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ABSTRACT: Community-acquired lower respiratory tract infection (LRTI) is a
common cause of acute illness in adults. The spectrum of disease ranges from a mild
mucosal colonisation or infection, acute bronchitis or acute exacerbation of chronic
bronchitis/chronic obstructive pulmonary disease (AE-CB/COPD), to an overwhelming
parenchymal infection with the patient presenting with severe community-acquired
pneumonia (CAP).
Although the great majority of LRTIs are self-limiting viral infections, CAP is most

often a bacterial disease with a substantial mortality. Thus, antibiotic treatment is
rarely indicated for acute bronchitis and is only indicated for the more severe cases of
AE-CB/COPD, but it is nearly always indicated for CAP, for which a delay in
treatment may increase the risk of a fatal outcome. It may be difficult to differentiate
between a viral and a bacterial LRTI, or between bronchitis/AE-CB/COPD and CAP.
This may be one reason why antibiotics are prescribed to more than two-thirds of
patients with LRTIs in Europe and the USA. Considering the worldwide development of
antibiotic resistance, this is not an acceptable situation.
Since an empirical approach is nearly always necessary in the management of LRTI,

greater emphasis must be placed on the decision of whether or not to prescribe an
antibiotic at all. This decision should be based on an assessment of the severity of the
disease, including underlying risk factors, and on markers for bacterial/parenchymal/
invasive LRTI. The choice of empirical therapy must be based on the same data
together with epidemiological information. The choice of antibiotic must always cover
Streptococcus pneumoniae, which remains the main pathogen of morbidity and
mortality in CAP. In hospital, attempts should be made to obtain an aetiological
diagnosis in order to be able to switch to a specific treatment or to evaluate a failure of
empirical therapy.
Several guidelines for the management of community-acquired pneumonia have been

published during the last 10 yrs. Some reports indicate that the implementation of such
guidelines has resulted in lowered costs, length of stay in hospital and mortality.
However, the results from these studies are not consistent and the evidence is still weak.
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There are great systematic differences in the pres-
cription of antibiotics, both overall and for lower res-
piratory tract infections (LRTIs), between countries
and between different healthcare providers in the same
country [1–5]. During the 1990s, there was an enormous
amount of research activity in the field of LRTIs,
especially concerning community-acquired pneumo-
nia (CAP). Several guidelines for the management of
CAP have been published. The "first generation" of
guidelines was mostly consensus-based [6–11], where-
as those published in 2000/2001 are at least partly
evidence-based [12–15]. However, there is still a lack
of evidence in many areas of the LRTI field, and, in
addition, interpretation of the available evidence is
variable in some cases. Thus, the present article is a
personal interpretation of the available data on when,
and how, to use antimicrobial therapy in LRTI. This
interpretation is most probably biased by the rather
conservative antibiotic regimens and limited problems
with antimicrobial resistance in Scandinavia.

Morbidity and mortality

Community-acquired LRTI is a very common
cause of acute illness and probably the most com-
mon reason for lost working time in adults. The
spectrum of disease ranges from a mild mucosal
colonisation or infection, an acute bronchitis or acute
exacerbation of chronic bronchitis/chronic obstructive
pulmonary disease (AE-CB/COPD), to an overwhelm-
ing parenchymal infection with the patient presenting
with a severe CAP. There is no gold standard for the
diagnosis of pneumonia or acute bronchitis, some-
thing which must be taken into account when inci-
dence rates differ between studies. In addition, there
are limited data concerning the incidence of mild
LRTI, since most estimates are based on contacts with
healthcare. According to a recent review, the annual
incidence of adult patients with LRTIs consulting
healthcare providers, ranges 8–124 per 1,000 popula-
tion, depending on age, sex and type of diagnosis [16].
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A sharp increase in the incidence of LRTI is seen in
persons ofw70–75 yrs of age, and males seem to be at
greater risk of these diseases than females.

The majority of LRTIs are self-limiting viral infec-
tions. The overall mortality of this group of diseases is
very low [17]. However, pneumonia, which probably
accounts for v5% of all LRTIs, is most often a
bacterial disease with a substantial annual mortality;
ranging from 0.2% for elderly persons in the commu-
nity [18] to 14% for those hospitalised with CAP [19],
and as high as o50% in subgroups of patients
presenting with septic shock [20]. Thus, pneumonia
should, in general, be treated with antibiotics. It is
also important to start treatment promptly, since a
delay ofw8 h in treatment is associated with increased
mortality [21].

Important factors on which to base antibiotic
treatment of lower respiratory tract infection

Bronchitis or pneumonia?

The clinical manifestations of acute bronchitis may
be similar to those of CAP. A new infiltrate on chest
radiography is most often considered the gold stand-
ard for the diagnosis of CAP. Unfortunately, there
seems to be no single clinical finding, or combination
of findings, that can reliably predict radiological pneu-
monia [12, 17]. Acute cough and low-grade fever, in
association with upper respiratory tract symptoms
such as a sore throat and a runny nose, are most pro-
bably due to viral bronchitis. Conversely, features
such as high fever (w38uC) or chills, cough with puru-
lent expectoration, pleural pain, tachypnoea and
new focal signs on physical examination of the chest
most probably indicate the presence of pneumonia.
However, many patients consult their general practi-
tioner with symptoms and signs between those two
"extremes", and all too often an antibiotic will be
prescribed for a viral LRTI. Bearing in mind that
pneumonia causes only f5% of all LRTIs, it is
unacceptable that antibiotics are prescribed to at least
two-thirds of patients with LRTIs in both Europe and
the USA [22, 23]. It has been estimated that viral
respiratory tract infections alone result in as much as
one-fifth of all antibiotic prescriptions in adults [23].
Considering the risk of death in CAP, it is, of course,
more important not to fail to prescribe an antibiotic
to a pneumonia patient than it is to avoid giving
out an unnecessary prescription to a patient with a
viral bronchitis. However, the amount of anti-
biotics used is clearly related to the rate of anti-
microbial resistance in the community [24], and
overuse will result in not only increased direct costs
for drugs but also decreased effectiveness of the drugs
available for treatment of CAP. More frequent use of
chest radiography to differentiate between bronchitis
and CAP may, therefore, be cost-effective in the long
run. Of laboratory tests, C-reactive protein (CRP)
measurement is probably the one analysis that is both
readily available, even in the general practitioner9s
office, and has a reasonable sensitivity and specificity
for differentiating between parenchymal involvement

and endobronchial disease. Although there is no clear-
cut division between these two entities, the majority of
endobronchial infections will result in normal or very
low CRP levels, whereas most cases of pneumonia
result in a CRP level ofw50–100 mg?L-1 [25–29]. The
present author9s recommendations for differential
diagnosis between acute bronchitis and CAP in an
immunocompetent adult without chronic pulmonary
disease are shown in figure 1.

