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ABSTRACT: Community-acquired pneumonia (CAP) is a common condition affecting
about 1/1,000 of the adult population per year. It occurs when bacteria enter the
alveolar spaces of the lung initiating an inflammatory response which leads to the
clinical features of cough, sputum production, breathlessness and sometimes chest pain
and haemoptysis.

At the end of the last century the causal relationship between bacteria and pneumonia
was established and many of the early discoveries about the causes of CAP were made
in Europe. Some 41 different prospective studies have established that ~10 different
microbial pathogens regularly cause CAP with occasional cases due to other rarer
causes. The frequency of these organisms in Europe is similar in most countries, but
there are some geographic differences. Differences in frequency are also apparent
according to illness severity. It is generally recognised that Streptococcus pneumoniae is
the most important causal bacterium in all countries.

A relatively recent development has been the appearance and spread, in some of the
common causative bacteria, of resistance to commonly used antibiotics to which they
were once sensitive. The frequency of such resistance does vary markedly between
European countries.

However, published data is often difficult to interpret. The reasons for this are that
the frequency of resistance varies according to the age of the patient, the site of the
sample, the clinical diagnosis, the use of prior antibiotics and the influence of special
groups e.g. those with cystic fibrosis. The impact of in vitro antibiotic resistance on
clinical outcome is still poorly understood, but recent studies are helping to clarify this
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issue and will be discussed.
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Pneumonia is caused by microbial infection in
the lung. It is a condition characterised pathologically
by inflammation both within and around the alveolar
spaces of the lung known as consolidation. Occlusion
of the alveolar spaces disrupts the normal gas ex-
change function of the lung leading to the clinical
symptoms of dyspnoea, cough and expectoration, and
the physical signs of bronchial breathing, crackles and
dullness to percussion. Inflammation may give rise
locally to pain and systemically to the fever, anorexia
and lethargy that are features of the condition. Such
clinical features are variably present in patients with
pneumonia and are shared with other respiratory
infections. It is the consolidation, which can be visua-
lised as shadowing on a chest radiograph, which dis-
tinguishes pneumonia from most other infective lower
respiratory tract pathologies. This raises the potential
problem that without a chest radiograph the diagnosis
cannot be made with certainty. In the community
where pneumonia is most common and ready access
to radiographic facilities is not always available a
clinical diagnosis can be accepted, but with the
knowledge that this is neither as sensitive nor as
specific as radiographic diagnosis.

The causative pathogens, methods of acquisition
and outcomes differ in different types of pneumonia
leading to the recognition of three broad types of pneu-
monia. These are community-acquired and hospital-
acquired (nosocomial) pneumonias and pneumonia in
the immunocompromised. Only the former is dealt
with in this paper.

Community-acquired pneumonia (CAP) is com-
mon, although precise figures are not available for
most European countries, because appropriate studies
have not been performed. Studies in Spain [1, 2],
Finland [3] and England [4] have suggested frequen-
cies of 1.6, 2.6, 4.7 and 9 cases per 1000 of the general
adult population per year. The frequency of the
condition is age-related with the highest rates in the
very young and very old. A study from Finland found
rates of 36 of 1000 in those aged <5 yrs falling to 4.4
of 1000 in the 15-29 age group and rising again to 34.2
of 1000 in those aged >74 yrs [3]. Of those in the
community, between 8% [5] and 51% [1] are admitted
to hospital and between 4% and 15 % of such patients
will die. Its frequency, morbidity and mortality are the
reasons why CAP is such an important disease. Eradi-
cation of the causative organism(s) is a fundamental
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step in the management of the patient with pneumo-
nia. At presentation, clinical and laboratory features
do not allow prediction of microbial cause in an
individual case. Knowledge of likely causative patho-
gens from prospective studies to direct appropriate
treatment is vital. Until recently the antibiotic
sensitivities of causative bacteria were thought to be
stable. The emergence and spread of resistance to
commonly used antibiotics has now challenged this
view and added another dimension to the manage-
ment of CAP.

