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Abstract
Reduction of the inappropriate use of antibiotics in clinical practice is one of the main goals of the Società Italiana di 
Medicina Interna (SIMI) choosing wisely campaign. We conducted a systematic review of secondary studies (systematic 
reviews and guidelines) to verify what evidence is available on the duration of antibiotic treatment in Pneumonia. A litera-
ture systematic search was performed to identify all systematic reviews and the three most cited and recent guidelines that 
address the duration of antibiotic therapy in pneumonia. Moreover, a meta-analysis of non-duplicate data from randomized 
controlled trials (RCTs) considered in the enrolled systematic reviews was performed together with a trial sequential analysis 
to identify the need for further studies. Two systematic reviews on antibiotic duration in community-acquired pneumonia 
(CAP) for a total of 17 RCTs (2764 patients) were enrolled in our study. Meta-analysis of non-duplicate RCTs show a non-
significant difference in rate of treatment failure between short (≤ 7 days) and long (> 7 days) antibiotic treatment course: 
RR 1.05 (95% CI, 0.82–1.36). The trial sequential analysis suggests that further data would not affect current evidence or 
become clinically relevant. Selected guidelines suggest consideration of a short course, with a low grade of evidence and 
without citing the already published systematic reviews. Antibiotic treatment of CAP for ≤ 7 days is not associated with a 
higher rate of treatment failure than longer courses and should thus be taken in consideration. Guidelines should upgrade 
the evidence on this topic.
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Introduction

In 2012, the American Board of Internal Medicine (ABIM) 
launched the “Choosing Wisely” (CW) campaign. The aim 
of the campaign is to promote care that is truly necessary, 

free of harm, supported by evidence and not duplicative of 
other tests or procedures already performed, involving both 
patients and clinicians in the identification and implementa-
tion of the campaign’s interventions.

 *	 Ludovico Furlan 
	 ludovico.furlan@unimi.it

1	 Università degli Studi di Milano, Milan, Italy
2	 Dipartimento di Scienze Biomediche e Cliniche “L. Sacco”, 

Università degli Studi di Milano, Milan, Italy
3	 Fondazione IRCCS Ca’ Granda, Ospedale Maggiore 

Policlinico, UOC Pronto Soccorso e Medicina d’Urgenza, 
Milan, Italy

4	 Dipartimento di Scienze Cliniche e di Comunità, Università 
degli Studi di Milano, Milan, Italy

5	 Dipartimento di Medicina Interna, Ospedale Maggiore 
Policlinico, Fondazione IRCCS Ca’ Granda, Milan, Italy

6	 Dipartimento delle professioni sanitarie, Ospedale Maggiore 
Policlinico, Fondazione IRCCS Ca’ Granda, Milan, Italy

7	 Dipartimento di Pronto Soccorso e Medicina d’Urgenza, 
Azienda Ospedaliera Universitaria di Udine, Udine, Italy

8	 Department of Medical and Surgical Sciences, 
“Magna-Græcia” University of Catanzaro, Catanzaro, Italy

9	 Dipartimento di Medicina Interna, IRCCS Fondazione 
Policlinico San Matteo, Università di Pavia, Pavia, Italy

http://orcid.org/0000-0002-4035-9101
http://crossmark.crossref.org/dialog/?doi=10.1007/s11739-018-1955-2&domain=pdf


378	 Internal and Emergency Medicine (2019) 14:377–394

1 3

So far, more than 70 scientific societies have joined the 
campaign, and recently also the Italian Society of Internal 
Medicine (SIMI) has developed its five items on appropri-
ateness of cures [1]. The SIMI has, nevertheless, chosen 
a unique way to support the CW Campaign. Indeed, the 
society uses a bottom-up methodology to select the relevant 
topics involving not only a small group of experts, but all 
the society members.

One of the five items of the SIMI CW campaign is 
the reduction of long-term intravenous antibiotics if not 
indicated.

Overuse of antimicrobial medications is, indeed, directly 
related to serious consequences in terms of toxicity, selec-
tion of resistant bacteria, patient compliance, and indirectly 
to financial costs. Recently, the WHO in its “Global action 
plan on antimicrobial resistance” [2] has also identified 
optimization of antimicrobial use as one of the five essen-
tial objectives to pursuit. This issue seems to be even more 
relevant if we consider the significant high prevalence of 
antibiotic prescription that can reach up to 50% of all hospi-
talized patients [3, 4].

Among the causes for antibiotic prescription, community-
acquired pneumonia (CAP) and healthcare-associated pneu-
monia (HAP) are the most frequent. CAP affects, indeed, 
both in- and out-hospital patients with an incidence of 5–11 
per 1000 in the adult population [5], and an annual calcu-
lated cost of 8.4 billion$/year in the United States [6].

The objective of our study is thus to summarize available 
evidence and to identify fields where further data are needed 
regarding the following topics on CAP and HAP:

1.	 Comparison of the efficacy of short- and long-course 
antibiotic therapy.

2.	 Optimal timing of switch from intravenous to oral anti-
biotic therapy.

To do so, we compared guidelines and available system-
atic reviews on these topics.

