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ABSTRACT: Recent guidelines suggest that duration of antibiotic therapy for hospitalized

patients with community-acquired pneumonia (CAP) can be reduced by individualising treatment

based on patient’s clinical response. However, the degree of application of this principle in

clinical practice is unknown.

Duration of therapy was analysed in patients identified from the Community-Acquired

Pneumonia Organization database and evaluated with respect to severity of the disease on

admission and time to clinical stability (TCS).

Among the 2,003 patients enrolled, mean duration of total antibiotic therapy was 11 days.

Neither the pneumonia severity index (r250.005) nor the CRB-65 (r250.004) scores were related to

total duration of therapy. Duration of intravenous antibiotic therapy was related to TCS (r250.198).

Conversely, TCS was not related to duration of either oral (r250.014) or total (r250.02) antibiotic

therapy. Neither TCS nor other characteristics were found to be significantly associated with

duration of total therapy by logistic regression analysis (r2,0.09).

The individualised approach suggested by recent guidelines has not been adopted in current

clinical practice. Duration of therapy is not influenced by either the severity of disease at the time

of hospitalisation or the clinical response to therapy.
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C
ommunity-acquired pneumonia (CAP) is
the leading cause of death from infectious
diseases in most developed countries [1, 2].

Due to the burden of CAP on morbidity and
mortality, healthcare providers must adopt prac-
tices focused on improving outcomes. A key
measure in doing so is to optimise antibiotic
usage.

During recent decades, increasing evidence
strengthened the recommendations of guidelines
concerning antibiotic selection, early initiation of
therapy and the switch from intravenous to oral
therapy [3, 4]. Surprisingly, few well-designed
studies exist which evaluate the appropriate
duration of antibiotic therapy. International guide-
lines that propose recommendations for duration
of therapy in CAP patients are based mostly on
expert opinions [5–7]. The different strategies used
to develop current recommendations on duration
of therapy can be defined as follows: 1) a strategy
based on the clinical diagnosis of CAP, which
recommends an average 10–14 day duration of
therapy for all those hospitalised with a diagnosis
of CAP; 2) a strategy based on the aetiology of

CAP, which recommends a specific duration of
therapy according to the pathogen isolated; and 3)
a strategy based on the antibiotic selected to treat
CAP, which recommends a specific duration of
therapy according to the particular antibiotic used.
Recently, two recommendations regarding dura-
tion of therapy have been formulated based on
patient characteristics [8]. One, based on the
severity of the disease on admission, recommends
a longer duration of antibiotic therapy in cases of
severe CAP. The other, based on the clinical
response to therapy, recommends a shorter dura-
tion of antibiotic therapy for patients with an early
clinical response and a longer duration of therapy
for those with a delayed clinical response. These
patient-based strategies can be considered the
most comprehensive, because duration of therapy
is individualised based on a particular patient’s
characteristics.

Minimal information appears in the literature
regarding actual clinical practice in relation to
duration of therapy. The standard practice regard-
ing the number of days antibiotics are used to
treat hospitalised patients with CAP is unknown.
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Even though strategies based on severity of disease and clinical
response are recommended, there are no data evaluating if these
characteristics are used by physicians to determine the duration
of antibiotic therapy.

Due to the paucity of information regarding duration of
therapy, we designed a study with the following objectives: 1)
to define current practice of duration of therapy for hospita-
lised patients with CAP; and 2) to evaluate if physicians’
decisions in determining duration of therapy is influenced by
either the severity of disease at the time of hospitalisation or
the clinical response to therapy.

MATERIALS AND METHODS

Study design and subjects
A secondary analysis of the Community-Acquired Pneumonia
Organization (CAPO) database was performed. The database
contains data retrospectively collected from 43 hospitals in 12
countries, between June 2001 and June 2005. In each
participating centre, primary investigators selected adult
nonconsecutively hospitalised patients diagnosed with CAP.
All data were collected on a case report form and transferred
electronically to the CAPO coordinating centre at the
University of Louisville (Louisville, KY, USA). Local institu-
tional review board approval was obtained for each study site.

