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General Introduction and Outline of the Thesis 





Introduction 

Duration of treatment of upper and lower respiratory tract infections 
Antibiotics are widely prescribed for respiratory tract infections (RTIs) and RTIs account for 
75% of all community prescriptions . The most frequent indication is tonsillopharyngitis, 
followed by bronchitis. Regrettably, most prescriptions are for respiratory tract infections 
with a presumed viral aetiology, ranging from the common cold to viral pneumonia. Several 
interventions have been developed to decrease the number of the prescriptions for 
nonbacterial illnesses. Less well studied, but equally important in the judicious use of 
antibiotics is the appropriate duration of antibiotic therapy. Antibiotic therapy should be 
administered long enough to result in clinical cure and the prevention of a relapse of the 
infection, but short enough to prevent the development of side effects and of bacterial 
resistance. 

On population level, there is a clear relationship between total antibiotic consumption and 
resistance rates of the pathogens 3"5. Resistance may arise during treatment when resistant 
mutants, already present in small numbers in the bacterial population, become dominant as a 
result of the selective pressure of antibiotic use. Resistance mutations can also develop during 
treatment. When the antibiotic concentration is sufficiently high (the mutant prevention 
concentration, MPC), the growth of first-step mutants is prevented and a bacterial cell has to 
develop more than one resistance mutation for growth . 
One important factor associated with the development of resistance is therefore dosing. 
Supporting this notion are the observations that the selection of antimicrobial resistance in 
patients with nosocomial respiratory tract infections was strongly associated with suboptimal 
antimicrobial exposure 7, and that a five day, high dose course of amoxicillin for respiratory 
tract infections in children resulted in a significantly lower rate of carriage of penicillin 
resistant Streptococcus pneumoniae than the standard duration of treatment . However, 
resistance may not only develop in the causative microorganism, but also in the commensal 
flora. It is well established that the commensal flora changes rapidly during and after 
antibiotic treatment, and that resistant isolates increase in the residual flora . Consequently, 
prolonged or repeated courses of antibiotic treatment inevitably provide the selective pressure 
favouring the emergence of resistant strains. 

In recent years resistance rates among common respiratory pathogens for a number of 
antimicrobial agents are increasing at an alarming rate ' . Decreasing the duration of antibiotic 
courses in respiratory tract infection could contribute to contain these growing resistance 
rates. The traditional 10-day duration of therapy for most RTIs does not derive from a strong 
scientific or medical rationale, with the exception of penicillin therapy for tonsillopharyngitis 
11'2. There is growing evidence that a short course of therapy is an effective treatment in 
RTIs. 

Acute Otitis Media 
For Acute Otitis Media (AOM), the most common illness for which antibiotics are prescribed 
in paediatric patients, the standard antibiotic treatment duration has been 10 days for decades. 
This duration had been extrapolated from the 10-day course of oral penicillin for group A 0-
haemolytic streptococcal (GABHS) tonsillopharyngitis. The first evidence that a shorter 
therapy might be as effective as the 10 days treatment came from paediatric studies in which 
tympanocentesis was used to evaluate bacterial numbers in the middle ear effusion fluid ' . 
These studies demonstrated a successful eradication of bacteria after 3 to 6 days of antibiotic 
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treatment and found a high agreement between bacteriological and clinical response. Failure 
to eliminate bacteria from the middle ear was often associated with persistent signs and 
symptoms '5. 
A meta-analysis of 32 randomized controlled trials, enrolling a total of 8115 children aged 4 
weeks to 18 years with AOM, compared antibiotic treatment of less than 7 days with 
treatment of at least 7 days ' . For short-acting drugs given for > 48 hours the primary 
outcomes at 20 to 30 days were not significantly different for short and long treatment (OR: 
1.22 [95% CI: 0.98 to 1.54]), with a weighted summary risk difference of 2.3% (95% CI: -
0.2% to 4.9%). This risk difference suggests that 44 children would need to be treated with 
the long course of short-acting antibiotics to avoid one treatment failure. Comparable 
outcomes were also shown for short treatment with ceftriaxone or azithromycin, versus more 
than seven days of other antibiotics. This meta-analysis supports the use of 5 days of 
antibiotics in uncomplicated AOM in children. 

Tonsillopharyngitis 
Tonsillopharyngitis is another common infection in paediatric clinical practice. The main 
pathogen in bacterial tonsillopharyngitis is GABHS. In patients with bacterial 
tonsillopharyngitis aged 5-11 years GABHS is found in 20-40% of cases '7. Antibiotic 
treatment is not only recommended to relieve signs and symptoms, to prevent local 
suppurative complications, and to reduce the spread of Streptoccocus pyogenes in the 
environment, but also to prevent serious late complications, such as acute rheumatic fever and 
glomerulonephritis l8. The efficacy of penicillin in the treatment of group A streptococcal 
disease was first documented in the 1940s. In the early 1950s injectable penicillin was shown 
to reduce the incidence of rheumatic fever following GABHS infection among military 
recruits ' . A few years later oral penicillin and injectable penicillin were shown to be 
equally efficacious in eradicating GABHS. This has led the American Heart Association to 
recommend treatment of GABHS with oral penicillin for ten days. Since then the 10-day 
penicillin treatment for tonsillopharyngitis has become the 'gold standard' treatment. 

The bacteriological failure rate of 10 days' treatment in the early penicillin decades ranged 
between approximately 2 and 10%. In the late 1970s bacteriological and clinical failure rates 
with penicillin therapy began to increase and are now reported to be approximately 30% '9. In 
the 1980s several attempts have been undertaken to shorten the treatment duration in 
tonsillopharyngitis, by designing studies comparing a short (< 7 days) course penicillin with 
the traditional 10-day penicillin treatment in patients with proven tonsillopharyngitis 20"22. 
These studies showed the longer treatment to be more effective in eradicating GABHS than 
the shorter treatment durations "°""'. 

This finding has led to the development of other studies, investigating the efficacy of a short 
treatment with alternative drugs. In the 1990s studies appeared comparing penicillin given for 
10 days and cephalosporins given for 5 days. A recent meta-analysis of these studies 
demonstrates that a short course (4-5 days) of cephalosporin therapy is at least as effective as 
10 days of penicillin treatment in group A streptococcal tonsillopharyngitis 24. The superiority 
of the cephalosporins is explained by a more favourable pharmacokinetic profile and their 
resistance to P-Iactamases produced by organisms such as Staphylococcus aureus, 
Haemophilus influenzae, Haemophilus parainfluenzae and Moraxella catharralis, which may 
colonize the inflamed pharynges of a patient suffering from streptococcal tonsillopharyngitis 
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COPD or chronic bronchitis 
COPD, or chronic bronchitis, is one of the five leading causes of death worldwide and affects 
3% to 17% of the adult population in developed countries :s. Acute exacerbations of chronic 
bronchitis (AECB) occur frequently. Causes include air pollutants, allergens and viruses, as 
well as bacterial pathogens. Most patients with AECB are treated with antibiotics. The 
patients who clearly benefit from antibiotic therapy are those with exacerbations of COPD 
that are characterized by at least two of the following criteria: increased cough and/or 
dyspnea, increased sputum volume and increased purulence ~ "~ . Remarkably, the most 
important guidelines do not address the issue of appropriate treatment duration ~ . Several 
studies have been published demonstrating that a short course of antibiotic treatment is as 
effective as the conventional longer treatment. We have identified these studies and the results 
of a systematic review will be discussed later. 

Community-acquired pneumonia 
Community-acquired pneumonia (CAP) is a frequent condition in adults. The annual 
incidence of community-acquired pneumonia in adults varies between 5 to 11 cases per 1000 
adult population per year, with somewhat higher numbers in males and at the extremes of age. 
Hospitalization rates vary between 22% and 42% 33. Mortality is estimated to be <1% for 
patients not admitted to the hospital and ranges between 2% and 30% in hospitalized patients 
34. In the Netherlands 27.000 patients are annually admitted to the hospital for this condition, 
of whom 6.500 die. The morbidity and mortality rates are still increasing, probably due to the 
growing population aged over 65 years, and the increasing prevalence of chronic underlying 
conditions 35. Treating CAP is associated with high costs for the health care system, and is 
responsible for considerable consumption of antibiotics. The treatment of patients with CAP 
was in the U.S. (mid 1990s) responsible for $ 4.8 billion in patients > 65 years and S 3.6 
billion in patients < 65 years 6. 

The most common pathogen in ambulatory patients is Streptococcus pneumoniae, followed 
by Haemophilus influenzae and Mycoplama pneumoniae, while the aetiology is unknown in 
40 to 50% of all patients j7. Among patients admitted to the general ward the relative 
frequencies for S. pneumoniae are 18.5 to 41.8%, for H. influenzae 3.4 to 8% and for M. 
pneumoniae 5.4 to 12.6%. Among patients with CAP who are admitted to the intensive care 
unit, also Legionella spp. (4-24%), S. aureus (5-14%) and Enterobacteriaceae (0 to 10%) are 
found 37. 
CAP guidelines have clear recommendations regarding the antibiotic treatment of 
community-acquired pneumonia ' ' " . The recommendations vary depending on the 
severity of disease as classified by validated scoring systems (the Pneumonia Severity Index 
40 or the CURB-65 score 4I), the therapy setting (outpatient, hospital ward or ICU), the 
presence or absence of comorbid conditions and modifying factors such as the presence of 
penicillin resistant pneumococci in the community, and the risk for Pseudomonas aeruginosa 
and Legionella spp. In these guidelines, the rationale for the recommended duration of 
antibiotic therapy is still poor. Based on experience, pneumococcal pneumonia is treated up to 
72 hours after normalization of the body temperature. Two older studies have suggested that a 
significantly shorter duration than the usual 7 to 10 days may be justified for adult patients 
with moderately severe pneumonia 42'43. As these studies do not meet the currently required 
standards of clinical trials (i.e. randomized, double blind and placebo controlled), their results 
have never been implemented in the current clinical practice. Two recent studies in outpatient 
children with non-severe pneumonia showed that three days' treatment with oral amoxicillin 
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was as clinically effective as five days' treatment ' . The question is whether these data can 
be extrapolated to hospitalized adults with CAP. 
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Introduction 

Outline of the thesis 

The studies summarized in this thesis were designed to provide the evidence to guide the 
treatment duration, and to evaluate the course of symptom recovery in patients with CAP. 

