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Purpose of review

The appropriate duration of antimicrobial treatment in patients with pneumonia remains a matter of
controversy. The purpose of this article is to review different approaches that have been used to determine
the duration of antimicrobial therapy mainly driven either by the antibiotic chosen, isolated pathogen, host
characteristics, or severity of the disease.

Recent findings

When considered individually, every approach has strengths and weaknesses. Targeting the duration of
antibiotic therapy based on a single biomarker, such as procalcitonin, is a promising approach that
showed a reduction in antibiotic exposure in different settings, diseases, and study populations.
Furthermore, an individualized approach according to time to reach clinical stability takes into account all
the previous cited factors and may be another feasible and effective strategy to determine the most
appropriate duration of the antibiotic therapy in patients with pneumonia.

Summary

A shorter duration of antibiotic course based on response to treatment may be favorable in patients with
pneumonia due to a potential reduction of adverse events and antibiotic resistance, the opportunity to
enhance patients’ compliance and to decrease healthcare costs.
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INTRODUCTION

One of the crucial targets to reduce morbidity and
mortality in patients with pneumonia is to optimize
antibiotic usage [1]. During the past decades,
increasing evidence has strengthened recommen-
dations of guidelines concerning antibiotic selec-
tion, early initiation of therapy, and switch from
intravenous to oral therapy [2]. However, the appro-
priate duration of antimicrobial treatment still
remains a matter of controversy.

A shorter duration of antibiotic course may be
favorable due to a potential reduction of adverse
events and antibiotic resistance, and the opportu-
nity to enhance patients’ compliance and to
decrease healthcare costs. Nevertheless, these con-
siderations must meet all the criteria for effective-
ness of treatment and patients’ safety. Most of the
recommendations suggested by international guide-
lines show a weak level of evidence being mostly
based on expert opinions rather than results from
observational or interventional studies, as recently
highlighted (see Table 1) [1,3–5]. Certainly, a point
ht © 2015 Wolters Kluwe
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on which experts agree and which is suggested by
some guidelines is to individualize duration of anti-
biotic therapy. However, a significant difference in
the duration of therapy is observed depending nei-
ther on severity on admission nor patients’ response
[6]. Conversely, a fixed duration of therapy, ranging
from 10 to 14 days in the majority of cases, is
detected worldwide, regardless of patients’ clinical
response (see Fig. 1).
r Health, Inc. All rights reserved.
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KEY POINTS

� A short duration of antibiotic course may be favorable
in patients with pneumonia due to a potential reduction
of adverse events and antibiotic resistance, and the
opportunity to enhance patients’ compliance and to
decrease healthcare costs.

� A comprehensive evaluation of the interaction among
host, pathogen, and antibiotic characteristics might be
the key to choosing the correct duration of antibiotic
therapy in patients with pneumonia.

� Shortening the duration of therapy might follow a
biomarker of a favorable response of the immune
system to the antibiotic acting on the pathogen causing
pneumonia, such as procalcitonin.

� An individualized approach according to time to reach
clinical stability may be another feasible and effective
strategy to determine the most appropriate duration of
the antibiotic therapy in patients with pneumonia.
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Different approaches have been used to deter-
mine the optimal duration of antimicrobial
therapy in patients with pneumonia that are mainly
driven either by the antibiotic chosen, isolated
pathogen, host characteristics, or severity of the
disease.
 Copyright © 2015 Wolters Kluwer 

Table 1. Summary of guideline recommendations for the durati

pneumonia

Guideline Recommended duration

IDSA/ATS (2007) [4] Patients with CAP should be treated for a min
days (level I evidence�), should be afebrile
and should have no more than 1 CAP-asso
of clinical instability before discontinuation
level II evidence�). A longer duration of the
needed if initial therapy was not active ag
identified pathogen or if it was complicate
pulmonary infection, such as meningitis or
(level III evidence�).

ERS/ESCMID (2011) [1] The duration of treatment should generally no
days in a responding patient [C2]. Biomar
larly PCT, may guide shorter treatment dur

BTS (2009) [3] For community managed and for most patien
hospital with low or moderate severity and
cated pneumonia, 7 days of appropriate a
recommended. For those with high severity
gically undefined pneumonia, 7–10 days
is proposed. This may need to be extended
days according to clinical judgment, for ex
where S. aureus or Gram-negative enteric
monia is suspected or confirmed. [C].