How important are 0atypical agents0 ?

All recent CAP guidelines advocate the routine use
of antibiotics effective against "atypical pathogens"
for inpatients [12–15], and only one recommends a
b-lactam alone as an alternative first choice for out-
patient treatment [14]. However, the question is how
important it is always to cover for "atypical agents".

Streptococcus pneumoniae remains the most com-
mon pathogen of CAP among patients requiring
admission to hospital, as well as the pathogen most
often associated with bacteraemic disease, need for
intensive care unit (ICU) treatment and death [12, 30].
Although Mycoplasma pneumoniae is the most com-
mon finding in aetiological investigations among out-
patients, blood and sputum cultures have rarely been
included in these studies and it is, therefore, likely that
S. pneumoniae has been underdiagnosed [30]. This is
supported by a population-based study from Finland,
in which M. pneumoniae was a more frequent finding
among outpatients than inpatients (14 versus 5%,
p=0.02), but in which S. pneumoniae was the most
common finding in both outpatients (44%) and inpati-
ents (50%) [31]. M. pneumoniae has been recognised as
a cause of LRTI for many years, is an endemic
pathogen, or comes in epidemic cycles, and most often
causes a relatively mild CAP in adolescents and young
adults. Since the end of the 1970s, legionella has been
known to cause pneumonia. As freshwater is the
natural habitat of this pathogen, legionnaires9 disease
is endemic in some geographical areas, and sporadic
outbreaks may occur by inhalation of aerosolised
infected water generated from showers, cooling towers,
whirlpools, etc. Legionella spp. is a relatively frequent
cause of severe pneumonia, much more so than
mycoplasma, and, although this pathogen may be
uncommon in some areas, it is often the second most
common finding in studies of the aetiology of CAP
requiring ICU treatment [32]. During the 1990s, the
use of sensitive new diagnostic techniques implicated
Chlamydia pneumoniae as a common cause of CAP,
accounting for 1–15% of cases outside epidemic situ-
ations and up to 40% during outbreaks [33]. There is
no doubt that C. pneumoniae may cause CAP, and, in
some instances, also severe infection [34]. However,
the diagnosis of C. pneumoniae pneumonia is made
serologically or by polymerase chain reaction tech-
niques, and, since there are no validated criteria
to define under what circumstances C. pneumoniae
should be considered the cause of pneumonia, there
is a clear risk of overdiagnosis of this pathogen. In
addition, and similar to mycoplasma, chlamydia is
relatively often detected in mixed infections with
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S. pneumoniae andHaemophilus influenzae, thus making
interpretation of its relative importance difficult.

Several studies have shown that clinical, laboratory
and radiographic features cannot reliably differentiate
between different causative pathogens [35]. However,
epidemiological data, which have been included rarely
in these analyses, may be of substantial help in the
diagnosis of "atypical" agents, by, for example, iden-
tifying similar cases among family or friends or
exposure to aerosolised freshwater in areas in which
legionella infections commonly occur or just by the
time of the year [31]. In addition, there are differences
in the clinical presentation between a pneumococcal
and an "atypical" pneumonia, especially if the latter is
caused by M. pneumoniae, such as insidious onset,
nonproductive cough and less systemic symptoms,
that, taken together with the age of the patient, may
be of help in making an "educated guess" concerning
the aetiology of CAP in the individual patient [36–38].

A study from the USA advocating that the use of
macrolides as part of the initial treatment for CAP
shortens the length of stay (LOS), may instead
support the view that physicians are able to use edu-
cated guesses to identify "atypical" pneumonia [39].
This was a small uncontrolled study in a hospital in
which local guidelines recommended ceftriaxone for
the treatment of CAP, but the addition of a macrolide
if an "atypical" form was suspected. Of 76 evaluable
patients, 12 were given a macrolide within the first
24 h (11 of these were also given a b-lactam) and the
LOS in this group was significantly shorter than in
CAP patients receiving only a b-lactam, or when a
macrolide was added at a later stage. However, in the
group of patients receiving macrolides within the first
24 h, a pathogen was identified in only 1 of 12 (8%),

compared to in 23 of 64 (36%) of those in the
nonmacrolide group. This would indicate that, in the
macrolide group, cultures were not performed because
the doctor suspected an "atypical" aetiology, or that
cultures turned out to be negative because of an
"atypical" aetiology of CAP.

Further, in a recent prospective randomised study
comparing amoxicillin/clavulanic acid with ceftri-
axone for the treatment of CAP in Spain, one of the
exclusion criteria was a strong clinical suspicion of
legionella, atypical or viral pneumonia [40]. After
randomisation, only 18 of 378 (5%) patients were
excluded because of one of these aetiological diag-
noses, and nearly 90% of the patients in both treat-
ment arms were cured according to the end of therapy
assessment. Other European studies have shown that
oral b-lactams alone are effective in the treatment of
patients with LRTI, including radiographically veri-
fied CAP, both in the community and in the hospital
setting [41, 42].