Antibiotic treatment in AOM and in group A streptococcal tonsillopharyngitis can be 
shortened from 10 to 5 days. In Chapter two we report the results of a systematic review of 
studies investigating short course treatment in exacerbations of COPD or chronic bronchitis. 
Next, we performed a double-blind, randomized trial investigating whether a short course 
treatment is as effective as the conventional longer treatment in mild to moderate-severe CAP. 
As the impact of treatment is usually evaluated on the basis of clinical outcomes such as 
mortality, length of hospital stay, or time to return to usual activities and as these 
measurements are usually inaccurate when identifying small but significant differences 
between different treatment strategies, we developed especially for patients admitted with 
CAP a short but sensitive questionnaire to measure the resolution of respiratory symptoms 
and the general state of well-being. In chapter 3 we present the development and validation 
of this questionnaire. In chapter 4 we describe the results of our randomized trial 
investigating whether duration of treatment can be shortened from 10 to 3 days in hospitalized 
patients with mild to moderate-severe CAP. As shortening the treatment duration might lead 
to less antibiotic consumption and even a shorter length of hospital stay, we discuss in 
chapter 5 whether the short treatment duration resulted in a decrease of overall health costs in 
our study population. 
Understanding the factors that influence early recovery in patients with CAP helps us to better 
understand the natural history of CAP. This could support treatment decisions, for instance 
regarding the duration of antibiotic therapy. In chapter 6 we have examined in our study 
population the role of patient and disease characteristics as predictors of early symptom 
recovery, using our validated patient-based outcome measure. 
Pneumonia related symptoms can persist for several weeks, even after successful treatment. A 
follow-up study of survivors of an outbreak of Legionnaires' disease (LD) in the Netherlands 
showed that symptoms and an impaired Health Related Quality of Life (HRQL) can persist 
for more than 1.5 years 46. This study did not answer the question of whether L. pneumophila, 
severe pneumonia in general, or the outbreak of LD itself was responsible for the impairment 
of well-being. As the long-term outcome of CAP patients, in terms of symptom resolution and 
Health Related Quality of Life (HRQL), has not been studied yet, we determined in the study 
reported in chapter 7 the rate of symptom resolution and assessed HRQL 18 months after the 
pneumonia episode. 
It is important that comparative clinical trials measure the impact of treatment using solid, 
validated and uniform criteria. We performed a systematic review to find out what criteria 
were used during the past ten years in randomized controlled trials (RCT's) evaluating new 
drugs for the treatment of community-acquired pneumonia. The results of this review are 
presented in chapter 8. 
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Chapter 2 

Abstract 

Objective: To determine whether a short course of antibiotic treatment is as effective as the 
conventional longer treatment in patients with acute exacerbations of chronic bronchitis and 
COPD. 
Method: Systematic review of the available literature and meta-analysis. 
Data Sources: MEDLINE, EMBASE and the Cochrane central register of controlled trials on 
the Cochrane library were searched to July 2006. 
Review Methods: Eligible were double-blind randomized clinical trials including adult 
patients > 18 years of age with clinical diagnosis of exacerbation of chronic bronchitis and 
COPD or pulmonary emphysema, no antimicrobial therapy at the time of diagnosis and 
random assignment to antibiotic treatment up to 5 days versus longer than 5 days. 
Main outcome measures: Primary outcome measure was clinical treatment failure at early 
follow-up, on intention to treat basis. Secondary outcome measures were clinical failure at 
late follow-up and the bacteriological failure rate. 
Results: 21 studies with a total of 10698 patients were included. The average quality of the 
studies was high: the mean Jadad score was 3.9 (SD 0.9). At early follow-up (<25 days) the 
summary odds ratio (OR) for clinical treatment failure with short treatment versus 
conventional treatment was 1.01 (95% CI 0.92 to 1.11). At late follow-up the summary OR 
was 1.0 (95% CI 0.91 to 1.10) and the summary OR for bacteriological failure was 0.96 (95% 
CI 0.80 to 1.15). Similar summary ORs were observed for early failure in studies grouped by 
the antibiotic class used in the short arm. 
Conclusions: A short course (5 days) of antibiotic treatment is as effective as the traditional 
longer treatment in patients with acute exacerbations of chronic bronchitis or COPD. 
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Short Course Antibiotic Treatment in Acute Exacerbations of chronic bronchitis and COPD 

Introduction 

Chronic bronchitis affects 3% to 17% of the adult population in developed countries '. Acute 
exacerbations of chronic bronchitis (AECB) occur frequently. Causes include air pollutants, 
allergens and viruses, as well as bacterial pathogens. The predominant bacterial pathogen 
implicated in AECB is Haemophilus influenzae, which is present in 50% of all bacterial 
exacerbations, with approximately a further third of isolates being either Streptococcus 
pneumoniae or Moraxella catarrhalis . 
Most patients with AECB are treated with antibiotics but the benefit of antibiotic therapy 
remains controversial. This controversy is fuelled by data suggesting that at least one third of 
exacerbations is non-infectious in origin 3"5. In addition, clinical trials of antibiotics have 
yielded conflicting data, with several large studies failing to demonstrate superiority of 
antibiotic therapy above placebo 6;7. Other trials indicated that antibiotic therapy is effective in 
patients who have at least two of the following symptoms: increased dyspnoea, increased 
sputum volume and increased sputum purulence (i.e. a type 1 or 2 exacerbation) , and in 
those with more severe chronic obstructive pulmonary disease (COPD) . A meta-analysis 
recently included in the Cochrane Library confirms these findings in COPD patients. In acute 
exacerbations with increased cough and sputum purulence the use of antibiotics reduces the 
risk of short-term mortality by 77% and decreases the risk of treatment failure by 53% . 

This raises the question how long the duration of antibiotic therapy should be. Antibiotic 
consumption in AECB occurs on large scale and this may contribute to increasing resistance 
rates of the relevant pathogens li:l2. Up to 35% of//, influenzae and > 90% of M. catarrhalis 
produce p-lactamases l3"16. Worldwide, the prevalence of penicillin resistance among strains 
of S. pneumoniae ranges from 1% to 59%17. A shorter duration of treatment might help 
contain these growing resistance rates, but a shorter treatment can only be recommended if 
this is equally efficacious. 

We performed a systematic review and meta-analysis of published randomized double-blind 
studies to answer the question whether a short course of antibiotic treatment is as effective as 
a long course in patients with a type 1 or 2 exacerbation of chronic bronchitis and COPD. 

Methods 

Criteria for considering studies for this review and primary outcomes 
Eligible for inclusion were randomized trials of antibiotic intervention involving adult 
patients > 18 years of age with a diagnosis of chronic bronchitis or COPD. We excluded 
studies not published in the English language. 
The primary outcome was clinical treatment failure at early follow-up (the latter as defined by 
the authors of the studies), which included lack of clinical resolution or improvement, and 
indeterminate outcome: clinical response to the study drug could not be assessed for any 
reason. Clinical cure was defined as resolution or improvement of the clinical symptoms of 
the exacerbation. Secondary outcomes were (1) the rate of clinical treatment failures, 
recurrences, relapses and indeterminate cases reported from the time of diagnosis to the final 
evaluation point, and (2) the bacteriological failure rate, which included persistence of the 
causative pathogen, presumed persistence (no material was available in a patient considered a 
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clinical failure), and indeterminate outcome: if the bacteriological response to the study drug 
was not evaluable for any reason. 

Search strategy for identification of studies 

We searched the Cochrane central register of controlled trials on the Cochrane library (issue 
2, 2006), Medline (1966-July 2006) and Embase (1988-July 2006), using the following search 
terms: chronic bronchitis or COPD, antibiotic treatment, and clinical trials (see appendix A 
for details of the search strategy). We also searched the reference lists of included studies for 
additional studies. 

Data extraction 

Studies were included in the meta-analysis if they satisfied the following criteria: (1) adult 
patients > 18 years of age, (2) clinical diagnosis of exacerbation of chronic bronchitis or 
COPD or pulmonary emphysema, (3) no antimicrobial therapy at the time of diagnosis, (4) 
random assignment to antibiotic treatment up to 5 days versus treatment longer than 5 days, 
(5) study design with double blinding. Double-blind studies with azithromycin in the short 
arm were excluded. This antibiotic has a very long half-life, and 3 days of azithromycin can 
therefore not be regarded as a short therapy. 
Two authors independently rated abstracts identified by the electronic searches for inclusion 
in the meta-analysis. Inter-rater reliability for trial selection was assessed with Cohen's K. In 
case of disagreement between raters the full original article was retrieved for data extraction. 
Differences in opinion over inclusion of studies were resolved through discussions and 
consensus. 
Hard copies of the full article of all potentially eligible studies were obtained. Two reviewers 
independently extracted the following data from each study: the author, year of publication, 
sample size, mean age of subjects, percentage of smokers, hospitalized or outpatient status of 
the subjects, antibiotic regimen used, antibiotic treatment duration, criteria used to define 
exacerbation of chronic bronchitis or COPD, and the major outcome measure(s) for each 
study. 

Assessment of study quality 

The internal validity of included trials was assessed by the same reviewers using the Jadad 
scale '8. The scale assigns scores from 0 to 5 (best quality trial), based on the following items: 
(1) the study is randomized, (2) the intervention is double-blind, (3) an accounting and 
description of study withdrawals is done, (4) the randomization procedure is adequately 
performed using an appropriate method such as computer generated random numbers, and (5) 
the blindness is also adequately performed using identical looking placebo. 
Concealment of treatment allocation was also evaluated for adequacy: if trialists were 
unaware of each participant's allocation when they were recruited, the allocation was said to 
be adequately concealed. 

Statistical analysis 

Meta-analyses were performed with the Cochrane collaboration's Revman 4.1 progam 
(Cochrane Collaboration, Oxford, UK). From each study the clinical and bacterial failure 
rates were calculated and the risk of treatment failure with a short course of antibiotics (< 5 
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days), as compared to a longer course (> 5 days), was expressed as an Odds Ratio (OR) with 
95% confidence intervals (CIs). An OR > 1 indicates a greater number of failures with the 
short course of antibiotics and superiority of the long course of antibiotics. 
Summary Odds Ratios (OR) were calculated based on the individual trial outcomes using the 
fixed-effects model. In additional analyses, studies were grouped by the classes of the 
antibiotic used in the short-course arm: cephalosporins, macrolides (other than azithromycin) 
and fluoroquinolones. Statistical heterogeneity among trials was assessed by chi-square 
analysis. The presence of publication bias was assessed by a funnel plot. 
Sensitivity analyses were conducted to assess the robustness of the study by comparing 
summary ORs among groups redefined by (1) excluding trials of a lower methodological 
quality (Jadad score < 4), (2) excluding trials with inadequate or unknown concealment, and 
(3) excluding trials of comparisons between different antibiotics. 

Results 

Literature search and trial inclusion 
The search strategy identified 885 studies. A total of 30 full hard copies were selected for 
further data extraction (figure 1). There was 94% agreement about which abstracts to include 
for retrieval of hard copies (K 0.79, 95% CI 0.66 to 0.92). 
Of these potentially eligible studies, 21 met the criteria for inclusion in the meta-analysis 
(shown in table 1). Three trials had three treatment arms l9~21. In these cases the comparison of 
the short and long duration with the same antibiotic was chosen above the comparison 
between different antibiotics. Two trials were reported in a single paper . As sufficient 
information could be extracted from this paper, they were included in the meta-analysis. 

Methodological quality 
The mean quality score for the trials was 3.9 (standard deviation (SD) 0.9) on the Jadad scale. 
Seventy-one percent were of very high quality (Jadad score > 4) (table 1). Substantial inter-
rater agreement for assignment of this score was reached (K 0.75, 95% CI 0.60 to 0.90). 
Seventeen studies (81%) described the reasons for patient withdrawal. Six trials (29%) were 
judged as having adequate allocation concealment (table 1); the remaining studies did not 
describe the concealment of treatment allocation. 

Description of trials 
The 21 included studies included a total of 10698 patients (table 1), of which 5348 patients 
were allocated to short treatment groups and 5350 to long treatment groups. Four trials 
did not specify how exacerbation was defined. All other trials included only patients 
satisfying at least two of the following criteria: increased cough and/or dyspnea, increased 
sputum volume and increased purulence (i.e., a type 1 or 2 exacerbation as defined by 
Anthonisen8). The mean age of study patients was 57.4 years (SD 4.3) in the short treatment 
groups versus 58 (SD 4.4) in the long treatment groups. The percentage of smokers was 71.8 
(SD 16.3) versus 71.8 (SD 16.3). A majority of the studies had included outpatients. The 
mean duration of treatment was 4.9 days (SD 0.4) in the short treatment groups versus 8.3 
(SD 1.5) in the long treatment groups (table 1). 
All trials defined clinical cure as the disappearance of AECB-related signs and symptoms, 
return to the pre-infection state, or sufficient improvement such that additional or alternative 
antimicrobial therapy was not required. The mean early follow-up evaluation moment was 
after 15 days (SD 3.5) and the mean late evaluation moment was at day 31 (SD 5.3). In all but 
one trial 20 clinical failure rates at early follow-up could be extracted or calculated. Four 
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studies ~ " did not report clinical failure rates at late follow-up. Three studies 23;26;27 did not 
report bacteriological failure rates. 

