
Individualized treatment strategies  
in community-acquired pneumonia

From initial inflammatory response to long-term prognosis

Anke H.W. Bruns 



Individualized treatment strategies in community-acquired pneumonia
PhD thesis University of Utrecht, the Netherlands
© A.H.W.Bruns, Utrecht, the Netherlands, 2010 

Design cover: Rita Giesbers

Lay-out: Wendy Schoneveld

Printing: Optima Grafische Communicatie, Rotterdam, the Netherlands

ISBN: 978-90-8559-095-8

Publication of this thesis was financially supported by: Astellas B.V., Brahms B.V., Clindia 
Benelux B.V., ViiV healthcare B.V., J.E. Jurriaanse Stichting, Merck Sharp and Dohme B.V., 
Schering and Plough B.V.,The Infection & Immunity Center Utrecht., Wyeth B.V. 



PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de Universiteit Utrecht op 
gezag van de rector magnificus, prof. dr. J.C. Stoof, ingevolge het besluit 

van het college voor promoties in het openbaar te verdedigen op vrijdag 
24 september 2010 des middags te 2.30 uur

door

Anna Hubertina Wilhelmina Bruns

geboren op 20 april 1982 te Heerlen

Individualized treatment strategies
in community-acquired pneumonia

From initial inflammatory response to long-term prognosis

Geïndividualiseerde behandelstrategieën voor  
de buiten het ziekenhuis opgelopen pneumonie

Van primaire inflammatoire respons tot prognose op lange termijn

(met een samenvatting in het Nederlands)



Promotor: Prof. dr. I.M. Hoepelman
Co-promotor: Dr. J.J. Oosterheert



Voor mijn ouders



Beoordelingscommissie:   Prof. dr. M.J.M. Bonten  
Prof. dr. J.W.J. Lammers 
Prof. dr. D.H. Biesma 
Prof. dr. T. van der Poll 
Prof. dr. J.M. Prins

Paranimfen:   Drs. A. Sliedrecht 
Dr. R.E. Barth



CONTENTS

Chapter 1  General introduction 9

Chapter 2  Genetic risk of acute pulmonary infections and sepsis 21

Chapter 3  Adjuvant anti-coagulant treatment reduces mortality from severe  
sepsis in carriers of tissue factor pathway inhibitor and tissue factor 
polymorphisms 43

Chapter 4   Procalcitonin and lower respiratory tract infections in primary and  
hospital care: a systematic review of the literature 61

Chapter 5   Usefulness of consecutive C-reactive protein measurements in follow-up  
of severe community-acquired pneumonia 83

Chapter 6   Impact of different empiric antibiotic treatment regimens for  
community-acquired pneumonia on the emergence of  
Clostridium difficile 99

Chapter 7  Time for first antibiotic dose is not predictive for the early clinical  
failure of moderate-severe community-acquired pneumonia 117

Chapter 8   Patterns of resolution of chest radiograph abnormalities in adults  
hospitalized with severe community-acquired pneumonia 133

Chapter 9    Pneumonia recovery; discrepancies in perspectives of the radiologist, 
physician and patient 151

Chapter 10  Cause-specific long-term mortality rates in patients recovered from 
community-acquired pneumonia compared with the general Dutch 
population 163

Chapter 11  Summary, perspectives and future research 177
 Samenvatting (Summary in Dutch) 193
 Dankwoord (Acknowledgements) 203 
 Publications 209 
 Curriculum vitae 213





General introduction

CHApter 1



10 | chapter 1 

Community-acquired pneumonia is one of the most important causes of hospital admissions 
and together with influenza the third leading cause of death worldwide.1 In the Netherlands, 
an estimated 135,000 patients encounter pneumonia each year. Of those, 30,000 patients 
require hospital admission and 6,000 patients die each year because of pneumonia 
(Figure1).2-4 Especially in severe cases of pneumonia, mortality rates are high, up to 35%.5 
Unfortunately, despite advances in health care and the widespread availability of improved 
antimicrobial treatment strategies, these figures have hardly decreased past years.  Recent 
avian and Mexican influenza pandemics during which most patients succumbed of 
pneumonia, have stressed the impact of pneumonia related mortality even further. Mortality 
aside, respiratory tract infections as community-acquired pneumonia have due to their high 
incidence an enormous effect on antibiotic consumption, health care use and costs. More 
specifically, management of respiratory tract infections accounts for two-third of all antibiotic 
use worldwide and estimated global costs for treating respiratory infections are in the 
trillions (US$) per year.6,7 Consequently, this excessive antibiotic use leads to an increased 
risk for antimicrobial resistance and selection for resistant pathogens. Given the high 
incidence, high mortality rates, high antibiotic consumption, and high health care 
consumption, efficient strategies for management of community-acquired pneumonia are 
required. 
Pneumonia is the inflammation and consolidation of lung tissue due to an infectious agent 
leading to clinical symptoms as dyspnea, cough, chest pain, fever and leucocytosis.8 Clinical 
symptoms and signs of pneumonia are very diverse because of the large inter-individual 
variability of local and or systemic inflammatory responses to bacteria and/or viruses and 
their products. Pneumonia, therefore, exhibits a broad range of severity, from mild illness 
treated outside the hospital at one end of the spectrum to fulminate sepsis requiring 
treatment in an intensive care unit (ICU) at the other. 
The variability in the individual response to infection and in severity of infection, depends 
on many inherited and environmental factors, including the virulence of the invading 
pathogen and pre-existing comorbidities (Figure2).9,10 However, which factors and to what 
extent exactly determine why some people fall severely ill, and even die, when they 
encounter a pathogen whereas others have only mild illness, is still unknown.

Genetic risk for community-acquired pneumonia 
In 1988 a Danish landmark study showed a fivefold increase in mortality rate from infection 
among adoptees with a biological parent who died from infections. This was interpreted as 
the first evidence of genetically determined variation in the strength of the immune system 
and the genetic risk for infection.9 In the past years, the genetic risk for infection, which 
clearly exists, has been regarded as an increasingly important determinant for susceptibility 
and severity of pneumonia. Unless community-acquired pneumonia is a well characterized 
and amenable to management according to protocols, the huge inter-individual (genetic) 
variability in host response to infection and severity of disease, represents the need to 
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explore individualized approaches in treating pneumonia. 
Below, we outline current treatment strategies and important topics of debate in management 
of community-acquired pneumonia; targets for a study of individualized treatment strategies 
in community-acquired pneumonia, from inflammatory response to long-term prognosis, 
as presented in this thesis (Table 1).

Biomarkers of the inflammatory response
A major concern in current treatment of pneumonia is the unnecessary use of antibiotics, 
mainly in cases of mild disease or viral infections. Overuse antibiotic use for respiratory tract 
infections is regarded as an important factor in the global rise of antibiotic resistance.11 
Therefore, biomarkers reflecting the inter-individual variation in the inflammatory response 
are suggested as tools to aid physicians in discerning in non-infectious causes of inflammation, 
viral infections, and bacterial infections. In other words, selecting patients in need of 
antibiotics and thereby reduce antibiotic prescriptions.12 A major advantage of biomarkers 
over microbiological exams is that the results are mostly rapid available and can be used for 
guidance of initial antibiotic treatment. C-reactive protein (CRP) and Procalcitonin (PCT) are 
well known examples of such biomarkers, and presently available in clinical practice. 
However, reports on these biomarkers in diagnosing bacterial infection are conflicting and 
the value to clinical practice is not clearly established yet. An ideal biomarker appears 
concomitantly with or precedes the clinical signs of infection and disappears with successful 
therapy or remains elevated if infection is refractory to treatment. Hence, guidance in 
predicting prognosis and determining site of treatment and duration of antibiotic treatment 
are other potentials for biomarkers. In hospitalized patients, strategies as early switch from 

Figure 1.  Incidence of cases, hospitalizations and deaths for lower respiratory tract infections in the Netherlands



12 | chapter 1 

intravenous to oral antibiotics or shorts courses have been evaluated and may help in 
minimizing antibiotic use.13,14 Moreover, switch to oral antibiotics once a patient responds 
to treatment and is clinically stable, results in earlier discharge. Biomarkers determining 
clinical stability in patients may help physicians selecting candidates for these early switch 
strategies and thereby reduce antibiotic use. 

table 1. Treatment of community-acquired pneumonia, issues discussed in this thesis  

Guideline recommendations topics of debate Individualized strategies 

Biomarkers

-  No guideline recommendations -   Value of PCT and CRP to clinical 
practice in diagnosing infection 
and follow-up

-   Usefulness of repetitive CRP 
measurements

-   Biomarkers as target for 
individualized antibiotic 
treatment, prediction of 
prognosis and response to 
treatment (chapter 4)

-   Using CRP to select individuals 
unresponsive to antibiotic regime 
(chapter 5) 

Antimicrobial treatment

-   Recommended antibiotic regimes 
for severe CAP (PSI IV&V): 
monotherapy beta-lactam or 
fluoroquinolone or beta-lactam 
and macrolide or fluoroquinolone 
combination therapy*

-   Total duration of antibiotic 
treatment 5 -10 days, early 
switch from i.v. to oral antibiotics 
can be safely made from day 3 in 
case of clinical stability

-   Administration of first antibiotic 
dose in the emergency room 
and/or within 4 hours after 
hospital admission

-   Equality of advised empiric 
antibiotic regimes in terms of risk 
for resistance and selection for C. 
difficile

-   Lack of prospective evidence for 
rapid administration of antibiotics 
to all patients

-   Assessment of antibiotic 
associated riskfactors for  
C.difficile to select treatment for 
individuals better (chapter 6)

-   Individualized implementation  
of administration of antibiotics 
within 4 hours (chapter 7)

Adjuvant therapy 

-   Drotecogin alfa indicated  
in severe pneumosepsis  
(APACHE II score > 25) 

-   Limited efficacy and side effects 
of available adjuvant anti-
coagulant therapy

-   Select individuals for adjuvant 
anti-coagulant treatment by 
genetic variations (chapter 3)

   

Follow-up of treatment 

-   Schedule a follow-up chest X-ray 
-   Advise stop smoking 
-   Treat comorbidities
-   Consider pneumococcal and 

influenza vaccination 

-   Clinical value and moment of 
scheduling follow-up chest  
X-rays is unclear

-   Long-term survival and causes  
of death unknown

-   To schedule follow-up chest X-rays 
appropriately for the individual 
based on patterns of radiological 
cure for variability severity of 
disease (chapter 8 & 9)

-   Individualized preventive 
strategies after an episode of 
pneumonia based on insights in 
to cause-specific long-term 
mortality rates (chapter 10) 

* In case of suspected legionella infection or admission to the ICU, combination therapy is warranted.
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Antimicrobial treatment 
Antimicrobial therapy is the basic principle in treatment of community-acquired pneumonia, 
aiming to reduce the inflammation and bacterial load of the causative pathogen in lung or 
circulation. Ideally, antibiotics should only be used in bacterial pneumonia and be withheld 
in non-bacterial or some less severe self-limiting infections. Unfortunately at the time 
treatment has to be initiated, causative pathogens are usually unknown and cannot assist 
in choices on prompt antibiotic therapy. The initial approach in antibiotic treatment is 
therefore largely empirical and guided by consensus guidelines considering suspected 
pathogens, host factors and severity of illness at presentation. International but even local 
guidelines on antimicrobial therapy are very divergent in their recommendations mainly 
due to the lack of appropriate comparative studies and geographical differences in the 
prevalence of pathogens and their drug resistance.15-19 
In general, all hospitalized patients should receive an empirical therapy directed at 
Streptococcus pneumoniae. In severe cases, additional therapy directed towards atypical 
pathogens (Legionella pneumophila, Chlamydia pneumoniae or Mycoplasma pneumoniae) 
or other organisms when they have risk factors for those organisms (i.e. Pseudomonas 
aeruginosa, Staphylococcus aureus) needs to be initiated.20 Several strategies, beta-lactam 
monotherapy, fluoroquinolone monotherapy or beta-lactam and macrolide or fluoroquinolone 
combination therapy, are all considered equivalent in term of clinical effectiveness and 
advised for initial treatment of severe community-acquired pneumonia in the Netherlands. 
Only in case of a suspected legionella infection or admission to the ICU, combination therapy 
is indicated.20 

Figure 2.  Susceptiblity and severity of community-acquired pneumonia; a complex interaction among pathogen, 
environment and host 
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However, equality of these antimicrobials in terms of antibiotic resistance and selection for 
resistant pathogens as Clostridium difficile is not clear.21,22 In the past years, the newer 
fluoroquinolones are increasingly used in treatment of community-acquired pneumonia, 
this may have promoted some large scale outbreaks of Clostridium difficile in hospitals.23,24 

In the Netherlands, outbreaks of Clostridium difficile infection (CDI) caused by highly virulent 
strains (ribotypes 027 and 078) have occurred in several hospitals.25,26 Some institutions 
have therefore been restrictive in the use fluoroquinolones. Though, alternatives as penicillins 
and third-generation cephalosporins (beta-lactams) have been mentioned as risk factors for 
Clostridium difficile too and up to now comparative studies are lacking.22 
Timing of the first antibiotic dose is considered important in the prognosis of severely ill 
pneumonia patients. Based on retrospective database studies, international guidelines have 
implemented the advice to administrate antibiotics within 4 hours to patients with 
community-acquired pneumonia, as a quality standard.27,28 Clearly, individual cases of 
critically ill patients benefit from rapid antibiotic treatment, however it can be questioned 
if rapid administration is beneficial to all patients admitted to the hospital for suspected 
pneumonia.29,30 Implementation of this recommendation will pressure physicians to rapidly 
administer antibiotics despite diagnostic uncertainty at the time of a patient’s initial 
presentation. Consequently, this may contribute to increased antibiotic use associated with 
the risk for antibiotic resistance.

Adjuvant treatment 
Unfortunately, in patients with severe community-acquired pneumonia in septic shock, 
adequate antimicrobial treatment alone has only limited capacity to reduce mortality.5 In 
these patients, besides optimal supportive care, adjunctive non-antibiotic therapeutic 
measures aimed at the host response are required to treat organ dysfunction and reduce 
mortality.15 In the future, macrolides, exogenous surfactant replacement, steroids and new 
anti-coagulant agents, all in the stage of clinical trials yet, may play significant roles in 
management of severe forms of pneumonia.31

Anti-coagulant therapy (recombinant activated protein C, drotecogin alfa) is one of the only 
options of adjuvant treatment for severe pneumonia presently available, counteracting the 
hypercoagulable state elicited by a fulminate inflammatory response.32,33 Unfortunately, not 
all patients with severe pneumonia benefit from adjuvant anti-coagulant treatment. In 
addition to the limited efficacy, treatment is often associated with side effects as bleeding 
complications and trials on new anti-coagulatory agents have failed.34-36 For these reasons, 
identification of determinants predicting response to adjuvant treatment is a high priority. 
Because of the huge inter-individual genetic variability in response to infection, it can be 
hypothesized that genetic variations (polymorphisms) may predict response to treatment 
and help to target adjuvant treatment towards individuals who are most likely to benefit 
from it.9 
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Follow-up of treatment and long-term prognosis
The majority of patients hospitalized because of community-acquired pneumonia suffer 
from underlying illnesses. Therefore, in follow-up of treatment it is advised to evaluate 
patients for undiagnosed or ineffectively managed comorbid illness, consider vaccination 
against pneumococcus and influenza and advise them to avoid cigarette smoking.15

A follow-up chest radiograph to exclude underlying a pulmonary malignancy is part of this 
evaluation. However, little known about time radiological cure in patients with community-
acquired pneumonia and lots of redundant follow-up radiographs are taken.37 Insights into 
time to radiological cure in patients with variable severity of pneumonia, can help to schedule 
those follow-up chest radiographs better for individual patients. 
Finally, long-term implications of an episode of community-acquired pneumonia as compared 
to the general population are unclear. Studies have reported that readmissions and even 
mortality after hospitalization for community-acquired pneumonia are high suggesting that 
implications of an acute disease process reach far beyond the episode.38,39 Although, actual 
causes of death in long-term follow-up are yet unknown. Thus, better insights in cause-
specific mortality rates in years after hospitalization for pneumonia can be of help in 
optimizing preventive and treatment strategies in patients recovered. 

AIMS OF THIS THESIS 

Despite major antibiotic use and health care consumption, morbidity and mortality rates 
from community-acquired pneumonia a still high. This, in addition to the huge inter-individual 
variability in the host response and unresolved issues in pneumonia management prompted 
us to study individualized strategies in treatment of community-acquired pneumonia, in the 
whole spectrum of disease; from inflammatory response to long-term prognosis. 
First, we explore the role of genetic polymorphisms in the host response to infection in 
susceptibility and outcome of pneumonia (chapter 2) and asses if coagulation gene 
polymorphisms may predict a favorable response to adjuvant anti-coagulant treatment in 
severe (pneumo)sepsis (chapter 3). 
In the following two chapters, we analyse if the currently available biomarkers of the 
inflammatory response, Procalcitonin and C-reactive protein have additional value in 
diagnosis of bacterial infection, reducing antibiotic use and identifying individuals at risk for 
adverse outcome (chapter 4 and 5). 
Next, we evaluate guideline recommendations on antibiotic treatment, as advised for all 
patients hospitalized because of community-acquired pneumonia. Recommendations on 
empiric antibiotic strategies in terms of selection for Clostridium difficile (chapter 6) and 
recommendations on minimizing time to first antibiotic dose are evaluated in terms of 
effectiveness (chapter 7). 
In follow-up of treatment of community-acquired pneumonia, we study radiological recovery 
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rates compared with clinical cure rates in patients with moderate and severe pneumonia 
(chapter 8 and 9) as well as long-term prognosis and causes of death in patients recovered 
from pneumonia (chapter 10) This may help in targeted prevention strategies and treatment 
of underlying comorbidities. Finally, the results of all studies are summarized and discussed, 
together with some general perspectives and recommendations for future research (chapter 
11).
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ABSTRACT 

The focus of this review is the genetic influence on pneumonia and sepsis. A large number 
of polymorphisms in diverse collection of genes have been identified as potential candidates 
to explain genetic variability in susceptibility to acute pulmonary infection and its adverse 
outcomes. Unfortunately, apart from polymorphisms in mannose-binding lectin, CD14 and 
the IgG2 receptor, there is little consensus on which polymorphisms are truly important. As 
well as discussing some of the major published findings, this review will focus on the reasons 
for failure to make more progress. We will also address the issues for future research, 
particularly the need to address the limitations of past studies, including the grouping of 
patients with different pathogens, as the relationship between genotype and phenotype 
may be highly pathogen dependant. Finally our approach to reporting genetic studies needs 
to change to minimize the number of spurious findings being published.
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INTRODUCTION

There is certainly no question that genetic differences impact on the risk of developing or 
dying from infection. Obvious examples include sickle-cell anemia, malaria, familial 
complement and immunoglobulin deficiencies. In fact, the familial risk of death from 
infection has been suggested to be greater than that from either cancer or cardiovascular 
disease.1 This should not be surprising given that infectious diseases have overwhelmingly 
been the largest cause of death during our evolution. The huge variation in individual 
outcomes that follow exposure to a respiratory pathogen and differential susceptibility to 
pulmonary infections is in part a function of the genetic diversity in the immune response, 
which has evolved in response to varying infectious challenges;2 the genes involved in the 
immune response are the most numerous and diverse in the human genome.3 
While insights from pharmacogenetic studies have contributed to major advances made in 
some fields such as oncology, the large volume of publications over the past decade exploring 
genetic influence on the outcome of infectious diseases has disappointingly not led to new 
therapies, or diagnostic or prognostic tests. While studies on variability in immune genes 
provide us with additional evidence for the genetic basis of disease, the vast majority of 
findings are either associated with a relatively small change in the risk of adverse outcome 
or have failed to be replicated by other researchers. With the notable exception of specific 
genetic mutations responsible for rare Mendelian immunologic diseases such as selective 
immunoglobulin deficiencies or complement deficiencies, it appears that individual 
susceptibility to most pathogens is the result of many different genetic variations, each 
conferring a relatively small increase or decrease in total risk. Given the enormous size, 
redundancy and overlap in immunological response pathways, this is hardly surprising. 
Compounding the problem is that the most common genetic variations studied are single 
nucleotide polymorphisms (SNPs). Rather than causing the failure of production of a protein 
or the production of a dysfunctional protein, the vast majority of SNPs that have been 
reported are not in coding regions but putative regulatory areas, and are therefore mostly 
likely to be associated with changes in either the rate of transcription or potentially the 
stability of the mRNA product, usually producing a much less severe phenotype than classical 
genetic diseases.   
 
We conducted a PubMed search using all combinations of the keywords ‘genetic’, 
‘polymorphism’, ‘pneumonia’, ‘sepsis’ and ‘mutation’.  References in these publications were 
also checked for relevance. In this review, we will provide an overview of these studies into 
the genetics of pulmonary infections and sepsis and their strengths and limitations. The 
direction of current research and the possible clinical applications over the next decade will 
also be discussed. 



24 | chapter 2 

Genetic association studies of pulmonary infections and sepsis 
As shown in table 1, the number of polymorphic loci that have been studied as possible 
determinants of either risk to pulmonary infection or sepsis, or risk of adverse outcome is 
considerable and growing all the time. If studies of acute lung injury that do not specifically 
analyze sepsis versus non sepsis insults were included the list would almost double. 
Unfortunately, despite the enormous number of genetic association studies conducted in 
the past decade, only a few translational studies have been published (Figure 1). Making 
sense of the published literature is difficult because many of the reported positive associations 
are likely to be spurious. The large number of polymorphisms that can be typed, the 
increasing speed of genotyping platforms, the decreasing assay cost, the bias towards 
publishing only positive results and the tendency for researchers to try and maximize 
publications by publishing results piecemeal ensures that there is far more noise than 
substance in the published literature.4  

polymorphisms with strong evidence for being determinants of genetic susceptibility to 
infection
To be considered a ‘real’ genetic marker of susceptibility a putative polymorphism would 
need to meet the following criteria:
•  Validation of the association in at least one other independent cohort;
•  Evidence of altered production or function of the protein product of the gene with the 

putative risk polymorphism in the patient population;
•  Demonstration that the disease associated genetic polymorphism is not due to linkage 

disequilibrium with other possible causative polymorphisms.  
None of the polymorphisms proposed as genetic risk factors for pneumonia and sepsis 
currently satisfies all three criteria.  However polymorphisms at three genes, mannose 
binding lectin (MBL), the immunoglobulin-G2 receptor, and CD14, satisfy at least two 
criteria.
MBL is a soluble pattern-recognition molecule that binds microorganisms and has 
independent ability to activate the complement system. Several polymorphisms in the gene 
itself or in the promoter region can lead to variation in MBL serum concentration influencing 
susceptibility to and the course of different types of infections.5 MBL promoter region 
polymorphisms were found to be a risk factor for severe sepsis in earlier studies,6,7 but these 
results are not confirmed in other studies in pneumonia, legionella and sepsis.8-10 The 
incidence of homozygous variant alleles was twice as common in patients with invasive 
pneumococcal disease (IPD) in one large study11 but not in smaller studies10,12, although 
meta-analysis of all three studies showed a significant association of homozygosity for variant 
alleles and IPD (odds ratio [OR] 2.58; 95% confidence interval [CI] 1.38-4.80) owing to the 
weighting of the first study.13 Some of the conflicting reports may be due to the variable 
number of polymorphisms studied or because of the significant variability in frequency of 
the variant alleles in different racial/ethnic groups. 
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There are three major classes of IgG receptors expressed on human leukocytes: FcγRI (CD64); 
FcγRII (CD32); FcγRIII (CD16). The human FcγRIIa has two co-dominantly expressed allotypes 
with either argine (Arg) or histamine (His) at position 131, of which Arg is associated with 
decreased binding of the IgG2 subclass. Three studies suggest that homozygosity for FcγRIIa 
asparagines (Asp/Asp) is a risk factor for bacteremic pneumococcal pneumonia14-16, although 
these results were not replicated by another study.17 Complicating the assessment, the 
FcγRIIa polymorphism is linkage disequilibrium with polymorphisms in interleukin-10 (IL-10) 
which is in the same region of chromosome 1.18 To date, no published study on pneumonia 
or sepsis has performed full haplotype mapping across the entire FcγRIIa and IL-10 region 
so the most significant polymorphic area(s) remains unclear.
Studies of CD14 polymorphisms have produced relatively consistent findings,19-23 although 
not all groups agree.24-26 A relatively common polymorphism (CD14 -159C>T) is associated 
with an increased risk of septic shock, death from septic shock as well as CD14 mRNA 
expression and higher CD14 levels.20,27,28 The same polymorphism is also associated with 
greater TNF production and IL-6 production and lower IL-10 release upon endotoxin 
challenge.28,29 However, as CD14 is not involved in signaling for most Gram-positive pathogens, 
the effects that have been observed are likely much more pronounced in Gram-negative 
sepsis, which may explain some of the studies with negative findings.
As discussed, while the data strongly supports polymorphisms in MBL, CD14 and FcγRIIa 
being important genetic risk factors, important caveats remain. Extensive haplotype mapping 
of each gene has not been carried out in the clinical studies, so false-positive results due to 
linkage disequilibrium remain possible. There has also yet to be published a study addressing 
all three genetic loci to put them into relative perspective in terms of attributable risk and 
whether there are significant interactions between them.

Figure 1. Publications on the genetics of pulmonary sepsis the last 5 years
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table 1. Genes of which polymorphisms have been studied as potential contributors to susceptibility to pulmonary 
infections and sepsis

Antigen recognition

CD14 [16,19,20,22-24,26,27,29,36,76,102]

TLR1 [42]

TLR2 [9,16,22,37,38,40,103]

TLR4 [9,14,16,19,26,35-38,40,61,104]

TLR5 [41]

TLR downstream signal transducer (TIRAP/ MAL) [43,105]

NOD1/2 [9,39]

Lippopolysaccharide-binding protein (LPB) [25,30,106,107]

IgG2 receptor (FcγRIIa) [14-18]

Myeloid differentiation protein 2 (MD-2) [44]

C-reactive protein (CRP) [108]

Mannose-binding lectin (MBL) [5,7-12,109-111]

Mannose-binding lectin associated serine protease 2 (MASP2) [9,112]

I-κ-β [46]

NFKBIZ [47]

NF-κB essentials modulator (NEMO) [48]

IL-4 receptor associated kinase 4 (IRAK-4) [48]

Human β-defensin 1 (DEFB1) [113]

Bactericidal permeability-increasing protein (BPI) [25,30,31]

Surfactant protein B [114,115]

pro-Inflammatory

TNF [9,19,26,36,49-61,64]

IL-1β [36,67-71,116]

IL-6 [9,19,74-76,106]

IL-4 IL-5 [9]

IL-18 [117]

CXCL2 [32]

Lymphotoxin α (LTA) [9,29,58,60,63,64]

Macrophage migration inhibition factor (MIF) [78,79,106]

Triggering receptor expressed on myeloid cells 1 (TREM-1) [118]

Nitric oxide synthase 2 (NOS2A) [119]

IL-1 receptor associated kinase 1 (IRAK-1) [45]

Pre-B cell colony stimulating factor (PBEF) [120-122]

TNF receptor superfamily member 1B (TNFRSF1B) [123]
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Other putative genetic markers of susceptibility to infection
As already mentioned, there are a large number of polymorphisms that have been suggested 
as potential markers of susceptibility to pulmonary infection and sepsis. As none of these 
have been replicated across multiple cohorts, their significance remains questionable. Key 
problems with these studies include linkage disequilibrium, population-specific 
polymorphisms, and significant differences in the study populations.
Linkage disequilibrium refers to the coinheritance of polymorphisms across segments of 
DNA that can encompass many genes (Figure 2). Without detailed mapping of the DNA 
region around the polymorphism(s) being studied, it is quite possible that a positive 
association may actually be due to a coinherited polymorphism in an entirely different gene. 
Some examples of exactly this problem will be evident in the discussion on TNF and 
lymphotoxin α (LTA) polymorphisms.
It is well documented that different populations have different frequencies of polymorphisms, 
with some (presumably more ‘recent’ from an evolutionary perspective) only found in 
specific populations. It is therefore quite possible that a polymorphism may only be important 
in a specific racial, ethnic or regional group, although detailed assessment of these factors 
in each study is beyond the scope of this review. 

Anti-Inflammatory

IL-10 [9,18,26,59,76,82,83,85,86,86,87,124,125]

IL-1 receptor antagonist [68-71]

Heat shock protein 70 complex (HSP70) [65,66,126]

Peptidase Inhibitor 3 (PI3) [127]

Myosin light chain kinase (MYLK) [120,127-129]

pathways activated by inflammation

Fibrinogen-β [130,131]

Protein C [91-93]

Factor V [89,90,132]

Plasminogen activator inhibitor 1 (PAI-1) [9,36,94-101,133]

Apolipoprotein E [134]

Angiotensin II type 1 receptor, ACE, β-adrenergic receptor gene 1, 2 [135]

Murine double minute 2 (Mdm2) [136]

Urokinase plasminogen activator (uPA) [36]

ACE: angiotensin converting enzyme; CXCL; Chemokine (C-X-C motif) ligand; MAL myloide-differentiation factor 
88 adaptor like proteín; NFKBIZ Nuclear factor of κ light polypeptide gene enhancer in B cells inhibitor; NOD 
Nucleotide-binding oligomerization domain; TLR: Toll-like receptor
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One of the more common reasons for failure to replicate results is key differences in the 
populations studied. Differences in age (pediatric vs. adult vs. elderly), comorbidities, severity 
of illness and especially differences in the pathogen mix can all have significant impact on 
the results. 
It should also be noted that even a small number of genotyping errors can significantly alter 
the results of a study, especially when the number of outcomes is relatively small. Until 
recently, very few studies have reported any quality-assurance protocols to ensure that 
genotyping errors have been minimized. 
As there is a very large range of genes that have been studied, we have grouped them into 
broad categories or response to pathogens to make it easier to summarize them. 

Pattern-recognition molecules 
Pattern recognition molecules (PRMs) participate in bacterial recognition, initiate opsonization 
and lysis of microorganisms, enhance clearance by alveolar macrophages and neutrophils, 
and are able to initiate an antibody response. Genetic variations in PRMs other than MBL 
have also been suggested to be important. 
Lipopolysaccharide (LPS) binding protein (LBP) and bacterial permeability increasing protein 
(BPI) are proteins with high affinity for LPS and are important mediators of bacterial 
recognition. LBP in conjunction with CD14 is involved in macrophage activation by LPS, while 
BPI is cytotoxic for bacteria and impairs binding of LPS or LTA to CD14 on monocytes.30 

Figure 2. Linkage disequilibirium. Polymorphisms A, B and C are usually inherited together as even though they 
may be in separate genes, they are close enough that recombination rarely occurs between them. In contrast 
polymorphisms D and E are not coinherited due to recombination. In this example investigators may think they 
are studying the effects of polymorphisms A, when in fact there results may be due to the influence of polymorphisms 
B or C (but no D or E). When coinheritance occurs more commonly than by chance the polymorphisms are said to 
be in linkage disequilibrium.  
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A recent study in 345 consecutive pediatric patients admitted to the ICU with BPI -545G>C 
and -645A>G SNPs revealed that the GG haplotype was associated with Gram-negative sepsis 
and predictive for severity of sepsis.31 However, a previous study on the same SNPs did not 
revealed any association with the BPI polymorphisms, but did find significant associations 
with a 4-SNP haplotype in LBP.25 Flores et al. confirmed these data and showed that 
homozygous carriers of the 4-SNP risk haplotype had a more than two times increased risk 
of severe sepsis. Admission serum LPB levels were significantly higher in risk halpotype 
carriers as compared to non-carriers (130 vs. 101 mug/mL, respectively), suggesting that 
the risk haplotype has some functional implications.32

Another class of PRMs are the Toll-like receptors (TLRs), 11 of which have been identified 
in humans, each with different affinities for antigens of different microorganisms. Of 
particular interest are TLR2 and TLR4. TLR2 interacts with lipopeptides, peptidoglycan and 
lipotechoid acid, all of which are cell wall components of Gram-positive bacteria, whereas 
TLR4 interacts with the Gram-negative endotoxin, LPS and the pneumococcal pneumolysin.33 

Based on evidence mounting from mice studies, the general hypothesis is that mutations 
in TLR can result in hyporesponsiveness to endotoxin and lead to increased susceptibility to 
sepsis.34

The TLR4 +896A>G polymorphism, which involves replacement of aspartic acid with glycin 
at amino acid position 299, has been extensively studied.16,19,26,35-37 Several studies report 
that the +896A>G variant increases the risk of serious Gram-negative infections and mortality 
from sepsis16,35 although there are negative studies as well.36-38 The combination of TLR4 
+896 G with a SNP in NOD2, occurring in 5% of the population, has been reported as having 
a much higher mortality rate than the TLR4 polymorphism alone (OR 2.35; P =0.002).9 These 
data are consistent with the finding that the NOD2 polymorphism confers increased risk of 
death from sepsis.39 Rare TLR2 polymorphisms have been described as increasing the risk 
of Gram-positive infections,22 but other studies did not confirm these results.16,38,40 A TLR5 
haplotype has been associated with an increased risk of legionella infection41 and functional 
TLR1 polymorphism (-7202A>G) with increased TLR1-induced NF-ĸB activation, organ 
dysfunction and death from sepsis.42  

Patter-recognition molecule signaling pathways
PMRs require downstream signaling pathways in order to alter the innate immune response 
and polymorphisms components of these pathways can also lead to altered response to 
infection. 
Myeloid differentiation factor 88 (MyD88) adapter-like protein (MAL), also known as TIRAP, 
mediates the downstream signaling of TLR 2 and 4.33 A leucine substitution at serine 180 of 
MAL has been associated with decreased susceptibility to infectious diseases in general and 
to pneumococcal diseases in specific.43 
Myeloid differentiation protein 2 (MD-2) and IL-1 receptor associated kinase (IRAK-1) are 
also part of the TLR signalling pathway.33 Mutations in MD-2 have been linked to an increased 
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risk of sepsis,44 while a variant IRAK-1 haplotype was found to be  associated with increased 
nuclear levels of NF-κB in vitro as well as worse outcome from sepsis.45 Some NF-κB SNPs 
associated with susceptibility to pneumococcal disease have also been described.
Polymorphisms in Iκ-β-α46 and Iκ-β-ζ 47 have also been described as being risk factors for 
invasive pneumococcal disease by the same group. A single report of NF-κB essential 
modulator (NEMO) and IRAK-4 polymorphisms suggests these may be a risk factor for 
pneumococcal disease, at least in children.48 

Proinflammatory cytokines
Tumor necrosis factor (TNF) is an important proinflammatory cytokine and a key initial 
component of the inflammatory response. There is a large amount of inherited variability 
in the TNF gene, with many polymorphisms having been identified, making it a prime 
candidate for studies of genetic predisposition to pneumonia and sepsis.  
The presence of the A allele of the TNF-308 polymorphism has been associated with an 
increased risk of death from a variety of infectious diseases in several studies, including septic 
shock;26,49-56 however, a number of other studies have been unable to identify any association.57-60 
More recently, it has been suggested a 2-SNP haplotype including TNF-308A and TNF-238A is 
a better predictor of a higher mortality rate in sepsis.9,61 Complicating the study of TNF variation 
is the fact that despite dozens of studies on the functional significance of TNF-308, there is 
still no agreement on whether it produces significant variance in TNF transcription.62 
LTA is adjacent to TNF on chromosome 6 and carriage of the A allele at LTA+252 was one of 
the first genetic factors identified as a potential risk factor for death from septic shock63. 
Subsequent studies demonstrated that the LTA+252AA was, besides an indicator for severity 
of diseases, a risk factor for development of sepsis in trauma patients,64 and in patients with 
pneumonia,60 although other studies have not found this association.9 More recent research 
suggests that the associations with LTA+252 may in fact be due to the polymorphic variation 
in heat shock protein-70 (HSP-70).65,66 As the HSP-70 (HSPA1B+1267) variation is associated 
with lower HSP-70 expression at baseline and higher TNF production after exposure to 
bacteria, this fits nicely with current models of sepsis pathogenesis.66

The genes coding for the interleukin (IL-1) cytokines, IL-1α and IL-1β, and IL-1 receptor lie 
adjacent to each other on the same chromosome, leading to marked linkage disequilibrium 
between polymorphisms within the three genes. Two genetic polymorphisms in the promoter 
region of IL1β +3953 and -511 have been described, with homozygous carriage of the IL1β 
-511 associated with increased IL1β production in LPS stimulated monocytes.67 Clinically, 
IL1β polymorphisms are reported to increase the risk of death from meningococcal 
infection,68 but not septic shock.69 By contrast, variants of the IL-1 receptor antagonist (IL1-
RN) gene in septic patients have been demonstrated to have an excess mortality in three 
sepsis studies in different ethnic groups.69-71 However, known co-inherited polymorphisms 
in IL-1α and IL-1β were not considered making it impossible to be sure if the associations 
are attributable to the IL1-RN variants. 
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The pro-inflammatory cytokine Interleukin 6 (IL-6) can stimulate macrophages, B- and 
T-lymphocytes and induces fever and an acute phase response. Previously, IL-6 had been 
regarded as promising prognostic marker in sepsis since serum IL-6 levels correlated very 
well with outcome; low IL-6 secretors appeared to have lower mortality rates.72,73 The IL-6 
-174G>C polymorphism has been associated with an increased risk of mortality from sepsis 
in a number of small studies.19,74-76 By contrast, a larger study found no association between 
the serum IL-6 levels and IL-6 genotypes in septic patients,9 and the lack of association with 
IL-6 levels in one study led the authors to conclude that the association may be due to linkage 
disequilibrium with polymorphisms in unknown genes.75

Macrophage migration inhibition factor (MIF) is released by monocytes and macrophages 
and exerts potent pro-inflammatory activities.77 Clinical experimental studies have suggested 
that higher circulation MIF levels are associated with severity and susceptibility of sepsis,78 

and a large study of 1729 patients with community-acquired pneumonia showed that 90 
day mortality was lower for patients carrying the high-expression C allele of the MIF-173G>C 
SNP.79

Anti-inflammatory response
Three promoter polymorphisms (-1082/-819/-592) in the IL-10 gene have been extensively 
studied and are associated with variable IL-10 production.80 The effect of the IL-10 haplotype, 
however, appears to be pathogen dependant, with a significantly different genotype-
phenotype relationship observed depending on whether the stimulus is Gram-positive or 
Gram-negative.81 Several case-control studies have suggested that carriage of the IL-10-1082 
G allele is a significant risk factor for adverse outcome in patients with pneumonia,82,83 and 
other studies suggest it is also a risk factor for death from septic shock,76,84 the development 
of acute respiratory distress syndrome,85 and susceptibility to sepsis.86 Somewhat confusingly, 
the IL-10 haplotype -592C/734G/3367G was associated with increased mortality in patients 
with pulmonary sepsis but not in similarly ill patients with extrapulmonary sepsis.87 The 
previously noted linkage disequilibrium between IL-10 polymorphisms and FcγRIIa 
polymorphisms has not been addressed in these studies focusing on IL-10.

