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ABSTRACT:  This study was designed to evaluate the efficacy of a 3 day course
of azithromycin in low to moderately severe community-acquired pneumonia.  

Forty patients with low to moderately severe community-acquired pneumonia (29
males, 11 females, mean age 46±17 yrs; 20 pretreated with betalactams for 2–10
days with no results before admission to hospital; 18 with evidence of co-morbidity)
were enrolled in an open, randomized study with azithromycin, 500 mg q.d. oral
therapy for 3 days, versus clarithromycin, 250 mg b.i.d. oral therapy for 10±2 days.

The aetiology of pneumonia was identified in 18 patients by serology (nine
Mycoplasma pneumoniae, four Chlamydia pneumoniae, five Legionella pneumo-
phila; one patient with chlamydial infection also had Klebsiella pneumoniae bacterae-
mia).  A presumptive aetiological diagnosis was obtained with sputum culture in
three other patients (one Haemophilus influenzae, two Haemophilus parainfluenzae),
all strains were sole isolates with 108 Colony forming units (CFU), and with Gram
stain in one patient with Streptococcus pneumoniae.  All patients in the azithromycin
group (one after a second 3 day course), and all but two (of those available for
evaluation) of the clarithromycin group were cured.  Defervescence occurred after
2.6±1.6 days, and chest roentgenogram cleared after 8.9±3.3 days, with no difference
between the two groups.  Tolerance was good, and there were no withdrawals from
therapy.

Azithromycin, as well as clarithromycin, may be a good first choice approach
for the treatment of low to moderately severe community-acquired pneumonia, but
a 3 day course of azithromycin may increase patient compliance.
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Community-acquired pneumonia (CAP) is caused in
most cases by Streptococcus pneumoniae, Mycoplasma
pneumoniae, Legionella pneumophila or Chlamydia
pneumoniae.  Some studies have also shown a number
of cases due to Haemophilus influenzae or Moraxella
catarrhalis.  Macrolides cover most of the above spec-
tra.  Thus, many authors suggest a macrolide as the first
choice of drug in the treatment of CAP, especially in
previously healthy young or middle-aged adults, who
are less likely to suffer from enterobacterial infection.
Even the recent American Thoracic Society (ATS) guide-
lines for the treatment of CAP underline that clarithromy-
cin and azithromycin have in vitro activity against the
major pathogens, thereby providing the option of mono-
therapy, although more data are required from control-
led trials [1]. 

Azithromycin shows a good penetration into lung tis-
sue [2], and a good persistence at the infected tissue sites
for an additional 4–7 days [3] after drug withdrawal.  The
proposed standard dosage regimen of 500 mg daily per
os results in tissue concentrations exceeding the mini-
mal inhibitory concentrations (MICs) of relevant respira-
tory pathogens [4].  Its very long half-life, up to 72 h,
allows for clinical use with a new unorthodox dosage of

5 or even 3 days only, thereby improving patient compli-
ance.

In several clinical studies on lower respiratory tract
infections (LRTI) (sometimes including a few cases of
pneumonia), azithromycin, in a single daily dose over a
3 or 5 day period, proved as effective as a 7–10 day
course of other commonly used antibiotics, such as am-
oxycillin/clavulanic acid, erythromycin, clarithromycin
or cefaclor [5–9].  In spite of the vast literature available,
the studies with azithromycin in CAP have so far been
very limited.  Two studies [10, 11] have shown good
results following a 5 day azithromycin course in compari-
son to josamycin or cefaclor.  In 1991, SCHONWALD et al.
[12] compared a 3 or 5 day regimen in patients with aty-
pical pneumonia, treated with a total oral dose of 1.5 g
azithromycin; all patients were clinically cured.  The 3
day regimen group was given 500 mg once daily for
three days, and the 5 day regimen group was given 500
mg on day 1, followed by 250 mg on days 2–5.  In two
other noncomparative studies [13, 14], azithromycin
produced good results when given for 3 days to patients
with CAP.

As far as we know, the 3 day course of azithromycin
has never been compared to other drugs in the treatment
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of CAP. The aim of this study was to evaluate the effi-
cacy and safety of azithromycin, given for 3 days, in
comparison to clarithromycin (given for 8 days or more)
in the treatment of low to moderately severe CAP.