Total number of abstracts screened by electronic 
search n= 1112 

i ' 

Potentially relevant studies retrieved n=147 

• r 

Duplicates n-227 

Excluded 
Not meeting inclusion criteria n=738 

Excluded 
- Duration of therapy: 

- Equivalent in both study arms n= 92 
- < 5 days in both study arms n=7 
- > 5 days in both study arms n=6 

- Open or single blind study design n=12 

Trials considered for meta-analvsis n=30 

Trials included in meta-analvsis n=21 

Excluded: 
- Azithromycin in the short arm n=4 
- Insufficient data n=l 
- Short treatment is 5-7 days n=l 
- Included non-COPD patients n=2 
- Meta-analysis n=l 

Figure 1 Flowchart of stages of the systematic review of shorter duration of 
antibiotic therapy in exacerbations of COPD or chronic bronchitis 
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Chapter 2 

Outcome of clinical and bacteriological failure rates 
The primary outcome analyzed was the clinical failure rate at the early follow-up in an 
intention to treat (ITT) analysis. Early follow-up was in all studies before day 25. Tests for 
statistical heterogeneity were performed for all analyses. Statistically significant heterogeneity 
was not observed in the primary outcome of early clinical failure (p=0.8), nor in the 
secondary outcomes of late clinical failure (p=0.34) or bacteriological failure (p=0.2). A 
funnel plot did not suggest any form of publication bias. 
The summary odds ratio (OR) for early treatment failure was 1.01 (95% CI 0.92 to 1.11) 
(figure 2). The summary odds ratio for failures, relapses, recurrences and indeterminate cases 
at late follow-up was 1.0 (95% CI 0.91 to 1.10). The summary OR for bacteriological failure 
was 0.96 (95% CI 0.80 to 1.15) (figure 3). 
Similar summary ORs were observed for early clinical failure in studies grouped by the 
antibiotic class used in the short arm. The summary OR was 0.97 (95% CI 0.81 to 1.16) for 
cephalosporines, 1.04 (95% CI 0.86 to 1.24) for macrolides and 1.06 (95% CI 0.91 to 1.23) 
for fluoroquinolones (figure 4). 

Sensitivity analysis 
Sensitivity analyses were conducted for the primary outcome, i.e. clinical failure rate at the 
early follow-up. Treatment failure rates were not significantly more likely with shorter 
duration in very high quality trials (summary OR, 1.0; 95% CI 0.84 to 1.18), trials with 
adequate concealment (summary OR 0.96; 95% CI 0.8 to 1.15), or trials with the same 
antibiotic in both arms (summary OR 1.08; 95% CI 0.90 to 1.29). 

Discussion 

In this systematic review of randomized double-blind studies we found that short courses of 
antibiotic therapy (up to 5 days) are as effective as the conventional courses of longer than 5 
days in the treatment of AECB. The clinical cure rates at both early and late follow-up as well 
as the bacteriological cure rates were comparable for both treatment strategies. 
The overall methodological quality of studies was found to be high or very high, with 71% of 
the studies having a Jadad score of at least 4. Sensitivity analyses showed no differences 
between both treatment groups, enhancing the statistical robustness of the overall analysis and 
strengthening the appropriateness of combining all studies into a single meta-analysis. 
Statistically significant heterogeneity was not present, suggesting homogeneity of the patient 
populations. 
A potential weakness of meta-analyses is the incorporation of existing biases and introduction 
of new biases " . To minimize bias during trial selection, we used predetermined inclusion 
criteria. Language bias must be considered, since this meta-analysis included only trials 
published in the English language. No signs of publication bias were detected. 
Antibiotics are widely prescribed for respiratory tract infections (RTIs). RTIs account for 
75% of community prescriptions 1;32. Tonsillopharyngitis is the most frequent indication, 
followed by bronchitis. It has already been demonstrated that a short course (4-5 days) of 
cephalosporin therapy is at least as effective as 10 days of penicillin treatment in group A 
streptococcal tonsillopharyngitis , and that a short course (5 days) of short acting antibiotics 
is an effective treatment for uncomplicated acute otitis media in children 34. Studies 
investigating the effectiveness of shorter courses in community-acquired pneumonia show 35" 

promising results. 
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Study 
Short cou rse Convent iona l c o u r s e 

n i l n i l 

OR 
(95%CI Fixed) 

Lorenz 1998 

Langan 1998 

Langan 1999 

Wilson 1999 

Wasilewski 1999b 

Wasilewski 1999a 

Fogarty 2000 

Paster 2000 

File 2000 

Chodosh 2000 

Masterton 2001 

Aubier 2002 

Wilson 2002 

Soler 2003 

Zervos 2003 

Sethi 2004 

Gotfried 2005 

Fogarty 2005 

Sethi 2005 

Alvarez-Sala 2006 

31 /108 

61 /340 

132/273 

87 /374 

63 /282 

43 /249 

61 / 278 

153/291 

57 /304 

14 /288 

71 /268 

30 /160 

72/351 

28 /136 

61 /182 

27 /182 

60 /218 

46 /270 

51 /443 

53 /264 

36 /109 

63 / 344 

119 / 268 

82 /371 

7 0 / 2 7 6 

12 1 250 

70 /270 

154 / 295 

49 /296 

15 /281 

55 / 262 

35 /160 

78 /358 

23 /126 

53 /191 

39 /178 

54 /226 

4 6 / 2 8 2 

61 /450 

48 / 277 

Total(9S%CI) 1201/5261 1192/5270 

Test tor heterogeneity chi-square=1374 dt=19 p=0.8 

Test for overall effect 1=0.28 p=0.8 

Weight 

% 
3.0 

6 0 

12 

7.4 

6.4 

4.0 

6.5 

8 4 

4.7 

1.7 

4.8 

3.3 

7.1 

2.2 

4 0 

3.9 

4.5 

4 3 

6.2 

4.4 

100.0 

OR 
(95%CI Fixed) 

0.82(0.46,1.45] 

0.98(066,1 44] 

1.17(0.84,1.641 

1.07(0.76,1.51] 

0.85(0.57,1.25] 

1 .03(0.65,1.65] 

0.80(0.54,1.19] 

1.02(0.73,1.40] 

1.16(0.76,1.77] 

0.91(0.43,1.91] 

1.36(0.91,2.03] 

0.82(0.48,1.42] 

0.93(0.65,1.33] 

1.16(0.63,2.15] 

1.31(0.84,2.04] 

0.62(0.36,1.07] 

1.21(0.79,1.85] 

1.05(0.67,1.65] 

0.83(0.56,1.23] 

i 20(0 7:3.! 85] 

1.01(0.92,1.11] 

Figure 2 Cl in ical fai lure a tear ly fo l low-up 

Favours short 

course 

Favours 

conventional 

course 

Study 

Short course Conventional course 

n i l n i l 

OR 

(95%CI Fixed) 

Weight 

% 
5.2 

1.2 

14.2 

3.0 

9.6 

6.1 

3.4 

3.5 

6.2 

2.2 

7 I 

4.5 

5.0 

1.8 

3.2 

12.8 

6.4 

4.4 

100.0 

OR 
(95%CI Fixed) 

1.75(0.87,3.50] 

1.87(0.44,7.93] 

0.48(0.27,0.86) 

1.38(0.52,3.60] 

0.71(0.38,1.34] 

1.56(0.81,3.01] 

1.22(0.48,3.09] 

0.39(0.11,1.37] 

1.07(0.53,2.19] 

0.35(0.07,1.87] 

0.57(0.26,1.25] 

1 14(0.50,2.59] 

0.55(0.21,1.42] 

1.16(0.32,4.20] 

1.33(0.53,3.38] 

0.88(0.52,1.47] 

1.28(065,2.49] 

1.37(0.62,3.05] 

0 96(0.80,1.15] 

Langan 1998 

Lorenz 1998 

Wilson 1999 

Langan 1999 

Wasi lewski 1999b 

Wasi lewski 1999a 

Chodosh 2000 

File 2000 

Masterton 2001 

Gotfried 2001 

Wilson 2002 

Aubier 2002 

Soler 2003 

Zervos 2003 

Sethi 2004 

Sethi 2005 

Gotfried 2005 

Fogarty 2005 

2 8 / 1 0 2 

1 0 / 3 5 

2 6 / 1 1 5 

11 / 8 9 

2 3 / 1 2 5 

27 /103 

1 0 / 1 5 2 

4 / 4 4 

2 0 / 1 1 2 

2 / 8 7 

1 4 / 5 7 

3 0 / 5 0 

8 / 6 3 

6 / 2 5 

11 / 4 4 

3 9 / 1 4 1 

2 3 / 1 0 5 

1 6 / 8 6 

1 6 / 9 0 

3/17 
43/114 
8/86 

26/108 
2 0 / 1 0 8 

9/165 
9 / 4 4 

1 7 / 1 0 1 

5 / 8 0 

2 4 / 6 6 

2 5 / 4 4 

14/67 
6/28 

1 2 / 6 0 

41 / 135 

20/111 
13/91 

Total(95%CI) 308 /1535 3 1 1 / 1 5 1 5 

Test for heterogeneity chi-square=21.69 df=17 p=0.2 

Test for overall effect z=-0.48 p=06 

Favou rs ; 

course 
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conventional 

course 

F i g u r e s Bac te r io log ica l fa i lure 
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Short Course Antibiotic Treatment in Acute Exacerbations of chronic bronchitis and COPD 

According to most COPD-guidelines 3" 39 antibiotic treatment is only indicated in patients 
with acute exacerbations of COPD characterized by increased sputum volume and purulence. 
The issue of the appropriate duration of antibiotic therapy, however, is not addressed in any of 
these guidelines. 
Shorter courses of antibiotic treatment have several potential advantages compared to long 
course therapy. Poor compliance appears to be more common with longer treatment courses, 
so shorter courses of antibiotic treatment may enhance compliance. The compliance rate in 
tonsillopharyngitis, in which penicillin therapy is typically prescribed for 10 days, is inversely 
related to the duration of therapy and has been observed to be as low as 8% by the ninth day 
of treatment 40"42. It is to be expected that a short course will also reduce antibiotic costs. 
More important is the effect of unnecessarily lengthy courses on the development of resistant 
organisms. On a population level there is a clear relationship between total antibiotic 
consumption and resistance rates of the pathogens ' ' ' . Decreasing the duration of 
antibiotic courses in respiratory tract infection might contribute to decrease these resistance 
rates 44. 

