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ABSTRACT
Ulla Hohenthal
Community-acquired pneumonia in adult patients with special reference to rapid methods 
for etiological diagnosis
From the Department of Medicine, University of Turku, Finland
Annales Universitatis Turkuensis
Painosalama Oy – Turku, Finland 2009

Background.  Community-acquired pneumonia (CAP) is a serious cause of morbidity. It affects 
60  000 adults per year in Finland. Despite advances in the management of CAP, mortality 

ranges from 6% to 15%.  Identifying the cause of a lower respiratory tract infection remains a 
challenge. 

Aims.  The aim was to investigate the etiology of CAP in adult patients treated at the Turku 
University Hospital, Finland. The purpose was to evaluate the therapeutic implications of various 
rapid diagnostic techniques.

Methods.  In Studies I and III there were 384 consecutive adult patients admitted between 
December 1999 and December 2004 for CAP in the Department of Infectious Diseases, Turku 
University Hospital. In Study I, PCR and antigen detection techniques were used to identify 
pathogens in addition to standard microbiological methods. Study II included a subset of 231 
patients who had their throat swab specimens examined also for the presence of rhinoviruses 
and enteroviruses. In Study III, plasma C-reactive protein (CRP) concentrations were measured 
during the first five days of hospitalization in 384 adult patients with CAP. The data were evaluated 
using comprehensive statistical analyses to assess the value of CRP in estimating the severity and 
complications of CAP. In Study IV, leukocyte receptor expression was examined on admission 
from 68 patients with CAP. In Study V, the results of 71 bronchoalveolar lavage (BAL) samples 
of patients treated for CAP in the Department of Medicine from 1996 throughout 2000 were 
retrospectively analyzed to assess the value of BAL in the etiological diagnosis of the disease.

Results.  230 microbial agents in 209 patients were identified, with 135 (58.7%) identified 
by antigen detection or PCR tests. Of these 135 microbial agents, 95 (70.4%) were identified 
only by these rapid methods. Respiratory viral antigen detection was positive in 11.1% with 
the highest diagnostic yield (20.3%) in patients with severe pneumonia. In the subset of 231 
patients, the total proportion of viruses causing CAP was 20%. Among the 47 patients with 
viruses, a concomitant bacterial infection was detected in 17 (36%) patients. Of the 231 patients, 
19 (8.2%) were positive for respiratory picornaviruses by RT-PCR. Significantly higher CRP 
values on admission were detected in Pneumonia Severity Index class III-V compared to class 
I-II (p <0.001). A CRP level of >100 mg/l on day 4 after admission was suggestive of treatment 
failure or development of complications. The mean expression of complement receptor (CR1) 
on neutrophils was significantly higher in patients with pneumococcal pneumonia than influenza 
A pneumonia. Among the 71 BAL samples, only one (1.3%) quantitative bacterial culture was 
diagnostic for CAP. New diagnostic methods provided the etiological diagnosis infrequently, 
increasing the total diagnostic yield for CAP to 9.8% in BAL samples.

Conclusions.  Besides yielding the etiological diagnosis rapidly, new methods add to the total 
diagnostic yield in CAP. The diagnostic yield of rapid methods differs by severity of CAP. 
Respiratory viruses are frequently detected among patients with CAP. Patients with virus-
associated CAP are often severely ill. CRP may be used as an additional tool to assess disease 
severity in patients with CAP. In particular, CRP is valuable as a predictor of the development of 
complications during the treatment of CAP. The determination of the expression of CR1 may be 
of value as an additional rapid tool differentiating between bacterial or viral CAP. The value of 
BAL in patients with CAP on antibiotics was very small, and its therapeutic implications were 
minimal. 

Keywords: Community-acquired pneumonia, etiology, PCR, CRP, BAL 
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TIIVISTELMÄ
Ulla Hohenthal
Aikuispotilaan kotisyntyisen keuhkokuumeen etiologinen diagnostiikka mikrobiologisilla 
pikamenetelmillä
Sisätautien klinikka, Turun yliopistollinen keskussairaala, Turun yliopisto, Suomi
Turun yliopiston julkaisuja
Painosalama Oy – Turku, Suomi 2009

Tausta. Keuhkokuume on vakava sairaus, johon sairastuu Suomessa vuosittain n. 60 000 aikuista.  
Huolimatta siitä, että taudin hoito on kehittynyt, siihen liittyy yhä merkittävä, 6-15%:n kuolleisuus. 
Alahengitystieinfektion aiheuttajamikrobien tunnistaminen on myös edelleen haasteellista.

Tavoitteet. Tämän työn tavoitteena oli tutkia Turun yliopistollisessa keskussairaalassa hoidettujen 
aikuispotilaiden keuhkokuumeen etiologiaa sekä selvittää uusien mikrobiologisten pikamenetelmi-
en hyödyllisyyttä taudinaiheuttajan toteamisessa.

Aineisto. Osatöiden I ja III aineisto koostui 384 Turun yliopistollisen keskussairaalaan infektio-
osastolla hoidetusta keuhkokuumepotilaasta. Osatyössä I tutkittiin keuhkokuumeen aiheuttaja-
mikrobeja käyttämällä perinteisten menetelmien lisäksi antigeeniosoitukseen ja PCR-tekniikkaan 
perustuvia pikamenetelmiä. Osatyö II käsitti 231 potilaasta koostuvan alaryhmän, jossa tutkittiin 
potilaiden nielun limanäytteestä rinovirusten ja enterovirusten esiintyvyyttä. Osatyössä III potilailta 
tutkittiin plasman C-reaktiivisen proteiinin (CRP) pitoisuus ensimmäisten viiden sairaalahoitopäi-
vän aikana. Laajoja tilastotieteellisiä analyysejä käyttämällä selvitettiin CRP:n käyttökelpoisuutta 
sairauden vaikeusasteen arvioinnissa ja komplikaatioiden kehittymisen ennustamisessa. Osatyössä 
IV 68 keuhkokuumepotilaan sairaalaan tulovaiheessa otetuista näytteistä määritettiin neutrofiilien 
pintareseptorien ekspressio. Osatyössä V analysoitiin sisätautien vuodeosastoilla vuosina 1996-
2000 keuhkokuumepotilaille tehtyjen keuhkohuuhtelunäytteiden laboratoriotutkimustulokset.   

Tulokset. Keuhkokuumeen aiheuttaja löytyi 209 potilaalta, aiheuttajamikrobeja löydettiin kaikkiaan 
230. Näistä aiheuttajista 135 (58.7%) löydettiin antigeenin osoituksella tai PCR-menetelmillä. Suu-
rin osa, 95 (70.4%), todettiin pelkästään kyseisillä pikamenetelmillä. Respiratorinen virus todettiin 
antigeeniosoituksella 11.1% keuhkokuumepotilaalla. Eniten respiratorisia viruksia löytyi vakavaa 
keuhkokuumetta sairastavilta potilailta (20.3%). 231 keuhkokuumepotilaan alaryhmässä todettiin 
PCR-menetelmällä picornavirus 19 (8.2%) potilaalla. Respiratorinen virus löytyi tässä potilasryh-
mässä kaiken kaikkiaan 47 (20%) potilaalta. Näistä 17:llä (36%) löytyi samanaikaisesti bakteerin 
aiheuttama infektio.  CRP-tasot olivat sairaalaan tulovaiheessa merkitsevästi korkeammat vakavaa 
keuhkokuumetta (PSI-luokat III-V) sairastavilla potilailla kuin lievää keuhkokuumetta (PSI-luokat 
I-II) sairastavilla potilailla (p <0.001). Yli 100 mg/l oleva CRP-taso neljän päivän kuluttua sairaa-
laan tulosta ennusti keuhkokuumeen komplikaatiota tai huonoa hoitovastetta. Neutrofiilien komple-
menttireseptorin ekspressio oli pneumokokin aiheuttamaa keuhkokuumetta sairastavilla merkitse-
västi korkeampi kuin influenssan aiheuttamaa keuhkokuumetta sairastavilla. BAL-näytteistä vain 
yhdessä 71:stä (1.3%) todettiin diagnostinen bakteerikasvu kvantitatiivisessa viljelyssä. Uusilla 
menetelmilläkin keuhkokuumeen aiheuttaja löytyi vain 9.8% BAL-näytteistä.   

Päätelmät. Uusilla antigeeniosoitus- ja PCR-menetelmillä keuhkokuumeen etiologia voidaan 
saada selvitettyä nopeasti. Lisäksi näitä menetelmiä käyttämällä taudin aiheuttajamikrobi löytyi 
huomattavasti suuremmalta osalta potilaista kuin pelkästään tavanomaisia menetelmiä käyttämällä. 
Pikamenetelmien hyödyllisyys vaihteli taudin vaikeusasteen mukaan. Respiratorinen virus löytyi 
huomattavan usein keuhkokuumetta sairastavilta potilailta, ja näiden potilaiden taudinkuva oli usein 
vaikea. Tulovaiheen korkeaa CRP-tasoa voidaan käyttää lisäkeinona arvioitaessa keuhkokuumeen 
vaikeutta. CRP on erityisen hyödyllinen arvioitaessa hoitovastetta ja riskiä komplikaatioiden ke-
hittymiseen. Neutrofiilien komplementtireseptorin ekspression tutkiminen näyttää lupaavalta pi-
kamenetelmältä erottamaan bakteerien ja virusten aiheuttamat taudit toisistaan. Antimikrobihoitoa 
saavilla potilailla BAL-tutkimuksen löydökset olivat vähäiset ja vaikuttivat hoitoon vain harvoin.

Avainsanat: Kotisyntyinen keuhkokuume, etiologia, PCR, CRP, BAL
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BAL	 bronchoalveolar lavage
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COPD	 chronic obstructive pulmonary disease

CR	 complement receptor 

CRP	 C-reactive protein 

CRP1	 C-reactive protein on admission

CRP2	 C-reactive protein at the time of clinical stability

CURB-65	 confusion–urea–respiratory rate–blood pressure–age ≥65 years 

ICU	 intensive care unit

PCR	 polymerase chain reaction

PIV	 parainfluenza virus

PSI 	 pneumonia severity index
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RT-PCR	 reverse transcriptase polymerase chain reaction

spp.	 species
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1.	INTRODU CTION
Rapid etiological diagnosis of community-acquired pneumonia (CAP) is important 
since it is usually impossible to judge the type of the causative agent on a clinical basis. 
The changes on a chest radiograph (Boersma et al. 2006) and the laboratory tests that 
measure inflammation are not specific enough to allow an etiological diagnosis of CAP 
(Almirall et al. 2004, García-Vázquez et al. 2003). Of the traditional diagnostic methods, 
blood cultures are positive in only 5-16% of CAP patients (Bohte et al. 1995, Ishida et 
al. 1998, Roson et al. 2001, Socan et al. 1999, van der Eerden et al. 2005, Örtqvist et al. 
1990). Moreover, valid samples for sputum culture are difficult to obtain and serological 
tests provide the etiological diagnosis too slowly. In clinical practise, an etiological 
agent of CAP is identified in less than 30% of the hospitalized patients (Fine et al 1999, 
Lidman et al. 2002). Consequently, also antimicrobial treatment is most often empirical. 
However, during the last decade, new microbiological techniques, e.g., antigen detection 
and gene amplification (Cheng et al. 2004, Rantakokko-Jalava and Jalava 2001, Roson 
et al. 2004b, Strålin et al. 2006, Tondella et al. 2002, Waris et al. 1998), have made rapid 
etiological diagnosis of CAP possible.

In adult patients, the most common etiological agents of CAP are bacteria, the number 
one of which is Streptococcus pneumoniae. Other common etiological agents are 
Mycoplasma pneumoniae, Chlamydophila pneumoniae, Haemophilus influenzae 
and influenza A virus (Bochud et al. 2001, Bohte et al. 1995, Gutierrez et al. 2005, 
Jokinen et al. 2001, Lim et al. 2001, Roson et al. 2001).  As the diagnostic methods of 
viral infection have improved, the proportion of viral pneumonias identified in adult 
patients has increased during the years. Of the viral agents, influenza viruses are the 
most common ones (Bohte et al. 1995, Gutierrez et al. 2005, Lim et al. 2001, Ruiz et al. 
1999a). Currently, little is known about the role of respiratory picornaviruses as causative 
agents of CAP in adults and about their contribution to disease severity (Angeles Marcos 
et al. 2006, Jennings et al. 2008). 

Many studies have shown the clinical utility of the plasma C-reactive protein (CRP) 
concentration as an acute-phase reactant in the management of patients with various 
infections, including septicemia, meningitis and infective endocarditis (Hansson et al. 
1993, Heiro et al. 2005, Povoa 2002). Previous studies have also shown that the CRP 
value may contribute to establishing the diagnosis of CAP (Almirall et al. 2004, Castro-
Guardiola et al. 2000, Flanders et al. 2004, Holm et al. 2007, Smith et al. 1995a). In 
addition, the use of CRP as a tool in the etiological workup of CAP has been investigated 
in a number of studies but the results have been discordant (Almirall et al. 2004, García-
Vázquez et al. 2003, Hedlund and Hansson 2000, Kragsbjerg et al. 1995, Örtqvist et 
al. 1995). Similarly, the results of the studies evaluating the use of CRP as a prognostic 
factor have been somewhat inconsistent (Brunkhorst et al. 2002, Chalmers et al. 2008a, 
García-Vázquez et al. 2003, Hedlund and Hansson 2000), although the CRP levels have 
been higher in patients with bacteremic pneumonia than nonbacteremic pneumonia 
(Hedlund and Hansson 2000, Kragsbjerg et al. 1995, Örtqvist et al. 1995). In addition 
to CRP, there is a need for new specific markers of inflammation which might help to 
distinguish between bacterial and viral infection. One such candidate is the neutrophil 
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complement receptor. There are preliminary data showing that quantitative assessment 
of complement receptors on neutrophils may improve the distinction between bacterial 
and viral infection in adult febrile patients (Nuutila et al. 2006).

The number of studies exploiting bronchoscopy and bronchoalveolar lavage (BAL) in 
the diagnosis of CAP has been small in comparison to the number focusing on e.g. 
nosocomial pneumonia or pneumonia in immunocompromized patients (Dalhoff et al. 
1993, Ewig et al. 1996, Feinsilver et al. 1990, Hohenadel et al. 2001, Jimenez et al. 1993, 
Korsgaard et al. 2002, Rasmussen et al. 2001, Sörensen et al. 1989, Thorpe et al. 1987, 
Torres and El-Ebiary 2000). Most patients with CAP can be successfully treated without 
invasive diagnostic procedures. Thus, in the routine clinical setting, it is not usually 
reasonable to perform BAL on newly admitted CAP patients before starting empiric 
antimicrobial treatment. The situation is different if the patient has a very severe clinical 
presentation, or when unusual pathogens are suspected. 

This study was initiated to evaluate the usefulness of novel rapid microbiological 
methods in the etiological diagnostics of CAP. In addition, the role and contribution to 
disease severity of rhinoviruses and enteroviruses in adult CAP patients was evaluated. 
Furthermore, the value of CRP in assessing the severity, complications and etiology of 
CAP was analyzed, and whether the expression of leukocyte receptors on admission 
is a useful preliminary test to differentiate between bacterial and viral infection was 
examined. In addition, the diagnostic value of bronchoscopy and BAL was assessed in a 
routine setting in patients with CAP requiring BAL for clinical reasons. 
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2.	RE VIEW OF THE LITERATURE 

2.1.	E pidemiology of community-acquired pneumonia (CAP)
According to WHO data, 3–4 million people die due to pneumonia, a large proportion 
of whom are children or elderly. Pneumonia is the third most common cause of death 
in the world accounting for 7% of the total mortality of 56 million people (Lopez et al. 
2006). Pneumonia is a common health problem in industrialized countries, as well, and 
may still be life threatening despite the availability of effective antibiotic therapy and 
supportive care in intensive care units (ICU). Pneumonia ranks among the ten leading 
causes of death in the USA and the European countries. In the USA, pneumonia causes 
approximately 60 000 deaths annually, which equals 20 deaths per 100 000 population 
(Mokdad et al. 2004). 

According to population-based studies the annual incidence of CAP among the adult 
population varies between 1.6 to 9 cases per 1000 per year (Almirall et al. 2000, 
Woodhead 2002, Woodhead et al. 1987). The incidence of CAP is higher in males than 
females (Almirall et al. 2000, Gutierrez et al. 2006, Jokinen et al. 1993). There is a 
seasonal variation in the incidence of CAP: the incidence is highest in winter (Almirall 
et al. 2000, Woodhead et al. 1987). Age is strongly associated with the the incidence 
of CAP. Among patients aged ≥ 65 years the incidence of CAP is two to five times 
higher than among adult patients aged < 65 years (Almirall et al. 2000, Gutierrez et al. 
2006, Jokinen et al. 1993, Woodhead 2002). According to various studies 22-42% of the 
patients with CAP require hospitalization (Guest and Morris 1997, Jokinen et al. 2001, 
Woodhead et al. 1987).  Patients aged 65 years or older account for about half of all 
patients hospitalized for CAP (Guest and Morris 1997, Niederman 1998). At least partly 
due to the aging of the population, hospital admissions for pneumonia have been rising 
during the recent years (Thomsen et al. 2006, Trotter et al. 2008). Between 5% and 10% 
of the hospitalized patients require management in an ICU (Thomsen et al. 2006, Trotter 
et al. 2008, Wilkinson and Woodhead 2004, Woodhead et al. 2006). The mortality rate 
among patients in open care is less than 1% and among hospitalized patients 4% to 15% 
(Colice et al. 2004, Mandell 2004, Woodhead 2002). Mortality rates are highest among 
elderly patients (18 %), and patients with severe disease who require treatment in an ICU 
(22% to more than 50%) (Fine et al. 1996, Jokinen et al. 1993, Woodhead et al. 2006). 

Regarding Finland, Jokinen et al. provided detailed epidemiological data in a population-
based study run in Eastern Finland in 1981-1982 (Jokinen et al. 1993). The incidence of 
CAP was 11.6 per 1000 habitants per year. The incidence was highest in children and 
elderly. The age-specific incidence per 1000 habitants per year was as follows: age < 5 
years, 36.0; age 5-14 years, 16.2; age 15-59 years, 6.0; age 60-74 years, 15.4; and age ≥ 
75 years, 34.2. The incidence was higher in males (13.9/1000) than females (9.4/1000). 
The rate of hospitalization was 42% and mortality 4%.  Säynäjäkangas et al. studied the 
incidence of hospitalization for pneumonia in Finland between 1972 and 1993. Among 
working-aged people, the annual rate of pneumonia related hospitalization was 2.67/1000 
persons among men and 1.10/1000 persons among women (Säynäjäkangas et al. 1997b). 
In the population aged ≥ 65 years, the annual rate of hospital admissions for pneumonia 



	 Review of the Literature	 13

increased during the study period from 15.5 per 1000 persons in 1972 to 23.9 per 1000 
persons in 1993 (Säynäjäkangas et al. 1997a).

Managing CAP has also a substantial economic impact. In the 1990s the annual cost to 
treat CAP was estimated to be 8.4 to 12.2 billion dollars in the USA (Colice et al. 2004, 
Niederman et al. 1998). Most of this cost was due to treatment of hospitalized patients 
with CAP; the mean treatment cost for an outpatient episode of CAP was approximately 
500 dollars and for an inpatient episode 6000 to 10  000 dollars (Colice et al. 2004, 
Niederman et al. 1998). In the United Kingdom, the annual cost to treat CAP in the 
1990s was £441 million. Hospital treatment for CAP accounted for 96% of the total 
costs. The average cost for outpatient treatment of CAP was £100 per episode and for 
hospitalized patients £1700-£5100 per episode (Guest and Morris 1997). In these studies 
the cost of sick leave has not been accounted which would increase the economic burden 
of CAP. More than half of employed patients with CAP require sick leave for more than 
two weeks (Almirall et al. 2000, Woodhead et al. 1987). 

2.2.	E tiology 
Studies on the microbial etiology of CAP have shown that the portion of causative 
pathogens varies by geographical areas, study populations used, concurrent epidemics, 
microbiological techniques and definitions of the etiological diagnosis of CAP. Despite 
these numerous differences in study settings, a regular finding in all studies on the etiology 
of CAP is that Streptococcus pneumoniae is the most common pathogen causing CAP. 
Even in different geographical areas with different climates and socioeconomic status 
of the population S. pneumoniae is the most common pathogen of CAP. Mycoplasma 
pneumoniae, Chlamydophila pneumoniae and influenza A virus are typically agents for 
which the occurrence is dependent on the current epidemiological situation whereas the 
occurrence of Legionella spp. varies in particular according to the geographical area 
studied (Beigel 2008, Karvonen et al. 1993, Pönkä 1980, Ricketts and Joseph 2007). It has 
also been found that a small range of key pathogens cause most cases of CAP all around 
the world. S. pneumoniae is followed by Haemophilus influenzae, M. pneumoniae, C. 
pneumoniae and influenza A virus (Almirall et al. 2000, Bohte et al. 1995, Charles et al. 
2008a, Diaz et al. 2007, Gutierrez et al. 2006, Jokinen et al. 2001, Lieberman et al. 1996, 
Lim et al. 2001, Miyashita et al. 2005, Roson et al. 2001, Ruiz et al. 1999a, Scott et al. 
2000b, Wattanathum et al. 2003, Woodhead et al. 1987, Örtqvist et al. 1990). Especially 
during the last years, the importance of viruses as causative agents of CAP has been 
recognized. Of the viruses, influenza A is the most important etiological agent (Jennings 
et al. 2008, Templeton et al. 2005). 

There are only few population-based studies on the etiology of CAP in adults including 
both hospitalized patients and patients treated at home (Table 1). S. pneumoniae 
has been the most common pathogen in all of these studies with frequences of 11-
41%. C. pneumoniae and M. pneumoniae are the next common agents of CAP with 
frequences of 3-10% and 1-10% (Almirall et al. 2000, Gutierrez et al. 2006, Jokinen 
et al. 2001, Woodhead et al. 1987). In Spanish studies Legionella pneumophila is 
among the most common pathogens (2-4%) (Almirall et al. 2000, Gutierrez et al. 
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2006) According to a Finnish study from the early 1980s, C. pneumoniae and M. 
pneumoniae were identified each in 10% of the patients with CAP and were the most 
common pathogens after S. pneumoniae, which was identified in 41% of the patients 
(Jokinen et al. 2001). The total portion of CAP caused by viruses in these studies 
varied from 4% to 13% (Almirall et al. 2000, Gutierrez et al. 2006, Jokinen et al. 
2001, Woodhead et al. 1987). In a population-based study of hospitalized patients 
in the USA in 1991, S. pneumoniae (7%), M. pneumoniae (5%), C. pneumoniae 
(2%) and Legionella spp. (2%) were the most common etiological agents of CAP 
(Marston et al. 1997).

Table 1. Etiological agents of community-acquired pneumonia in population-based studies. 
Figures are n (%)

Almirall 
Spain
2000

Gutierrez
Spain
2006

Jokinen
Finland
2001

Woodhead
UK
1987

Marstona

USA
1997

Study 
population

>14 years
n=241

≥15 years
n=493

≥15 years
n=345

16-79 years
n=236

≥18 years
n=2776

Diagnostic 
methods 

bc, spag, hiag,
ser

bc, sc, spag, 
lpag, ser

spag
ser

bc, sc, vc, spag
ser bc, sc, vc, ser

S. pneumoniae 27 (11%) 83 (17%) 125 (41%) 85 (36%) 187 (7%)d

C. pneumoniae 22 (9%) 15 (3%) 30 (10%) NS 29 (2%)d

M. pneumoniae 9 (4%) 38 (8%) 30 (10%) 3 (1%) 67 (5%)d

Legionella spp. 5 (2%) 21 (4%) NS 1 (<1%) 47 (2%)d

H. influenzae 1 (<1%) 9 (2%) 12 (4%) 24 (10%) 41 (1%)d

Gram negative 
bacteriab 2 (<1%) 16 (3%) NS 3 (1%) 54 (2%)d

S. aureus 0 2 (<1%) NS 2 (1%) 16 (<1%)d

Respiratory 
virus 32 (13%) 20 (4%) 27 (9%) 30 (13%) 92 (3%)d

Mixedc 10 (4%) 28 (6%) 49 (16%) 26 (11%) 50 (2%)d

Unknown 137 (57%) 243 (49%) 121 (40%) 107 (45%) 1777 (64%)d

bc=blood culture, sc=sputum culture, vc=viral culture, spag=Streptococcus pneumoniae antigen detection, 
hiag=Haemophilus influenzae antigen detection, lpag=Legionella spp. antigen detection, ser=serological 
detection, NS=not studied
aHospitalized patients. Possible cases are not included in these numbers. 
bGram negative enteric bacteria and P. aeruginosa
cTwo or more etiological agents
dPossible cases are not included

Only a limited number of studies have been published on the etiology of CAP in primary 
care in adult patients treated at home.  S. pneumoniae has been the most frequent agent 
detected in 20% - 32% of patients with CAP, followed by M. pneumoniae (14-18%), H. 
influenzae (2-28%), influenza A virus (7-10%) and C. pneumoniae (5%) (Bochud et al. 
2001, Lagerström et al. 2003) (Table 2). The only exception to the leading position of S. 
pneumoniae as the primary causative agent of CAP has been among patients with CAP 
admitted to hospital emergency unit and treated as outpatients (Table 2). In these studies 
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M. pneumoniae and C. pneumoniae have been equally or even more common causative 
agents compared to S. pneumoniae (Gutierrez et al. 2005, Marrie et al. 1996, Miyashita 
et al. 2005, Wattanathum et al. 2003). Respiratory viruses were identified in up to 21% of 
these patients. Also in one study focusing on the etiology of nonsevere CAP in patients 
treated either as outpatients or inpatients, M. pneumoniae was the most common pathogen 
(20%) followed by C. pneumoniae (17%) and S. pneumoniae (11%) (Beovic et al. 2003). 
In another study of patients with nonsevere pneumonia, S. pneumoniae was the most 
frequent causative agent (28%) followed by M. pneumoniae, (16%) and C. pneumoniae 
(11%) (Falguera et al. 2001). Neither of these two studies included any virological tests.

Table 2. Etiological agents of community-acquired pneumonia in outpatients. Figures are n (%) 
Bochuda

Switzerland
2001

Lagerströma

Sweden
2002

Gutierrezb

Spain
2005

Marrieb

Canada
1996

Miyashitab

Japan
2005

Wattanathumb

Thailand
2003

Study 
population

>15 years
n=170

>10 years
n=82

≥15 years
n=132

≥18 years
n=149

adult
n=106

adult
n=98

Diagnostic 
methods 

bc, sc, vc, 
spag, ser sc, ser bc, sc, spag, 

lpag, ser ser bc, sc, spag, 
lpag, ser

bc, sc, spag, 
lpag, ser

S. pneumoniae 34 (20%) 26 (32%) 19 (14%) NS 13 (12%) 13 (13%)
C. pneumoniae 9 (5%) 4 (5%) NR 21 (14%) 12 (11%) 36 (37%)

M. pneumoniae 23 (14%) 15 (18%) 17 (13%) 39 (26%) 29 (27%) 29 (30%)
Legionella 
spp. 1 (<1%) 0 4 (3%) 1 (<1%) 0 8 (8%)

H. influenzae 3 (2%) 23 (28%) 3 (2%) NS 5 (5%) 0
Gram negative 
bacteriac 0 1 (1%) 1 (<1%) NS 0 0

S. aureus 0 6 (7%) 0 NS 1 (<1%) 0
Respiratory 
virus 18 (11%) 13 (16%) 5 (4%) 12 (8%) 2 (2%) NS

Mixedd 15 (9%) 21 (26%) 5 (4%) 7 (5%) 8 (8%) 13 (13%)

Unknown 78 (46%) 20 (24%) 62 (47%) 75 (50%) 50 (47%) 24 (25%)

bc=blood culture, sc=sputum culture, vc=viral culture, spag=Streptococcus pneumoniae antigen detection, 
hiag=Haemophilus influenzae antigen detection, lpag=Legionella spp. antigen detection, ser=serological 
detection,  NS=not studied, NR= not reported
aPrimary care based studies
bHospital emergency based studies
cGram negative enteric bacteria and P. aeruginosa
dTwo or more etiological agents

Most of the etiological studies of CAP involve hospitalized patients (Table 3). S. 
pneumoniae is universally the most common (20% - 40%) etiological agent of CAP 
among them. Usually M. pneumoniae, H. influenzae, C. pneumoniae and influenza 
A virus follow S. pneumoniae with varying frequencies and ranking (Bohte et al. 
1995, Charles et al. 2008a, Diaz et al. 2007, Gutierrez et al. 2005, Lauderdale et al. 
2005, Lieberman et al. 1996, Lim et al. 2001, Miyashita et al. 2005, Ruiz et al. 1999a, 
Wattanathum et al. 2003, Örtqvist et al. 1990). There is some variation by geographical 
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area. In Mediterranian countries L. pneumophila is among the four most common 
agents (4% - 16%) of the hospitalized patients with CAP whereas in northern countries 
L. pneumophila is rare (Gutierrez et al. 2005, Lieberman et al. 1996, Lim et al. 2001, 
Roson et al. 2001, Ruiz et al. 1999a, Woodhead 2002, Örtqvist et al. 1990). In studies 
from Asian countries, members of Enterobacteriaceae and Pseudomonas spp. are more 
common (4% - 13%) than in other parts of the world where these pathogens are usually 
found at low frequencies (1% - 3%) (Bohte et al. 1995, Diaz et al. 2007, Lauderdale et 
al. 2005, Lim et al. 2001, Miyashita et al. 2005, Roson et al. 2001, Scott et al. 2000b, 
Wattanathum et al. 2003). In a study from Kenya, Mycobacterium spp. was identified in 
13% of the patients with CAP and Salmonella spp. in 2%. However, in this study unlike 
in most other studies, HIV-positive patients were included and consisted half of the 
study group (Scott et al. 2000b). The portion of respiratory viruses among hospitalized 
patients has most commonly been around 10%, with the frequencies varying from 1% 
to 29% (Bohte et al. 1995, Charles et al. 2008a, Diaz et al. 2007, Gutierrez et al. 2005, 
Jennings et al. 2008, Lauderdale et al. 2005, Lieberman et al. 1996, Lim et al. 2001, 
Roson et al. 2001, Ruiz et al. 1999a, Scott et al. 2000b, Örtqvist et al. 1990). 