Historical issues

CAP is a condition that was identified in ancient
times with the first cases being recognised in the
Mummies of Egyptians who lived between 1250
and 1000 BC. In Europe, it was first described by
the Ancient Greeks and was known as a "peri-
pneumonia”. Pneumonia continues to appear in
documents at various times through European history
with, for example, a clear description of the condition
appearing in the writings of Thomas Willis in the
seventeenth century in England [6]. LAENNEC [7] in
1830 was the first to describe the pathological changes
of pneumonia.

Many of the initial discoveries linking microbial
pathogens to pneumonia occurred in Europe. In 1875,
KLEBs [8] found bacteria in the bronchial contents of
patients dying of pneumonia, but did not appreciate
their significance. In France in 1881, PASTEUR [9] was
the first (followed 3 months later by STERNBERG [10]
working in New Orleans) to recover what is now
known to be the pneumococcus, from rabbits injected
with the saliva from a child who had died from rabies:
". .. le sang des animaux est envahi par un organisme
microscopique dont les propriétés sont fort curieuses."
(the animal’s blood is invaded by a microorganism
whose properties are very strange).

In 1882/1883, FRIEDLANDER [11, 12] was the first to
suggest a causal relationship between bacteria and
pneumonia, having found such organisms in the lungs
of nearly all of 50 patients with pneumonia. This was
followed in 1886 by the first comprehensive micro-
biological study of patients with pneumonia per-
formed by WEIcHSELBAUM [13]. This study reported
129 cases of pneumonia in which Streptococcus
pneumoniae was found in 94, Klebsiella pneumoniae
in nine and Staphylococcus aureus in five. In the
twentieth century, most discoveries in the field of
pneumonia aectiology related to atypical pathogens
and viruses, with many of the new discoveries being
made outside Europe. In the USA, the term atypical
pneumonia was coined by REIMANN [14] in 1933, and
the "Eaton Agent", subsequently to be called Myco-
plasma pneumoniae, was identified as the cause [15].
Although psittacosis was first described in Switzerland
in 1880 [16], the causative organism was not described
until 1930, and then simultaneously in England,
Germany and the USA. The influenza virus was
discovered in England in 1933 [17] and Coxiella
burnetii, the cause of Q fever was discovered in
Australia in 1937 [18]. Most recently legionella

bacteria (1977) [19] and Chlamydia pneumoniae
(1986) [20] were discovered in the USA. Although
the existence of sulphonamide-resistant pneumococci
[21], tetracycline resistance [22] and erythromycin
resistance [23] were established as long ago as 1943,
1962 and 1967 respectively, it was only the finding of
penicillin-resistant pneumococci in clinical specimens
in New Guinea in 1967 [24], and at about the same
time in South Africa, that caused alarm. Since then
antibiotic resistance in pneumococci has become a
worldwide issue. It is against this background that
studies of the microbial cause of CAP are founded.
Such studies tend to be performed in three separate
settings: the community, the hospital ward and the
intensive care unit (ICU), which equates to the three
grades of illness severity, mild, moderate and severe.

Methodological issues

There are a number of issues which may confound
the results of aetiological studies in CAP. Without
knowledge of these it is possible to wrongly conclude
that the causative organisms in two studies are the
same when they may not be, and also that they are
different when in fact they may be the same. These
issues can be divided into healthcare delivery,
population, epidemiological and study methodology
factors.

The first factors are those related to healthcare
delivery. As indicated earlier the proportion of
patients admitted to hospital varies from country to
country. The reasons for this are not fully understood
but one implication is that the in-hospital population
covered in one study may be the same as, or overlap
with, the community population covered in another
study. Criteria for ICU admission vary from hospital
to hospital and, for example, intubation rates are
quite different in separate ICU studies of CAP,
ranging from 50% [25] to 100% [26] even within the
same country. Thus different populations of patients
may be being studied.