Inclusion and exclusion criteria
Patients o18 yrs of age and satisfying the criteria for CAP
were included in this study. Patients with a diagnosis of
healthcare-associated pneumonia (HCAP) were excluded from
the analysis. In order to investigate primarily the duration of
antibiotic therapy prescribed only for the episode of CAP,
patients who received antibiotic therapy for either ,3 days or
.28 days were considered having another diagnosis rather
than CAP and were excluded from the statistical analysis.
Patients who died while receiving antibiotic therapy, as well as
those for whom the duration of antibiotic therapy was not
detectable from the database, were also excluded from the
statistical analysis.

Study definition
CAP was defined as the presence of a new pulmonary infiltrate
on chest radiograph at the time of hospitalisation associated
with at least one of the following: 1) new or increased cough; 2)
an abnormal temperature (,35.6uC or .37.8uC); and 3) an
abnormal serum leukocyte count (leukocytosis, left shift or
leukopaenia defined by local laboratory values).

HCAP patients were defined as those with the following risk
factors: 1) long-term haemodialysis; and 2) resident in a
nursing home or a long-term care facility.

Duration of antibiotic therapy was considered for antibiotics
ordered for the episode of CAP both during hospitalisation
and after hospital discharge. Duration of antibiotic therapy
was analysed as total duration of therapy and duration of
intravenous and oral therapy. Total duration of therapy was
calculated by subtracting the day the last antibiotic (either
intravenous or oral) was discontinued from the day when the
first antibiotic (either intravenous or oral) was started.
Duration of intravenous therapy was calculated by subtracting
the day the last intravenous antibiotic was discontinued from

the day when the first intravenous antibiotic was administered
on admission. Duration of oral therapy was calculated by
subtracting the day the last oral antibiotic was discontinued
from the day when the first oral antibiotic was administered.

Time to clinical stability (TCS) was calculated as the number of
days from the date of admission to the date the patient met
clinical stability criteria. Clinical stability was defined as
follows: improved clinical signs (improved cough and short-
ness of breath), lack of fever for o8 h, improving leukocytosis
(decreased o10% from the previous day), and tolerating oral
intake [9]. Criteria for clinical stability were evaluated daily
during the first 7 days of hospitalisation. Length of stay in the
hospital (LOS) was calculated as the number of days from the
date of admission to the date of discharge. LOS was censored
at 14 days in an effort to capture only CAP-related LOS, and to
prevent the bias of patients who remained hospitalised for
social issues.

Statistical analysis
All statistical analyses were performed with SPSS (version 17.0;
SPSS Inc., Chicago, IL, USA) for Mac. A descriptive statistical
analysis at baseline was performed and results are reported as
mean¡SD for scale variables and as counts (%) for nominal
variables. Total duration of antibiotic therapy was evaluated
with respect to severity of the disease on admission and other
covariates, at 95% confidence level, by mean¡SD. The associa-
tion between total duration of therapy and severity indices was
investigated using a least squares approach adjusted for regions
(USA/Canada, Latin America and Europe) and quality of care
indicators (oxygen assessment on admission, assessment of
blood cultures, empirical antibiotic therapy in compliance to
local guidelines and time to first antibiotic dose); data are
presented as least square means 95% confidence intervals.

A logistic regression was performed in order to evaluate the
possible discrimination between a total duration of therapy
,10 days versus o10 days in dependence of the following
variables: demographics (age), comorbidities (immunosup-
pression), clinical (altered mental status, alteration of gas
exchange, pneumonia severity index (PSI) risk class 4 and 5,
CRB-65 (confusion, respiratory rate o30 breaths?min-1, low
blood pressure (systolic value ,90 mmHg or diastolic value
f60 mmHg) and age o65 yrs) risk class 3 and 4, hypotension,
mechanical ventilation and admission to intensive care unit
(ICU)), laboratory and radiological (multilobar infiltrate)
findings on admission, microbiology (pathogen isolated and
mixed infection) and empirical antibiotic therapy data (com-
pliance to local guidelines), and factors during hospitalisation
(TCS). A p-value ,0.05 was considered statistically significant.