Methods

To pursue our objectives, we performed a systematic review 
of secondary studies. We analyzed all systematic reviews 
and compared the three most cited guidelines published in 
the last ten years on antibiotic switch from intravenous to 
oral therapy and duration of antibiotic treatment in CAP 
and HAP.

Systematic reviews selection and analysis

For the systematic reviews, we searched the PubMed data-
base 22/12/2017 using the keyword “pneumonia” and fil-
ters for Meta-analyses and Systematic Reviews; no pub-
lication date limit was applied. We limited our search to 
English written studies. Two authors (RS, LT) independently 
screened the articles’ titles and abstracts selecting the ones 
pertinent to our objectives. Only studies on duration of anti-
biotic treatment in adult patients with CAP or HAP were 
included. Rate of agreement among the two authors was 
evaluated with Cohen’s K coefficient. Disagreements were 
solved through confrontation between the two reviewers and 
a third author (GC).

Each selected article was fully evaluated and a pre-speci-
fied Excel™ table was used for data extraction. For each sys-
tematic review, we recorded authors’ conclusions, number, 
type and title of original reviewed studies, reported informa-
tion on and number of enrolled patient (i.e., adult, cancer, 
surgical, etc.), definition of short- and long-term treatment 
and of all the outcomes evaluated by the included reviews. 
For each outcome considered by the systematic reviews, 
we reported the number of events in short- and long-course 
therapy groups, and the pooled odds ratio (OR), relative risk 
(RR) and heterogeneity among studies, as reported by the 
systematic reviews.

To completely assess the actual evidences on the optimal 
length of antibiotic treatment, we then considered only the 
outcome “clinical failure.” We built a two-by-two table for 
each single trial enrolled in the selected systematic reviews 
considering the data reported in the descriptive tables of 
the systematic reviews. We then calculated the risk ratio 
for the outcome “clinical failure,”, defined as the failure to 
achieve clinical improvement, and performed a meta-anal-
ysis with the data of all non-duplicated RCTs considered in 
the selected systematic reviews. We took into consideration 
only the data reported in the systematic reviews, and did not 
review the original studies.

Results were reported as risk ratio (RR) with 95% confi-
dence interval (CI). A fixed or random effect model was used 
for analysis as appropriate. Heterogeneity among studies was 
evaluated with the Cochran’s Q and I2 statistics.

Ultimately, considering the outcome “clinical failure,” 
we performed a trial sequential analysis (TSA) to properly 
control the risk of random errors (type I and type II), and to 
calculate the corresponding required information size (num-
ber of participants needed in a meta‐analysis to detect an 
anticipated treatment effect) [7]. We assumed 8.5% of failure 
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to achieve clinical improvement in the short-course group. 
This corresponds to the rate of clinical failure observed in 
our meta-analysis for the short-course treatment group. The 
required information size was calculated assuming a clini-
cally relevant relative risk reduction of 30%, a risk of type 
I error of 5% and a risk of type II error of 80%. According 
to these assumptions, 3894 patients were required for our 
primary analysis.

Review Manager version 5.3® and the TSA software 
(Copenhagen Trial Unit Centre for Clinical Intervention 
Research, Rigshospitalet, Copenhagen, Denmark) were 
used for performing the meta-analysis and the trial sequen-
tial analysis, respectively.

Guidelines selection and analysis

To select the most relevant guidelines, we performed a sec-
ond search with PubMed using “pneumonia” as keywords and 
“guidelines” as filter. To include the most updated data, we 
limited our search between the 12/12/2007 and the 22/12/2017. 
Two authors (LT, RS) independently screened the studies to 
include only guidelines on CAP and HAP in adult patients. 
We also included guidelines on infective diseases that assessed 
antibiotic treatment in CAP or HAP. Guidelines on the therapy 
in Ventilator-Associated Pneumonia (VAP) were excluded. 
Analyses were performed separately for CAP and HAP.

To identify the most relevant guidelines, for each article, 
we considered a citation-per-year rate that was calculated 
dividing the guideline’s total number of citations by the dif-
ference between the year of our search (i.e., 2017) and the 
year of the guideline’s publication. The number of citations 
was obtained from Scopus or Google Scholar considering 
the highest one among the two databases.

The three guidelines with the highest citation-per-year 
rate were then enrolled separately for CAP and HAP. Rate of 
agreement on articles’ selection among the two authors was 
evaluated with Cohen’s K coefficient. Disagreement among 
the two reviewers was solved through consultation with a 
third author (GC).

Consultation with an expert was done before final enroll-
ment to assure that all significant guidelines had been 
considered.

Both for duration of antibiotic treatment and switch to 
oral therapy, we compared the three selected guidelines on 
the recommendations given, the evidence grading system 
used and the studies cited to support recommendations. If 
present, we compared evidence among specific subgroups 

of patients (i.e., hospitalized vs ambulatory ones, different 
grades of severity).