Table has been reproduced from the original source with permission [5].
ATS, American Thoracic Society; BTS, British Thoracic Society; CAP, community-acq
Society of Clinical Microbiology and Infectious Diseases; IDSA, Infectious Diseases S
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DURATION OF THERAPY ACCORDING TO
THE ANTIBIOTIC CHOSEN

Duration of antibiotic therapy can be chosen
according to pharmacokinetic and pharmacody-
namic characteristics of the specific antibiotic used.
The postantibiotic effect (PAE) is a well defined
pharmacodynamic phenomenon that reflects the
persistent inhibition of bacterial growth following
the removal of an active agent from the culture
medium. The clinical significance of PAE pertains
primarily to its impact on the dosing schedule of the
antimicrobial drug. The most studied antibiotics in
terms of PAE include azithromycin, levofloxacin,
telithromycin, and beta-lactams [7–15].

Compared to older macrolides, azithromycin is
characterized by a prolonged half-life, excellent tis-
sue penetration, and prolonged PAE. Therefore, it is
estimated that a significant antibacterial activity
against several pathogens might persist in tissue
for at least 5 days after a 5-day course of treatment
[7]. Several studies compared the efficacy of a 3-
versus a 5-day course of azithromycin, showing
no differences in the success rate between the two
arms [8,9]. Similar results were achieved when azi-
thromycin 500 mg daily for 3 days was compared to
a single 1.5 g dose [10]. One of the main advantages
of the single dose is represented by its use as a
directly observed therapy in patients with low
Health, Inc. All rights reserved.

on of antibiotic therapy in patients with community-acquired

Grade/level of evidence

imum of 5
for 48–72 h,
ciated sign
of therapy
rapy may be
ainst the
d by extra-
endocarditis

Level I: high
Level II: moderate
Level III: low

t exceed 8
kers, particu-
ation.

C2: Insufficient evidence, from 1 RCT or >1 RCT,
but no systematic review or meta-analysis

ts admitted to
uncompli-
ntibiotics is
microbiolo-

of treatment
to 14 or 21

ample,
bacilli pneu-

C: Formal combination of expert views

uired pneumonia; ERS, European Respiratory Society; ESCMID, European
ociety of America; PCT, procalcitonin; RCT, randomized controlled trial.
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FIGURE 1. Total, intravenous, and oral duration of antibiotic
therapy in hospitalized patients with community-acquired
pneumonia enrolled in the Community-Acquired Pneumonia
Organization database [6].
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compliance or in the presence of barriers to filling
prescriptions. The administration of a single-dose
microsphere formulation of azithromycin was as
effective as a 7-day course of levofloxacin or clari-
thromycin [11,16].

In the field of antibiotics with a PAE, a distinc-
tion should be made between two different con-
cepts: duration of administration versus duration
of therapy. Although the duration of administration
would be shortened because of the PAE, the duration
of therapy (as the real effect of the antibiotic) still
 Copyright © 2015 Wolters Kluwe

0951-7375 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
remains the same. For example, a 3-day course of
azithromycin (duration of administration) would
correspond to a duration of therapy of 7 days. In
view of these considerations, the idea of individu-
alizing duration of therapy in patients with pneu-
monia according to the antibiotic chosen may have
some important limitations.
DURATION OF ANTIBIOTIC THERAPY
ACCORDING TO THE IDENTIFIED
PATHOGEN

The paradigm of targeting duration of antibiotic
treatment in patients with pneumonia according
to the isolated pathogen has been extensively
applied particularly for atypicals, including Legion-
ella spp., as well as Staphylococcus aureus and Pseu-
domonas aeruginosa [3,4].

In a large double-blind multicenter study, Dun-
bar et al. [17] compared a 5-day 750 mg levofloxacin
regimen to a 10-day 500 mg levofloxacin course for
the treatment of pneumonia caused by Legionella
pneumophila, Chlamydophila pneumoniae, or Myco-
plasma pneumoniae, and no differences in success
and relapse rate were shown between the two
groups. A randomized controlled trial (RCT) by Yu
et al. [18] showed that a short course regimen (levo-
floxacin 750 mg for 5 days) could be effective in the
treatment of L. pneumophila, while previous recom-
mendations of prolonged therapy (14–21 days) were
based on observations involving a large number of
immunocompromised patients.