Several factors relating to the population being
studied may have an impact on aetiological results.
These include the number of patients studied, the age
mix, and the frequency of factors such as prior
influenza and pneumococcal vaccination, antibiotic
therapy, alcoholism, immunosuppression and comor-
bid disease, especially malignancy. Some studies
exclude some of these patient groups, others do not.
Studies of patients where 25% are immunocompro-
mised [27] should not be compared with others from
which such patients have been excluded. The impact
of age appears to be mainly on the frequency of
mycoplasma infection which is less common in the
elderly [28]. This may be true also for legionella
infection [28].

The frequency of causative organisms may not be
static over time. Some show a natural seasonal
periodicity (e.g. Q fever is more common in the
Spring [29]) while others, such as mycoplasma vary
over longer intervals and may be unpredictable [28].
Studies should be long enough to capture short-term,



228 M. WOODHEAD

seasonal variations and need to acknowledge the
epidemic nature of other organisms.

Some aspects of study methodology (e.g. case mix,
duration) have already been covered. Other important
factors include the nature and comprehensiveness of
sample collection, the actual microbiological investi-
gations performed and the rules governing result
interpretation. Studies that use sensitive methods for
the detection of S. pneumoniae find a higher frequency
of this organism than those that do not [28]. While
many of these issues are covered in the methodologi-
cal section of such publications, very often they are
not explicitly stated, which makes result interpretation
difficult. To compare the importance of pathogens
between European countries the ideal study would use
the same study methodology simultaneously in each
country. No such study has been undertaken. For
these reasons single studies need to be interpreted with
caution and the results only accepted if supported by
other similar studies.

Causative pathogens

Some 41 prospective studies of the aetiology of
CAP in European countries have been published and
form the basis for this section of the paper [1, 2, 4, 5,
25, 26, 30-64]. As indicated above, CAP in the
community is the most difficult to define and study,
and is therefore the least known with only eight
studies published. Twenty-three have been performed
on patients admitted to hospital and 13 on those
admitted to the ICU. Of these, most have been
performed in Spain [13], the UK [10] and Sweden [6]
and therefore the causative pathogens are best under-
stood for these countries. No such studies have been
performed in a number of European countries and are
urgently needed.

The results of these studies show that a number of
different microbial pathogens regularly cause CAP in
each clinical setting (table 1). The most frequent
organism, as in Weichselbaum’'s 1886 study [13], is

Table 1.—Frequency of causative organisms

Organism Community Hospital ICU
Studies n” 9 23 13
Streptococcus pneumoniae 19. 259 217

3
Haemophilus influenzae 33 4.0 5.1
Legionella spp. 1.9 4.9 7.9
Staphylococcus aureus 0.2 1.4 7.6
0.5
0.4

Moraxella catarrhalis

Gram-negative enteric bacteria 2.7 7.5
Mycoplasma pneumoniae 11.1 7.5 2
Chlamydia pneumoniae 8 7
Chlamydia psittaci 1.5 1.9 1.3
Coxiella burnetii 0.9 0.8 0.2
Viruses 11.7 109 5.1
Other organsims 1.6 2.2 7.4
No pathogen identified 49.8 43.8 415
Data are presented as percentage means from the included

studies. ™: 41 studies in total; Some studies separated
patients according to setting and therefore the total
number of studies is >41. ICU: intensive care unit.

S. pneumoniae. This is true for each of the three
clinical settings. The average figures give the impres-
sion that it may be less frequent in those managed in
the community, but inspection of the individual
studies (fig. 1) shows wide variation in frequency,
unrelated to setting and perhaps more likely to be
related to methodology as previously suggested. No
difference in frequency between countries is apparent
(data not shown).