We finally rated the recommendations given by each 
guideline with the GRADE system [8] and used this parame-
ter to evaluate the agreement among the different guidelines.

Each analysis was done separately for HAP and CAP.j

Results

Through bibliographic search in PubMed, we identified 3021 
systematic reviews and 2549 guidelines (Appendix Figs. 3 
and 4).

Systematic reviews

All abstract and titles of the studies were screened, and six 
systematic reviews were finally included (Appendix Fig. 3). 
The two review authors were concordant on the inclusion of 
5/6 studies (k = 0.86, very good strength of agreement [8]), 
the study on which they were discordant was finally included 
after consultation with a third author. After fully evaluating 
the articles, only two systematic reviews with meta-analysis 
on duration of antibiotic treatment in CAP were identified [9, 
10] (Table 1). We could not identify any study on the switch 
to oral therapy in CAP. After evaluation of the full text arti-
cles, we could not identify systematic reviews specifically 
assessing duration of antibiotic treatment and oral switch in 
HAP. Indeed, all systematic reviews initially included had 
enrolled only RCTs on VAP, and were thus excluded.

The two selected systematic reviews on CAP consid-
ered only RCTs and were performed in in-patients and 
out-patients.

Dimopoulos et al. [9] enrolled studies on patients with 
CAP of any severity, either in- or out-patients, of any age 
(including neonates), and assessing the same antibiotic treat-
ment prescribed for different duration in the two treatment 
groups. A short course was defined as less than 7 days of 
antibiotic therapy, while a long course had to be at least 
two days longer than a short course. The systematic review 
enrolled five studies on adults [11–15] and two on children 
[16, 17]. Most enrolled RCTs excluded severe CAP. Antibi-
otic treatment was given through the oral route in two studies 
[12, 14], through an intravenous route in one study [11] and 
initially an intravenous route and then orally in two studies 
[13, 15]. The short-course treatment ranged between 3 days 
[13] to a maximum of 7 days [15], while the long-course 
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treatment ranged between 7 [12, 14] and 10 days [11]. The 
minimum difference between short- and long-course treat-
ment was 2 days in the studies by File et al. [14] and Tellier 
et al. [12], while 5 days was the longest difference, in the 
studies by Leophonte [11] and El Moussaoui [13]. Cephalo-
sporins, penicillins or fluoroquinolones were the antibiotics 
used in the enrolled RCTs, and the same antibiotic had to 
be used in both treatment groups. Outcomes evaluated were 
clinical success at the end of therapy (primary outcome), 
clinical success at follow-up, microbiological success at 
end of therapy and late follow-up, mortality (secondary out-
comes) and total number of adverse events and withdrawals 

due to adverse events (safety outcomes). Outcomes data 
were recorded with a per-protocol analysis.

The meta-analyses performed on adults included a total 
of four studies and 1095 patients who were almost equally 
distributed between in- and out-patients. No significant differ-
ence emerges between short- and long-course antibiotic treat-
ment in clinical success at the end of therapy, with an OR 0.92 
(95% CI, 0.58–1.47). Neither, is there any difference found 
in adverse events. No heterogeneity among studies emerges.

The second systematic review enrolled, by Li et al. [10], 
included studies on adults both in- and out-patients receiv-
ing a short-course (< 7 days) or a long-course (≥ 7 days) 

Table 1   Description of enrolled systematic reviews

FU follow-up, ITT intention to treat, PP per protocol
Heterogeneity was reported to be not significant for all considered outcomes in both meta-analysis:
a In the study by Dimopoulos et al. [9], outcome measures are reported as OR, in the study by Li et al. [10] as RR
b Complete resolution or improvement of symptoms and signs
c Death of patients due to any cause occurring until the end of the follow-up period
d Total number of adverse events that occurred until the end of the follow-up period. If data regarding total number of adverse events were not 
reported, but instead data for adverse events deemed as drug-related were provided, the latter were included in the analysis
e Reappearance of signs and symptoms in patients deemed as clinically cured or improved at the end-of-therapy evaluation
f The rate of patients with eradication of the pre-treatment isolated pathogens or with presumed eradication, judged in accordance with the clini-
cal outcome in the case that post-treatment cultures were not performed
g Clinical failure was determined by the investigators of each study generally based on clinical symptoms and the need for additional antibiotics
h Clinical symptoms or laboratory abnormalities deemed likely to be related to medication use by the investigators

Short-course treatment vs long-
course treatment

Outcome Studies (n) No. of patients OR/RRa (95% CI)

Dimo-
poulus 
et al. 
[9]

3–7 days vs 7–10 days (at least 2 
days difference among the two 
treatment courses)

Clinical successb at the end-of-ther-
apy assessment (PP analysis)

RCT (4) 1095 0.92 (0.58–1.47)

Clinical success at the late FU 
assessment (PP analysis)

RCT (4) 809 1.23 (0.79–1.91)