Chastre et al. [19] compared an 8-versus a 15-day
antibiotic regimen for the treatment of ventilator-
associated pneumonia (VAP) showing comparable
clinical effectiveness between the two regimens.
There was no difference for in-hospital mortality
between the two treatment groups in a subpopu-
lation of patients with methicillin-resistant S. aur-
eus (MRSA) pneumonia [19]. Mortality rates
associated with bacteremic pneumonia were
reported to be high in both methicillin-susceptible
S. aureus (MSSA) (41%) and MRSA (56%) patients
[20]. No studies have ever assessed the optimal
duration of antibiotic treatment in this specific
population. However, expert opinion suggests at
least 2 weeks of antibiotic for patients with a S.
aureus bacteremia mainly because the presence of
an unidentified focus of infection outside the blood
is still suspected.

Several studies addressed the question of the
optimal duration of therapy in pneumonia due to
nonfermenting Gram-negative rods (NF-GNRs) with
different results [20–23]. In patients with NF-GNR
VAP, a short-course treatment was associated with a
higher relapse rate than the long-term treatment,
r Health, Inc. All rights reserved.
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whereas no difference in mortality rate was reported
[19]. However, Hedrick et al. [24], in their retrospec-
tive analysis, showed similar mortality and recur-
rence rates comparing VAP patients with NF-GNRs
treated less and more than 8 days. Finally, when a
short course of therapy was used to treat Gram-
negative hospital-acquired pneumonia (HAP),
relapse rates were significantly higher among
patients with NF-GNRs than in patients with other
Gram-negative organisms [21].

Duration of therapy tailored to the isolated
pathogen may help physicians in de-escalating
and shortening the antibiotic treatment, according
to the evidence published so far. However, since the
causative agent is identified only in a small pro-
portion of patients with pneumonia, this approach
cannot be extensively applied in daily clinical prac-
tice [3,4].
DURATION OF ANTIBIOTIC THERAPY
ACCORDING TO HOST FACTORS

Bacteremia and pneumonia are common compli-
cations in neutropenic patients. The Infectious Dis-
eases Society of America (IDSA) guidelines
recommend starting empiric antibiotic therapy
within 2 h from patient presentation and to con-
tinue appropriate treatment until bone marrow
recovery or longer if necessary [22]. Pizzo et al.
[25] compared fixed versus personalized duration
of therapy in neutropenic patients with pneumonia.
Patients with no fever at day 7 were randomized to
either discontinue therapy, regardless of the
absolute neutrophil count, or to continue it until
the resolution of granulocytopenia. Forty-one per-
cent of patients who discontinued therapy at day 7
experienced recrudescence of fever, suggesting the
importance of prolonged antimicrobial treatment in
neutropenic patients.

Lower respiratory tract infections (LRTIs) are 25
times more common in patients with HIV than in
the general community [26,27]. The British Thoracic
Society (BTS) guidelines 2009 do not consider HIV-
infected patients and the American Thoracic Society
(ATS) guidelines 2007 can be applied to HIV patients
whose CD4þ cell count is at least 350/ml [4,6]. In a
prospective study performed in Uganda in 1996–
1998, Yoshimine et al. [28] evaluated the outcome of
a 3-day parenteral ampicillin regimen followed by
4–7 days of oral amoxicillin in HIV-negative and
HIV-positive patients with community-acquired
pneumonia (CAP), with success rates similar in
the two groups. Further studies are needed to tackle
this issue in patients with profound immunodefi-
ciency (CD4þ <200/ml) in which case opportunistic
infections are more likely.
 Copyright © 2015 Wolters Kluwer 
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DURATION OF ANTIBIOTIC THERAPY
ACCORDING TO SEVERITY OF THE
DISEASE
Two meta-analyses evaluated the effectiveness and
safety of short versus long-course antibiotic therapy
for mild to moderate CAP, involving inpatient and
outpatient adults with no need of ICU, and showed
no differences in terms of bacteriologic eradication,
clinical success, clinical failure, and mortality [29,30].
Few data are available regarding short versus long-
course antibiotic regimens in patients with severe
CAP. Choudhury et al. [31] performed a prospective
observational study on CAP patients with a CURB-65
score of 3–5, showing no difference in terms of in-
hospital and 30-day outcomes between patients with
a short (7 days) versus long-course (>7days) therapy.