RESULTS
Study population
A total of 2,003 patients were enrolled during the study period.
Baseline demographics, comorbidities, disease severity, clin-
ical, laboratory and radiological findings on admission,
microbiology, antibiotic therapy data and outcomes of the
study population are summarised in table 1.

Duration of therapy: current clinical practice
The mean¡SD duration of total antibiotic therapy among the
study population was of 11¡4.7 days. Distribution of the
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study population according to the total duration of therapy is
depicted in figure 1. The common recommended regimen of
10–14 days was used in 846 patients (42%), while regimens of
,10 days and .14 days were used in 781 (39%) and 376
patients (19%), respectively. The mean¡SD durations of

TABLE 1 Baseline demographics, comorbidities, severity
of the disease, clinical, laboratory and
radiological findings on admission, microbiology
and antibiotic therapy data, and outcomes of the
study population

Characteristic Study population

Subjects n 2003

Demographics

Males 1255 (63)

Age yrs 64.0¡17.9

Age .65 yrs 1028 (51)

Comorbidities

Congestive heart failure 352 (18)

COPD 595 (30)

Diabetes mellitus 340 (17)

Cerebrovascular accident 254 (13)

Liver disease 72 (4)

Immunosuppression# 270 (13)

Severity on admission

Altered mental status 191 (10)

Admission to ICU 236 (12)

PSI risk class

I 239 (12)

II 361 (18)

III 496 (25)

IV 720 (36)

V 187 (9)

CRB-65 score

0 732 (37)

1 911 (45)

2 322 (16)

3 36 (1.9)

4 2 (0.1)

Physical findings

Respiratory rate o30 breaths?min-1 395 (20)

Alteration of gas exchange" 679 (34)

Hypotension+ 89 (4)

Heart rate o125 beats?min-1 266 (13)

Laboratory values

Arterial pH ,7.35 105 (5)

Sodium ,130 mmol?L-1 104 (5)

Haematocrit ,30% 108 (5)

BUN .30 mg?dL-1 293 (15)

Radiology findings on CXR

Multilobar involvement 530 (26)

Pleural effusion 363 (26)

Microbiology

Pathogen isolated 459 (23)

Mixed infection 43 (2)

Streptococcus pneumoniae 208 (10)

Haemophilus influenzae 71 (3.5)

Staphylococcus aureus 57 (2.8)

Pseudomonas aeruginosa 26 (1.3)

Moraxella catarrhalis 25 (1.2)

Legionella spp. 20 (1)

Mycoplasma pneumoniae 18 (0.9)

Characteristic Study population

Antibiotic used

Ceftriaxone 814 (41)

Azithromycin 599 (30)

Levofloxacin 595 (30)

Clarithromycin 363 (18)

Cefotaxime 182 (9)

Amoxicillin/clavulanate 158 (8)

Ampicillin/sulbactam 105 (5)

Empiric antibiotic therapy

Compliant to local guidelines 1,698 (85)

Monotherapy 810 (40)

Levofloxacin 388 (19)

Double therapy 1,193 (60)

Beta-lactam plus macrolide 750 (37)

Beta-lactam plus fluoroquinolone 100 (5)

Switched from i.v. to p.o. antibiotic 1,370 (68)

Outcome

Time to clinical stability days 3.3¡1.7

Length of stay in the hospital days 9.5¡9.6

Data are presented as n (%) or mean¡SD, unless otherwise stated. COPD:

chronic obstructive pulmonary disease; ICU: intensive care unit; PSI: pneumonia

severity index; CRB-65: confusion, respiratory rate o30 breaths?min-1, low

blood pressure (systolic value ,90 mmHg or diastolic value f60 mmHg)

and age o65 yrs; BUN: blood urea nitrogen; CXR: chest radiograph.
#: cancer, HIV, chronic steroid use; ": arterial oxygen tension ,60 mmHg,

arterial oxygen tension/inspiratory oxygen fraction ,300 mmHg or oxygen

saturation ,90%; +: systolic blood pressure ,90 mmHg or diastolic blood

pressure ,60 mmHg.