Methods and patients

Study design

In hospitalized patients with CAP, the mortality rate
is around 10%, and the population at risk is mostly over
65 yrs of age.  The pharmacokinetics of azithromycin
ensures that the drug remains active for an additional
4–7 days after withdrawal, but this may not be reflected
in clinical studies.  Thus, for ethical reasons, in a pilot
study treating CAP with only a 3 day regimen, we chose
to exclude patients at higher risk, according to the follow-
ing exclusion criteria: 1) pneumonia in more than one
lobe, as shown by posteroanterior and lateral chest roent-
genogram; 2) over 75 yrs of age; 3) white blood cell
count (WBC) <3×109·l-1; 4) arterial oxygen tension (PaO2)
<7.3 kPa (<55 mmHg); and 5) with bacteraemia.

Patients with bacteraemia were excluded, not only
because they are at high risk but also because azithromy-
cin reaches very low blood levels, being mostly concen-
trated in macrophages and in tissues (this criterion was
over-ridden in one case that is discussed later, see Results). 

Pretreatment with other antibiotics was not an exclusion
criterion: the failure of the previous antibiotic was as-
certained from a clinical point of view, and in each case
a minimum of 24 h elapsed between the last dose and
enrolment.

A diagnosis of pneumonia was made on the basis of
significant clinical manifestations and pulmonary opa-
city on the chest roentgenogram.  According to the above
exclusion criteria, all patients with CAP, admitted to
Vergani Department from October 1, 1992 and willing
to participate, were enrolled into the study, in order to
reach the total number of 40 patients.  Of 112 consecutive
CAP patients screened, 72 were excluded due to one or
more exclusion criteria (age over 75 yrs in most), and
the remaining 40 patients gave their informed consent.
The first patient was enrolled on October 2, 1992, and
the last on August 24, 1993.  The seasonal distribution
was homogenous, with 12 patients enrolled in October–
December 1992, 11 in January–March, 9 in April–June,
and 8 in July–August 1993.  The patients were divided
into two groups by simple open randomization; 20 pati-
ents were given azithromycin (AZ group), 500 mg oral
therapy in a single daily dose for 3 days, and 20 patients
clarithromycin (CL group), 250 mg b.i.d. oral therapy
for at least 8 days.  Clarithromycin could be continued
even after the eighth day, if necessary.

Work-up

All patients underwent the following work-up.  Chest
roentgenograms were taken on entry, on day 5 or 6 and,
if necessary, on day 10, 11 or 12.

Arterial blood samples for blood gases (PaO2 and arteri-
al carbon dioxide tension (PaCO2)) were obtained on en-
try, and during follow-up, if necessary.  Three or more
blood samples, taken before starting antibiotic therapy,

were collected for cultures (carried out with automated
instrument Bactec NR) and Kirby Bauer.  In pretreated
patients, liquid media with resins were used to counteract
the residual antibiotic activity.

Sputum Gram stain and culture were performed on
entry and at the end of the study, when available: 19
samples were sent on entry, 9 at the end of the study;
all the samples were suitable according to Bartlett's criteria.

Serum samples were obtained on entry, and on day 10
and 30, for L. pneumophila, M. pneumoniae and C.
pneumoniae antibodies.  The indirect fluorescent antibody
technique was used to test for L. pneumophila serogroups
1–6.  The indirect agglutination technique (Serodia-Myco
II, Fujirebio Inc, Tokyo) was used to test for M. pneumo-
niae antibodies.  C. pneumoniae antibodies were detect-
ed by microimmunofluorescence using TWAR antigen
(Washington Research Foundation, Seattle, USA), as
described previously [15].

Biochemical profile included: alanine aminotransferase
(ALT), aspartate aminotransferase (AST), bilirubin, γ-
glutamyl-transpeptidase (γ−GΤ), alkaline phosphatase,
blood urea nitrogen, creatinine, glucose, erythrocyte sedi-
mentation rate (ESR), C reactive protein, haemoglobin,
red blood cell (RBC) count, WBC total and differential
count.  Blood was taken at the beginning of the study
and after 5 or 6 days; further blood samples were taken
when necessary during follow-up.

Therapy with the randomized macrolide started within
24 h of hospitalization, after conclusion of the initial
work-up.