Pathways activated by inflammation
Activation of the coagulation system is thought to play a critical role in multiorgan dysfunction 
in sepsis,88 so not surprisingly variations in coagulation proteins have been studied as 
potential contributors to the genetic influence on sepsis. For example, mice heterozygous 
for factor V Leiden status have improved survival after exposure to LPS,89 and in humans the 
efficacy of activated protein C in sepsis was greater in carriers of the factor V Leiden 
mutation.90 A -1641 A>G polymorphism and associated haplotypes on the protein C gene 
were also associated with increased risk for mortality caused by sepsis.91-93 Interestingly, this 
polymorphism also resulted in unexplained increased levels of IL-6, which plays a major role 
in the activation of coagulation in sepsis.92
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Within the fibrinolytic pathway, the 4G/5G variation in the promoter region of the gene 
encoding plasminogen activator inhibitor-1 (PAI-1) has been suggested by some researchers 
as a risk factor for adverse outcome in children with meningitis,94-98 but not by others.99 A 
prospective cohort study in 3347 patients with pneumonia found that a halpotype (PAI 
-4G/2846G/4588C/7343A) in the promoter region was associated with increased susceptibility 
to pneumonia, with PAI-1 levels after bacterial stimulation 20% higher in subjects with a 4G 
genotype as compared to those with 5G.100 A smaller study also found a positive association 
between carriage of 4G and mortality from sepsis.101 

CONCLUSION

Overall, the described studies clearly support the strong influence of genetic factors in 
susceptibility to, or outcome from, pulmonary infections. Unfortunately, at present all these 
studies have produced is a confusing cloud of knowledge with no clear picture emerging.  
Methodological issues such as a lack of power owing to small sample sizes, unclear defined 
cases and inappropriate patient-to-control matching with potential population stratification 
have clearly contributed to the inconsistent findings in current association studies. Although 
there are some negative studies listed in table 1, there is an enormous bias to publishing 
positive studies and the trend for investigators to publish positive results piecemeal with 
inadequate correction for multiple comparisons further inhibits progress being made advance 
our knowledge. Perhaps most damaging of all has been the clumping of all cases of 
pneumonia or sepsis together, ignoring the often pathogen specific effects demonstrated 
by many polymorphisms. 
As already alluded to, the jump from identifying a positive association to proving that the 
proposed genetic marker is truly producing a change in a key immunological process that 
alters the outcome of sepsis is an exceedingly difficult one. Even techniques such as extended 
haplotype mapping can only narrow the likely target region and do not negate the need for 
functional studies that have proved difficult with current technology. A much easier approach 
is to start with a strong phenotypic signal and to then move to explore potential genetic 
influences on that protein.  
As with all complex diseases with multifactorial influences from the environment, and the 
host’s age and comorbidities, progress is most likely in cases of unusual pathogens or in 
younger adults with severe disease. As these presentations are uncommon large collaborative 
networks are required to collect sufficient numbers of cases for analysis, which in itself raises 
problems of obtaining appropriate control subjects across different racial and ethnic 
populations.  
Given sufficient time and new technologies such as hypothesis-generating genome wide 
association studies (GWAS), ultimately we will get the answers we have hoped for from 
genetic studies. However to get there we will need very large, extremely well-phenotyped 
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cohorts, including detailed microbiological information given the known differential impact 
of the pathogen on genotype-phenotype relationships. Phenotypic information (such as 
from mRNA and protein arrays) will be critical to help select from the likely field of genetic 
markers which have most promise for pharmacological intervention. Improved microbiological 
data allowing researchers to analyze by specific pathogens will also be critical to progress, 
but clearly this will require very large cohorts to get sufficient numbers.
It is questionable if we will end up with a handful of key genetic markers to define individual 
risk given the immense complexity of genetic interactions, the diversity in pathogens and 
the overriding influence of comorbid illnesses. What we will end up with, however, is a much 
more detailed understanding of inflammatory pathways and the complex gene-gene 
interactions that occur. Genetic studies will also be our only window into understanding key 
early factors influencing the development of acute respiratory infections as these occur 
before patients present to medical care. 

Five-year view
It’s hard to see what genetics will bring us over the next five to ten years in pulmonary 
infectious diseases given the lack of progress so far in moving from the bench to the bedside. 
We have certainly learned a lot with respect to the methodological failings of research so 
far and hopefully future research will be much more rigorous and produce more consistent 
results. While simple association studies in small cohorts will no doubt still be done and 
most likely published, little will be gained from this approach. The future is in large 
collaborative efforts creating exquisitely detailed (both clinically and microbiologically) 
cohorts allowing the use of state-of- the-art genetic techniques such as genome-wide 

Key issues

•   Susceptibility to pulmonary infectious diseases and its adverse outcomes like severe sepsis has a strong 
genetic influence.

•   Although there are numerous reports of positive associations between gene polymorphisms and clinical 
outcomes, most of these are probably spurious or at best in linkage disequilibrium with the key genetic 
markers rather than being the 'true' sites of polymorphic interest.

•   Genetic variation in mannose-binding lectin, CD14 and the IgG2 receptor (FcγRIIa) are the best validated 
markers of susceptibility to adverse outcomes from pulmonary infection and sepsis.

•   Rather than a few key polymorphisms determining risk, it appears that dozens if not hundreds of 
polymorphisms interact and contribute to total risk.

•   The influence of many genetic polymorphisms is highly dependant on the infecting pathogen, so grouping 
all cases of pneumonia or sepsis as one cohort greatly diminishes the ability to identify key associations. 
Future studies need much more detailed microbiological data incorporated into the analysis.

•   The bias of publishing only positive studies and to publish genetic studies 'piecemeal' has greatly hindered 
progress in understanding the genetic influence on pneumonia and sepsis.
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association studies and haplotype mapping across entire chromosomes.  
It is not clear how we will resolve the issue of getting consensus on whether candidate 
polymorphisms alter gene regulation when they are based in non coding regions given the 
failures of current techniques in the case of TNF-308. The ultimate proof of a genetic markers 
importance will be the successful development of a pharmacological agent that improves 
outcome in those carrying the deleterious genotype, or the successful incorporation of 
genetic markers into clinical algorithms for the prognosis or treatment of patients with 
pneumonia and/or sepsis.  
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ABSTRACT 

Background
Adjuvant anti-coagulant treatment for severe sepsis is presently available. However, not 
every patient benefits from it and recent trials of new agents such as recombinant tissue 
factor pathway inhibitor (rTFPI), have failed. We hypothesized that tissue factor pathway 
inhibitor (TFPI) or tissue factor (TF) genetic polymorphisms will predict response to adjuvant 
rTFPI in severe sepsis and may help select patients most likely to benefit from adjuvant rTFPI 
treatment.

Methods
Patients participating in a clinical trial on recombinant TFPI (rTFPI) for severe sepsis were 
genotyped for 16 TFPI and 17 TF polymorphisms using high throughput genotyping. 
Polymorphisms associated with decreased mortality in rTFPI-treated patients as compared 
to placebo-treated patients were selected using multivariable modeling. Subsequently, ex-
vivo whole blood stimulation experiments with Streptococcus pneumoniae and Escherichia 
coli were performed in healthy volunteers to document functional significance of identified 
markers. 

results
Of 165 patients included, 86 (52.1%) received rTFPI and 79 (48.5%) placebo treatment. The 
overall mortality rate was 29.7% (n =49) and not different among treatment groups. Two 
TFPI (rs6434222, rs7586970) and four TF (rs4847319, rs4847321, rs12738550, rs947386) 
gene polymorphisms were significantly involved in response to adjuvant rTFPI. In particular, 
carriers of the variant A allele of the TFPI-rs6434222 polymorphism had a 25% mortality 
when treated with rTFPI compared to a 50% mortality in the placebo group (OR 0.50; 95% 
CI 0.21-1.19; P = 0.09). In vitro, carriership of the variant A allele was associated with higher 
clotting times at baseline (11.4 ± 1.0 vs. 8.9 ± 0.3; P =0.009), whereas upon stimulation with 
S. pneumoniae carriers were more hypercoagulable, as compared to TT homozygotes (fold 
increase 0.55 ± 0.1 vs. 0.73 ± 0.0; P =0.04).  

Conclusion
Carriers of variant allele of a functional TFPI gene polymorphism have 50% lower mortality 
rates when treated with rTFPI as compared to placebo. Although further validation is 
necessary, genetics variations may help to select individuals who are most likely to benefit 
from adjuvant treatment with rTFPI.  
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INTRODUCTION 

Severe pneumonia is the leading cause of sepsis with the lung being the primary site of 
infection in nearly 70% of patients admitted to intensive care units for treatment.1 Mortality 
rates from severe (pneumo)sepsis are extremely high, up to 50%.2,3 The past years it has 
become more and more clear that adequate antimicrobial treatment alone has only limited 
capacity to reduce these high mortality rates. Adjunctive treatment strategies aimed at the 
host response are, therefore, required to treat organ dysfunction and reduce associated 
mortality.4

As part of the host response to severe (pneumo)sepsis, coagulatory mechanisms shift in 
favor of thrombosis, minimizing local spread of the pathogen. Harmful activation of 
coagulation is a likely contributor to organ dysfunction and death.5 
In (pneumo)sepsis, proinflammatory cytokines up-regulate expression of tissue factor (TF), 
the primary initiator of coagulation, on monuclear and epithelial cells.6 On its turn, TF 
activates downstream coagulation cascades and minimizes fibrinolysis.7 TF is regulated by 
its physiologic inhibitor TF pathway inhibitor (TFPI).8 However, in (pneumo)sepsis TF induced 
activation of coagulation is often not adequately balanced by TFPI contributing to harmful 
activation of the coagulation.9 
Therefore, inhibition of TF-induced activation of coagulation has been investigated as a 
promising target for adjunctive treatment in (pneumo)sepsis. Unfortunately, not every 
individual patient appears to benefit from adjuvant anti-coagulant treatment and recent 
large scale international trials of recombinant TFPI (rTFPI, tifacogin) have failed to prove 
benefit.10,11 Besides, anti-coagulant treatment, as presently available, is expensive and not 
without a risk of serious bleeding complications.12,13 
Thus, a more individualized approach in selecting patients for adjunctive anti-coagulant treatment 
seems warranted. In current study, we aim to identify functional genetic variations in TFPI and 
TF genes to select patients most likely to benefit from adjuvant treatment with rTFPI. 

METHODS 

Study population
Sepsis patients 
Blood samples and clinical information were collected from patients participating in a 
randomized multicenter clinical trial conducted in North America and Europe on rTFPI for 
severe sepsis. Eligibility criteria have been reported previously.11 In short, all patients with 
severe sepsis as evidenced by clinical signs of systemic infection or a chest radiograph 
consistent with the diagnosis of pneumonia and proven microbiological etiology were 
recruited. Severe sepsis was defined by least two signs of organ dysfunction and an elevated 
International normalized ratio (INR). 
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Healthy volunteers
Healthy volunteers for stimulation experiments were selected from the NUgene repository, 
a prospective community-based biobank from Northwestern Memorial Hospital, Chicago. 
Selection criteria were: Caucasian race, no comorbidities associated with hypercoaguable 
states, and no immunocompromized state. An immunocompromized state was defined as; 
the use of prednisone 10 mg daily, active chemotherapy and/or radiation therapy within 
the past four weeks or history of myelosuppressive disease. Selected volunteers were 
genotyped for promising markers of TPFI and TF genes, as identified in present study. 
Subsequently, carriers of variant and ancestral alleles were re-contacted to have a blood 
sample drawn for ex-vivo stimulation experiments. The Institutional Review Board at 
Northwestern Memorial Hospital approved the study protocol. Informed consent from all 
patients and healthy volunteers included was retrieved.

DNA extraction and genotyping 
DNA was extracted from whole blood samples of septic patients using standard DNA 
extraction kits (Qaigen, Mississauga, Ontario, Canada). Genotyping for haplotype tagging 
TFPI and TF polymorphisms was performed using high throughput genotyping (MassARRAY, 
Sequenom Inc. San Diego, CA, USA). DNA from healthy volunteers was available through 
the NUgene repository. TaqMan SNP genotyping assays (Applied Biosystems Inc, Foster City, 
CA, USA) of selected markers were used for genotyping in healthy volunteers. All genotyping 
was performed without knowledge of the clinical information.  

Ex-vivo stimulation experiments 
Study procedures
A peripheral blood sample was drawn with a 21 gauge butterfly needle into citrated tubes 
(2.7ml) and transported to the lab at room temperature. Upon arrival in the lab, blood was 
incubated for 4 hours with 2*107 CFU/ml heat-inactivated Streptococcus pneumoniae (6303 
strain) and 2*107 CFU/ml heat-inactivated Escherichia Coli (4157 strain) both from ATTC 
Gibson laboratories Inc, in a twelve well plate. Heat-inactivation was performed according 
procedures as described previously.14 Appropriate concentrations of S. pneumoniae and E. 
coli were prepared after dilution with 80% phosphate buffered saline (NaPO4) and 20% 
glycerol at a stock concentration of 1*1010 CFU/ml. 

Thromboelastography
Thromboelastography (TEG analyzer®, Haematoscope Corporation Niles, IL, USA) was used 
to measure coagulation profiles at baseline and after stimulation. For thrombelastography, 
340μl citrated whole blood was re-calcified with 20μl calcium chloride 0.2M. The TEG 
analyzer® consists of a stationary pin attached to a torsion wire and a sample cup that 
constantly oscillates at a set speed through an arc of 4.25°. The degree of pin movement is 
a function of the kinetics of clot development and fibronolysis. The clotting time (R) 
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represents the latency period from the time that the blood was subjected to TEG® analyzer 
until initial fibrin formation. The running time for all TEG assays in this series of experiments 
was 1 hour. Version 2.0. TEG software was used to collect the data.  

Gene expression 
RNA was isolated from whole blood samples at baseline and after stimulation with S. 
pneumoniae and E. coli using TRI Reagent -BD kit® (Molecular Research Center Inc., Cincinnati, 
OH, U.S.A.), followed with RNA purification by RNase-free DNaseI. RNeasy® plus Mini kit 
(Qiagene, Valencia, CA, USA). Purified RNA was reverse transcribed to single-strand cDNA 
using Taqman RNA reverse transcription kit (Applied Biosystems Inc. Foster City CA, USA). 
TFPI gene expression levels were measured using TFPI Taqman gene expression assays 
(Applied Biosystems Inc, Foster City, CA, USA). The mRNA expression levels were normalized 
to the expression of a housekeeping gene, hexose-6-phosphate dehydrogenase (G6PDH). 

Analytical approach and statistical analysis
Quality control of all genotyping data was conducted and Hardy-Weinberg was assessed 
using exact χ2 tests as described by Wigginton et al.15 Markers studied were selected from 
different haplotype bins and Haploview was used to rule out significant linkage disequilibrium 
(>90%) among the markers.16 We examined association between studied baseline 
characteristics and markers and mortality risk using χ2 tests, Student’s t tests, and Wilcoxon 
tests, as appropriate. 
Stratified analysis by treatment was conducted to examine associations between markers 
and mortality risk in rTFPI-treated patients as compared to placebo-treated patients, using 
χ2 tests and associated odds ratio’s (ORs) with confidence intervals (CIs). Logistic regression 
models were used for multivariable analysis and model fit was ascertained by Hosmer-
Lemeshow test. Covariates for logistic regression models were age and race. As results of 
the relatively small number of minor allele homozygotes, genotypes were modeled 
dominantly, by collapsing minor homozygotes with heterozygotes, resulting in 2 categories 
of each variant for analysis. Haplotype analysis of TFPI and TF markers related to response 
to rTFPI was conducted to explore for a combined or additive risk of the markers. 
Finally, functional basis of the identified markers was studied by ex-vivo stimulation 
experiments. Fold increases in clotting times following stimulation with S. pneumoniae or 
E. coli were calculated. Clotting times at baseline and upon stimulation and gene expression 
levels were compared among the genotypes using ANOVA and Student’s t tests as 
appropriate. Reported P values are two tailed and P values of less than 0.05 were considered 
statistically significant. Statistical analysis was performed with the statistical software package 
SPSS 15.0 for windows (SPSS Inc., Chicago, IL, USA) and PLINK statistical software.17
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RESULTS

Characteristics of the study cohort
One hundred and sixty-five patients included in a randomized controlled trial on rTFPI for 
severe sepsis were successfully genotyped for a selected set of TF and TFPI markers. Table 
1 shows the characteristics of all patients included stratified for treatment with rTFPI or 
placebo. Eighty-six (52.1%) patients had received treatment with rTFPI and 79 (48.5%) had 
received placebo. No significant differences in patient characteristics were observed among 
the treatment groups. Overall, the average age (± SD) was 63.6 ± 15.1 years and 144 (87.3%) 
patients were of Caucasian race. Eighty-six (52.1%) patients had a pulmonary source of 
sepsis. The all cause 30 day mortality rate was 29.7% (n =49) and not different among 
treatment groups. Table 2 compares mortality rates for patients with or patients without 
baselines risk factors in patient and clinical characteristics. Except from age and APACHE II 
score, no baseline risk factors were significantly associated with an increased risk for 
mortality.   

Hardy-Weinberg equilibrium 
The overall genotyping rate was 0.96 (range 0.65-1.00). All 33 polymorphisms were in Hardy-
Weinberg equilibrium, tested in overall and ethnicity-specific manner. The minor allele 
frequency of the variant alleles ranged from 0.12 to 0.41 (Table 3).

effect of genotype on outcome
Overall, no statistical significant association of carriership of TF or TFPI variations and risk 
for 30 day mortality were observed in univariate and multivariate analysis (Table 4). 
Carriership of the variant allele of TFPI (rs6434222) and TF (rs4847319) polymorphisms had 
a trend towards an increased risk for 30 day mortality from (pneumo)sepsis, whereas 
carriership of the variant allele of four TF markers (rs4847321, rs12738550, rs947386, 
rs12123422) had a trend towards a better survival as compared to the ancestral allele. 

Gene-treatment interactions 
In total, we identified four TF gene polymorphisms and two TFPI gene polymorphisms 
significantly involved in response to adjuvant anti-coagulant therapy with rTFPI (Table 5; 
Figure 1). In the placebo treated group, carriage of the variant allele A of the TFPI-rs64234222 
polymorphism was associated with a 50.0% mortality compared to a 23.6% mortality in the 
TT homozygotes. In the treatment group, mortality in those carrying the A allele was 25.0% 
versus 29.2% in TT homozygotes. Among carriers of the TFPI-rs6434222 variation, targeted 
treatment with rTFPI is associated with 50% reduction in mortality rates (relative risk (RR) 
0.50; 95% CI 0.21-1.19, P =0.09). 
An opposite pharmacogenetic effect was found for the TFPI-rs7586970 polymorphism. Not 
carriers of the variant C allele but rather homozygotes for the ancestral T allele seem to 
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benefit from treatment with rTFPI. In homozygous carriers of the ancestral allele, mortality 
rates were 43.2% in placebo treated patients as compared to 25% in rTFPI treated patients. 
Targeted treatment with rTFPI towards homozygous carriers of the rs7586970 ancestral T 
allele results in an almost 3 times reduction in mortality rates (RR 0.34; 95% CI 0.30-1.10, P 
=0.09).

table 1. Characteristics of study cohort

Variable All 
100% (n =165)

rtFpI
52.1% (n =86)

placebo
48.5% (n =79)

P

Patient characteristics

Age, mean years  (±SD) 63.6 ± 15.1 64.7±13.3 63.0 ±16.9 0.62

Male sex 62.4 (103) 60.5 (52) 64.6 (51) 0.59

Caucasian race 87.3 (144) 88.4 (76) 86.1 (68) 0.71

Comorbid condition

Diabetes 22.4 (37) 26.7 (23) 17.7 (14) 0.17

COPD 19.4 (32) 23.3 (20) 15.2 (12) 0.19

Chronic heart disease 22.4 (37) 26.7 (23) 17.7 (14) 0.17

Malignancy 22.4 (37) 20.9 (18) 24.1 (19) 0.63

Source of sepsis

Pulmonary 52.1(86) 50.0 (43) 54.4 (43) 0.57

Abdominal 24.2 (40) 23.3 (20) 25.3 (20) 0.76

Urinary 10.3 (17) 11.6 (10) 8.9 (7) 0.56

Skin/bacteremia 13.3 (22) 15.1 (13) 13.9 (11) 0.48

Clinical symptoms / treatment

APACHE II, mean score 25.7 ± 7.1 25.7 ±7.5 25.8 ± 6.6 0.98

Acute Physiology score, 
mean score

20.4 ± 6.8 20.3 ±7.1 20.5 ± 6.5 0.74

White blood cell count, 
mean 105/L

11.6 ± 8.5 11.3 ±8.9 11.8 ± 8.1 0.74

Creatinine, mean mg/dL 1.8 ± 1.8 1.8 ±2.2 1.8 ± 1.4 0.29

Platelet count, mean 109/L 180.0 ± 121.1 180.6 ± 118.0 179.3 ± 125.1 0.95

Treatment with heparin 78.2 (129) 83.7(72) 72.2 (57) 0.09

Outcome

30 day Mortality 29.7 (49) 27.9 (24) 31.6 (25) 0.60

Thrombocytopenia 24.8 (41) 26.7 (23) 22.8 (18) 0.56

Shock 71.5 (118) 72.1 (62) 70.9 (56) 0.86

Renal failure 51.1 (85) 53.5 (46) 49.4 (39) 0.60

Days of hospitalization 26.1 ± 19.0 24.7 ±16.0 27.6 ± 21.8 0.33

Days of treatment in ICU 17.2 ± 12.4 15.9 ±11.5 18.7 ± 13.1 0.13

% (n) or mean ± SD are presented unless otherwise indicated.
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As shown in table 5, in three of the four TF polymorphisms (rs4847321, rs12738550, 
rs947386), carriers of the variant allele had lower mortality rates if randomized to treatment 
with rTFPI than randomized to placebo. Among carriers of the variant alleles, mortality rates 
for rTFPI treated patients were 17.5%, 18.6% and 18.4% respectively, as compared to 31.4%, 
31.0% and 30% for placebo treated patients. Carriers of variant alleles on these TF gene 
polymorphisms have a trend towards two times lower mortality rates if treated with rTFPI 
as compared to placebo. (RR 0.56-0.61, P =NS) 

Figure 1. Mortality rates for carriership of TFPI and TF gene polymorphisms per treatment group. Open bars stack 
reflect treatment with placebo, filled bars reflect treatment with rTFPI and the gray lines reflect overall mortality 
rates for the genotypes.
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The TF-rs4847319 polymorphism had again opposite pharmacogenetic effect, homozygous 
carriage of the ancestral C allele was associated with reduced mortality in patients who 
received treatment rTFPI as compared to patients who received placebo (16.1% vs. 30.6%), 
whereas carriers of the variant G allele had a mortality rate of 35.2%, if treated with rTFPI 
as compared to 31.7%, if treated with placebo. 

Haplotype analysis 
To explore for interaction and combined effects of individual polymorphisms implicated in 
response to adjuvant rTFPI, haplotype analysis for polymorphisms identified on TFPI and TF 
genes was conducted (Tables 6 and 7). 
On the TFPI gene, haplotype 3 (variant A allele from rs6434222 polymorphism and ancestral 
T allele from rs7586970 polymorphism) with an overall allele frequency of 14% was 
associated with an odds for mortality of 0.72 in rTFPI-treated patients and an odds of 3.12 
in placebo-treated patients (P =0.01). 
All other TFPI haplotypes had an opposite effect, and trend towards increased mortality if 
carriers are treated with rTFPI, although not statistically significant. The AC haplotype had 
very low frequency of 1%, implying that the haplotype added little to genotyping of the 
TFPI-rs6434222 polymorphism alone. 

table 2. Characteristics of study cohort stratified by mortality for the episode of sepsis 

Overall 30 day mortality rate 29.7%

Variable Mortality %, factor 
present  (n =49)

Mortality %,  factor 
absent  (n =116)

P 

Patient characteristics

Age, mean years  67.2 ± 15.3 62.1 ± 14.8 0.05

Male sex 61.2 (30) 62.9 (73) 0.84

Caucasian race 87.8 (43) 87.1 (101) 0.71

Comorbid conditions

Diabetes 24.5 (12) 21.6 (25) 0.68

COPD 22.4 (11) 18.1 (21) 0.52

Chronic heart disease 26.5 (13) 20.7 (36) 0.41

Malignancy 28.6 (14)) 19.8 (23) 0.22

Source of sepsis

Pulmonary 55.1 (27) 50.9 (59) 0.62

Clinical symptoms / treatment

APACHE II, mean score 27.4 ± 8.5 25.1 ± 6.2 0.06

Treatment with heparin 71.4 (35) 81.0 (94) 0.17

% (n) or mean ± SD are presented when appropriate.
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table 3. Selected 16 TF3 and 17 TPFI polymorphisms for analysis 

Gene Chr. dBSNp 
number

Alleles All
(n =165)

Caucasian
(n =144)

African 
americans

(n =21)

variant ancestral hwe maf hwe maf hwe maf

TFPI 2 rs10179730 G A 1.00 0.14 1.00 0.13 1.00 0.38

rs10187622 T C 0.26 0.18 0.53 0.17 1.00 0.33

rs1158867 T C 0.08 0.47 0.18 0.44 1.00 0.08

rs13427829 A G 0.46 0.12 1.00 0.09 0.48 0.21

rs16829086 T C 0.21 0.26 0.37 0.26 1.00 0.39

rs2069912 C T 0.54 0.26 1.00 0.25 0.15 0.13

rs2192825 C T 1.00 0.38 0.60 0.42 1.00 0.36

rs3213739 G T 1.00 0.49 0.73 0.47 1.00 0.40

rs4667168 A G 0.27 0.12 1.00 0.09 1.00 0.11

rs5936 G T 0.11 0.28 0.40 0.28 0.02 0.07

rs5937 C T 0.07 0.34 0.12 0.33 0.48 0.19

rs6434222 A T 0.12 0.15 0.40 0.12 0.48 0.05

rs7586970 C T 0.47 0.32 0.34 0.33 1.00 0.30

rs7594359 T C 0.53 0.44 0.87 0.48 1.00 0.38

rs8176479 T G 0.19 0.24 0.26 0.26 1.00 0.21

rs8176501 C A 0.60 0.35 0.45 0.34 1.00 0.38

rs8176548 A G 0.18 0.38 0.29 0.40 1.00 0.43

TF3 1 rs10874870 A G 0.72 0.35 0.85 0.35 1.00 0.10

rs11165190 C A 0.71 0.30 0.84 0.31 1.00 0.23

rs12123422 G C 0.40 0.42 0.59 0.43 1.00 0.35

rs12128484 T C 0.58 0.32 0.56 0.33 0.27 0.34

rs1245480 T C 0.23 0.27 0.06 0.27 1.00 0.38

rs12725402 C T 0.35 0.49 0.40 0.49 1.00 0.24

rs12738550 A G 0.58 0.30 0.56 0.31 0.27 0.24

rs1324214 A G 1.00 0.21 0.81 0.22 1.00 0.50

rs17111996 G T 0.75 0.43 0.61 0.46 1.00 0.48

rs1772914 G C 0.53 0.46 0.61 0.45 1.00 0.29

rs2153717 T G 1.00 0.38 0.36 0.36 0.15 0.25

rs4847319 C G 0.16 0.34 0.35 0.33 1.00 0.26

rs4847321 C A 0.84 0.27 1.00 0.28 0.27 0.33

rs4847326 G C 0.73 0.33 1.00 0.31 0.48 0.25

rs6667206 G A 0.87 0.39 0.86 0.40 1.00 0.45

rs947386 A G 0.51 0.24 0.64 0.23 1.00 0.33

Hwe, Hardy-Weinberg equilibrium; maf, minor allele frequency
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In our population, 5 haplotypes of the TF gene variations (rs4847319, rs4847321, rs12738550, 
rs947386) associated with response to rTFPI were identified. None of these haplotypes was 
significantly associated with a beneficial response to adjuvant treatment with rTFPI. 

Functionality of tFpI-rs6434222 variation
TFPI-rs6434222 polymorphism was associated with response to rTFPI in our mainly Caucasian 
study population, therefore, functionality of the rs643422 variation was assessed by ex-vivo 
whole blood stimulation experiments with heat-inactivated S. pneumoniae and E. coli in 23 
healthy Caucasian volunteers. At baseline, clotting times were significantly different among 
the TFPI-rs6434222 genotypes (P < 0.001). AA homozyotes had higher clotting times at 
baseline compared to AT heterozygotes and TT homozygotes, 13.5 ± 1.8 vs. 10.6± 0.6 and 
8.9 ± 0.3, respectively.  
Upon stimulation with S. pneumoniae, carriers of the variant A allele had a more exaggerated 
response reflected in a lower fold increase in clotting times (P =0.03). AA homozygotes had 
0.4 ± 0.1 fold increase in clotting times upon stimulation compared to 0.6 ± 0.1 in AT 
heterozygotes and 0.7 ± 0.0 in TT homoyzygotes. Responses upon stimulation with E. coli 
did not differ significantly among the TFPI-rs6434222 genotypes (Figure 2).
In addition, RNA transcription levels of TFPI were measured in whole blood samples ex-vivo 
stimulated with S. pneumoniae and E. coli. As shown in figure 3, there was a trend towards 
lower TFPI transcription levels upon stimulation with S. pneumoniae and E. coli in carriers 
of the variant A allele (2.00 ± 0.55 and 1.76 ± 0.50, respectively) as compared to homozygotes 
for the ancestral T allele (2.64 ± 0.31 and 2.56 ± 0.32), although not statistically 
significant. 

 
Figure 2. Clotting times at baseline and upon bacterial stimulation for genotypes of the TFPI-rs6434222 
polymorphism. Mean (±SD) clotting times are displayed. P values shown (one way  ANOVA). * P =0.004, AA vs. TT; 
P =0.006, AA vs. AT/TT; P =0.009 AA/AT vs. TT (Student’s t test) 
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table 5. Carriership of polymorphisms and associated risk for mortality in patients treated with rTFPI and 
placebo

Gene SNp treatment Genotype* Mortality risk
Carriership variant 

allele

Adj. mortality risk 
Carriership variant 

allele*

AA/At tt Or (95% CI) P Or (95% CI) P 

TFPI rs6434222 rTPFI 25.0
(5/20)

29.2
(19/65)

0.81 (0.26-2.54) 0.71 0.78 (0.33-2.63) 0.91

Placebo 50.0
(11/22)

23.6
(13/55)

3.23 (1.14-9.15) 0.02 2.28 (0.93-8.34) 0.07

rs7586970 rTFPI 31.8
(14/44)

25.0
(10/40)

1.40 (0.54-3.64) 0.49 0.93 (0.32-2.70) 0.91

placebo 22.5
(9/40)

43.2
(16/37)

0.38 (0.14-1.02) 0.05 0.36 (0.13-1.00) 0.05

TF rs4847319 rTFPI 35.2
(19/54)

16.1
(5/31)

2.82 (0.93-8.55) 0.06 2.56 (0.79-8.34) 0.11

placebo 31.7
(13/41)

30.6
(11/36)

1.06 (0.40-2.78) 0.91 0.88 (0.32-2.38) 0.79

rs4847321 rTFPI 17.5
(7/40)

37.2
(16/43)

0.36 (0.13-1.00) 0.05 0.38 (0.13-1.14) 0.09

placebo 31.4
(11/35)

33.3
(13/39)

0.92 (0.35-2.43) 0.86 1.04 (0.38-2.86) 0.94

rs12738550 rTFPI 18.6
(8/43)

38.1
(16/42)

0.37 (0.14-1.00) 0.05 0.39 (0.14-1.14) 0.09

placebo 31.0
(13/42)

31.4
(11/35)

0.98 (0.37-2.58) 0.96 1.16 (0.42-3.13) 0.77

rs947386 rTFPI 18.4
(7/38)

35.6
(16/45)

0.41 (0.15-1.14) 0.08 0.36 (0.12-1.10) 0.07

placebo 30.0
(9/30)

34.1
(15/44)

0.83 (0.30-2.25) 0.71 0.74 (0.27-2.12) 0.58

Adjusted odds ratios and P values are corrected for age and race. 
*A represents variant allele and T ancestral allele.

table 4. Carriership of TF and TFPI polymorphisms and associated risk for 30 day mortality

Gene SNp Mortality risk
Carriership variant allele

Adj. mortality risk 
Carriership variant allele*

Or (95% CI) P Or (95% CI) P 

TFPI rs6434222 1.69 (0.80-3.55) 0.16 1.60 (0.74-2.79) 0.24

TF rs4847319 1.62 (0.80-3.30) 0.18 1.51 (0.74-3.10) 0.26

rs4847321 0.58 (0.29-1.16) 0.12 0.61 (0.30-1.23) 0.17

rs12738550 0.61 (0.31-1.20) 0.15 0.67 (0.33-1.34) 0.25

rs947386 0.58 (0.28-1.17) 0.13 0.58 (0.28-1.19) 0.13

rs12123422 0.54 (0.26-1.14) 0.10 0.52 (0.25-1.11) 0.09

All polymorphisms were tested for associated with mortality; associations with a P value <0.20 are shown. 
*Adjusted odds ratios and P values are corrected for age and race.
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Figure 3. RNA expression levels (G6PHD normalized) of TFPI after stimulation with S. pneumoniae and E. coli. Mean 
values (±SD) are displayed. (S. pneumoniae TT vs. AT/AA P =0.24, E. coli TT vs. AT/AA P =0.30)

table 6. TFPI haplotypes in study population by treatment with rTFPI and placebo

TFPI Haplotypes
rs6434222, rs7586970

Allele frequency mortality risk (Or) P

rtFpI placebo rtFpI placebo

1  AC 0.01 0.01 1.13 0.18 0.61

2 TC 0.30 0.32 1.06 0.51 0.09

3 AT 0.13 0.16 0.72 3.12 0.01

4 TT 0.57 0.51 1.11 0.91 0.76

table 7. TF haplotypes in study population by treatment with rTFPI and placebo

TF Haplotypes
rs4847319 rs4847321 rs12738550 rs947386

Allele frequency mortality risk (Or) P

rtFpI placebo rtFpI placebo

1  GCAA 0.08 0.03 0.05 2.65 0.22

2 CAGA 0.03 0.08 0.09 0.32 0.27

3 GAGA 0.13 0.09 0.87 1.40 0.69

4 GCAG 0.16 0.26 0.62 0.78 0.50

5 CAGG 0.31 0.20 3.03 1.63 0.13
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DISCUSSION

Here, we identified 2 TFPI and 4 TF gene polymorphisms, all occurring in > 10% of the 
population, associated with response to adjuvant treatment with rTFPI in (pneumo)sepsis. 
Combined haplotype analysis of the polymorphisms showed that the functional intronic 
TFPI-rs6434222 variation in particular, is implicated in a beneficial response to treatment 
with rTFPI. Carriers of variant allele A of the TPFI polymorphism have 50% lower 30 day 
mortality rates from sepsis when treated with rTFPI as compared to placebo. In vitro, carriage 
of the TPFI-rs6434222 polymorphism is associated with prolonged clotting times at baseline 
and an increased activation of the coagulation upon stimulation with S. pneumoniae. 
The present study is one of the first to exam pharmacogenetic implications of adjuvant 
treatment in sepsis. Although this is an exploratory hypothesis-generating analysis only and 
all associations need validation in a larger population, results may have important clinical 
implications. If associations are confirmed, screening for carriage of the TFPI-rs6434222 
polymorphism may help to target rTFPI treatment to carriers and, hereby, reduce their 
mortality rates from sepsis. Considering an allele frequency of 12% and associated mortality 
reduction from 50% to 25% if treated with rTFPI, suggests that 16 patients need to be tested 
and 2 need to be treated to save one life. As mentioned these predictions are still hypothetical 
and even more since rTFPI is presently not available for clinical use.11,18 Large randomized 
controlled trials on rTFPI in patients with severe sepsis and in a subgroup of patients with 
sepsis secondary to community-acquired pneumonia (CAP) have failed to prove benefit for 
adjuvant treatment with rTFPI yet.11  
Otherwise, present findings may explain the overall negative effect of both trials while 
leaving the possibility for a beneficial effect from rTFPI in a significant subset of patients, 
i.e. carriers of the TFPI-rs6434222 polymorphism. The only anti-coagulatory agent presently 
available for treatment of severe sepsis is drotrecogin alfa activated, recombinant human 
activated protein C.12 Results mounting from this study cannot be generalized, since 
drotrecogin alfa clearly acts at a different level at the coagulation cascade. Although, it would 
be interesting to explore if these genetic variations identified play a role in response to 
drotrecogin alfa as well. 
Moreover, not only for adjuvant anti-coagulatory but for all kind of immunomodulatory 
agents under investigation or studied, it would be of outstanding interest to examine the 
effect of individualized treatment based on candidate genetic variations. 
We did not identify polymorphisms with an independent statistically significantly relationship 
with mortality from severe sepsis. Though we found a trend for a slightly higher mortality 
in carriers of TFPI-rs6434222 polymorphism adjusted for age and race (P =0.14). This 
association may support the hypothesis that the polymorphism contributes to 
hypercoagulability in severe (pneumo)sepsis, as evidenced by lower transcription levels of 
TFPI and lower clotting times upon stimulation with S. pneumoniae. In turn, the excessive 
hypercoagulable state may lead to an increased risk for mortality. Therefore, counteracting 
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the hypercoagulable state with adjuvant anti-coagulant agents as rTFPI may improve 
outcomes in carriers of the polymorphism.
In our in vitro experiments, we documented the functional basis of the TFPI-rs6434222 
polymorphism; a gradual difference in clotting times among the genotypes of the 
polymorphism. Before stimulation with an infectious agent, carriers of the TFPI-64343222 
polymorphism had increased clotting times, whereas upon stimulation with S. pneumoniae 
a more exaggerated hypercoagulable response was elicited in carriers reflected in lower 
clotting times as compared to carriers of the variant allele. Stimulation with E. coli did not 
result a variation in clotting times among the genotypes of the polymorphism. The 
discrepancy in response to S .pneumoniae and E. coli, may be explained by the more severe 
dysregulation of coagulation, fibrinolysis, and inflammation elicited by S. pneumoniae as 
compared other pathogens.19 This may make patients with severe sepsis secondary to CAP 
particularly well suited to benefit from individualized adjuvant anti-coagulatory treatment 
strategies as here proposed. 
The TFPI-rs6434222 has never been reported before in present medical literature, except 
for one recent report on a candidate gene association study on risk factors for preterm birth. 
TFPI-rs6434222 polymorphisms was determined to be a fetal risk factor for preterm birth.20 

It would be interesting to explore if the markers is implicated in severity or outcome of other 
inflammatory diseases as well. 
The most important limitation of present study is the relative small sample size. The results 
raised by this study should therefore be considered as hypothesis generating and replication 
in larger cohort is of major importance before translation to clinical practice. The study 
cohort of the recent completed clinical trial (CAPTIVATE, ClinicalTrials.gov identifier 
NCT00084071) on adjuvant rTFPI in about 2000 patients with severe sepsis due to community-
acquired pneumonia would be an ideal cohort for these replication studies.18 
In line with the low sample size, the relatively small numbers of variant alleles forced us to 
conduct combined carriership analysis. Therefore, we were not able to distinguish between 
heterozygous and homozygous carriers. Besides, many associations may be missed as well 
because our study is limited in that it is a candidate gene study. 
Another limitation is that both Caucasians and African Americans are included in present 
study. This could have affected the results, mainly by variation in allele frequencies of 
markers among races, which is minimal in our cohort (Table 3). Ideally, a stratified analysis 
by race is performed. Unfortunately, because of the relative low sample size in present study 
and too little African American cases for independent analysis, we were not able to stratify. 
However, a variable pharmacogenetic effect can exist among different races. Therefore, we 
adjusted in multivariate logistic regression analysis besides age for race. In addition, we 
performed a subgroup analysis for only Caucasian (data not shown), confirming the results 
here presented. 
In conclusion, our results suggest that a functional TFPI polymorphism (rs6434222) is a 
valuable marker to select patients likely to benefit from adjuvant rTFPI in severe (pneumo)
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sepsis. Replication of present findings in larger cohorts in the will be necessary to determine 
the efficacy of these first steps in the direction of individualized adjuvant therapy for severe 
sepsis. 
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ABSTRACT

Objective
To systematically review the role of procalcitonin (PCT) in diagnosis, in reducing antibiotic 
prescriptions, and in evaluating response to treatment of lower respiratory tract infections 
(LRTIs) in primary and hospital care settings.