Except for the predominance of S. pneumoniae, the etiological agents of CAP in 
patients treated in ICUs for severe CAP differ in some respects from the etiological 
agents in the rest of hospital-treated patients (Table 4). On the other hand, Valencia 
et al. reported that among patients with severe CAP, defined as PSI class V, the 
etiological agents occurred in similar frequencies whether the patients were treated 
in an ICU or ward (Valencia et al. 2007). M. pneumoniae and C. pneumoniae are 
rare causative agents in patients with severe CAP, while L. pneumophila is at least 
as common among ICU patients as among other hospitalized patients with CAP. 
Although the frequencies of gram negative enteric bacteria and P. aeruginosa 
are quite low also among patients admitted to an ICU, these pathogens are more 
common among ICU patients than other hospitalized patients (Leroy et al. 1995, 
Paganin et al. 2004, Rello et al. 2003, Ruiz et al. 1999a, Ruiz et al. 1999b, Valencia 
et al. 2007). Some studies have reported also that Staphylococcus aureus is among 
the most common causative agents of CAP among ICU-treated patients (Leroy et al. 
1995, Valencia et al. 2007). In some Asian countries Burkholderia pseudomallei may 
cause severe pneumonia (Tan et al. 1998). Viral diagnostics has rarely been included 
in the studies on the etiological diagnosis of CAP in patients admitted to an ICU, but 
when this has been done, viruses have been detected in 5-6% of the patients (Ruiz et 
al. 1999b, Valencia et al. 2007).
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Table 4. Etiological agents of community-acquired pneumonia in patients admitted to an intensive 
care unit. Figures are n (%) 

Leroy et al.
France
1995

Paganin et al.
France
2004

Rello et al. 
Spain
2003

Ruiz et al.
Spain
1999

Valencia et al.
Spain
2007

Study 
population

63.9 yearsa

n=299
54.7 yearsa

n=112
61.1 yearsa

n=204
65 yearsa

n=89
70 yearsa

n= 92
Diagnostic 
methods 

bc, sc, ta, ser, PF
bronchoscopic 
samplesb

bc, ser, PF, BALc bc, ser, PF, lpag
protected-brush
specimend

bc, sc, ta, ser, PF, 
bronchoscopic 
samplesb

bc, sc, spag, 
lpag, ser, PF
bronchoscopic 
samplesb

S. pneumoniae 80 (31%) 48 (43%) 41 (20%) 21 (24%) 30 (47%)
C. pneumoniae NR 0 1 (<1%) 6 (7%) 1 (2%)
M. pneumoniae 2 (<1%) 0 2 (<1%) 3 (3%)
Legionella spp. 0 2 (2%) 23 (11%) 2 (2%) 3 (5%)
H. influenzae 26 (10%) 1 (<1%) 11 (5%) 5 (6%) 6 (9%)
Gram negative 
bacteriae 

55 (18%) 30 (27%) 12 (6%) 14 (16%) 13 (14%)

S. aureus 57 (22%)f 2 (2%) 5 (2%) 2 (2%) 4 (6%)
Respiratory 
virus

NS NS 0 5 (6%) 3 (5%)

Mixed 52 (17%) 3 (3%) 0 16 (18%) 12 (19%)
Unknown 102 (34%) 24 (21%) 87 (43%) 42 (47%) 37 (40%)

bc=blood culture, sc=sputum culture, ta=culture of tracheobronchial aspirate, PF=pleural fluid culture, 
spag=Streptococcus pneumoniae antigen detection, lpag=Legionella spp. antigen detection, ser=serological 
detection
aMean age
bAccording to clinical judgement
cIn most patients as a routine procedure
dIn patients who required mechanical ventilation
e Gram negative enteric bacteria and P. aeruginosa
fStaphylococcus spp.

S. pneumoniae is usually the predominant etiological agent throughout all age groups 
(Jokinen et al. 2001, Lim et al. 2001, Örtqvist et al. 1990). However, in some studies M. 
pneumoniae has been detected with similar to or even higher frequencies compared to S. 
pneumoniae in the youngest age group (15-44 years) (Gutierrez et al. 2005, Lauderdale 
et al. 2005, Lieberman et al. 1996). In general, M. pneumoniae is a rare cause of CAP 
in elderly patients (Jokinen et al. 2001, Lim et al. 2001, Loeb 2003, Ruiz et al. 1999a, 
Örtqvist et al. 1990). Gram negative enteric bacteria and P. aeruginosa may cause CAP 
in elderly patients, especially among patients with comorbidities or those who live in 
nursing homes or long-term care facilities (Charles et al. 2008a, Loeb 2003, Marrie 
2000, Vila-Corcoles et al. 2009). Apart from age, comorbidities may also have some 
impact on the etiology of CAP. Pulmonary comorbidity predisposes to CAP caused 
by gram negative enteric bacteria and P. aeruginosa (Charles et al. 2008a, Gutierrez et 
al. 2005, Ruiz et al. 1999a). Hepatic comorbidity and alcoholism are associated with 
pneumococcal pneumonia (Ruiz et al. 1999a). Instead, seldom has any association been 
reported between a viral etiology of CAP and age or comorbidities (Gutierrez et al. 2005, 
Jokinen et al. 2001, Lauderdale et al. 2005, Lieberman et al. 1996, Lim et al. 2001).
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The proportion of patients with a mixed etiology of CAP varies from 4% to 16% in 
population- based studies (Almirall et al. 2000, Gutierrez et al. 2006, Jokinen et al. 2001, 
Woodhead et al. 1987), from 6% to 38% in the studies of hospitalized patients. The most 
common combinations are pneumococci with viruses, with C. pneumoniae, or with M. 
pneumoniae. (Bohte et al. 1995, Charles et al. 2008a, Diaz et al. 2007, Gutierrez et al. 
2005, Lauderdale et al. 2005, Lieberman et al. 1996, Lim et al. 2001, Miyashita et al. 
2005, Ruiz et al. 1999a, Wattanathum et al. 2003, Örtqvist et al. 1990). 

In observational or retrospective studies of CAP, an etiological diagnosis has been 
established in less than 30% of the hospitalized patients (Fine et al. 1999, Lidman et 
al. 2002). Even with extensive use of microbiological methods 40% to 50% of all cases 
remain with an unknown etiology (Almirall et al. 2000, Bohte et al. 1995, Charles et al. 
2008a, Diaz et al. 2007, Gutierrez et al. 2005, Jokinen et al. 2001, Lauderdale et al. 2005, 
Miyashita et al. 2005, Roson et al. 2001, Ruiz et al. 1999a, Scott et al. 2000b, Valencia et 
al. 2007, Wattanathum et al. 2003). To examine the etiology of CAP defined as unknown 
by conventional methods, Ruiz-González et al. performed cultures and PCR and antigen 
tests for common respiratory pathogens in lung aspirates obtained by transthoracic needle 
aspiration. The study of lung aspirates provided evidence of a microbial etiology in 36 
(65%) of the 55 patients with pneumonia of unknown etiology by conventional methods. 
S. pneumoniae was identified in one-third of these patients (Ruiz-Gonzalez et al. 1999). 
On the other hand, in recent PCR-studies, testing of specimens obtained from the upper 
respiratory tract has yielded an etiological diagnosis in up to 76% of the patients. Above 
all what these studies have shown, is the high incidence of viruses associated with CAP. 
A virus was identified in 15% - 56% of the patients with CAP. Rhinoviruses undetected 
by conventional methods were the most common viral pathogens (4% - 17%). Up to 
50% of the patients with a viral diagnosis had a concomitant bacterial diagnosis (Charles 
et al. 2008a, Jennings et al. 2008, Johnstone et al. 2008b, Templeton et al. 2005). 

2.3.	D iagnosis 
2.3.1.	Symptoms and signs 
Patients with CAP present with a large number of symptoms. Fever and cough are 
the most common ones. Fever is present in 65% to 90% and cough in 75% to 96% 
of patients with CAP. Other typical respiratory complaints include sputum production, 
dyspnea and chest pain. Patients with CAP may also have nonrespiratory symptoms like 
fatigue, chills, headache and myalgia (Bochud et al. 2001, Castro-Guardiola et al. 2000, 
Flanders et al. 2004, Gennis et al. 1989, Metlay et al. 1997b, Ruiz et al. 1999a). Elderly 
patients complain of fewer symptoms than patients aged less than 65 years. Altered 
mental status is a typical symptom for elderly patients with CAP (Marrie 2000, Metlay 
et al. 1997b). Symptoms are not specific for CAP and distinguish poorly between CAP 
and other causes of respiratory illnesses. The likelihood ratio for a single symptom in 
distinguishing pneumonia from other respiratory diseases is close to 1.0 (Metlay and 
Fine 2003, Metlay et al. 1997a). The prevalence of pneumonia is less than 15% among 
adult patients presenting at the primary care with symptoms of acute respiratory tract 
infection (Flanders et al. 2004, Macfarlane et al. 2001). 
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Apart from fever, physical findings include tachypnea, tachycardia and dullness to 
percussion. Auscultation of the lungs may reveal rales or bronchial or decreased breath 
sounds or, sometimes, wheezing (Flanders et al. 2004, Gennis et al. 1989, Metlay and 
Fine 2003, Metlay et al. 1997a, Wipf et al. 1999). Physical findings are not specific 
for pneumonia and thus no single physical finding is particularly helpful in making the 
diagnosis of pneumonia. The positive likelihood ratios for various findings in chest 
examination or vital signs are in the range of 1.4 to 8.6 (Metlay and Fine 2003). In 
addition, intraobserver variation in recognizing these findings is obvious (Metlay and 
Fine 2003, Metlay et al. 1997a, Wipf et al. 1999).

Because the accuracy of individual symptoms and signs for predicting pneumonia is 
low, studies have attempted to build prediction rules that incorporate several symptoms 
and signs. However, maximal probabilities of these prediction rules are only less than 
50%. For example with the baseline prevalence of pneumonia of 5%, a patient with 
cough, fever, tachycardia and crackles has a probability of pneumonia from 18% to 
42% (Metlay and Fine 2003, Metlay et al. 1997a). On the other hand, in the absence 
of tachycardia, tachypnea, fever and abnormal chest examination, the probability of 
pneumonia is small. 

Historically, the clinical features of CAP have been characterized as being either typical 
or atypical. The typical pneumonia syndrome caused by S. pneumoniae or other pyogenic 
bacteria is characterized by sudden onset of high fever, chills, pleuritic chest pain and 
purulent sputum. The atypical pneumonia caused by M. pneumoniae, C. pneumoniae, 
Legionella spp, or viruses is characterized by subacute illness, nonproductive cough and 
nonrespiratory complaints like headache and diarrhea. However, studies have shown that 
it is not possible to predict the microbial etiology by the presenting signs and symptoms 
(Beovic et al. 2003, Bochud et al. 2001, Ruiz et al. 1999a).    

2.3.2.	C-reactive protein (CRP) and procalcitonin
CRP is a protein of the acute phase, synthesized by the hepatocytes. Its production is 
stimulated mainly by interleukin 6, interleukin 1 and tumor necrosis factor α in response 
to infection or tissue inflammation (Clyne and Olshaker 1999). Some studies have 
evaluated the use of CRP to diagnose radiologically proved pneumonia (Almirall et al. 
2004, Flanders et al. 2004, Holm et al. 2007, Müller et al. 2007, van der Meer et al. 
2005). Among the patients with lower respiratory infection, median CRP levels were 
significantly higher in patients with CAP than in those not having CAP  (Almirall et al. 
2004, Flanders et al. 2004). However, CRP is neither sufficiently sensitive to rule out 
nor sufficiently specific to rule in pneumonia (van der Meer et al. 2005). The reported 
sensitivity for CRP levels of 20-40 mg/l to diagnose pneumonia was 70-89% and the 
specificity was 44-90% (Almirall et al. 2004, Flanders et al. 2004, Holm et al. 2007, 
Müller et al. 2007). Accuracy was improved when the clinical signs are combined with 
the CRP value (Müller et al. 2007).  

A number of studies have investigated the use of CRP as a tool for providing an etiological 
diagnosis to CAP. Some studies have reported no difference in the CRP levels between 
different etiologies (Hedlund and Hansson 2000, Kosmas et al. 1997), while others have 
found significantly higher CRP levels only in bacteremic pneumococcal pneumonia 
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(Kragsbjerg et al. 1995, Örtqvist et al. 1995). On the other hand, one study found that the 
CRP values were significantly higher in patients with L. pneumophila pneumonia than 
in any other group (García-Vázquez et al. 2003). Another study reported significantly 
higher CRP levels in pneumococcal pneumonia or L. pneumophila pneumonia compared 
to other etiological groups (Almirall et al. 2004).

Procalcitonin, the precursor of calcitonin, is normally produced by neuroendocrine 
cells, e.g., the thyroid gland. During systemic infection procalcitonin is produced by 
a variety of parenchymal cells, including liver, kidney, and monocytes (Christ-Crain 
and Muller 2007). Procalcitonin is comparable to CRP in identifying patients with 
pneumonia (Holm et al. 2007, Müller et al. 2007). In the study by Holm et al. a cut-off 
point of >0.06 ng/ml of procalcitonin identified the patients with CAP with a sensitivity 
of 70% and specificity of 66% (Holm et al. 2007). Respectively in the study by Müller 
et al. a cut-off point of >0.5 μg/l of procalcitonin identified patients with CAP with a 
sensitivity of 57% and specificity of 83% (Müller et al. 2007). Christ-Crain et al. showed 
that the use of procalcitonin-guided antibiotic therapy in CAP resulted in a substantial 
reduction of antibiotic use. Antibiotics were withheld for 15% of the patients compared 
to 1% of those receiving standard therapy. In addition, the use of procalcitonin-guided 
therapy resulted in 55% shorter duration of antibiotic treatment with no adverse effect on 
outcome (Christ-Crain et al. 2006).

2.3.3.	Phagocyte complement receptors (CR)
Activation of the complement system is one of the major effector pathways in bacterial 
infection. The receptors for the complement molecules, CR1 and CR3 are only weekly 
expressed on the surface of resting neutrophils being mostly stored in vesicles and 
granules. In infection, degranulation and fusion of the vesicles and granules with plasma 
membrane leads to an upregulation of CR1 and CR3. Flow cytometry can be used to 
quantify the receptor expression on neutrophils (Nuutila and Lilius 2007). In the study 
by Nuutila et al. the expression levels of CR1 and CR3 on neutrophils in bacterial 
infections were over 3-fold and 2-fold higher, respecticely, compared to viral infections 
and controls. The sensitivities of CR1 and CR3 in differentiating between bacterial 
and viral infections were 92% and 81% and specifities 85% and 63%. Respectively the 
sensitivity of CRP was 88% and specificity 85% (Nuutila et al. 2006).     

2.3.4.	Radiography
Chest radiograph is considered as the gold standard for the diagnosis of pneumonia. 
American Thoracic Society (ATS) guidelines recommend a chest radiograph to 
establish the diagnosis of pneumonia in all patients with suspected CAP to assess the 
extent of disease and to identify any pleural effusion (Mandell et al. 2007). The Finnish 
National Guidelines (Käypä hoito ‑suositus) recommend chest radiograph for patients 
with symptoms of lower respiratory tract infection (fever, cough, purulent sputum 
production, dyspnea, wheezing, chest pain) and in case the symptoms have a sudden 
onset, the disease affects the patient’s general condition, the patient has risk factors (age, 
underlying diseases) or if the symptoms of lower respiratory tract have worsened after 
initial recovery (Honkanen et al. 2008).  
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Apart from infection, an opacity on the chest radiograph may be due to a variety of clinical 
conditions, e.g., edema fluid, malignancy, vasculitis and pulmonary manifestations 
of adverse drug reactions (Mandell et al. 2000, Marrie 1994). Moreover, coexisting 
pulmonary disease can make interpretation of radiographs difficult (Tarver et al. 2005). 
Chest radiography performed early in the course of pneumonia may not show any 
infiltration (Bartlett and Mundy 1995, Franquet 2001). Thus, the radiographic findings 
must be interpreted in the context of the medical history and physical examination 
findings (Marrie 1994). Studies have shown considerable interobserver variability in 
the radiographic diagnosis of pneumonia and interobserver reliability for identifying the 
pattern of infiltrates is poor, even among radiologists (Albaum et al. 1996, Boersma et al. 
2006, Young and Marrie 1994). Compared to chest radiograph, computed tomography 
is more sensitive for diagnosing CAP. In a Finnish study of 47 patients with clinical 
symptoms and signs suspicious for CAP, HRCT identified 26 CAP cases while chest 
radiography identified only 18 cases (Syrjälä et al. 1998). HRCT improves also the 
accuracy of typing of CAP (Syrjälä et al. 1998). However, the clinical significance of 
these findings is unclear and the method is also associated with radiation exposure. 
Rather, repeat chest radiography is recommended for patients hospitalized for suspected 
pneumonia but whose radiographic diagnosis is uncertain (Mandell et al. 2007).     

The patterns of infection in the lung parenchyma can be divided into three radiologic 
patterns: lobar pneumonia, bronchopneumonia and interstitial pneumonia. Classically, 
these patterns are associated with different causative agents. Lobar pneumonia 
involving single or multible lobes is a typical presentation of pneumococcal pneumonia. 
Bronchopneumonia infections are centered on large inflamed airways with patchy 
involvement appearing as poorly defined areas of airspace consolidation and a patchy 
pattern. Bronchopneumonia is typically caused by S. aureus and gram negative bacteria. 
In interstitial pneumonia, the infection is situated predominantly in the interstitial tissue 
of the alveolar septa and surrounding small airways and vessels. Interstitial pneumonia 
is typically caused by M. pneumoniae and viruses (Franquet 2001, Tarver et al. 2005). 
However, often the radiologic appearance of pneumonia cannot be categorized into one 
of these patterns. There is also variation in the radiologic manifestations of pneumonia 
caused by a specific organism. Consequently, radiographic changes cannot be used to 
distinguish the etiology of CAP (Boersma et al. 2006, Macfarlane et al. 1984). 

2.4.	M icrobiological methods for the etiological diagnosis of CAP
2.4.1.	Blood culture
Detection of bacteremia and fungemia by blood culture has profound diagnostic and 
therapeutic importance. Positive blood cultures can establish the etiological agent 
for pneumonia and provide susceptibility testing of this agent and thus optimization 
of antimicrobial therapy. Yet, a single blood culture specimen may not be sufficient to 
detect all bacteremias and fungemias (Lee et al. 2007). Investigators have reported on 
the relationship between the volume of blood cultured and the yield of microorganisms 
(Cockerill et al. 2004, Lee et al. 2007, Li et al. 1994). Obtaining serial blood cultures 
makes it easier to interpret the clinical significance of organisms (Richter et al. 2002). 
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The conventional practice has been to obtain blood specimens at or around the time of 
temperature elevation. This practice is based on the principle that the presence of organism 
in the intravascular space leads to elaboration of cytokines which, in turn, raises the body 
temperature. However, there are studies showing that the rates of bacteremia detection 
are not enhanced by collecting blood cultures at the time when patients have temperature 
spikes (Riedel et al. 2008). Generally, an interval of 30 to 60 minutes between blood 
culture sets is recommended for optimal results. However Li et al. found no significant 
difference in the yield of blood culture sets drawn simultaneously and those drawn with 
an interval period between the sets (Li et al. 1994). The use of antibiotics either before 
presentation or in the healthcare facility reduces the diagnostic yield of blood culture 
(Glerant et al. 1999, Metersky et al. 2004, van der Eerden et al. 2005). 

Blood cultures are usually incubated for five to seven days. A number of commercial 
blood culture systems are available for the detection of bacteremia. These automated 
systems allow continuous monitoring i.e., a growth reading is automatically taken every 
10 to 20 minutes throughout the day to detect positive cultures as quickly as possible. 
The mean time to detection is less than 24 hours and most positive blood cultures are 
reported to the clinician as gram stains within 24 hours of sample collection (Bengtsson 
et al. 1998, Cockerill et al. 1997, Huang et al. 1998). The time to a positive reading varies 
by microorganism and magnitude of bacteremia; the median time is 11-14 hours for S. 
pneumoniae and 12-24 hours for S. aureus (Cockerill et al. 1997, Martinez et al. 2007, 
Peralta et al. 2006). 

In CAP, the diagnostic yield of blood culture varies from 3 to 16% (Benenson et al. 2007, 
Bohte et al. 1995, Ishida et al. 1998, Metersky et al. 2004, Roson et al. 2001, van der 
Eerden et al. 2005, Örtqvist et al. 1990). 

2.4.2.	Sputum gram stain and sputum culture
Microscopic examination and culture of expectorated sputum have been the mainstay 
of laboratory evaluation of pneumonia. A section of the purulent portion of the sputum 
sample is spread thinly over a glass slide and stained by Gram’s method. To maximize 
the diagnostic yield and to minimize the possibility of oropharyngeal contamination, 
all gram stains are first screened under a microscope at low power (x100) to assess the 
appropriateness of the sample. Sputum samples containing more than 25 neutrophils 
and fewer than 10 squamous epithelial cells in a microscopic field are considered of 
good quality (Brown and Lerner 1998, Saubolle and McKellar 2001). The good quality 
samples are then screened for predominant bacterial morphology under oil immersion 
microscopy. The presence of a predominant morphotype is considered when the gram 
stain shows at least eight to ten bacterial organisms in each high-power field (Brown and 
Lerner 1998). Sputum samples of good quality are plated onto culture media, usually 
blood agar and chocolate agar. Semi-quantitative culture methods are used to facilitate 
the interpretation of the result of the sputum culture and the results are usually analyzed 
in combination with the findings of the gram stain (Ewig et al. 2002). 

Gram staining allows fast, preliminary identification of the etiological agent. On the other 
hand, sputum is often contaminated by upper airway flora and the yield of the gram stain 
of a sputum sample is highly dependent on the investigator, who must be stringend and 
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apply the relevant strict criteria (Fine et al. 1991). One of the main problems of the sputum 
gram stain and culture is that 40% or more of the patients with CAP cannot produce a 
sputum sample. In addition, less than 40% of the patients can produce a sputum sample of 
an adequate quality (Ewig et al. 2002, Garcia-Vazquez et al. 2004, Miyashita et al. 2008, 
Roson et al. 2000). The sensitivity of the sputum gram stain and culture is low. In patients 
with pneumococcal pneumonia the sensitivity of the gram stain of a valid sputum sample 
is 35% to 68% and the sensitivity of sputum culture is 33% to 79%. (Garcia-Vazquez et al. 
2004, Miyashita et al. 2008, Musher et al. 2004, Roson et al. 2000). 

The diagnostic yields of sputum gram stain and culture are lower in patients with 
preceding antimicrobial treatment (Miyashita et al. 2008, Musher et al. 2004, Roson et 
al. 2000), while  no relationship has been reported between the severity of CAP and the 
diagnostic yield of sputum examination (Garcia-Vazquez et al. 2004, van der Eerden et 
al. 2005). 

2.4.3.	Antigen Detection
Detection of specific microbial antigens is a rapid method for detecting the presence 
of an organism directly in a clinical sample. Depending on the pathogen, respiratory 
samples from the upper and lower respiratory tract, pleural fluid and urinary samples are 
the specimens that are used for antigen detection in patients with CAP. 

The simplest methods for antigen detection are based on agglutination. The presence of a 
specific antigen in a clinical sample is detected by agglutination of antibody-coated latex 
particles or red cells. Latex agglutination tests were previously used for detection of S. 
pneumoniae. The main limitation of the test was the low sensitivity, especially in urine 
samples. As the latex agglutination test of H. influenzae detects only capsular types, the 
use of this test is of limited value in CAP (Ajello et al. 1987, Boersma et al. 1991).

The immunofluorescence (IF) based antigen detection methods employ a histochemical 
technique that utilizes a detector antibody labelled with a fluorescent compound.  These 
fluorescent-labelled antibodies (direct IF) or specific antibodies and fluorescent-labelled 
anti-immunoglobulin (indirect IF) are overlaid on a slide where the respiratory specimen 
is applied. In case an antigen is present in the specimen, there is emission of fluorescent 
light, which is detected with fluorescent microscopy. Interpretation of the result requires 
trained and experienced personnel (Leland and Ginocchio 2007). Studies on the IF tests 
to detect Legionella spp., M. pneumoniae and C. pneumoniae in respiratory samples have 
yielded low sensitivities (Garnett et al. 1998, Murdoch 2003a, Waites and Talkington 
2004). The sensitivity of IF to detect respiratory viruses is, on the other hand, considerably 
better (Leland and Ginocchio 2007). IF tests are most commonly used methods to detect 
Pneumocystis jirovecii (Nato et al. 1992)

Immunological antigen detection methods also include enzyme immunoassay (EIA/
ELISA), fluorescent immunoassay (FIA), and optical immunoassay (OIA). These 
immunological assays are most often used for virus detection (Grandien 1996, Leland 
and Ginocchio 2007, Mäkelä et al. 1998). Studies of these methods to detect various 
bacterial agents have been done, but these methods are seldom used clinically (Sjögren 
et al. 1987, Waterer et al. 2001, Venkatesan and Macfarlane 1992). The basic principle 
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of EIA/ELISA is the use of a monoclonal antibody conjugated with an enzyme which, 
upon reacting with its substrate, forms a measurable reaction product (Carpenter 2007). 
A color reaction product is produced and the color change is monitored visually or 
spectrophotometrically. The FIA systems use fluorescent-labelled antibodies. When 
these fluorescent-labelled antibodies bind to the antigen from the respiratory tract 
sample fluorescence emerges (Carpenter 2007). OIA test uses a mirrorlike surface of a 
silicon wafer coated with optical molecular thin film and a capture antibody specific for 
microorganism studied. After incubation with a substrate, the test surface is examined 
under a bright light source. A positive result is visualized as a change of colour (Herrmann 
et al. 2001). 

In clinical practice, commercially available immunochromatographic antigen detection 
methods are the most common. This method is available for S. pneumoniae and Legionella 
spp.  The commonly used Binax Now S. pneumoniae immunochromatographic test uses 
a rabbit anti-S. pneumoniae antibody, conjugated to visualizing particles.  The antibody 
binds to the pneumococcal C polysaccharide antigen present in a urine sample. The 
resulting complex is immobilized by a band of rabbit anti-S. pneumoniae antibodies 
absorbed onto a nitrocellulose membrane. A control line which contains goat antibody 
against rabbit antibodies captures the excess visualizing conjugate. The result is read 
by the naked eye after 15 min. A color line on the sample and control lines indicates a 
positive antigen test (Smith et al. 2003). The urinary antigen detection test for Legionella 
spp. is performed similarly with Legionella specific antibodies (Murdoch 2003a). 

2.4.4.	Polymerase chain reaction (PCR) –based methods 
Current molecular techniques are most often based on the PCR technology, which is 
a nucleic acid amplification test that detects microbial nucleic acid in clinical samples 
(Ieven 2007). The basic steps of PCR include extraction of DNA from a patient sample 
and amplification of a target gene. A partial DNA sequence must be known for designing 
primers that hybridize to specific regions of target DNA. Enzymes are used to copy 
this DNA via multiple rounds of extension and denaturation; this results in exponential 
amplification of the DNA fragment of interest (Yang and Rothman 2004). Detection of the 
PCR products can be achieved by hybridization, gel electrophoresis or by an EIA-based 
method (Ieven 2007). Primers of a broad range PCR test are shared by a given taxonomic 
group such as the 16S rRNA gene that is found in all bacteria. Products of broad range 
PCR are identified by hybridization with a specific probe or by DNA sequencing. Since 
16S rRNA can detect almost all bacteria, this method can be applied only in an otherwise 
sterile specimen e.g. pleural fluid in CAP patients (Yang and Rothman 2004). 

There are several variations of the PCR technique. Since many viruses are RNA-based, 
reverse transcriptase (RT)-PCR was developed. In RT-PCR, RNA is converted to a 
complementary DNA copy before PCR is performed. RT-PCR can be used to detect the 
viability of microbial cells through examination of microbial mRNA. Because RNA is 
rapidly degraded after cell death, this technique detects only viable organisms, unlike the 
conventional PCR method, which cannot distinguish between living and dead organisms 
(Yang and Rothman 2004). In nested PCR, two rounds of PCR are performed, increasing 
the sensitivity of the methods for detection of very small amounts of target DNA. Multiplex 
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PCR uses multiple sets of primers to test for several targets simultaneously (Ieven 2007, 
Yang and Rothman 2004). Multiplex PCR assays are generally less sensitive and the 
specificity may also be reduced compared to conventional PCR assays (Murdoch 2003b).

In quantitative real-time PCR amplification and detection of the products occur in a 
single tube. This system reduces the detection time and due to the closed system also 
the risk of contamination (Ieven 2007, Murdoch 2003b). The reaction is performed using 
fluorescent DNA intercalating dyes or fluorescent-labelled DNA probes. The signal 
intensity increases with increasing DNA amplification. Consequently, this method allows 
also quantification of the PCR products and the gene copies of the original sample. The 
sensitivity and specificity are comparable to the conventional PCR method. Multiplex 
PCR can also be performed with this technique (Ieven 2007). 