Our meta-analysis convincingly demonstrates the effectiveness of short course treatment in 
exacerbations of chronic bronchitis or COPD characterized by at least two of the following 
criteria: increased cough and/or dyspnea, increased sputum volume and increased purulence. 
Based on the included studies, it seems that the duration of antibiotic treatment can be safely 
reduced. We therefore propose that the guidelines of chronic bronchitis and COPD should 
recommend antibiotic treatment duration of no longer than 5 days, regardless of antibiotic 
class. 
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Chapter 3 

Abstract 

Background - A short but sensitive questionnaire evaluating changes in respiratory 
symptoms and well being during the treatment of community acquired pneumonia (CAP) is 
needed. We have developed a measurement and evaluated its psychometric properties in 67 
patients admitted with CAP. 
Methods - The patients were asked to indicate the presence and severity of dyspnoea, 
coughing, coughing up sputum, coughing up sputum with ease, the colour of the sputum, 
fatigue, fitness, and their state of health. The item fatigue showed substantial overlap with 
fitness and was therefore excluded. The response of the patients to the remaining eight items 
was used to calculate a CAP score. 
Results - The percentage of missing data (0.2-1.7%), floor and ceiling effects (0.2/5.5%), 
internal consistency (Cronbach = 0.87), and the intraclass correlation coefficient for test-
retest reproducibility (0.83) met predefined criteria, indicating good acceptability and 
reliability. Face and clinical validity were satisfactory. Effect sizes under treatment were 
large, indicating high responsiveness. 
Conclusion - The newly developed CAP score is a simple, reliable, valid, and highly 
responsive instrument. This makes it scientifically sound and clinically relevant for measuring 
outcome when evaluating treatment strategies in CAP. 
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introduction 

In spite of significant progress, community acquired pneumonia (CAP) continues to be a life 
threatening disease. In the USA it is responsible for an average of 5.6 million cases annually 
'. Mortality in CAP is estimated to be <1% for patients not admitted to hospital and 2-30% in 
hospitalised patients 2. Although effective antibiotic therapy for CAP is available, the rapid 
rise in antimicrobial drug resistance among common respiratory pathogens and side-effects of 
current drugs require the evaluation of new drugs. 
In clinical trials comparing new drugs with standard therapy the impact of treatment is usually 
evaluated on the basis of clinical outcomes such as mortality, length of hospital stay, or time 
to return to usual activities. These are inaccurate measurements when identifying small but 
significant differences between different treatment strategies. Furthermore, these outcomes do 
not measure the resolution of respiratory symptoms and may reflect poorly the general state of 
well-being of the patient. 
Several more recent studies have included resolution of symptoms as an outcome measure J" . 
Unfortunately, there are no validated instruments for the assessment of CAP-related 
symptoms. So far, the psychometric properties of the available instruments have been 
insufficiently evaluated 5"7. A recently validated questionnaire for CAP covered many items 
that are not very specific for CAP 8, making this instrument probably less responsive for the 
effect of CAP treatment and therefore less useful as a disease specific outcome measure. 
A few CAP related studies have included quality of life in the evaluation of clinical outcome. 
Quality of life depends on many factors and may be insensitive to some of the changes in 
symptoms induced by effective treatment " . 

We developed a short disease specific questionnaire to measure the recovery of CAP related 
symptoms over time as well as the general state of well being of CAP patients. We evaluated 
the acceptability, reliability, validity and responsiveness of this questionnaire. A study was 
undertaken to evaluate the acceptability, reliability, validity, and responsiveness of this 
questionnaire. 

Materials and Methods 

Development of the questionnaire 
Six items were identified from textbooks, literature, and experts' opinions as the most specific 
symptoms that characterise the respiratory condition in CAP. The items were the presence of 
dyspnoea (graded as presence of dyspnoea at rest, while walking around, washing and 
dressing, going for a walk, showering, or walking up stairs), severity of dyspnoea in general, 
coughing, coughing up sputum, coughing up sputum with ease, and colour of the sputum. To 
these respiratory symptoms we added three items to cover the general state of well being: the 
general state of health, fatigue, and fitness. The resulting questionnaire therefore contained 
nine items. Dyspnoea was rated using yes/no response options. Fatigue and fitness were 
measured using a visual analogue scale. All other items were rated using a Likert scale (see 
Appendix A). 

We tested the items for clarity and comprehensiveness in a pilot study of 18 patients and 
made minor changes in wording where necessary. 
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Patients 
The psychometric properties of the questionnaire were evaluated in a subset of patients 
enrolled in a randomised, double blind, multicentre trial comparing two durations of treatment 
of CAP. Nine hospitals participated in the main study, but in this substudy we report data on 
four hospitals. 
Eligibility was assessed according to the following criteria: temperature >38°C, clinical signs 
of pneumonia, a new infiltrate on the chest radiograph, and a pneumonia severity index (PSI) 
of <110 . As the exclusion of afebrile patients may have excluded elderly patients, elderly 
patients who had evident clinical signs of pneumonia and chest radiograph abnormalities but a 
temperature of <38°C were also included. Patients with effective antibiotic treatment for more 
than 24 hours before admission or with another infection necessitating antibiotic treatment 
and patients with an inadequate cognitive state were excluded from the study. Consenting 
patients with CAP who met the inclusion criteria were treated with an intravenous B-lactam 
antibiotic. After 3 days patients with significant clinical improvement were randomised to 
receive placebo or oral amoxicillin for 5 days. All randomised patients were followed until 28 
days after the beginning of antibiotic treatment. At the end of the follow up period we 
evaluated clinical cure, which was defined as complete recovery or lessening of pneumonia 
related symptoms and lack of progression of chest radiographic abnormalities. The study was 
approved by the medical ethical committees of the participating hospitals. 

Collection of data 

The questionnaire was completed at baseline and on days 3, 7, 10, 14 and 28 by seven 
different interviewers who were instructed in advance. The interviewers used the 
questionnaire in a face to face interview, except for day 14 when it was completed in a 
telephone interview. 

At baseline the medical history was taken and a physical examination was performed by the 
treating physician who was also asked to indicate the presence or absence and the severity of 
respiratory symptoms (dyspnoea, coughing, coughing up sputum, and the colour of the 
sputum) using a separate standardised form. Body temperature, oxygen saturation (finger 
cuff), and respiratory rate were recorded. Blood was taken for measurement of white blood 
cell count (WBC), C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR). A 
chest radiograph was also performed. These clinical and laboratory parameters were re
evaluated at days 3 (randomisation day), 7, 10, 14 and 28. The chest radiograph was repeated 
at day 10 and, if at that time complete resolution was lacking, repeated again at day 28. 

Psychometric evaluation of the questionnaire 
Based on data generated by the questionnaire, a single scale score was constructed. This total 
score (CAP score) was examined for the four psychometric properties—acceptability, 
reliability, validity, and responsiveness. These properties were tested using standardised 
procedures and instrument review criteria developed by the Scientific Advisory Committee of 
the Medical Outcomes Trust15. 
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Construction of a single scale 
To combine multiple items into a single scale score, the items should be internally consistent. 
This was examined using three indicators of internal consistency—corrected item-total 
correlations, mean inter-item correlation, and Cronbach a coefficient. 
Corrected item-total correlations indicate the extent to which each item relates to the construct 
measured by the total score. Correcting the total score by removing the item of interest 
prevents spuriously high values due to item overlap '6. A recommended minimum value is 
0.40 '7. 
Inter-item correlation indicates the mutual relation among individual items of a rating scale. It 
is recommended that the mean inter-item correlation exceeds 0.3 . 
Internal consistency was further assessed using Cronbach a coefficient. The minimum 
recommended value is 0.7 . 
The composite score was obtained using principal component analysis for categorical 
variables (PRINCALS). This procedure provides optimally scaled categories of the original 
items, and subsequently calculates a composite score. This composite score was transformed 
to a 0-100 scale in order to allow manual assessment and calculation for practical use, and is 
referred to as the CAP score. 

Acceptability 
Acceptability of the questionnaire was analyzed by describing the number of missing data, 
which should not exceed 5%. Floor and ceiling effects (the percentage of patients with the 
lowest and highest scores) were also determined, indicating the potential to detect variances in 
the extremes. It is recommended that they do not exceed 20% ~ . 

Reliability 
Reliability is the degree to which the instrument is free from random error. Internal 
consistency as described above is one indicator for reliability of the instrument, the other 
indicator for reliability being reproducibility or stability of an instrument over time. For this 
purpose, the test-retest reliability was examined in a subset of 27 patients, by determining 
intra- and inter-rater agreement between CAP-scores on different occasions, to be reported as 
an intraclass correlation coefficient (ICC). The ICC should exceed 0.80 ' . 

Validity 
The validity of an instrument is defined as the degree to which the instrument measures what 
it is intended to measure. We examined three types of validity: 
a) Construct-related validity - evidence that supports a proposed interpretation of scores 
based on theoretical implications associated with the construct. This is assessed by obtaining 
evidence that a single construct is measured and that items can be combined to form a 
summary score. This was determined by calculating the internal consistency of the items as 
described above. 
b) Face-validity - the extent to which the CAP-score shows the supposed change during 
the clinical course of pneumonia. We assessed face-validity by determining the improvement 
at all assessment points. 
c) Clinical validity is the extent to which evidence can be obtained that the scale is 
correlated with objective clinical measures. This was assessed by comparing the CAP-score 
with external clinical criteria. We examined the correlation between the CAP-score at baseline 
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and the doctor's judgment of the extent of the respiratory symptoms and the pneumonia 
severity index on admission. We further examined over time the correlations between the 
CAP-score and the objective clinical, laboratory and radiographic measures i.e. temperature, 
respiratory rate, oxygen saturation, WBC, CRP, ESR and chest radiograph. 

Responsiveness 
Responsiveness is the ability of a scale to detect a clinically significant change over time 
under treatment. This can be determined by calculating effect sizes from admission to end of 
treatment. Standardised response means—mean change score divided by SD of change 
scores—are usually chosen for this purpose because these are the most relevant to clinical 
studies . Effect sizes for the CAP-score were calculated from changes from the normal level 
to baseline (day 0) and from baseline to day 10 and day 28 (end of follow-up). Effect sizes are 
considered to be moderate when their absolute values exceed 0.50 and large when it exceeds 
0.80 23. 

Results 

Patient characteristics 
Baseline assessments were available for 67 patients enrolled in the CAP study between 
November 2000 and November 2002 (table 1). At the time of the analysis the trial had 
recruited 45 men (66%) and 22 women (34%) of mean (SD) age 56.6 (17.8) years (range 21-
96). 
After 3 days five patients (7.5%) had not sufficiently improved to be randomised. After 
randomisation one patient was found to have another infection (endocarditis) at the time of 
inclusion and this patient was withdrawn from the study. Data on a total of 61 patients were 
therefore available for the analysis, of which 56 (84%) did not need an additive or alternative 
antibiotic treatment during follow up. The clinical status of five patients (7.5%) deteriorated 
while using the study drug and they were subsequently treated with an alternative antibiotic. 
These failures remained in the study for further analysis until the end of the follow up period. 
At day 28 all patients fulfilled the criteria for clinical cure. 
The patients were interviewed by seven interviewers. It occurred often that one patient was 
interviewed by two or more interviewers during follow up. In total, the 67 patients were 
interviewed 352 times. The median number of interviews per interviewer was 36 (range 2— 
120). 
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Table 1 Baseline patient characteristics 

Sex 
W F (n) 45/ 22 

Age (yr) 
Range 21-96 
Mean(SD) 56(17.8) 

PSI 
Range 20-106 
Mean (SD) 56 (23.4) 

COPD(n,%) 15(22) 
Smoking (n, %) 27 (40) 
Length of hospital stay (days) 

Range 3-20 
Mean (SD) 6.8 (3.6) 

PSI, Pneumonia severity index '4; COPD, chronic obstructive pulmonary disease 

Scale construction 

One item (fatigue) showed substantial overlap with fitness and was therefore excluded. The 
remaining items had a high internal consistency with corrected item-total correlations ranging 
from 0.49 to 0.73, a mean inter-item correlation of 0.51 and a Cronbach a of 0.87. 
Consequently, all recommended criteria for scale construction were satisfied, and the items 
were combined to form a composite score reflecting 59% of the variance in the original items. 
This composite score was further simplified for practical use into a CAP-score. This 
simplified CAP-score (see Appendix A and B for details) showed perfect correlation with the 
original composite score (r = 0.99, p < 0.01). 

Acceptability 

The number of missing data did not exceed the recommended 5%. The floor and ceiling 
effects of the CAP-score were below the recommended maximum of 20% (table 2). 

Reliability 
As shown in table 2 the CAP-score satisfied the recommended criteria for internal consistency 
and test-retest reproducibility. 