Swedish guidelines for the empirical treatment
of mild-to-moderate CAP, although 10 yrs old, are
based on the possibility of distinguishing between
"classic bacterial" pneumonia and "atypical" pneumo-
nia using clinical, epidemiological and laboratory data
[43]. In a retrospective survey of 1,042 randomly
selected patients with CAP admitted to Swedish infec-
tious diseases departments in 1995, the first-line
treatment was penicillin alone (45%) or a cephalo-
sporin (28%), and macrolides were prescribed to only
5% [43]. The total inhospital mortality was 2.6% and
the LOS 6 days (mean). A new survey of 1,541
patients, in 1997, showed very similar results, with a
single b-lactam as the first-line treatment iny75% of
cases, and macrolides given as empirical treatment

Antibiotic treatment

LRTI
Cough±fever

Immunocompetent adult
No chronic lung disease

a) URT symptoms
No vital sign abnormality

No focal chest signs
Short duration (<5 days)

Viral bronchitis CAP CRP >50 mg·L-1

(after >24 h duration) CRP 50–150 mg·L-1 CRP >150 mg·L-1

No antibiotic
treatment. If

influenza suspected
and duration <48h,

consider anti-
influenza agent

Viral bronchitis CAP? CAP

Withhold antibiotics
(Chest radiography
may be considered)

Chest radiography if
possible, otherwise
treat with antibiotics

Antibiotic treatment

b) No URT symptoms and two
of three: chest pain or high

fever (>38dC)/chills, 
tachypnoea (>25 breath·
min-1), focal chest signs

c) As for b) but: with a duration
of ≥5 days, or going from

nonproductive to productive
cough; with <2 of 3 symptoms.

Fig. 1. – Suggested recommendations for differential diagnosis between acute bronchitis and community-acquired pneumonia (CAP) in
an immunocompetent adult without chronic pulmonary disease. LRTI: lower respiratory tract infection; URT: upper respiratory tract;
CRP: C-reactive protein.
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alone in only 5% and in combination with a b-lactam
in 2% (unpublished data). Also, the LOS and inhospi-
tal mortality were comparable to the findings in 1995.

The question of the need to cover "atypical" agents
in all patients was also recently raised in a study from
the USA [44]. In this prospective study, an atypical
agent was found in only 29 of 385 (7.5%) adults, and a
second pathogen was also identified in more than half
of these cases. Moreover, a macrolide or tetracycline
were given to only four of 29 patients, and none of the
29 patients died.

Finally, if "atypical" agents were to play a signi-
ficant role in the overall outcome of pneumonia, this
should have been observed in comparative antibiotic
studies (although these have been powered mainly to
show equivalence rather than superiority). However,
with a few exceptions [45, 46], the outcome of patients
treated with b-lactams alone have been comparable to
that of those who have received macrolides or quino-
lones [47–54].

Taken together, these data indicate that there is no
need to include treatment for atypical agents for all
patients with CAP. Such treatment can be reserved for
those for whom there is a strong clinical suspicion
of such disease (e.g. CAP patients from geographical
areas in which Legionnaires9 disease occurs very
frequently) and the severely ill patient (for whom
broad coverage is necessary since the "cost" of
administering the wrong antibiotic may be death).

What is the local antimicrobial resistance situation?

For some pathogens, the resistance situation seems
to be similar all over the world. This is the case for
Moraxella catarrhalis, which in almost all cases pro-
duces b-lactamases, and for "atypical" pathogens,
such as mycoplasma, chlamydia or legionella, for
which there are no problems with acquired resistance.
However, for S. pneumoniae and H. influenzae, the
risk for antimicrobial resistance in community-
acquired LRTI pathogens varies both from country
to country and within countries. It is therefore import-
ant to have a knowledge of local resistance data,
and that these data are regularly updated. For
H. influenzae, the b-lactamase production rate ranges
10–40%, resulting in amoxicillin alone being a good
choice in some countries, whereas combination with a
b-lactam inhibitor, e.g. clavulanic acid, must be used
in others. For S. pneumoniae, decreased susceptibility
to penicillin is found inv5–w50% of the population,
depending on the geographical area, type of sample
(e.g. blood or nasopharyngeal secretions) and the
population sampled [55]. However, even in areas with
a high rate of intermediately or "highly" resistant
pneumococci, penicillin or amoxicillin can still reliably
be used as the first-line therapy of a pneumococcal
LRTI. This statement is based on the following facts:
1) In areas in which penicillin resistance has been
present for many years, the minimum inhibitory con-
centration of antibiotic (MIC) inhibiting 90% of
bacterial strains (MIC90) is still 1 mg?L-1, and
MIC ofw4 mg?L-1 are extremely rare [40, 55, 56]; 2)
With high-dose penicillin or amoxicillin, adequate

concentrations at the site of infection are achieved
even when treating highly resistant (MIC f4 mg?L-1)
pneumococci [57]; 3) To date, studies of pneumonia
treated with penicillins or other b-lactams, adjusted
for underlying factors and severity of illness, have
shown a similar and favourable outcome in patients in
whom the infection was caused by penicillin-resistant
strains to that in infections caused by penicillin-
sensitive strains [40, 55, 58–61]; 4) Among pneumo-
cocci with decreased susceptibility to penicillin (MIC
o0.1 mg?L-1), there is a significant coresistance to
common alternative antimicrobial agents, such as
other b-lactams, erythromycin, clindamycin, tetra-
cycline and trimethoprim/sulfamethoxazole [40, 56, 62].
For macrolides, the rate of coresistance increased
during the last part of the 1990s. In some centres, the
prevalence of S. pneumoniae macrolide resistance
exceeds that of penicillin resistance, and a correlation
between increasing macrolide resistance and the
increased use of newer long-acting macrolides has
been indicated [24]. The level of macrolide resistance is
often very high, making it impossible to overcome by
increasing the dosage, and failures have been reported
using macrolides as single therapy for CAP [63]. It
should also be pointed out that amoxicillin is more
active against resistant pneumococci than any of the
available oral cephalosporins, and that overuse of the
latter may also be an important driving force for
b-lactam resistance [24].

Usefulness of the new respiratory quinolones and other
novel antibiotics

Older quinolones, such as ciprofloxacin and ofloxa-
cin, have rather poor antipneumococcal efficacy and
are not recommended for the empirical treatment of
CAP. During the 1990s, however, fluoroquinolones
(FQs) with an extended Gram-positive spectrum were
developed, which have been shown in randomised
trials to have a high cure rate, equal to, or sometimes
better than, that of drugs to which they have been
compared [13]. Unfortunately, several of the new FQs
(temafloxacin, sparfloxacin, grepafloxin, trovafloxa-
cin, and clinafloxacin) were withdrawn shortly after,
or even before, they were introduced due to safety
problems. Of those remaining, levofloxacin (an
L-isomer of ofloxacin) is available in most countries,
whereas moxifloxacin and gatifloxacin are on the way
to market or only licensed in some countries. Whereas
the MIC90 for S. pneumoniae of levofloxacin is
y1 mg?L-1, it is generally f0.25 mg?L-1 for the two
newer FQs, which, therefore, are sometimes called
"respiratory" FQs.