PCR can provide a diagnosis earlier than cultures and in cases where standard techniques 
are too laborious, or slow, or remain negative. The technique is probably less affected by 
previous antimicrobial therapy. However, the lack of routine antimicrobial susceptibility 
testing is one of the disadvantages of the method (Ieven 2007, Murdoch 2003b). PCR is 
extremely sensitive and may detect pathogens at concentrations below those of standard 
methods. As a consequence of the high sensitivity, contamination is possible and will 
yield false positive results (Ieven 2007, Murdoch 2003b, Yang and Rothman 2004). 
Sometimes it may be impossible to differentiate between colonization and disease on the 
basis of the positive PCR test. Results of real-time PCR can help to interpret positive tests 
by quantifying organisms and establishing cut-offs that distinguish colonization from 
infection (Murdoch 2003b). PCR inhibitors in samples can lead to false negative results. 
There may also be too little sample to allow the detection of DNA or an ineffective release 
of DNA from the cells during processing. Moreover, the PCR equipment and reagents 
are often expensive and PCR requires trained personnel (Ieven 2007, Murdoch 2003b, 
Yang and Rothman 2004). On the other balance, replacement of traditional methods by 
PCR may reduce personnel time (Espy et al. 2006).

In situ PCR can be used to direct detection RNA or DNA of a microorganism on 
tissue or cytological samples (Hayden et al. 2001, Nuovo 2007). Fluorescence in situ 
hybridization is another method to directly visualize micro-organisms. This method 
is based on ribosomal ribonucleic acid-targeted oligonucleotide probes labelled with 
fluorescent dye (Declerck and Ollevier 2006, Buchbinder et al. 2004)

2.4.5.	Serology
The major disadvantage of a diagnosis based on the detection of antibodies in a patient’s 
serum is that antibodies cannot be detected in the acute phase of the disease. The 
immunoglobulin M (IgM) response does not appear during the first week of illness and 
IgG response appears even more slowly (Daxboeck et al. 2003, Dowell et al. 2001). In 
addition, in most respiratory diseases, the IgM response appears only in primary infection 
(Dowell et al. 2001, Vikerfors et al. 1988). Thus, usually two samples (paired sera) are 
required, the first sample taken in the acute phase of the disease and the second 2 to 3 weeks 
later. Detection of a significant rise in the antibody titer is considered as the most reliable 
demonstration of a causative agent (Beersma et al. 2005, Dowell et al. 2001, Talkington et 
al. 2004). Among the most common etiological agents, M. pneumoniae and C. pneumoniae 
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are mainly diagnosed by serology (Daxboeck et al. 2003, Kumar and Hammerschlag 2007). 
Above all, serological tests are well suited for epidemiological studies (Jokinen et al. 2001). 
These tests are also the only ones available to detect some of the more rare causative agents 
of CAP, e.g., Coxiella burnetii and Francisella tularensis (Mandell et al. 2007). Antibodies 
to microbial agents can be measured by precipitation, hemagglutination, neutralization, 
IF, complement fixation, EIA/ELISA and radioimmunoassay. Today, the most commonly 
used method is EIA/ELISA. In this method, specific antibodies in the serum sample bind 
to the solid phase antigen and are detected with an enzyme-labelled anti-immunoglobulin 
secondary antibody. Isotype-specific enzyme-labelled anti Ig-antibodies can be used to 
determine the specific Ig class present. The product of the enzymatic reaction is measured 
by automated analyzers (Carpenter 2007).     

2.4.6.	Bronchoscopy and bronchoalveolar lavage (BAL)
The introduction of the flexible fiberoptic bronchoscope in the late 1960s gave physicians 
direct access to the lower airway. With the development of protected specimen brush 
in 1979, the problem of contamination of the samples by upper airway flora could be 
diminished (Wimberley et al. 1982). Quantitative bacterial culture is used to distinguish 
colonization from infection. A bacterial growth of greater or equal to 103 cfu/ml in protected 
brush-sample specimens is significant. BAL is performed by advancing the bronchoscope 
distally into a subsegmental bronchus until the airway is occluded proximally. After that, 
20 to 50 ml aliquots of sterile saline are instilled into the lung periphery followed by gentle 
aspiration (Torres and el-Ebiary 1998). Usually volumes of at least 100 ml and up to 240 
ml are used in the diagnostic evaluation of pneumonia. The retrieved volume ranges from 
5% to 70% of the total instilled volume. The sampling area of BAL is selected on the basis 
of the location of the infiltrate on chest radiography or by direct visualization of purulent 
secretions (Torres and el-Ebiary 1998). BAL is easily contaminated by oropharyngeal flora 
especially when performed in nonintubated patients. However, higher specificity can be 
obtained by using quantitative culture with a threshold value of 104 cfu/ml (Baughman and 
Conrado 1998, Rasmussen 2001). The recovery of bacteria from the BAL fluid by culture 
declines after commencement of antimicrobial treatment (Rasmussen et al. 2001). PCR 
tests applied to the BAL samples may increase the diagnostic yield of BAL especially 
in the pretreated patients (Strålin et al. 2006). BAL has proved especially useful for 
diagnosing pneumonia caused by Pneumocystis jirovecii and Mycobacterium tuberculosis 
(Baugham and Conrado 1998).  Complications of BAL are generally infrequent and minor 
but sometimes may be harmful for the patient. Complications include postbronchoscopy 
fever, reduction in oxygenation, and rarely hemoptysis, pneumothorax or exacerbation of 
respiratory failure (Torres and el-Ebiary 1998).     

2.5.	E tiological agents 
2.5.1.	Streptococcus pneumoniae
S. pneumoniae was identified in 1881 concurrently by Louis Pasteur and George 
Stenberg.  In the 1880s the causative role of this organism in human lobar pneumonia 
was established by Carl Friedlander and Albert Fankel and the organism was named 
Pneumococcus (Watson et al. 1993). The present name Streptococcus pneumoniae was 
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given in 1974. In addition to being a cause for pneumonia, S. pneumoniae causes also 
otitis, sinusitis, meningitis, and, less frequently, endocarditis, arthritis and a variety of 
other infectious diseases. In addition to being the most common pathogen causing CAP, 
S. pneumoniae may also cause nosocomial pneumonia (Bouza et al. 2005, Sopena and 
Sabria 2005). 

S. pneumoniae are gram positive coccoid bacteria with an external polysaccharide 
capsule. The capsule protects the bacteria from phagocytosis and is consequently the 
most important factor for the virulence of S. pneumoniae (Bogaert et al. 2004, Tuomanen 
et al. 1995). On the basis of antigenic differences in capsular polysaccharides, 90 
serotypes of S. pneumoniae have been identified. These serotypes are grouped into 
46 serogroups, based on immunological similarities (Henrichsen 1995). There are 
geographical, temporal and age-related differences in the distribution of the different 
serotypes (Feikin and Klugman 2002). Moreover, different pneumococcal serotypes 
vary greatly in the prevalence at which they are recovered from invasive disease, like 
bacteremic pneumonia. Approximately 10 serogroups account for most of the invasive 
diseases (Hausdorff et al. 2000).           

By activating complement and stimulating the production of cytokines, the cell wall of 
S. pneumoniae is a potent inducer of inflammation. Components of the cell wall are also 
important for the ability of bacteria to attach to endothelial cells during the course of 
invasive disease. Pneumolysin, autolysin and pneumococcal surface protein A are other 
noncapsular factors that contribute to the virulence of S. pneumoniae (Bogaert et al. 
2004, Tuomanen et al. 1995).

The initial step in the pathogenesis of pneumococcal infection is attachment of the 
organism to the mucosal epithelium of nasopharynx. In general, this is followed by 
asymptomatic carriage. Nasopharyngeal colonization is common among children. The 
peak incidence of pneumococcal colonization occurs during the first three years of life, 
when up to 69% of the children are colonized. After that, the colonization rate gradually 
declines and reaches a stable level of less than 10% after the age 10 years (Bogaert et al. 
2004, Regev-Yochay et al. 2004). In one of the few studies focusing on pneumococcal 
carriage in an adult population, the carriage rate was 4% and the same in the elderly 
population as among young adults (Regev-Yochay et al. 2004). However, in family 
settings, the carriage rates among adults have usually been higher, between 11% and 
15% (Greenberg et al. 2006, Watt et al. 2004). The median duration of carriage is two 
to four weeks, longest in children younger than 1 year old and shortest in adults. Those 
with an acute infection are carriers for a mean of 10 days longer than asymptomatic 
contacts (Ekdahl et al. 1997). Pneumococcal carriage is an important source of horizontal 
spread of this pathogen in the community. Outbreaks of pneumococcal pneumonia have 
occurred in institutes like nursing homes and military camps (Nuorti et al. 1998, Vainio 
et al. 2009). However, as there are numerous steps intervening between transmission of 
the organism and development of the disease, pneumococcal pneumonia is not generally 
regarded as contagious (Musher 2003).     

The incidence of bacteremic pneumococcal pneumonia, as well as other invasive 
pneumococcal infections, is highest among children under two years of age and in adults 
older than 65 years (Breiman et al. 1990, Klemets et al. 2008a, Pastor et al. 1998, Plouffe 
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et al. 1996). In the study by Jokinen et al. pneumococcal pneumonia was significantly 
more frequent among patients aged ≥60 years than among patients aged 15-59 years 
(Jokinen et al. 2001). The incidence of pneumococcal infections is related to seasons; it is 
the highest during winter. The association between season and pneumococcal infection is 
probably mediated through the seasonal incidence of viral illness. The seasonal fluctuation 
of pneumococcal infections and association with the occurrence of respiratory viruses 
is more pronounced in adults than in children (Kim et al. 1996, Talbot et al. 2005). 
Racial and sosioeconomic factors have also an impact on the incidence of pneumococcal 
disease (Breiman et al. 1990, Pastor et al. 1998, Plouffe et al. 1996). In Finland, Klemets 
et al. have shown an increase in the incidence of invasive pneumococcal disease from 
8.2 to 11.5/100 000 during the years 1995-2002 (Klemets et al. 2008a). 

A majority of the hospitalized patients with pneumococcal pneumonia have at least 
one underlying condition (Jover et al. 2008, Miyashita et al. 2002, Musher et al. 2000, 
Shariatzadeh et al. 2005, Sopena et al. 2004). In the study of Jokinen et al. half of the 
patients with pneumococcal pneumonia were treated as outpatients, and only one-third 
of them had one or more predisposing chronic condition; smoking was not, however, 
included in this analysis (Jokinen et al. 2001). Underlying conditions that are frequently 
recognized in patients with pneumococcal pneumonia are smoking, alcoholism, chronic 
lung disease, cardiac failure, diabetes mellitus and malignancy (Jover et al. 2008, 
Miyashita et al. 2002, Musher et al. 2000, Shariatzadeh et al. 2005, Sopena et al. 2004). 
In a multivariate analysis of another case-control study, male sex, black race, chronic 
illness, low level of education, living in a household with children attending a day care 
center and active or passive smoking were significantly associated with pneumococcal 
disease (Nuorti et al. 2000). Although highly active antiretroviral treatment has reduced 
the incidence of pneumococcal disease in HIV-infected patients, the incidence is still 
significantly higher compared to HIV-negative patients (Grau et al. 2005, Jordano et al. 
2004). HIV is also the most common risk factor for recurrent invasive pneumococcal 
disease. Another common risk factor is some malignant disorder. The documented rate 
of recurrence of invasive pneumococcal infection is 2.3% to 5.3% (Einarsdottir et al. 
2005, King et al. 2003, Turett et al. 2001).   

The classic description of the clinical features of pneumococcal pneumonia includes 
sudden onset, chills, fever, pleuritic chest pain and productive cough (Marrie 1999, 
Örtqvist et al. 2005). However, the clinical picture may vary greatly, and a lack of fever 
and respiratory symptoms may occur even in patients with bacteremia (Torres et al. 
1998, Örtqvist et al. 1988). When patients with pneumococcal pneumonia are compared 
to those with C. pneumoniae or M. pneumoniae pneumonia, shortness of breath, chest 
pain, sputum production and hypotension are clinical features that are more frequent in 
pneumococcal pneumonia. A high white blood cell count and a high concentration of 
CRP in the serum are more common laboratory findings in patients with pneumococcal 
pneumonia than mycoplasma or chlamydophila pneumonia. Also, patients with 
pneumococcal pneumonia have less frequently received antimicrobial treatment before 
admission (Farr et al. 1989, Kauppinen et al. 1996, Miyashita et al. 2002, Örtqvist et al. 
1988). 
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2.5.1.1.	Bacteremic pneumococcal pneumonia
In adults, pneumonia is the most common focal disease associated with pneumococcal 
bacteremia –approximately 80% of the patients with pneumococcal bacteremia have 
pneumonia (Breiman et al. 1990, Pastor et al. 1998). In hospitalized patients with CAP, 
8% to 37% of the patients with pneumococcal pneumonia are bacteremic. However, 
the microbial methods used besides blood culture to detect S. pneumoniae, vary in 
these studies (Lieberman et al. 1996, Lim et al. 2001, Roson et al. 2001, Sopena et al. 
1999, Örtqvist et al. 1990). In studies of mild CAP with most of the patients treated as 
outpatients, 1% to 8% of the patients with pneumococcal pneumonia were bacteremic 
(Beovic et al. 2003, Ortega et al. 2005, Woodhead et al. 1987). In contrast, in studies of 
severe CAP, 48% of patients with pneumococcal pneumonia were bacteremic (Paganin 
et al. 2004).  Moreover, S. pneumoniae is the etiological agent in most (62%-93%) 
bacteremic pneumonias (Almirall et al. 2000, Falguera et al. 2001, Ortega et al. 2005, 
Paganin et al. 2004, Roson et al. 2001, Sopena et al. 1999, Örtqvist et al. 1990). 

In all except one of the studies that have compared patients with bacteremic 
pneumococcal pneumonia with nonbacteremic pneumococcal pneumonia, there was no 
significant difference in the mean age or sex distribution of the patients (Brandenburg et 
al. 2000, Jover et al. 2008, Musher et al. 2000, Örtqvist et al. 1988). Of the underlying 
conditions, alcoholism is significantly more common in patients with bacteremic 
pneumococcal pneumonia than nonbacteremic pneumococcal pneumonia (Jover et al. 
2008, Musher et al. 2000, Örtqvist et al. 1988). Generally, the clinical features of the 
disease in these two patient groups have been reportedly very similar; in one study, 
however, respiratory symptoms were present in only half of the patients with bacteremic 
pneumococcal pneumonia compared to in nearly 90% of the patients with nonbacteremic 
disease (Brandenburg et al. 2000, Jover et al. 2008, Musher et al. 2000, Örtqvist et 
al. 1988). In the study by Musher et al., bilateral infiltrates and pleural effusions were 
significantly more common in bacteremic patients. However, in a multivariate analysis 
only air bronchogram turned out to be a significant differentiator between bacteremic 
and nonbacteremic patients (Musher et al. 2000). Also according to other studies chest 
radiography is similar in these two patient groups (Brandenburg et al. 2000, Jover et al. 
2008, Musher et al. 2000, Örtqvist et al. 1988). 

A complicated course is more common for patients with bacteremic pneumococcal 
pneumonia than nonbacteremic pneumococcal pneumonia. (Brandenburg et al. 2000, 
Musher et al. 2000, Shariatzadeh et al. 2005). Empyema and extrapulmonary (metastatic) 
infections, e.g., meningitis and endocarditis, are mainly seen in bacteremic pneumococcal 
pneumonia (Brandenburg et al. 2000, Musher et al. 2000, Örtqvist et al. 1988). There 
are studies showing equal or higher need for ICU admission in patients with bacteremic 
pneumococcal pneumonia compared to patients with either nonbacteremic pneumococcal 
pneumonia or to patients with any nonbacteremic pneumonia. The frequency of ICU 
admission among the patients with bacteremic pneumococcal pneumonia varies from 15% 
to 44% and in patients with nonbacteremic pneumonia from 10% to 25% (Brandenburg 
et al. 2000, Musher et al. 2000, Shariatzadeh et al. 2005). No significant differences 
have been found in mortality rates between patients with bacteremic pneumococcal 
pneumonia and nonbacteremic cases (Brandenburg et al. 2000, Jover et al. 2008, Musher 
et al. 2000, Shariatzadeh et al. 2005). In nonbacteremic pneumococcal pneumonia 
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mortality has varied from 3% to 15%  whereas it has been 8% to 27% in bacteremic 
disease (Brandenburg et al. 2000, Jover et al. 2008, Musher et al. 2000, Shariatzadeh 
et al. 2005). Higher mortality in bacteremic pneumonia occurs  during the first week of 
hospitalization (Musher et al. 2000). It has also been reported that more than half of the 
patients with bacteremic pneumococcal pneumonia with a fatal outcome die within three 
days after admission (Shariatzadeh et al. 2005, Örtqvist et al. 1988). Patients with either 
anatomical or functional asplenia are a special risk group for fulminant infection; in this 
mortality may reach 55% (Bisharat et al. 2001, Marrie 1999). In the study by Klemets 
et al. mortality of invasive pneumococcal disease among nonelderly adult patients was 
highest in patients with alcohol-related diseases, non-hematological malignancies, 
chronic liver disease, cardiac failure and HIV (Klemets et al 2008b). 

2.5.1.2.	Laboratory diagnosis of S. pneumoniae
A definitive pneumococcal etiology can be established by the recovery of the organism 
by culture from uncontaminated specimens like blood or pleural fluid. The sensitivity of 
blood culture is low, as only a minority of pneumococcal pneumonias are bacteremic. 
The use of PCR on blood, serum or plasma samples does not give a better diagnostic yield 
than blood culture (Dominguez et al. 2001, Murdoch et al. 2003). Pleural effusions are 
present in 13-30% of patients with pneumococcal pneumonia, only a fraction of whom 
have a sufficient amount of fluid for aspiration (Jover et al. 2008, Musher et al. 2000, 
Shariatzadeh et al. 2005, Örtqvist et al. 1988). Also, bacterial culture of pleural fluid is 
an insensitive method, since pleural fluid cultures are positive in only 11% to 32% of 
the cases (Boersma et al. 1993, Falguera et al. 2002, Porcel et al. 2007). Pneumococcal 
antigen detection on a pleural fluid sample has a significantly higher diagnostic yield: 
71 - 89% of the pleural fluid samples of patients with proven pneumococcal pneumonia 
are positive by pneumococcal antigen detection. False positive results are possible but 
the specificity of the test on pleural fluid sample is high, 92-93% (Boersma et al. 1993, 
Porcel et al. 2007). In children, the use of PCR for the detection of S. pneumoniae in 
pleural fluid samples has increased the diagnostic yield of pleural fluid examination on 
pneumococcal pneumonia considerably (Lahti et al. 2006, Le Monnier et al. 2006). The 
only study evaluating the use of PCR on pleural fluid in adult patients with pneumococcal 
pneumonia yielded a sensitivity of 78% and specificity of 93% of the test (Falguera et 
al. 2002). 

Microscopic demonstration of numerous gram positive diplococci in a sputum sample 
of good quality from a patient with CAP is strongly suggestive of pneumococcal 
pneumonia. This may be supported by the finding of S. pneumoniae as the predominant 
isolate in cultures of sputum specimens. Since S. pneumoniae in a sputum sample may 
represent nasopharyngeal colonization of the patient, the etiological diagnosis obtained 
by sputum culture is considered only as probable (Werno and Murdoch 2008). Although 
detection of S. pneumoniae by PCR from a sputum sample is highly sensitive, PCR poses 
an even more difficult challenge to distinguish infection from colonization (Murdoch 
2003b, Murdoch et al. 2003). However, with a real-time quantitative PCR method it is 
possible to quantify pneumococcal DNA and assign diagnostic cut-offs to correspond to 
quantitative culture. Real-time quantitative PCR has increased the diagnostic yield of 
sputum sample almost by the double compared to sputum culture. An additional benefit 
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of this method is that, compared to culture, it yields positive results more frequently also 
in patients on antibiotic treatment before sputum sampling (Johansson et al. 2008).

Previous pneumococcal antigen tests using latex agglutination, ELISA and countercurrent 
immunoelectrophoresis had cross reactions with non-pneumococcal organisms, especially 
when the tests were applied to upper respiratory tract samples. Tests based on latex 
agglutination were poor at detecting antigen in urine, and ELISA-based methods were 
time consuming (Boersma et al. 1991, Sjögren et al. 1987, Venkatesan and Macfarlane 
1992). A newer commercial immunochromatographic membrane assay (Binax NOW 
Streptococcus pneumoniae Urinary Antigen test, Binax, Portland, ME, USA) detects the 
pneumococcal C polysaccharide and is specific for the pneumococcal cell wall which 
is common to all serotypes. False positive results are rare in pneumonia and also in 
other infections caused by organisms other than S. pneumoniae, and thus the specificity 
of the test is 90-100% (Genne et al. 2006a, Gutierrez et al. 2003, Roson et al. 2004b, 
Smith et al. 2003). Pneumococcal vaccine may cause a false positive result for few days 
after vaccination (Priner et al. 2008). After pneumococcal pneumonia, urinary antigen 
detection may remain positive for several weeks (Andreo et al. 2008). When compared 
to conventional methods, the sensitivity of the pneumococcal urinary antigen test has 
been 64-94%, and it has been especially high in patients with bacteremic pneumococcal 
pneumonia (77-92%) and in patients with severe disease (94%) (Genne et al. 2006a, 
Gutierrez et al. 2003, Roson et al. 2004b, Smith et al. 2003). Also, a small increase in 
sensitivity can be achieved by using a concentrated urine sample (Murdoch et al. 2001). 
The diagnostic yield of pneumococcal antigen detection is lower among patients who 
have received antibiotics to treat the current infection (Gutierrez et al. 2003, van der 
Eerden et al. 2005).  

Measurement of the antibody responses to capsular C polysaccharide, to pneumolysin, to 
pneumococcal surface adhesion A and to capsular type-specific polysaccharides has been 
used in antibody assays based on EIA.  Etiological diagnosis is based on a significant 
increase in antibodies in paired sera. Immune complex assays measure capsular C 
polysaccharide, pneumolysin and type-specific polysaccharides and the corresponding 
antibodies. High titers of the immune complex in acute or convalescent serum samples 
are considered diagnostic (Korppi et al. 2008). The sensitivity, and especially the 
specificity, of these serological tests have been suboptimal in adult patients (Korppi et 
al. 2008, Musher et al. 2001, Scott et al. 2000a, Werno and Murdoch 2008). Serological 
responses are detected also in patients who are asymptomatic carriers (Musher et al. 
1997). Serological tests have been used almost exclusively in research and as a tool to 
study vaccine efficacy (Korppi et al. 2008, Leinonen and Mäkelä 2001, Scott et al. 2000a, 
Werno and Murdoch 2008).

2.5.2.	Mycoplasma pneumoniae
Soon after the sulfonamides and penicillins were introduced in the 1940s, some cases 
of pneumonia did not respond to these antibiotics. Neither gram staining nor bacterial 
culture could detect any etiological agent in these cases. The etiological organism of this 
atypical pneumonia was first isolated from the sputum of a patient with pneumonia in 
1944 by Eaton et al. (Eaton et al. 1944). This small organism, named the Eaton agent, 
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was capable to pass through viral filters and  it was first considered to be a virus (Waites 
and Talkington 2004). It was not until the 1960s that this organism was successfully 
cultured. It was identified as a mycoplasma of the class Mollicutes and in 1963 it was 
designated M. pneumoniae (Chanock 1963). 

Mycoplasmas are the smallest self-replicating organisms capable of cell-free existence. 
The cell volume of M. pneumoniae is less than 5% of a typical bacillus and it cannot 
be detected by light microscopy. The small genome of M. pneumoniae, about one sixth 
of the size of Escherichia coli, has limited biosynthetic potential. Thus, mycoplasmas 
depend on host cells to supply the necessary nutrients. Although M. pneumoniae depends 
on close host-cell contact for survival, it is primarily an extracellular pathogen (Waites 
and Talkington 2004). However, in vitro studies have shown that it can penetrate cell 
membranes and invade cells (Dallo and Baseman 2000, Yavlovich et al. 2004).

M. pneumoniae lacks a cell wall. Instead, it is bound by a cell membrane which consists 
of a protein network and sterols. The organism may also elaborate capsular material 
external to the cell membrane. M. pneumoniae has at the one end an attachment organelle 
to facilitate attachment to cell membranes. The P1 protein of the attachment organelle is 
the major element responsible for the interaction of M. pneumoniae with host cells. P1 
is also the target of many of the antibodies produced by the host in response to the M. 
pneumoniae infection.  

Attachment of M. pneumoniae to the respiratory epithelium is necessary for the initiation 
of infection. After adherence to the epithelial cells, M. pneumoniae causes local damage to 
ciliar function and structure and even loss of cilia. Metabolism of the epithelial cells may 
be affected and epithelial cells may become vacuolated or exfoliated. These mechanisms 
are mediated by release of enzymatic and cytolytic metabolites, e.g., hydrogen peroxide, 
and through the immunological properties of M. pneumoniae (Waites and Talkington 
2004). Current evidence suggests that cytokine production and lymphocyte activation 
may play a role in the pathogenesis of pneumonia as well as in the pathogenesis of the 
extrapulmonary manifestations of M. pneumoniae (Tanaka et al. 1996, Tanaka et al. 
2002, Waites and Talkington 2004). The more vigorous the cytokine and cell-mediated 
immune response, the more severe is the pulmonary injury (Tanaka et al. 2002). There 
is also some evidence that host-cell mediated immunity may influence the pattern of 
pulmonary lesions (Tanaka et al. 1996).               

M. pneumoniae is transmitted from person to person by respiratory droplets generated by 
coughing. Infected persons carry the organism in their nose, throat, trachea and sputum. 
The incubation period varies from two to three weeks (Foy et al. 1966). M. pneumoniae 
can be isolated from infected persons for several weeks after the onset of illness and 
even after antibiotic therapy (Foy et al. 1966, Grayston et al. 1965, Nilsson et al. 2008). 
Instead, asymptomatic carriage is uncommon, although it may become more common 
during epidemics (Foy et al. 1966, Nilsson et al. 2008). Unlike many other respiratory 
pathogens, M. pneumoniae lacks an obvious seasonal pattern of occurrence (Foy et al. 
1979). However, there are also epidemiological studies showing a higher rate of M. 
pneumoniae infections during fall and winter and lower rates during summer (Grayston 
et al. 1965, Pönkä 1980).
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M. pneumoniae infections commonly spread among family members (Dorigo-Zetsma et 
al. 2001b, Foy et al. 1966, Nilsson et al. 2008). In a follow-up study of families with an 
index case of M. pneumoniae disease, at least one secondary case was detected in 64% 
of the families. Within these families, 84% of the children and 41% of the adults became 
infected (Foy et al. 1966). Outbreaks have been documented in semiclosed or closed 
settings, like military units and religious communities (Klement et al. 2006, Waring 
et al. 2001). Epidemiological surveys have shown periodicity in the incidence of M. 
pneumoniae infections: the rate of infections peaks often at 3- to 7-year intervals (Foy et 
al. 1979, Hauksdottir et al. 1999, Jansson et al. 1971, Pönkä 1980). Communities in large 
geographical areas, such as the Nordic countries, tend to face M. pneumoniae epidemics 
concurrently (Hauksdottir et al. 1999, Pönkä 1980). Due to the long incubation period 
of M. pneumoniae and the prolonged persistence of the organism in the respiratory 
tract, the epidemics usually last for several months (Foy et al. 1979, Jansson et al. 1971, 
Pönkä 1980). The occurence of different P1 adhesin subtypes might be the reason for 
the cyclic occurrence of M. pneumoniae epidemics in the community. The incidence 
of M. pneumoniae pneumonia varies greatly by age. The incidence is highest during 
the first two decades of life and peaks in children aged 5 to 14 years (Foy et al. 1979). 
There is an associaton between smoking and M. pneumoniae infection according to a 
study conducted during an outbreak of M. pneumoniae among soldiers (Klement et al. 
2006). Compared to adult patients with pneumonia caused by other bacterial pathogens, 
patients with mycoplasma pneumonia are younger and more often have no underlying 
diseases (Miyashita et al. 2002, von Baum et al. 2009).

M. pneumoniae infections may be manifested in the upper respiratory tract, the lower 
respiratory tract or both. According to an epidemiological survey the frequency of clinical 
pneumonia among persons infected with M. pneumoniae is 10% in children and 2% in 
adults (Foy et al. 1979). Higher frequencies, 11% in adults, have been reported during 
outbreaks of M. pneumoniae (Klement et al. 2006). Mycoplasma pneumonia is usually a 
mild disease with a low frequency of hospitalization and a minimal mortality (Foy 1993, 
von Baum et al. 2009). 

The onset of mycoplasma pneumonia is gradual. Patients have usually been symptomatic 
for several days before admission (Pönkä 1978). Fever and typically dry, occasionally 
productive cough is present in almost all patients with mycoplasma infections (Clyde 
1993, Mansel et al. 1989, Miyashita et al. 2002). Sore throat and headache are also 
common and occur in more than half of the patients with mycoplasma pneumonia. Chills, 
shortness of breath and chest pain are rare (Clyde 1993, Mansel et al. 1989, Miyashita 
et al. 2002). In patients with mycoplasma pneumonia, cough may continue for three 
to four weeks. The duration of cough is shorter when the patient has been treated with 
antibiotics (Pönkä 1978). 