Design
Systematic review with meta-analysis.

Data sources
Articles were identified by searching Medline (from 1966) and EMBASE (from 1980) databases 
to October 2009 with the search terms  ‘procalcitonin’, ‘PCT’, ‘lower respiratory tract 
infection’ ‘LRTI’, ‘pneumonia’, ‘community-acquired pneumonia’ and ‘CAP’. 

Study selection
Relevant diagnostic and prognostic studies and randomized controlled trials addressing the 
additional value of PCT for the management of patients with suspected LRTI were selected 
by two researchers independently. Quality assessment was performed using the adapted 
criteria from the Cochrane Collaboration. 

Data extraction and synthesis
To compare studies on the diagnostic value of PCT we extracted data to construct 2x2 tables 
for independent calculations of diagnostic characteristics. Meta-analysis, using a random 
effects model, was conducted to study safety and reduction in antibiotic prescriptions by 
PCT-guided strategies. Because of the large number of studies reporting on PCT and C-reactive 
protein (CRP), we included comparisons in this review. 

results
Eighteen articles with heterogeneous design, definitions and methods were included. Eight 
studies on diagnostic value showed moderate additional value of adding PCT to standard 
diagnostic procedures in diagnosing pneumonia or its etiology (e.g. viral or bacterial) in 
hospital care setting (AUC 0.60-0.85). PCT seems not superior to CRP in identifying pneumonia 
or its etiology. Five randomized controlled trials indicate that PCT measurements before 
initiation of antibiotics and repetitive measurements are safe (relative risk [RR] mortality, 
1.01; 95% CI 0.71-1.43) and markedly reduce antibiotic prescriptions for LRTI with the effect 
being largest in primary care (primary care setting, RR 0.26; 95% CI 0.21-0.32; hospital setting 
RR 0.83; 95% CI 0.72-0.97). Prognostic studies show that high PCT levels are predictive of 
severe disease, complications or death from infection. Whether PCT can guide triage 
decisions for admission to an intensive care unit is unclear.
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Conclusion
Insufficient evidence supports routine use of PCT to establish diagnosis of pneumonia or 
predict its etiology in hospital setting. Based on the currently available evidence, PCT should 
be reserved for decision making and prediction of prognosis in individual high-risk patients. 
In a primary care setting, limited data suggest that prescribing antibiotics based on a point-
of-care PCT or CRP is a promising strategy to reduce antibiotic prescription for LRTIs. Although 
the additive value compared to standardized medical history and physical examination needs 
further study.

INTRODUCTION 

As illustrated by recent influenza pandemic, respiratory tract infections are a persistent and 
pervasive public health problem and one of the leading causes of hospitalization in the 
western world.1,2 Consequently, treatment of respiratory infections accounts for high 
antibiotic consumption and a risk of increasing antibiotic resistance. Moreover, the 
international trend to prescribe more broad-spectrum second-choice antibiotics accentuates 
the emergence of resistant pathogens. Resistant pneumococcus, Staphylococcus species, 
Clostridium difficile, Mycobacterium tuberculosis, and new examples of resistance are 
reported daily.3

To determine whether a patient with a lower respiratory tract infection (LRTI) is in need of 
antibiotics remains a major challenge for physicians. Patients with pneumonia usually need 
antibiotic treatment, while patients with acute bronchitis most often do not. In primary 
care, radiological assessment is often not available and community-acquired pneumonia 
(CAP) can be difficult to diagnose due to the wide variety of clinical symptoms and differential 
diagnoses.4 Even in hospital care settings with chest radiographs readily available, clinical 
parameters or new lung infiltrate seen on radiograph do not strictly define the need of 
antibiotic therapy for CAP.5 Due to these diagnostic difficulties, antibiotics will be unnecessarily 
prescribed for respiratory illness in some patients with non-infectious or viral respiratory 
diseases. Therefore, biomarkers have been studied and introduced in clinical practice with 
the goal of identifying bacterial infection or to indicate successful therapy. 
In the past decade, a large number of publications addressed the role of procalcitonin (PCT) 
as such a biomarker. Elevated PCT levels in patients with inflammatory diseases have been 
known since 1975.6 Early studies highlighted the usefulness of PCT for distinguishing bacterial 
pneumonia from viral or non infectious causes, characterizing severity of disease, and 
reducing antibiotic use.7,8 However, more recent studies document elevated PCT levels in 
several non-infectious conditions (e.g. cardiogenic shock) and report contradictory results 
of clinical use of PCT in respiratory tract infections.9,10 Before incorporating biomarkers such 
as PCT in daily practice, the added value to current medical practice and less costly markers, 
such as C-reactive protein (CRP), needs to be clearly established. 
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The aim of this review is, therefore, to systematically evaluate the role of PCT in diagnosing 
infection, predicting outcome and reducing antibiotic use for respiratory tract infections in 
primary and hospital care setting. 

METHODS

Search strategy to identify studies
Data for this systematic review were identified by searching Medline and EMBASE  databases 
for relevant articles using the search terms: ‘procalcitonin’, ‘PCT’, ‘pneumonia’, ‘community-
acquired pneumonia’, ‘CAP’, ‘lower respiratory tract infection’ and ‘LRTI’. The synonyms for 
respiratory infections were combined with the Boolean operator ‘OR’ and those were 
combined to ‘procalcitonin’ with the Boolean operator ‘AND’. The search was limited to 
human studies published from January 1966 (Medline) and 1980 (EMBASE) till October 
2009. We screened reference lists of relevant articles for additional publications and cross-
checked for duplicate publications. 

Selection criteria 
We selected full text articles for quality assessment by screening title and abstract for 
relevancy, using predefined inclusion and exclusion criteria. Diagnostic, prospective and 
therapeutic trials addressing the role of PCT in LRTI and CAP, as defined by standard criteria 
in adults, were included.11,12 The primary or secondary outcomes of the studies had to include 
bacterial pneumonia, radiographically established pneumonia, severity of disease, adverse 
outcome, or antibiotic usage. Exclusion criteria were studies concerning ventilator associated 
pneumonia, children or specific groups of patients (HIV infected patients, severe 
immunocompromized patients, surgical patients, patients with cardiovascular diseases and 
others). Articles written in other languages than English, German, French or Dutch were also 
not included. Review articles, case reports, letters and comments were excluded. 

Quality assessment 
We compared the selected full text papers with the inclusion criteria to determine their 
relevance to the present systematic review. Furthermore, all relevant articles were screened 
for internal validity by Cochrane Collaboration guideline criteria.13 Lastly, we did not consider 
trials with a sample size under 50. Selection and quality assessment were performed 
independently by two reviewers. Any disagreements were settled by consensus of the whole 
study group.  

Data extraction and data synthesis
To compare studies concerning the diagnostic utility of PCT, we extracted data to construct 
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a 2x2 table for independent calculations of sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) and diagnostic value reflected by area under the 
receiver operating curve (AUC). Likelihood ratios were calculated based on sensitivity and 
specificity. For trials on PCT-guided strategies, tests for heterogeneity (Cochrane’s Q, and I2) 
and publication bias (i.e., funnel plots) were conducted, using mix for meta-analysis 1.7 
software.14 We used random effects models to estimate pooled risk ratios with corresponding 
95% confidence intervals for reduction in antibiotic usage and mortality. Studies from primary 
care and secondary care were analysed separately. To quantify PCT levels and the associated 
risk for development of complications, we extracted median PCT values of patients with and 
without adverse prognostic factors and reported associated P values. Because a large number 
of studies reported the performance of both PCT and CRP to diagnose and monitor respiratory 
tract infections, we included comparisons of PCT and CRP as biomarkers in this review. 
 

RESULTS

Searching, selection and quality assessment 
We retrieved 181 abstracts by searching Medline and EMBASE databases and screened these 
for eligibility. This resulted in 29 potentially relevant studies. Full text articles of these studies 
were retrieved for quality assessment and screened for relevance and internal validity. No 
additional articles were found in the reference lists. After full text review, 11 studies were 
excluded because of small sample size,15-19 relevance,20 selection bias for inclusion,21,22 lack 
of appropriate definition of pneumonia severity,23 and duplicity of another article already 
included.24,25 The remaining 18 studies were included in the systematic review.7,8,10,26-40  

Studies were grouped into three categories; the diagnostic value of PCT (n =8), role of PCT 
in reducing antibiotic use (n =5), and PCT as prognostic marker (n =11). Six studies, evaluating 
role of PCT in diagnosis and prognosis, were included for both categories (Figure 1). 
An overview of the characteristics of all studies included is given in table 1. Of the studies 
included, sample sizes ranged from 93 to 1651. Three studies were performed in primary 
care setting. PCT levels were measured by either LUMItest PCT®(Brahms Diagnostica, Berlin, 
Germany), an immunoluminometric assay, or Kryptor PCT® (Brahms Diagnostica, Berlin, 
Germany), an assay using time resolved amplified cryptate emission technology characterized 
by a higher sensitivity. Screening using a scoring system adapted from the Cochrane 
Collaboration showed a quite-good to good validity.

Diagnostic value of pCt (table 2)
Table 2 summarizes the results of studies addressing the role of PCT in diagnosing CAP or 
its etiology. Müller et al. addressed the utility of PCT in diagnosing CAP in patients with 
respiratory illnesses admitted to the hospital.27 They showed that PCT, as well as CRP, 
contributed to the diagnostic accuracy to predict CAP compared to a model of clinical 
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parameters without a chest X-ray, i.e. the situation in primary care. The area under the curve 
(AUC) using clinical parameters alone to diagnose CAP was 0.79 (95% confidence Interval 
[CI] 0.75-0.83). Adding PCT or CRP to the model increased the AUC to 0.87 (97% CI 0.83-0.90) 
and 0.85 (95% CI 0.81-0.88), respectively. In a model of clinical parameters with chest X-ray, 
i.e. hospital setting, PCT could increase the diagnostic value based on clinical parameters 
and chest X-ray to 0.85 (95% CI 0.78-0.93). Additionally, a subgroup analysis in 42 patients 
with confirmed bacterial pneumonia demonstrated that both PCT and CRP were helpful in 
ruling out bacterial infection (NPV, PCT: 100% and CRP: 92.0%, respectively).27 Another study 
addressed the utility of both PCT and CRP in diagnosing radiographic pneumonia in patients 
presenting with symptoms of LRTI in primary care.32 The authors concluded that both PCT 
levels >0.06 ng/mL and CRP levels >20 mg/L were indicative of radiograph pneumonia, 
bacterial etiology or subsequent hospitalization. The NPV to rule out pneumonia was good 

Medline EMBASE

n = 181*

n = 29Quality assessment
full text

•Relevance (1)
•Internal validity (3)
•Sample size n≤ 50 (5)
•Duplicate (2)

(Procalcitonin AND 
(pneumonia OR community-acquired pneumonia OR CAP 

OR lower respiratory tract infection OR LRTI))

n = 18

Diagnostic
value of PCT#

n =8

PCT in 
reducing

antibiotic use
n =5

PCT as 
prognostic

marker  
n =11

Selection title and abstract
Exclusion criteria:
•Ventilator associated Pneumonia
(23)
• Children (27)
• Specific groups of patients: 
HIV/severe immuno-compromised
(7); surgical (6); cardiovascular (6); 
other (2) 
• Language other than English, 
German, French or Dutch (17)
• Study design: review (25), case      
report (2), letters (4), comment (10)
• Other biomarker than PCT(14)
• No clinical query (9) 

* All studies identified by searching the EMBASE database, duplicated the hits in Medline
# 7 studies reported on both the value of PCT in diagnosis and prognosis of CAP

Figure 1. Study searching, selection and quality assessment   
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but was only moderate to diagnose a bacterial etiology. However, the sensitivity of the assays 
was too low for either biomarker to be directly used in clinical practice. In general, PCT was 
not superior to CRP in identifying patients with pneumonia presenting in primary care. 
Besides the study performed by Holm et al., six other studies evaluated the value of PCT as 
indicator for etiology of LRTIs.26,28-30,33,38 Almost all of these studies suggest that LRTI due to 
classical ‘typical’ bacteria are associated with higher PCT level than those caused by viral or 
atypical pathogens, but the diagnostic value of PCT to discriminate in etiology is low. 
Boussekey et al. demonstrated that patients admitted to the intensive care unit (ICU) with 
confirmed bacterial infection had higher median PCT levels as compared to patients with 
viral or unknown etiology.29 However, no ideal cut-off value could be identified and the 
diagnostic value for distinguishing bacterial from non-bacterial CAP was moderate (AUC 
0.69). Studies by Masiá et al. and Ip et al. concluded that PCT alone was not discriminatory 
enough to differentiate between bacterial and viral etiology.28,33 Ip et al. studied 139 cases 
with proven bacterial etiology and 128 cases with viral etiology. Using PCT >0.1 ng/mL and 
CRP >20 mg/L as cut-off values, sensitivity and specificity for PCT versus CRP to differentiate 
bacterial form viral LRTI were 60.4% vs. 87.8% and 79.6% vs. 62.0%, respectively. Positive 
likelihood ratios of PCT versus CRP for the probability of bacterial LRTI were 2.96 vs. 2.31 
and negative likelihood ratios of 0.50 vs. 0.20.33 Hedlund et al. found that mean serum PCT 
values were obviously higher in patients ‘typical’ bacterial pneumonia (5.75 ng/mL, range 
0.05-64.99) as compared to pneumonia due to atypical pathogens (2.15 ng/mL, range 0.05-
7.49). However, the variation in PCT levels within groups of etiology was wide, implicating 
a low diagnostic value. 26 The largest and most recent study on the role of both PCT and CRP 
in predicting aetiological patterns of pneumonia clearly confirmed the data of the previous 
studies; PCT and CRP levels were significantly higher in typical bacterial CAP as compared 
to CAP of atypical or viral origin. However, prediction of individual pathogens could not be 
based on these biomarkers.38  
All diagnostic studies included in the current review studied the diagnostic value of PCT in 
patients admitted to the hospital or presenting in primary care. None focused on PCT in 
triage decisions regarding seriously ill patients who are already admitted to the general 
medical wards but may need admission to ICU. 

pCt-guided strategies to reduce antibiotic use (Figures 2 &3) 
In total, five randomized controlled trials were identified evaluating a PCT-based approach 
to reduce antibiotic use. Funnel plots were not indicative of publication bias. One study 
focused on patients with LRTI in primary care and four on patients admitted to the emergency 
department or hospitalized because of suspected LRTI.  
Briel et al. randomized 458 patients with an acute respiratory tract infection and their 
primary care physician’s recommendation for antibiotics to either a PCT-guided approach 
to antibiotic therapy or to a standard approach.34 For patients randomized to PCT-guided 
therapy, use of antibiotics was more or less strongly discouraged (PCT ≤0.1 or <0.25 ng/L, 
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respectively) or recommended (PCT >0.25 ng/mL) based on the measured serum PCT. In 
the PCT-guided therapy group, antibiotic prescription rate was 72% (relative risk [RR], 0.26; 
95% CI 0.21-0.32) lower compared to standard therapy without a difference in outcome. 
A PCT-based approach to reduce antibiotic consumption was studied in 243 patients referred 
to the emergency department by primary care practitioners with suspected LRTI.7 In this 
study, antibiotic exposure in the PCT group was significantly reduced (RR 0.53; 95% CI 0.43-
0.66), without compromising outcome compared to LRTI patients who received a standard 
approach to antibiotic prescription. Only 87 (36%) had a final diagnosis of pneumonia, and 
only 2/45 (4.4%) CAP patients had antibiotics withheld in the PCT-based group. Interestingly, 
at least 19 of the 55 patients treated with antibiotics based on elevated PCT levels had 
serologic evidence of viral infection. 
The same authors evaluated whether a PCT-based approach reduced duration of antibiotic 
treatment for 302 hospitalized CAP patients.8 Daily PCT measurements were performed and 
cessation of antibiotics was encouraged in patients with low serum PCT after day 3 of 
admission. Median duration of antibiotic treatment was significantly shorter in patients with 
PCT-guided treatment compared to treatment according to local guidelines, 5 vs. 12 days 
respectively (P <0.0001) and total antibiotic prescription rate was reduced significantly (RR 
0.85; 95% CI 0.80-0.92). Outcome of pneumonia was the same for patients with PCT-guided 
treatment as for the controls. Although, equality for implications in long-term follow-up, as 
the rate of readmissions, is unknown. A group from Denmark also showed that a single 
measurement of PCT on admission could reduce duration of antibiotic use in patients 
hospitalized for respiratory tract infections by 25%, but did not demonstrate a difference in 
initiation of antibiotics.39  The recently reported ProHOSP trial compared a PCT algorithm 
to standardized routine care in a multicenter hospital setting.37 The results of this large 
adequately powered trial confirms previous data and clearly shows a reduction in mean 
duration of antibiotic use of almost 35% (95% CI 40.3-28.7) in patients hospitalized for LRTIs 
without compromising outcome. As well as an absolute reduction of 12.2% in initiation of 
antibiotics in the PCT-guided treatment group. Once again, less than 10% of CAP patients 
had antibiotics withheld or withdrawn based on PCT levels, with most of the PCT-guided 
avoidance of all antibiotic therapy occurring in patients with exacerbations of COPD. Overall 
a PCT-based approach reduces antibiotic prescriptions by 25%, with the effect being the 
largest in primary care. 
In figures 2 and 3, forest plots of the randomized controlled trials on PCT-guided strategies 
for rate of antibiotic prescriptions and safety are shown. Tests for heterogeneity did not 
indicate heterogeneity for mortality rates (Q = 0.54, P =0.9; I2 0%), whereas data on antibiotic 
prescription rates could be considered heterogeneous (Q =31.5, P  <0.001; I2 90.9%). Pooled 
results of the four studies on antibiotic prescription rates in hospital setting, showed reduced 
antibiotic prescription rates by PCT-guided strategies (RR 0.83; 95% CI 0.72-0.97). No 
increased risk for mortality was identified comparing PCT-guided strategies to conventional 
methods (RR, 1.01; 95% CI 0.71-1.43). ta
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prognostic value of pCt (table 3)
Several groups examined the relationship between serum PCT levels and outcome of 
pneumonia.10,26-31,35,36,38,40 Studies focused on the predictive value of PCT in determining 
pneumonia severity, mortality, risk for complications or bacteremia, and length of hospital 
stay. Six studies documented a moderate to fairly strong association between serum PCT 
and Pneumonia Severity Index (PSI) scores or C(U)RB-65 scores (P ≤0.02).10,27,28,30,31,38 In 
general, patients with pneumonia and high serum PCT have more severe disease, reflected 
in higher PSI scores. CRP was also associated with disease severity in a large study.38 
Most studies examining the ability of PCT to predict death in hospitalized pneumonia patients 
found high serum PCT levels had a worse prognosis and higher mortality10,26,28,29,36,36,40 

Boussekey et al. showed that lower PCT levels are significantly associated with a higher 
probability of survival in patients admitted to ICU (PCT <0.5 ng/mL mortality 10%; 0.5≤ PCT 
>2ng/mL mortality 13.3%; ≥2ng/mL mortality 76.7%; P =0.003).29 In the study of Masiá et 
al., PCT levels >0.5ng/ml on admission were associated with a higher risk of mortality  
(P <0.001). However, these results only applied to patients with moderate to severe 
pneumonia (PSI class III-IV). The lack of correlation in patients with less severe pneumonia 
is probably due to the fact that serum PCT are not necessarily increased above the functional 
sensitivity of the assay.28 Another recently published study in 1651 patients supports selective 
use of PCT as an adjunct to existing rules, offering additional prognostic information in high-
risk patients.10 When used alone, PCT had modest accuracy in predicting mortality (specificity, 
35%; sensitivity, 92%). Adding PCT to existing clinical scores improved the performance of 
the model in all subjects slightly. However, PCT levels <0.1 ng/mL in high-risk subjects (PSI 
IV-V) were highly predictive of survival (negative likelihood ratio, 0.09), whereas PCT provided 
no additional information in low risk subjects (PSI I-III). The CAPNETZ study group concluded 
that PCT can predict mortality across all classes of the CRB-65 score.36

Besides death from pneumonia, studies also indicate that levels of PCT and CRP on admission 
positively correlate with complications, bacteremia and increased the length of hospital 
stay.26,28,29,35 Masiá et al. described higher PCT levels in patients developing various 
complications other than bacteremia (P =0.03).28 According to Boussekey, PCT levels on 
admission were significantly higher in patients who develop progressive organ dysfunction 
and other CAP-related complications (ARDS, septic shock, diffuse intravascular coagulation) 
during their ICU stay.29 Menendez et al. found that increased levels of PCT and CRP on 
admission were both independent predictors for treatment failure.35 In general, higher PCT 
were reported in systemic and more severe form in infection than local and less severe 
infections.
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DISCUSSION

The aim of this systematic review was to study the available evidence of PCT as a reliable 
biomarker in the diagnosis, reduction of antibiotic use and prognosis of lower respiratory 
tract infections. We systematically reviewed 18 articles and showed that despite the wide 
implementation of PCT and some optimistic reports previously, uncertainty remains 
concerning its value in daily clinical practice for patients with suspected pneumonia.41 
A rapid test that establishes the diagnosis or etiology of CAP would lead to a more tailored 
approach in initial antibiotic therapy in hospital setting or could even predict patients who 
could safely have antibiotic prescription withheld in primary care.42 
The diagnostic value of PCT for the diagnosis of CAP is reasonable (AUC 0.73-0.87).27,32 In 
hospital care, the rapid availability of additional diagnostic procedures such as chest 
radiography seems to outweigh the additional diagnostic value from PCT to rule out or 
confirm pneumonia. In contrast, in primary care, a rapid point-of-care test for PCT or CRP 
with high negative predictive value could help to exclude pneumonia. Tests with a high 
negative predictive value are especially useful in primary care to exclude pneumonia, avoid 
need for antibiotic therapy, and even avoid the need for chest radiography. 
Both PCT and CRP have a good negative predictive value (94%) in ruling out pneumonia in 
primary care setting.32  Among hospitalized patients with CAP, PCT performed slightly better 
than CRP in predicting bacterial etiology of CAP (AUC 0.85 vs. 0.71).27 Yet, in the individual 
patient the role of PCT, just like CRP, is limited in ability to predict etiology of CAP. The general 
idea that PCT levels are raised in bacterial and not in viral infections is supported by a meta-
analysis conducted in 2004.43 However, a wide variety of infections and both adults as well 
as paediatric patients were included in this study. Even though high PCT levels are generally 
more common in bacterial etiology of CAP 26, these findings are not supported by studies 
that included more patients and had a more robust design.28-30,38 
A PCT-based approach to reduce antibiotic use has shown the most promise. In a variety of 
settings i.e., primary care, emergency departments and medical wards, a PCT-based approach 
remarkably reduced antibiotic use.37 Clearly, overuse of antibiotics in treatment of acute 
respiratory tract infections contributes to antibiotic resistance. The greatest reduction in 
actual need for antibiotics is in patients with symptoms of LRTI who do not have CAP. In 
patients hospitalized with CAP, PCT guidance minimizes antibiotic use mainly by early 
discontinuation of antibiotic therapy rather than by avoiding antibiotic prescription on 
admission.8 However, duration of antibiotic treatment could also be reduced by antibiotic 
stewardship based on clinical parameters and stricter adherence to available evidence.44 

Approaches to reduce unnecessary antibiotic use would be most effective in settings with 
the largest overuse i.e. primary care. In primary care, antibiotics probably provide little 
benefit for a large proportion of self-limiting respiratory tract infections.45 Although, whether 
measurement of PCT provides any additional diagnostic certainty and reduction in antibiotic 
prescriptions compared to standardized history and physical examination is unclear. 
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Therefore, pragmatic studies evaluating the additional value of a PCT or CRP point-of-care 
test to standardized medical history and physical examination in primary care settings are 
still needed.
PCT also appears to function as a severity-of-illness biomarker rather than only a marker of 
bacterial infection. A meta-analysis found that PCT did not differentiate bacterial and non 
bacterial causes of severe inflammatory response syndrome (SIRS) in critically ill adult 
patients.46 This hypothesis is accentuated by another study in critically ill patients showing 
that PCT levels were frequently higher in patients with persistent shock of any cause than 
in those with infection.47 Mechanistically, PCT seems to act like other acute phase proteins 
and is induced after administration of TNF-α or IL-6.48 Since this acute phase response is not 
triggered by infection exclusively, elevated PCT levels can be caused by many non-infectious 
conditions such as burns, trauma and resuscitation.13 This mechanism may explain why PCT 
is a reliable prognostic marker in patients admitted with pneumonia, especially high risk 
patients. High levels of PCT on admission seem to indicate severe illness which correspondingly 
raises the likelihood of complications and death from CAP. However, PCT levels do not predict 
the presence or development of more localized complications such as pleural empyema.49 

The additional value of adding PCT to the existing risk evaluating scores, such as the PSI or 
C(U)RB-65 score, can also be questioned. Recent publications indicate that PCT performs 
similar to the PSI or C(U)RB-65 score and selective adjunctive use of PCT only offers additional 
prognostic information the individual high-risk patient.10,36 Where existing risk scores have 
been found deficient is in triage decisions for need for ICU care, PCT has not been 
prospectively validated as a biomarker for rapid triage decisions regarding need for ICU 
admission in either the Emergency Department or for patients deteriorating on the general 
medical wards. More data are needed to clarify this concept. In evaluating response to 
antibiotic treatment of CAP, PCT was not superior to CRP as an indicator of treatment 
failure.35,42 Since the costs for PCT is more than double that of CRP, the accuracy of PCT must 
outweigh these additional costs before replacing the more widely available CRP.
The results presented here are somewhat limited by heterogeneity in design, definitions 
and methods of the studies included. The pooled results on reduced antibiotic prescription 
rates by PCT-guided strategies in hospital care setting need to be interpreted with care 
because of heterogeneity among the studies included. Systematic error in the included 
studies is an unlikely reason for this, since validity of studies was assessed as quite-good to 
good. Possibly, differential effects of PCT cause this heterogeneity. Results applicable to 
primary care are still based on a small number of studies for specific outcomes. This leaves 
uncertainty in our results and perhaps bias if studies were atypical. Certainly more data are 
needed to confirm the results on the role of PCT-guided treatment in primary care setting. 
Furthermore, extraction of data to construct 2x2 tables for calculation of diagnostic value 
was not always possible resulting in a less complete overview. Nevertheless, the systematic 
approach in searching, selection, data extraction and data description contributed to 
transparency and robustness.
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In conclusion, based on current evidence, routine use of PCT as a biomarker for the diagnosis 
of CAP or its etiology in hospital settings cannot be advocated. To identify patients in need 
of antibiotic treatment, clinical judgment based on medical history, physical examination, 
clinical scores and chest radiography still seem to outweigh the diagnostic value of PCT. Only 
in individual high-risk patients admitted with pneumonia, rising PCT levels during hospital 
stay could be of value in determining prognosis.  Whether PCT can guide triage decisions 
for admission to ICU is unclear. But elevated PCT levels must be interpreted with care, since 
high PCT are not specific for infection but also for inflammation in general. 
Trials of PCT-based algorithms in primary and hospital care settings have shown a safe and 
significant reduction in antibiotic prescriptions for patients presenting with (suspected) LRTI, 
with the greatest benefit in primary care settings. 
In a primary care setting, limited data suggest that prescribing antibiotics based on a point-
of-care PCT or CRP is a promising strategy to reduce antibiotic prescription for LRTIs. 
Although, the additive value compared to standardized medical history and physical 
examination needs further study.

Key points

What is already known on this topic 

•   Procalcitonin has been introduced a biomarker in clinical practice with the goal of identifying bacterial 
respiratory tract infection, reducing antibiotic usage or to indicate successful therapy.  

•   Whether implementation of procalcitonin guided strategies in primary and hospital care setting is of 
additive value to current medical practice is unclear. 

What this study adds

•   Procalcitonin-guided antibiotic prescription is a promising strategy to reduce antibiotic usage, with the 
effect being the largest in primary care setting. 

•   In hospital care setting, procalcitonin should be reserved for decision making and prognosis in the 
individual high-risk patient rather than routine use to establish diagnosis of bacterial infection. 
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ABSTRACT

Despite the introduction of new inflammatory markers, C-reactive protein (CRP) remains 
commonly used in patients hospitalized with severe infections. However, evidence on the 
usefullness of consecutive CRP measurements is still unclear. The clinical relevance of 
consecutive CRP measurements was studied in follow-up of antibiotic treatment in patients 
with severe community-acquired pneumonia (CAP).  
In a prospective multicenter trial, CRP levels were measured on admission, and on days 
three and seven. Patients were followed clinically for 28 days. 
Etiology could be determined in 137 (47.4%) of the 289 patients included. In 122 (38.8%) 
patients, initial antibiotic therapy was appropriate. A decline of <60% in CRP levels in 3 days 
and a decline of <90% in CRP levels in 7 days were both associated with an increased risk 
of having recieved inapproriate empiric antibiotic treatment (day 0-3, odds ratio [OR] 6.98; 
95% confidence interval [CI] 1.56-31.33) and day 0-7, OR 3.74; 95% CI 1.12-13.77).
In conclusion, consecutive CRP measurements are useful in the first week in follow-up of 
antibiotic treatment for severe CAP when taking the causative micro-organism and use of 
steroids into account. A delayed normalization of CRP levels is associated with a higher risk 
of having received inappropriate antibiotic treatment.
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INTRODUCTION

Community-acquired pneumonia (CAP) is the major cause of death due to infectious diseases 
in the western world and accounts for an increasing figure of > 20 admissions per 1,000 
inhabitants annually.1 Current guidelines advise combination therapy with beta-lactam and 
macrolide antibiotics for initial treatment of severe CAP.2,3 Consequently, management of 
severe CAP accounts for high utilization of health care resources and antibiotic consumption, 
leading to a risk of emerging resistance. In the U.S.A., annual estimated costs for treating 
CAP exceed US$12 billon and in several countries an increase in macrolide-resistant strains 
has been observed.4,5

Once etiology of CAP is established, pathogen-directed antibiotic therapy can be initiated 
and a test indicative of etiology early in course of disease would be a worthfull target for 
reduction of antibiotic consumption. Unfortunately, thus far no biomarker been found to 
have sufficient sensitivity and specificity to guide initial therapy, and protocols for guidance 
of empiric antibiotic treatment must be relied on.2,3 However, an alert for an unfavorable 
response to treatment early in follow-up, as an exaggerated inflammatory response, 
suboptimal drug-levels or inappropriate empiric treatment could help in optimizing treatment 
for CAP patients. Before an etiology has been established or when etiology cannot be 
established, an indicator of the appropriateness of empiric antibiotic therapy may contribute 
to a more tailored approach in antibiotic treatment early in the course of the disease. 
Furthermore, such an indicator might help in continuing tailored antibiotic therapy, 
determining the length of antimicrobial treatment, and guiding a switch from intravenous 
to oral antibiotic therapy.6 Hypothetically, these strategies may contribute to a reduction in 
antibiotic consumption. 
The determination of the serum concentration of C-reactive protein (CRP) is a rapid, simple, 
and inexpensive procedure. Consecutive CRP measurements have become routine clinical 
practice in follow-up of patients hospitalized with severe infections.7 However, despite its 
frequent use, evidence on the usefullness of consecutive CRP measurements for follow-up 
of antibiotic treatment for severe CAP is lacking. Few studies have adressed CRP kinetics in 
follow-up of CAP previously and these are on a relatively small scale and have not taken 
etiology into account.8,9 A recent study has pointed out that high serum levels of CRP, 
interleukin (IL)-6 or, procalcitonin (PCT) are associated with a higher risk of any treatment 
failure.10 The introduction of newer inflammatory markers such as PCT, IL-6 and neopterin 
emphasises the need to clarify the position of the older and less costly markers, such as CRP 
even more.11 
To determine the clinical relevance of consecutive CRP measurements in follow-up of 
antibiotic treatment in patients with severe CAP, the present study examined the predictive 
value of delayed normalization of CRP levels for the risk of having received inappropriate 
empirical antibiotic therapy or developing an unfavorable outcome.   
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MATERIAL AND METHODS

Setting and study population
The current study is a retrospective analysis of data derived from a multi-center, prospective 
randomized controlled trial on the cost-effectiveness of an early switch from i.v. to oral 
therapy for severe CAP.12 The trial was conducted in five teaching hospitals (Meander Medical 
Centre (Amsterfoort), Diakonessen Hospital (Utrecht), Rijnstate Hospital (Arnhem), St. 
Antonious Hospital (Nieuwegein) and Jeroen Bosch Hospital (s-Hertogenbosch) and two 
university medical centres (Academic Medical Centre Amsterdam (Amsterdam) and 
University Medical Centre Utrecht (Utrecht) in the Netherlands from July 2000 to June 
2003. All adult patients (age 18 or above) admitted to one of the participating hospitals 
due to CAP were eligible for inclusion. CAP was defined as present in cases with at least 
two symptoms of acute lower respiratory tract infection with onset before hospital 
admission and a new or progressive pulmonary infiltrate on chest radiograph. Severe CAP 
was defined as a Pneumonia Severity Index (PSI) score of > 90 or according to the American 
Thoracic Society definitions.13,14 All patients gave written informed consent prior to 
enrollment and the study was approved by the medical ethics committees of all participating 
hospitals. Patients with interstitial pneumonia, cystic fibrosis, a history of colonization with 
Gram-negative bacteria owes to structural damage to the respiratory tract, a life expectancy 
of < 1 month because of an underling disease, severe neutropenia (<0.5 x109 neutrofils/L) 
or HIV infection with a CD4 count <200 cells/mm3, infections other than pneumonia 
necessitating treatment with i.v. antibiotics and patients admitted directly to an intensive 
care unit (ICU) were excluded. 

Data collection and Crp assay
On admission, demographic data, clinical signs, and symptoms were recorded. Severity of 
disease was determined by PSI score and Acute Physiology and Chronic Health Evaluation 
(APACHE) II score.14,15 Laboratory tests, microbiological tests and chest radiograph were 
obtained before empirical antibiotic treatment was instituted. Patients were followed for a 
maximum of 28 days. Serum samples to quantify the serum CRP concentration were obtained 
on admission in the emergency department and on day 3 and day 7 of hospitalization. Serum 
concentrations of CRP were measured by monoclonal immunoassay using a VITROS analyzer 
(Ortho-Clinical Diagnostics, Johnson & Johnson, Amersham, U.K.) The normal reference 
range for this assay is <10 mg/L. 

Microbiological evaluation
Sputum samples (when available) and blood samples were collected, cultured and evaluated 
according to standard procedures.12 Sputum samples were considered adequate and 
subsequently cultured if ≥ 25 polymorphonuclear neutrophils and <10 epithelial cells were 
present in each high-power field. Urinary antigen tests (Binax Inc., Portland, ME, USA) were 
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used to detect antigens of Streptococcus pneumoniae and Legionella pneumophila. Acute 
and convalescent sera were collected and tested for Mycoplasma pneumoniae, L. 
pneumophila, and Chlamydia pneumoniae. The following results were considered indicative 
of infection: for M. pneumoniae, a four-fold or greater increase in titre in paired sera or a 
single titre of 1:40 or greater (immune fluorescence agglutination, Serodia-MycoII, Fujirebio, 
Malvern, PA, USA)16; for L. pneumophila, a four-fold increase in the antibody titre to 1:128 
or greater, or single titres of 1:256 or more17; and for C. pneumoniae, detection of IgM 
above established values, seroconversion of IgG between acute and convalescence samples, 
high amounts of IgG in single titres, or a combination of these (ELISA; Savyon Diagnostics, 
Ashdad, Israel). Pathogenic micro-organisms cultured from blood or sputum, detected by 
urinary antigen test or a seroconversion were considered the cause of the episode of 
CAP. 

Definitions 
Appropriate antibiotic treatment was defined as at least one antibiotic covering all of the 
causative pathogens identified, as determined by the sensitivity pattern in the antibiogram. 
Guidelines of the Dutch antimicrobial committee (SWAB) were used to determine the 
appropriateness of antibiotic therapy for each etiology.18 Early treatment failure was defined 
as clinical instability (respiratory rate >25 breaths/min; oxygen saturation <90% as measured 
by pulse oximetry; partial oxygen pressure (PaO2) <55 mmHg (<7.3 kPa); hemodynamic 
instability or acute alterations in mental state), ICU admission or mortality in the first 3 days 
of admission.19 Late treatment failure was defined as clinical deterioration or complications 
including mortality, the need for mechanical ventilation, readministration of i.v. antibiotics 
after a switch to oral therapy, readmission for pulmonary infection after discharge or an 
increase in body temperature after initial improvement in the follow-up period.20 
The percent decline in CRP levels reflects the relative changes in CRP concentrations in 
course of time, calculated in relation to day 0 CRP concentrations. Delayed normalization of 
CRP was defined as a decline of <60% in CRP levels in 3 days and a decline of <90% in CRP 
levels in 7 days. 