Mortalityc RCT (5) 1297 0.60 (0.23–1.58)
adverse eventsd RCT (4) 1261 0.98 (0.75–1.29)
Relapsese RCT (1) 46 No events in both groups
Microbiological success at the end 

of therapyf
RCT (3) 409 1.03 (0.52–2.47)

Li et al. 
[10]

≤ 7 days vs > 7 days Failure to achieve clinical improve-
ment or cure (ITT analysis)g

RCT (15) 2796 0.89 (0.78–1.02)

Failure to achieve clinical improve-
ment or cure (PP analysis)g

RCT (15) 2796 0.94 (0.72–1.22)

Mortality RCT (8) 431 0.81 (0.46–1.43)
Bacteriologic failure RCT (7) Not reported 1.09 (0.75–1.58)
Adverse eventsh Not reported Not reported 0.86 (0.71–1.04)



381Internal and Emergency Medicine (2019) 14:377–394	

1 3

antibiotic monotherapy. Antibiotics used were macrolides, 
beta-lactams, fluoroquinolones, and different types of 
antibiotics were used in the majority of enrolled RCTs 
in the short- and long-course treatment arms. Duration 
of the short-course therapy varied among the enrolled 
studies from 3 days [18–23] to 7 days [12, 15, 24], while 
in the long-course treatment, it was 10 days for all stud-
ies except for the study by Kobayashi et al. [18] where 
patients were treated for 14 days. The shortest difference in 
days between short and long treatment was 3 days for the 
study by Leophonte [24], while the longest was 11 days 
in the study of Kobayashi et al. [18]. No data on route of 
administration of antibiotics in the different RCTs were 
available for this systematic review. Primary outcome 
evaluated was failure to achieve clinical improvement or 
cure. Time to outcome evaluation varied among the differ-
ent enrolled studies from 10 to 42 days. Data were evalu-
ated with both per-protocol and intention-to-treat analyses. 
The meta-analysis was performed on 15 studies [11, 12, 
15, 18–29] for a total of 2796 patients. No statistically sig-
nificant difference is found between short and long course 
in the risk of clinical failure both with intention to treat 
(RR 0.89, 95% CI 0.78–1.02) and per-protocol (RR 0.94, 
95% CI 0.72–1.22) analyses. In the majority of the studies 
that used macrolides, a short-course treatment lasted for 
3 days, and no statistically significant difference emerges 
with long-course treatment. Nor was any difference found 
for adverse events.

No heterogeneity is found among studies.
Three studies were enrolled in both systematic reviews 

[11, 12, 15].

Meta‑analysis and trial sequential analysis

For our meta-analysis, we extracted the data of the single 
RCTs only on adult patients enrolled by the two systematic 
reviews (Table 2). Considering the enrolled RCTs in the two 
systematic reviews, our analysis added three further studies 
[12–14], for a total of 917 patients, to the meta-analysis by 
Li et al. We considered data from 17 RCTs for a total of 2764 
patients of whom 1467 were in the short course, and 1297 
in the long-course group. Two RCTs had been selected by 
both studies [11, 15]. Data were analyzed with a per-protocol 
analysis; since in the study by Dimopoulos, this was the only 
analysis available. To assess optimal length of antibiotic 
treatment, we considered as outcome the failure to achieve 
clinical improvement. We calculated a total of 235 events, 

125 in the short-course group and 110 in the long-course 
group. Meta-analysis on the data from original articles is 
shown in Fig. 1. No significant difference emerges from 
short- and long-term antibiotic treatment in risk of clinical 
failure, with a calculated RR of 1.05 (95% CI, 0.82–1.36). 
No heterogeneity is found among enrolled studies (I2 = 0%).

As for the TSA, after randomisation of 2764 patients 
(71% of the required size), the cumulative Z curve lay in the 
futility area. This means that, in addition to having observed 
a not statistically significant effect, there is firm evidence 
that long-course therapy does not reduce the risk for clinical 
failure by 30%, suggesting that no further trials are needed 
(Fig. 2).

Guidelines

After screening 2549 articles identified in PubMed, 23 
guidelines were identified. Of those, 18 were selected by 
both reviewer authors (Cohen’s K = 0.78, good strength of 
agreement [8]), 5 were included after confrontation with 
a third author, and one, the 2007 Infectious Disease Soci-
ety of America/American Thoracic Society Guidelines on 
CAP [30], after consultation with an expert due to the inter-
national and epidemiological relevance of the document 
(Fig. 2).

The most common reasons for articles’ exclusions were 
type of population (pediatric or immunosuppressed) or 
pneumonia different from CAP or HAP (i.e., viral pneumo-
nia, VAP, etc.).

Enrolled guidelines on CAP [5, 30, 31] with recorded 
data on recommendations, level of evidence, GRADE level 
and bibliography are reported in Table 3.

All guidelines selected were concordant in recommend-
ing 7–8 days of antibiotic treatment for CAP even if lev-
els of evidence appeared to be weak and citations provided 
to support recommendations were different between the 
guidelines.