Aetiological diagnosis

A fourfold antibody titre rise was accepted as evidence
of infection due to M. pneumoniae or L. pneumoniae.
For M. pneumoniae, when only convalescent serum was
available, a titre >1:40 was also considered diagnostic.
As regards C. pneumoniae, one or more of the following
three criteria was accepted as evidence of recent infection
[15]: 1) immunoglobin M (IgM) titre >1:16;  2) fourfold
increase of immunoglobin G (IgG) titre; and  3) IgG titre
>1:512.

Microscopic (Gram stain) and bacteriological examina-
tion of the sputum were carried out whenever possible,
but only strains that were sole isolates with colony form-
ing units (CFU) >107 were considered [16].

Therapeutic efficacy and safety

Therapeutic efficacy was evaluated according to the
following assessments made on entry, during and at the
end of the study: fever, cough, volume and appearance
of the sputum, physical examination, chest roentgenogram,
ESR, C reactive protein, and total and differential WBC
count.  To investigate bacteriological outcome, a second
sputum specimen was taken, when possible, at the end
of the trial.

Safety was evaluated both clinically and on the basis
of the biochemical profile described above.

Patient population

Patients required hospitalization because of the failure
of the prescribed antibiotic therapy in half the cases;



furthermore, many had evidence of co-morbidity and/or
absence of a responsible caregiver in a stable home situ-
ation.

Table 1 describes the patient population: there were
no differences between the AZ and the CL groups.  The
three cases of liver disease were due to hepatitis B and
C (two patients), and to unknown aetiology (one).  A
previous antibiotic had been administered unsuccessfully
in 20 cases.

Results

Table 2 shows the results on defervescence, chest
roentgenogram clearance, period of hospitalization and
clinical and bacteriological outcome.  In four cases, we
observed isolates in the sputum during or at the end of
the study.  However, no signs of infection accompanied
this result, so that we cannot conclude that a superinfection
was present, but simply a colonization.  Alcaligenes
faecalis, very rarely pathogenic in the respiratory tract,
was probably acquired in hospital, where it is less rare
than in the community [17].

In one patient (male, 44 yrs of age, pretreated with
amoxycillin for 3 days, with a 5 day history of fever
before admission) the fever was still over 38˚C after the
3 day course of azithromycin, but both symptoms and
clinical signs were improving, and the fever had decreased
from the initial 41˚C; chest roentgenogram was only
partially improved on day 5; the fever disappeared on
day 6; he was cured and discharged on day 11.  One
patient needed a second course of azithromycin on days
14, 15 and 16, because chest roentgenogram resolution
was still incomplete after 12 days.  In nine patients,
clarithromycin was given for more than 8 days, as jud-
ged necessary according to clinical signs or chest roentge-
nogram.  In the entire group, clarithromycin was given
for 10±2 days (range 8–15 days).

There were two failures in the CL group.  One male,

55 yrs of age, pretreated at home with piperacillin with
no result, had a left inferior lobe pneumonia, with wide
pleural effusion.  After 5 days of persistent fever, the
therapy was changed to a combination of a cephalosporin
plus an aminoglycoside.  He had a slowly resolving pneu-
monia, and was cured.  A serum sample taken on the
fifth day of hospitalization showed anti-chlamydia anti-
bodies (IgM 1:64; IgG 1:1024) suggesting, at least at the
beginning, a clarithromycin resistant C. pneumoniae infec-
tion.  The same titres were seen on the 12th day.

The other failure occurred in a 68 year old male, who
was also randomized to clarithromycin after unsuccessful
therapy with ceftriaxone.  He had an undiagnosed small-
cell lung cancer, and the  pneumonia (right inferior lobe)
was later cured with ciprofloxacin.  Aetiology remained
undetermined. 

Side-effects were mild: one patient had a rash, probably
related to clarithromycin; many patients (eight in the AZ
group, nine in the CL group) had a transient rise of ALT
and/or AST.  No statistically significant differences were
found between the two groups with regard to the mean
rise of ALT or AST.  In 12 patients (seven AZ group,
five CL group) the therapy was started in spite of higher
than normal basal AST or ALT (as may frequently happen
in pneumonia); in most of these, we observed a fall to
normal or near-normal values at the end of the follow-
up.