TABLE 1 Continued
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FIGURE 1. Total duration of antibiotic therapy among the study population,

indicating that the majority of patients are treated for 10–14 days.
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intravenous and oral antibiotic therapy among the study
population were of 5.5¡4.8 and 7.7¡3.8 days, respectively.
Distributions of the study population according to the duration
of intravenous and oral antibiotic therapy are depicted in
figures 2 and 3.

No clinical significant differences were observed in the total
duration of therapy among either patients f65 yrs (10¡

4.9 days) versus those .65 yrs (11.2¡4.4 days), or patients
with multilobar involvement (11.5¡5.1 days) versus those
without multilobar involvement (10.9¡4.6 days). A total
duration of therapy ranging from 10 to 14 days was chosen
for patients from which pathogens such as Streptococcus
pneumoniae, Haemophilus influenzae, Staphylococcus aureus,
Pseudomonas aeruginosa, Mycoplasma pneumoniae and Moraxella
catarrhalis were isolated, while a longer duration of therapy
was observed when pathogens such as Legionella spp. and
Klebsiella pneumoniae (table 2). A slightly higher duration of
therapy was found for those patients in which a pathogen was
isolated (12.2¡5.2 days), in comparison to the others (10.8¡

4.5 days; p,0.001). Total duration of therapy also ranged from
10 to 14 days in patients treated with antibiotic regimens
considered to be compliant (10.9¡4.6 days ) or noncompliant
(12.3¡5.4 days) according to local guidelines.

Severity of the disease on admission and duration of
therapy
Total duration of therapy was analysed in the study popula-
tion according to disease severity, taking into account severity
scores, clinical and laboratory characteristics on admission
(table 3). Severity on admission evaluated by the PSI and the
CRB-65 scores has been further investigated in relation to total
duration of therapy using regression analysis. No linear
relationship was found between either the PSI (r250.005) or
the CRB-65 (r250.004) and the total duration of therapy (fig. 4).

Clinical response and duration of therapy
Duration of total, intravenous and oral antibiotic therapy is
depicted in figure 5, based on the day in which patients reached
clinical stability. Using a regression analysis, a linear relation-
ship was found between TCS and duration of intravenous
antibiotic therapy (r250.198, p,0.001). Conversely, no linear

relationship was identified between TCS and neither the
duration of oral antibiotic therapy (r250.014) nor the total
duration of antibiotic therapy (r250.02).

When we applied logistic regression in order to identify
variables that could potentially discriminate between a total
duration of therapy ,10 days versus o10 days, neither TCS
nor any other findings were found to be significantly
associated with total duration of therapy (R-squared coefficient
of determination ,0.09).

DISCUSSION
Our data indicate that a 10–14 day regimen of antibiotics is the
most commonly prescribed duration of therapy in hospitalised
patients with CAP. We were unable to find any relationship
between total duration of therapy and severity of disease on
admission or time to clinical response. Our data suggest that
physicians have not embraced the recent recommendations to
individualise duration of therapy based on patient characteristics.

Our data suggest that when determining the appropriate
duration of therapy, physicians do not consider patient
severity on admission. Indeed, we found that duration of
therapy was the same regardless of the severity of CAP, as
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FIGURE 2. Duration of intravenous antibiotic therapy among the study

population.
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FIGURE 3. Duration of oral antibiotic therapy among the study population.

TABLE 2 Total duration of therapy in the study population
according to the pathogen isolated

Pathogen Total duration of antibiotic

therapy days

Streptococcus pneumoniae 11.2¡4.7

Staphylococcus aureus 12.8¡5.2

Haemophilus influenzae 11.5¡4.6

Pseudomonas aeruginosa 13.2¡5.7

Moraxella catarrhalis 11.4¡2.6

Mycoplasma pneumoniae 12.9¡6.0

Klebsiella pneumoniae 15.7¡5.3

Legionella spp. 17.6¡5.4

Data are presented as mean¡SD.
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evaluated by two severity scores, PSI and CRB-65, as well as
the presence of altered mental status, hypotension or abnormal
gas exchange on admission. We found that patients admitted
to the ICU were treated for one extra day of antibiotic therapy.
Even though this 1-day difference was statistically significant,
from a clinical perspective no difference could be detected in
duration of therapy based on the site of care.