All guidelines were also concordant on switching from 
intravenous to oral therapy as soon as possible; nevertheless, 
no precise timing nor clear indication, expect from clinical 
judgment, is provided by any of the selected articles, and the 
grade of evidence appears to be poor.

Selected guidelines for HAP [56–58] all recommend 
7–8 days of antibiotic treatment (Appendix Table 4). Evi-
dence quality is very poor as well as GRADE rating. Most 
recommendations are derived from trials on VAP.
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Discussion

The main result of our study is that there are no differences 
in the incidence of treatment failure between a short- and 
long-course antibiotic treatment in CAP and that further 
RCTs would probably not influence these findings. Guide-
lines’ recommendations are in line with our results even if 
supported by weak evidence that varies from ours.

No systematic review was found on the switch from intra-
venous to oral therapy in CAP, while all enrolled guidelines 
recommend switch as soon as possible according to clinical 
conditions.

No systematic reviews on antibiotic duration or switch to 
oral therapy were found for HAP. Guidelines’ recommenda-
tions on HAP were derived from RCTs on VAP and were 
concordant on prescribing antibiotics for 7–8 days, while no 
indication was found on oral switch.

To our knowledge, this is the first study comparing sys-
tematic reviews’ evidence and guidelines recommendations 
on antibiotic treatment duration and switch to oral therapy 
in CAP and HAP.

We included in our study only secondary data. This is 
obviously time and money favorable since data are easily 
accessible. Nevertheless, it also has the advantage of being 
able to identify what are the deficiencies of primary and 
secondary studies, in which direction further RCTs should 
be headed, and what sort of information still needs to be 
collected.

No systematic reviews on oral switch were identified 
while only two systematic reviews on duration of antibiotic 
treatment in CAP were selected. Neither the meta-analyses 
of the two systematic reviews nor the meta-analysis that we 
performed show any differences between short and long-
course antibiotic treatment in terms of clinical failure. More-
over, the trial sequential analysis supports the hypothesis 
that no further trial would probably increase the reliability of 
our results. Selected guidelines’ recommendations on antibi-
otic duration in CAP are concordant among them, with the 
selected meta-analyses and with our results.

Selection of a specific duration for short-course treat-
ment is, nevertheless, more challenging. Both meta-analyses 
selected a cutoff of 5–7 days, but utilized different types 
of antibiotics, including macrolides, for which even shorter 
course might be beneficial. Nevertheless, in the majority of 
RCTs that used macrolides, the short treatment lasted 3 days, 
and for each study no statistically significant difference 
emerges in clinical failure with extended course treatment.

In addition, outcomes prevalence in short- and long-
course antibiotic treatment seems to be independent from 
the route of antibiotic administration. Indeed, in the studies 
enrolled by Dimopoulos et al. [9], the patients received anti-
biotics both orally or intravenously, but none of the enrolled 
RCTs shows a significant differences in outcomes in the two 
treatment groups.

The results obtained by our study are probably extend-
able to most of the patients with CAP of everyday 

Fig. 1   Forrest plot for data of non-duplicated enrolled RCTs for the outcome “clinical failure”
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clinical practice. Indeed, the population of our study includes 
patients from different countries, with CAP of different 
severity (mainly moderate) and aetiology, both in- and out-
patients who were treated with the most commonly pre-
scribed antibiotics for CAP (i.e., macrolides, beta-lactams 
and fluoroquinolones). Recommendations on antibiotic 
duration in CAP are concordant with the three selected 
guidelines, with the results of the selected meta-analyses 
and with our meta-analysis. The quality of evidence is rated 

poor both by the guidelines’ authors and by the applica-
tion of the GRADE rating system. We chose to apply the 
GRADE rating system to compare recommendations with 
the same evidences’ rating system. Also, the GRADE rating 
system provides a tool that considers not only the validity 
of cited studies to support evidence, but also their clinically 
relevance and applicability in clinical practice.

Interestingly, citations provided in the guidelines are 
completely different between them, and none includes the 

Fig. 2   Trial sequential analysis of non-duplicate enrolled RCTs for 
the outcome “clinical failure.” The cumulative Z curve (blue line) 
represents the cumulative evidence for the outcome “clinical failure” 
in the comparison among short- and long-course antibiotic treat-
ment. Trial sequential monitoring boundaries for benefit or harm (red 
inward sloping lines) represent the lines above and below which suf-
ficient amount of evidence favouring, respectively, short- and long-
course antibiotic treatment have been reached, so that further trials 
are unlikely to change the conclusions. Futility boundaries (red out-
ward sloping lines) represent the lines below and above which suf-
ficient amount of evidence have been reached on no difference among 
the two treatment courses, so that addition of future trials is unlikely 
to change the conclusions. Red vertical line at the right end of the fig-

ure represents the sample size above which sufficient amount of evi-
dence favour either short or long antibiotic course and further trials 
are unlikely to modify conclusions. The green lines represent the con-
ventional boundaries of ≥ 5% equal to Z scores of + 1.96 and − 1.96. 
The required information size was calculated in 3894 patients, assum-
ing 8.5% of failure to achieve clinical improvement in the short-
course group, a clinically relevant relative risk reduction of 30%, a 
risk of type I error of 5% and a risk of type II error of 80%. In our 
analysis, the cumulative z score lies in between the futility boundaries 
suggesting that the long-course antibiotic treatment does not reduce 
the risk of clinical failure and that future RCTs will unlikely affect 
current evidence (color figure online)
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Table 3   Description of included guidelines on community-acquired pneumonia