The most frequent category in all settings represents
those patients in whom no pathogen was identified.
This primarily reflects the great difficulty involved in
mounting such studies. Debate continues as to the
cause of the illness in this group. Undoubtedly, there
is more than one cause for failure to identify a causal
pathogen, including the inclusion of noninfective
illness that mimics CAP. Some may be caused by
organisms that are difficult to identify by conventional
microbiological methods, such as anaerobic bacteria,
others by organisms that have yet to be described.
However, some studies suggest that most of these
cases are due to "missed" pneumococcal infection.
This is supported by the similar clinical and labora-
tory features in these cases compared to those with
proven pneumococcal infection [65] and the ability
to find evidence of pneumococcal infection in up to
75% of cases if great care is taken in investigation [47].
In the >100 yrs since Weichselbaum's study [13],
although new pathogens have been identified, the
pneumococcus has remained the number one cause
of CAP.

S. aureus, legionella and Gram-negative enteric
bacteria are uncommon in disease managed outside
hospital, but show a pattern of progressive increase in
frequency with increasing illness severity. This is true
for the average figures and for individual studies
(fig. 2; data for S. aureus and Gram-negative enteric
organisms not shown). All are found rarely in those
with mild illness, such as is generally managed in the
community. For M. pneumoniae the converse is true,
with rising frequency as illness severity decreases
(table 1, fig. 3). Other factors which complicate the
interpretation of data concerning these organisms
include: the tendency of staphylococcal infection to
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Fig. 1.—-Frequency of identification of Streptococcus pneumoniae
in prospective studies. H: studies in the intensive care unit;
[: studies in the hospital; Z: studies in the community.
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Fig. 2. —Frequency of identification of Legionella bacteria in
prospective studies. H: studies in the intensive care unit;
[0: studies in the hospital; Z: studies in the community.
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Fig. 3.—Frequency of identification of Mycoplasma pneumoniae
in prospective studies. H: studies in the intensive care unit;
[0: studies in the hospital; Z: studies in the community.
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follow influenza viral infection, the variability of
mycoplasma infection leading to epidemics every
~4 yrs in some countries, and the lack of objective
confirmation of Gram-negative enterobacterial infec-
tion, which is often based only on sputum isolates.

Haemophilus influenzae is a regular cause of CAP,
but is not particularly common and, contrary to
popular ideas, appears to be no more common in
those with underlying chronic obstructive pulmonary
disease (COPD) [66]. Moraxella catarrhalis seldom
causes CAP.

Legionella organisms may vary in importance in
different countries [46, 62], although this is not shown
clearly from prospective studies, partly because of
the infrequency of studies from countries where
the organism is thought to be uncommon and by
other studies in what might be local "hot spots" for
legionella infection which may not represent the
country as a whole [47, 48, 67]. There is a perception
that the Legionella organism is more important in
Mediterranean countries [62], and is uncommon in
Northern European countries, other than in travellers
from these areas or in the context of a local source of
infection.

C. burnetii is a rare cause of CAP. There does
appear to be geographic variation in frequency, with
the organism virtually absent in some parts of
Scandinavia [46], but second only to S. pneumoniae
as a cause in e.g. North West Spain [68].

C. pneumoniae is one of the least well understood
organisms as it has only been detected in the most
recent studies. It may occur in epidemics in some
countries and is often complicated by bacterial
co-infection which has led to the suggestion that
the secondary bacterial infection is the cause of the
pneumonia [51, 69].

Chlamydia psittaci is an uncommon cause of CAP
and is usually related to bird or sheep contact.

The role of viruses as primary causes of CAP, as
opposed to the initiators of secondary bacterial
infection, is incompletely understood. Until recently,
this has been further confounded by the lack of
availability of sensitive methods for their detection.
Influenza viruses are those most frequently identified
in published studies.