Validity 
a) Construct validity - Evidence of high internal consistency (table 2) supported the 
construct validity of our CAP-questionnaire. 
b) Face-validity - The CAP-score showed good improvement during follow-up and also 
deterioration in case of failure (fig. l.A). We divided the CAP score into a respiratory 
section—subsequently referred to as the respiratory score—which consists of the dyspnoea 
symptoms, cough and sputum (fig IB ), and a well being section—subsequently referred to as 
the well being score—which consists of the items fitness and the general state of health (fig 
1C ). The respiratory score showed an excellent improvement during follow up. At the end of 
the follow up period the respiratory score approached the normal level of the patients—that is, 
1 month before the development of pneumonia. The well being score showed less 
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improvement during follow up and at the end of the follow up period it still had not reached 
the normal level. 
c) Clinical validity - The CAP-score at baseline was correlated with the doctors' 
judgment on admission (r = 0.35, p = 0.04). Correlations of the CAP-score with the objective 
clinical and laboratory criteria are presented in table 3. Temperature, respiratory rate, oxygen 
saturation, WBC, CRP and ESR were all moderately correlated with the CAP-score. No 
association was found between the CAP-score and the pneumonia severity index (PSI) on 
admission or the findings on the chest radiograph. 

Table 2 Acceptability and reliability of the CAP score 

Parameter 
Missing data (%; range) 0.2-1.7 

Floor/ceiling 0.2/5.5 
effects (%) 
Cronbach a 0.87 

Test-retest, ICC 0.83 

ICC, intraclass correlation coefficient 

Table 3 Clinical validity: correlations between the CAP-score 
and the clinical and laboratory parameters 

Parameter Correlation with the CAP-score 

Temperature -0.426 (p < 0.01) 
Respiratory rate -0.343 (p < 0.01) 
Oxygen saturation 0.230 (p < 0.01) 
WBC -0.252 ( p < 0.01) 
CRP -0.314 ( p < 0.01) 
ESR -0.173 (p<0.01) 

Correlations were calculated using Pearson's correlation coefficient. WBC, white blood cell count; CRP, C-
reactive protein; ESR, erythrocyte sedimentation rate. 

Responsiveness 
Table 4 shows effect sizes for the change in CAP-score between normal level and baseline 
(day 0) and between baseline and day 10 and 28 (end of follow-up). 
As expected, the CAP-score showed substantial decline between the normal level and 
baseline and gradual improvement between baseline and day 10 and 28. Effect sizes were 
large at all assessment points. We further distinguished changes in the Respiratory and the 
Well-being sections. Both showed large effect sizes. The respiratory score still showed 
improvement between days 10 and 28 while the well being score remained stable between 
these time points. 
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Table 4 Responsiveness of the overall CAP-score and the Respiratory and Well-

being scores apart 

Assessment point 
Effect sizes 
CAP-score Respiratory score Well-being 

score 

Normal level to baseline -1.80 
Baseline to day 10 1.20 
Baseline to day 28 1.80 

-1.30 
0.92 
1.46 

-1.80 
1.49 
1.48 
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Figure 1 

A represents the CAP-score. B 

represents the Respiratory score, 

containing the items dyspnoea, coughing 

and sputum. C represents the Well-being 

score, containing the items fitness and 

the general state of health. Day -30 

represents the prepneumonia level, day 0 

is day of start of antibiotic therapy and 

day 28 is end of follow-up. The day of 

failure can occur between day 3 and 10, 

all failures (n = 5) remained in the study. 

43 



Chapter 3 

Discussion 

We developed a short, symptom-based, valid and reliable questionnaire that can be used to 
evaluate different treatment strategies in CAP. The main reason for developing this 
questionnaire is the need for a disease specific instrument in clinical studies with CAP. 
The CAP-score consists of a small compact set of items with a high internal consistency. The 
acceptability and reliability of the CAP-score met the predefined criteria. Face validity was 
excellent for all items combined as well as for the respiratory and well being subscores 
separately. The CAP-score was shown to be highly responsive to changes over time in the 
clinical course of pneumonia. This feature of the CAP-score makes the instrument very 
appropriate as a treatment specific instrument for follow-up in clinical trials. Furthermore, 
dividing the CAP-score in a Respiratory and a Well-being score offers clinicians and 
researchers a better understanding of the resolution of pneumonia related symptoms. The slow 
resolution of pneumonia related symptoms in patients with CAP is well-known 3;5;6;24. The 
division of the CAP-score demonstrates that the well being symptoms are mainly responsible 
for this delay. 
The questionnaire takes less than 2 minutes to complete and is administered by interview 
which results in few missing data. 

This study has some limitations. Firstly, patients enrolled in this study represent a select group 
of CAP with a low to moderately high pneumonia severity index. Patients who had not 
significantly improved could not be analyzed because these patients were withdrawn from the 
study at day 3. As a result, As a result we do not know about the symptom resolution of 
patients with severe CAP, but we expect symptom resolution in these patients to take longer. 
Secondly, because of the small number of failures, limited data were available to show that 
the CAP score is sensitive enough to detect worsening of symptoms during follow up. Yet the 
CAP score did succeed in detecting the major deterioration between the normal level of the 
patient (1 month before the development of pneumonia) and baseline, as well as the 
worsening of symptoms in cases of failure on the study drug. Thirdly, at the time of admission 
the patients were asked to rate the severity of their symptoms 1 month before the onset of 
pneumonia to establish their pre-pneumonia level. This method is subject to recall bias and 
might result in an underestimation of their pre-pneumonia symptoms. However, the fact that 
after treatment the respiratory symptoms had returned to the normal level suggests that 
patients are able to describe their state of health in a realistic way. However, the fact that after 
treatment the respiratory symptoms had returned to the normal level suggests that patients are 
able to describe their state of health in a realistic way. Finally, as the item age is incorporated 
in the PSI '4. This automatically led to the exclusion from the study of very old patients with 
underlying diseases and elderly patients with an inadequate cognitive state. Nonetheless, 40% 
of our substudy population was older than 65 years. We therefore believe that the CAP score 
is also valid in this population as an instrument to measure symptom resolution. 

We acknowledge that there is no gold standard to examine the clinical validity of our CAP-
score. A comparison of the CAP-score with several objective clinical and laboratory measures 
resulted in moderate correlations. High correlations between the CAP-score and both 
indicators of severity of disease were not expected as these indicators resolve quickly during 
follow-up while the resolution of symptoms is much slower. Furthermore, high or perfect 
correlations would render the CAP-score redundant. 
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We observed no correlation between the CAP-score and the presence or absence of chest 
radiograph abnormalities. As an underlying COPD-component may cause a lack in 
improvement of the respiratory symptoms and the general state of well-being, we eliminated 
this influence by excluding these patients from the analysis, but even then no association was 
found between the chest radiograph findings and our CAP-score. This is consistent with 
previous studies reporting the lack of correlation between findings on chest radiograph and 
patients' symptoms 4'25. Defervescence or resolution of symptoms strongly support a response 
to antibiotic therapy, while in those cases it is not unusual that chest radiographic 
abnormalities still persist or even progress, especially within the first few days. There was 
also a discrepancy between the CAP-score and the pneumonia severity index (PSI) at 
baseline. This was to be expected, as the PSI indicates the risk for mortality, while the CAP-
score is developed as a measure for pneumonia-related symptoms. 

We believe that the CAP-score we have developed can be helpful in trials with patients with 
more severe CAP and hospital-acquired pneumonia, although the CAP-score should be 
revalidated before it can be used as an outcome measure in this group of patients. In future 
studies the CAP-score can also be used to establish the probable differences in symptom 
resolution in pneumonia caused by different microbial pathogens. 
In conclusion, the CAP score described here is easy to administer, has been fully evaluated 
for its psychometric properties, and showed high responsiveness to the clinical course of 
pneumonia. We feel that this instrument can be considered as a scientifically sound and 
clinically relevant measure of outcome in evaluating treatment strategies in CAP. 
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Appendix A: CAP-score questionnaire* 

Question level 

1. Are you today (XXth day of the evaluation) bothered by shortness of breath when 

sitting still 
walking around the house/ward 
washing/dressing 
walking in the street 
taking a shower 
walking the stairs 

2. If you were to give a mark on a 1 to 5 scale expressing the severity of your 
shortness of breath at the moment, which mark would that be? 

not at all short of breath (1) 
slightly short of breath (2) 
fairly short of breath (3) 
substantially short of breath (4) 
terribly short of breath (5) 

coding 

K yes 
K yes 
n yes 
it yes 
7T yes 
7i yes 

ji no 
n no 
TT no 
7i no 
n no 
ji no 

3a. Do you cough? 
no (skip questions 3b, c and d) 
only in the morning, when getting up 
now and then, all through the day 
frequently, all through the day 

3b. Do you cough up sputum? (amount of sputum by 24 hrs) 

3c. Do you cough up the sputum with ease? 

no 
less than 2 spoons 
more than 2 spoons 
half a cup or more 

not bothered by sputum 
with ease 
fairly difficult 
very difficult 

3d. What is the color of the sputum? 
did not pay attention/no sputum 
transparent 
white 
green, yellow or brown 

4. When the following statement is correct, please check the leftmost box, the less 
you agree with the statement, one of the boxes on the right can be ticked off 

I feel fit yes, that is correct 7t 7t K K JI no, that is not correct 

5. If you were to give a mark on a 1 to 5 scale expressing your general state of health 
at the moment, which mark would that be? 

excellent (1) 
good (2) 
fair (3) 
poor (4) 
very poor (5) 

"•"translated from Dutch 
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Appendix B: CAP-score calculation scheme 

item* Quantification CAP respiratory well-being 

Shortness of 
breath 
sitting still n yes 1 
walking around house/ n yes 1 
ward nyes 1 
washing/dressing n v e s -| 
walking in the street n v e s -] 
taking a shower B v e ! . : 

walking the stairs 

subtotal (sum) ° "6
n 

2-3 * -6 
4-6 „ -8 

Severity of shortness of breath 
not at all short of breath (1) re 7 
slightly short of breath (2) n -2 
fairly short of breath (3) n -8 
substantially short of breath (4) n _i 1 
terribly short of breath (5) jt -13 

Cough 
no rr 9 
only in the morning, when getting up jt -6 
now and then, all through the day „ -6 
frequently, all through the day n-M 

Cough up sputum 
none rt 7 
less than 2 spoons n -8 
more than 2 spoons n -13 
half a cup or more T I - 1 6 

Cough up sputum with ease 
no sputum TC 7 
with ease n -9 
fairly difficult n-10 
very difficult TT-10 

Color of sputum 
did not pay attention/no sputum re 8 
transparent K -8 
white it -8 
green, yellow or brown jt-14 

Feeling fit 
yes, that is correct n 11 

7l6 

TtO 

IT -4 
no, that is not correct n-M 

General state of health 
excellent (1) it 15 
good (2) 7i 9 
fair(3) „ 1 
poor (4) „ _e 
very poor (5) ^ .14 

-» 

-» 

• » 

• » 

• » 

• * 

• » 

• » 

-» 

-• 

-» 

-» 

-» 

-» 

-» 

-* 

raw total (sum) 
(A) (B) (C) 

SCALE TRANSFORMATION 

CAP-SCORE = (A + 99) /1.70 

RESPIRATORY SCORE = (B + 73) /1 .17 

WELL-BEING SCORE = (C + 26) / 0.52 
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Abstract 