Analytical approach
In order to investigate the clinical relevance of consecutive CRP measurements in follow-up 
of antibiotic treatment for severe CAP, the relationships between baseline CRP levels and 
patients’ demographics, comorbidity, medication use and etiology were initially explored. 
Subsequently, among patients with established etiology, the association between the decline 
in CRP levels and appropriateness of empiric antibiotic treatment was studied. Furthermore, 
the predictive value of delayed normalization of CRP for the risk of having received 
inappropriate antibiotic treatment or an unfavorable clinical outcome, such as mortality, 
early treatment failure and late treatment failure was studied by means of multivariable 
models. 
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Statistical methods 
Continuous variables were tested by Mann-Whitney U tests or Student’s t tests, where 
appropriate and categorical variables were compared using the χ2 tests. ANOVA was used 
for comparisons between more than two groups. The rate of decline in CRP levels was 
dichotomized: the cut-off values of a 60% decline on day 3 and a 90% decline on day 7  were 
determined in line with previous published data and the 75th percentiles of CRP levels on 
day 3 and day 7, after rounding.8 The association of a delayed decline in CRP levels and the 
appropriateness of initial antibiotic treatment and clinical outcome was compared by 
estimation of the odds ratio (OR) with corresponding 95% confidence intervals (CIs). 
Correction for patient characteristics, pneumonia severity and symptoms and signs of 
pneumonia on admission was performed by multivariate assesment. A P value of <0.10 in 
univariable analysis or any clinically relevant parameter was used as an entry criterion for 
multivariate analysis. A P value of <0.05 was considered statistically significant. All statistical 
analyses were performed with the statistical software package SPSS 15.0. for windows (SPSS 
Inc., Chicago, IL, USA).

RESULTS 

Baseline characteristics 
We enrolled 289 patients with severe CAP in the trial. The patients’ mean (±SD) age was 
69.7 ± 13.8 years. The mean PSI score and APACHE II score in the study population were 
112.9 ± 25.7 and 13.8 ± 4.6, respectively. Of the study patients, 180 (62.3%) patients had a 
risk-elevating medical condition as congestive heart failure, neoplasm, cerebrovascular 
disease, chronic renal failure, liver disease or chronic obstructive pulmonary disease (COPD). 
Overall, the median serum CRP concentration on admission was 174 mg/L (interquartile 
range 147-390 mg/L) (Table 1). Slightly lower baseline CRP levels were observed in patients 
who had recieved outpatient antibiotic treatment (135.0 mg/L vs. 184.0 mg/L; P =0.07) or 
out-hospital treatment with inhalation steriods (146.0 mg/L vs. 185.5 mg/L; P =0.09). No 
significant association between baseline CRP levels and demographic characteristics or the 
presence of comorbidity was observed (P >0.25). A total of 232 (80.3%) of patients enrolled 
in the study received beta-lactam monotherapy as empiric antibiotic treatment, which is a 
recommended initial regimen in the Netherlands for CAP patients not necessitating ICU 
admission and with a negative legionella urinary antigen test, and 47 (16.3%) patients 
received combination therapy with beta-lactam and macrolide antibiotics.18 Ten (3.5%) 
patients received another empiric antibiotic therapy. Of those, 4 (0.6%) patients were initially 
treated with doxycyclin or erythromycin monotherapy because of suspicion for an atypical 
cause of pneumonia on admission. In 1 (0.3%) patient combination therapy with erythromycin 
and rifampicin was initiated because of a strong suspicion for a L. pneumophila infection. In 
122 (89.1%) out of 137 patients with established etiology, empirical antibiotic treatment 



89Consecutive CRP measurements |

table 1. Descriptive characteristics of the study cohort of 289 patients with severe community-acquired 
pneumonia

Variable patients 
(n =289)

Age, mean years ± SD 69.7 ± 13.8 

Female 99 (34.3)

Pneumonia Severity Index (PSI) score, mean score ± SD 112.9 ± 25.7 

   PSI class IV 198 (68.5)

   PSI class V 52 (18.0)

APACHE II score, mean score ± SD 13.8 ± 4.6

Comorbidity 180 (62.3)

   Congestive heart failure 36 (12.5)

   Neoplasm 65 (22.5)

   Liver disease 3.0 (1.0)

   Cerebrovascular disease 25 (8.7)

   Chronic renal disease 27 (9.3)

   COPD 88 (30.4)

Clinical features

   Temperature, mean °C ± SD 38.5 ± 1,2 

   Respiratory rate, mean breaths/min ± SD 26.7 ± 8.7 

Laboratory Findings

   Median C-reactive protein, mg/L (interquantile range) 174 (147-390)

   White blood cell count, 1 X 109cells/L ± SD 16.5 ± 9.2 

Antibiotic therapy 

Beta-lactam 232 (80.3)

    Amoxicillin ± clavulanic acid 169 (58.5)

    Cefalosporin (2nd or 3rd generation) 60 (20.7)

         Ceftriaxone 47 (16.2)

         Ceftazidime 12 (4.2)

         Cefotaxime 1 (0.3)

     Penicillin     3 (1.0)

Beta-lactam/macrolide combination 47 (16.3)

    Amoxicillin ± clavulanic acid and macrolide 32 (11.1)

    Cefalosporin (2nd or 3rd generation) and macrolide 14 (4.8)

         Ceftriaxone and macrolide 11 (3.8)

         Ceftazidime and macrolide 2 (0.7)

Other 10 (3.5)

Outcome

ICU admission during hospitalization 9 (3.1)

28-day mortality 20 (6.9)

Data are presented n (%), unless otherwise indicated.
* Other antibiotics include cotrimoxazole (n=2, 0.7%), beta-lactam and ciprofloxacin (n=2, 0.7%), doxycyclin (n=2, 
0.7%), erytromycin and rifampicin (n=1, 0.3%), levofloxacin (n=1, 0.3%), erythromycin (n=2, 0.6%) .
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was considered appropriate. A total of 20 (6.9%) patients had died by day 28 and 9 (3.1%) 
patients needed ICU admission during follow-up (Table 1). 

etiology and Crp levels
An etiological diagnosis could be established in 137 (47.4%) patients. S. pneumoniae was 
the most frequently indentified pathogen in 55 (19.0%) cases. Median (interquartile range) 
baseline CRP concentrations were the highest in patients with a  S. pneumoniae infection 
(278 [147-390] mg/L), followed by L. pneumophila (247 [179-421] mg/L), Haemophilus 
influenzae (214 [168-313] mg/L), S. aureus (187 [115-330] mg/L), Enterobacteriaciae (129.0 
[53-272] mg/L), C. pneumoniae (115.5 [57-317] mg/L), Moraxella catharralis 64.0 [49-165] 
mg/L) and M. pneumoniae infections (49 [27-228] mg/L) (Table 2). Patients with multiple 
bacterial pathogens indentified had median admission CRP levels of 213.0 mg/L. The etiology 
of these 12 cases is specified in table 3. The median baseline CRP levels were significantly 
different among the causative pathogens (P <0.01 ANOVA). Patients with unknown etiology 
had a significantly lower median CRP concentrations on admission than patients with 
established etiological diagnosis (140.5 mg/L vs. 209.0 mg/L; P <0.01). Patients with L. 
pneumophila infection had a slower, but not statistically significant normalization of CRP 
levels on days 0-3 of follow-up as compared to patients with other etiological diagnoses. 

table 2. Median baseline C-reactive protein (CRP) levels according to etiology in patients with severe 
community-acquired pneumonia

No. (%) of 
subjects

Crp level

Median range Inter-quartile 
range

Streptococcus pneumoniae* 55 (19.0) 278.0 686 147-390

Haemophilus influenzae 9 (3.1) 214.0 278 168-313

Staphylococcus aureus# 8 (2.8) 187.0 299 115-330

Chlamydia pneumoniae 10 (3.5) 115.5 328 57-317

Mycoplasma pneumoniae 5 (1.7) 49.0 299 27-228

Legionella pneumophila^ 7 (2.4) 247.0 286 176-421

Enterobacteriaciae§ 15 (5.2) 129.0 452 53-272

Moraxella catharralis 5 (1.7) 64.0 197 49-165

Other pathogens◊ 11 (3.8) 185.0 403 117-231

Multiple bacterial pathogens 12 (4.2) 213.0 672 83-404

Unknown etiology 152 (52.6) 140.5 576 56-293

* Determined by sputum culture (n=19), bloodculture (n=24) or urinary antigen test (n=20), in 8 cases S. pneumoniae 
was determined by multiple tests.  
# Determined by sputum culture (n=6) or bloodculture (n=2).
^ All determined by both serology and urinary antigen test (n=7).
§ Enterobacteriaciae include: Eschericia Coli (n=6, 2.1%), Klebsiella pneumoniae (n=4, 1.4%), Proteus mirabilis (n=1, 
0.3%), Enterobacter spp. (n=2, 0.7%), Citrobacter spp (n=2, 0.7%).
◊ Other pathogens include: Pseudomonas aeruginosa (n=2, 0.7%), Streptococcus agalactiae (n= 3, 1.0%), Haemophilus 
parainfluenzae (n=2, 0.7%), Staphylococcus hominis (n=1, 0.3%), Proprionibacter acnes (n=1, 0.3%),Gram positive 
spp (n=2, 0.7%).
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The decline in CRP levels on day 0-3 was 38.6% in patients with L. pneumophila infection as 
compared to 32.9% in patients with pneumonia of other etiology (mean difference 5.7%; P 
=0.58). However, in the second part of the first week of follow-up the decline in CRP was 
larger in patients with L. pneumophila infection as compared to others (48.5% vs. 28.5%, 
respectively; mean difference 20.0%; P < 001).

Figure 1. Patterns of normalization of C-reactive protein (CRP) levels for the 289 study patients with severe 
community-acquired pneumonia. Horizental lines represent the median; boxes the interquartile range; ans whiskers, 
the highest and lowest non-outlier values.

table 3. Etiology of the 12 cases with multiple bacterial pathogens specified

Subject etiology

pathogen 1 pathogen 2

1 Streptococcus pneumonia* Haemophilus influenzae#

2 Streptococcus pneumoniae^ Enterobacter spp#

3 Streptococcus pneumoniae# Eschericia Coli#

4 Streptococcus pneumoniae*,# Chlamydia pneumoniae

5 Streptococcus pneumoniae*,^ Chlamydia pneumoniae

6 Haemophilus influenzae# Chlamydia pneumoniae

7 Haemophilus influenzae# Legionella pneumophila

8 Haemophilus influenzae# Staphylococcus hominis*

9 Mycoplasma pneumoniae Eschericia Coli#

10 Chlamydia pneumoniae Staphylococcus aureus#

11 Legionella pneumophila Corynebacterium difteria*

12 Legionella pneumophila Streptococcus group B*

* Determined by blood culture.
# Determined by sputum culture.
^ Determined by urinary antigen test.
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Table 4. Appropriateness of empiric antibiotic treatment and normalization patterns of C-reactive protein (CRP)

Unknown etiology patients with established etiology 

received appropriate
antibiotic treatment

received inappropriate
antibiotic treatment

Mean difference*
(95%CI)

P

Subjects 152 (52.6) 112 (38.8) 25 (8.7)

Median CRP values 

   Day 0 140.5 (56-293)       233.0 (131-358) 152 (63-243)

   Day 3 90.0 (23-153) 98.0 (30-168) 108.5 (55-215)

   Day 7 29.0 (12-79) 36.0 (18-75) 29 (15-92)

Mean decline in CRP

   Day 0-3 36.3 ± 30.4 44.5 ± 30.5 25.2 ± 24.4 19.3 (6.1-32.5) <0.001

   Day 0-7 63.1 ± 34.6 75.5 ± 24.7 60.4 ± 32.3 15.1 (1.8-28.5) 0.03

Data are presented as n (%), median (interquartile range) or mean± SD, unless otherwise stated. 
*The mean difference (95% CI) in per cent decline in CRP among patients with appropriate and inappropriate 
antibiotic treatment (established etiology) is displayed.

table 5. Multivariate analysis of delayed normalization of C-reactive protein (CRP) and the risk of having 
received inappropriate antibiotic treatment

received inappropriate antibiotic treatment

Or (95% CI) P

Day 0- 3  CRP decline <60% 6.98 (1.56-31.33) 0.004

Day 0- 7  CRP decline <90% 3.74 (1.12-13.77) 0.04

Multivariate analysis was conducted among the 137 patients with established etiology.
The displayed ORs are adjusted for patient characteristics (age, sex and comorbid illnesses),
Pneumonia Severity Index score, symptoms and signs of pneumonia (cough, sputum production, sore throat, 
dyspnoea, chest pain, hemoptoe, confusion, blood pressure, respiratory rate, pulse and oxygen saturation).

table 6. Multivariate analysis of delayed normalization of CRP and the risk for having an unfavorable 
outcomeinappropriate antibiotic treatment

Mortality 
(within 28 day)

early (within 3 days)
treatment failure

Late (within 28 days)
treatment failure

Or (95% CI) P Or (95% CI) P Or (95% CI) P 

Day 0- 3 CRP  
decline <60%

1.09  
(0.32-3.73)

0.89 1.57 
(0.85-2.92)

0.16 1.29 
(0.62-2.68)

0.50

Day 0- 7 CRP  
decline <90%

   1.23 
(0.45-2.99)

1.00 ---- --- 0.87 
(0.39-1.94)

0.74

The displayed ORs are adjusted for patient characteristics (age, sex and comorbid illnesses), Pneumonia Severity 
Index score, symptoms and signs of pneumonia (cough, sputum production, sore throat, dyspnoea, chest pain, 
hemoptoe, confusion, blood pressure, respiratory rate, pulse and oxygen saturation).



93Consecutive CRP measurements |

the value of consecutive Crp measurements in follow-up of antibiotic treatment
CRP measurements were performed in all patients on admission, in 264 (91.3%) patients 
on day 3 and in 210 (72.6%) patients on day 7 of hospitalization. The median (range) CRP 
concentration was 97.5 (51-163) mg/L on day 3 and 31.0 (13-78) mg/L on day 7 of follow-up. 
Patterns of normalization of CRP are displayed in figure 1. The mean decline in CRP levels 
was 38.4% (interquartile range 5.3% - 65.5%) within the first 3 days and 80.9% (interquartile 
range 54.2% - 92.0%) within the first week of follow-up. In univariate analysis, patients 
treated with inappropriate empiric antibiotics had significantly slower normalization of CRP 
levels as measured in the first 3 days (mean difference 19.3%; 95% CI 6.1-32.5) and in the 
first week of hospitalization (mean difference 15.1%; 95% CI 1.8-28.5) (Tabel 4). In multivariate 
analysis, a decline of <60% in CRP levels in 3 days and a decline of <90% in CRP levels in 7 
days were both associated with an increased risk of having recieved inapproriate empiric 
antibiotic treatment (day 0-3, OR 6.98; 95% CI 1.56-31.33) and (day 0-7, OR 3.74; 95% CI 
1.12-13.77) (Table 5). Patients with delayed normalization of CRP levels in the first week had 
a trend towards an increased risk of mortality (OR 3.73; 95% CI 0.46-30.52; P =0.06), however 
when corrected for pneumonia severity, patients’ characteristics and symptoms or signs of 
pneumonia on admission, this was not statistically significant. In addition, patients with 
delayed normalization of CRP in the first 3 days had a slightly increased risk to develop early 
or late treatment failure but again this was not statistically significant (Table 6). 

 
DISCUSSION

The results of the present study show that consecutive measurements of CRP in follow-up 
of antibiotic treatment for severe CAP are useful. Delayed normalization of CRP within the 
first 3  to 7 days of follow-up is suggestive of inappropriate empirical antibiotic therapy. 
Patients with a decline of <60% in CRP levels in 3 days or a decline of <90% in 7 days had a 
four- to sevenfold increased risk of having recieved inapproriate antibiotic treatment. Since 
there is limited evicence on the relevance of consecutive CRP measurements, the main 
findings of the present study may have clinical implications. 
The results of the few previous studies concerning the usefulness of consecutive CRP 
measurement in follow-up of CAP are in line with the present findings.8-10 Smith et al.9 studied 
the usefullness of CRP as marker in 28 patients who had no obvious response to treatment. 
They concluded that CRP could be of aid to clinicians. Another study in 53 patients with severe 
CAP admitted to ICU also showed that indentification of CRP patterns may be of value in follow-
up of treatment.8 Recently, Menendez et al.10 have demonstrated that persistently high CRP 
levels on day 1 and 3 in follow-up of patients with mild to severe pneumonia was independently 
associated with a higher risk of treatment failure. In our cohort, patients with an indequate 
decline in CRP levels also had a higher risk of treatment failure, however this was not statistically 
significant. These different results may be explained by differences in pneumonia severity of 
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both study populations and by adressing absolute CRP values at day 1 and 3 as compared to 
relative changes in CRP measured on day 3 and 7 in the present study. 
In univariable analysis, a delayed decline in CRP levels was associated with a trend towards 
an increased risk for mortality. However, after correction for pneumonia severity, patients’ 
characteritics and clinical variables at baseline, a statiscal significant relation could not be 
established. A recent study did show that failure of normalization of CRP leads to an increased 
risk of mortality.21 
Interestingly, baseline CRP levels appeared to be influenced by the causative pathogen, 
antibiotic use prior to hospitalization and the use of inhalation steroids. Theoretically, 
baseline CRP levels could be of help in determing etiology of severe CAP, unfortunately the 
clinical usefulness of CRP to differentiate in etiology of severe CAP is low, because of the 
huge varation in CRP levels among individuals with the same causative pathogen.22 Moreover, 
as indicated by others and our results, CRP levels are influenced by the use of steroids and 
treatment with steroids may lead to suppression of CRP production.23 A study by Perren et 
al.24 demonstrated that corticosteroids did not influence the time-depent decline of  CRP 
levels. However, according to the present results, the use of steroids needs to be considered 
to interpret CRP levels in follow-up correctly. Concerning the influence of the causative 
pathogen on the decline in CRP levels, a slower decline in CRP levels was observed among 
patients with L. pneumophila pneumonia as compared to others in the first three days of 
follow-up. Another explanation may be that L. pneumophila, as intracellular pathogen, causes 
a different host response to infection, characterized by prolonged and greater increases in 
CRP levels.25,26 According to these results, the causative pathogens needs to be taken into 
account to interpret CRP levels in follow-up correctly. For example, in case of an established 
L. pneumophila infection, persistent high CRP levels should not be the sole reason for 
antibiotic switch or additional invasive diagnostic procedures. Results of the present study 
indicate that a delayed decline in CRP levels is related to inappropriate empirical antibiotic 
treatment. Conversely, CRP levels returning to normal ranges might may indicate that 
duration of antibiotic treatment has been sufficient allowing earlier discontinuation of 
antibiotics or a switch to oral antibiotics. Such a CRP-based management strategy could 
potentially help in reducing antibiotic usage, costs, toxicity, length of hospital stay, and the 
risk of emerging resistance.8 However, this concept needs to be addressed in further 
studies.  
The present study has two important limitations. First, focus was placed on episodes of 
severe CAP in patients without the primary need for ICU admission. Because acute phase 
proteins such as CRP reflect the intensity of inflammation, generalizibility to patients with 
less severe pneumonia can be questioned.27 Secondly, appropriate treatment was defined 
as “at least on antibiotic covering all of the causative pathogens identified.” However, the 
causative role in CAP can be debated for some isolated bacteria. When these isolates only 
represent colonization of the respiratory tract, the assocation of a delayed decline and the 
risk of having received inappropriate therapy may be overestimated. Thirdly, daily CRP 
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measurements could have added some more information to our study. However, the study 
was designed in accordance with a previous study, taking clinically relevant time points after 
admission.21  
In conclusion, consecutive CRP measurements are useful in the first week in follow-up of 
antibiotic treatment for severe CAP when taking the causative micro-organism and use of 
steroids into account. A delayed decline in CRP levels is associated with a higher risk of 
having received inappropriate antibiotic treatment. 

ACKNOWLEDGMENT

Conflicts of interests: All authors no conflicts of interest. 
Financial interests: None of the authors had financial relationships and affiliations relevant 
to the subject of this manuscript.

 



96 | chapter 5 

REFERENCES

1  Fry AM, Shay DK, Holman RC, Curns AT, Anderson LJ. Trends in hospitalizations for pneumonia among persons 
aged 65 years or older in the United States, 1988-2002. JAMA. 2005;294:2712-2719.

2  Mandell LA, Wunderink RG, Anzueto A et al. Infectious Diseases Society of America/American Thoracic Society 
consensus guidelines on the management of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44 
Suppl 2:S27-S72.

3  Woodhead M, Blasi F, Ewig S et al. Guidelines for the management of adult lower respiratory tract infections. 
Eur Respir J. 2005;26:1138-1180.

4  Colice GL, Morley MA, Asche C, Birnbaum HG. Treatment costs of community-acquired pneumonia in an 
employed population. Chest. 2004;125:2140-2145.

5  Malhotra-Kumar S, Lammens C, Coenen S, Van HK, Goossens H. Effect of azithromycin and clarithromycin 
therapy on pharyngeal carriage of macrolide-resistant streptococci in healthy volunteers: a randomised, double-
blind, placebo-controlled study. Lancet. 2007;369:482-490.

6  Couto RC, Barbosa JA, Pedrosa TM, Biscione FM. C-reactive protein-guided approach may shorten length of antimicrobial 
treatment of culture-proven late-onset sepsis: an intervention study. Braz J Infect Dis. 2007;11:240-245.

7  Clyne B, Olshaker JS. The C-reactive protein. J Emerg Med. 1999;17:1019-1025.
8  Coelho L, Povoa P, Almeida E et al. Usefulness of C-reactive protein in monitoring severe community-acquired 

pneumonia clinical course. Crit Care. 2007;11:R92.
9  Smith RP, Lipworth BJ, Cree IA, Spiers EM, Winter JH. C-reactive protein. A clinical marker in community-acquired 

pneumonia. Chest. 1995;108:1288-1291.
10  Menendez R, Cavalcanti M, Reyes S et al. Markers of treatment failure in hospitalised community acquired 

pneumonia. Thorax. 2008;63:447-452.
11  Prat C, Dominguez J, Andreo F et al. Procalcitonin and neopterin correlation with aetiology and severity of 

pneumonia. J Infect. 2006;52:169-177.
12  Oosterheert JJ, Bonten MJ, Schneider MM et al. Effectiveness of early switch from intravenous to oral antibiotics 

in severe community acquired pneumonia: multicentre randomised trial. BMJ. 2006;333:1193.
13  Niederman MS, Mandell LA, Anzueto A et al. Guidelines for the management of adults with community-acquired 

pneumonia. Diagnosis, assessment of severity, antimicrobial therapy, and prevention. Am J Respir Crit Care 
Med. 2001;163:1730-1754.

14  Fine MJ, Auble TE, Yealy DM et al. A prediction rule to identify low-risk patients with community-acquired 
pneumonia. N Engl J Med. 1997;336:243-250.

15  Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease classification system. Crit 
Care Med. 1985;13:818-829.

16  Jacobs E. Serological diagnosis of Mycoplasma pneumoniae infections: a critical review of current procedures. 
Clin Infect Dis. 1993;17 Suppl 1:S79-S82.

17  Stout JE, Yu VL. Legionellosis. N Engl J Med. 1997;337:682-687.
18  Schouten J.A.,Prins J.M., Bonten M. Janknegt R. Kullberg BJ Verheij T et al. Revised SWAB guidelines for 

antimicrobial therapy of Community-acquired pneumonia Amsterdam: SWAB, 2005. Available at www.swab.nl. 
19  Halm EA, Fine MJ, Marrie TJ et al. Time to clinical stability in patients hospitalized with community-acquired 

pneumonia: implications for practice guidelines. JAMA. 1998;279:1452-1457.
20  Chow AW, Hall CB, Klein JO, Kammer RB, Meyer RD, Remington JS. Evaluation of new anti-infective drugs for 

the treatment of respiratory tract infections. Infectious Diseases Society of America and the Food and Drug 
Administration. Clin Infect Dis. 1992;15 Suppl 1:S62-88.:S62-S88.

21  Chalmers JD, Singanayagam A, Hill AT. C-reactive protein is an independent predictor of severity in community-
acquired pneumonia. Am J Med. 2008;121:219-225.

22  van der Meer V, Neven AK, van den Broek PJ, Assendelft WJ. Diagnostic value of C reactive protein in infections 
of the lower respiratory tract: systematic review. BMJ. 2005;331:26.

23  Man SF, Sin DD. Effects of corticosteroids on systemic inflammation in chronic obstructive pulmonary disease. 
Proc Am Thorac Soc. 2005;2:78-82.

24  Perren A, Cerutti B, Lepori M et al. Influence of Steroids on Procalcitonin and C-reactive Protein in Patients with 
COPD and Community-acquired Pneumonia. Infection. 2008; 36:163-166.

25  Holmberg H, Bodin L, Jonsson I, Krook A. Rapid aetiological diagnosis of pneumonia based on routine laboratory 
features. Scand J Infect Dis. 1990;22:537-545.

26  Garcia VE, Martinez JA, Mensa J et al. C-reactive protein levels in community-acquired pneumonia. Eur Respir 
J. 2003;21:702-705.



97Consecutive CRP measurements |

27  Gabay C, Kushner I. Acute-phase proteins and other systemic responses to inflammation. N Engl J Med. 
1999;340:448-454.





Anke HW Bruns1, Jan Jelrik Oosterheert1, Ed J Kuijper2, Jan Willem J 
Lammers3, Steven Thijsen4, Annet Troelstra5, Andy IM Hoepelman1,5 

1.  Department of Internal Medicine & Infectious Diseases, University 
Medical Center Utrecht, The Netherlands

2.  Department of Microbiology, Leiden University Medical Center, 
The Netherlands

3.  Department of Pulmonary Diseases, University Medical Center, 
Utrecht, The Netherlands

4.  Department of Microbiology, Diakonessenhuis Utrecht,  
The Netherlands

5.  Eijkman-Winkler Institute for Microbiology, Infectious Diseases 
and Inflammation, University Medical Center Utrecht,  
The Netherlands

Journal of Antimicrobial Chemotherapy, accepted for publication

Impact of different empiric antibiotic 

treatment regimens for community-

acquired pneumonia on the emergence  

of Clostridium difficile 

CHApter 6



100 | chapter 6 

ABSTRACT

Background
Treatment of community-acquired pneumonia (CAP) with newer fluoroquinolones may 
contribute to selection for Clostridium difficile. We studied the prevalence of C. difficile 
carriage and C. difficile infection (CDI) on admission and nosocomial acquisition rates in 
patients hospitalized for CAP and compared different empiric treatment strategies. 

Methods
In a prospective study among patients admitted for antibiotic treatment of CAP, consecutive 
stool and skin samples were collected and cultured for C. difficile. Cultured isolates were 
typed by PCR ribotyping and characterized for toxinogenicity. 

results
In total, 20 of 107 (18.7%) patients included carried C. difficile. Various ribotypes were found 
and 14 (70%) isolates were toxinogenic. On admission, prevalence of C. difficile carriage was 
9.4% (n =9), of which 22% also carried C. difficile on the skin and one patient had mild CDI 
with persistent positive cultures. The overall nosocomial acquisition rate of C. difficile carriage 
was 11.2%. No nosocomial acquired CDI occurred. Acquisition rates of C. difficile were 11.9% 
(5/45) in moxifloxacin, 11.1% (5/47) in beta-lactam and 9.0% (1/14) in beta-lactam plus 
macrolide or fluoroquinolone treated patients (P =0.84). Risk factors for C. difficile carriage 
were intravenous antibiotic treatment >7 days (OR 3.89; 95% CI 1.30-11.79) and hospitalization 
during the past 3 months (OR 4.08; 95% CI 1.40-11.90). 

Conclusions
In a non-outbreak setting with a low endemic rate, prevalence of C. difficile carriage in 
patients admitted because of CAP is high and nosocomial acquisition rates for C. difficile 
colonization are 11%. Fluoroquinolones were not associated with increased acquisition rates 
for C. difficile as compared to other empiric regimens for CAP. 
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INTRODUCTION 

The emergence of Clostridium difficile (C. difficile) as a major cause of nosocomial infection 
is largely facilitated by excessive antibiotic use.1 Management of respiratory tract infections 
accounts for 75% of all antibiotic use worldwide, and consequently plays a major role in 
spread and development of C. difficile infections.2

For treatment of patients hospitalized because of community-acquired pneumonia (CAP) 
several equivalent empiric antibiotic strategies are recommended. Current guidelines advise 
for patients not needing intensive care unit (ICU) admission, fluoroquinolone monotherapy, 
beta-lactam monotherapy or beta-lactam plus a macrolide or fluoroquinolone combination 
therapy, which are all considered equally effective.3,4 

However, the individual impact of these antimicrobial regimens on selection for C. difficile 
is less clear. Historically, third-generation cephalosporins and broad-spectrum penicillins 
have been implicated as risk factors for C. difficile infection (CDI)1,5 whereas, in the past 
years, increasing use of newer fluoroquinolones, particularly moxifloxacin and gatifloxacin, 
may have promoted several large scale outbreaks of CDI caused by various hypervirulent 
strains.6-10 Nowadays, although not evidenced by all studies, the use of fluoroquinolones is 
considered to be an important risk factor of selection for C. difficile, especially in outbreak 
situations. Reduced susceptibility to fluoroquinolones of epidemic and non-epidemic strains 
and facilitation of germination and toxin production are regarded as underlying mechanisms.11 
Consequently, some institutions have restricted the use of fluoroquinolones, also in non 
outbreak settings.12 However, the attributable risk for CDI of fluoroquinolones compared to 
other empiric strategies for CAP has not been established yet.13 In addition to proven CDI, 
undetected C. difficile carriers may represent a reservoir for disease transmission and play 
an important role in the emergence of C. difficile. Moreover, asymptomatic carriers may 
facilitate skin and environmental contamination which contributes to transmission of C. 
difficile.14-16 
Therefore, we prospectively evaluated colonization dynamics of C. difficile as measured by 
consecutive stool and skin cultures in patients hospitalized for CAP in a non-epidemic setting. 
The prevalence of C. difficile carriage and CDI upon admission was determined and 
nosocomial acquisition rates of C. difficile were compared between the different empiric 
antibiotic regimens for CAP. 
 

MATERIALS AND METHODS

Study design and population
We conducted a prospective observational cohort study among patients admitted for 
antibiotic treatment of CAP. From July 2008 through October 2009, all adult patients admitted 
to the University Medical Center Utrecht, a 1042-bed tertiary care hospital, and the 
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Diakonessenhuis Utrecht, a 559-bed teaching hospital, in the Netherlands were eligible for 
inclusion. Patients with bronchiectasis and colonized with Gram negative species in their 
respiratory tract, patients with severe neutropenia, (neutrophils <0.5 x 109/L or a CD4 cell 
count <200/mm3) and patients admitted directly to an ICU, were excluded from participation. 
The choice of empiric antibiotic regimen for CAP was left to the discretion of the treating 
physician considering the Dutch guidelines for antimicrobial therapy.17

Information on demographics, co-existing illnesses, previous hospitalizations, clinical 
characteristics, risk factors for C. difficile, outcomes and re-admissions was obtained.1 Renal 
disease, heart failure, liver disease, cerebrovascular disease, neoplasm and chronic 
obstructive pulmonary disease, were considered as relevant co-existing illnesses. 
Etiology of CAP was determined by isolation of a bacterial pathogen, described as possible 
cause for CAP, from sputum or blood culture and/or by a positive urinary antigen test.
Of all patients included, stool samples and skin swabs were collected on admission, day 5, 
3 days after discontinuation of antibiotics and day 30 and subsequently cultured for C. 
difficile. Since stool cultures cannot be taken immediately, a delay of 24 hours was accepted. 
Skin cultures were obtained by swabbing a 5x10cm region in the groin with a premoistened 
swab and collected in Stuart-medium. 
All patients were followed for 30 days after admission with careful monitoring for 
development of diarrhea. An episode of diarrhea was defined as ≥3 loose or liquid stools 
per day or more frequently than normal for the individual, for at least 48 hours (h).18 In case 
of diarrhea, additional tests for C. difficile were performed according to the hospital 
guidelines for Clostridium diagnostics including a feces toxin test (ImmunoCard Toxins A&B 
[ICTAB], Meridian® or C. difficile toxin/antitoxin test, Techlab®) and subsequent culture for 
C. difficile in case of positive feces toxin test. CDI was defined by diarrhea with a positive 
feces toxin test.18 The study protocol was approved by the medical ethics committee of the 
University Medical Center Utrecht. Present research was conducted in accordance with the 
declaration of Helsinki and national and institutional standards. 

Microbiological analysis 
Stool and skin cultures for C. difficile
Stool samples were transferred into the anaerobic jars, alcohol shocked and plated onto 
cycloserine-cefoxitin-fructose agar (CCFA) and colistine nalidixine agar (CNA) plates for 
culture. Skin swabs from the groin were incubated for 48h in cycloserine-cefoxitin-fructose 
broth containing taurocholic acid and lysozyme and then plated onto CCFA and CNA plates 
and incubated an additional 48h. First step in microbiological determination of isolates was 
based on typical odor and appearance of colonies. Final confirmation was performed at the 
Leiden reference laboratory for C. difficile (E.J.Kuijper), where all isolates were genetically 
identified by PCR for the gluD gene encoding the glutamate dehydrogenase specific for C. 
difficile.8
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Characterization of C. difficile isolates
In case of confirmed C. difficile, stools were tested for the presence of toxins using rapid 
immunocard assays (ICTAB, Meridian®). All C. difficile isolates were further characterized by 
PCR ribotyping at the Leiden laboratory.19,20 In addition, the presence of the tcdA, tcdB or 
binary toxin genes determined by molecular methods as described previously was considered 
as a marker of toxinogenicity.8

Antimicrobial susceptibility 
Etests® (AB Biodisk, Sweden) were performed to determine the minimal inhibitory 
concentration (MICs) of isolates for selected antimicrobials. Resistance rates were determined 
according to the breakpoints listed in table 321-23 MIC for 50% (MIC50) and 90% (MIC90) of 
organisms were calculated.24 

Analytical approach and statistical analysis 
Based on empiric treatment for CAP initiated within 24h of admission and continued for at 
least 5 days, all patients included were classified into one of the three treatment groups: 
(1) moxifloxacin monotherapy, (2) beta-lactam monotherapy or (3) beta-lactam plus 
macrolide or fluoroquinolone combination therapy. Patients’ characteristics were tested for 
comparability among the antibiotic treatment groups. Differences in continuous variables 
were estimated using the Student’s t test or Mann-Whitney U test, when appropriate and 
differences in categorical variables using χ2 tests. Baseline prevalence of C. difficile 
colonization, CDI and nosocomial acquisition rates of C. difficile were determined. Differences 
in acquisition rates for C. difficile among antibiotic regimens were studied using χ2 tests and 
2 sample Z tests to compare sample proportions.. 
Cases of C. difficile acquisition were closely reviewed for switches in antimicrobial treatment 
preceding the date of acquisition. Multivariable logistic regression analysis was used to 
assess parameters associated with carriage and acquisition of C. difficile.  A two-sided P 
value ≤0.05 was considered statistical significant. Statistical analysis was performed with 
the statistical software package SPSS 15.0 for windows (SPSS Inc., Chicago, IL, USA).  

RESULTS

Of 117 patients admitted because of CAP, serial stool and skin cultures were collected. Ten 
(8.5%) patients with missing cultures at >1 time point were excluded from further analysis. 
None of these ten patients had any cultures positive for C. difficile. Eighty-eight out of 107 
(82.2%) patients included, completed follow-up till day 30 (Figure 1). The endemic rate of 
CDI in the participating hospitals was low; 0.6/1000 admissions a year. No outbreak occurred 
during the study period. 
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patients’ characteristics 
Table 1 shows the baseline characteristics of the 107 patients included in the study. Overall, 
the mean (±SD) age was 63 ± 17.5 years and 90 (84.5%) patients had one or more co-
morbidities. Forty-five (41.1%) patients were initially treated with moxifloxacin, 47 (43.9%) 
with beta-lactam monotherapy and 15 (14.0%) with beta-lactam plus macrolide (n =9) or 
plus fluoroquinolone (n =6), combination therapy. Patients treated with beta-lactam plus 
macrolide/fluoroquinolone combination therapies were more likely to be residents of a 
nursing home (26.4% vs. 2.2% and 17.0% respectively) and to have fecal incontinence (26.7% 
vs. 6.7% and 25.5%) than those treated with moxifloxacin or beta-lactam monotherapy. No 
differences in other known risk factors for CDI or total duration of antibiotic treatment were 
observed among the treatment groups. Patients treated with beta-lactam plus macrolide/
fluoroquinolone received more often intravenous antibiotics > 7 days as compared to patients 
receiving moxifloxacin or beta-lactam monotherapy (60.0% vs. 8.9% and 21.3%, respectively) 
(Table 1). Causative pathogens of CAP were identified in 58 (54.2%) patients. In 8 (7.5%) 
patients empirical treatment was switched based upon results of microbiological exams. 
One of these patients acquired C. difficile during antibiotic treatment. In this particular case, 
ceftriaxone monotherapy was switched to ceftazidime monotherapy. In the other cases, 

Figure 1. Flowchart of the 117 patients with community-acquired pneumonia included in the study 
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table 1. Comparison of characteristics of the patients included in the study for empiric antibiotic regimens

All Moxi-
floxacin

Beta-
Lactam*

Beta-lactam +
macrolide or 

fluoroquinolone

P

Total 107 (100) 45 (41.1) 47 (43.9) 15 (14.0)

patient characteristics/ 
Demographics

Age, mean years ± SD 62.6 ± 17.5 60.0 ± 17.6 65.2 ± 16.9 61.6 ± 19.8 0.40

Male 80 (74.8) 36 (80.0) 33 (70.2) 11 (73.3) 0.55

Pneumonia severity index 
score ≥ 90

79 (73.8) 29 (64.4) 37 (78.7) 13 (87.7) 0.14

Comorbid illness 84 (78.5) 29 (64.4) 41 (87.2) 14 (93.3) 0.09

Previous episode of 
pneumonia 

44 (41.1) 19 (42.2) 17 (36.2) 8 (53.3) 0.49

Nursing home resident 13 (12.1) 1 (2.2) 8 (17.0) 4 (26.4) 0.02

risk factors for C. Difficile

Tube feeding 20 (18.7) 7 (15.6) 8 (17.0) 5 (33.3) 0.28

Fecal incontinence 19 (17.8) 3 (6.7) 12 (25.5) 4 (26.7) 0.04

Gastrointestinal surgery 2 (1.9) 0 (0.0) 1 (2.1) 1 (6.7) 0.25

Use of probiotics 3 (2.8) 1 (2.2) 2 (4.3) 0 (0.0) 0.65

Hospitalization in the past 3 
months

26 (24.3) 9 (20.0) 12 (25.5) 5 (33.3) 0.56

Use of steroids or 
chemotherapeutics

63 (58.9) 24 (53.3) 33 (70.2) 6 (40.0) 0.07

Use of NSAIDs 45 (42.1) 18 (40.0) 22 (46.8) 5 (33.3) 0.61

Antacids/proton pump 
inhibitors

59 (55.1) 24 (53.3) 26 (55.3) 9 (60.0) 0.90

Antibiotic treatment  in past 
3 months

48 (44.9) 18 (40.0) 22 (46.8) 8 (53.3) 0.62

Antibiotic treatment 

Duration of antibiotic 
treatment, mean days ± SD

12.5 ± 7.8 12.4 ± 9.2 11.7 ± 6.6 15.2 ± 6.7 0.35

Antibiotic treatment > 14 
days

23 (21.5) 7 (15.6) 10 (21.3) 6 (40.0) 0.14

intravenous antibiotic 
treatment > 7 days

23 (21.5) 4 (8.9) 10 (21.3) 9 (60.0) <0.01

Outcome

Readmission within 30 days 14 (13.1) 6 (13.3) 7 (14.9) 1 (6.7) 0.71

Mortality within 30 days 10 (9.3) 4 (8.9) 4 (8.5) 2 (13.3) 0.85

Data are n (%) unless otherwise indicated  * Beta-lactam antibiotics include, cephalosporin (n=22, 46.8%), 
amoxicillin±clavulanic acid (n=21, 44.6%), piperacillin-tazobactam (n=2, 4.2%) and penicillin (n=1, 2.1%) 
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beta-lactam plus macrolide or fluoroquinolone combination therapy was narrowed to beta-
lactam monotherapy (n =4) or beta-lactam monotherapy was extended to beta-lactam plus 
macrolide or fluoroquinolone combination therapy (n =3). 

prevalence of C. difficile carriage on admission 
On admission, the prevalence of C. difficile colonization was 9.4% (9/96). Of those, 6 (66.7%) 
patients carried toxinogenic strains. Seven out of 9 (77.8%) carriers were asymptomatic on 
admission. One patient, a nursing home resident, carried a non-toxinogenic strain and had 
symptoms of diarrhea and one patient had mild CDI with persistent positive cultures (Figure 
2, Table 2). Patients who received empirical treatment with beta-lactam plus macrolide/
fluoroquinolone antibiotics were more frequently carrier of C. difficile prior to antimicrobial 
treatment for CAP as compared to patients who received moxifloxacin or beta-lactam 
monotherapy. (26.7% [n =4] vs. 4.8% [n =2] and 7.7% [n =3], respectively; P =0.04) 
In 2 out of 9 (22.2%) patients colonized with C. difficile in stools at baseline, skin cultures of 
the groin were positive for C. difficile. Of those, one was resident of a nursing home and the 
other had tube feeding. No positive skin cultures were retrieved from patients without C. 
difficile carriage in stools. 