M. pneumoniae infections are associated with several extrapulmonary manifestations. 
Most common of these complications are skin and mucosal involvement and central 
nervous system manifestations. A wide range of dermatologic conditions have been 
reported in conjunction with mycoplasma pneumonia e.g. erythematous maculopapular 
and vesicular rashes and erythema multiforme. In addition, M. pneumoniae is the most 
common microbial agent associated with the Stevens-Johnson syndrome (Sanchez-
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Vargas and Gomez-Duarte 2008, Waites and Talkington 2004). Meningoencephalitis and 
encephalitis are the most common of the central nervous system manifestations, followed 
by polyradiculitis and aseptic meningitis (Sanchez-Vargas and Gomez-Duarte 2008, 
Waites and Talkington 2004). Less common manifestations are myocarditis, pericarditis, 
hemolytic anemia and renal or other organ involvemet. Autoimmune reactions may be 
responsible for many of these complications. Yet, as M. pneumoniae has been detected 
by PCR in cerebrospinal fluid, synovial fluid, pericardial fluid and skin lesions, the role 
of direct invasion of the organism in the pathogenesis of extrapulmonary manifestations 
cannot be excluded. Extrapulmonary manifestations may occur either before, during or 
after pulmonary disease, as well as in the absence of any respiratory symptoms (Waites 
and Talkington 2004). In studies with both children and adult patients with mycoplasma 
infection, extrapulmonary manifestations have been observed in 5% to 12% of the 
patients.  Not surprising, the highest frequency occurs in hospitalized patients (Grayston 
et al. 1965, Mansel et al. 1989, Pönkä 1978). 

2.5.2.1.	Laboratory diagnosis of M. pneumoniae
Culture of M. pneumoniae is laborious, expensive and extremely slow. It requires 
incubation of up to several weeks. Even in experienced laboratories the sensitivity of 
the culture is only 60%. Also, the utility of antigen detection methods is low due to poor 
sensitivity as a consequence of cross- reactivity with other mycoplasmas (Waites and 
Talkington 2004). 

PCR can be used for detection of M. pneumoniae in respiratory samples as well as 
in samples of body fluids and tissue samples. Nasopharyngeal swabs, throat swabs, 
sputum and BAL are the respiratory samples suitable for the PCR testing. Compared 
to nasopharyngeal and throat swab samples, the yield of PCR is higher when sputum 
samples are analyzed (Dorigo-Zetsma et al. 2001a, Räty et al. 2005). However, only 
about half of the patients with M. pneumoniae pneumonia are able to produce a sputum 
sample (Mansel et al. 1989).  

Numerous in-house PCR assays to detect M. pneumoniae have been developed. The 
described methods have different extraction methods, target regions and amplification 
methods. The P1 gene and 16S rRNA are the most common targets (Loens et al. 2003). 
Regardless of various patient populations, sample types and PCR methods, the findings 
of the studies of the use of M. pneumoniae PCR have consistently shown that PCR is 
highly specific and more sensitive than culture (Loens et al. 2003, Morozumi et al. 2004, 
Waring et al. 2001). Some of the studies on M. pneumoniae PCR have reported a poor 
correlation between antibody response and positive PCR result, which may be due to 
asymptomatic carriage (Dorigo-Zetsma et al. 2001a, Loens et al. 2003, Templeton et 
al. 2003). Also, M. pneumoniae can be detected by PCR before an antibody response is 
diagnostic. Conversely, the PCR test is more probably positive during the first weeks of 
the disease, while the antibody response remains positive for a longer period (Daxboeck 
et al. 2003, Nilsson et al. 2008, Waites and Talkington 2004). Moreover, a diagnostic 
antibody response is not observed in all patients with M. pneumoniae infection (Daxboeck 
et al. 2003). In a study population of adult patients with CAP, Dorigo-Zetsma et al. found 
that the patients with positive PCR and negative serology were significantly older than 
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those who were positive by both PCR and serology (Dorigo-Zetsma et al. 2001a).There 
are also studies showing a good agreement between PCR and serology (Morozumi et al. 
2004, Nilsson et al. 2008).

Even before the bacteriological characterization of M. pneumoniae, the presence of cold 
agglutinins was used in the diagnostics of atypical pneumonia. Cold agglutinins are 
IgM antibodies that are considered to develop either as a result of antigenic alteration 
of the erythrocytes caused by M. pneumoniae or due to development of cross-reactive 
autoantibodies directed to antigen 1 on erythrocytes during M. pneumoniae infection. 
Cold agglutinins appear in about 50% of patients with M. pneumoniae infection one to 
two weeks after the onset of infection. Cold agglutinins are induced also in patients with 
other bacterial and viral infections. Although the test for cold agglutinins is fast and easy 
to perform, the popularity of testing cold agglutinins has declined with the development 
of more specific and sensitive serological methods (Daxboeck et al. 2003, Waites and 
Talkington 2004). 

Serological diagnosis has been the cornerstone of M. pneumoniae diagnosis. IgM 
antibodies appear during the first week of illness, peak during the third week and decline 
to low levels within a few months (Beersma et al. 2005, Daxboeck et al. 2003). In the 
first week after the onset of illness, IgM is positive in only a minority, about 20%, of 
the patients. Although a positive IgM finding in the acute phase sera is diagnostic for 
M. pneumoniae, a convalescent serum sample is often needed to confirm the diagnosis 
(Beersma et al. 2005, Talkington et al. 2004). IgM antibodies are not always produced in a 
reinfection of adult patients (Vikerfors et al. 1988). IgG antibodies appear approximately 
2 weeks later than IgM antibodies. Adults may produce IgG more quickly as an anamnestic 
response to reinfection (Talkington et al. 2004). In Finland, during a nonepidemic period, 
the seroprevalence to M. pneumoniae in an adult population was 40%. In subjects aged 
over 65 years, the seroprevalence was 60% (Tuuminen et al. 2000). Thus, on IgG-based 
diagnosis, a defined rise in antibody titer in paired sera is considered diagnostic. 

The complement fixation test was the first method developed for serological testing 
for M. pneumoniae. Until recently it has also been the most popular serological test. 
Complement fixation measures mainly the early IgM response and, only to a minor extent, 
IgG antibodies. The diagnostic value of complement fixation test is limited in the elderly. 
The antigen used in this test may undergo cross-reactions with other bacteria and human 
tissues. A four-fold increase in titer in paired serum samples or a highly elevated single 
titer is considered diagnostic (Daxboeck et al. 2003, Waites and Talkington 2004).

Today, EIAs are the most widely used mycoplasma serology tests. Most of the EIA 
tests detect IgM and IgG antibodies separately, while some of the tests detect them 
simultaneously, or detect only IgM antibodies. Although some of the EIA assays show 
modest specificity, usually specificity is good, >95%. Instead, the assays show wide 
variation in sensitivity, which ranges from 32% to 84% (Beersma et al. 2005, Petitjean 
et al. 2002). The sensitivity and specificity of EIA IgM assays are usually similar to the 
complement fixation test. However, testing for IgG in addition to IgM in paired serum 
samples generates better diagnostic yields than those obtained by complement fixation 
tests (Beersma et al. 2005).
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2.5.3.	Chlamydophila pneumoniae
C. pneumoniae was isolated in 1965 from a conjunctival swab specimen during a 
trachoma vaccination trial in Taiwan. The association of C. pneumoniae with CAP 
was demonstrated by Saikku et al. in 1985, when they described an epidemic of mild 
pneumonia affecting adolescents and young adults in northern Finland in 1978 (Saikku 
et al. 1985). C. pneumoniae was initially thought to be an exclusively human pathogen. 
Now, several studies have demonstrated that C. pneumoniae may be a causative agent 
of infections in a variety of animal species, although zoonotic transmission has not thus 
far been reported (Kutlin et al. 2007). Pneumonia caused by C. pneumoniae may be 
sporadic or epidemic. Outbreaks of C. pneumoniae have been observed in families, 
schools, nursing homes and among military recruits (Kleemola et al. 1988, Mordhorst 
et al. 1992, Nakashima et al. 2006, Pether et al. 1989). Transmission is apparently rather 
inefficient, but does occur from person to person via respiratory secretions (Kuo et al. 
1995). The prolonged case-to-case intervals in outbreaks indicate that C. pneumoniae 
has a long incubation time, nearly four weeks (Kauppinen and Saikku 1995, Kuo et al. 
1995). Initial reports of C. pneumoniae pneumonia emphasized that the pneumonia is 
rather mild and affects mostly adolescents and young adults. However, C. pneumoniae 
may be associated with severe pneumonia (Balis et al. 2003, Kauppinen and Saikku 
1995), also in the elderly (Kauppinen et al. 1996, Miyashita et al. 2002, Nakashima et 
al. 2006). Among Finnish adult patients with CAP, there was no difference by age in the 
frequency of C. pneumoniae (Jokinen et al. 2001).

C. pneumoniae is a common cause of a wide variety of respiratory infections, usually 
only mildly symptomatic or even asymptomatic (Kuo et al. 1995). During epidemics 
among military recruits in Finland, about 10% of C. pneumoniae infections manifested 
themselves as pneumonia (Kleemola et al. 1988). C. pneumoniae infections are often 
acquired early in life. Thus, seroprevalence of C. pneumoniae is high: about 50% of all 
adults have detectable levels of antibodies to the organism.  The seroprevalence continues 
to increase into older age groups and reaches approximately 75% in the elderly (Karvonen 
et al. 1993, Kuo et al. 1995). Accordingly, among adults C. pneumoniae pneumonia is 
more often a reinfection than a primary infection (Kauppinen et al. 1996, Miyashita et 
al. 2002). In the community, C. pneumoniae infections appear in epidemic cycles of up 
to ten years with intervening periods of higher and lower prevalence (Gnarpe et al. 1999, 
Karvonen et al. 1993). 

There is no association between C. pneumoniae pneumonia and specific underlying 
conditions (Kauppinen et al. 1996, Miyashita et al. 2002). A gradual onset of symptoms 
is typical. Upper respiratory symptoms, pharyngitis and hoarseness may precede 
pneumonia. Cough is very common and is often prolonged; sputum production is often 
scant and nonpurulent. Fever may be of low grade or even absent (Kauppinen and Saikku 
1995, Kuo et al. 1995). Miyashita et al. reported that the average body temperature on 
admission is lower among patients with C. pneumoniae pneumonia than pneumococcal 
pneumonia (Miyashita et al. 2002). Kauppinen et al. reported that symptoms of central 
nervous system, headache and confusion are more common among patients with C. 
pneumoniae pneumonia than pneumococcal pneumonia. Also, in that study patients with 
C. pneumoniae had a longer duration of symptoms and they had more often received 
antibiotic treatment before admission (Kauppinen et al. 1996). 
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2.5.3.1.	Laboratory diagnosis of C. pneumoniae
C. pneumoniae, being an obligate intracellular bacterium, is difficult to isolate from 
clinical samples. Also, as C. pneumoniae may invade deeper layers of the epithelium, it 
can be difficult to obtain a proper sample for isolation (Kauppinen et al. 1996). Technical 
complexity, limited availability and low yield do not make the use of culture as a routine 
diagnostic tool attractive (Kumar and Hammerschlag 2007).

The most common way to diagnose C. pneumoniae infection is serology. Assays available 
for detection of C. pneumoniae-specific antibodies include MIF tests, and EIAs/ELISAs 
(Kumar and Hammerschlag 2007). Owing to the high seroprevalence among adults, 
paired serum samples are usually required for a serological diagnosis of C. pneumoniae 
pneumonia. The serological response may also take a considerable time to develop. In 
primary infections, IgM antibodies appear up to 2 to 3 weeks after the onset of illness 
and remain positive for 2 to 6 months. IgG antibodies appear 6 to 8 weeks after infection. 
Usually, IgM antibodies do not appear in reinfections. Instead, the IgG antibody titer 
increases quickly, within two weeks, in reinfections (Dowell et al. 2001). 

MIF is the most widely used method and the gold standard for the diagnosis of C. 
pneumoniae. The method is, however, technically demanding and its interpretation is 
subjective (Dowell et al. 2001). With MIF, single IgM titers of ≥1:16 or 4-fold increases 
of IgG titers are recommended as criteria for acute infection (Dowell et al. 2001). A 
number of EIA/ELISA methods have been commercially developed. These methods 
are relatively simple to perform and not very time consuming. Reading of the result is 
photometrical and thus more objective (Hoymans et al. 2003). In addition, antibodies to 
lipopolysaccharide, the antigen used in EIA/ELISA, develop early in infection which 
allows the detection of seropositivity earlier than with MIF (Ekman et al. 1993). The 
reported sensitivities and specificities of these methods range from 62% to 97% and 
from 71% to 87%, respectively (Hoymans et al. 2003). 

PCR has been used for detection of C. pneumoniae in nasopharyngeal swab specimens, 
throat swab specimens, sputum and BAL specimens (Dowell et al. 2001, Kumar and 
Hammerschlag 2007). At least 31 in-house PCR assays for detection of C. pneumoniae 
have been published (Kumar and Hammerschlag 2007). Among 18 different PCR assays 
using various C. pneumoniae-specific primers, only 4 assays met the validation criteria 
set by a group of experts in the field. The sensitivity and specificity of most of the PCR 
methods are unknown (Dowell et al. 2001). PCR assays cannot differentiate between 
acute C. pneumoniae infections and nasopharyngeal carriage (Miyashita et al. 2001). In 
addition, significant intercenter discordance of detection rates has been reported, even 
when the same tests have been used (Kumar and Hammerschlag 2007). An additional 
open question is what is the optimal sample for PCR testing for C. pneumoniae. The 
question will relate to the fact that the epithelium of the upper respiratory tract contains 
C. pneumoniae only in extremely small numbers (Kauppinen and Saikku 1995). 

2.5.4.	Legionella spp.
An outbreak of pneumonia at the American Legion Convention in Philadelpia in 1976 
led to the identification of a new pathogen,  Legionella pneumophila (McDade et al. 
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1977). The disease was called Legionnaires’ disease.  Since then more than 50 Legionella 
spp. have been identified and L. pneumophila has been found to comprise at least 16 
different serogroups (Diederen 2008). L. pneumophila accounts for 90% of the cases of 
legionellosis and serogroup 1 for more than 70% of them (Ricketts and Joseph 2007, von 
Baum et al. 2008). Legionella is an etiological agent for both community-acquired and 
nosocomial pneumonia and occurs both sporadically and in outbreaks. The incidence 
varies by geographic area and season. In Europe, the highest incidence (25-28 per million 
persons) has been reported in Spain and Croatia (Ricketts and Joseph 2007), whereas the 
incidence of legionellosis in Finland has been 3-9 per million persons (Hulkko et al. 
2008). In countries with a moderate climate, like Finland, legionellosis is often travel-
associated (Diederen 2008, Hulkko et al. 2008). The source of Legionella spp. is often 
a water supply system or air conditioning system. Legionellae are usually acquired by 
inhalation of an infectious aerosol, but also microaspiration of water contaminated with 
legionella may cause transmission. The incubation time of legionellosis is 2 to 10 days 
(Diederen 2008). 

Typically, L. pneumophila causes severe pneumonia with high mortality rates. However, 
advances in the etiological diagnostics of legionella have substantially increased the 
rate of diagnosis of L. pneumophila and it has become evident that L. pneumophila  is 
a potential pathogen of pneumonia also in ambulatory patients (von Baum et al. 2008). 
Mortality rates have decreased since 1990, when mortality was around 26% to current 
rates of around 10% in community-acquired L. pneumophila pneumonia (Benin et 
al. 2002). In addition to respiratory signs and findings legionella pneumonia may be 
associated with diarrhea, headache, elevated creatine kinase and hyponatremia (Sopena 
et al. 1998). It has been shown that it is not possible to distinguish patients with legionella 
pneumonia from patients with other etiological agents on a purely clinical basis (Diederen 
2008).  Pneumonia due to non-pneumophila Legionella spp. resembles pneumonia due 
to L. pneumophila (Muder and Yu 2002). Recognized risk factors for nosocomial and 
community-acquired Legionnaires’ disease are older age, current smoking, diabetes, 
end-stage renal failure, and cancer, especially hematological malignancies (Marston et 
al. 1994). In a recent study focusing on sporadic community-acquired Legionnaires’ 
disease, diabetes and smoking were the only independent risk factors for the disease 
(Den Boer et al. 2006). 

2.5.4.1.	Laboratory diagnosis of Legionella spp.
Legionellae are slow-growing fastidious bacteria, and successful culture requires 
selective media and prolonged incubation periods. Culture on buffered-charcoal yeast 
extract (BCYE) plates is the gold standard for the laboratory diagnosis of legionellosis 
(Diederen 2008). Legionella spp. can be isolated from blood cultures, but the yield is poor, 
only 0% to 6% (Waterer et al. 2001). Sputum and bronchoscopy samples are the samples 
of choice. A major limitation of sputum culture is that fewer than 50% of the patients 
with legionella pneumonia produce sputum (Sopena et al. 1998). Some patients with 
legionella pneumonia produce sputum that has little purulence. However the rejection 
criteria applied to conventional sputum culture should not be applied to sputum samples 
taken for legionella isolation (Ingram and Plouffe 1994, Murdoch 2003a). The sensitivity 
of culturing sputum for Legionella spp. is usually less than 50%, if serology is used as 



40	 Review of the Literature	

the standard (Murdoch 2003a). Direct fluorescent antibody staining can also be used for 
detection of Legionella spp. from respiratory samples. The test is quick but technically 
demanding. The sensitivity of the test does not exceed that of culture (Murdoch 2003a). 

Detection of Legionella antigen in urine sample permits early diagnosis of legionella 
pneumonia. Legionella antigenuria can be detected one day after the onset of the symptoms 
and persists for days to weeks. Methods based on radioimmunoassay and EIA have been 
available soon after the first recognized outbreak of L. pneumophila in Philadelphia. 
Today, a commercial immunochromatographic assay is most commonly used. This test 
is easy to perform and provides a result within 15 min (Murdoch 2003a). Urinary antigen 
detection tests are most sensitive for the detection of L. pneumophila serogroup 1, less 
sensitive for other serogroups and poorly sensitive for other Legionella spp. The average 
sensitivity of the test is 70% to 80%, and the specificity 99% (Diederen 2008). Today, 
urinary antigen detection is the most common method to identify Legionella infection 
(Ricketts and Joseph 2007). 

Besides providing the test result rapidly, Legionella PCR testing allows concomitant 
detection of all Legionella spp. (Diederen et al. 2008, Murdoch 2003a). In routine clinical 
practice the sensitivity of the Legionella PCR test on respiratory samples is 86% to 92%, 
and the specificity 95% to 98% (Diederen et al. 2008). The PCR test has also been 
applied on urine and serum samples, but the sensitivity of the test on these samples is 
lower than on respiratory samples (Diederen et al. 2008, Murdoch 2003a).

Serological testing for Legionella spp. is a valuable epidemiological tool but has 
little impact on clinical decision making because of the time delay before the result 
is available. Indirect immunofluorescence is the most popular method. Other methods 
include ELISA, counterimmunophoresis and microagglutination techniques (Waterer et 
al. 2001). The measurement of specific IgM is an unreliable marker of an acute infection 
and a convalescent serum sample is required to confirm the diagnosis of legionella. A 
4-fold or greater increase in reciprocal antibody titer to ≥128 is considered diagnostic 
(Murdoch 2003a). The reported sensitivities of serological assays vary from 60% to 
80% (Diederen 2008, Waterer et al. 2001). Infection with Legionella spp. other than L. 
pneumophila leads to seroconversion in fewer than half of the cases and the identification 
of different species and serogroups by serological testing may not be possible (Waterer 
et al. 2001). 

2.5.5.	Staphylococcus aureus
Blood culture and sputum culture are available to detect S. aureus in patients with CAP. 
Serological diagnosis of S. aureus may be useful in bacteremia and endocarditis (Larinkari 
and Valtonen 1984) but less is known about the usefulness of staphylococcal serology 
in pneumonia. S. aureus is an infrequent agent of CAP; it is more common in patients 
with severe pneumonia and in elderly patients with CAP than young and less severely 
ill patients (Leroy et al. 1995, Tan et al. 1998, Vila-Corcoles et al. 2009, Zalacain et al. 
2003). During the influenza season, especially during pandemics, S. aureus can lead to 
secondary bacterial infection in previously healthy persons (Kallen et al. 2009). In recent 
years several cases of severe necrotizing pneumonia caused by methicillin-resistant 
S. aureus (MRSA) have been reported in the USA and to a lesser extent in Europe. 
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The organism responsible for these cases has a specific virulence factor, the Panton-
Valentine leukocidin. Patients with this type of necrotizing pneumonia are often young 
and previously healthy. Concomitant or preceding influenza or another viral infection is 
common (Kallen et al. 2009).

2.5.6.	Gram negative bacteria
Gram negative bacteria causing CAP are usually detected by sputum culture. Some of 
the gram negative bacteria, like Pseudomonas aeruginosa and Klebsiella pneumoniae, 
occasionally cause invasive, bacteremic disease which can be detected by blood culture 
(Paganin et al. 2004, Tan et al. 1998). During the recent years, the use of multiplex 
PCR for detection of the main CAP agents including Haemophilus influenzae has been 
developed. Considering H. influenzae, the results of PCR tests have been comparable 
to sputum culture, although a positive result of H. influenzae by PCR may represent 
colonization (Morozumi et al. 2006, Strålin et al. 2006). Epidemiological studies have 
utilized serological testing for H. influenzae and Moraxella catarrhalis (Almirall et al. 
2000, Jokinen et al. 2001).

The most common gram negative bacterial species causing CAP is H. influenzae. In 
adult patients, CAP is usually caused by some nontypeable strain of H. influenzae 
(Mandell 2004). Up to 80% of healthy persons are carriers of these nontypeable H. 
influenzae strains. In patients with chronic pulmonary disease, the lower respiratory tract 
may be colonized by H. influenzae (Murphy et al. 1999). Consequently, the prevalence 
of H. influenzae pneumonia is higher among patients with COPD (Mandell et al. 2007). 
M. catarrhalis is a less common colonizer of the oropharynx (1-5% of healthy adults). 
Similar to H. influenzae, adults with chronic lung disease have a higher rate of respiratory 
tract colonization with M. catarrhalis than healthy adults. In general, M. catarrhalis is an 
infrequent cause of CAP. Yet, patients with COPD and elderly patients may develop this 
disease (Murphy 1998). Neither H. influenzae nor M. catarrhalis tend to cause fulminant 
pneumonia (Mandell 2004, Murphy 1998).

Unlike H. influenzae, other gram negative rods, such as K. pneumoniae and P. aeruginosa, 
are uncommon causes of CAP. However, they are potential causative agents of severe 
pneumonia, especially among patients admitted to an ICU and elderly patients. Gram 
negative rods other than H. influenzae are detected from 6 % to 27% of CAP patients 
admitted to an ICU and from 12% to 24% of elderly patients (Leroy et al. 1995, Paganin 
et al. 2004, Rello et al. 2003, Ruiz et al. 1999b, Valencia et al. 2007, Vila-Corcoles et al. 
2009, Zalacain et al. 2003). Arancibia et al. compared the clinical features of patients 
with CAP due to gram negative bacteria and patients with CAP due to other etiological 
agents, including H. influenzae. They found that patients with CAP due to gram negative 
bacteria had a lower body temperature (37.2°C vs. 37.6°C), were less likely to report 
chills (19% vs. 41%) or preceding symptoms of upper airway infections (11% vs. 34%) 
and were more likely to present with dyspnea (85% vs. 72%). Acute respiratory failure 
(77% vs. 57%) and severe sepsis or septic shock (42% vs. 22%) were present significantly 
more often (Arancibia et al. 2002). Typically, gram negative rods are encountered in 
patients with comorbidities, particularly in patients with a pulmonary comorbidity. 
COPD and bronchiectasis are the main pulmonary comorbidities predisposing to these 
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pathogens (Arancibia et al. 2002, Mandell 2004, Ruiz et al. 1999a). The mortality rates 
in pneumonia caused by gram negative rods are higher compared to other etiological 
agents, up to 18% among hospitalized patients and 44% to 75% among patients admitted 
to an ICU (Arancibia et al. 2002, Kang et al. 2008, Paganin et al. 2004, Rello et al. 2003, 
Ruiz et al. 1999a, Tan et al. 1998).    

2.5.7.	Other bacteria and yeasts as causative agents of CAP 
Other less common causes of CAP include Streptococcus pyogenes, Francisella 
tularensis, Chlamydia psittaci, Coxiella burnetii, anaerobes, and yeasts. These pathogens 
have to be considered if the patient has a known risk factor, e.g., exposure to particular 
animals or travel to endemic areas (Mandell et al. 2007). In Finland, F. tularensis is a 
possible etiological agent that has to be considered depending on the geographical area 
and epidemiological situation (Hulkko et al. 2008, Syrjälä et al. 1985). Farming activities 
such as making and handling dry hay are common sources of infection in tularemia cases 
with respiratory symptoms (Syrjälä et al. 1985).   

2.5.8.	Viral pneumonia
In previous studies, the percentage of CAP of viral etiology has ranged from 2% to 23%. 
Influenza viruses have been the most common viral agents (Jokinen et al. 2001, Lim et al. 
2001, Roson et al. 2001, Woodhead et al. 1987) (Table 5). In recent studies, with the use 
of PCR tests, viral agents have been identified in 15% to 56% of the patients with CAP. 
Besides influenza viruses, rhinovirus and cononavirus have been the most common viral 
agents in these studies (Angeles Marcos et al. 2006, Charles et al. 2008a, Jennings et al. 
2008, Johnstone et al. 2008b, Templeton et al. 2005). More than half of the patients with 
CAP with a viral etiology have some comorbidity (de Roux et al. 2004, Jennings et al. 
2008, Johnstone et al. 2008b). Patients with pure viral pneumonia are significantly more 
likely to have a history of cardiac disease or chronic heart failure than patients with mixed 
or pure bacterial pneumonia (de Roux et al. 2004, Johnstone et al. 2008b). Moreover, in 
more than half of the patients with CAP associated with a respiratory virus, the illness 
has been severe (de Roux et al. 2004, Jennings et al. 2008, Johnstone et al. 2008b). 
CAP of viral etiology cannot be differentiated from CAP of other etiologies by clinical 
picture, radiologic presentation or laboratory values (de Roux et al. 2004). Bacterial 
agents co-occur often with viral agents. Also, during previous influenza pandemics, 
bacterial pneumonia probably had a predominat role as a cause of death (Morens et 
al. 2008). The mechanisms by which viral infection predisposes to bacterial infections 
include destruction of respiratory epithelium, virus-induced immunosuppression and an 
inflammatory response to viral infection that may up-regulate expression of molecules 
that bacteria utilize as receptors (Kirchberger et al. 2007, Peltola and McCullers 2004).

2.5.8.1.	Influenza viruses
Influenza viruses are members of the family Orthomyxoviridae and are classified into 
three distinct types, influenza A, influenza B and influenza C viruses. Influenza A viruses 
are further subtyped based on differences in the surface glycoproteins hemagglutinin 
and neuraminidase. Antigenic variation due to point mutations in the hemagglutinin 
and neuraminidase genes occurs in influenza A and B viruses. As a consequence of this 
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antigenic drift, influenza A and B viruses cause epidemic disease in humans annually and 
are more common than influenza C which causes only sporadic and usually mild disease. 
Unlike influenza B, influenza A has a natural reservoir in animals, especially domestic 
and wild birds, and swine. This reservoir allows more profound antigenic variation.  
This antigenic shift is the basis of the emergence of pandemic strains of influenza A 
(Beigel 2008, Cox and Subbarao 1999, Trifonov et al. 2009). Although 16 subtypes 
of hemagglutinin and 9 types of neuraminidase of influenza A have been identified, 
only subtypes 1-3 of the hemagglutinin proteins and subtypes 1-2 of the neuraminidase 
proteins have caused epidemic and pandemic activity in man since 1900. Human cases 
and outbreaks of avian influenza have also occurred. Avian influenza virus acquiring 
the capacity for effective human-to-human transmission is another mechanism for the 
development of a new pandemic influenza virus (Beigel 2008, Cox and Subbarao 1999, 
Gambotto et al. 2008). The ongoing pandemia is caused by a new strain of human H1N1 
influenza A virus which was first identified in Mexico in April 2009. Genomic analysis 
of the virus indicates that it is closely related to common reassortant swine influenza A 
viruses isolated in Europe, North America, and Asia (Trifonov 2009).  

In the northern climates influenza epidemics occur during the winter, whereas in the 
tropics influenza appears throughout the year (Beigel 2008). Influenza epidemics are 
associated with excess morbidity and mortality. There is some year-to-year variation 
in influenza-associated hospitalization and mortality; excess hospitalization and 
mortality is higher in the years when influenza viruses H3N2 predominate compared 
to the years when influenza viruses H1N1 or influenza B predominate (Thompson et 
al. 2004, Thompson et al. 2003). An annual estimate of hospitalization for pneumonia 
and influenza in the USA is 95 000 for primary pneumonia and 130 000 for any listed 
pneumonia. Considering that influenza virus activity is associated with an increase in 
hospitalizations also for a broad range of cardiopulmonary causes, influenza is estimated 
to be associated annually with 200 000 to 300 000 hospitalizations. Hospitalization rates 
are highest among patients aged 65 years or older, above all in patients 85 years or older 
(Thompson et al. 2004). Annual estimates of underlying pneumonia and influenza deaths 
in the USA were 8000 and all-cause of deaths associated with influenza 50 000. Most of 
the underlying pneumonia and influenza deaths occurred among persons aged 65 years 
or older (Thompson et al. 2003).

Small-particle aerosols, droplets and direct contact are the transmission pathways for 
influenza (Weber and Stilianakis 2008). The influenza virus attaches and invades the 
epithelial cells of the respiratory tract. Viral replication in these epithelial cells leads 
to release of proinflammatory cytokines and necrosis of ciliated cells. The incubation 
period is from 1 to 4 days. Viral shedding begins before the onset of illness and continues 
1 to 3 days after the onset of illness. In children and immunocompromised patients 
shedding of the virus can continue even for weeks (Beigel 2008). 