The individualised strategy, based on the patient’s clinical
stability, can be considered the most comprehensive approach
in determining the duration of antibiotic therapy. This is
because the patient’s clinical response is based on three
primary factors: 1) host characteristics, such as immune status
and comorbidities; 2) pathogen characteristics, such as its
virulence, susceptibility and resistance to antibiotics; and 3)
antibiotic characteristics, such as timing, adequacy of therapy
and pharmacokinetic factors. The interaction between these
three factors characterises each single case of CAP and

TABLE 3 Total duration of therapy in the study population
according to the severity of the disease on
admission, after adjusting for regions and
process of care indicators

Finding Total duration of

antibiotic therapy days

p-value

PSI risk class 0.2

I 11.0¡4.5

II 11.1¡4.6

III 10.8¡4.6

IV 11.2¡4.5

V 11.8¡4.6

PSI risk class 0.1

I, II or III 11.1¡4.6

IV or V 11.3¡4.6

CRB-65 score 0.7

0, 1 or 2 11.2¡4.5

3 or 4 11.3¡4.5

Altered mental status 0.8

Yes 11.4¡4.5

No 11.1¡4.5

Admission to ICU ,0.001

Yes 12.3¡4.5

No 11.0¡4.6

Hypotension# 0.005

Yes 12.4¡4.5

No 11.1¡4.5

Acidaemia" 0.03

Yes 12.1¡4.5

No 11.1¡4.6

Alteration of gas exchange+ 0.2

Yes 11.3¡4.6

No 11.1¡4.6

Therapy ,0.001

Mono 10.4¡4.6

Double 11.5¡4.6

Multilobar infiltrate 0.001

Yes 11.7¡4.7

No 10.8¡4.6

Pleural effusion 0.006

Yes 11.7¡4.6

No 11.1¡4.6

Congestive heart failure 0.5

Yes 11.0¡4.6

No 11.1¡4.6

COPD 0.2

Yes 11.3¡4.6

No 11.0¡4.6

Diabetes mellitus 0.3

Yes 10.9¡4.6

No 11.1¡4.6

Cerebrovascular accident 0.5

Yes 10.9¡4.6

No 11.1¡4.7

Finding Total duration of

antibiotic therapy days

p-value

Liver disease 0.1

Yes 11.9¡4.6

No 11.1¡4.7

Immunosuppression1 0.008

Yes 11.8¡4.6

No 11.0¡4.6

Data are presented as mean¡SD, unless otherwise stated. PSI: pneumonia

severity index; CRB-65: confusion, respiratory rate o30 breaths?min-1, low

blood pressure (systolic value ,90 mmHg or diastolic value f60 mmHg) and

age o65 yrs; ICU: intensive care unit; COPD: chronic obstructive pulmonary

disease. #: systolic blood pressure ,90 mmHg or diastolic blood pressure

,60 mmHg; ": pH ,7.35; +: arterial oxygen tension ,60 mmHg, arterial

oxygen tension/inspiratory oxygen fraction ,300 mmHg or oxygen saturation

,90%; 1: cancer, HIV, chronic steroid use.
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TABLE 3 Continued
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determines the time in which a patient reaches clinical
stability. At that point, the bacterial burden in the lung is
greatly decreased due to a combination of the immune
response and the antibiotic activity; after a short time, the
antibiotic could be discontinued.