Objective - To compare the effectiveness of discontinuing treatment with amoxicillin after 
three days or eight days in adults admitted to hospital with mild to moderate-severe 
community acquired pneumonia who substantially improved after an initial three days' 
treatment. 
Design - Randomised, double blind, placebo controlled non-inferiority trial. 
Setting - Nine secondary and tertiary care hospitals in the Netherlands. 
Participants - Adults with mild to moderate-severe community acquired pneumonia 
(pneumonia severity index score 110). 
Interventions - Patients who had substantially improved after three days' treatment with 
intravenous amoxicillin were randomly assigned to oral amoxicillin (n = 63) or placebo (n = 
56) three times daily for five days. 
Main outcome measures - The primary outcome measure was the clinical success rate at day 
10. Secondary outcome measures were the clinical success rate at day 28, symptom 
resolution, radiological success rates at days 10 and 28, and adverse events. 
Results - Baseline characteristics were comparable, with the exception of symptom severity, 
which was worse in the three day treatment group. In the three day and eight day treatment 
groups the clinical success rate at day 10 was 93% for both (difference -0.7%, 95% 
confidence interval - 10% to 9%) and at day 28 was 90% compared with 88% (difference 
3.0%, - 9% to 15%). Both groups had similar resolution of symptoms. Radiological success 
rates were 86% compared with 83% at day 10 (difference 3%, - 10% to 16%) and 86% 
compared with 79% at day 28 (difference 6%, - 7% to 20%). Six patients (11%) in the 
placebo group and 13 patients (21%) in the active treatment group reported adverse events (P 
= 0.1). 
Conclusions - Discontinuing amoxicillin treatment after three days is not inferior to 
discontinuing it after eight days in adults admitted to hospital with mild to moderate-severe 
community acquired pneumonia who substantially improved after an initial three days' 
treatment. 
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Introduction 

In recent guidelines for the treatment of community acquired pneumonia many 
recommendations could be supported by sound clinical evidence1" . The duration of antibiotic 
therapy is, however, an exception. The usual treatment recommendation of 7-10 days for 
uncomplicated pneumonia is not based on scientific evidence but has nevertheless gained 
acceptance over the years. Two older studies in adults have suggested that a significantly 
shorter duration than 7-10 days might be justified 4;'\ These studies do not, however, meet the 
required standards of clinical trials. 
If a shorter duration of therapy is equally effective, this can be of major importance in 
decreasing antibiotic consumption. On a population level there is a clear relation between 
total antibiotic consumption and resistance rates of the pathogens 6"8. Prolonged or repeated 
courses of antibiotics provide the selective pressure that favours the emergence of resistant 
isolates. Resistance rates among common respiratory pathogens for several antimicrobial 
agents are increasing 9. Decreasing the duration of antibiotic treatment in respiratory tract 
infection might therefore decrease resistance rates. A five day, high dose course of 
amoxicillin for respiratory tract infections in children resulted in a significantly lower rate of 
carriage of penicillin resistant Streptococcus pneumoniae than the standard duration of 
treatmentlc'". 
Two recent studies in children with non-severe pneumonia showed that three days' treatment 
with oral amoxicillin was as clinically effective as five days' treatment {Bergman, 2002 6 
/id;Agarwal, 2004 43 /id}. We carried out a randomised, double blind, placebo controlled, 
multicentre trial in adults admitted to hospital with mild to moderate-severe community 
acquired pneumonia to find out whether discontinuing treatment with amoxicillin after three 
days in patients showing substantial improvement is as effective as conventional treatment for 
eight days. 

Participants and Methods 

Patients 
The study was carried out in nine hospitals in the Netherlands between November 2000 and 
July 2003. Eligible patients were aged 18 years or more and had presented with clinical signs 
of pneumonia, a body temperature greater than 38°C, radiological evidence of a new infiltrate 
consistent with pneumonia, and a pneumonia severity index score of 110 or less . This index 
stratifies patients according to risk of death within 30 days. We also considered patients aged 
65 years or more with a temperature below 38°C as eligible if they had evident clinical signs 
of pneumonia and abnormalities on a chest radiograph. 
We excluded pregnant women and patients with a history of allergy to amoxicillin; 
neutropenia (< 1.0x109/1); HIV infection with an indication for prophylaxis against 
Pneumocystis pneumonia; agammaglobulinaemia; asplenia; life expectancy less than one 
month; treatment with an effective antimicrobial agent for more than 24 hours before 
admission; any other infection necessitating treatment with systemic antibiotics; recent 
admittance to a hospital or nursing home; serious respiratory insufficiency (arterial partial 
pressure of oxygen < 6.67 kPa); admittance to an intensive care unit; empyema; and suspicion 
of aspiration, atypical, Klebsiella, or staphylococcal pneumonia. 

53 



Chapter 4 

Study design 
We treated patients, who had given written informed consent, with intravenous amoxicillin, 
the preferred empirical treatment in the Netherlands for mild to moderate-severe community 
acquired pneumonia. 15 After 72 hours of treatment we rated four respiratory symptoms 
(dyspnoea, cough, coughing up sputum, colour of sputum) and general improvement on a five 
point symptom scale each. For respiratory symptoms the scales ranged from - 2 (worsening) 
to 3 (complete recovery) and for general improvement from - 2 (not recovered) to 3 
(completely recovered). Patients who improved by two or more points on this scale, who had 
a temperature less than 38°C, and who were able to take oral drugs were randomised to 750 
mg oral amoxicillin or placebo three times daily for five days. In case a causative pathogen 
was isolated, the pathogen had to be susceptible to amoxicillin. 

The randomisation scheme was generated centrally in site specific blocks of four, with two 
sets of amoxicillin and two of placebo in each block. Allocation of the study drug was double 
blind. An independent safety monitoring committee evaluated all treatment failures after 50 
patients had been randomised, and after 100 randomisations. Their first evaluation resulted in 
the additional exclusion criterion of a substantial amount of pleural fluid on chest 
radiography. 

Assessments 
We evaluated eligible patients at enrolment into the study and after three days of treatment. 
Randomised patients were further evaluated at days 7, 10 (two days after treatment ended), 
14, and 28. 
At baseline we obtained a complete medical history and a sample of sputum for culture. We 
scored pneumonia related symptoms (30 days before admission and at enrolment) using the 
community acquired pneumonia score, which is based on a short questionnaire. This validated 
questionnaire contains eight items for adults admitted to hospital with mild to moderate-
severe community acquired pneumonia l:> based on respiratory symptoms and on wellbeing. 
Low values indicate more severe symptoms. 
At each follow-up we repeated the evaluation of community acquired pneumonia score, a 
physical examination including vital signs, laboratory analyses, and sputum cultures. At 
baseline and day 28 we collected serum for determination of antibodies against respiratory 
viruses, Mycoplasma pneumoniae, Legionella pneumophila, and Chlamydia pneumoniae. 
Chest radiography was carried out at baseline and at day 10. In case of persistence of chest 
abnormalities, radiography was repeated at day 28. Adverse events were recorded up to day 
10. 

Outcome measures 
We assessed study outcomes at day 10, indicated as test of cure, and at late follow-up (day 
28). Our primary outcome measure was clinical cure rate at test of cure. Secondary outcome 
measures were clinical success rates at late follow-up, severity of symptoms, bacteriological 
and radiological success rates, all at test of cure and late follow-up, length of hospital stay, 
and adverse events. 

We assessed clinical cure using established definitions, with some small adjustments (table 1) 
. All cases not meeting the criteria for cure were classified by an independent clinical review 
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committee as either treatment failures or indeterminate using a majority rule, before 
unblinding of study treatment. Symptom resolution was assessed using the community 
acquired pneumonia score . Bacteriological outcome was assessed at test of cure and late 
follow-up using established definitions 
and late follow-up (shown in table 1). 

Radiological outcome was assessed at test of cure 

Table 1 Definitions of clinical response and radiological response 

Clinical response 

TOC, Test of Cure 

Late follow-up 

Radiological 
response 

Cure Resolution or improvement of symptoms and clinical signs related to 

pneumonia without the need for additional or alternative antibiotic 

therapy 

Failure Persistence or progression of all signs and symptoms of the acute 

process after randomization or the development of a new pulmonary or 

extrapulmonary respiratory tract infection, or the progression of chest 

radiograph abnormalities after randomization, or death due to 

pneumonia, or the inability to complete the study due to adverse events 

Indeterminate If a patient received for reasons other than clinical failure less than 80% 

of the study drug, acquired a concomitant infection outside the 

respiratory tract requiring antibiotic treatment, was lost to follow-up, or 

died unrelated to the primary diagnosis 

Cure Continued resolution or improvement of symptoms and clinical signs 

related to pneumonia without the need for additional or alternative 

antibiotic therapy 

Recurrence New or worsened signs and symptoms of pneumonia or another 

respiratory tract infection in a patient who was cured at the TOC visit 

Indeterminate Lost to follow-up, a concomitant infection outside the respiratory tract 

requiring antibiotic treatment, or death unrelated to the primary 

diagnosis 

Resolved Areas of consolidation completely resolved 

Improved Areas of consolidation still exist but show evidence of clearing 

Unchanged or Areas of consolidation remain unchanged or show increased density 

worse 
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Statistical analysis 
The study was designed to exclude inferiority of early discontinuation of amoxicillin 
treatment, defined with a 10% margin in the clinical success rate. Following established 
guidelines we evaluated clinical outcome in a per protocol analysis, including all 
randomised patients who had been given the study drug for a minimum of 24 hours (in case of 
treatment failure) or who had taken at least 80% of the study drug (in case of clinical cure), 
and who completed follow-up '6 (that is, excluding indeterminate cases). 
In addition, we included in an intention to treat analysis all randomised patients who received 
at least one dose of the study drug. In this analysis we considered indeterminate cases as 
treatment failures. We carried forward all treatment failures and indeterminate cases at test of 
cure in the analyses at late follow-up. 
We analysed bacteriological outcome only in patients with an isolated pathogen at entry to the 
study. At test of cure and late follow-up we defined bacteriological success as demonstrated 
eradication or presumed eradication (in patients who were clinically cured), and 
bacteriological failure as persistence l6 or presumed persistence (in patients who were 
considered clinical failures). All other cases were considered indeterminate for analyses. We 
defined radiological outcome as success in patients with resolved or improved chest 
abnormalities and as failure with persistent or worsened chest abnormalities . We considered 
patients without repeated chest radiography at test of cure or end of follow-up (in case of 
persistence of chest abnormalities at test of cure) as indeterminate at those assessments. 
We calculated differences in success rates, with 95% confidence intervals. Bootstrap 
confidence intervals were used to estimate the mean length of hospital stay and the difference 
between the two groups. 