Woodhead et al. [31] ERS/ESC-
MID

Lim et al. [5] BTS Mandell et al. [30] IDSA/ATS

Duration of antibiotic therapy
Recommendation The duration of treatment should 

generally not exceed 8 days in 
a responding patient. Biomark-
ers, particularly PCT, may guide 
shorter treatment duration

For community managed and for 
most patients admitted to hospi-
tal with low or moderate severity 
and uncomplicated pneumonia, 
7 days of appropriate antibiotics 
is recommended

For those with high severity 
microbiologically undefined 
pneumonia, 7–10 days treatment 
is proposed. This may need to 
be extended to 14 or 21 days 
according to clinical judgement; 
for example, where S aureus or 
Gram-negative enteric bacilli 
pneumonia is suspected or 
confirmed

Patients with CAP should be 
treated for a minimum of 5 days 
(level I evidence), should be 
afebrile for 48–72 h, and should 
have no more than 1 CAP-asso-
ciated sign of clinical instability 
(temperature ≤ 37.8 °C, heart 
rate ≤ 100 beats/min, respiratory 
rate ≤ 24 breaths/min, systolic 
blood pressure ≥ 90 mm Hg, 
arterial oxygen saturation ≥ 90% 
or pO2 ≥ 60 mm Hg on room air, 
ability to maintain oral intake, 
normal mental status) before 
discontinuation of therapy

Level of evidence given by the 
guideline

C2a Cb Level II (moderate 
recommendation)c

Level of evidence (GRADE) Low Low Low
Strength of evidence (GRADE) Conditional for both patients and 

clinicians
Conditional for both patients and 

clinicians
Conditional for both patients and 

clinician
Cited articles (year) Capelastegui et al. [32]

Jasti et al. [33]
Yende et al. [34]
Chastre et al. [35]
Christ-Crain et al. [36]
Schuetz et al. [37]
Bouadma et al. [38]

El Moussaoui et al. [13] Tellier et al. [12]
Dunbar et al. [27]
Rizzato et al. [21]
Schönwald et al. [39]

Oral switch
Recommendation In hospitalized patients, sequential 

treatment should be considered 
in all patients except the most 
severely ill. The optimal time to 
switch to oral treatment is also 
unknown; this decision should 
be guided by the resolution of 
the most prominent clinical 
features at admission [A3]. In 
most patients it is probably not 
necessary to observe patients in 
hospital after having switched 
to oral treatment [A3]. Switch 
to oral treatment after reaching 
clinical stability is also safe in 
patients with severe pneumonia 
[A2]

De-escalation of therapy, includ-
ing the switch from intravenous 
to oral antibiotics, should 
be considered as soon as is 
appropriate, taking into account 
response to treatment and 
changing illness severity; the 
need for intravenous antibiot-
ics should be reviewed daily; 
recommended guideline is that 
oral therapy be considered in 
a patient who has shown clear 
evidence of improvement and 
whose temperature has resolved 
for a period of 24 h

Patients should be switched from 
intravenous to oral therapy when 
they are hemodynamically stable 
and improving clinically, are 
able to ingest medications, and 
have a normally functioning 
gastrointestinal tract

Level of evidence given by the 
guideline

A2–A3a Db Level II (strong recommendation)c

Level of evidence (GRADE) Low Low Low
Strength of evidence (GRADE) Conditional for clinicians. Strong 

for patients
Conditional for both patients and 

clinicians
Strong for both patients and clini-

cians
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meta-analyses that we had selected even if these were pub-
lished before two of the three selected guidelines [5, 30]. 
Moreover, only 5 of the 17 RCTs evaluated in our cumu-
lative meta-analysis were cited, even if all were published 
earlier than all the selected guidelines. It seems that the 
recommendations of the included guidelines are based on 
weak evidences even if our trial sequential analysis shows 
that available evidences on the topic are likely to be conclu-
sive. Although the use of guidelines recommendations to 
support decisions in clinical practice provides a high confi-
dence even in inexpert physicians, several limitations have 
been highlighted. Indeed, guidelines’ recommendations are 
often supported by experts’ opinion rather than by evidence 
[59], and citations to support recommendations vary sig-
nificantly between different guidelines on the same subject 
[60]. Moreover, guidelines are also influenced by conflicts 
of interest [61].

Our study also underlines that data on HAP are inad-
equate. No systematic review could be identified on both 
of our questions and recommendations from guidelines on 
duration of antibiotic treatment that are derived from stud-
ies on VAP.