To date, there is a lack of data regarding the
duration of antibiotic therapy in patients with pneu-
monia associated with severe sepsis and septic shock
or requiring mechanical ventilation. Dellinger et al.
[32], in the International Guidelines for Manage-
ment of Severe Sepsis and Septic Shock published in
2008, recommended a duration of antibiotic
therapy typically limited to 7–10 days, with a longer
course in case of slow clinical response, undrainable
foci of infection, or immunologic deficiencies. In
the update published in 2013, the authors suggested
including bacteremia with S. aureus and some fungal
and viral infections among the conditions that may
require a prolonged course [33].

Although bacteremia may increase mortality in
patients with pneumonia, Bordon et al. showed, in a
retrospective study, that pneumococcal bacteremia
seems not to increase mortality in CAP patients and
concluded that pneumococcal bacteremia should not
be a contraindication for de-escalation of therapy in
clinically stable patients [34,35]. A recent meta-analysis
byHavey et al. [36] includingsix trialsonadultCAPand
two trials on adult VAP patients with bloodstream
infectionevaluated shortversus long-courseantimicro-
bial therapy showing no difference in clinical effective-
ness between the two groups.

Despite the lack of data, severity assessment is of
primary importance in deciding both switch from
intravenous to oral and duration of antimicrobial
treatment. Most guidelines consider hemodynamic
stability and resolution of acute respiratory failure to
be the main criteria to switch from intravenous to
oral antibiotics (see Table 2) [4,6].

DURATION OF ANTIBIOTIC THERAPY
ACCORDING TO LABORATORY
BIOMARKERS

A comprehensive evaluation of the interaction
among host, pathogen, and antibiotic characteristics
might be the key to choosing the correct duration of
Health, Inc. All rights reserved.
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Table 2. Criteria for clinical stability and switch from endovenous to oral in patients with community-acquired pneumonia

Reference Definition Criteria

ATS 2001 [37] Criteria for switching to oral antibiotic therapy Improvement in cough and dyspnea

T �37.88C on two occasions 8 h apart

WBC count decreasing at least 10%

Adequate oral intake

ERS/ESCMID
2011 [1]

Criteria for switching to oral antibiotic therapy Resolution of the most prominent clinical features at admission

ATS/IDSA 2007 [4] Criteria for clinical stability T �37.88C

HR �100 beats/min

RR �24 breaths/min

SBP �90 mmHg

SatO2 �90% or pO2 �60 mmHg

Ability to maintain oral intake

Normal mental status

BTS 2009 [3] Features indicating response to initial
empirical parenteral therapy permitting
consideration of oral antibiotic
substitution

Resolution of fever for >24 h
HR<100 beats/min
Resolution of tachypnea
Clinically hydrated and taking oral fluids
Resolution of hypotension
Absence of hypoxia
Improving white cell count
Nonbacteremic infection
No microbiological evidence of legionella, staphylococcal or

Gram-negative enteric bacilli infection
No concerns over gastrointestinal absorption

Halm et al.
1998 [38]

Clinical stability Ability to eat
Normal mental status
T �38.38C
HR �100 beats/min
SBP �90 mmHg
RR �24 breaths/min
SatO2 �90%

van der Eerden
et al. 2004 [39]

Criteria for switching to oral antibiotics T <388C for 72 h
Coughing with or without production of sputum, thoracic pain

and dyspnea have improved

Menéndez
et al. 2004 [40]

Clinical stability T �37.28C
HR�100 beats/min
RR�24 breaths/min
SBP�90mmHg
SpO2�90% or PaO2 � 60 mmHg when the patient is not

receiving supplemental oxygen. In patients with home oxygen
therapy stability is considered when their oxygen need is the
same as prior to admission

Shindo
et al. 2008 [41]

Criteria for switching to oral antibiotics T �37.88C for 16 h
WBC decreasing (WBC � 10 000/mm3)
Adequate oral intake
Improvement in cough and dyspnea

ATS, American Thoracic Society; BTS, British Thoracic Society; CAP, community-acquired pneumonia; CRP, C-reactive protein; ERS, European Respiratory Society;
ESCMID, European Society of Clinical Microbiology and Infectious Diseases; HR, heart rate; IDSA, Infectious Diseases Society of America; PaO2, partial pressure of
oxygen in arterial blood; PCT, procalcitonin; RCT, randomized controlled trial; RR, respiratory rate; SatO2, oxygen saturation; T, temperature; WBC, white blood cells.
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antibiotic therapy in patients with pneumonia (see
Fig. 2). Ideally, shortening the duration of therapy
should follow a marker of a favorable response of the
immune system to the antibiotic acting on the
pathogen causing pneumonia. The first patient
response that could be appreciated in daily clinical
 Copyright © 2015 Wolters Kluwe

0951-7375 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
practice is a reduction of systemic inflammation by
an improvement of biomarkers.