The classic clinical symptoms of influenza are fever with an abrupt onset, accompanied by 
myalgia, sore throat and non-productive cough. The proportion of patients complaining 
of these and other symptoms like headache and malaise varies by age. The duration 
of fever is typically 2 to 3 days (Beigel 2008, Cox and Subbarao 1999). Pneumonia 
associated with influenza may be primary viral pneumonia, mixed viral and bacterial 
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pneumonia or secondary bacterial pneumonia. In the study by Oliveira et al. nearly 
half of the adult patients hospitalized for influenza A had pneumonia. The patients who 
developed pneumonia were older and they had more often asthma or COPD compared 
to patients with only upper respiratory disease of influenza A. Symptoms of the patients 
with pneumonia and upper respiratory tract infection were similar except that the patients 
with pneumonia had significantly more often shortness of breath. Admission to an ICU 
and mortality rates were high among the patients with influenza A and pneumonia, 
59% and 29%, respectively (Oliveira et al. 2001). Although the majority of the patients 
with influenza pneumonia are old and have comorbid conditions, such as heart disease, 
COPD, renal disease, diabetes or immunosuppression, serious influenza pneumonia may 
also occur in previously healthy patients (Oliveira et al. 2001). 

2.5.8.2.	Respiratory syncytial virus (RSV)
RSV belongs to the Paramyxoviridae family and was first isolated in 1956 (Blount 
et al. 1956). RSV is divided into two major groups, A and B. During outbreaks these 
strains circulate simultaneously with alternating predominance (Waris 1991). In Finland, 
RSV follows a regular 2-year pattern: during the odd-numbered years there is a limited 
spring outbreak, followed by a more forceful winter outbreak around the next New Year 
(Hulkko et al. 2008, Waris 1991). 

Transmission of RSV occurs by large droplets and fomites and requires thus close 
person-to-person contact or contact with contaminated environmental surfaces and 
autoinoculation (Falsey and Walsh 2000, Hall 2001). After an incubation period, RSV 
replicates in the nasopharyngeal epithelium. With spread to the lower respiratory tract, 
necrosis of the epithelium and increased mucus secretion obstruct the small airways. 
Complete restoration of the airways may take weeks (Falsey and Walsh 2000, Hall 
2001). The mean duration of viral shedding is four days (Hall et al. 2001).  

Virtually all children have experienced RSV in the first few years of their life and 
reinfections occur throughout life (Falsey and Walsh 2000, Hall 2001). RSV is one of the 
most important viral agents causing severe lower respiratory tract infection in infants and 
young children (Jartti et al. 2004, Juven et al. 2000). Reinfections of RSV in adults present 
often as mild upper respiratory tract infections, but lower respiratory tract symptoms 
do occur in 22% of previously healthy adult patients with  RSV infection (Hall et al. 
2001). Compared to influenza, RSV is less often associated with fever and headache, 
but more often with nasal congestion, ear and sinus involvement and productive cough. 
The mean duration of illness is 9.5 days, which is significantly longer than in influenza 
(Hall et al. 2001). In a study on adult hospitalized patients with pneumonia, wheezing by 
history or wheezing or rhonchi on physical examination were the clinical features that 
most clearly separated the RSV-infected patients from patients with pneumonia caused 
by influenza, bacteria or an atypical agent. Of 57 RSV-infected patients 21% required 
treatment in an ICU, and 7% required respiratory support (Dowell et al. 1996). RSV is 
especially among the elderly an important cause of acute lower respiratory tract disease. 
The estimated yearly attack rate of RSV in an institution for elderly people is 5% to 10% 
of all residents; pneumonia rates vary from 10% to 20% among those infected with RSV 
and death rates from 2% to 5% (Falsey and Walsh 2000). In the USA, the annual estimate 
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of pneumonia and RSV deaths is 2700, 90% of which occurs in persons aged 65 years or 
older (Thompson et al. 2003). 

2.5.8.3.	Parainfluenza virus (PIV)
PIVs were isolated in the late 1950s. They belong to the Paramyxoviridae family and are 
genetically and antigenically divided into types 1 to 4 (Henrickson 2003). Close contact 
or surface contamination and autoinoculation by large droplets are apparent modes of 
transmission, while airborne transmission is considered to be unlikely.  The respiratory 
epithelium is the major site of virus binding and infection. Focal tissue destruction caused 
by PIV is usually mild and rapidly repaired (Henrickson 2003). 

Most children are infected by PIV 1-3 during the first three years of life. According to 
seroprevalence studies, PIV4 infections occur mainly later in childhood. Reinfections 
occur throughout life. PIV infections are usually mild infections of the upper respiratory 
tract. In children, in immunocompromised adults and in the elderly PIV1 and PIV3 
are also important causes of lower respiratory tract infections. PIVs vary by seasonal 
epidemiology and by type. Peak seasons for PIV1 and PIV2 occur biennially in the fall 
or early winter and annually in the spring for PIV3 (Hall 2001, Henrickson 2003). In a 
study among adults hospitalized for lower respiratory tract infection, PIV 1 was detected 
in 2.5%, PIV 3 in 3.1%, and PIV2 in 0.2% of the patients. Of the patients with PIV3 
infection, 59% had an infiltrate on chest radiograph, 23% required treatment in an ICU, 
and 15% required respiratory support (Marx et al. 1999).

2.5.8.4.	Adenovirus
Adenoviruses are a common cause of many infections in childhood. Since the first isolation 
of the adenovirus in 1953, 51 different serotypes have been recognized. Less than 10 of 
the serotypes cause most of the human infections (Schmitz et al. 1983). Transmission 
of adenovirus infections occurs by direct contact, by small-droplet aerosols and by the 
orofecal route. The incubation period of the adenovirus is 4 to 5 days (Baum 2005). 
Epidemics of adenovirus infections have been reported in military recruits.  In adults, 
adenoviruses rarely cause CAP, but when this is the case adenovirus pneumonia may be 
severe and even fatal even among immunocompetent patients (Hakim and Tleyjeh 2008, 
Retalis et al. 1996).     

2.5.8.5.	Rhinovirus and enterovirus
Rhinoviruses and enteroviruses belong to the Picornaviridae family and share basic 
properties, e.g., 40% to 60% homology between their genomes. More than 100 rhinovirus 
serotypes and more than 60 enterovirus serotypes have been identified (Kirchberger et 
al. 2007, Modlin 2005). Rhinoviruses are the most common causes of the common cold 
appearing throughout the year with seasonal peaks in fall and spring (Kirchberger et 
al. 2007, Mäkelä et al. 1998, Peltola et al. 2008). Upper respiratory tract infection is 
also the most common manifestation of enterovirus infection. The enteroviruses are 
causative agents of a wide range of other illnesses, e.g., meningitis, myopericarditis and 
poliomyelitis (Modlin 2005). Infections caused by rhinoviruses and enteroviruses may 
be asymptomatic. On the other hand, asymptomatic shedding of these viruses may occur 



	 Review of the Literature	 47

during the incubation period of an infection or after a symptomatic infection (Modlin 
2005, Peltola et al. 2008).

Both rhinoviruses and enteroviruses are common causes of lower respiratory tract 
infection in children (Jartti et al. 2004, Juven et al. 2000). In adult patients with CAP, 
rhinovirus has been detected in 10-18% (Jennings et al. 2008, Templeton et al. 2005). 
In contrast, Angeles Marcos et al. report that enterovirus is only seldom detected from 
adult patients with CAP. Among the 340 patients they studied, enterovirus was detected 
in only one (Angeles Marcos et al. 2006). Rhinovirus infection increases the adherence 
of the pneumococcus to epithelial cells lining the respiratory tract (Ishizuka et al. 2003). 
Rhinovirus infection may also modulate the immune system and this may play a role 
in the development of secondary bacterial pneumonia (Kirchberger et al. 2007, Oliver 
et al. 2008). In the study by Jenning et al., S. pneumoniae was detected in 11 of the 31 
CAP patients with rhinovirus detected from the upper respiratory tract (Jennings et al. 
2008). Outbreaks of rhinovirus with severe respiratory disease have been documented 
in nursing homes and long-term care facilities (Hicks et al. 2006, Wald et al. 1995). 
Rhinoviruses and enteroviruses have been identified in immunocompromised patients 
with severe lower respiratory tract infection (Ison et al. 2003, Parody et al. 2007).  

2.5.8.6.	Other viruses
Coronaviruses, members of the Coronaviridae family, are frequent causative agents of 
the common cold. These viruses have been identified in 1% to 13% of adult patients 
with CAP (Angeles Marcos et al. 2006, Jennings et al. 2008, Templeton et al. 2005). 
The severe acute respiratory syndrome (SARS) epidemic, which began in China in 2002 
was due to a coronavirus (Peiris et al. 2003). The human metapneumovirus, a member 
of the Metapneumoviridae family, was discovered in 2001 and the bocavirus, a member 
of the family Parvoviridae, in 2005. These viruses seem to be rare causes of respiratory 
tract infection among adults (Kahn 2006, Schildgen et al. 2008), although at least one 
outbreak of lower respiratory tract infections caused by human metapneumovirus has 
been documented in a long-term care facility (Boivin et al. 2007). 

2.5.8.7.	Detection of respiratory viruses
Until the 1990s, virus isolation and serology have been the mainstays of the clinical 
laboratory for diagnosing respiratory virus infections. During the past two decades, 
antigen detection and molecular methods have become more widely used for viral 
diagnosis. Compared to viral culture and serology, these new methods provide a test result 
more rapidly, usually within hours. In addition, virus isolation in cell cultures involves 
technical expertise whereas antigen detection and molecular tests are less cumbersome. 
Nasopharyngeal washes, aspirates and swabs are the most often used respiratory samples 
for viral culture, antigen detection and molecular methods (Ginocchio 2007, Leland and 
Ginocchio 2007, Mahony 2008).  

Virus isolation in cell cultures requires viable, infective viruses. Thus, appropriate 
selection, collection, transport and processing of clinical samples are important for 
successful virus isolation. Consequently, viral culture is less sensitive for labile viruses 
such as RSV. Also, some viruses, like the rhinovirus, require special cell lines or 
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culture environments. On the other hand, because infectivity is required, culture is the 
only method that can differentiate an infectious virus from a noninfectious virus. Shell 
vial culture, cocultivated cell lines and transgenic cell lines are new methods of viral 
culture that have reduced the time needed for virus detection from the previous 5-10 
days required by the traditional tube culture to 24-48 hours (Leland and Ginocchio 
2007).

Antigen detection of respiratory viruses includes membrane based EIAs, OIAs, FIA and 
IF based tests. All these methods are performed directly on clinical samples. EIAs and 
OIAs are commercially available rapid tests that are used as point-of-care testing. These 
tests are available for influenza A, influenza B and RSV. Up to 105 – 106 viral particles 
are needed to obtain a positive result. Accordingly, the sensitivities of EIAs and OIAs are 
low compared to the other methods. During an epidemic season, the assay specificity is 
high, up to 100% but is markedly reduced outside the season (Ginocchio 2007, Leland 
and Ginocchio 2007). The sensitivity of time-resolved FIA is no less than 95%, which 
compared to viral culture denotes marked improvement compared to EIA. In addition 
to influenza A, influenza B and RSV, TR-FIA detects also PIV types 1-3 and adenovirus 
(Mäkelä et al. 1998, Waris et al. 1988). 

The IF methods are most common one-step direct methods in which the monoclonal 
antibody of the specific virus is labelled with fluorescence dye. IF reagents containing 
monoclonal antibodies for multiple viruses allow simultaneous detection of several 
viruses. IF screening for the seven respiratory viruses (adenovirus, influenza A virus, 
influenza B virus, PIV types 1-3 and RSV) is now common. The sensitivities and 
specificities of IF vary depending on the virus. Compared to viral culture IF is more 
sensitive for RSV whereas it is less sensitive for adenovirus. Overall, IF is somewhat 
less sensitive and less specific than viral culture. Sensitivity of pooled respiratory 
viral antigen screening has been reported as 81%. Test results of IF are available 
within less than 2 hours. However, IF reagents are not available for all respiratory 
viruses like rhinovirus and coronavirus (Ginocchio 2007, Leland and Ginocchio 
2007). 

Viruses can be detected directly from clinical specimens by using highly specific 
nucleic acid probes that are complementary to the target viral RNA or DNA sequences. 
The amount of viruses needed for detection by PCR is drastically less than required 
for antigen detection. Moreover, PCR allows detection of respiratory viruses that are 
not detected or are not easily detected by cell culture or antigen detection such as 
rhinovirus, coronavirus, human metapneumovirus and bocavirus. Consequently, PCR 
demonstrates superior sensitivity over viral culture and antigen detection methods. 
In addition, nucleic acid methods allow laboratories to rapidly detect and identify 
previously unknown viruses. These methods have played a crucial role in identifying 
the SARS virus and avian influenza H5N1 virus. The use of multiplex PCR allows 
detection of several, up to 19, respiratory viruses simultaneously. The drawback of 
PCR that also limits a wider use of the method is the expense of this testing (Mahony 
2008).  
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2.6.	G uideline recommendations for microbiological investigations 
in CAP patients

The Finnish, British, European, and American guidelines do not recommend 
microbiological investigations in primary care or for outpatients (Honkanen et al. 2008, 
Mandell et al. 2007, Woodhead et al. 2005). The American and the British guidelines 
consider though that for epidemiologic reasons or management decisions, exceptions 
may be applied to some pathogens like influenza. Also the Finnish guidelines regard 
the use of a rapid influenza detection method as useful during the early phase of an 
epidemic. In addition, the Finnish guidelines recommend the use of Legionella spp. 
urinary antigen detection in case legionella pneumonia is suspected. As a whole, the 
Finnish guidelines consider that microbiological tests are rarely useful in the treatment 
of CAP patients and do not give any specific recommendations for the use of various 
diagnostic tests. The British guidelines regard that the investigations performed should 
be guided by the severity of pneumonia, epidemiological risk factors, and respond to 
treatment whereas the American guidelines give a general recommendation to strongly 
encourage diagnostic testing whenever the result is likely to change individual antibiotic 
management. The recommendations of the European, American, British and Swedish 
guidelines regarding the microbiological investigations of hospitalized CAP patients are 
given in Table 6.

2.7.	S everity of CAP and site of care
In the assessment and management of CAP, disease severity assessment is crucial. It 
guides which therapeutic options to take to, e.g., suitability for outpatient treatment 
or need for hospitalization, ICU admission, the extent of examinations and choice of 
antimicrobial agent (Mandell et al. 2007). Optimal management of patients with CAP 
requires recognition of seriously ill patients requiring hospitalization or admission to the 
ICU. On the other hand, a major impact of costs related to CAP is determined whether 
or not a patient is admitted to hospital (Colice et al. 2004, Guest and Morris 1997, 
Niederman et al. 1998). Clinical judgement alone tends to overestimate a patient’s risk 
of death (Fine et al. 1997b). Therefore various prognostic scoring systems predicting the 
mortality rate have been developed. These prognostic scoring systems have been used 
to guide the decision of hospitalization (Fine et al. 1997a, Lim et al. 2003). However, in 
addition to disease severity, hospital admission requirements depend on many variables, 
e.g., comorbidity, adequate home facilities and patient compliance. Prediction rules do 
not consider the patients’ preferences for site of care. Accordingly, prediction rules are 
meant to contribute rather than supersede the physician’s judgment (Mandell et al. 2007, 
Woodhead 2004). The decision to admit patients with CAP to an ICU is usually dictated 
by the need for mechanical ventilation or hemodynamic support and closer monitoring of 
the patient. Until recently, the use of different scoring systems to predict the need of ICU 
admission has not been much studied (Angus et al. 2002, Ewig et al. 2004, Liapikou et 
al. 2009, Valencia et al. 2007). The use of the systemic inflammatory response syndrome 
as a predictor of severe sepsis or mortality in CAP patients has been inferior compared to 
pneumonia-specific scoring systems (Barlow et al. 2007, Dremsizov et al. 2006).   
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2.7.1.	Pneumonia severity index (PSI)
Fine et al. developed a prediction tool to identify accurately patients who have CAP 
at low risk of death within 30 days of presentation and who thus might be managed 
as outpatients. The PSI was derived from data on 14  199 inpatients with CAP, it 
was independently validated with data from 38  039 inpatients with CAP and 2287 
inpatients and outpatients prospectively enrolled in the Pneumonia PORT cohort 
study. The PSI is based on age, comorbid disease, clinical findings and laboratory 
investigations, totally 20 variables (Figure 1). The PSI stratifies patients into five 
mortality risk classes: class I with a mortality of 0.1%, class II 0.6%, class III 0.9-
2.8%, class IV 8.2-9.3% and class V 27.0-29.2%. A similar progression of risk was 
evident when PSI classes were analyzed against the duration of hospital treatment, 
ICU admission and hospital admission for those initially managed as outpatients (Fine 
et al. 1997a). On the basis of associated mortality rates, it has been suggested that risk 
class I and II patients can be treated as outpatients provided that the patient does not 
exhibit any serious abnormalities in his vital signs. Risk class III patients should be 
treated with a brief observation period or a short hospitalization, and risk classes IV 
and V patients should be hospitalized (Mandell et al. 2007). Application of this score 
system has reduced avoidable hospital admission without increasing mortality (Marrie 
et al. 2000b, Renaud et al. 2007b). A number of limitations of this scoring system have 
been recognized. Age and comorbidity affects overall score very heavily, potentially 
underestimating the need for hospitalization of younger patients. The PSI system with 
many variables has also been considered as cumbersome especially for the needs of 
primary care (Niederman 2007). The PSI is neither good in discriminating the most 
severely ill patients, nor can it be used to predict which patients require intensive care 
(Niederman 2007, Valencia et al. 2007).  

2.7.2.	CURB-65 (confusion–urea–respiratory rate–blood pressure–age ≥65 years)
The CURB-65 score was derived from the British Thoracic Society score which 
was developed primarily to identify patients with severe CAP at high risk mortality. 
The CURB-65 scoring system uses 5 variables: confusion, raised urea (>7 mmol/l), 
respiratory rate (≥ 30/min), blood pressure (systolic < 90 mmHg or diastolic ≤ 60 
mmHg) and age ≥ 65 years.  For each aberration from the ideal, 1 point is scored, and 
the maximum score may thus be 6.  This scoring system allows patients to be stratified 
by risk of death: score 0 carries a mortality risk of 0.7%, score 1 of 2.1%, score 2 
of 9.2%, score 3 of 14.5%, score 4 of 40%, and score 5 of 57% (Lim et al. 2003). 
Patients with scores 0 and 1 may be considered for outpatient management, whereas 
patients with scores 2-5 should be hospitalized (Lim et al. 2003, Woodhead 2004). 
Treatment in an ICU may be considered for patients with a score of ≥3. However, also 
the CURB-65 is too sensitive in predicting the need for admission to an ICU (Angus 
et al. 2002, Ewig et al. 2004). The CURB-65 scoring system is simpler than the PSI. 
In addition, if urea is omitted as a CRB-65 score, this allows scoring system to be used 
also in primary care where laboratory investigations are not always available (Lim 
et al. 2003). The main limitation of the CURB-65 scoring system is that it does not 
account for comorbidities and may underestimate the mortality risk of elderly patients 
(Niederman 2007).        
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2.7.3.	American Thoracic Society (ATS) score
The ATS score was designed to recognize patients who require care in an ICU. The 
original ATS guidelines identified 9 criteria for severe CAP: a need for mechanical 
ventilation, an increase in the size of infiltrates on radiography by > 50% within 48 

Patient with community-
acquired pneumonia 

Is the patient more than 50 
years of age? 

Does the patient have a history 
of any of the following 
coexisting conditions? 
Neoplastic disease 
Liver disease 
Congestive heart failure 
Cerebrovascular disease 
Renal disease 

Does the patient have any of 
the following abnormalities on 
physical examination? 
Altered mental status 
Respiratory rate 30/min 
Systolic blood pressure 
<90mmHg 
Temperature <35°C or 40°C 
Pulse 125 beats/min 

Assign patient to risk class I 

Yes 

Yes 

Yes 

No 

CHARACTERISTIC 
 
Demographic factors 
Age 
   Men 
   Women 
Nursing home resident 
Coexisting illnesses 
   Neoplastic disease 
   Liver disease 
   Congestive heart failure 
   Cerebrovascular disease 
   Renal disease 
 
Findings on physical examination 
Altered mental status 
Respiratory rate 30/min 
Systolic blood pressure <90mmHg 
Temperature <35°C or 40°C 
Pulse 125 beats/min 
 
Laboratory and radiographic 
findings 
Arterial pH <7.35 
Blood urea nitrogen 11mmol/l 
Sodium <130mmol/l 
Glucose 14mmol/l 
Hematocrit <30% 
Partial pressure of  
   arterial oxygen <60mmHg  
   or oxygen saturation <90% 
Pleural effusion 

NO OF POINTS 
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Age (in yr) 
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+10 
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No 
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RISK 
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I 
II 
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IV 
V 

SCORE 
Based on algorithm 

70 
71-90 

91-130 
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0.1% 
0.6% 
0.9% 
9.3% 
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Assign patient to risk 
class II, III, IV, or V 
according to total score 
using the prediction rule 

Yes 

Figure 1. PSI risk classes.  
Figure modified from Fine et al. 1997a  
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hours, septic shock or need for pressor drugs for > 4h, acute renal failure, respiratory 
rate ≥ 30/min, PaO2/FtO2 < 250, bilateral pneumonia or multilobular pneumonia, systolic 
blood pressure ≤ 90 mmHg and diastolic blood pressure ≤ 60 mmHg. The presence of 
any one of these criteria was used to define severe CAP (Niederman et al. 1993). The 
original guideline was highly sensitive (98%), but not very specific (32%) (Ewig et al. 
1998). 

In the modified ATS score, the criteria were divided into minor criteria that could be 
present on admission and major criteria that could be present on admission or later in 
the hospital stay. The minor criteria included PaO2/FtO2 < 250, multilobar pneumonia and 
systolic blood pressure ≤ 90 mmHg. The major criteria included a need for mechanical 
ventilation and septic shock. The presence of either 2 minor criteria or one major criterion 
predicted the need for ICU admission with a sensitivity of 69-78% and a specificity of 
94-97% (Ewig et al. 2004, Ewig et al. 1998). Compared to the PSI and CURB-65 scores, 
the modified ATS score has turned out to have better discriminatory capacity for ICU 
admission, although also the modified ATS score is too sensitive in predicting the need 
for ICU admission (Angus et al. 2002, Ewig et al. 2004).

The most recent ATS guidelines for the treatment of adults with CAP retained the 
same two major severity criteria and developed a new set of minor severity criteria: 
respiratory rate ≥30 breaths/min, Pao2/Fio2 ≤250, multilobar infiltrates, confusion and/or 
disorientation, uremia (BUN level ≥20 mg/dl), leukopenia (WBC count < 4 x 109 cells/l), 
thrombocytopenia (platelet count <100 x 109 platelets/l), hypothermia (core temperature 
<36°C) and hypotension (SBP <90 mmHg; requiring aggressive fluid resuscitation). The 
guidelines recommend consideration of ICU admission if ≥3 minor severity criteria were 
present (Mandell et al. 2007). This scoring system has been recently validated in a study 
of 2102 patients with CAP, 235 of whom were admitted to the ICU. This scoring system 
of severe CAP predicted ICU admission with a sensitivity of 71% and a specificity of 
88%. (Liapikou et al. 2009).

2.7.4.	SMART-COP
Charles et al. described a new score for predicting the need for intensive respiratory 
or vasopressor support in patients with CAP. The scoring system is composed of 
8 clinical and laboratory factors (Figure 2). A SMART-COP score of ≥3 points 
identified 92% of the patients who needed intensive respiratory or vasopressor 
support during the hospitalization. Specificity of this scoring system was 62%. An 
increasing score was also associated with higher mortality. In this study by Charles et 
al. the sensitivities of PSI and CURB-65 to predict the need for intensive respiratory 
or vasopressor support were 74% and 39% and specificities 49% and 74% (Charles 
et al. 2008b).

2.7.5.	CRP and procalcitonin
Previous studies have reported no correlation between CRP and PSI classes, CRB-65 
score or mortality (García-Vázquez et al. 2003, Hedlund and Hansson 2000, Krüger et al. 
2008, Müller et al. 2007, Örtqvist et al. 1995). There is, however, a correlation between 
CRP values and duration of hospital stay (Hedlund and Hansson 2000, Örtqvist et al. 
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1995).  Contrary to previous results, Seppä et al. showed that in elderly patients with 
CAP, a CRP value ≥ 100 mg/l on admission was independently associated with death 
(Seppä et al. 2001) and the study by Chalmers et al. showed that elevated CRP ≥ 100 
mg/l on admission was associated with increased 30-day mortality, need for respiratory 
support and complicated pneumonia in adult patients with CAP. The specificity of CRP ≥ 
100 mg/l was low (<36%) but it was highly sensitive (95-98%) in predicting an adverse 
outcome. Subsequently, the authors suggest that a CRP value < 100 mg/l could be used to 
predict patients who may be safely treated as outpatients on clinical grounds (Chalmers 
et al. 2008a).  Consistently, Almirall et al. found that a cut-off value of CRP 106-110 mg/l 
differentiates the need of inpatient care from outpatient care (Almirall et al. 2004). There 
are only few studies that show that CRP levels in patients with bacteremic pneumonia 

S      Systolic BP<90 mmHg   2 points 
M    Multilobar CXR involvement   1 point 
A     Albumin < 3.5 g/dl*    1 point 
R     Respiratory rate –age adjusted cut-offs  1 point 

                                       

 Age 50 y >50y 
 RR 25/min 30/min

 
      
T      Tachycardia 125/min   1 point 
C      Confusion (new onset)   1 point 
O      Oxygen low - age adjusted cut-offs  2 points 
                         
   
 
 
 
P      Arterial pH <7.35*    2 points 

Age 50 y >50y 
PaO2* <70 mmHg <60 mmHg 
or: O2 Saturation 93% 90% 
or (ff on O2): PaO2/FiO2* <333 <250 

Total score                points 

0-2 points  Low risk of needing IRVS 
3-4 points  Moderate risk (1 in 8) of needing IRVS 
5-6 points  High risk (3 in 4) of needing IRVS 

7 points  Very high risk (2 in 3) of needing IRVS 
 
* For primary care physicians, results of albumin, arterial pH, and PaO2 can be 
overlooked and following interpretation be used: 
 
0 points   Very low risk of needing IRVS 
1 point  Low risk (1 in 20) of needing IRVS 
2 points  Moderate risk (1 in 10) of needing IRVS 
3 points  High risk (1 in 6) of needing IRVS 

4 points  high risk (1 in 3) of needing IRVS 

                Interpretation: 

Figure 2. SMART-COP. IRVS, intensive respiratory or vasopressor support
Figure modified from Charles et al. 2008b
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are higher compared to patients with nonbacteremic pneumonia (Hedlund and Hansson 
2000, Örtqvist et al. 1995).  

In contrast to CRP, a correlation between procalcitonin levels on admission and PSI 
score, CRB-65 score and mortality has been established (Masiá et al. 2005, Müller et al. 
2007). Procalcitonin levels rise as the severity of the pneumonia increases as assessed 
by the CRB-65 sore (Krüger et al. 2008). In the study by Masiá et al. significantly higher 
procalcitonin levels on admission were measured in patients with complications or death 
(Masiá et al. 2005). Compared to CRP, procalcitonin seems to be a better predictor of 
bacteremia (Müller et al. 2007). Serial measurements have also been used to define 
prognosis in patients with severe CAP. Among 100 ICU patients with CAP, increased 
procalcitonin concentration from day 1 to day 3 was a poor prognostic factor (Boussekey 
et al. 2006).   

2.8.	 Antimicrobial treatment
At the time of initial diagnosis, antibiotics are given empirically. Since in half of the 
cases the causative agent remains unrecognized, the antimicrobial treatment is often 
also continued empirically. Therapy must be focused on the pathogens most likely to 
be present. Accordingly, S. pneumoniae is agent number one that uniquely must be 
covered according to the guidelines of empiric treatment of CAP (BTS Guidelines 
2001, Hedlund et al. 2005, Honkanen et al. 2008, Mandell et al. 2007, Woodhead et al. 
2005). Initial empiric treatment is selected by categorizing patients on the basis of site 
of therapy (outpatient, inpatient, ICU), severity of illness and the presence or absence 
of comorbidities. In addition, treatment recommendations must be modified on the basis 
of local conditions of microbial resistance patterns (Honkanen et al. 2008, Mandell 
et al. 2007, Woodhead et al. 2005). The evidence for an adverse effect on resistance 
is best documented for macrolides (Daneman et al. 2006). Instead, in patients with 
bacteremic pneumococcal pneumonia no relationship between mortality and penicillin 
MIC ≥ 2 µg/ml has been found and high-dose β-lactams are still considered to be an 
appropriate choice in cases with penicillin MIC levels of ≤ 2 µg/ml (Weinstein et al. 
2009). Recommendations for empirical antibiotics for community-acquired pneumonia 
according to the Finnish, European, and American guidelines are given in Table 7. The 
Swedish guidelines still consider penicillin as the preferred agent for most outpatients 
and also for inpatients with non-severe CAP. Amoxicillin is recommended in these 
cases when infection by H. influenzae or S. pneumoniae with reduced susceptibility 
is suspected. Macrolide or alternatively doxycycline is recommended in case atypical 
pathogens are suspected. According to the Swedish guidelines, penicillin is the first choice 
of treatment also in patients with moderately severe CAP, cefuroxime or cefotaxime are 
alternatives especially in patients with comorbidities. In patients with critical illness the 
Swedish guidelines recommend cefuroxime/cefotaxime with addition of erythromycin 
or alternatively penicillin with addition of moxifloxacin/levofloxacin (Hedlund et al. 
2005). The British guidelines are in line with the European guidelines. However, in the 
British guidelines a combination of β-lactam and macrolide is recommended for almost 
all patients hospitalized for clinical reasons wheather the disease is severe or not (BTS 
Guidelines 2001). If a specific pathogen is subsequently identified by diagnostic testing, 
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therapy may be focused (BTS Guidelines 2001, Hedlund et al. 2005, Honkanen et al. 
2008, Mandell et al. 2007, Woodhead et al. 2005).