Using an individualised strategy to determine the duration of
antibiotic therapy has been previously tested in patients with
hospital-acquired pneumonia [10]. Patients with a low clinical
pulmonary infection score received a 3-day course of anti-
biotics and showed favourable outcomes in comparison to
those who received standard care with multiple antibiotics
administered for a longer period. In patients affected by CAP,
the recommendation of using the TCS in evaluating the
duration of therapy remains at the moment an expert opinion.
The median time to resolution of fever and the median TCS in
CAP patients have been shown to be 3 [11] and 4 days [12].
Therefore, it can be inferred that, on the basis of current
recommendations, approximately half of the patients with
CAP should be treated for a total duration of 5–6 days [13]. The
finding that subsequent deterioration occurred in ,1% of
patients, once clinical stability had been achieved, provides
further support of the use of TCS in guiding the duration of
antibiotic therapy [14].

When we evaluated the individualised approach in hospita-
lised patients with CAP, we found that physicians worldwide
do not use clinical response when determining the total
duration of antibiotic therapy. Particularly, total duration of
therapy was generally much longer than the time needed to
reach clinical stability. This is perhaps due to the ‘‘feeling of
protection’’ that physicians experience when their patients are
on antibiotics. On the other hand, the uncertainty regarding the
length of antibiotic therapy and the delay in discontinuing
antibiotics could have important consequences for both
patients and the healthcare system, including the increase in
microbial resistances, severe side-effects and costs.

We also evaluated the relationship between TCS and the
duration of both intravenous and oral antibiotic therapy. We
found that the duration of intravenous therapy is tailored to
the patient’s clinical response, with more than two-thirds of the

population experiencing the switch from intravenous to oral
therapy. Conversely, a fixed duration of oral therapy was
detected worldwide, ranging from 6 to 8 days, regardless of
the patient’s clinical response to therapy.

This study identifies trends regarding the relationship between
the microorganism isolated and the duration of therapy. When
a microbiological diagnosis is obtained, physicians tend to
treat CAP patients for a longer period of time, especially if a
mixed infection is present. Moreover, when pathogens such as
Legionella, K. pneumoniae, P. aeruginosa or S. aureus are isolated,
the total duration of antibiotic therapy is longer, in accordance
with the suggested guidelines [2].

The ‘‘standard approach’’ of 10–14 days appears to have
gained acceptance worldwide as a rule of thumb for duration
of antibiotic therapy in hospitalised patients with CAP.
Although the rationale for a traditional 10–14 day regimen is
observed to be effective in routine clinical practice, this
prolonged exposure to antibiotics may encourage the devel-
opment of, or acquisition of, antibiotic-resistant organisms and
may be associated with serious adverse reactions. Further-
more, recent studies indicate that reducing antibiotic treatment
to 5 days, compared with the traditional 10–14 days of
therapy, may be associated with equivalent efficacy and no
adverse outcomes [15].

A limitation of this study is that this is a retrospective
observational study; hence, physicians were not asked directly
regarding their approach to duration of therapy. However, this
study is strengthened by the large patient cohort involving
different regions of the world and its lack of exclusion criteria.
This suggests that our findings could be generalised to the full
population of hospitalised patients with CAP.

Physicians should be encouraged to embrace the recommen-
dations proposed by the most recent Infectious Diseases
Society of America and American Thoracic Society guidelines.
They specifically recommend that treatment for CAP can be
discontinued after a minimum of 5 days in patients who
remain afebrile for 42–72 h, provided that no more than one
sign of pneumonia-associated clinical instability is present [8].
Since evidence-based findings supporting this approach are
limited, future research in this area should include a
prospective, randomised, clinical trial enrolling patients that
receive antibiotics using the current standard approach versus
an individualised strategy based on the patient’s clinical
response.

In conclusion, this study indicates that the majority of
practitioners do not follow the recommended guidelines of
using an individualised approach to determine the duration of
antibiotic therapy in patients with CAP. Conversely, a
standard 10–14 day approach is still used in clinical practice,
probably leading to a number of patients remaining on
antibiotics for an excessive length of time. Future clinical trials
are needed to determine if the individualised approach to
shortening the duration of antibiotic therapy could be safely
applied in CAP patients, thus decreasing microbial resistance,
adverse events and costs.
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