According to our data, we believe that clinicians should 
be confident in prescribing a short instead of a long-course 

antibiotic treatment. This would probably be favorable for 
patients’ compliance, for risk of adverse events related to 
the treatment, for non-selection of resistant bacteria, and for 
reducing economical costs. Definition of the specific dura-
tion is probably dependent on the type of antibiotic used. 
In general, our data suggest that antibiotic treatment of less 
than 7 days is not associated with more clinical failure than 
extended treatment, for macrolides shorter courses of even 
3 days might be sufficient for resolution of pneumonia.

Our data also suggest that future studies should be 
directed to the identification of the correct duration of anti-
biotic treatment and switch to oral therapy in HAP.

Limitations

Study on secondary data has some innate limits. First, data 
are usually collected in different settings and for differ-
ent purposes so that bias in selection is amplified at final 
analysis.

Some of the RCTs included in our meta-analysis used 
different routes of antibiotic administration. It might be 
interesting to separate intravenous from oral route of 

ERS European Respiratory Society; ESCMID The European Society for Clinical Microbiology and Infectious Diseases; BTS British Thoracic 
Society; IDSA Infectious Diseases Society of America; ATS American Thoracic Society
a Evidence grades (hierarchy of methods): 1 = systematic reviews and meta-analyses (of study types under grade 2 or 3); 2 = randomized trials; 
3 = Prospective cohort; 4 = case–control, cross-sectional, retrospective cohort; 5 = case reports; 6 = expert opinion, consensus; A = low risk of 
biased results (flaws very unlikely for both blinding and follow-up); B = moderate risk of biased results (flaws unlikely for both blinding and 
follow-up); C = high risk of biased results (flaws likely for either or both blinding and follow-up). Authors consider also report their recommen-
dation (high-moderate-low)
b A+ = good recent systematic review of studies designed to answer the question of interest; A− = One or more rigorous studies designed to 
answer the question, but not formally combined; B+ = One or more prospective clinical studies which illuminate, but do not rigorously answer, 
the question; B− = One or more retrospective clinical studies which illuminate, but do not rigorously answer, the question; C = Formal combina-
tion of expert views; D = Other information
c Level of evidence: Level I (high) Evidence from well-conducted, randomized controlled trials; Level II (moderate) evidence from well-
designed, controlled trials without randomization (including cohort, patient series, and case–control studies); Level II studies also include any 
large case series in which systematic analysis of disease patterns and/or microbial etiology was conducted, as well as reports of data on new ther-
apies that were not collected in a randomized fashion; Level III (low) evidence from case studies and expert opinion. In some instances, therapy 
recommendations come from antibiotic susceptibility data without clinical observations

Table 3   (continued)

Woodhead et al. [31] ERS/ESC-
MID

Lim et al. [5] BTS Mandell et al. [30] IDSA/ATS

Cited articles (year) Lee and Lindstrom [40]
Marras et al. [41]
Van der Eerden et al. [42]
Shindo et al. [43]
Nathan et al. [44]
Oosterheert et al. [45]

Atlas et al. [46]
Van den Brande et al. [47]
Ramirez et al. [48]
MacGregor and Graziani [49]
Mandell et al. [50]
Siegel et al. [15]
Nathwani [51]

Ramirez et al. [52]
Castro-Guardiola et al. [53]
Ramirez and Bordon [54]
Ramirez et al. [55]
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administration in the analysis. This subgroup analysis was 
not feasible since no data on root of antibiotic administration 
in the single RCTs were available in the study by Li et al. 
and we did not review the single RCTs, but only considered 
the data reported in the selected systematic reviews. Never-
theless, as for clinical failure, our meta-analysis shows no 
significant heterogeneity among studies, so that inclusion of 
different types and duration of antibiotic are unlikely to have 
affected studies results.

One of the main limits of our study is that the included 
systematic reviews had enrolled studies with different defini-
tion and time of evaluation of outcomes. This limit is com-
mon to all meta-analyses and systematic reviews. Anyway, 
none of the RCTs shows statistically significant difference 
between the two treatments independent of the definition 
of outcome.

Moreover, in some RCTs, the diagnosis of CAP was made 
clinically, while in others it needed microbiological and radi-
ological confirmation. However, diagnosis of CAP is usually 
based on the different combination of a variety of clinical, 
radiological and microbiological criteria so that inclusion in 
our study of heterogeneous definitions of CAP might make 
results more valid for everyday clinical practice.

The most recent systematic review enrolled in our study 
was published in 2008, so it is possible that, since then, other 
RCTs have been published on the duration of antibiotic treat-
ment in CAP. Nevertheless, the results of TSA show that no 
further trials are needed.

Conclusions

In the treatment of CAP, antibiotic therapy for seven or less 
days is not associated with higher rates of treatment failure 
than longer courses. Future trials on this topic would prob-
ably not affect present evidence. Guidelines on antibiotic 
duration in CAP are concordant with these findings but sup-
ported by weaker evidence and should thus be updated.