The issue of mixed infection remains unresolved.
That a single causative pathogen is responsible for
the episode of CAP in an individual has long been
assumed. However, more than one pathogen has been
identified in some patients, sometimes two bacteria,
sometimes one bacterial with either a viral or atypical
pathogen and occasionally more than two bacteria
have been found. The frequency of this phenomenon
varies between studies for a number of reasons, most
importantly depending on diagnostic methods. While
many studies show a frequency of <10% of cases, as
many as 27% [51] have been recorded as due to mixed
infection in one study. In circumstances where more
than one organism is identified it may be that both
contribute to the pneumonia, but in most cases it is
more likely that one agent may have been the
initiating factor, e.g. by damaging the bronchial
mucosa, and that it is the other organism that has
caused the pneumonia. The relative importance of
these two mechanisms is not known.

Antibiotic resistance

From the discussion above, it is apparent that it is
antibiotic resistance in S. pneumoniae that is of most
potential importance in CAP. Any discussion of this
issue must encompass what is meant by "antibiotic
resistance”, how data about this is gathered and the
relevance of in vitro measures to clinical outcomes.

Many studies have been undertaken to determine
the frequency of antibiotic resistance in pneumococcal
isolates. These have established that the frequency
of such resistance is altered by a number of factors
including: the site of the sample (e.g. higher frequency
in upper respiratory tract isolates), the age of the
patient (e.g. usually higher in children) and the clinical
setting (e.g. usually higher in hospital or ICU isolates
compared to those from the community). Many
studies reflect the experience from one microbiology
laboratory and as such are open to bias, as data
reflects what arrives at the door rather than being
collected prospectively, and may be altered by an
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excess of certain patient groups e.g. human immuno-
deficiency virus (HIV), cystic fibrosis. This probably
explains the apparent difference in the frequency of
resistant bacteria between two hospitals within the
same city [70]. Frequently, the exact clinical source of
the samples is not explicitly stated. In the context of
adults with CAP, it is important that data derived
from samples from unselected adults with CAP is
used. Prospective studies would be the best source of
such data, however, this is available in only three
studies published in the last 3 yrs. Pneumococcal
resistance (variably defined) was found in none of 12
[71], one of 18 [51] and 9 of 30 [72] cases. One reason
for the poor quality of this data is that in many studies
the majority of pneumococcal infections are diag-
nosed by indirect methods that do not involve culture
of the organism [51]. It is only when molecular tools
for resistance determination, that function in the
absence of the intact pathogen, are available will
a true picture of the frequency of resistance in
S. pneumoniae emerge. Data from invasive isolates is
relevant since most, but not all, bacteraemias arise
from CAP and these represent the patients with severe
illness who are most likely to die. However, such data
may not be relevant to CAP in the community. Data
from patients with "lower respiratory tract infection"
[73] may also not be useful in the context of CAP since
most of these patients have exacerbations of COPD
where both the bacterial causes and the resistance
patterns may be different.

What is known is that the frequency of antibiotic
resistance in S. pneumoniae varies according to
country across Europe. Data for invasive isolates
collected in 2001 by the European Antimicrobial
Resistance Surveillance System (EARSS) identifies
Spain and Greece as having the highest (>30% of
isolates) frequencies of penicillin resistance, followed
by 10-29% in Belgium, Poland, Hungary and Slovenia
[74]. The Netherlands, Germany, Austria and Bul-
garia had levels of <3%. Data from some countries
(e.g. France, Eastern Europe) were missing from this
analysis. In nearly all countries, resistance rates are
rising.