The respiratory FQs have some definite advantages.
They exhibit broad spectrum coverage including all
common LRTI pathogens, high bioavailability, good
penetration resulting in high intracellular concentra-
tions, a long half-life permitting once or twice daily
dosing, and are rapidly bactericidal. However, their
broad spectrum of activity and common use against
many other infections is also a concern, since wide-
spread use of this class of antibiotics may lead to a
rapid increase in already emerging resistance problems
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[14]. Resistance to quinolones evolves in a stepwise
fashion and a single mutation may be enough for
resistance to older FQs, whereas an additional muta-
tion (or mutations) is needed for development of
resistance to the newer FQs.

An increase in the use of FQs associated with
development of resistance has been reported in several
geographical areas, e.g. Canada, Spain and Hong
Kong [64–66]. In Canada, ciprofloxacin resistance
among pneumococcal isolates increased from 1.5 to
2.9% between 1993 and 1998, and was highest among
elderly persons, which correlated to the degree of
usage of these drugs [64]. An even more dramatic
increase has been documented in Hong Kong, where
resistance in pneumococci (MICo4 mg?L-1) was very
low in 1995, v0.5% for ofloxacin, but had risen to
12.1% for ciprofloxacin, 5.5% for levofloxacin and
2.2% for trovafloxacin in 1998 [66]. Four of the
pneumococcal strains from the Hong Kong study
were resistant to penicillin with MICs of 1–3 mg?L-1,
erythromycin with MICs of 2–6 mg?L-1 and quino-
lones with MICs ofw32 mg?L-1 for ciprofloxacin and
levofloxacin and of 2, 16 andw32 mg?L-1 for trova-
floxacin. Thus, all four strains could have been treated
with high-dose penicillin, but only one with trova-
floxacin and none with erythromycin. Clinically, the
risk of failure of ciprofloxacin in the treatment of
pneumococcal infections has been known since the
beginning of the 1990s [67, 68], but now reports of
levofloxacin failures are also beginning to be made
[69]. In addition, a clinical failure on trovafloxacin in a
patient with bacteraemic pneumococcal pneumonia
(MIC for trovafloxacin 8 mg?L-1) has been reported
recently [70].

Thus, it may be wise not to use respiratory FQs as a
first-line therapy for LRTI, but to reserve these drugs
for selected patients with CAP [14]. Examples of such
patients are those who have a documented infection
with highly resistant pneumococci (MIC w4 mg?L-1)
or Legionella spp., are allergic to alternative agents,
have failed using a first-line regimen, or are severely ill
and in need of ICU treatment, where a FQ may be one
of the alternatives for combination together with a
b-lactam. However, it should be pointed out that,
when a quinolone is indicated, one of the new respira-
tory FQs should be used, since they are less likely to
induce development of resistance than the older ones.

Among other new antibiotics, two groups are of
special interest in the treatment of LRTIs, the
oxazolidones and ketolides. One substance from
the former group, linezolid, has now been licensed
in several countries. Linezolid is a strictly Gram-
positive antibiotic which is active also against highly
penicillin-resistant pneumococci and other resistant
Gram-positive organisms that may be difficult to treat,
such as methicillin-resistant Staphylococcus aureus and
vancomycin-resistant enterococcus [71]. The role of
linezolid in the treatment of community LRTI
remains to be established, but it will probably be
useful mainly as a second-line treatment for docu-
mented infections with resistant pneumococci. Con-
versely telithromycin, the first of the ketolide
antibiotics, which is on the way to being licensed in
some countries, may be a potential choice in the

empirical therapy of CAP. Although derived chemi-
cally from the macrolides it provides potent activity
against both common "atypical" pathogens and com-
mon LRTI bacteria, including those resistant to
b-lactams and macrolide/lincosamide/streptogramin
B antibiotics [72]. In three randomised double-blind
comparator studies of mild-to-moderate CAP, the
clinical success rate of telithromycin was w90% and
demonstrated equivalence to amoxicillin, clarithro-
mycin and trovafloxacin [73].

Assessment of severity of illness and need for hospital
admission

The need for hospital admission is often, but not
always, due to the severity of illness. Inability to main-
tain gas exchange or a stable circulation are obvious
markers of severe disease, whereas absence of ade-
quate nursing and social support mechanisms as well
as inability to maintain fluid intake, may reflect either
severe illness, age and/or underlying conditions.

Unfortunately, there is as yet no single severity
assessment that can simply and reliably predict whe-
ther or not a patient needs hospital treatment, or the
outcome of a LRTI. In order to be of value in the
outpatient setting, a severity assessment should be
based only on symptoms and signs. In 1993, the
British Thoracic Society (BTS) formulated a CAP-
specific prognostic formula in which one of the two
discriminant rules relied only on bedside observation
[8]. This rule, which was based on patients aged 18–
74 yrs treated in hospital for CAP, included the pre-
sence of a respiratory frequency ofo30 breaths?min-1,
a diastolic blood pressure of f60 mmHg and confu-
sion. The presence of two of these three criteria was
associated strongly with death, but the sensitivity and
positive predictive value of both this and the second
rule, in which confusion was exchanged for a blood
urea concentration ofw7 mM, was low. Recent vali-
dations of both the original BTS rule and a slightly
modified version of this rule also showed that they
performed poorly, especially in patients aged o75 yrs
[74, 75]. In a much more complicated prediction rule,
derived and validated using two different large
samples of CAP patients in the USA, the first class
(risk class I) is based on clinical information alone,
whereas stratification of risk classes II–V requires
radiological and laboratory data [76]. Patients belong-
ing to risk class I were aged f50 yrs, did not have
underlying diseases or alterations in vital signs, and
showed a very low mortality (0.1–0.4%). Mortality
was also low in risk classes II and III (0.6–0.7 and
0.9–2.8%, respectively), but increased steeply to 9.3%
in risk class IV and 27% in risk class V. Thus, it has
been suggested that patients in the lowest risk classes
(I and II) can safely be treated as outpatients, whereas
those in class III may need a brief stay in hospital
[12, 13]. However, it should be noted that these
predictive scores are based on groups of patients, and
may not always be applicable in the individual patient
[77, 78]. Social factors should also be considered.
Further, age plays a dominant role in the final score,
which must be kept in mind when evaluating young
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persons with CAP. In addition, some "classical" nega-
tive prognostic factors are not included in this score,
such as leucopenia, alcoholism or multilobar pneu-
monia. Thus, a 20-yr-old female with a 1-day history
of fever and cough, who is found to have multilobar
radiographic changes but without pleural fluid, a
respiratory frequency of 40 breaths?min-1 and an
oxygen saturation of 80% on room air, would be
classified as a low-risk patient (class II). Similarly, a
55-yr-old alcoholic male, presenting with bilateral
pneumonia, leucopenia, a respiratory frequency of
25 breaths?min-1 and an oxygen saturation of 85%,
would also rank as a low risk patient (class II). Few
doctors would let either of these two patients leave
with just an antibiotic prescription.