Whether the empirical treatment should include antibiotics that are active against 
atypical agents is controversial. M. pneumoniae and C. pneumoniae are common causes 
of pneumonia especially among outpatients. On the other hand, the disease caused by 
these agents is often mild and carries a low mortality. No benefit of empirical atypical 
coverage was shown in hospitalized patients in a meta-analysis of randomized controlled 
trials comparing treatment regimens with and without coverage of atypical agents (Shefet 
et al. 2005). Similarly, in a meta-analysis of trials of patients with mild to moderate 
CAP, antibiotics active against atypical agents were not shown to improve the outcome 
(Mills et al. 2005). A recent report reviewed studies involving outpatients with CAP and 
concluded that there was no advantage in using specific antibacterials for treatment of 
mild CAP in otherwise healthy outpatients (Maimon et al. 2008). However, observational 
studies have shown a reduction in mortality among hospitalized patients given treatment 
with β-lactam plus a macrolide or monotherapy with a fluoroquinolone, compared to 
patients on a cephalosporin alone (Bratzler et al. 2008, Brown et al. 2003, Gleason et al. 
1999). Still, it remains to be clarified whether the benefit is associated with the spectrum 
of pathogens covered or some anti-inflammatory properties of these antibiotics (Bartlett 
2008, Laterre 2008). Pneumonia caused by L. pneumophila may be a severe disease and 
thus antimicrobial treatment covering atypical agents is included in the guidelines of 
empirical treatment of severe CAP. Also the meta-analyses have shown the benefit of 
the empiric coverage of atypical agents in cases with legionella pneumonia (Mills et al. 
2005, Shefet et al. 2005).

Early treatment of influenza, within 48 hours of the onset of symptoms in ambulatory 
adults with inhaled zanamivir or oral oseltamivir, appears to reduce the likelihood of 
lower respiratory tract complications (Kaiser et al. 2000, Treanor et al. 2000). The 
impact of such treatment on patients who are hospitalized with influenza pneumonia is 
unclear. Empirical antiviral treatment in patients suspected of having influenza is usually 
not recommended. According to the European guidelines empirical antiviral treatment 
can be considered during influenza epidemics in high risk patients who have had typical 
influenza symptoms for less than two days (Woodhead et al. 2005). In the American 
guidelines, early treatment, within 48 hours of the onset of symptoms, with zanamivir or 
oseltamivir is recommended for an identified influenza case. From an infection control 
standpoint the American guidelines consider it reasonable to treat hospitalized patients 
even with symptoms for longer than 48 hours (Mandell et al. 2007). 

2.9.	 Clinical and radiographic response to treatment and hospital discharge
Most patients will respond rapidly to empirical therapy, with clinical response usually 
occurring within 3-4 days (Halm et al. 1998, Menendez et al. 2004a). Objective 
parameters of treatment response include resolution of respiratory symptoms (cough, 
sputum production, dyspnea), defervescence, normalization of oxygen saturation and 
respiratory rate and resolution of radiographic findings. The rate of response to treatment 
is dependent on age, comorbid illness, severity of CAP, the pathogen and the chest 
radiographic findings (Bartlett et al. 2000, Halm et al. 1998, Menendez et al. 2004a).
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Halm et al. established a definition of stability for CAP that includes 5 components: a 
temperature ≤37.8ºC, a heart rate ≤100 beats/min, a respiratory rate ≤ 24 breaths/min, 
systolic blood pressure ≥90 mmHg and oxygen saturation ≥90%. They demonstrated that 
the initial severity of pneumonia correlated with the number of days until clinical stability 
(Halm et al. 1998). Menendez et al. reported that dyspnea, multilobar involvement, pleural 
effusion and confusion are the initial factors that were associated with later clinical stability 
in patients with severe CAP, whereas adherence to antibiotic guidelines was associated 
to earlier clinical stability (Menendez et al. 2004a). Once a patient’s condition becomes 
stable, the risk of serious clinical deterioration is 1% or less (Halm et al. 1998). Conversely, 
patients who are discharged before their condition has stabilized have a higher risk-adjusted 
rate of death, readmission and failure to return to their usual activities compared to those 
discharged with stabilized disease (Halm et al. 2002). A switch from intravenous to oral 
treatment and discharge of the patient is appropriate when the patient is clinically stable, 
with a normal mental status and able to maintain oral intake (Mandell et al. 2007). 

Although the majority of the patients with CAP become clinically stable within a few days, 
the total recovery time may be several weeks. At six weeks after cessation of antibiotic 
therapy, 64% of patients still report ≥1 CAP-related symptoms, most often fatigue (45%), 
followed by cough (35%) and shortness of breath (33%) (Marrie et al. 2000a).  

Radiographic findings commonly lag behind clinical findings and do not correlate well 
with clinical improvement. The radiograph often worsens initially after the therapy is 
started. Radiographic deterioration is a particular feature of Legionnaires’ disease and 
of bacteremic pneumococcal pneumonia (Macfarlane et al. 1984). Also the rate of 
resolution of pneumonia is related to the causative agent of pneumonia and is faster for 
mycoplasma pneumonia compared to CAP caused by  L. pneumophila or S. pneumoniae 
(Macfarlane et al. 1984). In another study, radiographic resolution of pneumonia occurred 
more rapidly in younger patients and in those with only a single lobe involved compared 
to those with multiple lobes involved. Complete radiographic clearing of pneumonia 
occurred for 50% of patients at 2 weeks and for 67% at 4 weeks (Mittl et al. 1994). In 
elderly patients the resolution of pneumonia is even slower: 35% at 3 weeks and 60% at 
6 weeks (El Solh et al. 2004).    

2.10.	Treatment failure
Although not clear-cut and validly defined, treatment failure is considered to be present 
when an adequate clinical response is not obtained despite antibiotic treatment. The 
severity of CAP, the baseline characteristics of the patients and the site of treatment are 
factors that are related to different treatment responses (Mandell et al. 2007, Menendez 
and Torres 2007). The time of evaluation is also essential for defining treatment failure. 
The most frequently used period is 72 hours which is in line with the median time to 
reach clinical stability (Halm et al. 1998). While most authors consider treatment failure 
only after 72 hours of antibiotic treatment (Arancibia et al. 2000), others consider earlier 
evaluation (Menendez et al. 2004b, Roson et al. 2004a). 

Early failure is usually defined as progressive pneumonia or clinical deterioration with 
acute respiratory failure requiring respiratory support with or without septic shock 
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within 72 hours of hospital admission (Mandell et al. 2007, Menendez and Torres 2007). 
Progressive pneumonia is the most common cause of early failure. Other causes of early 
failure are empyema, uncovered pathogen, inaccurate diagnosis or metastatic infection, 
e.g., endocarditis or meningitis (Mandell et al. 2007, Roson et al. 2004a). 

Treatment failure occurring after 72 hours of hospitalization is defined as deterioration and 
development of respiratory failure or hypotension. The absence of or delay in achieving 
clinical stability after more than 72 hours of treatment is also considered treatment failure 
(Mandell et al. 2007, Menendez and Torres 2007, Menendez et al. 2004b). In addition to 
the same causes as in early failure, nosocomial pneumonia, exacerbation of comorbid 
illness, intercurrent non-infectious disease and adverse drug reactions are possible causes 
of treatment failure after 72 hours of treatment (Arancibia et al. 2000, Mandell et al. 
2007, Menendez et al. 2004b). Although antimicrobial resistance is increasing, resistance 
is an uncommon cause for treatment failure (Arancibia et al. 2000, Genne et al. 2003, 
Roson et al. 2004a).   

Severity of illness at presentation and multilobar pneumonia are common risk factors 
for both early and late treatment failure (Menendez et al. 2004b, Roson et al. 2004a). 
Other factors for either early or late treatment failure are pleural effusion, cavitation, 
leukopenia, hyponatremia, discordant therapy, and CAP caused by Legionella spp. or 
gram negative bacteria (Menendez et al. 2004b, Roson et al. 2004a). Also host-related 
factors, e.g., comorbidites and possibly also genetic differences in inflammatory response, 
are additional factors that contribute to treatment failure (Genne et al. 2006b, Menendez 
and Torres 2007, Menendez et al. 2004b). 

Treatment failure occurs in 6% to 16% of all hospitalized patients with CAP. The 
incidence of early treatment failure varies from 6% to 9% and the incidence of late 
treatment failure from 6% to 11% of hospitalized patients (Arancibia et al. 2000, Genne 
et al. 2003, Genne et al. 2006b, Menendez et al. 2004b, Roson et al. 2004a). Mortality 
is understandably significantly higher among patients with treatment failure compared 
to treatment responders (Menendez et al. 2004b, Roson et al. 2004a). Mortality rates 
of 25% to 43% have been recorded in patients with treatment failure (Arancibia et al. 
2000, Menendez et al. 2004b, Roson et al. 2004a). In addition, treatment failure results in 
prolonged hospital stay (Menendez et al. 2004b).       

2.10.1.	 CRP and procalcitonin as markers of treatment failure
One of the major advantages of CRP and procalcitonin assessments is that serial 
measurements can be used as markers of treatment response. With appropriate treatment, 
both CRP and procalcitonin levels fall rapidly (Bruns et al. 2008, Chalmers et al. 2008a, 
Kosmas et al. 1997, Menendez et al. 2008, Smith et al. 1995b). 

Menéndez et al. demonstrated that CRP and procalcitonin levels on day 1 were significantly 
higher in patients with early or late treatment failure (232 mg/l vs. 136 mg/l and 1.5 ng/ml 
vs. 0.5 ng/ml) and an elevated level of CRP on day 3 was a predictor of a late treatment 
failure (Menendez et al. 2008). The value of CRP as a marker of treatment failure has been 
confirmed by Chalmers et al. who established that a CRP level that fails to fall by 50% 
or more within 4 days is associated with increased total rates of mechanical ventilation or 
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need for inotropic support or both, a higher total incidence of complicated pneumonia and 
increased 30-day mortality. Patients who were discharged before day 4 and had a level of 
CRP ≥100 mg/l at discharge were readmitted significantly more often (8.7%) compared 
to patients with level of CRP < 100 mg/l at discharge (0.6%) (Chalmers et al. 2008a). The 
study by Bruns et al. showed that a delayed decline of CRP level is associated with a higher 
risk of having received inappropriate antibiotic treatment (Bruns et al. 2008).

2.10.2.	M anagement of treatment failure
Treatment failure will generally result in at least 1 of 3 clinical responses: transfer of 
the patients to a higher level of care, further diagnostic testing or escalation or change 
in antibiotic treatment. Antibiotic changes before 72 hours of therapy are recommended 
only for patients with deterioration or in whom new data of etiological diagnosis or 
epidemiologic clues suggest alternative etiologies (Honkanen et al. 2008, Mandell et al. 
2007). Also, if the patient is not clinically stable after 72 hours of treatment, and if the 
microorganism or host factors associated with delayed response are present, continued 
therapy without antibiotic change is considered appropriate. On the other hand,  if there 
is no explanation for a slow response, if there is no response after 7 days of therapy or 
when there is clinical deterioration, careful re-evaluation is necessary (Menendez and 
Torres 2007, Niederman et al. 2001). 

A further history of risk factors, e.g., animal exposure and travel, may give a clue to an 
unusual pathogen and to a need for special microbiological tests and change of treatment. 
One should consider risk factors for P. aeruginosa, S. aureus or other pathogens in patients 
who fail to respond to appropriate empirical therapy. Alternatively, CAP could be caused by a 
virus not responding to any antimicrobial treatment. With a history of tuberculosis exposure 
or other risk factors for tuberculosis, the skin test for tuberculosis and sputum sample for 
acid-fast staining and mycobacterial culture should be obtained. In addition, unrecognized 
conditions affecting immunity, above all HIV, should be taken to account. Complete re-
evaluation of the clinical history may also suggest other alternative non-infectious diagnoses 
(Mandell et al. 2007, Menendez and Torres 2007, Niederman et al. 2001). 

A chest radiograph or a CT scan may reveal pleural effusion, and if this is the case, an 
ultrasound-guided diagnostic thoracocentesis should be performed as soon as possible. 
Aspiration of pus, a putrid odor associated with anaerobic infection, a positive gram 
stain or culture result, pH < 7.20, a glucose level < 40 mg/dl and a LDH level > 1000 IU/l 
support the diagnosis of empyema and the need to drain the pleural space (Sahn 2007). 
Patients with empyema, particularly those with an altered mental status, esophageal 
disease or a history of alcoholism should be treated with antibiotics that cover the 
anaerobes (Sahn 2007). Chest radiograph and especially CT may also show the presence 
of a lung abscess or the acute respiratory distress syndrome complicating pneumonia, or 
alternatively, a non-infectious illness only mimicking CAP. Other diagnostic procedures 
may be needed to detect or exclude metastatic infections or exacerbation of comorbid 
illness (Mandell et al. 2007, Menendez and Torres 2007, Niederman et al. 2001). 

Bronchoscopy and BAL allow the direct observation of the airways and obtain samples 
directly within the infected lobe. Samples obtained by bronchoscopy and bronchial 
brush or BAL can lead to identification of an unusual organism or a drug-resistant 
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pathogen even in the presence of antibiotics. In addition, mechanical factors that delay 
resolution, e.g., an endobronchial tumor can be detected by bronchoscopy. Running a 
cell count of BAL samples may reveal eosinophilia or lymphocytosis and this orients 
the physician to think of non-infectious causes of pulmonary infiltrates (Menendez and 
Torres 2007, Niederman et al. 2001). In the IDSA/ATS guidelines, bronchoscopy with 
BAL is recommended if the differential diagnosis of nonresponse includes non-infectious 
pneumonia (Mandell et al. 2007).    

Blood cultures should be repeated if the patient’s condition deteriorates or if he has 
progressive pneumonia. Positive blood culture results should increase the suspicion of 
antibiotic resistant isolates or a metastatic infection, e.g., endocarditis. Particularly in 
ICU patients, nosocomial pneumonia or extrapulmonary infections, e.g., intravascular 
catheter infections, should be considered (Mandell et al. 2007). Drug fever and antibiotic-
associated diarrhea are adverse reactions to antibiotic treatment that might explain why 
treatment fails. Stopping the ß-lactam component of therapy may be helpful, if there is a 
suspicion of drug fever (Mandell et al. 2007).  

2.11.	Outcome
Less than 10% of the patients with CAP treated as outpatients are subsequently hospitalized 
within 30 days. The rate of hospitalization of outpatients is higher in patients categorized 
to higher PSI classes (Fine et al. 1997a, Minogue et al. 1998, Renaud et al. 2007a). 
Accordingly, outpatients who are subsequently hospitalized are older and more often 
have comorbid illnesses (Minogue et al. 1998). The reason for hospitalization is most 
commonly CAP-related but in up to one third of the cases it may be comorbidity-related 
(Minogue et al. 1998). Mortality among outpatients is low, usually less than 1% (Fine 
et al. 1999, Minogue et al. 1998, Renaud et al. 2007a). However, one study comparing 
the outpatients with subsequent hospitalization and those with no hospitalization found 
a significant difference in the mortality between these two groups (4.2% vs. 0.3%) 
(Minogue et al. 1998).

According to a meta-analysis including 25 629 hospitalized CAP patients and a recent 
German study including 388 406 hospitalized CAP patients, mortality rate among these 
patients is nearly 14% (Ewig et al. 2009, Fine et al. 1996). The leading immediate cause of 
death is respiratory failure (Fine et al. 1999, Garcia-Vidal et al. 2008). Among hospitalized 
patients, mortality rates are highest in the patients with severe pneumonia, especially in 
those requiring treatment in an ICU. In the meta-analysis by Fine et al. mortality of the 
CAP patients treated in an ICU was 37% (Fine et al. 1996). Mortality is also higher among 
elderly patients (14-18%), particularly among elderly patients admitted from nursing 
homes (25%-31%) (Ewig et al. 2009, Fine et al. 1996). Other factors that are related to a 
higher incidence of mortality are bacteremic pneumonia and multilobar pneumonia (Fine 
et al. 1996, Garau et al. 2008). Malignancy and neurologic disease were the comorbidities 
that were found to be associated with high mortality in both of the two large CAP studies 
(Ewig et al. 2009, Fine et al. 1996). In a study of 577 elderly hospitalized patients with 
CAP, 12% were rehospitalized within 30 days after the initial discharge. Most (74%) of the 
hospitalizations were comorbidity-related (Jasti et al. 2008). 
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Acute cardiac events are relatively common among elderly patients with CAP. Musher et 
al. studied the occurrance of myocardial infarction, congestive heart failure and arrhythmia 
at the time of hospital admission in 170 patients with pneumococcal pneumonia. Acute 
cardiac event was present in 19% of the patients, 7% of them had acute myocardial 
infarction (Musher et al. 2007). Similarly, in the study by Ramirez et al. acute myocardial 
infarction was present on admission in 15% of the 86 patients with severe CAP. In this 
study including a total of 500 CAP patients, acute myocardial infarction was identified 
in 5.8% during hospitalization (Ramirez et al. 2008). These findings are in line with a 
growing amount of epidemiologic, experimental, and clinical evidence that has linked 
infection as a risk factor to various atherosclerotic diseases including acute myocardial 
infarction (Valtonen 1999). It is of note that in both of these CAP studies mortality was 
high, 28-40%, among the patients with CAP and acute myocardial infarction (Musher et 
al. 2007, Ramirez et al. 2008). Activation of the coagulation system, increased cytokine 
expression and inflammation, endothelial dysfunction, hypoxemia and hypotension are 
possible explanations for the pathogenesis of AMI in CAP patients (Musher et al. 2007, 
Ramirez et al. 2008, Valtonen 1999). The study by Chalmers et al. gives support for a 
possible connection between systemic inflammation caused by CAP and mortality. They 
found that statin use was associated with reduced markers of systemic inflammation and 
with significantly lower 30-day mortality (Chalmers et al. 2008b). In addition, Yende et 
al. found that among CAP patients elevated level of inflammatory markers at hospital 
discharge was associated with an increased risk of death during one year follow-up 
(Yende et al. 2008).  

Follow-up studies have shown that patients with CAP have a significantly higher long-
term mortality than age-matched control subjects. In the study by Koivula et al. 122 
elderly patients (both outpatients and hospitalized patients) who survived an episode of 
CAP were followed up for mortality for a median of 9.2 years. Subsequent risk of total 
mortality, pneumonia-related mortality, and cardiovascular mortality were increased in 
persons who survived CAP. Of these patients, 89% were alive after one year, 80% after 
two years, 60% after five years and 39% after ten years. The respective figures for the 
control group were 96% after one year, 92% after two years, 81% after five years and 
61% after ten years (Koivula et al. 1999). In a study of 3284 hospitalized CAP patients 
with a mean age of 69 years, outcomes were registered for a median of 3.8 years. With 
respect to all-cause mortality, 12% of the patients died within 30 days, 28% within one 
year, and 53% by the study end. Cardiovascular disease was the most common cause 
of death (31%) followed by respiratory disease (26%), and cancer (18%). During the 
follow-up period 16% of the patients were readmitted for a repeat episode of pneumonia 
(Johnstone et al. 2008a). Mortensen et al. analyzed mortality in CAP patients who 
survived 90 days after presentation to the hospital. Besides a significantly higher long-
term mortality among patients with CAP compared to age-matched controls, this study 
showed that mortality was higher across all age groups (Mortensen et al. 2003). Age, 
male sex, and comorbidities are the most commonly found factors associated with long-
term mortality in CAP patients (Johnstone et al. 2008a, Koivula et al. 1999, Mortensen 
et al. 2003).  
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3.	 AIMS OF THE STUDY
The purpose of this study was to evaluate the utility of rapid methods in the etiological 
diagnostics and assessment of disease severity and complications in patients treated for 
CAP in a Finnish university hospital.

The specific aims were:

1.	 to evaluate to what extent it is possible to diagnose the etiological agent in the 
acute phase of CAP using novel, rapid microbiological methods, such as antigen 
detection and gene amplification (PCR),

2.	 to evaluate the role of rhinoviruses and enteroviruses as causative agents of CAP 
in adults and their contribution to disease severity,

3.	 to examine the value of CRP in assessing the disease severity and complications 
as well as etiology of CAP, 

4.	 to assess whether the expression of leukocyte receptors on admission could be 
used as a  preliminary test to differentiate between bacterial and viral etiology of 
CAP and 

5.	 to assess the diagnostic value of bronchoscopy and BAL in patients with CAP in 
a routine clinical setting
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4. 	 PATIENTS, SUBJECTS AND METHODS

4.1.	 Patients, study designs and data collection (I-V)
We included in this study all adult patients (aged ≥16 years) admitted between December 
1999 and December 2004 for CAP to the Department of Infectious Diseases, Turku 
University Hospital, Turku, Finland. The hospital is a 1000-bed teaching facility serving 
as a tertiary-care center for the southwestern part of Finland, and as a primary care facility 
for infectious diseases in a catchment area of about 200,000 inhabitants. The exclusion 
criteria included patients with immunosuppression (e.g. HIV infection, chemotherapy or 
systemic corticosteroid treatment with a dosage of >20 mg prednisolone-equivalent per 
day), an emerging alternative diagnosis during the follow-up (e.g., pulmonary emboli 
or malignancy), pneumonia caused by tuberculosis or aspiration and hospitalization 
within the previous 10 days. In addition, 71 patients with CAP who had undergone BAL 
for serious or slowly responding pneumonia during 1996-2000 were included (Table 
8).  Clinical and microbiological data of the patients were collected from the hospital 
records. The assessment of the severity of CAP was performed using the Pneumonia 
Severity Index (PSI) (Fine et al. 1997a). The clinical stability of the patients was defined 
as described by Halm et al. (Halm et al. 1998). 

Table 8.   Patients and study designs (I – V) 
Study Study design   Time period Patient population  Number

 of patients
Purpose of the study

I Prospective 1999 – 2004 Patients admitted for CAP 384 Evaluation of the etiology  
of CAP

II Prospective 1999 – 2004 Patients admitted for 
CAP and examined for 
picornaviruses

231 Evaluation of the role of 
picornaviruses in CAP

III Prospective 1999 – 2004 Patients admitted
for CAP

384 Evaluation of  the 
utility of CRP in the 
assessment of disease 
severity, etiology and 
complications in CAP

IV Prospective 1999 – 2004 Patients admitted for 
CAP and examined for 
leukocyte receptors

68 To assess  the utility of the 
expression of leukocyte 
receptors in differentiating 
between bacterial and 
viral pneumonia

V Retrospective 1996 – 2000 Patients with CAP 
undergoing BAL in a 
routine clinical setting

71 To assess  the value of 
BAL  in the etiological 
diagnosis of CAP

Studies I and III. These studies were prospective. There were 384 adults, who had a 
mean (SD) age of 49.8 (19.2) years. The demographic and clinical characteristics of these 
patients are described in Table 9. The mean duration (SD) from the onset of symptoms 
to the hospitalization was 3.8 (3.0) days (range 1 - 21 days). In accordance with the 
PSI prognostic score, 124 (32.3%) patients were in class I, 113 (29.4%) in class II, 59 
(15.4%) in class III, and 88 (22.9%) in classes IV and V combined.  
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Table 9. Characteristics of 384 patients with community-acquired pneumonia (Study I) 

Characteristic Total
Patients with preceding 
antimicrobial therapya 

(n = 110)

Patients without 
preceding antimicrobial 

therapy 
(n = 274)

P

Mean age ± SD (years) 49.8 ± 19.2 44.7 ± 17.4 51.9 ± 19.5 <0.001
Male 201 (52.3) 45 (40.9) 154 (56.2) 0.007
Smokers 125 (32.6) 30 (27.3) 95 (34.7) 0.186
Underlying disease 167 (43.5) 34 (30.9) 133 (48.5) 0.002

Cardiovascular disease 70 (18.2) 10 (9.1) 60 (21.9) 0.003
Asthma 35 (9.1) 7 (6.4) 28 (10.2) 0.326
Diabetes mellitus 28 (7.3) 8 (7.3) 20 (7.3) 1.000
Chronic obstructive pulmonary
disease          

17 (4.4) 4 (3.6) 13 (4.7) 0.787

Alcoholism 15 (3.9) 0 (0) 15 (5.5) 0.008
Admitted from nursing home 7 (1.8) 2 (1.8) 5 (1.8) 1.000
PSI I-II 237 (61.7) 87 (79.1) 150 (54.7) <0.001
PSI III-V 147 (38.3) 23 (20.9) 124 (45.3) <0.001

*Antibiotic treatment before admission, regardless of the amount of the doses taken.
Data are presented as number of subjects (%) unless otherwise indicated

Study II. This study formed part of a larger prospective study (I). Included was a subset 
of 231 patients who had their throat swab specimens examined also for the presence of 
rhinoviruses and enteroviruses. 

Study IV. This study was a prospective study. Included were 68 patients with CAP who 
had their leukocyte receptor expression examined on admission.

Study V. This retrospective study included 71 patients with CAP who had undergone BAL 
in 1996-2000. The demographic and clinical characteristics of these patients are described 
in Table 10. All BALs were requested by the attending physicians on clinical grounds, 
either due to diagnostic or to therapeutic difficulties associated with the patient’s disease. 

Table 10. Patient characteristics (n=71) (Study V)

Characteristic
Age, years 59±13.5 (range 29-82)
Sex 48 (68) male, 23 (32) female
Smokers 24 (34)
Cardiovascular disease 10 (14)
Chronic obstructive pulmonary disease  9 (13)
Alcoholism  9 (13)
Other underlying diseases 17 (24)
Data are presented as number of subjects (%) unless otherwise indicated

4.2.	D iagnostic criteria (I-V)
The diagnostic criteria for CAP included a new infiltrate on chest radiograph in a patient 
with either fever or clinical signs/symptoms of lower respiratory tract infection (cough, 
sputum production, dyspnea, pleuritic chest pain, crackles on auscultation), or both.
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4.3.	M icrobiological examinations (I-IV)
The clinical specimens for microbiology were obtained as described (I-IV). Standard 
methods were used to culture aerobic and anaerobic bacteria and viruses. Sputum 
culture was performed in a semiquantitative manner only when sputum samples had 
more than 25 polymorphonuclear leukocytes and less than 10 epithelial cells per low-
power microscopy field.  For the detection of Legionella spp., specimens were cultured 
on buffered charcoal-yeast extract (BCYE; Oxoid Ltd., Basingstoke, United Kingdom) 
agar plates. 

From nasopharyngeal samples, viral antigens for respiratory viruses (influenza A and 
B viruses, RSV, PIV types 1-3, and adenovirus) were examined by time-resolved 
fluoroimmunometry with monoclonal antibodies (Arstila 1988). Unconcentrated urine 
samples were tested with the immunochromatographic assay Binax NOW S. pneumoniae 
antigen (Binax, Portland, Maine, USA), and when considered clinically indicated, Binax 
NOW L. pneumophila antigen (Binax, Portland, Maine, USA) was used. Previously 
described methods were used for the M. pneumoniae, C. pneumoniae, and Legionella 
spp. PCR tests, as well as for the influenza A and B viral PCR tests (Cheng et al. 2004, 
Rantakokko-Jalava and Jalava 2001, Tondella et al. 2002, Waris et al. 1998). Throat 
swab specimens were examined for the presence of rhinoviruses and enteroviruses using 
previously described reverse-transcriptase (RT)-PCR assays (Vuorinen et al. 2003). 
Antigen detection and PCR tests were defined as rapid methods.

M. pneumoniae and C. pneumoniae IgG and IgM antibodies were measured with 
commercial enzyme immunoassay kits (IgG-EIA, and IgM-EIA, AniLabsystems, 
Helsinki, Finland). Legionella IgG and IgM antibodies were determined by enzyme 
immunoassay with L. pneumophila 1-4 and L. micdadei as antigens and virus-specific 
IgG antibody titers by enzyme immunoassay with influenza A and B viruses, PIV types 
1-3, adenovirus, and RSV as antigens. 

4.4.	 Bronchoscopy and BAL (V)
Bronchoscopy and BAL were done in local anesthesia with a solution of 4% lidocain 
using a fiberoptic flexible videobronchoscope. BAL was taken from the lobe in which 
the chest radiograph showed infiltration. The BAL samples were taken by introducing 
the tip of the scope into the respective lobe and by irrigating the lobe with 0.9% sterile 
NaCl using an amount of 20 ml and then suctioning with low suction power. 

Aliquots of lavage fluid were submitted for cytological and microbiological examinations. 
The samples were examined microscopically after staining with the gram stain, acid-fast 
stain and the calcofluor white stain. Standard methods were used for the culturing of 
aerobic and anaerobic bacteria, fungi, mycobacteria and viruses. For the detection of 
Legionella spp., specimens were cultured as described above. The detection of Legionella 
spp. and M. pneumoniae by PCR was performed as described (Rantakokko-Jalava and 
Jalava 2001, Waris et al. 1998). Methods to identify Pneumocystis jirovecii included 
microscopical examination of the lavage fluid after staining with a silver stain or with 
immunofluorescence or both and, in addition, detection of the organism by a PCR method 
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as described (Wakefield et al. 1990). Methods to identify cytomegalovirus included 
cytopathological evaluation, viral culture or PCR (Demmler et al. 1988, Hukkanen et al. 
2000). Detection and identification of mycobacteria were based on described methods 
(Rantakokko-Jalava et al. 2001, Soini et al. 1992). 

4.5.	 Definitions for etiological diagnosis (I-V)
The etiology of the CAP was classified as definitive if one of the following criteria were 
met: 1. identification of an etiological agent from blood or pleural fluid, 2. detection of 
M. pneumoniae  or C. pneumoniae by PCR from a throat swab sample, 3. demonstration 
of Legionella spp. by culture or PCR from a sputum sample, 4. detection of a respiratory 
virus from a nasopharyngeal sample by antigen detection or viral isolation or detection 
of influenza A or B virus by PCR from a throat swab sample, 5. a 1.5-fold increase 
(according to manufacturer’s interpretation) of enzyme immunounits (EIU) of M. 
pneumoniae IgG or C.  pneumoniae IgG, or a 4–fold titer increase in antibody level of 
Legionella spp., or a 4–fold titer increase of IgG antibody levels of respiratory viruses. 