From the clinician’s perspective, resistance meas-
ures should reflect levels at which clinical failures are
likely to occur. These may differ in different parts of
the body since resistance is graded rather than being
absolute. The same orally administered dose of
penicillin will lead to much lower antibiotic levels in
the cerebrospinal fluid (CSF) than in serum or the
lung. This means that the same dose of penicillin
may kill a pneumococcus in the lung when it will not
in the CSF. In 2000 acknowledgement of this prin-
cipal led to the recommendation that, for pneumonia,
penicillin susceptibility categories should be shifted
upward so that the intermediate category included
isolates with a minimum inhibitory concentration
(MIC) of 2 ug'mL™" and that the resistant category
included isolates with an MIC of >4 pg-mL™ [75]. In
producing this statement it was recognised that only
limited data were available linking such levels with
treatment success or failure. It must not be forgotten
that clinical failures occur in pneumococcal pneumo-
nia caused by fully sensitive organisms [76]. High-level

(MIC >1pg-mL™") penicillin resistance has been linked
to increased mortality in a study of pneumococcal
bacteraemias of all ages, including 50% who were HIV
positive [77]. In another study of bacteraemic pneumo-
coccal pneumonia, which included 25% with HIV
infection and 15% with "active cancer", those with
nonsusceptible pneumococcal infection (MIC >=0.1)
had a relative risk of death of 2.1 (95% confidence
interval 1-4.3) [78]. However, a Spanish study,
suggested that drug resistance overall does not affect
community-acquired pneumococcal pneumonia sever-
ity, length of hospital stay or mortality [79]. In
another study in Barcelona, which included both
nosocomial and community-acquired bacteraemic
pneumonias, only two treatment failures occurred
with MICs of 4 and 8 respectively [80]. More recently
a large study of bacteraemic pneumococcal pneumo-
nia found that deaths after 4 days of admission (those
before 4 days were considered to be unpreventable
by antibiotic therapy) were associated with penicillin
MICs of >4 pgmL' and cefotaxime MICs of
>2 pg-mL™" [81]. Most publications refer to "resis-
tance" using the older classification in which such
bacteria would now be considered to be susceptible.
There are no studies to date for CAP in Europe that
indicate the frequency of isolates with an MIC of
>4 ug-mL™, which is what the prescriber would want
to know most [82]. A recent prospective treatment
study from Barcelona found that only 10 of 116 (9%)
adults admitted to hospital with pneumococcal pneu-
monia had pneumococci with an MIC of >2 [83].
Outcome was the same in the co-amoxiclav treated
group as in the ceftriaxone treated group. Currently
incomplete evidence suggests that although penicillin
resistance is common, it is rarely a cause of treatment
failure in adults with CAP.

For macrolide resistance, EARSS data suggest that
Spain and Belgium have the highest rates of invasive
isolates of S. pneumoniae. Data from other sources
suggests that this resistance is also common in France
[73]. The clinical relevance of in vitro resistance
measures is perhaps even less clear than it is for
penicillin resistance [84]. While anecdotal reports [85]
have linked clinical failure with macrolide resistance
there is no data to suggest that this is a widespread
phenomenon.

The development of new quinolone antibiotics with
enhanced activity against S. pneumoniae , compared to
ciprofloxacin and ofloxacin, has rapidly been followed
by reports of quinolone resistance [86]. The frequency
and clinical relevance of this is not yet known.

Conclusions

The common microbial causes of CAP have now
been documented. It is clear that a number of different
pathogens are relevant, but that S. pneumoniae
remains the most important. Although the data
is incomplete geographic variations in microbial
incidence, while present, do not follow national
boundaries.

Antibiotic resistance, particularly in S. pneumoniae,
is a common and growing phenomenon. Since this is
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largely a man-made phenomenon influenced by public
expectations and national prescribing practices it is
perhaps not surprising that differences in frequency
are divided by national boundaries.

There remains much that is still unknown. Data from
prospective studies on the aetiology of community-
acquired pneumonia are restricted to a few European
countries, with most performed in the UK and Spain
and few in the community. It will be important
to reinforce the available data with new data from
other countries in the next few years. Only now is
clinically useful data on antibiotic resistance begin-
ning to be collected following the development of a
clinically meaningful definition for penicillin resist-
ance Iin pneumococci causing community-acquired
pneumonia. Until this is done it will not be possible
to understand the true importance of this phenomenon
in the management of patients with community-
acquired pneumonia.
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