Identifying severely ill CAP patients with a possible
need for ICU treatment is also difficult. Undoubtedly,
patients meeting the criteria of the BTS rule may be
candidates for ICU treatment. The revised criteria
of the American Thoracic Society (ATS) for "severe
CAP" may be helpful [15]. The ATS rule is based
on the presence of at least one major criterion (need
for mechanical ventilation, an increase in the size of
infiltrates by w50% within 48 h, septic shock or the
need for vasopressors for w4 h, and acute renal
failure) or two minor criteria (respiratory frequency
o30 breaths?min-1, arterial oxygen tension/inspiratory
oxygen fraction v250, bilateral/multilobar pneumo-
nia, systolic blood pressure o90 mmHg and diastolic
blood pressure f60 mmHg). Finally, the Acute
Physiology, Age, and Chronic Health Evaluation II
score has been shown to clearly identify those at risk
of dying from pneumococcal bacteraemic pneumonia
[20, 79].

Thus, the major difficulty in severity assessment
lies in the identification of those LRTI patients
who are neither the least nor the most severely ill,
those who are likely to need hospital treatment. The
present author9s recommendations for when patients
should generally be admitted to hospital are shown in
table 1.

Treatment of lower respiratory tract infection

Acute bronchitis

As discussed above, acute bronchitis is most often a
viral disease, and antibiotics should be avoided [12].
In a review of nine double-blind placebo-controlled
studies, no advantage for antibiotics (doxycycline or
erythromycin) was found in seven, whereas antibiotics
(erythromycin and trimethoprim/sulfamethoxazole)
were slightly better than placebo in two [80]. In
addition, two of these studies showed that broncho-
dilators were superior to antibiotics in reducing cough
and other symptoms. In a recent Cochrane review, a
slight benefit of antibiotics was noted, but not in
patients who also had symptoms of common cold and
had been ill forv1 week [81]. Furthermore, this slight
benefit was balanced by an increase in adverse effects
using antibiotics.

Acute exacerbation of chronic bronchitis/chronic
obstructive pulmonary disease

Chronic bronchitis is defined as productive cough
for o3 months?yr-1 during o2 consecutive yrs, where-
as the term chronic obstructive pulmonary disease
(COPD) is used to describe several pathophysiological
entities characterised by airflow obstruction, including
chronic bronchitis, but also emphysema, asthma and
bronchiectasis [82]. The clinical distinction between
these entities is not always clear, but, in the following,
the focus is on patients who have acute exacerbations
of COPD associated with chronic bronchitis or
emphysema (AE-CB/COPD). There is no widely
accepted definition of AE-CB/COPD, but most include
one or more of three cardinal findings: worsening
dyspnoea, increase in sputum purulence, and increase
in sputum volume [83].

Bacteria can be isolated from sputum iny50% of
cases of AE-CB/COPD, but whether this represents
bronchial colonisation or infection has long been a
controversial issue [84]. The problem of how to
interpret cultures from the lower respiratory tract is
well illustrated by two studies using bronchoscopy
with protected specimen brush to obtain uncontami-
nated samples, one in 18 stable COPD patients and
the other in 54 patients with severe AE-CB/COPD
requiring ICU treatment [85, 86]. Significant growth
of bacteria (o103 colony-forming units (cfu)?mL-1)
was found in 44% of the ICU-treated patients, but
also in 33% of the stable COPD patients, and with
approximately the same spectrum of pathogens; H.
influenzae or other Haemophilus species, S. pneumo-
niae, M. catarrhalis, S. aureus, and an occasional
member of the Enterobacteriaceae or Pseudomonas
aeruginosa. However, the one difference was that

Table 1. –Medical risk factors in patients with acute
community-acquired lower respiratory tract infection indi-
cating probable benefit from admission to hospital#

History
High age}

Immunocompromising illness or treatment
Previous splenectomy
Uncontrolled coexisting illness
Alcohol abuse and/or malnutrition

Physical findings
Acute altered mental status
Systolic BPv90 mmHg or diastolic BPv60 mmHg
Respiratory frequencyw30 breaths?min-1

Laboratory findings
Sa,O2v90%, or Pa,O2v8 kPa, on room air
Multilobar pneumonia
Pleural effusion (w1 cm on lateral decubitus chest
radiograph)

Suspected lung abscess
Acute renal failure (ureaw7 mM or creatinine
w120 mg?L-1)

Leucopenia (v46109 cells?L-1)
Severe anaemia (haematocritv30%)
Hypoalbuminaemia (v25 g?L-1)