Nosocomial acquisition of C. difficile carriage
In total, 11 patients, stool culture negative for C. difficile on admission, acquired C. difficile 
during or after antibiotic treatment for CAP. The overall nosocomial acquisition rate of C. 
difficile colonization was therefore calculated at 11.2% (11/98). In 8 (72.7%) patients 
toxinogenic strains were identified. Of all 11 patients who acquired C. difficile during the 
study period, 8 (72.7%) remained symptom-free, 3 patients had symptoms of diarrhea but 
ICTAB tests were negative for the presence of toxins. The 3 patients were not treated for 

Figure 2. Baseline prevalence of C. difficile carriage in patients admitted because of CAP
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CDI and diarrhea resolved spontaneously. No acquired CDI or relapse of previous CDI 
occurred. No acquisition of C. difficile carriage on the skin was observed (Figure 3, Table 2). 
Clostridium diagnostics performed in 12 (11.2%) patients with diarrhea according to the 
hospital guidelines, revealed no additional cases of CDI. 

Acquisition of C. difficile was 11.9% (n =5) in the moxifloxacin, 11.1% (n =5) in beta-lactam 
and 9.0% (n =1) in beta-lactam plus macrolide/fluoroquinolone treated patients and did not 

table 2. Cases of C. difficile colonization at baseline and nosocomial C. difficile acquisition

Antibiotics ribotype GluD toxinogenicity Diarrhea CDI# Skin^

presence tcdA, 
tcdB or binary 

toxin genes
(pCr)

Actual toxin 
production 

in stools
(ICtAB)

BASeLINe CArrIAGe

1 MOX O39 + + - - - -

2 MOX O87 + + - - - -

3 MOX O12 + + - - - -

4 BL O50 + + + + + +

5 BL O140 + - - + - +

6 BLM * + + - - - -

7 BLM O140 + - - - - -

8 BLM O87 + + - - - -

9 BLM O140 + - - - - -

NOSOCOMIAL ACQUIreD

1 MOX O12 + + - - - -

2 MOX O10 +               - - - - -

3 MOX O78 + + - - - -

4 MOX         * + + - + - -

5 MOX O50 + + - - - -

6 BL O39 + + - - - -

7 BL O46 + + - - - -

8 BL O75 + + - + - -

9 BL * + - - + - -

10 BL O53 + + - - - -

11 BLM O10 + - - - - -

MOX=moxifloxacin; BL=Beta-lactam; BLM=Beta-lactam+macrolide 
* unknown ribotype
#CDI = Clostridium difficile infection
^ strains isolated from the skin were of identical ribotype as strains isolated from fecal samples.
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differ significantly among the treatment groups (P =0.84). Moreover, no significant differences 
in nosocomial acquisition of toxinogenic strains were identified among the treatment groups 
(P = 0.51); mean differences, moxifloxacin vs. beta-lactam (0.8%; 95% CI -10.1-11.7); 
moxifloxacin vs. beta-lactam plus macrolide (2.9%; 95% CI -15.5-21.3); beta-lactam vs. beta-
lactam plus macrolide (2.1%; 95% CI -15.8-20.0) (Figure 3). 
In patients who acquired C. difficile, no switches among the three antimicrobial regimens 
preceding the first positive culture for C. difficile were identified, except for one patient 
empirically treated with beta-lactam monotherapy who had received 5 classes of 
antimicrobials during hospitalization and acquired C. difficile by day 30. Figure 4 shows the 
overall and acquired colonization rates in stools at the four time points of culturing.  Data 
indicate that during antibiotic treatment overall carriage rates for C. difficile are relatively 
low and carriage rates rise after cessation of antibiotics to a level higher than the admission 
carriage rate. Rates for acquisition of C. difficile are slightly higher day 3 after antibiotic 
treatment as compared to day 30. 

Figure 3. Acquisition of nosocomial C. difficile in patients admitted because of CAP per empiric antibiotic 
regimen

Figure 4. C. difficile colonization rates of toxinogenic and non-toxinogenic strains at time points of culturing
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Isolate characteristics and antimicrobial susceptibility
In total, during the study period, C. difficile was cultured in 18.7% (n =20) of patients. All 
isolates were confirmed to be C. difficile by positive tests for gluD. Five intrinsic non-
toxinogenic strains (ribotypes 140, 010) and 12 strains of toxinogenic ribotypes were 
identified by PCR ribotyping. In 3 strains, unknown ribotypes were identified. Test for tcdA, 
tcdB or binary toxin genes were positive in 14 strains. One patient had fecal toxin production 
(Table 2).  All isolates were susceptible to metronidazole. Susceptibility to moxifloxacin was 

table 4. Multivariate analysis for parameters associated with C. difficile carriage in stools at baseline, nosocomial 
acquisition and overall carriage.

C. difficile carriage in stools

Yes, n (%) No, n (%) Or (95% CI) P 

Overall carriage

I.v. antibiotics  > 7 days during 
admission or past 3 months

9 (45.0) 14 (16.1) 3.89 (1.30-11.76) 0.02

Hospitalization in the past 3 months 10 (50.0) 16 (18.4) 4.08 (1.40-11.90) 0.01

Acquisition 

Use of NSAIDs 1 (9.1) 44 (45.8) 0.09 (0.01-0.78) 0.03

Tube feeding 4 (36.4) 16 (16.7)   4.35 (1.00-18.87) 0.05

Parameters investigated in univariate analysis were: antibiotic treatment regimen in the 3 months prior to 
hospitalization;  patient characteristics (age, gender, co-morbid illnesses,); Pneumonia Severity Index (PSI),  
multilobar pneumonia, duration of total and i.v. antibiotic treatment,  tube feeding, nursing home resident, use of 
NSAIDS, previous hospitalizations, previous antibiotic use, gastrointestinal surgery, fecal incontinence, use of 
probiotics, use of proton pump inhibitors, use of steroids or chemotherapeutics.  
Parameters with a P value <0.1 in univariable analysis were included in multivariate logistic regression analysis, 
respectively; use of NSAIDs, tube feeding, nursing home residence, hospitalization the past 3 months, use of 
antibiotics the past 3 months and during hospitalization; antibiotic treatment >14 days or i.v. antibiotics >7 days, 
class of empiric antibiotic treatment.

table 3. Antimicrobial susceptibility for the 20 isolated C. difficile strains

Antibiotic ( breakpoints of 
resistance)*

resistance (%) MIC50 MIC 90 range

Metronidazole (≥32mg/L) 0% 0.14 0.29 0.03-0.75

Moxifloxacin (≥8mg/L) 10% 0.50 7.03 0.002-27.5

Ciprofloxacin (≥2mg/L) 100% 32.0 30.44 0.50-64.0

Amoxicillin-clavulanic acid 
(≥16mg/L)

5% 0.38 47.44 0.06-256.0

Ceftriaxone (≥64mg/L) 20% 32.0 93.36 0.19-256.0

Erythromycin (≥2mg/L) 55% 32.0 168.47 0.25-256.0

MIC = minimal inhibitory concentration
*Breakpoints according to the 15th version of CSLI standards.
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90%. 2 strains, ribotypes 012 (MIC 10 mg/L) and 075 (MIC 8 mg/L) were resistant to 
moxifloxacin. Resistance to amoxicillin-clavulanic acid, ceftriaxone and erythromycin was 
observed in 5%, 20% and 55%, respectively. All strains were fully resistant to ciprofloxacin 
(Table 3).

parameters associated with C. difficile carriage 
In multivariate logistic regression analysis, risk factors for C. difficile carriage at any time 
were intravenous antibiotic treatment >7 days (Odds ratio [OR] 3.89; 95% confidence interval 
[CI] 1.30-11.76) and hospitalization in the past 3 months (OR 4.08; 95% CI 1.40-11.90). The 
use of non steroidal anti-inflammatory drugs (NSAIDs) was associated with a lower risk of 
nosocomial C. difficile acquisition (OR 0.09; 95% CI 0.01-0.78), whereas tube feeding was 
associated with an increased risk of nosocomial acquisition (OR 4.35; 95% CI 1.00-18.87) 
(Table 4).
 

DISCUSSION

Of patients admitted to the hospital for treatment of CAP, 9.4% carried C. difficile in their 
intestinal tract of which 22% were also colonized in the groin. In this non-outbreak setting, 
we found an 11.2% nosocomial acquisition rate of C. difficile carriage. Neither acquisition 
on skin nor episodes of acquired CDI were identified during the study period. Patients 
receiving moxifloxacin monotherapy had no increased risk for C. difficile acquisition as 
compared to patients receiving treatment with beta-lactam monotherapy or beta-lactam 
plus macrolide or fluoroquinolone combination therapy. 
Antibiotic treatment for CAP accounts for major antibiotic use in hospitals and consequently 
plays an important role in nosocomial selection for C. difficile.2 Interestingly, to our best 
knowledge, this is the first study prospectively comparing the recommended empiric 
antibiotic regimens for CAP for selection for C. difficile. In contrast to several previous 
alarming reports, we did not find an attributable risk of fluoroquinolones for increased 
acquisition of C. difficile in an endemic setting.6-9 Reduced susceptibility of fluoroquinolones 
for C. difficile has been mentioned as facilitating underlying mechanism for the association 
between fluoroquinolone use and acquisition of C. difficile.11 Yet, in the present study most 
strains characterized were susceptible to moxifloxacin, except for two toxinogenic strains, 
ribotypes 012 and 075, suggesting that these proposed mechanisms are not applicable to 
the most non-epidemic C. difficile strains here identified. 
However, all previous studies were conducted in an outbreak setting which likely explains 
the contrast with present findings. Present data clarify that reports on fluoroquinolones as 
risk factor for CDI in outbreaks cannot easily be extrapolated to common non-outbreak 
healthcare situations. More specifically, multivariate analysis showed that intravenous 
antibiotics for > 7 days and hospitalization the past 3 months were associated with an 
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increased risk for C. difficile colonization. This further indicates that risk for C. difficile 
colonization cannot be ascribed to one particular class of antibiotics but that duration of 
antibiotic use and frequent hospitalizations, demonstrated by others as well, seem to be 
more important risk factors.13,16

The majority of patients (75%) colonized with C. difficile remained symptom-free. Implications 
of asymptomatic carriage have been extensively debated in literature. Previously, it was 
hypothesized that asymptomatic carriers themselves do not have a higher risk of developing 
CDI, and colonization is paradoxically associated with a decreased risk of CDI, possibly due 
to a boosting in serum antitoxin A antibody levels.25,26 However, a recent hypothesis suggests 
that most episodes of nosocomial CDI are propagated by newly admitted undetected 
asymptomatic carriers, representing a reservoir for transmission of C. difficile.15 Moreover, 
asymptomatic carriage of C. difficile may facilitate skin and environmental contamination 
which in turn contributes to transmission of C. difficile.16 Our results, in a population of 
patients at-risk for CDI (mean age 62.6 years) in a non-outbreak setting show that rates of 
asymptomatic carriage of toxinogenic C. difficile strains are considerable, i.e. 78.6% of all 
carriers remain symptom-free. Since most asymptomatic carriers remain undiagnosed in 
routine clinical practice, these are a potential source of increased spread of C. difficile. 
Implications of carriage of non-toxin producing strains are less clear. Nevertheless, it is 
possible that toxinogenic strains even though actual toxin production could not be proven 
and the risk of transmission is reduced in absence of diarrhea, are potentially harmful.27-29

The findings in present study may have two important clinical implications. First, given the 
high and mostly asymptomatic baseline prevalence (9.4%) of C. difficile carriage in patients 
admitted for CAP, screening on admission for undetected carriage in this particular group 
of patients may help to reduce nosocomial acquisition rates of C. difficile.30 This high carriage 
rate at admission may be related to the composition of the study group of elderly CAP 
patients with frequent comorbidities, transfers from nursing homes and antibiotic use.
Secondly, in a non epidemic setting, not one class of antibiotics specifically, but longer 
duration of (intravenous) antibiotic treatment seems to be implicated in C. difficile 
colonization. Therefore, general measurements to optimize antimicrobial usage such as 
short courses, early switch to oral treatment allowing early discharge and individual risk 
assessment for C. difficile seem more beneficial to reduce C. difficile acquisition than 
abolishment of one particular class of antibiotics. Moreover, abolishment of fluoroquinolones 
for treatment of CAP seems impractical as it would most likely lead to the increased use of 
other C. difficile precipitants, such as beta-lactams and macrolides.31

A limitation of this study is that many patients have received multiple antimicrobials prior 
to admission and during hospitalization, complicating analysis for association of one 
particular agent with nosocomial acquisition of C. difficile.  In the present study, 45% of 
patients had received antibiotics prior to hospitalization and in 7.5% empirical treatment 
was switched based upon results of microbiological exams. However, due to consecutive 
cultures and strict follow-up in our study, the moment of acquisition of C. difficile could be 
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determined with knowledge of the antimicrobial regimen prior to acquisition. All patients 
who acquired C. difficile had negative cultures for C. difficile preceding the date of acquisition, 
minimizing the potential influence of prior antibiotic treatment on newly acquired C. difficile. 
Moreover, treatment with a specific class of antibiotics in three months prior to hospitalization 
was not a predictor for C. difficile acquisition in multivariable analysis. In one patient who 
was treated with beta-lactam monotherapy initially and was C. difficile positive by day 30, 
it was not possible to determine whether one specific antimicrobial was the cause of C. 
Difficile acquisition empirically. The patient was severely ill and had received 5 classes of 
antimicrobials during hospitalization. Excluding this patient from our analysis did not change 
study results. (P =0.85)  The study is also limited by its observational design, leading to 
baseline differences in the study groups such as site of treatment, route of administration 
of antibiotics, and baseline carriage rate of C. difficile. All these parameters may have 
influenced the results and need to be considered in future studies. Nevertheless, present 
study is one of the first with careful, prospective and serial specimen collection and it is 
highly unlikely that there is a difference of more than 20% in nosocomial C. difficile acquisition 
rates among all 3 groups of empiric antibiotic treatment with an alpha of 0.05.
In conclusion, in a non-epidemic setting, prevalence of undetected (asymptomatic) C. difficile 
carriers among patients admitted because of CAP is high. Nosocomial acquisition of C. difficile 
colonization during treatment for CAP is about 11% and not associated with CDI. No specific 
empirical antibiotic regimen for CAP was associated with increased acquisition for C. difficile. 
Therefore, management strategies such as screening for C. difficile in patients at risk on 
admission, minimizing duration of antibiotic treatment and an early switch to oral treatment 
allowing early discharge seem more likely to reduce nosocomial acquisition rates of C. difficile 
than avoiding one particular class of antibiotics. 
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ABSTRACT  

Background
The time to first antibiotic dose (TFAD) has been mentioned as important performance 
indicator in community-acquired pneumonia (CAP). However, the advice to minimize TFAD 
to 4 hours (4 h) is only based on database studies. 

Methods
We prospectively studied the effect of minimizing TFAD on early clinical outcome of 
moderate-severe CAP. On admission, patients’ medical data and TFAD were recorded. Early 
clinical failure was expressed as the proportion of patients with clinical instability, admission 
to ICU or mortality on day three. 

results
Of 166 patients included in the study, 27 patients (29.7%) with TFAD <4h had early clinical 
failure, as compared to 23 patients (37.7%) with TFAD >4 h (odds ratio [OR] 0.69; 95% 
confidence interval [CI] 0.35-1.35). In multivariate analysis, Pneumonia Severity Index (OR 
1.03; 95% CI 1.01-1.04), confusion (OR 2.63; 95% CI 1.14-6.06), Staphylococcus aureus 
infection (OR 7.26; 95% CI 1.33-39.69) and multilobar pneumonia (OR 2.40; 95% CI 1.11-
5.22), but not TFAD were independently associated with early clinical failure. 

Conclusions
Clinical parameters on admission other than TFAD predict early clinical outcome in moderate-
severe CAP. In contrast to severe CAP necessitating treatment in ICU directly, in the case of 
suspected moderate-severe CAP, there is time to establish a reliable diagnosis of CAP before 
antibiotics are administered. Therefore, implementation of TFAD dose as performance 
indicator is not desirable.
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INTRODUCTION

Quality of care measurements and performance indicators are increasingly important in 
medical practice, in particular in treatment of high prevalent diseases.1 Community-acquired 
pneumonia (CAP) is one of the leading causes of hospitalization and mortality in the western 
world and associated with high health care costs.2 Therefore, performance indicators play 
an important role in the development of pneumonia care standards. 
Current guidelines advise to minimize the time to first antibiotic dose (TFAD) in patients 
suspected of pneumonia. Moreover, the TFAD has frequently been mentioned as an 
important performance indicator in patients admitted because of pneumonia.3 The European 
guidelines’ recommendation is to initiate antibiotics within the first two hours of 
hospitalization, whereas the current Infectious Disease Society of America / American 
Thoracic Society consensus guidelines advise the first antibiotic dose to be administered 
while the patient is still in the emergency department.4,5 These recommendations are mainly 
based on two retrospective database studies demonstrating an association between 
antibiotic timing and severity adjusted outcome in pneumonia.6,7 Therefore, as the advice 
to minimize the TFAD is only based on grade C level of evidence and more recent studies 
do not support their findings, the validity of these studies has been questioned.4,8-12 
Additionally, minimizing the TFAD is associated with drawbacks as well. Adopting the TFAD 
as performance indicator may lead to prioritization of pneumonia patients over others and 
unnecessary antibiotic treatment for patients who ultimately receive another diagnosis (e.g. 
congestive heart failure), contributing to an increase in antibiotic use, side-effects, resistance 
and costs. Another concern is that patients may receive inappropriate antibiotics for 
suspected pneumonia due to time pressure.13,14 This is illustrated by a recent study which 
shows that linking TFAD within four hours (4 h) to financial compensation may result in less 
optimal care.15 

Preferably, performance indicators are based on recommendations with adequate scientific 
proof of their effectiveness, safety and efficiency.16 The need for evidence is even more 
urgent in view of today’s trend to use performance indicators as the basis for public reporting 
and plans to implement quality measures such as the TFAD in pay-for-performance 
programs.17 When adopting the TFAD as quality measure in pay-for-performance programs 
for treatment of CAP, more studies on the impact of TFAD on outcome are needed. Therefore, 
we prospectively studied the effect of the TFAD on early clinical outcome in patients 
hospitalized with moderate-severe CAP admitted to general medical and pulmonary 
wards. 
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METHODS

patients and setting
The prospective cohort of patients in this study was derived from a multicentre prospective 
randomized controlled trial on the cost-effectiveness of an early switch from parenteral to 
oral therapy for severe CAP.18 Patients were included during a three year period from July 
2000 to June 2003 in University Medical Centres and their affiliated teaching hospitals in 
the Netherlands. All adult patients (age 18 and above) admitted to the hospital because of 
CAP were eligible for inclusion. CAP was defined as at least two symptoms of acute lower 
respiratory tract infection with onset before admission and a new or progressive pulmonary 
infiltrate on a chest radiograph. Written and oral informed consent was retrieved from all 
patients included. Moderate-severe pneumonia was defined as a Pneumonia Severity Index 
score of > 90 and necessitating admission to general medical or pulmonary ward, without 
the need for immediate treatment in an intensive care unit (ICU).19,20 Antibiotic treatment 
was based on the Dutch guidelines for pneumonia management.21

Data collection and definitions
For the current study, patients were included at the time of hospital admission and were 
followed for at least three days after diagnosis. On admission, data were collected on 
demographics, comorbidity, antibiotic use prior to admission, duration of symptoms before 
admission, pneumonia severity scores, the TFAD, site of administration of first antibiotic 
dose and initial choice of antibiotics.20,22 In addition, cultures, serology and urinary antigen 
tests were performed to establish an etiological diagnosis. During follow-up, in-hospital 
clinical data were recorded. On the third day of admission, patients were evaluated for 
clinical outcome by means of clinical failure, including clinical instability, mortality and 
admission to the ICU. Clinical instability was defined as: respiratory rate >25/min, peripheral 
oxygen saturation <90%, partial pressure of arterial oxygen <60mmHg, hemodynamic 
instability or altered mental status.23 Indication for ICU admission was the need for mechanical 
ventilation or vasopressors, as determined by the treating physician.4,5 

Microbiological evaluation 
Details of the microbiological procedures have been described earlier.18 In short, sputum 
and blood samples were collected, cultured, and evaluated according to standard procedures. 
Urinary antigen tests (Binax Inc., Portland, ME, USA) were used to detect antigens of 
Legionella pneumophila and Streptococcus pneumoniae. Acute and convalescent sera were 
collected and tested for Mycoplasma pneumoniae, L. pneumophila, and Chlamydia 
pneumoniae. Pathogenic micro-organisms, cultured from blood or sputum or detected by 
urinary antigen test, or a seroconversion were considered the cause of the episode of 
pneumonia.
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Definitions of antibiotic treatment 
The TFAD is defined as time elapsed between presentation to the emergency department 
and first antibiotic administration, as recorded on the drug accountability lists kept by the 
nursing staff. Ward to needle time was defined as time elapsed between admission to the 
ward and the first antibiotic administration. Appropriate empiric antibiotic treatment was 
defined as all identified pathogens being susceptible for the antibiotics administered. In 
case no etiology was determined empiric antibiotic treatment was also considered as 
appropriate. 

Analytical approach 
Patients with antibiotic treatment prior to hospital admission were excluded from the 
analysis. To explore potential confounders, the baseline characteristics of patients who 
received antibiotics within four hours (<4 h) after admission to the hospital were compared 
to those of patients with the first antibiotic dose after 4 hours of admission (>4 h). A variation 
of >10% in baseline characteristics was estimated to be relevant. The objective of the study 
was to evaluate the influence of the TFAD on early clinical outcome. Early clinical failure was 
defined clinical instability, admission to the ICU or mortality on day three of hospitalization. 
Patients with TFAD <4 hours were compared to patients with TFAD >4 hours for differences 
in the rate of early clinical failure. In addition, the time-effect relation in TFAD and early 
clinical failure was explored. Finally, multivariable assessment of clinical parameters on 
admission predictive of clinical failure on day three of admission was performed.23 

Statistical methods 
For comparisons between subgroups of patients with continued scaled data, we used the 
Student’s t test and for skewed scaled data the Mann-Whitney U test was used. Categorical 
variables were compared using the χ2 test and by estimation of the odds ratio (OR) with 
corresponding 95% confidence intervals (CI) for the selected patients. The ideal TFAD was 
assessed by using stepwise cut-off point’s at 1-h intervals up to 8 h after admission. 
Spearman’s correlation was used to estimate a time-effect relationship between the TFAD 
and clinical failure. Multivariate logistic regression modeling was used and significant 
interactions were included in the model with a P <0.10 as threshold. Forward selection was 
performed to verify whether any previously deleted potentially relevant characteristic had 
been eliminated incorrectly from the model. All analytical procedures were performed using 
SPSS version 15.0. for windows (SPSS Inc., Chicago, IL, USA).
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RESULTS 

Baseline characteristics of the study population 
Of 200 patients admitted with moderate-severe CAP to one of the participating hospitals, 
the TFAD could be assessed appropriately. Thirty four (17%) patients had received antibiotic 
treatment prior to hospitalization and were consequently excluded for further analysis, 
leaving 166 patients for analysis. In 152 (91.6%) follow-up until third day of admission was 
accomplished (Figure 1). Ninety-five (57.2%) patients presented to the emergency department 
of the University Medical Center Utrecht, the Netherlands and 71 (42.8%) to one of its 
affiliated regional teaching hospitals. Patients admitted to one of the teaching hospitals 
received more often their first antibiotic dose in the emergency room and slightly more 
severely ill patients were admitted to the University Medical Center; however this was not 
statistically significant. The mean (±SD) Pneumonia Severity Index (PSI) score in the study 
population was 108.8 ± 24.1 and the mean age 67.2 ± 14.5 years. One hundred and seven 
(64.5%) patients had at least one comorbid illness, such as congestive heart failure, neoplasm, 
cerebrovascular disease, chronic renal failure or chronic obstructive pulmonary disease. 
Etiology could be determined in 79 (47.6%) patients. S. pneumoniae was the most frequently 
identified pathogen in 38 (22.9%) patients. Beta-lactam monotherapy was the most 
frequently instituted initial antibiotic therapy in 131 (79.4 %) patients, 30 (18.2%) patients 
received combination therapy with beta-lactam and macrolide antibiotics. In 152 (91.6%) 
patients, empiric antibiotic treatment was appropriate, of which 91 (59.9%) patients received 
appropriate antibiotics within 4 h (Table 1). 

200 patients           
moderate-severe 

community-acquired pneumonia 

166 patients 
included in analysis

152 patients 
completed study protocol

14 patients (7.0%)
lost to follow-up

34 patients (17.0%)
antibiotic use prior to 

hospitalization

Figure 1. Flowchart of patients included in the study



123TFAD and early clinical failure |

table 1. Baseline characteristics stratified by the time to first antibiotic dose (TFAD) < 4 hours of admission to the 
hospital

Variable tFAD <4 h
n =100
(60.2%)

tFAD >4 h
n =66

(39.8%)

Patient characteristics

Age, mean years  ± SD 66.7 ± 14.1 68.1 ± 15.1

Female 37 (37.0) 21 (31.8)

Pneumonia Severity Index score, mean score  ± SD 108.0 ± 21.0 110.1 ± 28.1

CURB-65 score ≥ 3 33 (33.0) 20 (30.3) 

Comorbidities

At least one comorbid illness 65 (65.0) 42 (63.6)

Congestive heart failure 14 (14.0) 4 (6.1)

Neoplasm 23 (23.0) 14 (21.2)

Cerebrovascular disease 3 (3.0) 9 (13.6)

Chronic renal disease 8 (8.0) 7 (10.6)

Chronic obstructive pulmonary disease 42 (42.0) 18 (27.3)

Clinical signs or symptoms 

Days of symptoms prior to visiting ER, median ± SD 3.3 ± 3.6 3.0 ± 4.9

Temperature, mean °C ± SD 38.6 ± 1.3 38.5 ± 1.2

Pulse, mean beats/min ± SD 106.8 ± 23.6 107.7 ± 22.2

Systolic blood pressure, mean mmHg ± SD 136.5 ± 26.0 133.5 ± 26.3

Respiration rate, mean breaths/min ± SD 26.8 ± 9.3 26.9 ± 9.2

Arterial partial oxygen pressure, mean mmHg ± SD 66.9 ± 19.2 64.3 ± 17.9

Confusion 25 (25.0) 18 (27.3)

Site of admission

University Medical Center 58 (58.0) 37 (56.1)

Initiated Antibiotics

TFAD, mean hours ± SD 2:23 ± 0:54 5:17 ± 13:3

Ward to needle time, mean  ± SD 0:30 ± 0:52 1:27 ± 8:19

Appropriate empiric antibiotic treatment 91 (91.0) 61 (92.4)

Beta-lactam antibiotics 65 (75.8) 56 (84.8)

Beta-lactam and macrolide antibiotics 20 (20.2) 10 (15.2)

Microbiological evaluation

Etiology determined* 51 (51.0) 28 (42.4)

Streptococcus pneumoniae 25 (25.0) 13 (19.7)

Staphylococcus  aureus 5 (5.0) 3 (4.5)

Haemophilus influenzae 4 (4.0) 2 (3.0)

Legionella pneumophila 6 (6.0) 1 (1.5)

Chlamydia pneumoniae 4 (4.0) 2 (3.0)

Mycoplasma pneumoniae 2 (2.0) 2 (3.0)

Other pathogens# 9 (9.0) 7 (10.6)

Data are n (%) of patients unless otherwise indicated. 
*In 6 (3.5%) patients multiple pathogens were identified. 
# Other pathogens include: gram negative enteric species (n=9, 5.4%), Pseudomonas aeruginosa (n=1, 
0.6%),Klebsiella pneumonia (n=1, 0.6%); Moraxella catarrhalis (n= 4, 2.4%)
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time to fist antibiotic dose and “4 hour rule” 
Overall, median TFAD was 3 h 12 min. In 100 patients (60.2 %) TFAD was <4 h (median 2 h 
23 min; range 0 h 25 min-3 h 46 min) and in 66 (39.8 %) patients >4 h (median 5 h 17 min; 
range 4 h 00 min-73 h 15 min). The mean ward to needle time was 0 h 30 min ± 0 h 52 min 
in patients with first antibiotic dose < 4 h and 1 h 27 min ± 8 h 19 min in patients with delayed 
antibiotic administration (P <0.01). No important differences in patients’ characteristics, 
pneumonia severity scores, clinical signs, symptoms or causative pathogens were observed 
between both groups (Table 1). Importantly, no relevant difference in duration of symptoms 
before hospital admission or appropriateness of initiated antibiotics in patients with or 
without TFAD <4 h could be identified. However, a baseline difference in the prevalence of 
cerebrovascular disease and chronic obstructive pulmonary disease (COPD) was identified 
(Table 1). Patients with chronic obstructive pulmonary disease as comorbid illness had 
significantly more often early antibiotic administration (43.0 % vs. 27.3%), whereas patients 
with cerebrovascular disease had more often delayed administration of first antibiotic dose 
(13.6% vs. 3.0%). 

the effect of the tFAD on early clinical outcome
Of the 152 patients followed until day three of hospitalization, the TFAD was <4 h in 91 
(59.9%) patients and the TFAD was >4 h in 61 (40.1%) patients. Twenty four patients (26.4%) 
with early antibiotic administration had clinical instability on day 3, as compared to 22 
(36.1%) patients with the TFAD >4 h. This was not statistically significant (OR 0.65; 95% CI 
0.32-1.31; P =0.22). There was also no significant difference in rates of early clinical failure 
for patients with TFAD <4 h and patients with TFAD >4 h (OR 0.69; 95% CI 0.35-1.35; P =0.28) 

Figure 2. The effect of time to first antibiotic dose (TFAD) on early clinical outcome of moderate-severe community-
acquired pneumonia
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(Table 2). Figure 2 shows the influence of minimizing the TFAD on early clinical outcome 
evaluated by stepwisely increasing the TFAD with 1-h intervals up to 8 h after admission. 
Rates for early clinical failure did not increase substantially by increasing the TFAD stepwisely 
up to 8 h. Furthermore, no time-effect relation was observed between the TFAD and early 
clinical failure (Spearman’s correlation 0.12; P =0.13).

Factors predictive of early clinical failure
In univariate and multivariate analysis, we explored parameters on admission predictive for 
early clinical failure in moderate-severe CAP. The TFAD was not independently associated 
with early clinical failure. However the PSI score on admission (OR 1.03; 95% CI 1.01-1.04), 
confusion on admission (OR 2.63; 95% CI 1.14-6.06), S. aureus infection (OR 7.26; 95% CI 
1.33-39.69) and multilobar pneumonia (OR 2.40; 95% CI 1.11-5.22) were independently 
predictive for a less favorable clinical outcome on day three of hospitalization (P ≤0.03) 
(Table 3). As mentioned before, patients with COPD as a comorbidity had more often earlier 
antibiotics administrated, while patients with cerebrovascular disease had more often 
delayed antibiotic administration (Table 1). Nevertheless, comorbidity as COPD and 
cerebrovascular disease are not independently associated with early clinical failure and, 
therefore, are ruled out as potential confounders (Table 3). 

table 2. The effect of the TFAD within 4 hours on early clinical outcomes 

tFAD <4 h tFAD >4 h Or (95% CI) P

Clinical instability 24 (26.4) 22 (36.1) 0.65 (0.32-1.31) 0.22

ICU admission 3 (3.3) 0 (0.0)  2.04 (0.21-20.05)* 0.16

Mortality 1 (1.1) 1 (1.6) 0.65 (0.04-10.68) 0.77

Early clinical failure 27 (29.7) 23 (37.7) 0.69 (0.35-1.35) 0.28

Data are n (%) of patients.
* To estimate odds ratio mortality in group >4h is set 1.

table 3. Multivariate analysis for early clinical failure

Or (95% CI) P 

Confusion 2.63 (1.14-6.06) 0.02

Staphylococcus aureus infection 7.26 (1.33-39.69) 0.02

Multilobar pneumonia 2.40 (1.11-5.22) 0.03

Pneumonia Severity Index score 1.03 (1.01-1.04) 0.008

Parameters investigated in the  univariate analysis and multivariate analysis with entry criteria P <0.1:  patient 
characteristics (age, gender, comorbid illnesses), Pneumonia Severity Index score, symptoms and signs of 
pneumonia  (cough, sputum production, sore throat, dyspnea, chest pain, hemoptoe, confusion, blood pressure, 
respiratory rate, pulse, oxygen saturation), laboratory data (hematocrit, glucose, urea, arterial blood gas analysis), 
pneumonia etiology (Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus influenzae, Chlamydia 
pneumoniae, Legionella pneumophila, Mycoplasma pneumoniae, multiple pathogens), number of pulmonary 
lobes involved, appropriateness of initiated antibiotics, site of admission and TFAD (> 4 h).
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DISCUSSION

We demonstrated that TFAD within four hours was not predictive for early clinical failure in 
moderate-severe CAP. Additionally, the effect of postponing the administration of antibiotics 
up to 8 h after admission was not associated with an effect on the early clinical outcome. 
Furthermore, no time-effect relation was observed between the TFAD and early clinical 
failure. Therefore, this report suggests that earlier antibiotic administration has no 
demonstrable beneficial effect on early achievement of clinical stability or cure in patients 
admitted with moderate-severe CAP to general medical or pulmonary wards. 
Our study differs from previous studies in several important aspects. The strengths of this 
study were the prospective data collection in a multicentre setting and the strict patient 
selection; only patients with moderate-severe CAP primarily treated in general wards were 
included. Two large retrospective database studies reported the TFAD as an important 
predictor for mortality in patients with CAP. Meehan et al. demonstrated that an antibiotic 
delivery time less than 8 h hours was associated with a 15% lower odds of 30 day mortality 
(95% CI 075-0.96).6 In addition, Houck et al. described that antibiotic treatment within 4 h 
was associated with decreased mortality and length of hospital stay.7 These results have led 
to implementation of minimizing the TFAD as recommendation in guidelines on CAP. Yet, 
the major weakness of these studies was the retrospective study design. Moreover, correction 
for pre-hospital parameters such as antibiotic use and duration of symptoms before hospital 
admission was not performed, so heterogeneity in the study population could have led to 
a confounding effect.10 Likewise, Battleman et al. examined the TFAD in patients hospitalized 
with pneumonia and concluded that timely antibiotic administration was associated with a 
shorter length of hospital stay,24 while several other studies could not identify early antibiotic 
administration as independent predictor for diminished mortality.9,10,12,15,25-27

The influence of timely antibiotic administration on early clinical failure has been studied 
twice before.10,11 Findings of these reports are in agreement with our results; the TFAD does 
not influence the rate of clinical failure. In contrast to our study, these studies included 
patients with mild CAP as well. However, in a heterogeneous study population of patients 
with mild to severe pneumonia the effect of minimizing the TFAD on clinical stability may 
be underestimated, since patients with more severe pneumonia often receive priority in 
treatment in the emergency room.6,10 For purpose of the current study we excluded patients 
with severe CAP directly admitted to ICU, minimizing the potential confounding effect of 
early antibiotic administration in the most critically ill patients. Moreover, the debate on 
minimizing TFAD with associated drawbacks is particularly applicable to large groups of 
patients admitted with moderate-severe CAP to general wards instead of the few admitted 
to ICU directly. 
In addition, timing of antibiotic administration is influenced by difficulty of diagnosis. In line 
with other studies, patients in our cohort with cerebrovascular disease often receive their 
antibiotics later, whereas patients with COPD receive antibiotics earlier.12 Partly, this can be 
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explained by the difficulty to diagnose a respiratory tract infection in the first group of 
patients.  
These issues raised illustrate the complexity in studying the predictive value of the TFAD on 
outcome in patients hospitalized with CAP. Efforts to promote early administration of 
appropriate antibiotics in patients hospitalized with CAP make good clinical sense. However, 
our results and previous studies emphasize the difficulty in demonstrating the attributable 
impact of these procedures on clinical outcome. It may be inappropriate to expect hospitals 
to deliver antibiotics to all patients suspected of pneumonia within four hours of presentation. 
This approach would lead to administration of antibiotics to many patients in whom the 
diagnosis of pneumonia is still in doubt, leading to an increasing rate of inappropriate 
antibiotic use, antibiotic resistance, antibiotic-related side-effects and an decrease in the 
yield of subsequently required diagnostic tests.28 Furthermore, although some patients may 
benefit of early administration of antibiotics, there is a risk to other patients who are treated 
concurrently and may not receive the same priority as patients with suspected 
pneumonia.13,14 
Some limitations of the current study must be acknowledged. Certainly, the study population 
is much smaller than population included in the large database studies. Although the 
accuracy of diagnosis in prospective study is very high as compared to the coding database 
studies. As a valid diagnosis of CAP is crucial for studies on this topic, it is probably better 
to rely on results of several smaller prospective studies together than on a single large 
database study. Owing to the fact that the current study was part of a therapeutic trial in 
severe CAP with an intervention on the third day, results on long-term outcome would 
probably not be reliable and are, therefore, not presented. We are aware that absence of 
early deterioration does not necessarily imply a favorable long-term outcome. However, 
early clinical outcome is an appropriate outcome measure for evaluating therapeutic 
strategies initiated on admission.29 Obviously, a randomized controlled trial is the ideal study 
design to study the impact of minimizing TFAD. Though, intentionally delaying antibiotic 
therapy in pneumonia would be unethical. 
Nevertheless, there must be a basis of recommendations with adequate scientific proof of 
their evidence, safety, and feasibility to develop performance indicators.16 Particularly, 
because the introduction of performance indicators may have a large impact on clinical 
practice. Studies reported that antibiotic administration within four hours in the emergency 
department was often not feasible due to crowding.30 In our opinion, at this moment, there 
seems not to be sufficient evidence in the published literature to justify implementation of 
the TFAD as performance indicator and penalize hospitals for not being in compliance with 
current guidelines on this behalf. To improve care in the treatment of pneumonia, it is 
probably better to focus on interventions based on established evidence, such as the 
correction of hypotension in septic shock or timely oxygen administration.31,32 These 
interventions seem to be better targets for performance indicators than minimizing TFAD. 
Furthermore, since CAP can be difficult to diagnose due to the wide variety of clinical 
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symptoms and differential diagnoses, future research needs to focus on development and 
implementation of adequate diagnostic algorithms to rapidly discriminate CAP form other 
clinical syndromes. A more rapid and reliable diagnosis of CAP may lead to antibiotics 
administration early in the course of disease without increasing unnecessary antibiotic use 
as enhanced by implementation of minimizing TFAD as a performance indicator. 
In conclusion, clinical parameters on admission other than the TFAD predict early clinical 
outcome in patients with moderate-severe CAP admitted to general wards. In contrast to 
severe CAP necessitating treatment in the ICU directly, in case of suspected moderate-severe 
CAP, one can take time to establish a reliable diagnosis before the administration of 
antibiotics. Therefore, implementation of the TFAD as a performance indicator may not be 
desirable.
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ABSTRACT 

Background
Timing of follow-up chest radiographs in patients with severe community-acquired 
pneumonia (CAP) is difficult, because little is known about the time to resolution of chest 
radiograph abnormalities and its correlation with clinical findings. To provide recommendations 
for short-term, in hospital chest radiograph follow-up, we studied the rate of resolution of 
chest radiographic findings in relation to clinical cure, evaluated predictors for delayed 
resolution and determined the influence of deterioration of radiographic findings during 
follow-up on prognosis.