Table 3 shows that a serological diagnosis could be
reached in 18 patients, while sputum permitted a presump-
tive diagnosis in four patients.  Five patients had a L.
pneumophila pneumonia; all of these had a good out-
come.  In four of them spirometry was normal at the
time of discharge, or within one month later; in the fifth
patient, spirometry was not performed.  Serology suppor-
ted C. pneumoniae infection in four cases; in one of
them, randomized to AZ, Klebsiella pneumoniae was
cultured in the blood and urine, so that the patient pro-
bably had a double aetiology; on the basis of the result
of blood culture, it was necessary to exclude him.  How-
ever, by the time the result became available, fever,
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Table 1.  –  Patients population: demographic features,
co-morbidity, previous chemotherapy, fever and pleural
effusion at presentation

AZ group  CL group
n=20 n=20

Age† yrs 48±13 44±19
Gender  M/F 13/7 16/4
Smokers  n 9 8
Excessive alcohol intake  n 2 2
Parenteral drug abusers  n 0 0
Underlying diseases

Diabetes 1 1
COPD - 3
Asthma 1 1
Small-cell lung cancer - 1
Liver disease 1 2
Heart disease 2 4
Anaemia 1 -

Pretreatment* 8 12
Fever >37˚C 17 14
Pleural effusion 1 3
†: mean±SD; *:  for 2–10 days with betalactam antibiotics in
19 cases and with ciprofloxacin in one case; the time interval
elapsed between the last dose of the previous antibiotic and
the enrolment was 24 h in one case and 48 h or more in all
the others.  AZ: azithromycin; CL: clarithromycin; M: male;
F: female; COPD: chronic obstructive pulmonary disease.

Table 2.  –  Results on fever, chest roentgenogram, time
of stay in hospital and clinical and bacteriological outcome

AZ group CL group
n=20 n=20 

Defervescence
Patients with fever  n 17 14
Time of defervescence  days 2.6±1.4 2.7±1.7
No defervescence  n 0 2

Chest X-ray clearance  days 8.7±2.7 9.2±3.9
Mean stay in hospital  days 12.7±5.7 14.3±7.6
Clinical outcome

Failures 0 2
Cured 20 17
Not evaluable 1

Bacteriological outcome  n
Reinfections 0 0
Superinfection 0 0
Colonization 2* 2**

Results are expressed as n or mean±SD as shown.  *: H. para-
influenzae in both (105 and 108 CFU, respectively);  **: one
H. parainfluenzae (108 CFU), one A. faecalis (107 CFU).  AZ:
azithromycin; CL: clarithromycin; CFU: colony forming units.
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cough and dyspnoea had already disappeared, and the 3
day course of azithromycin had already been comple-
ted.

Discussion

Our results show that a 3 day course of azithromycin
may be a good approach for the therapy of moderately
severe CAP.  This is possible due to the unusual phar-
macokinetics of azithromycin, described in the intro-
duction [2–4].  Azithromycin does not cure pneumonia
in 3 days; indeed we have observed the same time of
defervescence, chest roentgenogram clearance, and hos-
pitalization as with clarithromycin, or other antibiotics,
as described in many reports.  But azithromycin ensures
equally good results with a 3 day course only, thereby
improving the compliance of the patients.

An important limitation to our results is the small
number of patients studied.  The recent European Guide-
lines for the Clinical Evaluation of Anti-infective Drug
Products, state that the estimation of sample sizes must
allow a power of at least 80%, and the test level desired
should usually be 5% [18].  Accordingly, all clinical
studies should cover at least 80 available patients in each
treatment arm.  Neither our work, nor other studies so
far published on CAP therapy with azithromycin [10–14]
have reached this level.  Thus, our results cannot exclude
a type II error, and should be regarded as a pilot study
that may open the door to larger trials.  The demonstration
of any difference in therapeutic efficacy between the two
drugs, which is extremely difficult with only 40 patients,
was not the aim of our work and needs to be studied
further.  Nevertheless, in our experience, the two antibiotics
appear of equal efficacy, in agreement with the results
from a larger trial on 510 patients with LRTI (inclu-
ding eight with pneumonia) [8].

Another important limitation is that, according to our
exclusion criteria, we have studied a selected population
of patients.  The epidemiology of our institute, where
over 100 CAP patients are examined every year, shows
that we have the same 10% mortality as described in the
literature.  However, in this study, there were no mortalities.
We enrolled 35% of the screened CAP patients.  They
were not mild cases, because most mild patients are not
referred, or not admitted to hospital; but they had low

to moderately severe CAP, according to our exclusion
criteria.  Thus, the usefulness of azithromycin in more
severe cases has yet to be demonstrated.