BP: blood pressure; Sa,O2: arterial oxygen saturation; Pa,O2:
arterial oxygen tension. #: any one of these indicates pro-
bable benefit; }: no specific age limit can be given as it
depends on biological rather than chronological age.
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heavy growth of bacteria (o105 cfu?mL-1) was found
in 24% of the ICU-treated patients, i.e. more than half
of those with a significant culture, but not at all
among the stable patients (fig. 2). In another study,
growth of pathogenic bacteria was found twice as
often at a level of o103 cfu?mL-1 and four times as
often at o104 cfu?mL-1 in patients with AE-CB/
COPD than in a control group [87], thus supporting
a role for bacteria in a subset of AE-CB/COPD.
Accordingly, antibiotics have been found to be
beneficial in selected patients with AE-CB/COPD
[82, 88]. The beneficial effect is more likely to occur
in patients with severe rather than less severe AE-CB/
COPD. Severity can be assessed by using either
clinical judgement or the criteria developed by
N.R. Anthonisen [82]. According to the criteria of
ANTHONISEN et al. [89], a severe exacerbation (type 1)
contains all three, and a moderate exacerbation (type
2) two of the three cardinal symptoms of an AE-CB/
COPD. Suggested recommendations for when anti-
biotic treatment should be considered are given in

table 2. Sputum culture is of limited value in out-
patient treatment of nonsevere AE-CB/COPD. How-
ever, in patients with severe disease, cultures from
sputum, or, if possible, on protected samples obtained
bronchoscopically, may be of value if empirical treat-
ment fails. The choice of antibiotics for empirical
treatment is based on the spectrum of pathogens
causing AE-CB/COPD, the local resistance situation
and the severity of illness. It is important to point out
that all placebo-controlled antibiotic studies have been
performed with "older" drugs, such as amoxicillin,
tetracyclines and trimethoprim/sulfamethoxazole, and
that there are so far no published randomised blinded
studies showing a superiority of newer drugs, such as
cephalosporins or quinolones [83]. H. influenzae, or
other Haemophilus species, and S. pneumoniae are the
most common and important pathogens, followed by
M. catarrhalis, and should be the primary target of
treatment (table 3). The role of atypical pathogens is
even more questionable for patients with AE-CB/
COPD than for those with CAP and they need not
routinely be covered. For more severely ill patients,
or in those who have received repeated courses of
antibiotics during recent months, broader treatment
may be needed, including coverage against S. aureus,
Enterobacteriaceae and, in patients known to have
been colonised previously, P. aeruginosa. Oral treat-
ment is, in most cases, adequate, but, in the severely
ill, intravenous antibiotics may be necessary during
the initial phase.

a)

b)

Fig. 2. –Bacterial growth in samples obtained using bronchoscopy
and protected specimen brush in: a) 18 stable chronic obstructive
pulmonary disease (COPD) patients [85]; and b) 54 patients with
severe acute exacerbation of COPD requiring intensive care unit treat-
ment and mechanical ventilation [86]. h: no growth; p:v103 colony-
forming units (cfu)?mL-1; &: 103–105 cfu?mL-1; &: o105 cfu?mL-1.

Table 2. – Indications for antibiotic treatment in acute
exacerbations of chronic obstructive pulmonary disease

ANTHONISEN et al. [89] type 1, i.e. presence of worsening
dyspnoea, increase in sputum purulence and increase in
sputum volume

Presence of one or two of worsening dyspnoea, increase in
sputum purulence and increase in sputum volume, plus
systemic symptoms or findings such as high fever and
CRPw50 mg?L-1

Severe illness characterised by severe underlying lung disease
(FEV1v50% pred), frequent exacerbations (o4?yrs),
advanced age, significant comorbidity, or need for
intensive care unit treatment

CRP: C-reactive protein; FEV1: forced expiratory volume in
one second; % pred: percentage of the predicted value.

Table 3. –Empirical antibiotic treatment of acute exacer-
bations of chronic bronchitis/chronic obstructive pulmonary
disease

First-line choice Alternative choices#

Nonseverely ill Amoxicillin¡
clavulanic acid

Doxycycline,
trimethoprim/
sulfamethoxazole

Severely ill Cefuroxime/
cefotaxime/
ceftriaxone i.v., or
"respiratory"
fluoroquinolone

Ceftazidime,
carbapenem,
or Ciproxin if
risk for or
documented
Pseudomonas
aeruginosa

#: depending on allergies, local resistance patterns and cul-
ture results.
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Community-acquired pneumonia

Ideally, initial antimicrobial treatment of CAP
should be directed towards the specific pathogen
causing the disease. However, few methods are availa-
ble for rapid microbiological diagnosis, and the results
of such tests are rarely at hand when antibiotic
treatment is started. Thus, in most cases treatment has
to be started in an empirical fashion.

Aetiological diagnosis. In most cases, no micro-
biological investigations are needed in the outpatient
setting. However, in hospitalised patients, it is import-
ant to try to establish an aetiological diagnosis, to be
able to switch to a specific treatment and to form the
basis for treatment change in case of failure on empi-
rical therapy. In the latter case, repeated diagnostic
investigations should be performed before treatment is
changed [90]. In a patient treated in a hospital ward,
the sampling should include blood cultures, sputum if
available for Gram staining and culture, and urine for
antigenic detection of Legionella pneumophila if there is
an epidemiological or clinical suspicion of legion-
ellosis. Urine may also be analysed for pneumococcal
antigen, and, if present, pleural fluid should be sent for
culture. In the severely ill patient requiring ICU treat-
ment, invasive diagnostic methods, preferably fibre-
optic bronchoscopy with protected brush specimen
and bronchoalveolar lavage, should also be consi-
dered. Lower respiratory tract samples obtained by
bronchoscopy should be analysed using aerobic and
anaerobic culture, and with cultures and/or immuno-
logical methods for legionella, viruses, mycoplasma,
chlamydia, Pneumocystis carinii, and sometimes also
other fungi.