Methods
A total of 288 patients, who were hospitalized because of severe CAP were followed for 28 
days in a prospective multicenter study. Clinical data and scores for clinical improvement at 
day 7 and clinical cure at day 28 were obtained. Chest radiographs were obtained at hospital 
admission and at days 7 and 28. Resolution and deterioration of chest radiograph findings 
were determined. 

results
At day 7, 57 (25%) of the patients had resolution of chest radiograph abnormalities, whereas 
127 (56%) had clinical improvement (mean difference 31%; 95% confidence interval [CI] 
25%-37%). At day 28, 103 (53%) of the patients had resolution of chest radiograph 
abnormalities and 152 (78%) had clinical cure (mean difference 25%; 95% CI 19%-31%). 
Delayed radiograph resolution of radiograph abnormalities was independently associated 
with multilobar disease (odds ratio [OR] 2.87; P ≤0.01); dullness to percussion at physical 
examination (OR 6.94; P ≤0.01); high C-reactive protein level, defined as >200mg/l (OR 4.24; 
P ≤0.001); and high respiratory rate at admission, defined as >25/min (OR 2.42; P ≤0.03). 
There were no significant differences in outcome at day 28 between patients with or without 
deterioration of chest radiograph findings during the follow-up period. (P ≤0.09). 

Conclusions
Routine short-term follow-up chest radiographs (obtained < 28 days after hospital admission) 
of hospitalized patients with severe CAP seem to provide no additional clinical value. 
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INTRODUCTION

Community-acquired pneumonia (CAP) is one of the most common infectious diseases 
worldwide. Despite advances in diagnosis and treatment, pulmonary infections remain a 
major cause of morbidity and mortality in adult patients.1,2 In Europe, mortality varies from 
10 to 40 cases per 100,000 population per year.3 Chest radiography is an important initial 
step in confirming or excluding a diagnosis of pneumonia in patients with suspected of 
pulmonary infection. It is also commonly used during follow-up once pneumonia has been 
diagnosed, although little is known regarding the correlation of time to the resolution of 
chest radiograph abnormalities with clinical findings. In our University Medical Center 
(University Medical Center Utrecht, Utrecht, The Netherlands), for example, chest radiographs 
were obtained, on average, every third during CAP-related hospitalizations. Surprisingly, 
despite their frequent use, the clinical value of routine follow-up chest radiographs in 
patients with CAP has not been clearly established, and in routine clinical practice, chest 
radiographs are probably often used to confirm clinical cure of uncomplicated pneumonia.4,5 

Major clinical guidelines do not provide unequivocal recommendations regarding the use 
of chest radiographs in the short-term follow-up of hospitalized patients.6-11 The Infectious 
Diseases Society of America advices the use of in-hospital chest radiographs only to 
determine reasons for treatment failure7, whereas the American Thoracic Society, in their 
1993 guideline, recommended obtaining chest radiographs for all hospitalized patients prior 
to discharge from the hospital.8 However, the most recent ATS guideline no longer supports 
this recommendation.9 The most recent Infectious Diseases Society of America and American 
Thoracic Society consensus guideline does not address this subject.11 Furthermore, earlier 
clinical studies performed to evaluate the use of chest radiographs in CAP have used 
inaccurate definitions of clearance, lacked microbiological confirmation, or included a small 
or heterogeneous group of patients.12-17  As a consequence, recommendations provided by 
current clinical guidelines are only based on grade D recommendations. To further investigate 
the clinical value of routine follow-up chest radiographs within the first month after diagnosis 
of CAP in immunocompetent hospitalized adult patients, we studied the time to resolution 
of pulmonary infiltrates and other chest radiograph abnormalities caused by infection, 
compared with resolution of clinical parameters, and assessed factors associated with 
delayed resolution of radiographic abnormalities. 

METHODS

Setting and study population
The data used in this study were derived from a multi-center, prospective randomized trial 
on the cost-effectiveness of an early switch from parenteral to oral therapy for severe CAP.18,19 
Severe CAP was defined as a Pneumonia Severity Index (PSI) score of > 90 or according to 
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the American Thoracic Society definition.9,19 Adult patients (age ≥ 18 years) who were 
admitted to the hospital because of CAP were eligible for inclusion.18,19

Data collection 
At hospital admission, demographic data and clinical signs and symptoms were recorded. 
Routine laboratory tests, arterial blood gas analysis and a chest radiograph were obtained 
and the PSI score was calculated for each individual patient.19 Antibiotic treatment was based 
on the Dutch guidelines for CAP management.10 Patients were observed for a maximum of 
28 days. During the in-hospital follow-up period, clinical data were recorded. Patients who 
were still hospitalized on day 7 had a follow-up chest radiograph performed. After discharge 
from the hospital, all patients were asked to return to the outpatient clinic for clinical 
evaluation, blood chemistry analysis, and a chest radiograph at day 28. Scores for clinical 
improvement on day 7 and for clinical cure on 28 were calculated for each patient.20,21

Microbiological analysis
Details of the microbiological analyses are described elsewhere.18 In short, sputum and blood 
samples were collected, cultured, and evaluated according to standard procedures. 
Microorganisms cultured from blood or sputum samples were recorded. In addition, NOW 
tests (Binax Inc., Portland, ME, USA) were used to detect urinary antigens for Legionella 
pneumophila and Streptococcus pneumoniae. Acute- and convalescent-phase serum samples 
were collected and tested for Mycoplasma pneumoniae, L. pneumophila and Chlamydia 
pneumoniae. Any non-contaminating microorganism detected by culture, serum test or 
urinary antigen test was considered to be a cause for the episode of pneumonia.    

Interpretation of radiographs
The radiologists on call, who had been provided with information on the patient’s clinical 
condition, evaluated the chest radiographs. Standard radiographic criteria were used for 
evaluation.22,23 Chest radiographs were reviewed for the presence of pulmonary infiltrates, 
pleural fluid, atelectasis, pulmonary edema and other findings. The findings were recorded 
in standard case-record forms by members of the study-team. During follow up, clearance 
of pulmonary infiltrates (defined as the absence of any radiographic sign of consolidation), 
and resolution of chest radiograph abnormalities (defined as the absence of any chest 
radiographic abnormality potentially related to infection, such as infiltrates, atelectasis or 
pleural fluid) were established. Furthermore, chest radiographs were evaluated for chest 
radiographic deterioration of chest radiograph findings, which was defined as a new abnormal 
finding or an increase in pulmonary infiltrates, pleural fluid or atelectasis during follow-up.

Outcome measures
Primary objectives of the study included the evaluation of the time to resolution and factors 
associated with delayed resolution of chest radiograph abnormalities. Time to resolution of 
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chest radiograph abnormalities was estimated based on the basis of the proportion of 
patients who had radiographic evidence of infection (i.e., infiltrates, pleural fluid, or 
atelectasis) at day 0, day 7, and day 28, respectively. Subgroup analysis was performed for 
patients with proven pneumococcal pneumonia. Factors associated with delayed resolution 
of radiographic findings were assessed in univariate and multivariate analysis, which included 
patient characteristics, symptoms, initial radiographic abnormalities, laboratory data and 
microbial etiology. Furthermore, resolution of radiographic abnormalities at day 7 and day 
28 was compared with clinical improvement at day 7 (defined as a respiratory rate <25 
breaths/min; oxygen saturation >90%, as measured by pulse oximetry; partial pressure of 
oxygen in arterial blood  >60 mmHg; hemodynamic stability; and no acute alteration in the 
mental state of the patient20) and with clinical cure at day 28 (defined as hospital discharge 
in good health, without signs and symptoms of pneumonia, and the absence of complications 
or clinical deterioration, including the need for mechanical ventilation, readministration of 
intravenous antibiotics after a switch to oral therapy, readmission for pulmonary infection 
after hospital discharge or an increase in body temperature after initial improvement during 
the follow-up period).20,21 Clinical failure was defined as no clinical improvement or cure. 
Finally, the influence of deterioration of chest radiograph findings on outcome (i.e., clinical 
failure, mortality, PSI score, and interventions) for patients with and patients without 
deterioration of chest radiograph findings was studied.

Statistical methods and analytical approach
Statistical analysis was performed using SPSS for windows, version 12.0 (SPSS Inc., Chicago, 
IL, USA). For comparisons between subgroups of patients with continuous scaled data the 
Student’s t test was used. Categorical variables were compared using the χ2 or Fisher’s exact 
test.  All analyses used 2-tailed significance level of P <0.05. Univariate assessment of the 
association of each parameter and resolution of chest radiographic abnormalities on day 7 
and day 28 was performed by estimation of the odds ratios (OR) and corresponding 95% 
confidence intervals (CI) for the selected patients. Multivariate logistic regression modeling 
with P <0.10 as criterion for entry was applied to select those variables that were associated 
with resolution of radiographic abnormalities. Forward selection was also performed to verify 
whether any previously deleted potentially relevant characteristic had been eliminated 
incorrectly from the model. The reliability of the multivariate logistic regression model was 
determined by the Hosmer-Lemeshow goodness-of-fit statistics.24 The area under the receiver 
operator characteristic curve (AUC) was used to assess the model’s discriminative ability. The 
AUC represents the probability that the logistic regression model will assign a higher probability 
of the outcome to a randomly chosen patient with an outcome than to a randomly chosen 
patient without an outcome. An AUC estimate of 0.5 indicates no discrimination, whereas an 
AUC estimate of 1.0 indicates perfect discrimination. Models with AUC values between 0.70 
and 0.79 are generally considered to have moderate discriminative properties; those with AUC 
values >0.80 are generally considered to have good discriminative properties.
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 RESULTS 

Study population
From July 2000 through June 2003, 302 patients with severe CAP were enrolled in the study. 
Fourteen patients were excluded from analysis. In 10 patients, a condition other than CAP 
was eventually diagnosed and 4 patients had interstitial pneumonia. Chest radiographs were 
obtained for 227 (78.8%) patients on day 7 and for 195 (67.7%) patients on day 28. In 
addition, for 52 (18.1%) of the patients, chest radiographs were only obtained on day 7 and 
not on day 28; in 20 (6.9%) patients, chest radiographs were only obtained on day 28 and 
were not obtained on day 7 (Figure 1). Compared with the study patients, the 93 (32.3%) 
patients for whom no chest radiograph was obtained on day 7 or on day 28, had higher PSI 
scores. (mean PSI score, 117 vs. 111; mean difference 5.9; P =0.07), were significantly older 
(mean age, 74 years vs. 68 years; mean difference 6.1; P <0.001), and experienced heart 
failure more often (heart failure rate, 18.2% vs. 8.7%; OR 2.3; P =0.02). Study patients had 
a mean age (±SD) of 69.7 ± 13. 9 years, 154 patients (53.5%) had at least 1 comorbid illness 
and 248 patients (86.1%) had a PSI score of > 90. Causative pathogens could be identified 
for 140 patients (48.6%). The microbial etiology was S. pneumoniae in 62 (21.5%) of the 

302 patients
severe CAP

288 patients
severe CAP

14 patients excluded
• 10 other diagnoses
• 4 interstitial pneumonia

Clinical follow-up  
day 0-28 

Radiological follow-up
days 0,7-28

227 patients
Chest ragiograph day 7

195 patients
Chest radiograph day 28

16 patients
chest radiograph not retrieved

93 patients
chest radiograph not retrieved

Figure 1. Flow chart of patients with community-acquired pneumonia (CAP) and chest radiographs throughout the 
study.
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table 1. Descriptive characteristics of study patients with community-acquired pneumonia

Variable patients
(n =288)

Age, mean years ± SD (range) 69.7 ± 13.9 (20-95)

Female 98 (34.0)

Pneumonia Severity Index, mean score ± SD (range) 112.8 ± 39,2 (33-217)

Pneumonia Severity Index score >90 248 (86.1)

Comorbidity 154 (53.5)

Chronic heart failure 34 (11.8)

Neoplasm 65 (22.6)

Cerebrovascular disease 25 (8.7)

Renal disease 27 (9.4)

Death 20 (6.9)

Clinical feature

Dyspnea 248 (86.1)

Chest pain 88 (30.6)

Productive cough 177 (61.5)

Hemoptysis 33 (11.5)

Temperature, mean °C ± SD (range) 38.5 ± 1.23 (5.2-41.4)

Respiratory rate, mean beaths/min ± SD (range) 26.6 ± 8.7 (10.0-52.0)

Physical examination finding

Crackles 151 (52.4)

Rales 120 (41.7)

Friction rub 11 (3.8)

Dullness to percussion 45 (15.6)

Laboratory finding

C-reactive protein, mean mg/L ± SD (range) 205  ± 152.2 (0-724)

White blood cell count, mean 1 X 109 cells/L ± SD (range) 16.5 ± 9.2 (1.8-76.0)

Microbial findings

Streptoccus pneumoniae* 62 (21.5)

S. pneumoniae proved by sputum culture 19

S. pneumoniae proved by blood culture 29

S. pneumoniae proved by antigen test 27

Atypical pathogens 28 (9.7)

Chlamydia pneumoniae 12 (4.2)

Mycoplasma pneumoniae 7 (2.4)

Legionella pneumophila 9 (3.1)

Other pathogen# 50 (17.4)

Unknown etiology 148 (51.4)

Multiple pathogens 11 (3.8)

Data are n (%) of patients unless otherwise indicated. 
* In some cases the S. pneumoniae infection was identified by multiple tests.
# Other pathogen include: gram-negative enteric species (n=19, 6.3%), Haemophilus influenzea (n=9, 3.1%), 
Stafyloccus aureus (n= 9, 3,1%), Pseudomonas aeruginosa (n=2, 0,7%), Klebsiella pneumonia (n=4, 1,4%), Moraxella 
catarrhalis (n= 5, 1,7%), and other (n=2, 0,7%).
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patients and an atypical pathogen in 28 (9.7%). In 50 (17.4%) of the patients, another 
causative microorganism was found (Table 1). Beta-lactam monotherapy was the most 
frequently instituted initial antibiotic therapy, administered to 237 (82.3%) of the patients; 
41 (14.2%) of the patients received combination therapy with a beta-lactam and/or a 
macrolide, and beta-lactam and fluoroquinolone combination therapy was initiated in 3 
(1.4%) of the patients. 

time to resolution of chest radiograph abnormalities and factors associated with delay
At day 7, 75 patients (33.0%) had clearance of pulmonary infiltrates, and only 57 (25.1%) 
demonstrated resolution of chest radiograph abnormalities. At day 28, 121 patients (62.1%) 
had clearance of infiltrates, and 103 (52.8%) had resolution of chest radiograph abnormalities. 
Resolution of chest radiograph abnormalities was significantly slower for patients with 
proven pneumococcal pneumonia; at day 28, 37.3% had experienced resolution (OR 1.88; 
P =0.01). When clinical improvement was compared with resolution of chest radiograph 
abnormalities, improvement in chest radiograph abnormalities lagged behind improvement 
in clinical condition. At day 7, clinical improvement was observed in 127 patients (55.9%) 
whereas resolution of chest radiograph abnormalities was only seen in 57 (25.1%). At day 
28, clinical cure was observed in 152 patients (77.9%) and resolution of chest radiograph 
abnormalities was seen in 103 (52.8%) (Tables 2a, b & c).  
In univariate analysis, serum urea nitrogen levels >10 μmol/L (OR 2.18; P ≤0.005), C-reactive 
protein levels >200 mg/L (OR 1.52-2.16; P ≤0.002) and multilobar infiltrates (OR 1.92-2.26; 

Figure 2. Receiver operating characteristic curve of clinical parameters at hospital admission for delayed radiograph 
resolution during follow-up. Area under the receiver operating characteristic curve, 0.71 (95% CI, 0.63–0.79).
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table 2a. Patterns of resolution of radiograph abnormalities among patients with severe community-acquired 
pneumonia

Day No. 
of pts

Cumulative
dropout 

rate*

Chest radiograph finding

Normal Infiltrates Multilobar
infiltrates

Atelectasis pleural fluid

0 288 0/288 
(0)

0/288 
(0%)

288/288 
(100 %)

97/288 
(33.7%)

18/288 
(6.3%)

50/288 
(17.4%)

7 227 61/288 
(21.2)

57/227 
(25.1%)

152/227 
(67.0%)

51/227 
(22.5%)

12/195 
(5.3%)

66/227 
(29.1%)

28 195 93/288 
(32.3)

103/93 
(52.8%)

74/195 
(37.9%)

22/195 
(11.3%)

13/195 
(6.7%)

25/195 
(12.8%)

Data are n (%) of patients.
*Cumulative dropout reflects the no. of patients who died during the acute phase of illness or were lost to follow 
up during the study.

table 2b.  Patterns of resolution of radiographic abnormalities among patients from whom Streptococcus pneumonia 
was isolated

Day No. 
of pts

Cumulative
dropout 

rate*

Chest radiograph finding

Normal Infiltrates Multilobar
infiltrates

Atelectasis pleural fluid

0 62 0/62
(0.0%)

0/62 
(0%)

62/62 
(100%)

28/62 
(45.2%)

7/62 
(11.3%)

11/62 
(17.7%)

7 55 7/55 
(12.7%)

10/55 
(18.2%)

38/55 
(69.1%)

14/55 
(25.5%)

3/55 
(5.5%)

23/55 
(41.8%)

28 51 13/51 
(26.5%)

19/51 
(37.3%)

28/51 
(54.9%)

10/51 
(19.6%)

4/51 
(7.8%)

7/51
(13.7%)

Data are n (%) of patients.
*Cumulative dropout reflects the no. of patients who died during the acute phase of illness or were lost to follow 
up during the study. 

table 2c. Resolution of chest radiograph abnormalities in patients with infection due to microbial pathogens, 
compared with clinical improvement and/or cure

Day resolution of chest radiograph abnormalities, by pathogen Overall clinical
improvement and/or 

cure

All Streptococcus 
pneumoniae

Atypical
pathogens*

7 57/227 (25.1%) 10/55 (18.2%) 4/24 (16.7%) 127/227 (55.9%)

28 103/195 (52.8%) 19/51 (37.3%) 11/24 (45.8%) 152/195 (77.9%)

Data are n (%) of patients.
*Including Mycoplasma pneumoniae, Legionella pneumophila and Chlamydia pneumoniae.
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P ≤0.04) were associated with a delayed clearance of pulmonary infiltrates and resolution 
of chest radiograph abnormalities at both day 7 and day 28. Dullness to percussion at hospital 
admission was associated with a delayed resolution of chest radiograph abnormalities at 
day 7 (OR 4.13; P =0.02) (Table 3). 
Age and comorbidity were not significantly associated with delayed resolution of chest 
radiograph abnormalities. In multivariate analysis, multilobar pneumonia (OR 2.87; P =0.01), 
dullness to percussion (OR 6.94; P =0.01), respiratory rate >25 breaths/min (OR 2.42; 
P =0.03) and C-reactive protein level >200 mg/L (OR 4.24; P =0.001) at admission were 
independently associated with delayed resolution of chest radiograph abnormalities at day 
7 (Table 4).  Figure 2 displays the discriminative ability of these predictors for delayed chest 
radiograph clearance on day 7 (AUC 0.71; 95% CI -0.63 to 0.73). Remarkably, neither 
preexisting chest radiograph abnormalities, nor clinical failure, nor inaccurate antibiotic 
therapy were predictive for delayed clearance of infiltrates or chest radiograph abnormalities 
at day 7 or at day 28.
Eighty-two patients (28.5%) had deterioration of chest radiograph findings during follow-up. 

table 3. Univariate analysis for delayed resolution of chest radiograph abnormalities

Hospital day, parameter Or  (95% CI) P

Day 7

Friction rub 5.28* 0.08

Dullness to percussion 4.13 (1.21-14.05) 0.02

Respiration pain 1.96 (1.05-3.66) 0.03

Pleural fluid 2.70 (1.00-7.26) 0.04

Multilobar infiltrates  2.26 (1.12-4,60) 0.02

C-reactive protein level >200 mg/L 2.16 (1.30-3.57) 0.002

Blood urea nitrogen level >10 mol/L 2.18 (1.22-3.88) 0.005

Day 28

Pneumonia Severity Index score 10.08 (2.87-17.28)# 0.006

Streptococcus pneumoniae infection 1.88 (1.15-3.09) 0.01

Multilobar infiltrates 1.92 (1.03-3.55) 0.04

Partial pressure of carbon dioxide < 30 mmHg 1.46 (1.01-2.10) 0.03

C-reactive protein level >200 mg/L 1.52 (1.15-2.00) 0.002

Blood urea nitrogen level >10 mol/L 2.18 (1.13-2.14) 0.003

Parameters investigated in univariate analysis included patient characteristics (age, sex, comorbid illnesses, and 
pre-existing chest radiograph abnormalities), clinical scores (Pneumonia Severity Index, APACHE II, and CURB-65 
score), symptoms and signs (cough, sputum production, sore throat, dyspnea, chest pain, hemoptoe, confusion, 
blood pressure, respiratory rate, pulse, oxygen need, crackles, rhonchi, friction rub, and percussion dullness), 
laboratory data (C-reactive protein level, WBC count, urea, and arterial blood gas analysis), radiograph findings at 
admission (pleural fluid,  atelectasis, pulmonary edema, and multilobar pneumonia), pneumonia etiology (S. 
pneumoniae, Haemophilus influenzae, Chlamydia pneumoniae, Legionella pneumophila, atypical pathogens, 
multiple pathogens, and pathogens of unknown etiology), clinical failure at day 7 and day 28, and inaccurate 
antibiotic treatment.
* Likelihood ratio is displayed.
# Mean difference is displayed.
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Deterioration of infiltrates was seen in 28 patients (9.7%), development of pleural fluid in 
51 patients (17.7%), and development of atelectasis was 20 patients (6.9%). For patients 
with deterioration of chest radiograph findings, there were no significant differences in 
clinical failure, PSI score, mortality, or interventions (P >0.09), as compared to patients who 
did not have deterioration of chest radiograph findings (Table 5). 

table 4. Multivariate analysis for delayed resolution of chest radiograph abnormalities

Hospital day, parameter Or (95% CI) P

Day  7

Dullness to percussion 6.94 (1.52-32.26) 0.01

Multilobar infiltrates 2.87 (1.29-6.37) 0.01

Respiratory rate >25 beats/min* 2.42 (1.08-5.45) 0.03

C-reactive protein level >200 mg/L 4.24 (1.83-9.80) 0.001

Day 28

 C-reactive protein level >200 mg/L 3.38 (1.67-6.85) 0.001

P <0.10 in univariate analysis were  included in multivariate logistic regression analysis.
* Determined with mean (± SD) oxygen supply of 1.1 ± 1.9L (range 0.0-9.9L). 

 table 5. Clinical outcome and deterioration of chest radiograph abnormalities 

Variable Deterioration of chest radiograph
abnormalities

Or (95% CI) P

Factor present
n =82 (28.0)

Factor absent
n  =206 (70.1)

Clinical improved at day 7 44/82 (53.7) 128/206 (62.1) 1.42 (0.85-2.38) 0.19

Clinical cure at day 28 62.82 (75.6) 150/206 (72.8) 0.86 (0.47-1.56) 0.63

PSI score at day 7, 
mean value ± SD

87.7 ± 25.0 84.0 ± 24.3 3.75 (-3.13 to 10.62) 0.29

PSI score at day 28, 
mean value ± SD 

84.1± 25.6 77.5 ± 25.2 6.52 (-0.98 to 14.02) 0.09

Death 5/82 (6.1) 15/206 (7.4) 0.86 (0.40-1.89) 0.71

Pleuracentesis 5/82 (6.1) 12/206 (6.0) 1.05 (0.36-3.08) 0.93

Bronchoscopy 3/82 (3.7) 13/206 (6.4) 0.56 (0.16-2.02) 0.37
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DISCUSSION

Resolution of chest radiograph findings associated with CAP in immunocompetent, 
hospitalized patients occurred in approximately one-quarter of patients at day 7 and in 
approximately one-half of the patients at day 28. Patients with pneumococcal pneumonia 
showed significantly slower resolution. Clinical parameters, such as dullness to percussion, 
multilobar disease, high respiratory rate, and high C-reactive protein level, were independent 
predictors for chest radiograph findings at day 7, whereas a high C-reactive protein level at 
admission was also a predictor for delayed resolution of chest radiograph abnormalities at 
day 28. Persistence of chest radiograph abnormalities was not correlated with inadequate 
antibiotic treatment or delayed clinical cure. In addition, no significant differences in outcome 
were observed in patients with or patients without deterioration of chest radiograph 
abnormalities during follow-up. Furthermore, the number of interventions in patients with 
deterioration of chest radiograph findings was comparable to the number of interventions 
in other patients, suggesting that physician’s decisions were not solely on the basis of chest 
radiograph findings. Routine follow-up chest radiographs, therefore, do not seem to be 
appropriate for patients that respond to initial therapy. 
Our study differs from previous studies in several important aspects. The strengths of this 
study were that it involved prospective data collection in a multi-centre setting, that a 
relatively large number of patients were included in the study, and that strict criteria were 
used for inclusion. To date, to our knowledge, no studies have analyzed resolution of chest 
radiograph abnormalities in such a large group of hospitalized patients. Only a few studies, 
conducted in the last 50 years, have addressed the resolution of chest radiograph 
abnormalities in patients with CAP. Direct comparison of these studies is difficult because 
of heterogeneous composition of study populations. In the 1950’s, 2 studies reported rates 
of complete resolution of chest radiograph abnormalities of 83%-87% by four weeks.12,13 
Major weaknesses of these studies were the inaccuracy of the definition of clearance and 
the inclusion of only relatively young patients (70% of patients were <50 years).
Jay et al.14 showed that 12.5% of hospitalized patients with bacteremic pneumococcal 
pneumonia had complete resolution at 2 weeks and 41.4% had resolution at 4 weeks. Other 
studies reported that resolution of chest radiograph abnormalities was fastest in patients 
with pneumonia due to M. pneumoniae, followed by patients with pneumonia due to 
Chlamydophila psittaci and patients with pneumonia due to S. pneumoniae.17,25 These results 
are in line with the rate of resolution in patients with pneumococcal pneumonia in our 
study. 
Mittle et al.15 conducted a study involving 81 inpatients and outpatients and reported 
resolution rates of 50.6% at 2 weeks and 63.7% at 4 weeks. Factors influencing the resolution 
rate were age and the involvement of single versus multiple lobes. The limitation of this 
study was that a microbiologic diagnosis could be established in only 19 patients. More 
recently, El Soh et al.16 investigated the radiographic resolution of bacterial pneumonia in 
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74 patients aged >70 years. Of these patients, 35.1% had complete resolution at 3 weeks, 
60.2% had complete resolution at 6 weeks and 84.2% had complete resolution at 12 weeks. 
According to these studies, age, the presence of comorbid illnesses, and the extent of lobar 
involvement were factors that influenced the clearance rate.15,16 Compared to our study, 
only multiple versus single lobe involvement was found to be a predictor for delayed 
resolution after 1 week, whereas comorbidity and age were not. We could not establish an 
association between pre-existing radiograph findings and delayed resolution of radiograph 
abnormalities. On the contrary, in our study, multivariate analysis demonstrated that dullness 
to percussion at admission and high C-reactive protein level at admission had independent 
predictive value for a delayed resolution, which, to our knowledge, has never been described 
previously. 
The current study also has potential limitations. The study population consisted of patients 
hospitalized with severe CAP (247 [86.1%] of the patients were PSI class IV or V). However, 
no radiographic information was available for the most severely ill subgroup of patients. 
Those patients admitted directly or during follow-up to the intensive care unit were excluded 
from the original study. In addition, patients for whom no chest radiograph could be retrieved 
at day 28 tended to be severely ill patients. Therefore, because no information was available 
for the most severe cases, improvement rates found in our study may be overestimates. 
Moreover, the correlation of clinical findings, compared with chest radiograph abnormalities, 
in these severely ill patients remains unclear. On the other hand, underestimation of time 
to resolution may have occurred, because patients with mild pneumonia were not included. 
However, previous studies have indicated that findings regarding the resolution of chest 
radiograph abnormalities among hospitalized patients are also applicable to outpatients if 
data is corrected for the extent of pulmonary involvement and age.15 Another potential 
limitation includes all chest radiographs being only once reviewed by the radiologist on call. 
However, to mimic real-life clinical practice and because data from previous studies showed 
great interobserver and intraobserver variability (κ, 0.46-0.60)16,26,27, we did not had 
radiographs reviewed by >1 one radiologist or twice by the same radiologist. Obviously, 
different interpretation of radiographs would have led to different outcomes. In line with 
this, the lack of a standardized system for reviewing chest radiographs and lack of consensus 
about the definition for clinical resolution impair studies evaluating chest radiographs. To 
present reliable and objective results regarding resolution of chest radiograph abnormalities 
there is a need for standardized criteria and unequivocal definitions, which are currently 
lacking.
In conclusion, routine chest radiographs obtained during the short-term follow-up of  patients 
with CAP who respond clinically to the initiated antibiotic therapy, as well as chest radiographs 
obtained prior to discharge (as advised by the American Thoracic Society in their 1993 
guideline8), seem to be unnecessary.  Observing the clinical course of the patient in the first 
stages after diagnosis is far more important than follow-up with chest radiographs. Exceptions 
should be made for patients who fail to respond to treatment, develop complications, or 
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who experience an acute deterioration in their clinical condition of unknown cause. On the 
basis of our data, follow-up chest radiography to exclude noninfectious abnormalities should 
not be performed within 4 weeks after initial diagnosis. A delay of at least 8-12 weeks after 
an episode of CAP seems reasonable. However, further studies to specifically address this 
issue are needed.
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ABSTRACT 

Background
Chest radiographs are often used to diagnose community-acquired pneumonia (CAP), to 
monitor response to treatment and to ensure complete resolution of pneumonia. However, 
radiological exams may not reflect the actual clinical condition of the patient. 

Objective
To compare the radiographic resolution of mild to moderately severe CAP to resolution of 
clinical symptoms as assessed by the physician or rated by the patient.  

Design
Prospective cohort study.

participants
One hundred nineteen patients admitted because of mild to moderately severe CAP with 
new pulmonary opacities.  

Main Measures
Radiographic resolution and clinical cure of CAP were determined at day 10 and 28. 
Radiographic resolution was defined as the absence of infection-related abnormalities. 
Clinical cure was rated by the physician and defined by improvement of signs and symptoms. 
In addition, the CAP score, a patient based symptom score, was calculated.

Key results
Radiographic resolution, clinical cure and normalization of the CAP score were observed in 
30.8%, 93.0% and 32.0% of patients at day 10, and in 68.4%, 88.9% and 41.7%, at day 28, 
respectively. More severe CAP (Pneumonia Severity Index [PSI] score >90) was independently 
associated with delayed resolution of radiographic abnormalities at day 28 (odds ratio [OR] 
4.7; 95% confidence interval [CI] 1.3-16.9). All 12 patients with deterioration of radiographic 
findings during follow-up had clinical evidence of treatment failure. 

Conclusions
In mild to moderately severe CAP, resolution of radiographic abnormalities and resolution 
of symptoms scored by the patient lag behind clinical cure assessed by physicians. Monitoring 
a favorable disease process by routine follow-up chest radiographs seems to have no 
additional value above following a patient’s clinical course. 
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INTRODUCTION

Chest radiography is an important diagnostic tool in patients suspected of having lower 
respiratory tract infection to confirm or exclude a diagnosis of pneumonia. 
In addition, chest radiographs are often used to monitor poor response to treatment and 
to ensure complete resolution of pneumonia. In general, radiographs are not recommended 
for routine follow-up in patients that are clinical improving, although these clinical guideline 
recommendations are only based on “grade D” recommendations, i.e., expert opinion.1-4 

This lack of evidence may lead to unnecessary use of chest radiographs in patients 
hospitalized because of CAP, a practice that has important health care cost implications given 
that CAP is one of the leading causes of hospitalization in the western world.5,6, 7  

Recently, we demonstrated that the radiological clearance rate in patients hospitalized 
because of severe CAP was about 25% after one week and 50% after one month. We 
concluded that radiological cure clearly lagged behind clinical cure.5 However, in patients 
presenting with less severe forms of CAP physicians face other diagnostic and treatment 
challenges. The radiological clearance rate in these patients has never been established. 
Moreover, the relationship between radiological cure and clinical cure according to the 
patient’s perspective (self-reported symptoms) has never been studied. 
Therefore, we compared radiographic resolution of CAP to clinical cure as assessed by the 
physician or rated by the patient using a validated symptom score, the CAP score.8 We also 
assessed clinical parameters and etiology associated with delayed radiographic 
resolution.   

 
METHODS

Study population
Details of the study cohort have been reported before.9 In short, adults admitted because 
of mild to moderately severe CAP (defined as a Pneumonia Severity Index (PSI) score of  
≤ 110) and with radiological evidence of a new opacity were eligible for inclusion.10 All 
patients were initially treated with intravenous amoxicillin monotherapy, according to the 
Dutch guidelines for treatment CAP.1 
On admission, a physical exam, routine laboratory test and a chest radiograph were obtained. 
Furthermore, we scored pneumonia-related symptoms at enrollment using the CAP score; 
a short patient-based questionnaire. This validated questionnaire contains eight items for 
adults admitted to hospital with CAP based on respiratory symptoms and on well-being.8 

The survey provides a CAP respiratory, a CAP well-being and a total CAP score. Low values 
indicate more severe symptoms. On admission, patients were also asked to retrospectively 
evaluate their symptoms and general health status 1 month before the onset of pneumonia 
(pre-pneumonia score). Patients were followed for a maximum of 28 days. At each follow-up 
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visit (day 10 and day 28), we repeated the chest radiography, physical examination, laboratory 
analyses and CAP score.  

Interpretation of radiographs
The radiologists on call, who had been provided with information on the patient’s clinical 
condition, evaluated the chest radiographs. Chest radiographs were reviewed according 
standard radiographic criteria for the presence of opacities, pleural fluid, pulmonary edema, 
other findings related to infection like atelectasis and pre-existent abnormalities.11,12 Complete 
resolution of radiographic abnormalities was defined as the absence of any chest radiographic 
abnormality potentially related to infection, such as infiltrates, atelectasis or pleural fluid. 
Deterioration of chest radiographic findings was defined as a new abnormality or an 
increment of pulmonary consolidations, pleural fluid or atelectasis. Radiograph abnormalities 
that remained unchanged or evidence for incomplete clearing of infectious related findings 
were rated as an incomplete radiological response. 

Analytic approach
To compare time to radiographic resolution of CAP with time to clinical cure according to 
the physician and patient, proportions of radiographic resolution, clinical cure and 
normalization of the CAP score were compared at each follow-up visit using  χ2 tests. Clinical 
cure was defined as (continued) resolution or improvement of symptoms and clinical signs 
related to pneumonia, without the need for additional or alternative antibiotic therapy by 
the opinion of the treating physician.13 Normalization of the CAP score was defined as a CAP 
score equal to or greater than the initial pre-pneumonia score and this was regarded as a 
proof of clinical cure according to the patient’s perspective.14 In addition, means of the CAP 
scores were compared between patients with and without radiological cure, and tested with 
Student’s t-tests. Multivariable regression analysis was performed to assess parameters 
associated with delayed radiographic resolution on day 10 and 28, by estimation of the odds 
ratio (OR) and corresponding 95% confidence interval (CI). For multivariate analysis the CAP 
score was dichotomized, using the 75th percentile as cut-off value. In all analyses, 2-tailed 
significance levels of P <0.05 were used. Statistical analysis was performed with the statistical 
software package SPSS 15.0. for windows (SPSS Inc., Chicago, IL, USA).