Current main guidelines support the switch from intra-
venous to oral treatment as soon as possible but no clear 
indication, or strong evidence is yet available.

Nor are clear data available on the optimal duration of 
antibiotic treatment and timing to oral switch in HAP. Future 
studies might address these issues.
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Fig. 4   Flow chart of the 
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Table 4   Description of selected guidelines on the duration of antibiotic therapy in healthcare-associated pneumonia

AMMI Association of Medical Microbiology and Infectious Disease Canada, CTS Canadian Thoracic Society, ERS European Respiratory Soci-
ety, ESICM European Society of Intensive Care Medicine, ESCMID European Society of Clinical Microbiology and Infectious Diseases, ALAT 
Asociación Latinoamericana del Tórax, IDSA Infectious Diseases Society of America, ATS American Thoracic Society
*The guideline panel found no studies that provided useful data for comparing short-term to long-term antibiotic therapy in HAP; however, the 
duration of therapy has been studied in VAP
a Evidence grades (hierarchy of methods): 1 = systematic reviews and meta-analyses (of study types under grade 2 or 3); 2 = randomized trials; 
3 = Prospective cohort; 4 = case–control, cross-sectional, retrospective cohort; 5 = case reports; 6 = expert opinion, consensus; A = low risk of 
biased results (flaws very unlikely for both blinding and follow-up); B = moderate risk of biased results (flaws unlikely for both blinding and fol-
low-up); C = high risk of biased results (flaws likely for either or both blinding and follow-up). Authors consider also report their recommenda-
tion (high-moderate-low). Quality of evidence: (1) evidence from ≥ 1 properly randomized, controlled trial; (2) evidence from ≥ 1 well-designed 
clinical trial, without randomization; from cohort or case-controlled analytic studies (preferably from > 1 centre); from multiple time-series; or 
from dramatic results from uncontrolled experiments; (3) evidence from opinions of respected authorities, based on clinical experience, descrip-
tive studies or reports of expert committees
b A+ = good recent systematic review of studies designed to answer the question of interest; A− = one or more rigorous studies designed to 
answer the question, but not formally combined; B+ = one or more prospective clinical studies which illuminate, but do not rigorously answer, 
the question; B− = one or more retrospective clinical studies which illuminate, but do not rigorously answer, the question; C = formal combina-
tion of expert views; D = other information
c Strength of recommendation: strong—Patients Most individuals in this situation would want the recommended course of action, and only a 
small proportion would not; Clinicians Most individuals should receive the intervention. Adherence to this recommendation according to the 
guideline could be used as a quality criterion or performance indicator. Formal decision aids are not likely to be needed to help individuals make 
decisions consistent with their values and preferences; Policy makers The recommendation can be adopted as policy in most situations. Weak—
Patients The majority of individuals in this situation would want the suggested course of action, but many would not; Clinicians Recognize that 
different choices will be appropriate for individual patients and that you must help each patient arrive at a management decision consistent with 
his or her values and preferences. Decision aids may be useful in helping individuals to make decisions consistent with their values and prefer-
ences; Policy makers Policymaking will require substantial debate and involvement of various stakeholders

Rotstein et al. [56] AMMI/CTS Torres et al. [57] ERS/ESICM/
ESCMID/ALAT

Kalil et al. [58] IDSA/ATS

Recommendation A short course of therapy of seven 
to eight days should suffice for 
most cases of HAP (C-3)

It is recommended that combina-
tion therapy be used for the treat-
ment of P aeruginosa HAP for 
more prolonged periods of time 
(14 days) (C-3)

We suggest using a 7–8-day course 
of antibiotic therapy in patients 
with VAP without immunodefi-
ciency, cystic fibrosis, empy-
ema, lung abscess, cavitation 
or necrotising pneumonia and 
with a good clinical response to 
therapy/The panel believes that 
applying the rationale and rec-
ommendations used for VAP in 
nonventilated patients with HAP 
represents good practice

For patients with HAP, we recom-
mend a 7-day course of antimi-
crobial therapy

Level of evidence given by the 
guideline

C3/C3a Weak recommendation, moder-
ate quality of evidence/Good 
practice statementb

Strong recommendation, very low-
quality evidencec

Level of evidence (GRADE) Very low Very low Very low
Strength of evidence (GRADE) Conditional for both patients and 

clinicians
Conditional for both patients and 

clinicians
Strong for both patients and clini-

cians
Cited articles (year) *

Dennesen et al. [62]
Ibrahim et al. [63]
Micek et al. [64]
Luna et al. [65]
Chastre et al. [35]

Dimopoulos et al. [66]
Pugh et al. [67]
Chastre et al. [35]
Capellier et al. [68]
Fekih Hassen et al. [69]
Kollef et al. [70]
Medina et al. [71]
Singh et al. [72]

*
Pugh et al. [67]
Chastre et al. [35]
Fekih Hassen et al. [69]
Medina et al. [71]
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