Community-acquired pneumonia guidelines. As noted
above, four North American sets of guidelines for the
management of CAP were published in 2000 and 2001
[12–15]. The empirical antibiotic treatment recom-
mended by these is summarised in table 4, together
with the recommendations of the European Respira-
tory Society, published in 1998 [10], in order to obtain
some balance across the Atlantic. Why then have
guidelines? The rationale for guidelines is that CAP is a
common and serious disease, involving multiple aetio-
logical agents and an evolving resistance problem.
Further, despite extensive studies there are few condi-
tions that are so controversial in terms of management.
During work on guidelines, information from hun-
dreds of studies is synthesised and evaluated, and the
final recommendation forms a basis for a uniform
approach to empirical treatment of CAP. The need for
guidelines and a policy to achieve a more uniform
approach towards empirical treatment, may vary from
country to country, from hospital to hospital and
department to department. A study comparing bacter-
aemic pneumococcal pneumonia in Sweden and the
USA from the time before pneumococcal resistance
was a cause of concern in the latter country, may serve
as an example of varying antibiotic practices [91]. In
this study, the empirical therapy of CAP in the USA
and Swedish patients, respectively, was penicillin or
ampicillin in 34 versus 83%, a cephalosporin in 29

versus 6%, an aminoglycoside in 20 versus 3% and two
or more drugs in 37 versus 5%. Since combination
treatment is still infrequently used in Sweden for
empirical inhospital treatment of CAP (see above),
implementation of North American guidelines,
recommending both a b-lactam and a macrolide, or
a respiratory quinolone, would lead to overuse of
antibiotics in Sweden. The same effect would be seen in
several other European countries. Another possible
negative effect of using and relying on guidelines for
the management of CAP may be that doctors stop
trying to evaluate the available clinical data in a critical
way. To follow an algorithm may be easier, but could
lead to the wrong decision, since no guideline covers all
variations in patient presentation, and no antibiotic
covers all microbial causes of CAP. Even using a set of
guidelines may be difficult. The first question is which
one to use? One author contributed to the formulation
of three of the North American sets of guidelines
published in 2000 and 2001 [12, 13, 15], and four
authors contributed to two of the three. However, the
recommendations of these three sets of guidelines differ
significantly. The second question is whether the
guidelines have been validated. They have, but the
results of these studies are not consistent, especially
where antibiotic treatment is concerned. The major
bias, lowering the strength of the evidence of all of
these studies, is that the choice of empirical anti-
microbial therapy has not been controlled for, i.e. the
reason why a specific person was prescribed a certain
empirical drug is unknown. This should be kept in
mind when interpreting the favourable results of these
studies, indicating that the implementation of guide-
lines may lead to reduced cost, reduced length of stay
and reduced mortality, at least in the USA. In one
prospective cohort study on nearly 900 outpatients
with CAP [92], the cost of antibiotic treatment in
patients aged f60 yrs was lower if antimicrobial
therapy was consistent rather than inconsistent with
the 1993 ATS guidelines [7]. Conversely, for patients
agedw60 yrs or with some comorbidity, use of guide-
lines resulted in more extensive antibiotic treatment
without an improved medical outcome. In another
retrospective study, using Cox regression analysis of
the medical records of nearly 13,000 patients aged
o65 yrs treated in hospital with CAP, treatment with a
second- or third-generation cephalosporin plus macro-
lide, or an FQ alone, was associated with lower 30-day
mortality than in the reference group (third-generation
cephalosporin alone) [93]. Use of b-lactam/b-lactamase
inhibitor plus macrolide or an aminoglycoside plus
another agent was associated with a higher 30-day
mortality. Strangely enough, the use of b-lactam/
b-lactamase inhibitor alone was not associated with
higher mortality, and, again, it was not possible to
control for why the various specific treatments had
been chosen. In a third study, discussed above, the use
of macrolides as part of the initial treatment of CAP
was found to shorten the LOS [39]. However, this result
may well have been the effect of doctors9 ability to
identify patients with "atypical" and less severe pneu-
monia. In a fourth retrospective study, a varying impact
of specific antibiotic therapy on the 30-day mortality
iny10,000 patients aged o65 yrs treated in hospital
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with CAPwas found during three different years, 1993,
1995 and 1997 [94]. During these 3 yrs, the use of a
b-lactam alone decreased from 57 to 49%, whereas
the use of a combination of a b-lactam plus a macro-
lide increased from 10 to 25%.Macrolide monotherapy
and FQ monotherapy were each used in only 1–2% of
cases during all 3 yrs. In 1993, but not in 1995 or 1997,
a combination of b-lactam plus macrolide was associ-
ated with lower mortality than with a b-lactam alone.
Thus, this may reflect the fact that in 1993, before the
first guidelines were implemented, macrolides were
added mainly on the suspicion of atypical pneumonia,
a patient group with a low mortality.

Two studies, from Canada and the USA, offer the
most convincing evidence that implementation of
guidelines or critical pathways for the treatment of
CAP may lead to both health and economic benefits
[95, 96]. However, it is not possible to evaluate the role
of antimicrobial treatment per se, since the whole
process of care was studied, including clinical predic-
tion rule for admission decision, choice of empirical
antibiotics and practice guidelines.

Suggested strategy for empirical treatment of community-
acquired pneumonia. The present author9s personal
view regarding the empirical therapy of CAP in

Table 4. –Recent guidelines for antibiotic treatment of community-acquired pneumonia

Guidelines [Ref.] Modifying factors/comments First choice Alternatives

Outpatients

ERS [10] LRTI
#

Aminopenicillin Tetracyclines, cephalosporins,
respiratory quinolones,
streptogramins, macrolides

Canadian [13] No modifying factor Macrolide Doxycycline
COPD, no recent antibiotics
or oral steroids

New macrolide Doxycycline

COPD, antibiotics or oral
steroids within 3 months

Respiratory FQ Co-amoxiclav 2nd
GEN cephalosporinz
macrolide

IDSA [12] Doxycycline/macrolide/FQ
z

CDC [14] Macrolide/doxycycline/
cefuroxime/co-amoxiclav

Respiratory FQ

ATS [15] No modifying factor New macrolide Doxycycline
Cardiopulmonary disease
or other modifying factor

§
b-Lactamzmacrolide
or doxycycline

Respiratory FQ

Hospital treated -
general ward

ERS [10] b-Lactam¡macrolide
Canadian [13] Respiratory FQ 2nd–4th GEN

cephalosporinz
macrolide

IDSA [12] b-Lactam¡macrolide FQ
CDC [14] b-Lactam¡macrolide FQ
ATS [15] No modifying factor Azithromycin i.v. b-Lactamzdoxycycline

or FQ alone
Cardiopulmonary dis or
other modifying factor

ƒ
b-Lactamzdoxycycline
or macrolide

FQ

ICU-treatment
ERS [10] 2nd–3rd GEN cephalosporinz

macrolide or FQ¡rifampicin
Canadian [13] P. aeruginosa not suspected Respiratory FQzb-lactam b-Lactamzmacrolide