 
RESULTS 

Study population
A total of 119 patients with mild to moderately severe CAP (mean [± SD] PSI score 65.5 ± 
22.1; mean age 56.6 ± 17.8 years) were enrolled. About two third of patients (n =79, 66.4%) 
had at least one comorbid illness. In 43 patients (36.1%), a bacterial etiology of was 
established, with Streptococcus pneumoniae as the most frequently identified pathogen, in 
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33 (27.7%) patients. Pleural fluid or empyema was identified in 9/33 patients (27.2%) with 
pneumococcal pneumonia as compared to 10 of 86 patients (11.6%) with other etiologies 
of pneumonia (P =0.03). Data on radiology were obtained in 107 (89.9%) patients at day 10 
and in 95 (79.8%) patients at day 28. 18 patients (15.1%) showed complete radiological cure 
after 10 days, and these observations were carried forward (Figure 1). The patients in whom 
no chest radiograph was obtained during follow-up did not significantly differ in baseline 
characteristics or CAP scores during follow-up from the patients who completed radiological 
follow-up. 

radiographic resolution, clinical cure and the CAp score 
Table 1 shows the rates for resolution of radiographic abnormalities associated with CAP. 
Subgroup analysis indicated that resolution of radiographic abnormalities was slightly slower 
in patients with S. pneumoniae infection as compared to other etiologies; 24.1% vs. 31.9% 
at day 10 and 56.0% vs. 69.4% at day 28, respectively.  
After 10 days of follow-up, clinical cure (physician based) was observed in 106/114 patients 

119 patients

mild to moderately severe CAP

chest radiograph 
clinical follow-up

CAP score
day 0,10 & 28

107 (89.9%) patients
Chest radiograph day 10

95 (79.8%) patients
Analysis day 28

12 (10.1%)
chest radiograph

not retrieved

77 (64.7%) patients
Chest radiograph day 28

30 (25.2%)
chest radiograph

not retrieved

18 patients
resolution of radiographic

abnormalities day 10

Figure 1. Flow of the patients throughout the study



156 | chapter 9 

(93.0%), normalization of the CAP score in 33/103 patients (32.0%), and resolution of 
radiographic abnormalities in 33/105 patients (30.8%). At day 28, continued clinical cure was 
observed in 96/108 patients (88.9%), whereas 43/103 (41.7%) had normalization of the CAP 
score and 65/95 (68.4%) had complete resolution of radiographic abnormalities (Figure 2). 
Patients with radiographic resolution at day 10 and day 28 had significantly higher CAP well-
being scores at day 10 (62.5 vs. 50.1; P =0.02) and day 28 (71.6 vs. 59.9; P =0.02) as compared 
to patients without resolution of radiographic abnormalities of CAP (Figure 3). 

Delayed resolution of radiographic abnormalities and clinical cure
At day 10, 62 patients (57.9%) had an incomplete radiological response and at day 28 days 
30 patients (31.6%); 12/107 (11.2%) patients had deterioration of radiological findings during 
follow-up. No signs of other abnormalities such as noduli or masses were seen at this time 
point. All patients with radiological deterioration had one or more clinical or laboratory signs 
suggesting clinical failure: fever (n =11), abnormal auscultatory findings (n =5), high 
respiration rate (n =1), increased inflammatory markers (n =5), or delayed normalization of 
the CAP score (n =10). None of the patients developed deterioration of chest radiography 
during the second part of follow-up (day 10-day 28). 
Multivariable analysis demonstrated that dyspnea on admission was independently 
associated with delayed resolution of radiographic abnormalities at day 10 (OR 7.4; 95% CI 
2.1-26.0; P =0.002), while chronic obstructive pulmonary disease (COPD) was associated 
with a faster radiological recovery (OR 0.3; 95% CI 0.1-0.8; P =0.01). At day 28, only a PSI 
score >90 was identified as an independent predictor of delayed resolution of radiographic 
abnormalities (OR 4.7; 95% CI 1.3-16.9; P =0.02). 

table 1. Patterns of resolution of radiological abnormalities associated with CAP

Day No. of 
pts

Cumulative 
dropout 

rate*

Chest radiograph finding

Normal Opacities pleural fluid pulmonary 
edema

Atelectasis/
other 

findings of 
infection

0 119 0 (0%) 0 (0%) 119 (100%) 11 (9.2%) 5 (4.2%) 6 (5.0%)

10 107 12 (10.1%) 33 (30.8%) 65 (60.7%) 17 (15.9%) 0 (0%) 15 (14.0%)

28 95 24 (20.2%) 65 (68.4%) 23 (24.2%) 4 (4.2%) 0 (0%) 9 (9.5%)

Data are n (%) of patients.
* Cumulative dropout reflects the number of patients in whom no follow-up radiography was performed.
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Figure 3. Clinical symptoms rated by patients (CAP score) according to resolution of radiographic abnormalities
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DISCUSSION

We found that about a third of patients (30%) with mild to moderately severe CAP had 
resolution of radiographic abnormalities after 10 days and 70% after 1 month. This is 
comparable to previous studies that reported radiological cure rates of 35.1% to 87% 3 to 
4 weeks after diagnosis of CAP.15,16,17,18 We used a more strict definition of radiological cure 
that might underestimate radiological cure rate, because patients with some improvement 
on chest radiography were classified as having no radiological cure. This stricter definition 
makes good clinical sense since confirmation of complete radiological clearance is important 
to exclude a non-infectious underlying cause of pneumonia or radiographic abnormalities, 
such as obstructing tumors. 
We also showed that radiological cure and resolution of symptoms as rated by patients lags 
behind clinical cure as assessed by physicians. Apparently, when patients are considered 
cured by their physician, they do not feel they are back to baseline. Interestingly, from a 
patient’s perspective, radiological cure was associated with higher CAP well-being scores.  
Patients with pneumococcal pneumonia had a slower resolution of infectious-related findings 
on the chest radiograph as compared to patients with a viral or unknown etiology of 
pneumonia. This is line with several previous studies demonstrating a slower resolution in 
pneumococcal and legionella pneumonia as compared to other etiologies.5,19 The reason 
for delayed radiological cure in S. pneumoniae infections may be explained by the 
development of complications which are related to pneumococcal pneumonia, like pleural 
effusion or empyema.20 The severity of CAP was also an independent predictor for delayed 
radiographic resolution, similar to our previous studies in severe CAP where rates of 
radiographic resolution were lower than in current study of mild to moderately severe CAP 
(1 week, 25% vs. 50%, 1 month, 30% vs. 70%).5 
All 12 patients who experienced deterioration of the chest radiograph during follow-up had 
clinical signs of deterioration. Since only 30% of patients had radiological cure at 10 days, 
incomplete resolution of pulmonary infiltrates in the absence of clinical deterioration should 
not be a reason for treatment changes. Moreover, decision making based on clinical 
parameters may lead to a reduction in radiation exposure, use of health care resources and 
health care costs. 

The current study has some limitations to acknowledge. The chest radiographs were all 
reviewed once by the radiologist on call. The lack of a standardized system for reviewing 
chest radiographs also impairs studies evaluating chest radiographs. Therefore, an inter-
observer variability can not be ruled out. However, such variability reflects common clinical 
practice and should increase the generalizibility of the results. Furthermore, the current study 
was part of a therapeutic trial in mild to moderate-severe CAP and the therapeutic intervention 
may have influenced radiological cure rates. However, clinical and radiological cure ware not 
different for the two durations of treatment investigated in the therapeutic trail.  
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In conclusion, the complete radiological clearance rate in patients with mild to moderately 
severe pneumonia is 30% after 10 days and 70% after 1 month. Severity of pneumonia on 
admission was associated with delayed radiological clearance. Resolution of radiographic 
abnormalities and resolution of symptoms as scored by the patient lag behind clinical cure 
as assessed by physicians. All patients with deterioration of radiographic findings during 
follow-up had clinical evidence of treatment failure. Therefore, monitoring a favorable 
disease process by means of routine short-term follow-up chest radiography in patients with 
mild to moderately severe CAP leads to unnecessary resource use and has no additional 
value above clinical decisions based on patient’s clinical symptoms. Based on the present 
study, follow-up chest radiographs to exclude underlying diseases should not be performed 
within 4 weeks after initial diagnosis. Further studies to more clearly define an optimal time 
frame for follow-up chest radiographs, or if such follow-up is ever indicated, are needed.
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ABSTRACT

Background
Insights into long-term mortality and especially causes of death after initial recovery from 
an episode of community-acquired pneumonia (CAP) may help in determining optimal 
preventive measures in such patients.  

Methods
Prospective observational cohort studies were conducted to compare cause-specific long-
term mortality rates for 356 patients recovered from CAP with the general Dutch population 
(16.3 million) between 2003 and 2007. The Dutch Municipal Public Records Database and 
death certificates were used to determine cause-specific mortality rates up to 7 years after 
discharge.

results
In patients recovered from CAP, cumulative 1-, 5-, and 7-year mortality rates were 17%, 43%, 
and 53%, respectively, compared to 4%, 19%, 24% for an age and sex matched population 
reference cohort. Overall, patients recovered from CAP had significantly higher long-term 
mortality than matched population controls (rate ratio [RR] 3.6; P <0.001). 
In the years after an episode of CAP, malignancy (27%), chronic obstructive pulmonary 
disease (COPD) (19%) and cardiovascular disease (16%) were the most frequent causes of 
death. Only 6% died of pneumonia as compared to 3.2% in the general population  
(P =NS).

Conclusions
After initial recovery from an episode of CAP, long-term mortality rates are more than three 
times higher than in the general population. Causes for long-term mortality were mostly 
comorbidity related and significantly different as compared to the general population. After 
an episode of CAP, optimizing treatment of comorbidities as treatment for COPD might have 
impact on improved long-time survival rates. 
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INTRODUCTION

Despite advances in health care, current antibiotic therapy, and vaccination strategies against 
pneumococci and influenza, community-acquired pneumonia (CAP) is still the major cause 
for mortality due to infectious diseases in developed countries. Worldwide, pneumonia 
accounts for 4.2 million deaths annually and risk factors associated with mortality from 
acute episodes of CAP have been well studied.1,2,3 
Additionally, several studies have suggested that long-term implications of CAP reach far 
beyond the diagnosis; high numbers of readmissions, high mortality rates in the first years 
after hospitalization, have been described.4-12 Long-term contribution to mortality of a 
hospitalization for CAP was suggested to be even higher than the contribution of 
hospitalizations for other reasons than CAP, in a matched study population.5,9 
Increasing age and comorbid illnesses have been identified as risk factors for increased 
mortality after an episode of CAP.4,5,9,13 Although these parameters provide an impression 
of causes of death in the years following an episode of pneumonia, data on cause-specific 
long-term mortality after initial recovery from CAP are limited. To our best knowledge, the 
actual causes of death and the risk for mortality after initial recovery in the years after an 
episode of CAP have not been described in detail before. Better insights into cause-specific 
mortality in the years after hospitalization for an episode of CAP can help in determining 
optimal preventive measures, such as vaccination strategies or treatment of chronic 
obstructive pulmonary disease (COPD), in patients recovered from CAP. 
Therefore, we studied cause-specific mortality rates up to 7 years after hospitalization in 
patients initially recovered from an episode of CAP treated in a non-intensive care setting 
and compared those to age and sex matched mortality rates in the general Dutch 
population. 

 
MATERIALS AND METHODS

Study population and setting
A prospective cohort of CAP patients was derived from two randomized, double-blind, 
placebo-controlled, multicenter trials on antibiotic treatment strategies for CAP among 
patients hospitalized in general medical and pulmonary wards.14,15 One trial was conducted 
in patients with moderate to severe CAP (Pneumonia Severity Index [PSI] >90) and evaluated 
the cost-effectiveness of an early switch from parenteral to oral therapy.14 The second trial 
included patients with mild to moderate-severe CAP (PSI ≤90) and compared two durations 
of treatment for CAP.15 The trials were conducted during a three year period from July 2000 
to July 2003 in three University Medical Centers and eight of their affiliated teaching hospitals 
in the Netherlands. Inclusion and exclusion criteria have been reported in detail previously.14,15 
In short, all adult patients (age 18 or above) admitted to the hospital because of CAP were 
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eligible for inclusion in either one of the trials. CAP was defined as at least two symptoms 
of acute lower respiratory tract infection with onset before admission and a new or 
progressive pulmonary infiltrate on a chest radiograph16 Comorbid illnesses, pneumonia 
severity scores, pneumonia etiology as well as in-hospital clinical data were recorded. The 
study protocols were reviewed and approved by the ethics committees of all participating 
hospitals. Written and oral informed consent was obtained from all patients included. 
Antibiotic treatment in both trials was based on the Dutch guidelines for pneumonia 
management.17 No significant differences in clinical cure rates were found between the 
antibiotic treatment strategies studied.14,15 

Cause-specific long-term mortality rates 
Vital status of the individual patients discharged after an episode of CAP was determined 
using the Dutch Municipal Public Records Database as of June 1st 2008. This national database 
contains the official testimony of a person’s death issued by the patient’s physician, including 
the date of death. Death certificates retrieved from Statistics Netherlands were used to 
determine the cause of death of those who died in the follow-up period.18 Statistics 
Netherlands approved the use of the death certificate register for this study. Causes of death 
listed on the death certificates were coded in International Classification of Diseases-10th 

(ICD-10) revision codes. In a subset of 25% of patients who had died, case studies for causes 
of death were conducted to account for possible bias due to coding. Case studies of medical 
records were performed by two physicians independently. In case of disagreement among 
the physicians the case was discussed to reach consensus. 

Dutch general population cohort
An age and sex matched general population cohort was retrieved from the life expectancy 
data of the general Dutch population (16.3 million) from Statistics Netherlands, available 
online.18 Statistics Netherlands holds a national database containing demographic data, 
health care variables and life expectancy data, based on official testimonies issued by 
physicians. Average mortality rates and ICD-10 coded causes of death were calculated over 
a five year period from 2003-2007. 

Analytical approach and statistical analysis
We examined annual and cumulative mortality rates up to 7 years after discharge and 
compared the mortality rates to the general population using χ2 tests and rate ratios (RR). 
Comparative survival curves and curves stratified for age were constructed using Kaplan 
Meier methodology. Cox regression analysis was used to study predictors for mortality in 
patients discharged. Any variable univariately associated with all cause mortality (P ≤0.20) 
was entered into a forward stepwise Cox proportional hazards model. 
To assess agreement between the ICD-10 coded causes of death and the causes of death as 
determined by our physicians, kappa statistics were calculated. All causes of death in CAP 
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patients, reported in ICD-10 codes were reviewed and categorized according to organ system 
for analysis. Stratified analysis of causes of death for year of follow-up was conducted. Causes 
of death in patients recovered from pneumonia were compared to causes of death in the 
matched general Dutch population cohort by χ2 tests and Relative Risks (RR).  All reported 
P values are two tailed and P values of <0.05 were considered to represent statistical 
significance. Statistical analysis was performed with the statistical software package SPSS 
15.0 for windows (SPSS Inc., Chicago, IL, USA). 
 

RESULTS

Characteristics of the study population 
In total, 356 cases of patients discharged because of pneumonia were included and matched 
to a general population cohort. Initially, 390 patients discharged from the hospital after an 
episode of CAP were eligible for inclusion. Of those, in 356 (91.3%) patients we were able 
to retrieve the survival status and were subsequently included for analysis. No significant 
differences in age, pneumonia severity or comorbidities were found between patients 
without retrieved documentation on survival status and patients included. 
The mean age (±SD) of the ex- pneumonia patients was 66.0 ± 16.1 years and 131 (36.8%) 
were male; both comparable in the matched population cohort. As expected, patients who 
survived CAP were more burdened by COPD than the general population, whereas overall 
rates of comorbidities were comparable (63.5% vs. 64.0%) (Table 1). 

Long-term mortality rates after hospitalization for CAp 
Of the 356 patients discharged from the hospital after an episode of CAP, 8 (2%) patients 
died in the first month after discharge. The mean survival after discharge was 1565 days. 
2299 days (6.5 years) for survivors and 932 days (2.6 years) for non-survivors. Cumulative 
1-, 5-, and 7-year mortality rates were 17%, 43%, and 53% respectively, compared to 4.2%, 
19%, and 24% in the general population. Overall, patients recovered from an episode of CAP 
had a significantly higher long-term mortality rates (52.5%), compared to general population 
controls (23.5%) (RR 3.6; P <0.001). In particular, annual mortality rates within the first three 
years of follow-up, were significantly higher in those who recovered from pneumonia as 
compared to the general population (P ≤0.004) (Table 2). Figures 1 and 2 show the Kaplan 
Meiers plots for survival in CAP patients compared to the general population. The plots 
highlight the increased long-term mortality in patients recovered from CAP, which is even 
more pronounced at increasing age. 

predictors of long-term mortality after hospitalization for CAp
Age, PSI score, nursing home residency, and comorbid illnesses like malignancy, COPD and 
congestive heart failure were associated with a higher risk for mortality in univariate analyses. 
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Figure 1. Kaplan Meier plot for survival of CAP patients compared to population controls. Dashed lines represent 
population controls, continuous lines are ex-pneumonia patients.

Figure 2. Kaplan Meier plot for survival of CAP patients compared to population controls stratified for age. Dashed 
lines represent population controls, continuous lines are ex-pneumonia patients.
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In a final multivariable Cox regression model, comorbidity (Hazard Ratio [HR] 1.72; 95% 
confidence interval [CI] 1.12-2.65), neoplasm (HR 2.07; 95% CI 1.37-3.13), age >65 years (HR 
1.96; 95% CI 1.29-3.00), moderate to severe pneumonia (PSI>90) (HR 2.13; 95% CI 1.40-3.24) 
and nursing home residence (HR 2.04; 95% CI 1.12-3.74), were independently associated 
with increased mortality in long-term follow-up (Table 3).

Causes of death in long-term follow-up after hospitalization for CAp 
Causes of death could be retrieved in 174 of the 187 (93%) patients who died in long-term 
follow-up after an episode of CAP. In 13 patients the cause of death could not be retrieved 
due to unsuccessful linkage of patients’ demographic data with the death certificates, mainly 
because of movement of an individual. Good agreement was observed between ICD-10 
coded causes of death and those determined by physicians (mean kappa 0.82). 
Most CAP patients died because of malignancy (26.7%; n =50), respiratory diseases (27.3%; 
n =51) of which 19.3% (n =36) was due to COPD, and vascular diseases (16.0%; n =30) (Table 
4). Eleven (5.9%) patients died from recurrent pneumonia. 
Figure 3 shows the causes of death per year of follow-up. Death because of malignancy was 
the most frequent in the first year after discharge. Other comorbidities did not show an 
excess mortality in the first years after discharge from the hospital.

Causes of death compared to the general Dutch population
We compared the main causes of death in CAP patients with causes of death in the general 
population cohort. Causes of death in CAP patients significantly differed from those in the 
general population (P <0.001). As displayed in table 4, patients who survived an episode of 
CAP had approximately 4 times increased risk to have COPD listed as their cause of death 

table 1. Characteristics of the study cohort of 356 patients discharged from the hospital after an episode of 
CAP and an age and sex matched Dutch population cohort

Variable   CAp
patients

% (n =356)

population
Cohort

%

Age, mean years (± SD) 66 ± 16.1 67 ± 2.3

Male 36.8 (131) 36.0 

Nursing home patient 3.4 (12) 0.8

Comorbidity 63.5 (226) 64.0

Chronic heart failure 15.2 (54) 9.9

Malignancy 17.4 (62) 22.3

Chronic Obstructive Pulmonary Disease 30.3 (108) 19.0

Liver disease 0.56 (2) 1.2

Renal disease 6.2 (22) 5.3

Cerebrovascular disease 6.5 (23) 10.5

Data are % (No. of patients) unless otherwise indicated 
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table 2. Annual and cummulative mortality rates of CAP patients compared to age and sex matched Dutch 
population controls.

Interval,
Year

CAp  patients
n =356

population controls* rate 
ratio#

P

Annual
mortality rate

Cumulative 
mortality rate

Annual
mortality rate

Cumulative 
mortality rate

1 16.9 (60) 16.9 (60) 4.2 4.2 4.02 <0.001

2 9.3 (33) 26.1 (93) 4.0 8.2 2.33 <0.001

3 7.6 (27) 33.7 (120) 3.8 12.1 2.00 <0.001

4 5.1 (18) 38.8 (138) 3.5 15.5 1.46 0.12

5 4.5 (16) 43.3 (154) 3.1 18.6 1.45 0.13

6 5.6 (20) 48.9 (174) 2.6 21.3 2.15 < 0.001

7 3.6 (13) 52.5 (187) 2.5 23.8 1.44 0.77

Data in parentheses indicate number of cases
* For population control cohort mean values of mortality rates over a 5 year period (2003-2007) are displayed.
# Rate ratio reflects the difference in annual mortality rates between all CAP patients and population controls

Figure 3. Causes of death in the years following hospitalization for an episode of CAP
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as compared to the general population (19.3% vs. 4.4%; RR 4.38; 95% CI 3.26-5,87). In 
contrast, general population controls had a higher risk to die of cardiovascular diseases as 
compared to the CAP population (30.2% vs. 16.0%; RR 0.53; 95% CI 0.38-0.74). Besides, 5.9% 
of patients who had a previous episode of CAP died of recurrent pneumonia as compared 
to a 3.2% risk to die of pneumonia in the general population (RR 1.84; 95% CI 1.04-3.26). 
The frequency of malignancy as cause of death was slightly higher in the control population 
as compared to the pneumonia cohort (33.8% vs. 26.7%; RR 0.79; 95% CI 0.62-1.00). 
 

table 3. Multivariate Cox proportional hazard analysis for parameters associated with death after hospitalization 
for an episode of CAP 

Hazard ratio
Hr (95% CI)

P

Comorbidity* 1.72 (1.12-2.65) 0.01

Malignancy 2.07 (1.37-3.13) 0.002

Age >65 years 1.96 (1.29-3.00) 0.02

PSI score >90 2.13 (1.40-3.24) <0.001

Nursing home residency 2.04 (1.12-3.74) 0.001

Parameters investigated in univariate analysis were: patient characteristics (age, gender, comorbid illnesses); 
treatment in academic hospital, PSI; symptoms and signs (dyspnoea, temperature, respiratory rate, oxygen 
saturation, oxygen need); laboratory data (C- reactive protein, white blood cell count, urea, arterial blood gas 
analysis); etiology of pneumonia. Parameters with a P value of <0.2 in univariate analysis were included in the 
forward stepwise Cox proportional hazards model.
*Combination of malignancy, COPD, congestive heart failure, cerebrovascular disease, liver disease and kidney 
disease.

table 4. Causes of death in the CAP patients compared to population controls 

CAp patients 
(n =187)

population
controls

rr (95% CI )* P

Pneumonia 5.9 (11) 3.2 1.84 (1.04-3.26)

<0.001

COPD 19.3 (36) 4.4 4.38 (3.26-5.87)

Vascular 16.0 (30) 30.2 0.53 (0.38-0.74)

Malignancy 26.7 (50) 33.8 0.79 (0.62-1.00)

Other causes of death^ 32.1 (60) 28.3 1.13 (0.92-1.40)

% (n) are displayed
* RR=relative risk ratio
# P value for χ2 tests for comparison between proportions of causes of death in CAP patient and proportions of 
causes of death in age and sex matched population controls. 
^Includes unknown causes of death in CAP patients (n =13)
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DISCUSSION 

Based on the results mounting from current study we can draw three main conclusions.
First, mortality during long-term follow-up of patients with CAP is high and considerably 
higher than in the general population: up to 53% after seven years as compared to 24% in 
an age and sex matched general population cohort. The excess mortality in CAP
patients is the most exaggerated in the first three years of follow-up. Previous studies 
reported one year mortality rates after CAP from 11% to 22% and five year mortality rates 
ranging from 38% to 53%.6,10-12,19 The wide range in these long-term mortality rates is probably 
best explained by differences in the studied populations.5,6,12,19 
Current data indicate that patients who survive an episode of pneumonia have much a higher 
risk of dying in the subsequent years as compared to the general population. One explanation 
is that pneumonia represents a marker of poor general health status, another that a less 
aggressive approach in treatment and risk management of these “frail” CAP patients may 
be chosen. Noticeably, most risk factors for mortality in long-term follow-up of CAP, here 
and by others identified, are not associated with acute illness but are related to 
comorbidity.4-7,9,10,12,19  
Second, we showed that CAP patients are more likely to die from comorbid illnesses such a 
malignancy, cardiovascular diseases or COPD instead of recurrent pneumonia. One other 
study reported causes of 51 deaths after an episode of pneumonia and identified 
cardiovascular diseases and malignancies as important causes of death as well.7 These results 
emphasize the importance of optimal management of comorbidities in CAP patients. 
Although we are aware that the natural course of some of these diseases may not be altered, 
early recognition and intervention for comorbidities maximizes the chance of favorable 
long-term prognosis. The incidence of probably inevitable deaths due to malignancies was 
the highest in the first year after CAP, while deaths due to more treatable causes as 
cardiovascular disease and COPD occurred at a more constant level during follow-up. 
Therefore, screening of pneumonia patients at discharge or shortly afterwards for vascular 
diseases or COPD could be one of the preventive approaches to take.
Third, we showed that there are differences in the causes of death in patients recovered 
from CAP as compared to the general population. Of interest, 5.9% of CAP patients died 
because of a recurrent episode of pneumonia as compared to 3.2% deaths due to pneumonia 
in the general population. Individuals who recovered from pneumonia had a 4 times 
increased risk to die because of COPD as compared to the general population. This can be 
due to confounding, since the prevalence of COPD may be higher in the CAP cohort than in 
population controls.20 Otherwise, it can be reasoned that an episode of pneumonia negatively 
affects the prognosis of COPD and more intensive treatment of COPD is warranted at the 
moment of recovering from CAP.21,22 Remarkably, and in contract to the study by Koivola et 
al., CAP patients had a twofold lower risk to die because of cardiovascular diseases as 
compared to the general population.6 One explanation is that hospitalized patients with 
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pneumonia probably have more complex comorbidities and are, therefore, more likely to 
die from those instead of from vascular diseases. On the other hand, it can be reasoned 
that the rate of cardiovascular death in CAP patients is underestimated or masked by 
respiratory illnesses and more screening and better diagnostics for vascular diseases is 
needed in these patients. 
Our study has several limitations. We used death certificates to identify causes of death. It 
has been reported that death certificates are not always in concordance with autopsy 
findings. Though, the suggested disconcordancy may be overestimated since autopsy is 
mostly conducted when the cause of death is not clear.23 Moreover, our subset analysis 
showed a good agreement between ICD-10 coded causes of death and causes of death 
determined by case studies conducted by physicians. 
In addition the cohort of CAP patients was not population-based but retrieved from two 
prospective randomized controlled trials, which may limit the generalizibility. Unfortunately, 
data on smoking, vaccination and functional status, lung function and reasmission after day 
30 were not available to us. Besides, data from general population controls were retrieved 
from nationwide databases and we were not able to prospectively collect individual 
information on medical history of the control patients. Theoretically, CAP patients could 
have been part of the population cohort as well, implying that results on differential mortality 
rates in CAP patients and controls are rather underestimated. 
Furthermore, our results reflect long-term mortality rates of immunocompetent patients 
who are admitted to general wards in a country with a high influenza vaccination rate.24 

Therefore, results cannot be generalized to other populations with CAP, such as ICU patients, 
out-patients or immunocompromized patients or communities with a low vaccination rate 
for influenza. 
In conclusion, long-term mortality rates after initial recovery from CAP in patients admitted 
to general wards are high; up to 53% after 7 years and considerably higher than in the general 
population. Causes of death in the years following an episode of CAP are mostly comorbidity 
related and not due to recurrent pneumonia. Causes of death in CAP patients were 
significantly different as compared to population controls. Therefore, awareness among 
physicians for excess long-term mortality in patients recovered from an episode of CAP 
seems warranted. After an episode of CAP, optimizing treatment of comorbidities as 
treatment for COPD might have impact on improved long-time survival rates. 
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SUMMARY

Despite the progress in health care the past decades, community-acquired pneumonia 
continues to exert extremely high human and economic costs. Moreover, treatment of 
respiratory tract infections largely contributes to the global burden of antibiotic resistance. 
In present thesis, we explored options for individualized treatment of community-acquired 
pneumonia, in a spectrum from initial inflammatory response to long-term prognosis. We 
hope these studies may serve as targets for progress the coming decades.  

Genetic risk for community-acquired pneumonia 
In chapter 2, we provide an overview of the enormous amount of genetics variations 
(polymorphisms) in diverse inflammatory genes, identified as candidates to explain genetic 
variability in susceptibility to pulmonary infections and outcomes. In the past years, 
numerous genetic variations coding for pattern recognition molecules, inflammatory and 
anti-inflammatory cytokines, and effectors mechanisms as coagulation factors have been 
identified as risk-factor for susceptibility or severity of pneumonia and sepsis. Examples of 
well studied functional variations include the HSPA1B +1267 polymorphism encoding for 
Heat shock protein-70 (HSP-70), a risk factor for septic shock in pneumonia, and the 
Plasminogen-activator inhibitor-1 (PAI-1) 4G/5G deletion, associated with increased 
susceptibility to community-acquired pneumonia and mortality from sepsis.1,2,3 These results 
leave no doubt that there is a genetic basis for susceptibility to or outcome from pulmonary 
infections. Unfortunately, none of them has lead to any clinical applications for treatment 
of pulmonary infections and sepsis yet. We are still long way from reaching a comprehensive 
picture on the genetic involvement in pneumonia. In the coming years advances from plain 
statistical significance into biological understanding are necessary. 
A first step in the direction of translation from plain genetic association into clinical practice 
is reported in chapter 3. Among patients with severe sepsis, the most severe presentation 
of pneumonia, genetic variations in coagulation genes were studied for their ability to predict 
response to adjuvant anti-coagulant treatment. Anti-coagulant treatment is the only 
adjunctive treatment for severe sepsis secondary to pneumonia presently available to 
counteract the hypercoagulable state induced by infection. Unfortunately, not every 
individual benefits from it, efficacy is limited, and recent trials on new anti-coagulant agents 
such as recombinant tissue factor pathway inhibitor (rTFPI, tifacogin) have failed.4-9 Therefore, 
an individualized approach in selecting patients most likely to benefit from anti-coagulant 
treatment based on genetic variations, may be promising. We identified a functional variation 
in the TFPI gene (rs6434222), occurring in >10% of the population, associated with a 
beneficial response to adjuvant treatment with rTFPI. Overall, carriership of the polymorphism 
had a trend for an increased mortality from sepsis. Carriers of the variant A allele of the 
TFPI-rs6434222 polymorphism had a 25% mortality when treated with rTFPI compared to 
a 50% mortality when treated with placebo. In vitro, carriage of the TPFI-rs6434222 
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polymorphism was associated with prolonged clotting times at baseline and an increased 
activation of the coagulation upon stimulation with S. pneumoniae. These results suggest 
that the polymorphism may contribute to an excessive hypercoagulable response in severe 
pneumococcal sepsis, leading to an increased risk for mortality. Counteracting this 
hypercoagulable state with adjuvant anti-coagulant agents as rTFPI may improve outcomes 
in carriers of the variation. Although further validation is necessary, these results suggest 
that genetics variations may help to select individuals most likely to benefit from adjuvant 
treatment with rTFPI and hereby improve outcomes in carriers.   

Biomarkers of the inflammatory response 
Biomarkers of the inflammatory response may reflect the inter-individual variation in the 
immune responses based on variable genetic backgrounds, comorbidities, and causative 
pathogens. For that reason, biomarkers may aid in diagnosing bacterial infections, reducing 
antibiotic overuse and determining response to treatment and prognosis. 
The past years, procalcitonin (PCT) has gained increasing interest of physicians treating 
patients with pneumonia. Unless the popularity, it’s unclear whether implementation of 
procalcitonin-guided strategies are of additive value to current medical practice. Therefore, 
we systematically evaluated the additional value of PCT to clinical practice in primary and 
hospital care setting in chapter 4. In hospital care setting, we show that routine use of PCT 
as biomarker for diagnosis of bacterial community-acquired pneumonia is not indicated 
since clinical judgment based on medical history, physical examination, clinical scores, and 
chest radiography still seems to outweigh the diagnostic value of PCT. Though, PCT may to 
be helpful in determining prognosis in the individual high-risk patients admitted with 
pneumonia. In a primary care setting, a setting with relative large antibiotic overuse, 
prescribing antibiotics based on a point-of-care PCT testing is a promising strategy to better 
select individuals in necessitating antibiotics and hereby reduce antibiotic prescriptions. 
Yet, the introduction of newer inflammatory markers such as PCT stresses the need to clarify 
the position of the older and less costly markers, such a C-reactive protein (CRP). Although 
CRP is an almost routinely used marker in Europe, evidence on the usefullness of consecutive 
CRP measurements in follow-up of antibiotic treatment for community-acquired pneumonia 
is still lacking. In chapter 5 the predictive value of normalization patterns of CRP levels was 
studied. We show that patients with a decline of less than 60% in CRP levels in 3 days or a 
decline of less than 90% in 7 days after admission to the hospital have a four- to sevenfold 
increased risk of having recieved inappropriate antibiotic treatment. Therefore, consecutive 
CRP measurements seem useful in the first week of follow-up to assist the physician in 
monitoring efficacy of empiric antibiotic therapy. Of note, baseline CRP levels were influenced 
by the causative pathogens, reflecting variable immune responses elicited by variable 
bacteria. Unfortunately, baseline CRP levels could not assist in determing etiology, because 
of the large varation in CRP levels among individuals with the same causative pathogen. This 
may reflect the individual (genetic) variability in host factors to response to infection. 
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Antimicrobial treatment 
The optimal empirical antibiotic regimen for patients hospitalized because of severe 
community-acquired pneumonia remains an important topic of debate. Dutch guidelines 
advise treatment with beta-lactam monotherapy, fluoroquinolone monotherapy, or beta-
lactam plus macrolide or fluoroquinolone combination therapy, and are all regarded equally 
efficient for patients admitted to general wards for treatment of severe community-acquired 
pneumonia.10 However, different antibiotic regimes may lead in differences in selection for 
resistant pneumococci and nosocomial pathogens as Clostridium difficile (C. difficile).11,12 
The past years, the increasing incidence of C. difficile infections (CDI), mainly caused by 
excessive antibiotic use, has attracted the concern of physicians, researchers, politicians and 
the public. Respiratory tract infections as pneumonia are the leading indication for broad-
spectrum antibiotic prescriptions and therefore potentially a major driver of CDI.13 
Equality of empiric antibiotic strategies for in-hospital treatment of community-acquired 
pneumonia in terms of selection for Clostridium difficile (C. difficile) is unclear. For that 
reason, in chapter 6, the three empirical antibiotic strategies as recommended by present 
Dutch guidelines are compared for nosocomial acquisition rates of C. difficile. In a non-
epidemic setting, the prevalence of undetected C. difficile carriers among patients admitted 
because of community-acquired pneumonia is as high as 9.4%, whereas the nosocomial 
acquisition rate for C. difficile colonization during treatment of pneumonia is 11.4%. No 
significant differences in acquisition rates for C. difficile were identified between the three 
empirical antibiotic strategies. Intravenous antibiotic treatment >7 days and previous 
hospitalization in the past 3 months but not one particular agent, are identified as risk factors 
for C. difficile carriership. Therefore, we concluded that management strategies as screening 
for C. difficile in patients at risk on admission, minimizing duration of antibiotic treatment 
and an early switch to oral treatment allowing early discharge seem more likely to reduce 
nosocomial acquisition rates of C. difficile than blaming one particular agent.
Another important topic in guideline-driven practice for pneumonia is the time to first 
antibiotic dose (TFAD), also called “door to needle time” for patients presenting to the 
hospital with community-acquired pneumonia. Based on 2 large retrospective database 
studies, minimizing TFAD for all patients to less than 4 hours was adopted in international 
guidelines and as quality measurement in 2004.14-17 Moreover, it became part of a measure 
set tied to additional payments under several U.S. pay-for-performance programs in 2006.18 
Though, evidence for these recommendations can be challenged.19 The 2 retrospective 
studies both reported a higher mortality rate in patients who received their first antibiotic 
dose in the first hour of presentation to the emergency department, suggesting incomplete 
adjustment for severity of pneumonia. It can be questioned if all patients with community-
acquired pneumonia will benefit from minimizing TFAD or in example only those necessitating 
treatment in the intensive care unit (ICU) directly. In chapter 7, the effect of minimizing 
TFAD on early clinical outcome of patients with community-acquired pneumonia admitted 
to general wards was explored. We concluded that clinical parameters on admission other 
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than TFAD predict early clinical outcome in patients with severe community-acquired 
pneumonia admitted to general wards. In contrast to severe community-acquired pneumonia 
necessitating treatment in the ICU directly, in case of admission to general wards one can 
take time to establish a reliable diagnosis before administration of antibiotics.20 Therefore, 
a more individualized approach based on severity of disease and not implementation of 
TFAD as performance indicator for all patients admitted with pneumonia is desirable. 
Moreover, widespread implementation of TFAD as performance indicator may lead to 
unintended and undesirable consequences as inappropriate antibiotic use and prioritization 
of pneumonia patients over others.

Follow-up of treatment and long-term prognosis
Unless the additional value to clinical practice has never been established, follow-up chest 
and radiographs prior to discharge are frequently scheduled to evaluate response to 
treatment in patients hospitalized with community-acquired pneumonia.21 In addition, in 
long-term follow-up of community-acquired pneumonia, it’s advised to schedule a chest 
radiograph after the radiological signs of pneumonia have resolved to exclude an underlying 
malignancy as cause for the episode of pneumonia.22

To improve the scheduling of these follow-up chest radiographs, in chapter 8 patterns of 
resolution of chest radiographic abnormalities in immunocompetent, hospitalized patients 
with severe community-acquired pneumonia are described. Resolution of pneumonia-related 
abnormalities on the chest radiograph occurred in 25% of patients at day 7 and in 56% of 
the patients at day 28. A slightly slower resolution of abnormalities was observed in patients 
with pneumococcal pneumonia. Clinical parameters and laboratory parameters as dullness 
to percussion, high respiratory rate, multilobar disease, and high C-reactive protein levels 
are independent predictors for delayed resolution of chest radiographic abnormalities. To 
elucidate if the patterns here described are applicable to all individual patients with 
pneumonia of variable severity, we studied the resolution of radiographic abnormalities in 
patients with mild to moderate-severe pneumonia in chapter 9. In mild to moderate 
community-acquired pneumonia, the radiological clearance rate is about 30% after 10 days 
and 70% after one month. Severity of pneumonia on admission was indeed associated with 
the radiological clearance rate. Besides, data show that resolution of radiographic 
abnormalities is slower as compared to resolution of symptoms scored by the patient and 
physicians. In our studies, all patients with delayed clearance of radiological findings had 
clinical signs or symptoms of deterioration. These findings indicate that monitoring a 
favorable disease process by means of routine short-term follow-up chest radiography in 
patients with mild to severe community-acquired pneumonia leads to unnecessary resource 
use and has no additional value above clinical decisions based on a patient’s clinical 
symptoms. A chest radiograph to exclude underlying malignancies should not be performed 
within 4 weeks after initial diagnosis of pneumonia, since radiographic abnormalities in the 
first 4 weeks do not necessarily imply pathology but just a normal course of disease. A delay 
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of at least 8-12 weeks after an episode of pneumonia seems reasonable, considering severity 
of disease for optimal scheduling for the individual.
In chapter 10, insights into cause-specific long-term mortality rates of patients hospitalized 
in general wards for an episode of pneumonia as compared to the general population are 
provided. Long-term mortality rates after initial recovery are high; up to 53% after 7 years 
and considerably higher than in an age and sex matched general population cohort. Causes 
of death in the years following an episode of community-acquired pneumonia are mostly 
comorbidity related and not due to recurrent pneumonia. These results stress that an acute 
episode of pneumonia not only accounts for high short-term mortality rates but also for 
high long-term mortality rates and implications of an acute episode of pneumonia reach far 
beyond the primary diagnosis. Insights into causes of death after an episode of community-
acquired pneumonia offer novel targets for preventive and therapeutic strategies to combat 
these long-term implications of pneumonia. In the long-term, ex-pneumonia patients are 
more likely to die because of comorbidities (chronic obstructive pulmonary disease (COPD), 
vascular diseases, and malignancies) than recurrent pneumonia. Therefore, optimizing 
treatment of comorbidities after an initial episode of community-acquired pneumonia seems 
a good target to improve long-time survival. Screening and individual risk profiling of patients 
at discharge or shortly after, for COPD, vascular diseases, or underlying malignancies, might 
be a worth full approach in minimizing long-term implications of pneumonia. 