Results 

Patients 

A total of 186 patients were enrolled in the study (Figure 1). Between enrolment and 
randomisation (day 3) 19 patients withdrew their consent for participation, 41 did not meet 
the prespecified criteria for randomisation, and five were not randomised for other reasons. In 
total, 121 patients were randomised, of whom two were subsequently excluded because of 
protocol violations, leaving 119 patients. 
The treatment groups had similar baseline characteristics, except for number of smokers and 
symptoms at admission, which were more severe in the three day treatment group (table 1 and 
figure 2). 
Pathogens were detected in 64 of the 119 (54%) patients. Pneumonia was caused by a single 
organism in 84%: 92% in the three day treatment group and 75% in the eight day treatment 
group. 
The 46 patients who did not qualify for randomisation after three days of treatment were 
similar to the randomised patients for all personal and baseline characteristics (data not 
shown). The contribution of Escherichia coli, Staphylococcus aureus, and Pseudomonas 
aeruginosa, however, was higher in the non-randomised group (20% v 1.7%). During follow-
up, antibiotic treatment was more often switched in the non-randomised group (37% v 11%), 
parapneumonic effusions occurred more often (11% v 2.4%), and the average length of 
hospital stay was significantly longer (11 days v 6 days; P < 0.01). 
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Figure 1 Trial profile 
Included (n = 186) 

Refused to complete participation (n = 19) 

Not randomized (n = 46): 

1) Not significantly improved (n = 38) 

2) Pathogen not susceptible to the study drug 

(n=3) 
3) Not meeting inclusion criteria (n =1) 
4) Doctor refused participation ( n = 3) 

5) Death (n= l ) 

Randomized (n = 121) 

Allocated to 3-day amoxicillin 

(n = 57) 

Excluded because of protocol 

violation (n - 1) 

Allocated to 8-day amoxicillin 

(n = 64) 

Excluded because of protocol 

violation (n = 1) 

Further analyzed (n = 56) 

Indeterminate (n = 2): 
- Lost to follow-up (n = 1) 

- Death unrelated to pneumonia (n = 

1) 

Failed (n = 4): 
Development of a new 
pulmonary infection or 
extrapulmonary RTI (n = 2) 
Worsening of signs & symptoms 
(n = 2) 

Further analyzed (n =63) 

indeterminate (n = 3): 
Lost to follow-up (n = 1) 
Withdrew from study on own 
request (n = 2) 

Failed (n = 4): 
Development of a new 
pulmonary or extrapulmonary 
RTI (n = 3) 

Worsening of signs & symptoms 
(n = l) 

Cure or improved at day 10 (n = 50) 

Recurrence (n=l) 

Indeterminate (n = 2): 
Lost to follow-up (n = 2) 

Cure or improved at day 10 (n = 56) 

Cure or improved at day 28 (n = 47) 
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Recurrence (n=3) 

Indeterminate (n = 4): 

Lost to follow-up (n = 3) 

Death unrelated to pneumonia 

( n = l ) 

Cure or improved at day 28 (n = 49) 



Chapter 4 

Table 2 Baseline characteristics of the randomized patient population 

3- day group 8-day group 
n = 56 n = 63 

Gender, n (%) 
Male 34(61) 
Female 22 (39) 

Age, years 
Median (IQR) 54 (40-70) 

Underlying disease, n (%)* 39 (70) 
COPD 14(25) 
Frequent pneumoniaf 8 (14) 
Other lung disease 6 (11) 
Diabetes mellitus 9 (16) 
Cardiovascular disease 11 (20) 

Smoking, n (%) 

PS1 score, n (%) 
I 
II 
III 
IV 

CAP-score 
Median (IQR) 

Temperature, °C 
Mean (SD) 

WBC count, x 10C9/L 
Mean (SD) 

X-ray findings, n (%) 
Unilateral intiltrate 
Bilateral 
Single lobe 
Multiple lobe 

Pleural effusion, n (%) 

Detected pathogen at study entry, n (%) 
S. pneumoniae 
H. influenzae 
M. catharrhalis 
H. parainfluenzae 
Influenzae A/B 
C. pneumoniae 
M. pneumoniae 
L.pneumophila 
Other 

31 (55) 

7 (13) 
26(46) 
17(30) 
6 (11) 

18(11-39) 

38-8 (0-9) 

17-7(7-6) 

51(91) 
5 (9) 
47(84) 
9 (16) 
7 (13) 

33(59) 
19(6)J 
6 
1 
0 
2 
1 
0 
0 
4 

37(59) 
26(41) 

60 (40-74) 

40(64) 
16(25) 
11(18) 
6 (10) 
7 (11) 
13(21) 

17(27) 

11(18) 
26(41) 
17(27) 
9 (14) 

39 (24-57) 

38-8(1-0) 

15-5(5-2) 

56(89) 
7 (11) 
52(83) 
11 (18) 
2 (3-2) 

31 (49) 
18(8)} 
4 
3 
1 
2 
1 
0 
0 
2 

COPD, chronic obstructive pulmonary disease. PSI, Pneumonia severity index '4. CAP-score, community-

acquired pneumonia score'\* some patients had more than one underlying disease, tfrequent pneumonia: > one 

episode/ year, JBetween brackets: with positive blood culture. 
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Study arm 

I I 3-day 

8-day 

N=56 63 56 63 56 63 52 58 47 56 47 54 51 55 

Day-30 Day 3 Day 10 Day 28 

Day 0 Day 7 Day 14 

Figure 2 CAP-score during treatment 

The CAP-score" expressed as medians, interquartile ranges, and 10 / 90' percentiles. 

Day -30 represents the pre-pneumonia level, day 0 is the day of starting antibiotic treatment, day 10 is Test of 

Cure (TOC) and day 28 is the end of follow-up period. 

Primary outcome measures 

Table 2 shows the clinical success rates at test of cure. Overall, four treatment failures 
occurred in each group. In the per protocol analysis the cure rates were 93% (50/54) in the 
three day treatment group compared with 93% (56/60) in the eight day treatment group 
(difference -0.7%, - 10% to 9%). In the intention to treat analysis 50 of 56 patients (89%) in 
the three day treatment group and 56 of 63 (89%) in the eight day treatment group were 
considered cured (difference 0.4%, - 11% to 12%). 
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Secondary outcomes 
At end of follow-up the cure rates in the per protocol analysis were 90% (47/52) in the three 
day treatment group compared with 88% (49/56) in the eight day treatment group (difference 
3%, - 9% to 15%). In the intention to treat analysis the cure rates were 84% in the three day 
treatment group and 78% in the eight day treatment group (difference 6%, - 8% to 20%). 

Table 3 
patients 

Clinical, bacteriological and radiological outcome for the randomized 

Day 10 

Clinical cure 

Bacteriological success 
Radiological success 

Day 28 
Clinical cure 

Bacteriological success 
Radiological success 

3- day group 

n(%) 

50/54 (93)* 
50/56 (89) 
22/25 (88) 
48/56 (86) 

47/52 (90)* 
47/56 (84) 
20/25 (80) 
48/56 (86) 

8-day group 

n (%) 

56/60 (93)* 
56/63 (89) 
19/20(95) 
52/63 (83) 

49/56 (88)* 
49/63 (78) 
15/20(75) 
50/63 (79) 

Difference 

(95% CI) 

-0-7 (-10;9) 
0-4 (-11;12) 
- 7 0 (-23;9) 
3-2 (-10;16) 

3-0 (-9;15) 
6-2 (-8;20) 
50 (-20;30) 
6-4 (-7;20) 

All analyses were by intention to treat, unless otherwise indicated. * Per protocol analysis. 

In the three day treatment group all treatment failures or recurrences were observed before the 
11th day, whereas in the eight day treatment group they continued to occur until the end of 
follow-up (fig 3). One of the five patients who was a treatment failure or had a recurrence in 
the three day treatment group presented initially with confirmed pneumococcal pneumonia (S. 
pneumoniae identified in sputum or blood culture) compared with five of seven patients in the 
eight day treatment group. 
At test of cure a community-acquired pneumonia score was available for 47 of the 56 patients 
in the three day treatment group and for 56 of 63 patients in the eight day treatment group 
(figure 2). The median score was 57 in the three day treatment group and 62 in the eight day 
treatment group. The baseline adjusted score at test of cure was 0.5 points (- 9 to 9 points) in 
favour of the three day treatment regimen. 
At late follow-up the community acquired pneumonia score was available for 51 of the 56 
patients in the three day treatment group and for 55 of the 63 patients in the eight day 
treatment group (fig 2). The median score was 82 in the three day treatment group and 74 in 
the eight day treatment group. Table 2 shows the bacteriological and radiological outcomes. 
The bootstrap estimated mean length of hospital stay was 7.9 days (6.5 to 9.3 days) in the 
three day treatment group compared with 8.9 days (6.8 to 11 days) in the eight day treatment 
group, with a bootstrap estimated mean difference of 1.0 day (- 1.3 to 3.2 days). Six patients 
(11%) in the three day treatment group compared with 13 patients (21%) in the eight day 
treatment group (P = 0.1, 2 test) reported mild adverse events during or at the end of 
treatment. Allergy was reported only in the eight day treatment group (n = 3). 
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Figure 3 Clinical success in the 'intention to treat' population. 
Proportion of"patients fulfilling the criteria for clinical success in the "intention to treat' population. Day 3 = day 
of randomization. 

Discussion 

Discontinuing amoxicillin treatment after three days is not inferior to discontinuing it after 
eight days in adults admitted to hospital with mild to moderate-severe community acquired 
pneumonia who show substantial improvement after an initial three days' treatment. We could 
exclude a substantial difference in clinical success rate with a shorter treatment duration at 
test of cure in the per protocol analysis and at late follow-up in both the per protocol and the 
intention to treat analyses. In patients with (bacteraemic) pneumococcal pneumonia, treatment 
failure did not occur more often with short treatment duration. Both groups were also similar 
for symptom resolution (community acquired pneumonia scores), radiological outcomes, and 
mean length of hospital stay. 

Our study has several potential limitations. At baseline we observed more severe symptoms 
(low community acquired pneumonia score) and a higher percentage of smokers in the three 
day treatment group. Yet we found no significant differences in the primary and secondary 
outcomes with the three day treatment. 
In our study design we followed the Chow criteria '6, which state that the primary outcome 
measure should be evaluated three days after the end of treatment. This implies that 
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recurrences in the eight day treatment group were not included as treatment failures at test of 
cure, which puts the three day treatment group to disadvantage. 
Our results apply only to patients with mild to moderate-severe community acquired 
pneumonia who substantially improved after three days' amoxicillin treatment. The 
conclusions do not apply to the population with severe community acquired pneumonia—that 
is, those with a pneumonia severity index score of more than 110 or serious respiratory 
insufficiency. We also excluded patients with a severe immunodeficiency syndrome or a 
significant amount of pleural fluid. Yet of all patients with community acquired pneumonia 
evaluated in hospital, 60% to 80% have a pneumonia severity index score below 110, and so 
do most of the patients who are not admitted to hospital with pneumonia '4 including those 
seen by general practitioners. Our study group is comparable to that of other studies of 
community acquired pneumonia for most baseline characteristics such as sex, age, smoking, 
isolated microorganisms, the extent and distribution of chest abnormalities , and the 
distribution of patients among the classes I-IV on the pneumonia severity index score. 
Finally, although the outcomes were comparable in both treatment groups in our study, our 
sample size was moderate and the possibility of chance findings cannot be fully excluded. 
Additional trials will have to confirm the non-inferiority of a shorter duration of treatment in 
adults with mild to moderate-severe community acquired pneumonia who have substantially 
improved after three days of treatment {Bergman, 2002 6 /id;Agarwal, 2004 43 /id}. The 
treatment failure rate in these studies was around 15%-20%, suggesting that childhood 
pneumonia is not a more benign condition than that of the patients we studied. 
Studies that have assessed the optimal duration of treatment in adults with community 
acquired pneumonia are rare. Two studies published in 1970 and 1983 showed that short 
course treatment in adults with moderately severe pneumonia was as effective as a traditional 
treatment for 5-6 days ' . As these studies were not carried out according to the currently 
required quality standards of clinical trials, their results have not been implemented in clinical 
practice. The effectiveness of 3-5 days of azithromycin is equivalent to that of longer 
treatment with a control agent '~ . As azithromycin has a prolonged half-life, these data 
cannot be extended to other antibiotics. One other study compared 750 mg levofloxacin daily 
for five days with 500 mg daily for 10 days in the treatment of mild to severe community 
acquired pneumonia . No statistically significant differences were found between the 
treatment durations. 
Antibiotics used for infections of the upper and lower respiratory tract account for 75% of 
prescriptions in the community 'b. Community acquired pneumonia is also one of the most 
important indications for antibiotic prescriptions in hospitals. A decrease in treatment duration 
may therefore have a significant effect on overall antibiotic consumption. As antibiotic 
consumption is the most important determinant of antimicrobial resistance " , a shorter 
duration of treatment can help contain the growing resistance rates among respiratory 
pathogens ~ . 
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Abstract 

