1) .16

At day 10 18.1 (8.5) 17.6 (7.4) .81

Abbreviation: CAP, community-acquired pneumonia.
a Percentages exclude patients with missing data. In the intent-to-treat

population, the percentage of missing data for each variable was as follows:

clinical success at day 10, 1.9%; clinical success at day 30, 0.9%; CAP symptom

questionnaire score at day 5, 3.8%; and CAP symptom questionnaire score at

day 10, 4.4%. In the per-protocol population, the percentage of missing data

was as follows: clinical success at day 10, 2.1%; clinical success at day 30, 1.0%;

CAP symptom questionnaire score at day 5, 3.1%; and CAP symptom

questionnaire score at day 10, 3.8%.
bOn the CAP symptom questionnaire, which is a specific and validated

patient-reported outcomemeasure based on 18 items, higher scores indicated

more severe CAP-related symptoms (range, 0-90).
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Allez jusqu’au bout du traitement ?

Changement de paradigme !!



Conclusions

• Quand peut on arrêter un traitement 
antibiotique ?
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