The etiology of pneumonia was defined as probable when the identification of the 
etiological agent was based on 1. detection of S. pneumoniae antigen or L. pneumophila 
antigen in urine, 2. sputum culture, or 3. detection of IgM antibodies for M. pneumoniae 
or for C. pneumoniae. Patients in whom more than one etiological agent was detected 
were classified as having mixed infections. 

In BAL samples bacterial and fungal culture was considered positive when the organism 
was isolated in numbers greater than 104 colony-forming unit/ml. Demonstration of 
Legionella spp., M. pneumoniae and mycobacteria by culture or PCR were considered 
positive findings. Detection of a respiratory virus from the BAL fluid by culture was 
classified as clinically significant. 

4.6.	D etermination of CRP (III, IV)
CRP levels were determined by an immunoturbidometric method (Tina-quant®) on 
Hitachi 917 automated biochemistry analyzer (Roche Diagnostics GmbH, Mannheim, 
Germany). In Study III, the CRP levels were examined on admission (CRP1), on a 
daily basis until the rising tendency of CRP turned into a declining tendency and later 
as clinically indicated 2-5 times a week during the hospitalization. In addition, CRP was 
examined at the time of clinical stability (CRP2). In Study IV, CRP was examined on 
the same day as the leukocyte receptor expression.

4.7.	M easurement of leukocyte receptor expression (IV)
For the measurement of leukocyte receptor expression, 10 ml of heparin anticoagulated 
blood was collected from the patients within two days of hospital admission. The procedure 
was performed as described using fluorescence-labelled receptor-specific monoclonal 
antibodies (Grönlund et al. 1999). FITC-conjugated anti-FcγRI (CD64; mouse IgG1 isotype, 
clone 22), anti-FcγRIII (CD16; mouse IgG1 isotype, clone 3G8), anti-CR1 (CD35; mouse 
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IgG1 isotype, clone J3D3) and mouse IgG1 isotype control (clone 679.1Mc7) as well as 
PE-conjugated anti-FcγRII (CD32; mouse IgG2a isotype, clone 2E1), anti-CR3 (CD11b; 
mouse IgG1 isotype, clone Bear1), mouse IgG1 isotype control (clone 679.1Mc7) and 
mouse IgG2a isotype control (clone U7.27) were purchased from Immunotech (Marseille, 
France). A relative measure of receptor expression was obtained by determining the mean 
fluorescence intensity (MFI) of 5000 leukocytes by flow cytometer.

4.8.	S tatistical analyses (I, III, IV)
Study I. The two-sample t-test was used for the comparison of the mean ages of the 
patient groups. The differences in category variables between patient groups were 
compared with Pearson’s χ2 test with exact P-values. Values of P<0.05 were considered 
significant.

Study III. The associations of CRP values with baseline characteristics other than age 
were statistically tested using the two sample t-test. Associations between age and CRP 
values were studied using Pearson’s correlation coefficient. The two sample t-test was 
applied also with other two group comparisons of the CRP mean values. One way analysis 
of variance (ANOVA) with Tukey’s adjustment for post hoc comparisons was used when 
comparing more than two groups of CRP mean values. In multivariate analysis, when 
covariate adjusted group comparisons were done, the analysis was carried out using 
linear model techniques. Predictive associations of CRP values and dichotomic clinical 
classifications were analyzed using logistic regression models and ROC-analysis. The 
predictive associations of CRP with the time of stabilization were examined using Cox’s 
proportional hazard’s regression analysis. The quantifications of the analyses were done 
by giving the mean values or differences in the mean values in the case of t-test and 
ANOVA or by giving the odds ratios (OR), specificity, sensitivity and area under ROC-
curve in the case of logistic analyses or by giving hazard ratios (HR). Statistical confidence 
was reported by giving the 95% confidence intervals (95% CI) for the estimates. Values 
of P<0.05 were considered significant. Statistical computing was performed with SAS 
System for Windows, Release 9.1.3/2004. 

Study IV. The group differences were tested using ANOVA. Pairwise, group comparisons 
after ANOVA were carried out using Tukey’s multiple comparison technique. Values of 
P<0.05 were considered significant.

4.9.	E thics
Patients gave written informed consent and the study was approved by the Ethics 
Committee of the Turku University Hospital.
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5.	RESULTS

5.1.	E tiological diagnosis of CAP (I, II, V)

5.1.1.	Rapid diagnostic methods for etiological diagnosis of CAP (I)
Among the 384 patients included between 1999 and 2004, a microbial etiology of 
CAP was established in 209 (54.4%) (Table 11). A total of 230 etiological agents were 
identified consisting of 15 various agents. In 21 episodes more than one etiological agent 
was identified. S. pneumoniae was the most common pathogen being detected in 107 
(27.9%) patients followed by M. pneumoniae in 41 (10.7%) patients and C. pneumoniae 
in 28 (7.3%) patients. A respiratory virus was detected as the only etiological agent in 
27 patients (7.0%) and in combination with S. pneumoniae or atypical pathogens in 15 
patients (3.9%). 

Of the 230 etiological agents, 135 (58.7%) were identified by antigen detection or PCR 
(Table 11). Of these 135 microbial agents, 95 (70.4%) were identified only by these 
rapid methods. The identification of the etiological agent led to a change of therapy for 
26 (12.4%) of the 209 patients.   

Table 11. Etiological agents in 384 patients with community-acquired pneumonia according to 
definitions and identification in the acute or convalescent phase (Study I)

Micro-organism Definitivea

Number 
Probablea

Number 
Totala

Number (%)
Identified by a rapid methoda

Number (%)
Bacterial
S. pneumoniae 52 55 107 (27.9) 81 (75.7)
S. aureus 2 3 5 (1.3) 0 
H. influenzae 0 2 2 (0.5) 0
S. pyogenes 1 0 1 (0.3) 0
Fusobacterium sp. 1 0 1 (0.3) 0
Atypical
M. pneumoniae 38 3 41 (10.7) 13 (34.2)
C. pneumoniae 21 7 28 (7.3) 1 (4.8)
L. pneumophila 2 0 2 (0.5) 1 (50.0)
Viral
Influenza A 23 0 23 (6.0) 19 (82.6)
Influenza B 7 0 7 (1.8) 7 (100)
Adenovirus 3 0 3 (0.8) 3 (100)
RSV 3 0 3 (0.8) 3 (100)
PIV type 1 3 0 3 (0.8) 3 (100)
PIV type 3 3 0 3 (0.8) 3 (100)
PIV type 2 1 0 1 (0.3) 1 (100)
Total 160 70 230 (54.4) 135 (58.7)
Unknown 175 (45.6)

aNumbers include 21 episodes with dual organisms (S. pneumoniae with a respiratory virus, 11 cases; S. 
pneumoniae with C. pneumoniae, 1 case; M. pneumoniae with influenza A, 3 cases; M. pneumoniae with 
H. influenzae, 2 cases; C. pneumoniae with S. aureus, 2 cases; C. pneumoniae with adenovirus, 1 case; and 
influenza B virus with parainfluenza 3 virus, 1 case). 
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5.1.2.	Rhinoviruses and enteroviruses as causative agents of CAP (II)
In the subset of 231 patients, who had their throat swab specimens examined also for the 
presence of rhinoviruses and enteroviruses, the total proportion of viruses as causative 
agents of CAP was 20%. Of the 46 patients with viral infection, 19 (41%) were positive 
for respiratory picornaviruses by RT-PCR. Among the 12 patients with enteroviruses, 
additional etiological agents were detected in 7 (58%), including 3 (25%) cases of S. 
pneumoniae. Among the 7 patients with rhinoviruses, a concomitant S. pneumoniae 
infection was detected in 4 (57%) (Table 12). 

Table 12. Clinical characteristics and microbiological findings of 231 patients with community-
acquired pneumonia who had a throat swab taken for viral analysis (Study II)

Enterovirus 

(n=12)a

Rhinovirus 

(n=7)

Influenza A

(n=17)a

Other 
respiratory 
viruses
(n=12)

Other or 
undetermined 
etiology 
(n=184)

Age (years) (mean ± SD) 45.9 ± 18.5 44.6 ± 19.9 64.2±16.7 50.3±23.4 48.8±17.7 

Male 6 (50) 6 ( 86) 5 (29 ) 7 (58 ) 103 (56) 

Underlying disease 4 (33) 4 (57) 9 (53) 3 (25) 73 (40)

COPD or asthma 2 (17 ) 3 ( 43) 4 (24 ) 1 (8 ) 23 (13)

Cardiovascular disease 2 (17 ) 1 ( 14) 3 (18 ) 2 ( 17) 29 (16 )

Smoker 4 (33 ) 4 (57 ) 3 (18) 1 (8) 59 ( 32)

PSI class IV-V 2 (17) 2 (29) 8 (47) 2 (17) 35 (19)

Died 0 1 (14) 3 (18) 0 1 (5 )

S. pneumoniae 3 (25) 4 (57) 6 (35) 2  (17) 50 (27)

Data are shown as number (%) unless otherwise indicated.
COPD, chronic obstructive pulmonary disease; PSI, Pneumonia Severity Index
a2 patients with enterovirus and influenza A. 

5.1.3.	Diagnostic yield of various microbiological methods (I)

5.1.3.1.	Antigen detection
The S. pneumoniae urinary antigen detection test was positive in 24.3% (81/333) of the 
patients. Among the 52 patients with bacteremic pneumococcal pneumonia, the antigen 
test was negative in 9 (17.3%) cases. In 51 (47.7%) of the 107 patients with pneumococcal 
pneumonia S. pneumoniae was identified only by the urinary antigen detection test.The 
results of the antigen tests with respect to the results of blood cultures are presented in 
Table 13. All of the 15 L. pneumophila antigen detection tests performed from urine 
samples were negative. Respiratory viral antigen detection from a nasopharyngeal 
sample was positive in 11.1% (35/314) of the patients.



72	 Results	

Table 13. Comparison between the results of Streptococcus pneumoniae urinary antigen detection 
and blood culture (Study I)

Blood culture Streptococcus pneumoniae urinary antigen detection
positive (n = 81) negative (n = 252) ND (n = 51)

Streptococcus pneumoniae 
      (n = 52) 27 9 16

Negative for Streptococcus  pneumoniae
      (n = 327) 54 239 34

ND (n = 5) 0 4 1

ND, test was not done.

5.1.3.2.	PCR 
A total of 619 PCR tests from 291 patients were performed including 553 PCR tests 
from throat swab specimens and 66 PCR tests from sputum specimens. The 553 PCR 
tests from throat swab specimens consisted of 174 tests for M. pneumoniae, 195 tests for 
C. pneumoniae and 184 tests for influenza A and B viruses. M. pneumoniae PCR was 
positive in 7.5% (13/174) and influenza A viral PCR was positive in 1.6% (3/184) of the 
patients. C. pneumoniae PCR was positive in one patient (0.5%). PCR test identified 13 
(34.2%) of the 41 cases of M. pneumoniae and 1 (4.8%) of the 21 cases of C. pneumoniae. 
There was no positive finding for influenza B by PCR. The M. pneumoniae PCR findings 
with respect to the serological findings are presented in Table 14. Of the 66 Legionella 
spp. PCR tests from sputum samples, one positive result was obtained. 

Table 14. Comparisons between the results of Mycoplasma pneumoniae polymerase chain 
reaction (PCR) and antibody tests (Study I)

Mycoplasma pneumoniae 
PCR

Acute phase serology of Mycoplasma 
pneumoniae

   positive         negative           ND

Convalescent phase serology of 
Mycoplasma pneumoniae

   positive         negative           ND
positive (n = 13) 2 10 1 8a 0 5
negative (n = 161) 9 139 13 19b 90 52
ND (n = 210) 4 156 50 5c 66 139

PCR, polymerase chain reaction; ND, test was not done. 
aIn 1 case antibody test was positive also in acute phase. 
bIn 7 cases antibody test was positive also in acute phase. 
cIn 2 cases antibody test was positive also in acute phase. 

5.1.3.3.	Other methods
Blood cultures were positive in 14.5% (55/379) of the patients yielding 52 cases of S. 
pneumoniae, 2 cases of S. aureus, and 1 case of S. pyogenes. Of the 119 sputum samples 
obtained between 1999 and 2002 for culture, the quality of the sputum was adequate in 
68 (57.1%) patients. A microorganism classified as significant was isolated in 11 (9.2%) 
of these patients including 6 cases of S. pneumoniae, 3 cases of S. aureus, and 2 cases 
of H. influenzae. Of the 23 virus isolations performed on nasopharyngeal samples, 3 
(13.0%) were positive for influenza A. In 1 patient, this was the only method to diagnose 
influenza A infection.
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5.1.4.	Diagnostic yield according to severity of pneumonia and preceding 
antimicrobial therapy (I)

The total diagnostic yield was significantly higher in PSI risk classes III-V than in risk 
classes I-II (61.9% vs. 49.8%; P=0.021). Among the diagnostic methods, the yields of blood 
culture, urinary pneumococcal antigen test and viral antigen detection were significantly 
higher in PSI risk classes III-V than in risk classes I-II (Table 15). In 14 (77.8%) of the 
18 patients with a positive respiratory viral antigen detection in PSI risk classes III-V, the 
virus was the only etiological agent identified.  In 8 (47.0%) of the 17 patients with positive 
respiratory viral antigen detection in PSI classes I-II, the virus was the only etiological 
agent identified. With one exception, all patients with a positive M. pneumoniae PCR test 
or positive serology for M. pneumoniae were stratified in PSI risk groups I and II (Table 
15). There were no significant differences between the PSI groups in the diagnostic yield of 
sputum culture or C. pneumoniae serogy (Table 15). There were no significant differences 
in the total diagnostic yields between the patients with or without prior antimicrobial 
therapy (51.8% vs. 55.5%; P=0.571). Yet, significant differences were observed between 
these 2 patient groups in the diagnostic yields of the various methods (Table 16).     

Table 15. Diagnostic yield of microbiological examinations by PSI risk classes I-V (Study I)

Microbiological 
examination 

Number of positive/total tests (%) per PSI risk class

  I (n = 124)      II (n = 113)      III(n =  59)   IV-V (n = 88)

P value

      group        I-II vs. III-V
S. pneumoniae 
antigen detection

12/112 (10.7) 25/106 (23.6) 20/53 (37.7) 24/62 (38.7) <0.001 <0.001

Virus antigen  
detection

8/111 (7.2) 9/97 (9.3) 6/46 (13.0) 12/59 (20.3) 0.064 0.017

M. pneumoniae 
PCR test

7/64 (10.9) 6/50 (12.0) 0/22 (0) 0/38 (0) 0.048 0.007

Blood culture 6/122 (4.9) 12/112 (10.7) 11/59 (18.6) 26/86 (30.2) <0.001 <0.001
Sputum culture 2/35 (5.7) 4/38 (10.5) 2/16 (12.5) 3/30 (10.0) 0.802 0.627
M. pneumoniae 
serology 

28/114 (24.6) 8/100 (8.0) 0/47 (0) 1/59 (1.7) <0.001 <0.001

C. pneumoniae 
serology 

8/114 (7.0) 9/100 (9.0) 6/47 (12.8) 5/59 (8.5) 0.708 0.468

PSI, pneumonia severity index; PCR, polymerase chain reaction. 

Table 16. Diagnostic yield of microbiological methods in patients with or without prior antibiotic 
treatment (Study I)

Microbiological investigation

With prior antimicrobial 
treatment

Without prior antimicrobial 
treatment

P value

No positive/tested (%) No positive/tested (%)
S. pneumoniae  antigen 
detection in urine sample 14/103 (13.6) 67/230 (29.1) 0.002
Virus antigen detection in 
nasopharyngeal sample 8/91 (8.8) 27/223 (12.1) 0.437
M. pneumoniae PCR test 9/58 (15.5) 4/116 (3.4) 0.011
Blood culture 3/108 (2.8) 52/271 (19.2) <0.001
Sputum culture 1/34 (2.9) 10/85 (11.8) 0.175
Serologya 32/101 (31.7) 32/219(14.6) <0.001

aIncluding serology for M. pneumoniae and C. pneumoniae. 
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5.2.	U sefulness of CRP in assessing CAP severity, complications and 
etiology (III)  

5.2.1.	CRP on admission
CRP on admission (CRP1) was significantly higher in patients with alcoholism or 
smoking, and lower in patients with preceding antibiotic treatment compared to those 
without these baseline characteristics.

The mean value of CRP1 was significantly higher among the patients who were transferred 
to the ICU than among those who were not (P<0.001). No significant difference was 
observed in the mean values of CRP1 between the patients who died and those who 
survived (P=0.998). Significant (P<0.001) differences in mean CRP1 were observed 
between the patients belonging to various etiological groups (Table 17). 

By univariate analysis, significant (P<0.001) differences were observed in CRP1 
between the patients belonging to different PSI classes (Table 18). The differences in 
CRP1 were also significant (P<0.001), when PSI groups I-II combined were compared 
to PSI groups III-V combined. By multivariate analysis, the differences between the 
PSI groups remained significant after adjusting for age, sex, cardiovascular disease, 
bacteremic pneumonia and etiological agents (P=0.004). An increment of 50 mg/l of the 
CRP1 value was associated with a 1.22-fold odds for a patient to be in PSI class III-V as 
compared to being in class I-II (OR 1.22, 95% CI 1.11 to 1.34; P<0.001). 

Table 18.  Mean (SD) values of C-reactive protein on admission (CRP1) according to Pneumonia 
Severity Index (PSI) classes (Study III)

PSI I
n = 124

PSI II
n = 113

PSI III
n = 59

PSI IV
n = 73

PSI V
n = 15 P value

CRP1 mg/l
Mean (SD)
Range

163 (88)
1-445

200 (104)
4-502

232 (139)
8-650

220 (140)
13-560

320 (126)
129-491

<0.001

PSI I-II combined PSI III-V combined P value
CRP1 mg/l

Mean (SD)
Range

180 (97)
1-502

236 (139)
8-650

<0.001

The mean (SD) values of CRP1 were significantly higher in the patients with bacteremic 
pneumonia than in those with nonbacteremic pneumonia (P<0.001). The difference 
was significant between the patients with bacteremic and nonbacteremic pneumococcal 
pneumonia (P<0.001). An increment of 50 mg/l of the CRP1 value was associated with a 
1.67-fold odds for a patient to be bacteremic (OR 1.67, 95% CI 1.46 to 1.92; P<0.001).

ROC analysis was used to establish a cut-off point for CRP1 that would predict 
bacteremia with a sensitivity of at least 75% combined with the best possible specificity. 
A concentration of 230 mg/L was identified as such a cut-off point. CRP1 was ≥230 mg/l 
for 43 of the 55 patients with bacteremic pneumonia (sensitivity 78%) and <230 mg/l 
for 243 of the 324 patients with nonbacteremic pneumonia (specificity 75%) (area under 
the ROC curve 0.812). 
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5.2.2.	CRP and clinical stabilization
The mean (SD) duration between the admission and the day when the patient was 
stabilized was 4.6 (3.2) days (range 1-27). There were significant differences in the CRP 
values at the time of clinical stability (CRP2) between the different PSI classes (P=0.022) 
and the etiology of CAP (P=0.029). By pairwise comparisons of the etiological agents, 
the difference was significant only between the patients with pneumococcal pneumonia 
and those with mycoplasma pneumonia.

There was a trend for an association between the level of CRP1 and the time to reach 
clinical stability. In the Cox’s regression analysis, it was found that for an increment of 
50 mg/l of the CRP1 value, the risk for the patient to remain unstabilized increased by 
6% (HR 1.06, 95% CI 1.02 to 1.11; P=0.005). 

5.2.3.	CRP during the follow-up
Figure 3 shows the CRP values during the first five days of hospitalization with respect 
to PSI classes (A), etiology of CAP (B), bacteremic and nonbacteremic disease (C) and 
the development of complications (D). 

The risk to be admitted to an ICU or the need to change the initial antimicrobial 
treatment was significantly higher in the patients with CRP values >100 mg/l on day 4 
after admission and a significantly smaller number of these patients had been stabilized 
at that time point than of those whose CRP values were ≤100 mg/l (Table 19). The CRP 
value was >100 mg/L in all 4 patients who developed empyema.

Table 19. Comparison between patients with community-acquired pneumonia who had C-reactive 
protein (CRP) values ≤ 100 mg/l and > 100 mg/l on day 4 after admission (Study III)

CRP ≤ 100 mg/l
n = 172

CRP >100 mg/l
n = 100

P value CRP missing
n = 82

Mean (SD) duration of hospitalization 
(range)

7.2 (4.0) 
(4-36)

13.1 (7.8) 
(6-42)

<0.001 8.2 (4.4) 
(4-29)

Patients clinically stabilized 130 (75.6) 19 (19.0) <0.001 56 (68.3)
Patients admitted to the ICU 12 (7.0)a 21 (21.0) b <0.001 2 (2.4)
Change of antimicrobial treatment 41 (23.8) 63 (63.0) <0.001 13 (15.8)
Death 4 (2.3) c 4 (4.0)d 0.425 2 (2.4)d

Empyema 0 4 (4.0) 0.008 0

Data are number (%) of patients, unless otherwise indicated.
aNone of the patients were admitted to the ICU later than day 4
bTwo patients were admitted to the ICU later than day 4.
cTwo patients died on day 4 and two patients later.
dAll died later than day 4.
ICU, intensive care unit.

5.3.	U sefulness of complement receptor 1, complement receptor 3, 
and FcγR1 on neutrophils in differentiating between bacterial 
and viral pneumonia (IV)

The mean expression of complement receptor 1 (CR1) on neutrophils was significantly 
higher in the patients with pneumococcal pneumonia than in those with influenza A 
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pneumonia. The mean expression of CR1 was also significantly higher in etiologically 
undefined pneumonia than in influenza A pneumonia, but there was no difference between 
pneumococcal and undefined pneumonia. Patients with influenza A could be divided in 
2 subgroups by the expression of CR1 on neutrophils: 8 patients with CR1 ranging from 
2.09 to 5.32, and 5 patients with CR1 ranging from 11.1 to 15.5. The CRP values ranged 
from 44 to 178 mg/l and from 120 to 300 mg/l in these subgroups, respectively. The 
expression of neutrophil CR1 in the patients and controls is presented in Figure 4. 

The expression of CR1 ranged from 3.3 to 8.6 in the 3 patients with M. pneumoniae 
infection, was 6.8 in the patient with C. pneumoniae infection, and 33.6 in the patient 
with L. pneumophila infection. 

There was no difference in the expression of CR3 on neutrophils in patients with 
pneumococcal pneumonia compared to patients with influenza A infection (63.1 vs. 80.7, 
P= 0.619). Instead there was a significant difference in expression between patients with 
pneumococcal pneumonia and patients with etiologically undefined pneumonia (63.1 vs. 
107.2 P= 0.002).

The expression of receptors for the Fc portion of IgG, designated FcγR1, was significantly 
higher in all etiological groups of CAP compared to control group (P values <0.001-0.005) 
while no significant difference was detected between the three etiological groups.   

Figure 4. Expression of complement reseptor 1 on neutrophils in patients with pneumonia 
and controls. A: Streptococcus pneumoniae pneumonia; B: influenza A pneumonia; C: 
etiologically undefined pneumonia; D: controls; E: atypical pneumonia. (Study IV)

5.4.	 Value of BAL for etiological diagnosis of CAP in a routine 
setting (V)

An indication for the performance of BAL was severe CAP on admission or rapid 
deterioration in condition in 36 episodes, and slowly responding pneumonia in 35 episodes. 
The mean (SD) duration of the hospitalization before BAL was 9.9 (8.5) days (range 1 to 
41 days). All BALs were performed during antimicrobial treatment of the patient.
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5.4.1.	BAL cultures
A total of 71 conventional bacterial cultures, 71 mycobacterial cultures, 69 Legionella 
spp. cultures, 66 fungal cultures, 61 viral cultures and 40 Nocardia spp. cultures were 
performed on the 71 BAL samples. The findings designated as significant for CAP are 
presented in Table 20.

Eight (11.2%) BALs produced >104 cfu/ml in terms of quantitative bacterial cultures. 
Only one (1.4%) of them was classified as clinically significant and yielded P. aeruginosa; 
it was obtained 2 days after the patient had been admitted.  One mycobacterial culture 
yielded Mycobacterium avium which was considered significant. One Legionella spp. 
culture from a previously healthy patient grew L. pneumophila. 

In 2 (3.0%) fungal cultures, Candida spp. grew in significant amounts. These specimens 
were obtained 3 and 4 days after admission and were considered to represent either 
colonization or contamination from the upper airways.

Seven (11.5%) BAL fluid samples referred for viral culture were positive. In 3 cases of 
positive respiratory virus isolations, the patient had been admitted 2 to 4 days previously 
(one case each of RSV, influenza A and adenovirus), and the virus was classified as the 
etiological agent of CAP. All of these patients had respiratory failure requiring treatment 
in an ICU and 2 of them needed mechanical ventilation. Two patients had COPD, and 
one had no underlying disease. One of the patients with COPD and adenoviral infection 
died after 7 days of hospitalization. 

5.4.2.	BAL PCR assays 
In 68 (95.7%) of the 71 BAL samples studied, one or several specific PCR tests were 
performed. The results were positive for 4 (5.9%) samples. PCR for M. pneumoniae was 
positive in one patient and for Legionella spp. in one patient; both had severe pneumonia 
requiring treatment in an ICU. L. pneumophila was concurrently isolated from Legionella 
spp. culture. The PCR samples positive for P. jirovecii (1) and cytomegalovirus (1) were 
classified as clinically not significant.  

5.4.3.	Total diagnostic yield and impact of BAL on therapy
BAL was diagnostic in 7 (9.8%) of the 71 patients with CAP. In the 36 patients with 
severe CAP, who had BAL performed within 7 days after the admission, 6 (16.7%) 
findings were considered diagnostic for CAP. In the 35 patients with slowly resolving 
pneumonia, who had BAL performed later than 7 days after the admission, 1 finding 
was considered diagnostic for CAP (2.8%). In this patient group, bronchoscopy and 
BAL revealed also 3 cases of hospital-acquired respiratory virus infections, 2 cases of 
malignancy and 1 case of secondary, ventilatory-associated pneumonia. Thus, the total 
diagnostic yield in slowly resolving pneumonia was 20.0% (7/35). 

The result of BAL indicated a change of the antimicrobial treatment of CAP in 1 of the 
7 patients with a diagnostic BAL (Table 20). 
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Table 20. Etiology of community-acquired pneumonia, diagnostic methods and impact of 
bronchoalveolar lavage (BAL) on therapy (Study V)

Etiological agent Cases 
           Diagnostic method

Chest radiograph 
findings

Change of 
Rxb Mortality 

BAL Noninvasivea Both Local Diffuse
S. pneumoniae 10 0 10 3 7 2
M. pneumoniae 1 1 0 0 1 -c 0
L. pneumophila 2 1 2d 1 0 2 -c 1
P. aeruginosa 2 1 1 1 1 1 2
C. pneumoniae 1 1e 1 0 0
S. aureus 1 0 1 0 1 0
Bacteroides fragilis 1 0 1 0 1 1
Mycobacterium avium 1 1 0 1 -f 1
Respiratory virus 3 3 0 3 -c 1

a Blood culture or serology 

b Result of BAL indicated a change of antimicrobial treatment.
c Result of BAL did not indicate a change of treatment.
d High titers of IgM and IgG antibodies in one patient, and high titers of IgM antibodies in the other.          
e A significant increase in IgG titers in paired samples.
f The patient died before the result of the mycobacterial culture was available.
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6. 	DIS CUSSION

6.1.	E tiological diagnosis of CAP (I, II, V)
6.1.1.	Rapid diagnostic methods for etiological diagnosis of CAP (I, II)
During the last decade, new microbiological techniques have provided an opportunity to 
rapidly determine the etiology of CAP (Cheng et al. 2004, Rantakokko-Jalava and Jalava 
2001, Roson et al. 2004b, Strålin et al. 2006, Tondella et al. 2002, Waris et al. 1998). One 
of the main purposes of this study was to evaluate the usefulness of these rapid methods 
to provide an early etiological diagnosis. Although clinically this is the most essential 
objective of the etiological diagnostics, previous studies have seldom focused on this 
question. 

In this study, a wide range of rapid microbiological methods, including pneumococcal 
urinary antigen detection, antigen detection of respiratory viruses and PCR tests for M. 
pneumoniae, C. pneumoniae and influenza A and B viruses, were applied. The total 
diagnostic yield was 54.4%, which is comparable to previous reports (Bohte et al. 1995, 
Luna et al. 2000, Roson et al. 2001, Socan et al. 1999). Higher diagnostic yields (60.0-
80.6%) have been obtained in studies which have put more emphasis on the serological 
diagnosis of etiological agents including conventional bacterial pathogens (Jokinen et 
al. 2001, Lieberman et al. 1996, Lim et al. 2001, Örtqvist et al. 1990) and in studies with 
more extensive use of invasive methods, e.g., BAL or transthoracic needle aspiration 
(Ishida et al. 1998, van der Eerden et al. 2005). In one of these studies, the diagnostic yield 
was no less than 76%; here, a wide range of PCR methods was used, which increased 
the diagnostic yield of viral agents, in particular (Templeton et al. 2005). In the clinical 
setting of the Department of Infectious Diseases of Turku University Hospital, more than 
half (58.7%) of the confirmed etiological agents were identified in the acute phase by 
antigen detection or gene amplification. 