Recently, several biomarkers of inflammation/
infection have been tested in patients with pneumo-
nia and, among them, procalcitonin (PCT) seems to
be the most promising [42–45]. A recent meta-
r Health, Inc. All rights reserved.
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analysis included 14 RCTs with a total of 4221
patients with acute respiratory tract infections
assigned to receive antibiotics based on a PCT-
guided algorithm versus usual care [44]. PCT-guided
strategy was confirmed to lead to lower antibiotic
exposure, and when considering CAP and VAP inde-
pendently, similar results were reported. Albrich
et al. [43] performed an international observational
quality surveillance on 1759 patients with a diag-
nosis of LRTI. Every participant center was provided
with a published PCT algorithm for antibiotic guid-
ance. Antibiotic duration was significantly shorter if
the PCT algorithm was followed compared with
when it was overruled. No increased risk of adverse
outcomes was associated with holding the antibiotic
therapy on admission or ceasing it early when the
decision was guided by the PCT algorithm.

According to recent evidence on the use of
biomarkers, a marked reduction in antibiotic
exposure has been detected in all different settings,
diseases, and study populations. However, one of
the biggest concerns is that all the studies used PCT
and no other biomarker-oriented approaches in dis-
continuing antibiotic therapy in LRTI. Furthermore,
most of the studies came from Europe, especially
Switzerland, which may not reflect the broader
experience, and PCT threshold varies significantly
from study to study. The PCT-guided algorithms
were very heterogeneous, as well as the values of
PCT cut-offs chosen to make therapeutic decisions.
Finally, severely immunocompromised and neutro-
penic patients were mostly excluded from RCTs and
this could preclude the generalizability of the
results. Major limitations to the implementation
of a biomarker-based approach in clinical practice
are the availability and cost of these biomarkers that
 Copyright © 2015 Wolters Kluwer 

Antibiotic
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FIGURE 2. Interaction among host, pathogen, and antibiotic
characteristics in patients with pneumonia.
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mainly depend on the site of care and the
resources available.
INDIVIDUALIZING DURATION OF
ANTIBIOTIC THERAPY ACCORDING TO
PATIENTS’ CLINICAL RESPONSE

Outside of the ICU where patients with pneumonia
are intubated and cannot interact with their treating
physicians, patients’ response to antibiotics could
be easily evaluated according to their signs and
symptoms. One of the first and most important
clinical outcomes in patients with pneumonia is
the time in which they reach clinical stability. Sev-
eral criteria of clinical stability have been suggested,
including an improvement of patient symptoms,
signs of systemic response, vital parameters, and
oxygenation (see Table 2) [46]. Clinical stability
criteria have been proven to be useful in guiding
the switch of antibiotic therapy from intravenous to
oral formulations, and we could speculate that
clinical stability criteria could also be useful
to decide the duration of antimicrobial treatment
[47].

Recently, an international, noninferiority, prag-
matic RCT has been designed in patients hospitalized
due to CAP to assess the efficacy of an individualized
approach to the duration of antibiotic therapy: a
treatment duration based on each patient’s clinical
response compared to local standard approach
(clinical trial: NCT01492387). The ‘Duration trial’
is currently ongoing and so far no significant differ-
ence has been shown between the two study groups
regarding 30-day clinical outcomes.
CONCLUSION

A prolonged exposure to antibiotics may encourage
the development of acquisition of antibiotic-resist-
ant organisms and may be associated with serious
adverse reactions. The need to move towards an
individualized approach to duration of therapy in
pneumonia should be emphasized. The individual-
ized approach in determining the duration of anti-
biotic therapy in CAP patients is still a
recommendation based only on expert opinion.
Future research in this area should include prospec-
tive, randomized, clinical trials enrolling patients
who receive antibiotics using the current standard
approach versus an individualized strategy based on
the patients’ clinical response.
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