Finally, the study should be seen in the light of the
Italian situation: the wide and unusual use of cephalo-
sporins, that had failed in 50% of our CAPs, had probably
selected a population where Legionella, Chlamydia or
Mycoplasma are most likely to occur.  For this reason,
and also probably because all our patients had antibody
determined after 30 days, we found a high percentage of
cases of  L. pneumophila (12.5%) and of  M. pneumoniae
(22.5%).  However, our percentages are still at the upper
limit of the range described in CAP literature, where
Legionella ranges 1–27%, with a most consistently reported
figure of about 6% [19], and M. pneumoniae ranges
11–17% in most cases [20].

S. pneumoniae appeared to be the aetiological agent
in one case only.  Again, the wide use of cephalosporins
together with the rarity of penicillin resistant strains of
S. pneumoniae in Italy, may explain this result.  Moreover,
whilst bacteria present in concentrations exceeding 106

organisms per ml of the original specimen have been
considered significant [21], in the light of current criticism
[22], we used more restrictive criteria (sole isolate, >107

CFU) for considering a sputum isolate as pathogenic [16].
As a result, we reached a presumptive diagnosis on sputum
cultures in three patients only (one with H. influenzae
and two with H. parainfluenzae).  H. parainfluenzae is
emerging as an important pathogen of the respiratory
tract [23], even if the question of real pathogenicity is
still open [24].  Concerning S. pneumoniae, it is well-
known that it is a delicate organism [25], and that the
number of cases of pneumococcal infection is proportion-
al to the number of tests performed [26].  Some of the
18 patients of table 3, in which no aetiology was found
for CAP, could perhaps have been ascribed to S. pneumo-
niae, if the research of pneumococcal antigen had been
available for our study.

In all five patients with legionellosis, the diagnosis
became known when the patient was already cured, and
in some cases discharged.  Treatment of legionnaires'
disease with a macrolide, erythromycin in most cases, is
usually suggested for 21 days [27], and we would probably
not have given azithromycin for only 3 days if we had
known the aetiology.  However, all five patients were
cured, and no fibrosis was seen on chest roentgenogram
or spirometry at the end of the study, in spite of the fre-
quency (up to 25%) of this risk [28].  Also, the eight
patients with legionnaires' disease, described by MYBURGH

et al. [14] had a good outcome with the same therapy.
The diagnosis of C. pneumoniae infection, using the

TWAR antigen, has recently been criticized [29].  However,
our results are in line with most published data: 10% of
our patients had C. pneumoniae pneumonia, a rate in
agreement with the 6–33% given in the literature [22].
One patient with Chlamydial infection failed to respond
to clarithromycin, in spite of a usually very low mini-
mal concentration of clarithromycin needed to produce
90% inhibition (MIC90) versus C. pneumoniae [30].
However, BATES [30] described two failures in six patients
with chlamydial CAP treated with clarithromycin.

Table 3.  –  Aetiology derived from serology and sputum

AZ group CL group
n=20 (8) n=20 (12)

Serological diagnosis
Mycoplasma pneumoniae 4 (3) 5 (5)
Legionella pneumophila 4 (2) 1
Chlamydia pneumoniae 3 (2)
C. pneumoniae + K. pneumoniae 1*

Presumptive diagnosis on sputum
Haemophilus influenzae 108 CFU 1
Haemophilus parainfluenzae 108 CFU 1 (1) 1
Pneumococcus Sp. (Gram stain) 1

No aetiology found 9 (2) 9 (5)

*: Klebsiella pneumoniae isolated in blood and urine cultures.
The number of pretreated patients is shown in parenthesis.  For
abbreviations see legend to table 2.



The outcome of the patient with K. pneumoniae sepsis
was surprisingly good.  Azithromycin is not very active
against K. pneumoniae, with MIC90 in the range 8–64
µg·ml-1 [31], and the good result could be due, at least
in part, to the postantibiotic effect of azithromycin on K.
pneumoniae [32].

In conclusion, azithromycin appears to be a promising
approach to treatment of CAP.  We observed a good
activity in the moderately severe patients, but larger
double-blind trials are needed.  The usefulness in elderly
patients and more severe cases has yet to be demonstra-
ted. 
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