6.1.1.1.	CAP due to bacterial pathogens (I)
In the patients of Study I, S. pneumoniae was the most common etiological agent of 
CAP and accounted for 28% of all cases. Thus, the most valuable rapid diagnostic 
method was the S. pneumoniae urinary antigen test which doubled the cases that were 
identified as pneumococcal pneumonia based on blood and sputum cultures. Unlike in 
children, the specificity of this test in adults is high – 92-100% (Roson et al. 2004b, 
Strålin et al. 2004) – and a positive test can be considered diagnostic. The sensitivity of 
the S. pneumoniae urinary antigen test is between 54% and 94%, higher in patients with 
bacteremic pneumococcal pneumonia – 75% in this material - and in patients with severe 
disease (Roson et al. 2004b, Strålin et al. 2004).

The combined proportion of M. pneumoniae and C. pneumoniae as the etiological 
agents of CAP was 18% of all 384 cases. Both M. pneumoniae and C. pneumoniae have 
traditionally been diagnosed by serology, but recently PCR tests have been introduced. 
Although the sensitivity of M. pneumoniae PCR in patients with CAP has generally been 
low (Räty et al. 2005, Strålin et al. 2006, Waris et al. 1998), in Study I the results of PCR 
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and acute phase serology complemented each other in the detection of M. pneumoniae 
in an early phase of CAP. Thirteen cases were diagnosed with M. pneumoniae by PCR 
from throat swab specimens, while only 2 of these patients had IgM antibodies in their 
acute phase serum samples. The use of sputum rather than nasopharyngeal specimens 
might increase the sensitivity of PCR (Räty et al. 2005, Strålin et al. 2006), but not many 
patients are able to produce an adequate sputum specimen at examination. Only one 
case of C. pneumoniae in our patients was diagnosed by PCR. The low yield of the C. 
pneumoniae PCR test is in agreement with earlier reports (Strålin et al. 2006, Templeton 
et al. 2005). Combined with previous findings, our results indicate that more reliable 
rapid tests for the detection of both M. pneumoniae and C. pneumoniae are needed (Räty 
et al. 2005, Strålin et al. 2006, Templeton et al. 2005, Waris et al. 1998).    

Consistent with some earlier studies, there was no difference in the total diagnostic yield 
between the patients with and without antimicrobial treatment before admission (Luna 
et al. 2000, van der Eerden et al. 2005). On the other hand, the diagnostic yield of blood 
culture and pneumococcal antigen detection was lower among those who had received 
antibiotics beforehand. A similar observation has been made by van der Eerden et al. (van 
der Eerden et al. 2005). However, in the group of patients with prior antibiotics there 
were significantly more patients from PSI groups I-II, more patients with mycoplasma 
pneumonia and fewer patients with pneumococcal pneumonia. This variation in the 
patient characteristics may partly explain the differences in the diagnostic yield of 
various methods between these two groups. 

6.1.1.2.	Viral agents associated with CAP (I, II)	
In the whole population of 384 patients (Study I), respiratory viruses accounted for 
10.9% of the etiology of CAP. This finding is comparable to previous reports showing 
frequencies of 4% to 16% of respiratory viruses (Bohte et al. 1995, Ishida et al. 1998, 
Jokinen et al. 2001, Lieberman et al. 1996, Luna et al. 2000, van der Eerden et al. 2005, 
Örtqvist et al. 1990). Here, the recognition of respiratory viruses was based mainly on 
antigen detection from nasopharyngeal samples. The method is rapid and provides a 
diagnosis in a few hours. The viral antigen tests can be recommended for the etiological 
diagnostics of CAP also based on the relatively high diagnostic yield obtained by these 
methods in the present study. Yet, apart from detection of influenza virus, a positive 
antigen test seldom has an impact on treatment.

In most previous studies, the diagnosis of respiratory viruses has been based on 
serological tests (Bohte et al. 1995, Ishida et al. 1998, Jokinen et al. 2001, Lieberman et 
al. 1996, Lim et al. 2001, Roson et al. 2001, van der Eerden et al. 2005), and viral antigen 
detection has only been used in few studies (Luna et al. 2000, Socan et al. 1999). The 
incidence of positive antigen detection was somewhat higher in our study (11.1%) than 
in the previous studies (4.3-5.0%) which was probably due to the high sensitivity of the 
TR-FIA method used here (Waris et al. 1988). In addition, the significantly shorter 12 
month study period (compared to our 5 years) and variable epidemiological situations in 
the earlier series might be partly responsible for the different findings. 

In Study I, only the influenza A and influenza B PCR tests were targeted on viruses.  Both 
tests were performed on samples from 184 patients. The diagnostic yield of these PCR 
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methods was very low, with only 3 samples (1.6%) positive for influenza A and none 
positive for influenza B. Due to the relatively small percentage of the patients in whom 
these tests were performed, no definite conclusions can be drawn on their usefulness 
based on the results of the present study. It is plausible that a more extensive use of PCR 
might allow the recognition of a wider range of respiratory viruses and increase the yield 
in viral diagnostics (Templeton et al. 2005). Even so, antigen detection may still be more 
often available in clinical practice and more economical than PCR. 

In Study II, the role of respiratory picornaviruses as causative agents of CAP in adults 
and their contribution to disease severity was examined in a subset of 231 patients 
who had their throat swab specimens examined also for the presence of rhinoviruses 
and enteroviruses. Previously, Jennings et al. have reported on the common nature of 
mixed viral/bacterial etiology in patients with CAP. They found an association between 
mixed rhinovirus/pneumococcal infection and severe disease (Jennings et al. 2008). 
Experimental studies have shown that the adherence of S. pneumoniae to human tracheal 
epithelial cells is increased in the presence of rhinovirus (Ishizuka et al. 2003). The results 
of Jennings et al. prove this association in vivo by showing that 39% of their patients 
with rhinovirus identified from a nasopharyngeal sample had concurrent S. pneumoniae 
infection (Jennings et al. 2008).

In this subset of 231 patients, 19 were positive for respiratory picornaviruses, including 
12 patients with enteroviruses and 7 patients with rhinoviruses. Additional etiological 
agents were identified in more than half of these cases. In agreement with the results of 
Jennings et al., as many as 57% of our patients with rhinovirus also had S. pneumoniae 
infection. Rhinovirus was associated with severe disease (PSI IV-V) in 29% of the 
cases, and one of the patients with mixed rhinovirus/pneumococcal infection died. The 
percentage of severe disease in our patients was somewhat lower than the 39% of severe 
rhinovirus-associated infections reported by Jennings et al. (Jennings et al. 2008). 

Only one previous study has included the enterovirus PCR test in the diagnostic array 
of CAP in non-immunocompromised adult patients (Angeles Marcos et al. 2006). 
Moreover, only one (0.5%) of the 198 patients in that study had enterovirus infection. 
In the present study, on the other hand,  enterovirus was the second most common 
viral agent after influenza A and was detected in 5% of our patients. This percentage is 
similar to that observed in association with lower respiratory tract infection in children 
(Jennings et al. 2004), in whom enteroviruses are among the most important viruses 
causing this disease. Collectively, our findings corroborate those of Jennings et al. and 
support their conclusion that the importance of both viral pneumonia and mixed viral/
bacterial pneumonia may be greater than previously assumed.

6.1.1.3.	Limitations of epidemiological information (I)
The present study has limitations as regards the epidemiology of CAP. First, the number 
of patients with CAP included during the study period is rather small considering that our 
university hospital serves as a primary-care facility for infectious diseases in a catchment 
area of about 200,000 inhabitants. The modest number of patients is due to the fact that 
in our area, patients with CAP are treated in 2 additional hospitals. Those with asthma 
or COPD as an underlying disease are often referred to the Respiratory Diseases Unit of 
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the Turku University Hospital. In addition, elderly patients with CAP may be admitted 
to the Turku City Hospital. This may have caused some bias, e.g., as regards the relative 
proportions of various causative agents of CAP. The main focus of this study was not, 
however, epidemiological.   

Also, it is of note that not all of the diagnostic tests were carried out on every patient 
included in the study. At least to some extent, this impedes the conclusions made on the 
performance of different diagnostic methods. It is plausible that a higher total diagnostic 
yield may have been achieved had the diagnostic tests been performed uniformly in all 
patients. The diagnostic yield might have increased also by the application of a larger 
array of PCR tests especially for viral pathogens, as illustrated by the results of Study 
II. In that study, the proportion of viruses as etiological agents was 20% in the subset 
of 231 patients who were examined by PCR also for the presence of rhinoviruses and 
enteroviruses, while the proportion of viruses in Study I was only 10.9%.

6.1.1.4.	Usefulness of rapid microbiological methods with respect to disease severity (I)
Only a few previous studies have concurrently analyzed the diagnostic yield of multiple 
rapid microbiological methods in different PSI groups, and the differences detected have 
been minor (Roson et al. 2001, van der Eerden et al. 2005). In the present study, the yield 
of the urinary pneumococcal antigen test increased significantly between PSI groups I 
and IV-V (from 11% to 37%). A somewhat unexpected finding was that the diagnostic 
yield of viral antigen detection from the nasopharyngeal sample was highest in patients 
in PSI groups IV-V. On the other hand, the PCR tests positive for mycoplasma were 
concentrated in the PSI groups I-II.               

The yield of S. pneumoniae from blood cultures increased with PSI grade from 4.9% in 
PSI group I to 30.2% in PSI groups IV-V. Similar results have been previously reported 
(Waterer and Wunderink 2001). On the other hand, there are reports in which no or only 
insignificant differences were found (Roson et al. 2001, van der Eerden et al. 2005). At 
least two factors can contribute to the association between the PSI grade and the yield 
of blood culture. First, in pneumococcal and other bacterial pneumonias, bacteremia 
may be more common in severe than in mild cases. Second, compared to milder cases, a 
larger proportion of severe pneumonias may be caused by microbes detectable in blood 
cultures. Evidently, both of these factors were pertinent in our patients since 68.0% of 
all pneumococcal pneumonias in PSI classes IV-V were blood culture positive, while M. 
pneumoniae dominated as the etiological agent in PSI class I. 

6.2.	U sefulness of CRP to assess disease severity, complications and 
etiology (III)  

The usefulness of the CRP values in the evaluation of patients with CAP was analyzed 
with special reference to disease severity. In this respect, the positive correlation between 
high CRP values and severe disease was one of the main findings. This was manifested, 
e.g., by the significantly higher CRP1 values in the patients who were transferred to 
an ICU than in those who were not, as well as by the significant association between 
the CRP1 levels and PSI class. Moreover, the CRP1 levels in PSI classes I-II differed 
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significantly from those in PSI classes III-V. These are clinically the 2 most important 
groups to be differentiated, since the risk of mortality and ICU admission rates are 
highest in the high PSI classes (Fine et al. 1997a, Garau et al. 2008, Man et al. 2007). In a 
clinical setting, assessment of the PSI provides valuable help for the attending physician 
who must decide on whether a patient can be treated as an outpatient or whether he 
should be admitted to hospital. The PSI is not routinely determined in Finland, while 
CRP is.  Based on the results of Study III, the higher the CRP1 value, the greater were the 
odds for a patient to belong to PSI class III-V as compared to class I-II. The significant 
correlation between PSI and CRP1 supports the concept that very early during patient 
evaluation, both of these parameters can be used towards the same end. However, the 
high range of the CRP values in different PSI classes makes the interpretation of CRP 
in respect to the disease severity even more complex. Consequently, it is evident that 
determination of the CRP on admission does not replace the assessment of the PSI, but 
that these 2 parameters are useful when used to complement each other.  

Several studies have shown that mortality and admission rates to an ICU are higher 
among patients with bacteremic pneumonia than nonbacteremic pneumonia (Fine et al. 
1996, Garau et al. 2008, Musher et al. 2000). Consequently, it is important that patients 
with bacteremia are rapidly recognized, since they should be admitted to hospital. In 
the present study, bacteremic patients had significantly higher CRP1 levels compared 
to nonbacteremic patients: an increment of 50 mg/l on admission was associated with a 
1.67-fold odds for bacteremia. Furthermore, a cut-off point of 230 mg/l of CRP1 predicted 
bacteremia with a sensitivity of 78% and specificity of 75%. The use of this cut-off point 
may be especially useful in patients of PSI class I-II, for whom outpatient treatment is 
usually considered appropriate (Fine et al. 1997a, Mandell et al. 2007). Still, high CRP 
values on admission should raise a suspicion of bacteremia even in this group of patients. 
In the present work, CRP1 was >230 mg/l in 13 (72%) of the 18 bacteremic patients in 
PSI class I-II. The result suggests that the CRP value may provide additional information 
on the likelihood of bacteremia.  Also in this respect the CRP value is complementary to 
PSI classification. Recently Falguera et al. have developed a simple score based entirely 
on epidemiological and clinical variables to stratify patients with CAP into groups with 
a low or high risk of developing bacteremia (Falguera et al. 2009). 

CRP proved valuable as a follow-up test: the CRP levels fell rapidly in accordance with 
the clinical recovery of the patient. This is in line with the few previous reports that have 
studied the usefulness of CRP as a follow-up test (Bruns et al. 2008, Chalmers et al. 
2008a, Menendez et al. 2008, Smith et al. 1995b). An important finding in our patients 
was that CRP levels of >100 mg/l on day 4 after admission suggest treatment failure or 
complications. It is of note that only 19% of the patients with CRP levels >100 mg/l on 
day 4 were in a stable condition, and 21% of them needed treatment in an ICU and 63% 
a change of antimicrobial treatment. The CRP value was >100 mg/l in all 4 patients who 
developed empyema. 

As far as we know, the present study is the first to evaluate the level of CRP at the time 
of clinical stabilization, with the finding of a significant association between CRP2 and 
PSI classes. The significant association observed between CRP1 and the duration of time 
to reach clinical stability further corroborates the connection between high CRP values 
and severe disease. 
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CRP1 values were associated with alcohol abuse and smoking but not with any of 
the underlying diseases studied. The only two earlier studies on CAP focusing on the 
association between CRP and underlying diseases have yielded discordant results 
(Almirall et al. 2004, Bruns et al. 2008). On the other hand, the finding of a significantly 
lower level of CRP1 in the patients with preceding antibiotic treatment compared to 
those without antimicrobial treatment is consistent with some other studies (Smith et al. 
1995a, Örtqvist et al. 1995). This may be due to the antimicrobial treatment as such or, 
alternatively, to the patient population. As shown in Study I, significantly more patients in 
the antimicrobial treatment group were of PSI class I-II or had mycoplasma pneumonia, 
while significantly fewer had pneumococcal pneumonia.  

Previous studies evaluating the changes in the concentrations of CRP in the serum with 
respect to etiology have yielded somewhat inconsistent results. A few studies have found 
no difference in the CRP levels between different etiologies, while others have found 
significantly higher CRP levels only in bacteremic pneumococcal pneumonia (Hedlund 
and Hansson 2000, Kosmas et al. 1997, Kragsbjerg et al. 1995, Örtqvist et al. 1995). In 
one study, the CRP values were significantly higher in L. pneumophila pneumonia than 
in any other group (García-Vázquez et al. 2003). In another study, significantly higher 
CRP levels were reported in pneumococcal or L. pneumophila pneumonia compared to 
pneumonia of other etiologies (Almirall et al. 2004). Here, CRP1 values in pneumococcal 
pneumonia differed significantly from all other etiologies but in a small group of patients 
with a pyogenic bacterial pathogen no difference was observed. The CRP1 values were 
lowest in viral and mycoplasma pneumonia but the differences between these and other 
groups were not throughout significant. Although there were significant differences in 
the CRP1 values between the different causative agents, the range within each group 
was wide with the lowest values less than 80 mg/l and highest values above 200 mg/l. 
The high variation and large overlap in the values of the patients with different microbial 
pathogens indicate that the CRP concentration is not a reliable guide as to decisions 
regarding the etiology of CAP in an individual patient.

6.3.	 Usefulness of CR1, CR3, and FcγR1 on neutrophils for 
differentiation between bacterial and viral pneumonia (IV)

Phagocytosis is an important part of the cellular defence system. The first step in 
phagocytosis is adherence of a particle onto a phagocyte membrane via complement 
receptors or Fc-receptors or both. In this study, we examined if the expression of 
complement receptors (CR1 and CR3) and Fcγ-receptors (FcγRI, FcγRII, and FcγRIII) 
on neutrophils or monocytes are of value in differentiating between bacterial and viral 
pneumonia in CAP patients.  

The expression of CR1 on neutrophils was significantly higher in patients with 
pneumococcal pneumonia than in those with influenza A pneumonia. This suggests, on a 
more general level, that the expression of neutrophil CR1 is higher in classical bacterial 
pneumonia than in viral pneumonia. The high level of CR1 in etiologically undefined 
pneumonia is consistent with this finding, since one can speculate on an epidemiological 
basis (Almirall et al. 2000, de Roux et al. 2004, Jokinen et al. 2001) that most of these 
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patients probably did have bacterial pneumonia. In the patients with M. pneumoniae or 
C. pneumoniae infection, the expression of CR1 was low, although their number was too 
small to allow any distinct conclusions to be drawn from this finding. It is of note that 
there was a subgroup of patients with influenza A pneumonia who had CR1 levels ≥ 11.1. 
One explanation for this finding could be concomitant bacterial pneumonia. 

Unlike the expression of CR1, the expression of CR3 and FcγR1 on neutrophils could not 
differentiate patients with bacterial and viral pneumonia. The finding of a significantly 
higher expression of FcγR1 on neutrophils in patients with bacterial or viral infection 
compared to healthy controls was later shown in another study of 89 patients with 
bacterial infection and 46 patients with viral infection (Nuutila et al. 2007). However, 
in clinical practice, the differentiation of the patients with fever caused by infection 
from the patients with fever caused by non-infective causes of inflammation is a major 
challence. The ability of the expression of any of these receptors or a combination of 
the results of the expression of these receptors to differentiate these patient groups is an 
objective for further research.    

Although the high expression of neutrophil CR1 is suggestive of classical bacterial 
pneumonia, it is unlikely that any single parameter of inflammation alone can 
reliably differentiate between bacterial and viral pneumonia. Rather, it is possible that 
the diagnostic accuracy could be improved by a combination of the results of CRP, 
erythrocyte sedimentation rate and several cell receptors. Studies are presently underway 
to determine whether the diagnostic yield provided by the measured individual variables 
increase when they are combined (Nuutila et al. 2006, Nuutila and Lilius 2007).  

6.4.	 Value of BAL in etiological diagnosis of CAP in a routine setting (V)
Although bronchoscopy and BAL have been widely used, e.g., in Finnish university 
hospitals as a diagnostic aid in patients with CAP when therapeutic difficulties have 
become manifest during empiric antimicrobial treatment, its value in such conditions 
has not been critically evaluated. In the present study, we retrospectively assessed the 
patients treated between 1996 and 2000 for CAP in the infectious diseases unit and 
medical ICU of a university hospital in Finland, and who had undergone BAL when it 
was considered clinically indicated. The purpose was to assess the value of BAL in CAP 
in routine clinical conditions. All patients had received antimicrobial therapy before 
performance of BAL

6.4.1.	Quantitative bacterial culture of the BAL fluid
Quantitative bacterial culture, which has been the diagnostic cornerstone in most of the 
earlier studies on CAP, was performed on all BAL specimens also here. It is noteworthy 
that only 1 of the 71 (1.4%) quantitative bacterial cultures of the BAL fluid yielded a 
microbe that was considered diagnostic for the etiology of CAP. This finding clearly 
indicates that quantitative bacterial culture of the BAL fluid is of negligible usefulness, 
if taken during antibiotic treatment. In many of the former studies, the scientific goal 
has led to examination of the patients before commencement of antimicrobial treatment, 
in fact before any clinical need for performing bronchoscopy and BAL has become 
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manifest. In these studies the diagnostic yield of BAL has been up to 77-94% and the 
result of BAL indicated therapeutic consequences in up to 39% of the patients (Dalhoff 
et al. 1993, Jimenez et al. 1993, Rasmussen et al. 2001). 

Consistent with our results, earlier studies have shown that the recovery of bacteria from 
the BAL fluid by culture declines after commencement of antimicrobial treatment. In 
one of these studies, 18 of the 36 (50%) untreated patients exhibited positive quantitative 
bacterial cultures, as compared to only 6 of the 31 (19%) patients with prior antimicrobial 
therapy with positive cultures (Rasmussen et al. 2001). In another study, BAL cultures 
revealed the etiological diagnosis in 4 of the 21 (19%) patients with severe CAP who 
had received antimicrobial therapy (Sörensen et al. 1989). In a retrospective analysis 
of 20 patients with severe CAP who had undergone BAL during antimicrobial therapy, 
Ewig et al. considered only 1 (5%) examination as having provided a definite etiological 
diagnosis. The findings of the present work support their conclusion that the diagnostic 
yield of routine microbiological investigation in pretreated patients is low (Ewig et al. 
1996). 

6.4.2.	Viral isolations from BAL fluid
A respiratory viral infection was identified by virus isolation from the BAL fluid in 3 
(6.0%) patients, in whom the respiratory virus was the only agent identified as being the 
causative agent of CAP. All of these patients with severe CAP were admitted to the ICU 
and 2 of them required respiratory support. This is consistent with the severe picture of 
viral CAP in the patients described in Study II. Consequently, also viral culture of the 
BAL fluid may sometimes provide valuable clinical data, although it is still possible that 
some of the patients who merely had a viral infection actually had a mixed infection with 
some unidentified bacterial pathogen.

In previous studies on BAL in CAP, viral culture has been performed only rarely, and the 
results have usually been negative (Feinsilver et al. 1990, Sörensen et al. 1989, Thorpe et 
al. 1987). This may be due to the nature of the patient populations studied, as one of those 
studies focused on acute bacterial pneumonia and another on nonresolving pneumonia 
(Feinsilver et al. 1990, Thorpe et al. 1987). However, since respiratory viruses have been 
detected in a considerable part of patients with CAP with other diagnostic methods (Ruiz 
et al. 1999a, Socan et al. 1999), viral culture of BAL fluid seems to be recommendable, 
at least for selected patients. Identification of viruses may turn out to be even more 
important in the future, along with the advances in the viral chemotherapy.

6.4.3.	Specific PCR assays on BAL fluid
The present study is one of the first to apply several specific PCR assays simultaneously 
on BAL fluid to identify the etiology of CAP. During the study period, BAL fluid from 
these immunocompetent patients was analyzed by the same diagnostic assays as BAL 
fluid from immunocompromised patients according to the routine protocol in the Turku 
University Hospital. This large array of assays was evidently not cost-effective in 
CAP. Of the total of 212 PCR tests performed on these BAL specimens, only 2 (1%) 
positive findings were designated as significant: 1 case of Legionella spp. and 1 case 
of M. pneumoniae. On the other hand, the 1 positive P. jirovecii PCR test and the 1 
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positive cytomegalovirus PCR test were designated as clinically not significant. This 
finding clearly shows that these 2 PCR tests have no value in the assessment of CAP in 
immunocompetent hosts and should, therefore, not be performed on their BAL fluids. 

PCR tests were not applied to identify respiratory viruses on the BAL specimens. In 
recent studies, PCR tests have proved more sensitive than virus isolation to diagnose, 
e.g., rhinovirus infections (Vuorinen et al. 2003). Inclusion of a PCR test for rhinoviruses 
in the analysis of BAL fluids in CAP patients might be reasonable considering that recent 
literature has implicated rhinoviruses as important in respiratory infections of patients 
with COPD (Greenberg 2002).  

6.4.4.	Diagnostic yield of BAL and etiology of CAP
The detection of only 1 (1.4%) etiological diagnosis of CAP based on quantitative 
bacterial cultures of the BAL fluid clearly indicates the minimal value of this diagnostic 
method during antibiotic treatment. Other methods, i.e., special bacterial cultures, viral 
cultures and specific PCR assays, provided the etiological diagnosis only seldom, but 
increased the total diagnostic yield for CAP to 9.8%. The result of BAL indicated a 
change of antimicrobial treatment for only 1 patient. Thus, in the current clinical setting, 
the total diagnostic yield of BAL in CAP is very low and its therapeutic implications 
minimal. It is evident that in order to provide a better diagnostic yield, BAL should be 
made earlier in the clinical course. This approach may be justified if the patient has a 
very severe clinical presentation of disease or when unusual pathogens are suspected.

6.4.5.	Slowly responding pneumonia and BAL
When the patients who responded slowly to antimicrobial treatment of CAP were 
analyzed separately, the total diagnostic yield was 20%. In addition to one finding that 
was considered diagnostic for CAP, also hospital-acquired pathogens and malignancies 
were identified in these patients. Thus, in this particular subgroup, bronchoscopy and 
BAL may have some usefulness even after antimicrobial treatment has been initiated. 
The value of fiberoptic bronchoscopy in nonresolving pneumonia has been previously 
demonstrated by Feinsilver et al. who showed in a series of 35 consecutive patients treated 
with antimicrobials for at least one week before the procedure that it was diagnostic in 
86% (12/14) (Feinsilver et al. 1990). However, the number of patients in both of these 
studies is too small to make any firm conclusions on the usefulness of BAL in patients 
with nonresolving pneumonia.
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7.	SUMM ARY AND CONCLUSIONS
CAP is a major cause of morbidity and mortality in adult patients. The etiological 
diagnosis of the disease is problematic, since the causative agents are seldom identified 
by noninvasive methods, e.g., blood cultures, sputum cultures and serology. During the 
last decade, new microbiological identification techniques such as antigen detection and 
gene amplification have provided an opportunity to rapidly diagnose the etiology of 
CAP. This study was made to evaluate to what extent it is possible to diagnose the 
etiological agent in the acute phase of CAP using these rapid, novel methods.

More than half (58.7%) of the etiological agents of CAP were identified in the acute 
phase by antigen detection or gene amplification. The most valuable of the rapid methods 
was the S. pneumoniae urinary antigen test: it doubled the cases that were identified as 
pneumococcal pneumonia based on blood and sputum cultures. The diagnostic yield of 
blood culture was significantly higher in PSI classes III-V compared to PSI classes I-II. 
On the other hand, though the diagnostic yield of S. pneumoniae urinary antigen test was 
higher in patients with severe pneumonia, it was considerably high also in patients with 
non-severe pneumonia (17%). Thus, it might be cost effective to use the pneumococcal 
urinary antigen detection as the primary test for pneumococcal pneumonia and take blood 
cultures only from patients with severe pneumonia. Moreover, the higher diagnostic 
yield of various microbiological tests in severe pneumonia should encourage clinicians 
in active searching of the etiological agents in these patients. 

Positive M. pneumoniae PCR and serology were detected here almost exclusively in 
mild cases. Since the diagnostic yield of the PCR tests also was considerably low, its 
clinical usefulness remains questionable. A new rapid method, more useful than the 
present PCR test, would also be needed for the diagnostics of C. pneumoniae which may 
even cause severe pneumonia. For viral diagnosis, antigen detection offers a good, rapid 
alternative which could be adjusted by season and epidemiology. A more extensive use 
of PCR would make it possible to recognize a wider range of viral agents and to increase 
the yield in viral diagnostics. Still, diagnosing a viral agent seldom has an impact on 
antimicrobial treatment.

There is only limited data on the role of respiratory picornaviruses as causative agents 
of CAP in adult patients and on their contribution to disease severity. In this study, 
enterovirus was the second most common viral agent after influenza A virus in patients 
with CAP. Additional etiological agents were indentified in more than half of the cases 
with enteroviruses or rhinoviruses. Moreover, the rhinovirus was associated with severe 
disease in 29% of the patients. Corroborating some earlier findings of others, our results 
indicate that the importance of both viral pneumonia and mixed viral/bacterial pneumonia 
may be greater than previously realized. Identification of viruses may turn out to be even 
more important in the future, along with the advances in the viral chemotherapy.

Previous studies on the usefulness of CRP in patients with CAP have yielded somewhat 
inconsistent results. In this study, the usefulness of CRP in estimating the severity and 
complications as well as etiology of CAP was evaluated with comprehensive statistical 
analyses. The results of Study III show that the CRP test may be valuable as a tool to 
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identify emerging complications during treatment of patients with CAP. The positive 
correlation between high CRP values and serious illness suggests that CRP may also 
be useful as a method to assess disease severity. Towards this end, CRP complements 
the PSI. High CRP values were associated with a failure to reach clinical stability. The 
results presented here show that the CRP test is not reliable to guide decisions regarding 
the etiology of CAP in an individual patient.

On admission, it may be difficult to differentiate between bacterial and viral CAP. The 
aim of Study IV was to test whether the measurement of the expression of complement 
receptors or Fcγ receptors on neutrophils and monocytes is a useful preliminary test to 
differentiate between bacterial and viral pneumonia. The results of this study suggest that 
the expression of CR1 is higher in classical bacterial pneumonia than in viral pneumonia. 
Thus, determination of the expression of CR1 may be of value as an additional rapid tool 
for differentiating between bacterial and viral CAP. These results are preliminary and 
more research is needed to assess the ultimate usefulness of this novel method in the 
diagnostics of pneumonia. The diagnostic accuracy might be improved by a combination 
of several cell receptors with other markers of inflammation.

Only a few previous studies have focused on the use of BAL in patients with CAP. The 
aim of Study V was to evaluate the diagnostic value of BAL in CAP in a routine clinical 
setting. All BALs were requested by the attending physicians and performed during 
antimicrobial treatment of the patient. Only one (1.4%) quantitative bacterial culture 
was considered diagnostic for CAP. The diagnostic yield increased to 9.8%, when other 
methods were used. The result of BAL indicated a change of antimicrobial treatment 
in only one patient with CAP. In slowly responding pneumonia, on the other hand, 
hospital-acquired pathogens and malignancies were identified, and this resulted in a total 
diagnostic yield of 20.0%. Based on these results, it is meaningless to perform BAL for 
discovering the potential causative agents of CAP if the patient has already received 
antimicrobials. In a subgroup of slowly responding pneumonia, bronchoscopy and BAL 
may, however, have some usefulness even after antimicrobial therapy has been started, 
since the procedure may reveal reasons other than the initial causative pathogens for the 
delayed improvement of the disease. However, a reason for a treatment failure may also 
be found by easier, noninvasive methods. 
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