 
PERSPECTIVES 

Given the huge variability in severity of the disease, goals to combat the health care 
implications of pneumonia need to be directed towards that subgroup of pneumonia patients 
in whom the anticipated efficacy is the largest. For example, strategies to reduce unnecessary 
antibiotic and health care consumption will have the largest impact in settings with most 
overuse; mostly out-hospital setting, whereas treatment strategies to reduce mortality rates 
are of high priority in most severe cases.11 By far, most patients with community-acquired 
pneumonia are treated in out-hospital setting for relatively mild illness and only few are 
severely ill, necessitating treatment in intensive care units. Consequently, improvements in 
pneumonia treatment in the large group of patients will mild illness will exert most benefit 
on population level (reduction in antibiotic use, health care consumption and costs), while 
improvements in a small group of severely ill patients exert most benefit on individual level 
(reduction in mortality). Translated to management strategies, big groups of individuals at 
the milder end of the pneumonia spectrum are more amenable to broad strategies as 
guidelines, whereas genetics markers seem more relevant for the smaller group of individuals 
at the severe end of the spectrum (Figure 1).
Nevertheless, pneumonia management continues to be an interaction of available strategies 
with different accents based on severity and frequency of disease. As described below, 
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guidelines recommendations, patient characteristics, biomarkers of the inflammatory 
response and genetic markers with an increasing degree of specificity, all together may assist 
health care professionals in present and future pneumonia management. 

the future for genetic markers in pneumonia 
Clearly, there is a genetic risk for pneumonia with the largest promise to enhance treatment 
based on host-profiles in severe forms of disease. Unfortunately, to date the huge volume 
of publications on genetic risk factors for infection has not led to any new therapeutic insights 
for severe pneumonia or (pneumo)sepsis; still a lot of work needs to be done before 
translating knowledge from genetics into clinical practice. 
The step from identifying a positive association to proving a genetic marker that truly 
produces a change in a key immunological process and alters the outcome of pneumonia 
will be the challenge for the coming years. Probably, a lot of genetic markers that have been 
identified thus far are not the truly causative polymorphism to establish causation but more 
likely a marker in linkage disequilibrium with the true functional locus.23 However, the failure 
to advance to the next step of biological understanding is mostly due to the fact that 
pulmonary infections are very heterogeneous. Almost certainly, severity of pneumonia 
results of hundreds, if not thousands, of mutations, environmental and pathogen factors 

Antibiotic resistance

ICU GENERAL WARD               OUT-HOSPITAL

Pneumonia severity

Morbidity & Mortality

Genetics Biomarkers Guidelines

Frequency

Level effect

Health care

implications

Illness

Strategies

Site of care

Figure 1.  Pneumonia; the spectrum of disease and level of effect of management strategies. The area’s in the 
boxes reflect the level of severity and frequency of illness managed in variable sites for pneumonia treatment , i.e. 
ICU, general wards and out-hospital treatment and the degree of implications to health care
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and even gene-gene interactions, each contributing in a small way to the very complex 
phenotype. To illustrate gene-gene interactions and its complexity; in HIV, a HLA class I 
polymorphism associated with rapid progression of disease only exerts effect when combined 
with a special natural killer cell receptor.24 Although not identified yet, it seems very plausible 
that scenario’s like this are also true for pulmonary infections. Another major flaw in present 
genetic research is that pathogen factors have often been neglected, which probably swamps 
large genetic influence. 
Despite all the concerns raised, some first examples of farmacogenetics in infectious diseases 
have been shown and the very prelimary data outlined in chapter 4 may be a step towards 
a farmacogenetic approach for (pulmonary) sepsis.25,26 For future genetic studies in pulmonary 
infections, a clear definition of cases with same bacterial etiology, appropriate statistical 
power, validation of the associations in a second cohort, and studies on functionality of the 
polymorphism are necessary.27 Extensive national and international collaborative efforts are 
needed to create these large sample sized, well defined, and homogeneous study 
cohorts. 

Are we ever going to find the ideal biomarkers?
For diagnosing bacterial infection newer biomarkers, as PCT or Interleukin-6 (IL-6) are of 
little additional value to the presently wide-spread available CRP. Mechanistically, PCT and 
CRP levels are both up-regulated by the pro-inflammatory cytokine IL-6, indicating the major 
limitations of these biomarkers. First, current biomarkers are general markers for 
inflammation without specificity for infection.28 Secondly, the biomarkers reflect the 
individual host response to infection and not the etiology of pneumonia. In general, bacterial 
pathogens as S. pneumoniae or L. pneumophila elicit stronger host-responses than viruses 
or M. pneumoniae. However, some adenoviruses and influenza viruses may cause a strong 
host response as well with associated high CRP or PCT levels resembling those seen in 
invasive bacterial infections.29 Consequently, the additional diagnostic value of these 
biomarkers is the largest to settings with little diagnostics available, where broad clinical 
decision making is warranted, such as primary care settings. 
Studies on the use of PCT-guided antibiotic prescriptions in primary care showed promising 
data in terms of reduced antibiotic use.30 Unfortunately, proposed strategies with standard 
diagnostic test are not feasible to out-hospital clinical practice yet and future studies with 
point-of-care tests for CRP or PCT are needed. 
In patients admitted to the hospital, biomarkers may indicate appropriateness of initiated 
treatment, as shown in chapter 7. Of note, this finding does not imply that repetitive CRP 
measurements need to be performed routinely. Biomarkers in follow-up of disease should 
be regarded as a supportive tool to aid a skilled physician in complex clinical decision making. 
Hypothetically, an appopriate decline in CPR levels may also serve as a trigger to physicians 
to initiate a switch i.v. to oral antibiotics or to shorten length of antibiotic treament, 
contributing more judicious antibiotic use. However, it can be questioned if a biomarkers 



185Summary, perspectives and future research  |

are the ideal tool to archive this, probably programs on behaviour changes or electronic 
alerts may give more solace to overcome the barriers to optimized antibiotic use.31 
At the most severe end of the pneumonia spectrum, future directions in the field of 
biomarkers are the potential for individualized risk profiling. Regrettably, we are still not 
able to detect a signature for severe pneumonia or (pneumo)sepsis that could provide those 
patients individualized therapy and improved outcomes as in oncology.32 One can question 
if biomarkers are “sophisticated” enough to profile these rare cases of severe illnesses. 
Probably, a panel of several biomarkers, markers for bacterial load, and genetic markers 
rather than one single marker will reflect patterns of biochemical profiles adequately to 
really move towards individual tailored therapies.33 

Guideline-driven practice an enemy of individualized treatment?
An individualized approach in pneumonia management may be counterintuitive since 
community-acquired pneumonia is, because of its high frequency, an obvious candidate for 
guideline-driven and protocolized care, as nicely illustrated by the enormous number of 
guidelines published the past decade.10,22,34-40 Although guideline-driven practice has proven 
to be efficient in community-acquired pneumonia, compliance to pneumonia guidelines is 
low and only slightly contributes to overall reduced mortality or optimized antibiotic 
usage.41-45 Apparently, the aim of guidelines, to standardize care by providing management 
strategies based on the best available evidence and to improve overall effectiveness of the 
available treatment, is not achieved yet.46 The extreme heterogeneity in severity of disease 
seems, next to heterogeneity in causative agents, local differences in bacterial antibiotic 
resistance rates and health care structures, the main complicating factor in guideline-driven 
practice.43 Presumably, more precise recommendations for subgroups of patients with 
variable severity of pneumonia, would contribute to the efficacy of current guideline 
recommendations. As shown in chapter 7, minimizing time to first antibiotic dose to 4 hour 
is not to beneficial to all patients with pneumonia but most likely only to those patients with 
severe pneumonia in septic shock and necessitating direct treatment in the intensive care. 
Moreover, institution of the “4 hour rule” for all patients with pneumonia would enhance 
inappropriate usage of antibiotics. To account for the variable severity of pneumonia, current 
guidelines are supplemented by various more or less complex pneumonia scoring systems.47-51 
Unfortunately, all present scoring systems, developed for individual risk prediction of severity 
and mortality from pneumonia, do not adequately define the best therapeutic options for 
the individual. In example, an individual over the age of 90 with mild symptoms of pneumonia, 
is by present scoring systems classified as severe pneumonia (PSI class IV), whereas this not 
necessarily implies that the individual is a candidate for antibiotic combination therapy and/
or adjuvant treatment. Present scoring systems may contribute to excessive use of high risk 
antibiotics to at-risk patients with little indication. A more pragmatic classification of present 
guideline recommendations on pneumonia management by site of treatment (i.e. out-
patient, general medical wards and ICU) accounting for the clinical judgment of the physician 
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seems therefore far more logical.52 Balanced by severity and complexity of disease, guideline-
driven and individualized treatment for community-acquired pneumonia are rather 
complementary than enemies. 

An episode of pneumonia, the beginning or the end?
In the long-term, patients who have been hospitalized for an episode of community-acquired 
pneumonia have a much higher risk of death, mostly because of comorbidities, as compared 
to the general population or other patients hospitalized for other reasons.53 This somewhat 
worrisome finding leaves two directions for interpretation. First, according to the famous 
saying, “pneumonia the old men’s friend”, an episode of pneumonia may be an indicator 
for frailty, end-stage disease, and the approaching end of life. Otherwise, an episode of 
pneumonia may be the start for early screening and (preventive) interventions of underling 
diseases maximizing chances for a favorable long-term prognosis. The data presented in 
chapter 10 show that patients who died shortly (in the first year) after an episode of 
pneumonia are more likely to die because of inevitable causes as end-stage malignancies 
while deaths due to more preventable or treatable causes as cardiovascular disease and 
COPD occur at constant level during long-term follow-up. Therefore, individual risk profiling 
and treatment for comorbidities upon discharge or shortly after, as a chest radiograph to 
exclude underlying malignancies, advices on cessation of smoking, and screening for COPD 
might help to improve the adverse long-term survival rates.54-56 Emerging evidence suggests 
that episodes of infection or chronic exposure to common infections, perhaps by exacerbating 
inflammation, contribute to atherosclerosis and vascular diseases.57 The complex interaction 
between vascular diseases and pneumonia is not clearly understood yet. Recent 
epidemiological studies suggest that use of statins may reduce the risk of (pulmonary) 
infections.58,59 Ongoing trials and translation studies need to clarify if statins are really 
beneficial to pneumonia, or a surrogate marker for better health, or confounding variable 
when it comes to pneumonia. 

Who needs to be vaccinated to prevent pneumonia?
Vaccination against influenza or pneumococci can be used to prevent community-acquired 
pneumonia. However, the indications for pneumococcal vaccination remain topic of debate 
and national and international guideline recommendations vary widely.22,60,61,62 Appropriate 
selection of individuals most likely to benefit from vaccination strategies appears to be 
extremely difficult. 
Theoretically, persons carrying genetic polymorphisms of host defense genes associated 
with increased susceptibility to pneumococcal pneumonia or sepsis may be likely to benefit 
from vaccination against pneumococci. For the coming future, it will be a major challenge 
to characterize and clearly define this group of patients genetically prone to severe 
pneumococcal pneumonia and sepsis. In addition, better insights into the incidence and 
synergistic mechanisms of pneumococcal infections secondary to influenza will provide novel 
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clues for selecting patients at-risk for severe pneumonia and subsequent choices in 
vaccination strategies.
The moment of hospital discharge after an episode of pneumonia has also been suggested 
as opportunity for vaccination against pneumococci or influenza.22,55 Despite limitations in 
study design and causes of death being based on coding databases, the data presented in 
chapter 10 suggest that patients who survived an episode of pneumonia are more likely to 
die because of their comorbidities than due to recurrent pneumonia. Managing comorbidities 
of patients admitted to general wards after an episode of CAP seems, therefore, more 
effective in terms of reducing the subsequent risk for mortality in the individual than 
vaccination strategies to prevent future pneumonia-related mortality. 
Reversely, one could argue that prevention of the first episode of CAP indirectly also 
contributes to improved long-term implications. Recommendations for influenza and 
pneumcoccal vaccination at hospital discharge may, therefore, still be (cost)-effective by 
reducing episodes of pneumonia and associated costs for treatment.

FUTURE RESEARCH 

The studies presented in this thesis provided some answers to questions in management of 
community-acquired pneumonia and insights towards an individualized approach. Though, 
probably even more new questions, outlined in table 1, are raised to address in future 
research. Even before all these future questions are answered, from the data in this thesis 
we learned that individualized strategies based on genetic variability, biomarkers, “fine-
tuning” of guideline recommendations on antibiotic treatment, and risk-profiling in follow-
up of disease can optimize current treatment strategies in community-acquired pneumonia 
and have the promise to encounter the steadily high risk of pneumonia associated mortality 
and antibiotic resistance. 
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table 1. Topics to be addressed in future research 

Future research 
Aimed at Genetic markers

•   Replicate genetic polymorphisms yet identified as risk factors for susceptibility or outcome from severe 
pneumonia in larger cohorts and study their functional significance

•   Collaborate to create large well defined cohorts of patients with adequate phenotype and microbiological 
data

•   Analyze markers yet identified and discover new markers in large cohorts of patients homogeneous in 
causative pathogen

•   Study the role of polymorphisms in selecting individuals for vaccination strategies or adjuvant therapies as 
anti-coagulant treatment, steroids or macrolides 

Aimed at biomarkers 

•   Analyze the additive value of CRP or PCT point-of-care tests to present clinical decision making in primary 
care

•   Evaluate the impact of biomarkers as compared to standardized attitude interventions in minimizing 
antibiotic prescriptions and duration of treatment 

•   Explore for a panel of biomarkers and genetic markers that can be used to select candidates for adjunctive 
treatment appropriately

Aimed at guidelines on antimicrobial treatment

•   Determine the best empirical antibiotic treatment regime for patients with severe CAP admitted to 
general medical or pulmonary wards in terms of clinical effectiveness and cost-effectiveness

•   Evaluate if screening for C. difficile by sensitive methods in patients admitted for CAP at at-risk for C. 
difficile will reduce the spread of C.difficile in outbreaks 

Aimed at risk stratification in follow-up of pneumonia 

•   Assess if screening and prevention programs for comorbidities shortly after an episode of pneumonia, 
improve long-term mortality rates from CAP

•   Acquire insights in to pathophysiological mechanisms of an episode of CAP and development of vascular 
diseases
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Buiten het ziekenhuis opgelopen longontsteking, ook wel community-acquired pneumonie 
genoemd, is één van de belangrijkste redenen voor ziekenhuisopname en de op twee na 
meest voorkomende doodsoorzaak wereldwijd. In Nederland krijgen naar schatting jaarlijks 
135.000 mensen een community-acquired pneumonie, waarvan 30.000 moeten worden 
opgenomen in het ziekenhuis en 6.000 sterven aan de gevolgen van deze ziekte. Vooral de 
ernstige vormen van een pneumonie gaan gepaard met een hoge kans op overlijden, 
oplopend tot wel 35%. Ondanks de vooruitgang van de gezondheidszorg de afgelopen 
decennia en de wijdverspreide beschikbaarheid van antibiotica, zijn deze getallen nauwelijks 
verbeterd. Recente uitbraken van Influenza H5N1 (Vogelgriep) en Nieuwe Influenza H1N1 
(Mexicaanse griep), waarbij de meeste patiënten zijn overleden aan de gevolgen van een 
pneumonie, hebben het belang van onderzoek naar de community-acquired pneumonie 
alleen maar meer benadrukt. Daarnaast gaat de behandeling van luchtweginfecties zoals 
een pneumonie gepaard met grote aanspraak op gezondheidszorgvoorzieningen, hoge 
kosten en veelvuldig gebruik van antibiotica. 
In het bijzonder neemt de behandeling van luchtweginfecties tweederde van alle antibiotica 
gebruik wereldwijd voor haar rekening en worden de jaarlijkse kosten van behandeling in 
de biljoenen Amerikaanse dollars geschat. Naast hoge kosten, leidt veelvuldig antibiotica 
gebruik tot een toename van het risico op antibioticaresistentie. Gezien de hoge frequentie 
waarin het ziektebeeld voorkomt, hoge sterfte die met de pneumonie gepaard gaat, hoge 
antibiotica consumptie, hoge kosten en grote aanspraak op gezondheidszorgvoorzieningen, 
zijn efficiënte strategieën voor behandeling van de community-acquired pneumonie 
nodig. 
In dit proefschrift, hebben we mogelijkheden voor een geïndividualiseerde behandeling van 
de community-acquired pneumonie onderzocht, in het spectrum van de initiële inflammatoire 
respons (afweerreactie) tot de prognose op de lange termijn. We hopen dat de studies zullen 
dienen als een aanknopingspunt voor verbetering in behandeling van de community-acquired 
pneumonie de komende jaren.

Genetische aanleg voor de community-acquired pneumonie 
Een pneumonie is een ontsteking van het longweefsel veroorzaakt door een virus of bacterie 
en leidt tot symptomen als benauwdheid, hoesten, pijn bij het ademhalen, koorts en 
verhoogde ontstekingswaarden in het bloed. Echter de symptomen en verschijnselen van 
een pneumonie zijn zeer divers door de individuele variabiliteit in de locale en systemische 
afweer tegen bacteriën, virussen en hun producten. Daarom kan de ernst van een pneumonie 
variëren van milde ziekte, waarvoor geen opname in het ziekenhuis noodzakelijk is, tot een 
ernstige sepsis (bloedvergiftiging) waarvoor behandeling op een intensive care afdeling van 
het ziekenhuis noodzakelijk is. De beschreven variabiliteit in individuele afweerreactie op 
de infectie is afhankelijk van verscheidene erfelijke factoren en omgevingsfactoren, zoals de 
virulentie (ziekmakend vermogen) van de verwekker en co-morbiditeit (tegelijk bestaande 
aandoeningen). Welke factoren precies en in welke mate deze individuele afweerreactie 
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bepalen is nog steeds niet bekend. In 1988 is een van de eerste studies verschenen die 
aantoonde dat er een genetisch risico is voor het overlijden aan een infectie. De laatste jaren 
is genetische aanleg voor het krijgen van een pneumonie en ernst van het beloop een steeds 
belangrijkere risicofactor geworden. 
In hoofdstuk 2 geven we een overzicht van de enorme hoeveelheid kleine genetische 
verschillen, ook wel genetische polymorfismen genoemd, in genen die coderen voor 
ontstekingseiwitten. Deze genetische polymorfismen verklaren mogelijk de genetische 
variabiliteit in vatbaarheid en ernst van een pneumonie. 
Polymorfismen die coderen voor ontstekingseiwitten als patroonherkenning moleculen, 
inflammatoire en anti-inflammatoire cytokinen en stollingsfactoren worden gezien als 
genetische risicofactoren voor vatbaarheid of ernst van pneumonie en sepsis. Voorbeelden 
van functionele polymorfismen zijn; het heat shock protein-70 (HSP-70) HSPA1B +1267 
polymorfisme en de plasminogeen activator inhibitor -1 (PAI-1) 4G/5G deletie. Dragers van 
het HSPA1B +1267 polymorfisme hebben een groter risico op het krijgen van een septische 
shock bij een pneumonie. Dragers van de PAI-1 4G/5G deletie hebben een verhoogd risico 
op het krijgen van een community-acquired pneumonie. Deze voorbeelden laten geen twijfel 
bestaan dat er een genetische basis is voor vatbaarheid en ernst van luchtweginfecties. 
Helaas heeft tot op heden geen van de gevonden polymorfismen geleid tot een klinische 
toepassing in de behandeling van de community-acquired pneumonie en is er nog een lange 
weg te gaan om alle genetische risicofactoren goed in beeld te krijgen. De komende 
jaren zal een stap gemaakt moeten worden van louter statistische associatie naar het 
begrijpen van de biologie. 
Een eerste stap in de richting van het vertalen van genetische associatie naar de klinische 
praktijk is beschreven in hoofdstuk 3. Bij patiënten met een sepsis, één van de meest ernstige 
uitingsvormen van een pneumonie, hebben we polymorfismen in genen betrokken bij de 
coagulatie (bloedstolling) bestudeerd. We hebben onderzocht of deze polymorfismen een 
goede reactie op een aanvullende behandeling met anti-coagulatoire (bloedverdunnende) 
middelen kunnen voorspellen. Anti-coagulatoire middelen vormen tot op heden de enige 
aanvullende behandeling om de hyper-coagulatoire toestand, ten gevolge van een ernstige 
sepsis bij een pneumonie, tegen te gaan. Deze anti-coagulatoire behandeling werkt helaas 
niet bij alle patiënten en de behandeling is duur en geassocieerd met een risico op 
bloedingen. Daarom lijkt een betere selectie van patiënten, die baat hebben bij deze 
aanvullende anti-coagulatoire therapie met behulp van genetische risicofactoren, 
belangrijk. 
We hebben een functioneel polymorfisme (rs-6434222) gevonden in het tissue factor 
pathway inhibitor (TFPI) gen dat voorkomt bij meer dan 10% van de bevolking en geassocieerd 
is met goede reactie op aanvullende behandeling met recombinant TFPI (rTFPI), een anti-
coagulatoir middel. Dragers van dit polymorfisme blijken een verhoogd risico te hebben op 
overlijden aan een ernstige sepsis. Echter dragers van het polymorfisme die behandeld zijn 
met rTFPI hebben een overlijdensrisico van 25% terwijl dragers die behandeld zijn met 
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placebo een overlijdensrisico van 50% hebben. 
In vitro, blijkt dragerschap van het polymorfisme geassocieerd te zijn met een langere 
bloedingstijd zonder bacteriële stimulatie en een toegenomen activatie van de stolling na 
stimulatie met Streptococcus pneumoniae, de belangrijkste verwekker van de community-
acquired pneumonie. Deze resultaten suggereren dat het polymorfisme bijdraagt aan een 
fulminante hyper-coagulatoire respons bij patiënten met een ernstige pneumococcen sepsis, 
leidend tot een toegenomen risico op overlijden. Het corrigeren van deze hyper-coagulatoire 
toestand met anti-coagulatoire middelen kan leiden tot een betere uitkomst bij patiënten 
die dit polymorfisme bij zich dragen. Hoewel verdere verdere wetenschappelijke 
bewijsvoering nodig is, laten deze resultaten zien dat genetische verschillen, polymorfismen, 
gebruikt kunnen worden om individuen te selecteren voor aanvullende behandeling. 

Biomarkers van de inflammatoire respons 
Biomarkers van de inflammatoire respons zijn eiwitten die de individuele variatie van de 
afweerreactie, gebaseerd op genetische factoren, co-morbiditeit en de verwekker, kunnen 
weerspiegelen. Daarom wordt verondersteld dat biomarkers kunnen helpen bij de diagnostiek 
van luchtweginfecties, om niet infectieuze oorzaken van infectie, virale infecties en bacteriële 
infecties te kunnen onderscheiden. Een andere eigenschap van een goede biomarker is dat 
hij gelijk met of voorafgaand aan de symptomen verhoogd is, normaliseert als de behandeling 
succesvol is of verhoogd blijft als de therapie niet aanslaat. Een biomarker kan daarom ook 
gebruikt worden om het beloop van de ziekte te voorspellen of de duur van de antibiotische 
therapie te bepalen.
De afgelopen jaren heeft de biomarker procalcitonine (PCT) de interesse gewekt van artsen 
die patiënten met een pneumonie behandelen. Echter ondanks de populariteit van PCT is 
het niet duidelijk of implementatie van PCT-geleide behandelstrategieën waardevol is voor 
de hedendaagse medische praktijk. In hoofdstuk 4 evalueren we systematisch de toegevoegde 
waarde van PCT voor de eerste en tweede lijn. Voor de tweede lijn (het ziekenhuis) laten 
we zien dat routinematig gebruik van PCT niet zinvol is, omdat de toegevoegde waarde 
boven de huidige diagnostiek gebaseerd op anamnese, lichamelijk onderzoek, klinische 
scores en de thoraxfoto (longfoto) minimaal is. Wel kan PCT waardevol zijn bij individuele 
hoogrisico patiënten. Voor de eerste lijn (de huisartsenpraktijk), een omgeving met relatief 
veel overmatig antibioticagebruik, is het voorschrijven van antibiotica gebaseerd op een 
PCT test een veelbelovende strategie om individuen die antibiotica nodig hebben te 
selecteren en hiermee het antibioticagebruik veilig te reduceren. 
De introductie van nieuwe biomarkers als PCT vraagt ook een duidelijke positiebepaling van 
de oudere, goedkopere en veelgebruikte biomarker, C-reactive protein (CRP). Hoewel CRP 
een routinematig gebruikte biomarker binnen Europa is, is het nut van herhaalde CRP 
bepalingen, om patiënten met een pneumonie te vervolgen, niet bekend. 
In hoofdstuk 5 bestuderen we het normaliseren van CRP bij luchtweginfecties. We laten 
zien dat patiënten met een afname van minder dan 60% in CRP op dag 3 van behandeling 
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of een afname van minder dan 90% op dag 7, een vier tot zeven maal verhoogde kans hebben 
op een niet adequate antibiotische behandeling. Daarom zijn herhaalde CRP bepalingen 
nuttig vanaf dag 3 in de eerste week van behandeling, om de effectiviteit van de ingestelde 
antibiotische therapie te bepalen. We laten ook zien dat CRP waarden bij opname afhankelijk 
zijn van de verwekker en verschillen in de afweerreactie tegen verschillende verwekkers 
weerspiegelen. Helaas kunnnen deze verschillen in CRP waarden niet gebruikt worden om 
de verwekker te voorspellen, omdat de CRP waarden van patiënten met dezelfde verwekker 
in belangrijke mate verschillen. Deze variatie in CRP waarden weerspiegelt mogelijk deels 
de genetische variatie in de afweerreactie.

Antibiotische behandeling
Antibiotische therapie is de hoeksteen van de behandeling van de community-acquired 
pneumonie. Het doel van antibiotische therapie is de ontsteking en bacteriën in de long en 
in de circulatie te verminderen. Idealiter worden antibiotica derhalve alleen gebruikt voor 
een bacteriële pneumonie en niet voor een virale of minder ernstige infectie. Echter op het 
moment dat antibiotica gestart moet worden is de verwekker meestal onbekend. Daarom 
is de initiele antibiotische behandeling veelal empirisch en gebaseerd op consensus richtlijnen 
met inachtneming van verdachte verwekkers, gastheerfactoren en de ernst van ziekte bij 
presentatie. De Nederlandse richtlijnen adviseren voor de empirische behandeling van 
patiënten, die opgenomen moeten worden in een ziekenhuis maar niet op een intensive 
care afdeling, beta-lactam monotherapie, fluoroquinolon monotherapie of een combinatie 
van een beta-lactam plus een macrolide of fluoroquinolon. 
Ook al acht men deze antibiotica regimes even effectief voor de behandeling van 
luchtweginfecties, de bijwerkingen van de antibiotica, zoals selectie van resistente 
pathogenen en nosocomiale (in het ziekenhuis verkregen) infecties als Clostridium difficile 
(C. difficile), kunnen onderling verschillen. De afgelopen jaren is het aantal C. difficile infecties 
(CDI) duidelijk toegenomen. Deze toename in CDI, vooral veroorzaakt door veelvuldig 
antibioticagebruik, heeft de aandacht getrokken van artsen, onderzoekers, politici en de 
samenleving. Omdat bij luchtweginfecties veelvuldig breed-spectrum antibiotica gebruikt 
worden, speelt de antibiotische behandeling van luchtweginfecties mogelijk een belangrijke 
rol bij het ontstaan van CDI. 
Het effect van de drie genoemde empirische antibiotische regimes voor de community-
acquired pneumonie op selectie van C. difficile is onbekend. In hoofdstuk 6 vergelijken we 
het risico van de drie geadviseerde empirische behandelstrategieën op het verkrijgen van 
C. difficile dragerschap in het ziekenhuis. In onze studie, verricht in een endemische 
omgeving, was het C. difficile dragerschap bij patiënten die opgenomen werden omwille 
van een community-acquired pneumonie 9.4%. Het in het ziekenhuis verkregen C. difficile 
dragerschap, gedurende en na antibiotische behandeling, was 11.4% in deze populatie. 
Tussen de drie empirische antibiotische regimes zijn geen significante verschillen voor het 
risico op het verkrijgen van C. difficile dragerschap in het ziekenhuis gevonden. Wel zijn 
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antibiotische behandeling langer dan 7 dagen en voorafgaande ziekenhuis opname in de 
afgelopen 3 maanden risicofactoren voor C. difficile dragerschap. Dit wijst erop dat algehele 
behandelstrategieën, zoals het vroegtijdig identificeren van hoogrisico patiënten, het 
verminderen van de duur van antibiotische therapie en een vroege switch van intra-veneuze 
naar orale therapie resulterend in een kortere opname duur -en niet het verbannen van een 
bepaald type antibiotica- het verkrijgen van C. difficile dragerschap tijdens een zieken huis-
opname zullen verminderen. 
Een ander belangrijk discussiepunt in de antibiotische therapie van de pneumonie is de tijd 
die verstrijkt tot de eerste gift antibiotica, ook wel de “time to first antibiotic dose” (TFAD) 
genoemd. Gebaseerd op 2 retrospectieve database studies hebben wereldwijd ziekenhuizen 
een TFAD minder dan 4 uur geïmplementeerd als kwaliteitsindicator of als “pay-for-
performance” indicator voor patiënten die zich op de spoedeisende hulp presenteren met 
de verdenking van een pneumonie. De wetenschappelijke bewijsvoering voor deze 
aanbevelingen is echter discutabel. Men kan zich afvragen of alle patiënten, verwezen naar 
het ziekenhuis omwille van een pneumonie, baat hebben bij vroegtijdige antibiotica 
toediening of alleen diegenen met een septische shock. In hoofstuk 7 is het effect van het 
verkorten van de TFAD op de uitkomst op korte termijn van patiënten met een pneumonie 
opgenomen op een algemene verpleegafdeling onderzocht. We concluderen dat klinische 
parameters bij opname en niet TFAD de prognose op korte termijn bepalen. In tegenstelling 
tot patiënten met een community-acquired pneumonie bij wie direct opname op een 
intensive care afdeling noodzakelijk is, kan men bij patiënten die stabiel zijn de tijd nemen 
een betrouwbare diagnose te stellen alvorens de antibiotica toe te dienen. Daarom lijkt een 
geïndividualiseerde aanpak gebaseerd op ernst van de ziekte en niet implementatie van 
TFAD als prestatie indicator voor alle patiënten wenselijk. Bovendien kan wijdverspreide 
implementatie van TFAD als prestatie indicator onbedoelde en onwenselijke consequenties 
met zich meebrengen als niet adequaat antibioticagebruik en het prioriteren van pneumonie 
patiënten boven anderen. 

Follow-up van therapie en prognose op de lange termijn
Hoewel de klinische waarde nooit is aangetoond, worden in de dagelijkse praktijk regelmatig  
thoraxfoto’s herhaald bij patiënten, opgenomen met een pneumonie, om het effect van de 
behandeling te vervolgen. Daarnaast wordt geadviseerd op de lange termijn, als de tekenen 
van infectie verdwenen zijn, nog één keer een thoraxfoto te maken, om een tumor als 
oorzaak van de pneumonie uit te sluiten. Om deze follow-up thoraxfoto’s beter te kunnen 
plannen, hebben we in hoofdstuk 8 het herstel van de afwijkingen op de thoraxfoto van 
patiënten met een ernstige pneumonie beschreven. Op dag 7 na opname is bij 25% van de 
patiënten het beeld op de thoraxfoto compleet hersteld en op dag 28 is dit bij 56% van de 
patiënten het geval. Patiënten met een pneumococcen pneumonie blijken een iets trager 
herstel van de afwijkingen op de thoraxfoto te hebben. Klinische en laboratorium parameters 
bij opname als een gedempte percussie, hoge ademhalingsfrequentie, afwijkingen in beide 
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longvelden en een hoog CRP, zijn onafhankelijke voorspellende factoren voor een vertraagd 
herstel van de afwijkingen op de thoraxfoto. 
Om aan te tonen of de mate van herstel zoals hierboven beschreven ook van toepassing is 
voor patiënten met een minder ernstige pneumonie, hebben we in hoofdstuk 9 het herstel 
van de afwijkingen op de thoraxfoto bij patiënten met een milde tot matig-ernstige 
pneumonie bestudeerd. Bij deze groep patienten is het herstel van de afwijkingen 30% na 
10 dagen en 70% na 30 dagen. De ernst van de pneumonie is dus inderdaad geassocieerd 
met het herstel van de afwijkingen op de thoraxfoto. 
Daarnaast is het herstel van radiologische afwijkingen trager dan het klinische herstel, zoals 
ervaren door patiënt en arts. Zowel in de studie beschreven in hoofdstuk 8 als in hoofdstuk 
9, hebben alle patiënten met een verslechtering van het beeld op de thoraxfoto ook klinische 
verschijnselen van achteruitgang. Daarom heeft het vervolgen van een patiënt met een 
milde tot ernstige pneumonie, die klinisch opknapt, met follow-up thoraxfoto’s geen 
toegevoegde waarde boven het vervolgen van de kliniek en het leidt tot overmatig gebruik 
van thoraxfoto’s. Het is ook niet wenselijk een follow-up thoraxfoto, om een onderliggende 
tumor uit te sluiten, binnen 4 weken na initiële diagnose te plannen. Immers in de eerste 4 
weken na diagnose heeft de helft van de patiënten nog afwijkingen op de thoraxfoto passend 
bij infectie, welke dus een normaal beloop van de ziekte weergeven. Uitstel tot minimaal 
8-12 weken na de diagnose lijkt redelijk, met inachtneming van de ernst van de ziekte bij 
opname, om de follow-up thoraxfoto op lange termijn zo optimaal mogelijk te plannen voor 
het individu.
In hoofstuk 10 zijn de overleving en doodsoorzaken op lange termijn van patiënten die 
opgenomen zijn geweest met een pneumonie vergeleken met de algemene Nederlandse 
bevolking. De sterftecijfers op lange termijn van patiënten die een pneumonie doorgemaakt 
hebben zijn hoog; 53% is overleden na 7 jaar en dit is aanzienlijk hoger dan een populatie 
cohort van dezelfde leeftijd en geslacht. De doodsoorzaken in de jaren na de episode van 
pneumonie zijn veelal gerelateerd aan co-morbiditeit en niet aan een recidief pneumonie. 
De resultaten van deze studie benadrukken, dat een acute episode van een pneumonie 
verstrekkende gevolgen heeft en niet alleen hoge sterftecijfers heeft op de korte termijn, 
maar ook hoge sterftecijfers op de lange termijn met zich mee brengt.
Inzicht in de doodsoorzaken op de lange termijn van patiënten die een community-acquired 
pneumonie hebben doorgemaakt, geven ons nieuwe aangrijpingspunten voor preventie en 
therapie om de lange termijn effecten van een pneumonie te verminderen. Op de lange 
termijn overlijden patiënten die een pneumonie hebben doorgemaakt veelal aan hun co-
morbiditeit, zoals COPD, hart- en vaatziekten en tumoren, en niet aan een recidief pneumonie. 
Daarom kunnen screening en individuele risicoanalyse bij ontslag of kort na ontslag uit het 
ziekenhuis voor COPD, vasculaire ziekten of tumoren een goede methode van aanpak zijn 
om de gevolgen op lange termijn van een pneumonie te reduceren. 
Tot slot bespreken we in hoofdstuk 11 de rol van genetische markers en biomarkers in de 
nabije toekomst, de balans tussen geïndivudualiseerde behandeling en therapie gebaseerd 
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op richtlijnen en aanbevelingen voor preventie na een episode van een pneumonie. 
Daarnaast worden ook enkele aangrijpingspunten voor vervolgonderzoek besproken.  

De belangrijkste conclusies van dit proefschrift zijn: 
• De vatbaarheid voor en het verloop van een community-acquired pneumonie zijn mede 

genetisch bepaald. Er zijn duizenden genetische polymorfismen beschreven, tot op heden 
blijken slechts een aantal functioneel. 

• Functionele polymorfismen zouden in de toekomst gebruikt kunnen worden om individuen 
te selecteren voor preventie of aanvullende behandeling van een ernstige pneumonie. 

• Behandeling met recombinant TFPI is geassocieerd met een 50% mortaliteitsreductie van 
sepsis bij dragers van een functioneel TFPI polymorfisme (rs6434222).

• In vitro is dragerschap van het TFPI polymorfisme geassocieerd met een langere 
bloedingstijd voor stimulatie en een toegenomen activatie van de stolling na stimulatie 
met Streptococcus pneumoniae.

• Routinematige procalcitonine bepalingen hebben geen toegevoegde diagnostische waarde 
in de tweede lijn.  

• Voorschrijven van antibiotica op basis van procalcitonine is een veelbelovende en veilige 
strategie om individuen beter te selecteren voor antibiotische therapie en het 
antbioticagebruik in de huisartsenpraktijk te reduren.

• Daling van het CRP  van minder dan 60% op dag 3 van opname is een goede indicator van 
inadequate antibiotische therapie.

• Het verkrijgen van C. difficile dragerschap bij patiënten met een pneumonie is niet 
afhankelijk van het soort antibioticum maar van individuele patiëntgebonden factoren en 
duur van antibiotische behandeling.

• Invoeren van “tijd tot eerste antibiotica gift” minder dan 4 uur als kwaliteitsindicator is 
niet wenselijk voor alle patiënten op de spoedeisende hulp met een verdenking van een 
pneumonie. 

• Bij een milde tot ernstige pneumonie zijn follow-up thoraxfoto’s gedurende de opname 
en voor ontslag overbodig als de patiënt klinisch goed opknapt.

• Bij een milde tot ernstige pneumonie heeft 60%-75% van de patiënten nog afwijkingen 
op de thoraxfoto na 1 week en 25%-50% na 1 maand.  

• De overleving 7 jaar na een episode van een community-acquired pneumonie is 47%, dit 
is aanzienlijk lager dan in de algehele bevolking.

• De doodsoorzaken op de lange termijn zijn veelal co-morbiditeit gerelateerd en niet als 
gevolg van een recidief pneumonie. 
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