P. aeruginosa suspected Ciprofloxacinzantipseudomonal
b-lactam or AG

Antipseudomonal
b-LactamzAGzmacrolide

IDSA [12] P. aeruginosa not suspected Extended spectrum
b-lactamzFQ
or macrolide

Structural lung disease Antipseudomonal
b-lactamzciprofloxacin

CDC [14] b-Lactamzmacrolide or FQ Respiratory FQ
ATS [15] P. aeruginosa not suspected b-Lactamzmacrolide or FQ

P. aeruginosa suspected Antipseudomonal
b-lactamzciprofloxacin

Antipseudomonal
b-lactamzAGzrespiratory
FQ or macrolide

ERS: European Respiratory Society; IDSA: Infectious Diseases Society of America; CDC: Centers for Disease Control and
Prevention; ATS: American Thoracic Society; LRTI: lower respiratory tract infection; FQ: fluoroquinolone; GEN:
generation; P. aeruginosa: Pseudomonas aeruginosa; AG: aminoglycoside. #: no distinction was made between community-
acquired pneumonia and other LRTIs; z: depending on local resistance situation and underlying factors; §: risk factors for
penicillin-resistant pneumococci or Gram-negative bacteria; ƒ: risk factors for penicillin-resistant pneumococci or Gram-
negative bacteria, including nursing home patients.
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outpatients is shown in figure 3 and for inhospital
treatment in table 5. As can be seen, this strategy is
based on severity of illness plus the "most likely
pathogen" in various patient categories. Using this

strategy, most nonsevere patients would receive
monotherapy, most often with a b-lactam alone. This
b-lactam should be penicillin or amoxicillin¡clavulanic
acid (oral or i.v.), or a second- or third-generation

Table 5. –Suggested strategy for empirical inhospital treatment of community-acquired pneumonia (CAP) in the
immunocompetent adult

Patient category Probable pathogen
(cover required)

Choice of empirical therapy

Mild to moderate CAP
All cases Streptococcus pneumoniae Benzylpenicillin or amoxicillin¡clavulanic acid

Cefotaxime/ceftriaxone if high rate of highly
penicillin-resistant pneumococci

Chronic pulmonary disease
or post-influenza pneumonia

Haemophilus influenzae and
Moraxella catharralis

Co-amoxiclav, or 2nd/3rd generation
cephalosporin (i.v.)

Postinfluenza pneumonia and
drug addicts

Staphylococcus aureus 2nd/3rd generation cephalosporin (i.v.)

Epidemiological/clinical data
indicating legionella

Legionella Respiratory FQ, or macrolidez
benzylpenicillin/amoxicillin¡clavulanic,
or 2nd/3rd generation cephalosporin (i.v.)

Epidemiological/clinical data
indicating other atypicals

Mycoplasma pneumoniae and
Chlamydia pneumoniae

Macrolide or doxycycline

Gram-negative cover not
routinely necessary
(irrespective of patient9s
age, or whether nursing
home resident) [97]

Severe CAP
All cases Streptococcus pneumoniae,

Haemophilus influenzae,
Moraxella catarrhalis,
Staphylococcus aureus,
"atypical" agents and
Gram-negative enteric bacilli

Cefotaxime/ceftriaxonezmacrolide¡rifampin,
or benzylpenicillinzrespiratory FQ

Pseudomonas aeruginosa need
not be routinely covered

FQ: fluoroquinolone.

CAP

Clinical/epidemiological data indicating
atypical pneumonia

Macrolide or doxycycline Younger and
previously well

Older, COPD
and/or other severe chronic illness

Penicillin V or
amoxicillin amoxicillin ± clavulanic acid

Macrolide or
doxycycline

Doxycycline or respiratory
fluoroquinolone

Therapy failure Therapy failure

No clinical/epidemiological data indicating
atypical pneumonia

Fig. 3. – Suggested strategy for empirical outpatient treatment of community-acquired pneumonia (CAP) in the immunocompetent adult.
COPD: chronic obstructive pulmonary disease.
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cephalosporin (i.v.). In patients for whom legionella is
unlikely, therapy failure will be seen in a few patients
with mycoplasma or chlamydia pneumonia, which in
turn may lead to a slightly prolonged length of stay.
However, this must be balanced against the huge costs
caused by problems with antibiotic resistance associ-
ated with overuse of antibiotics.

Intravenous versus oral treatment. Oral antibiotic
treatment is probably safe and cost-effective in a
large proportion of nonsevere CAP cases, if the patient
is likely to take and absorb the drug given. In a
randomised trial of patients with LRTI, of whom
y40% had radiographically verified CAP, comparing
oral amoxicillinzclavulanic acid with i.v. amoxicillinz
clavulanic acid or i.v. cephalosporins, there was no
difference in outcome between the groups [41].
However, those who started on oral amoxicillin had
significantly shorter hospital stays. An early switch
(after 2–3 days) from i.v. to oral antibiotics in patients
who have responded to therapy has also been shown to
reduce duration of hospital stay without risk for the
patient [98–100]. The safety of an early switch from i.v.
to oral antibiotics is in accord with experience in
Sweden, where i.v. treatment for the whole duration of
the hospital stay has never been a common practice. In
the surveys of management of CAP in Swedish depart-
ments of infectious diseases cited above, the median
duration of i.v. treatment was 2 days (mean 3.1 days) in
1997 (unpublished data).

Optimal dosage and duration of treatment. An extensive
review of the optimal dosage and duration of treatment
is beyond the scope of the present article. In general,
however, it is important for efficacy, as well as to avoid
development of resistance, that high enough or fre-
quent enough dosing is used rather than extending
therapy forw7–10 days (except for treatment of legion-
ellosis, where 2–3 weeks9 duration is recommended).
The time above the minimum inhibitory concentration
of antibiotic is very important for the killing activity of
most lower respiratory tract infection antibiotics, e.g.
penicillins, other b-lactams and most macrolides.
Thus, it is important to use short enough dose inter-
vals for these agents. Conversely, quinolones show
concentration-dependent bacterial killing, illustrated,
for example, by the area under the curve in relation to
the minimum inhibitory concentration of antibiotic
inhibiting 90% of bacterial strains, which makes it
more important that each dose is high enough.
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