Background: The optimal duration of antibiotic therapy in patients with uncomplicated 
pneumonia may be shorter than recommended in current guidelines. This study evaluates the 
costs associated with 3-day vs. 8-day antibiotic therapy and subsequent follow-up in patients 
hospitalised with mild to moderate-severe CAP. 
Methods: An economic evaluation was based on primary resource utilisation data collected 
within the framework of a randomised, double blind, placebo-controlled trial. As clinical end-
points demonstrated that 3-day therapy was not inferior to 8-day therapy, a cost-minimisation 
analysis is based on direct medical and indirect non-medical costs, estimated from a societal 
perspective for resource utilisation during 28 days following hospital admission. 
Results: The average costs generated per patient by resource utilisation during admission and 
follow-up was estimated as € 3,959 in the 3-day group, and € 4,102 in the 8-day group 
(difference €143 in favour of shorter therapy). The lower costs of shorter therapy during 
hospital admission (€ 209 in favour of the 3-day group) was partially offset by higher costs for 
primary health care providers (€ 66 in favour of the 8-day group). The relative difference 
systematically covaried with assumptions concerning unit costs for length of hospital stay, but 
consistently in favour of shorter therapy. 
Conclusion: Shorter duration of antibiotic therapy in hospitalised patients with uncomplicated 
pneumonia does not result in a substantial substitution of resource utilisation to primary health 
care providers. As 3-day antibiotic therapy does not lead to inferior clinical results, these 
findings support a 3-day therapy as a more efficient strategy. 
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Introduction 

Community-acquired pneumonia (CAP) infects about 5 to 11 cases per 1000 adults per year, of 
whom 22% to 42% are admitted to the hospital . The total costs of care for patients with 
respiratory tract infections (including CAP) are generated more by health care utilisation rather 
than medication costs (antibiotics) . Inpatient care in general accounts for over 90% of the 
costs of managing CAP. 
The efficiency (both in clinical and economic terms) of antimicrobial treatment strategies for 
CAP could be improved in several ways. One way to reduce antibiotic consumption is to 
improve antibiotic prescribing practices, refraining from prescription whenever there is no 
clear indication (e.g. infections with viral causes). A review of such interventions in primary 
care shows the potential for such improvements, but stresses the multifaceted and multilevel 
character of the problem 3. Efficiency gains can also be expected from strategies specifically 
aiming at a reduction in length of hospital stay, such as transitional therapy, converting from 
intravenous to oral antibiotics. The expected cost reductions result predominantly from a 
shortened length of hospital stay, as patients can complete therapy at home. In addition, a 
reduction in nursing time for preparation and administration of intravenous formulae as well as 
a reduction of nosocomial infections through the use of intravenous catheters can bring down 
the costs of treatment 4. Another option could be to limit the duration of therapy in those 
patients where antibiotic therapy is indicated. 
Scientific evidence supporting the appropriateness for the recommended duration (7 to 10 
days) is limited. Two older studies have suggested that shorter durations may be justified, but 
these results have not been confirmed in more recent studies, meeting today's standards of 
conducting and reporting clinical trials . 

If comparable clinical results (recovery, eradication rates) can be obtained with substantially 
shorter duration of therapy, this could contribute to a reduction in antibiotic consumption for 
this common illness. The economic consequences of shorter duration of therapy, however, are 
not immediately evident. On one hand, a cost reduction could be expected, as hospital stay is at 
least partially driven by the fact a patient is still on therapy, and shorter treatment regimens 
may allow earlier discharge and thus shorten length of hospital stay. It is unclear to what extent 
a reduction in the duration of antibiotic treatment actually reduces the costs of inpatient care. 
On the other hand, a shorter duration of therapy may also be associated with a substitution of 
resource consumption, i.e. a shift from secondary (inpatient) care to outpatient and primary 
health care providers. This could for example be due to slower resolution or even recurrence of 
symptoms, resulting in more frequent visits to general practitioners. Indirectly, this may also 
incur productivity losses associated with absence from work. 

In a recently conducted randomised, double-blind, placebo-controlled, multicenter trial we 
evaluated whether a shorter (3 day) antibiotic therapy of CAP is sufficient in hospitalised 
patients with mild to moderate-severe CAP who have substantially improved after 72 hours of 
antibiotic therapy 6. Our findings demonstrated, that three days of amoxicillin treatment are 
not inferior to 8 days of treatment in terms of symptom resolution and clinical recovery. In the 
present paper, we investigated whether a shorter duration of therapy also reduces resource 
consumption and associated costs, or whether a substitution effect offsets such efficiency gains 
(in terms of reduced length of hospital stay) and societal benefits (reduced antibiotic 
consumption and thus resistance development, as well as productivity loss). In this economic 
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evaluation costs related to 3-day antibiotic treatment and (standard) 8-day therapy were 
compared from a societal perspective alongside the above-mentioned trial. 

Patients and Methods 

Data were collected during a prospective double-blinded randomised controlled trial, designed 
to compare the effectiveness of short (3 day) and standard (8 day) antibiotic therapy in 
hospitalised adult patients with mild to moderate-severe CAP. Details on the RCT can be 
found elsewhere 6. Assuming that short and standard duration are equally effective, with an 
expected cure rate of 90%, the trial was designed to demonstrate non-inferiority of short 
treatment, accepting a maximal difference of 10% in favour of 8-day therapy. 

Patients, interventions and outcomes 
Eligible for the RCT were patients aged 18 years and over, admitted to three academic and six 
non-academic hospitals, and diagnosed as mild to moderate-severe CAP. Main exclusion 
criteria were pregnancy, allergy to the study medication, HIV infection, treatment with 
effective antibiotic therapy prior to admission, and other infections requiring administration of 
systemic antibiotics. 
Patients who had substantially improved after 72 hours of treatment were randomly allocated 
to either 5-day continuation of therapy with oral antibiotics or 5-day placebo treatment. Both 
patients and researchers assessing the clinical outcomes were blinded to the allocated 
treatment. 
Patients health status, including the CAP-score (a composite score based on respiratory 
symptoms and general well being 7, as well as resource utilisation were documented at day 3, 
7, 10, 14 and 28 after hospital admission. We documented clinical recovery (treatment success 
or failure), bacteriological eradication rate and radiological success rate at day 10 and 28. 

Costs: methods 
We used a bottom-up strategy to prospectively collect data on utilisation of health care and 
other resources, parallel to the clinical process. The time horizon of the study was 28 days, 
including admission and follow-up, assuming that this period would suffice to cover all 
treatment failures and complications as well as all relevant resource utilisation associated with 
recovery from CAP. The cost-analysis was set up from a societal perspective 8 , implying that 
costs indirectly generated by health care utilisation (travelling, home care, lost productivity by 
absence from paid work) were also taken into account. 
Costs were classified into three categories 9']0. Direct medical costs are generated by health 
care utilisation (medication, diagnostic procedures, and visits to health care providers). Direct 
non-medical costs reflect utilisation of non-health care resources generated by the condition 
and intervention (mainly travel expenses). Indirect costs are associated with lost productivity 
due to impaired ability to work l0. 

Costs: volume of resource utilisation 
A prospective registration system was set up and integrated in the clinical record form, 
documenting health care utilisation and absence from work during follow-up. Labour status 
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and absence from work have been documented with questions extracted from a standardised 
questionnaire ''. 

Costs: unit prices 
Estimates of unit costs were based on of real cost calculations, Dutch pharmaceutical unit cost 
listings l 2 , guideline prices , and tariffs '3 . Productivity loss was estimated using the friction 
cost approach ' using the shadow-pricing method. The friction costs method assumes that costs 
of lost productivity are limited to the time required to replace someone in the workforce 
(friction period); the shadow-price approach imputes hypothetical incomes for lost productivity 
for unpaid activities (household, volunteer work). Unit costs have been set at the price level at 
the mid-point of the study period (2002), and discounted by 3% annually 9. 

Costs: calculations 

Multiplying the respective volumes of resource use with their corresponding unit-prices 
resulted in an estimate of the associated total costs. Costs were calculated and reported in 
Euros. Total costs were estimated separately for the hospital admission episode and the post 
discharge follow-up. 

Costs: analysis 

All analyses were done according to the intention-to-treat principle . Protocol-costs - costs 
associated with the study itself- were excluded from the analyses. 
Mean volumes of resource utilisation and associated costs during admission and 28-day 
follow-up were estimated for different cost categories. Differences in volumes were tested for 
significance using a non-parametric (Wilcoxon Mann-Whitney) test, and the associated 
differences in mean costs are also reported. 

For the total costs per study period (admission and follow-up), the distribution in costs of 
treatment and follow-up across individual patients was estimated, and reported as means, and 
bootstrap 95% confidence interval 5' 6. In sensitivity analyses the robustness of the findings 
for uncertainty in the parameters was evaluated for differences in unit costs per day of hospital 
stay, as these make up for approximately 80% of the total costs. We evaluated sensitivity for 
assumptions in absolute unit costs (varied between -20% and +20%), calculation method (real 
costs vs. guideline costs) and for neutralising the difference in unit costs between academic and 
non-academic settings. Finally, in order to adjust for the relatively large proportion of 
academic hospitals in our study, we evaluated the impact of a weighted estimate for unit costs, 
composed to reflect the actual ratio of academic and non-academic hospital beds in the 
Netherlands '7. 

Results 

Between November 2000 and July 2003, 186 patients were identified, of which 121 have been 
randomised at day 3. As 2 patients were excluded because of protocol violations, 119 patients 
were included in the evaluation. Demographic and clinical baseline characteristics of these 
randomised patients were comparable (table 1). 
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Therapeutic success rates at day 10 and 28 were similar for both treatment groups: clinical 
success rates, symptom recovery and radiological success rates did not differ significantly for 
both treatment durations. However, the results also suggest that even at the end of follow-up 
many patients have not completely returned to their pre-pneumonia level of respiratory 
symptoms. Further details on clinical outcomes have been reported elsewhere 6. 

Table 1 Baseline characteristics of the randomized patient population 

3- day group 8-day group 
n = 56 n = 63 

Gender, n (%) 
Male 
Female 

Age, years 
Median (IQR) 

Underlying disease, n (%)* 
COPD 
Frequent pneumonia! 
Other lung disease 
Diabetes mellitus 
Cardiovascular disease 

Smoking, n (%) 

PSI score, n (%) 
1 
II 
III 
IV 

CAP-score 
Median (IQR) 

Temperature, °C 
Mean (SD) 

WBC count, xlOe9/L 
Mean (SD) 

X-ray findings, n (%) 
Unilateral infiltrate 
Bilateral 
Single lobe 
Multiple lobe 

Pleural effusion, n (%) 

Detected pathogen at study entry, n (%) 
S. pneumoniae 
H. influenzae 
M. catharrhalis 
H. parainfluenzae 
Influenzae A/B 
C. pneumoniae 
M. pneumoniae 
L.pneumophila 

Other 

34(61) 
22 (39) 

54 (40-70) 

39(70) 
14(25) 
8 (14) 
6 (11) 
9 (16) 
11 (20) 

31(55) 

7 (13) 
26 (46) 
17(30) 
6 (11) 

18(11-39) 

38-8(0-9) 

17-7(7-6) 

51 (91) 
5 (9) 
47(84) 
9 (16) 

7 (13) 

33(59) 
19(6)1 
6 
1 
0 
2 
1 
0 
0 
4 

37(59) 
26(41) 

60 (40-74) 

17(27) 

11 ( 
26 ( 
171 
9 ( 

IS) 
41) 
27) 
14) 

39 (24-57) 

38-8(1-0) 

15-5(5-2) 

56 
7 
52 
11 

2 

31 

(89) 
11) 
83 

(18) 

(3-2) 

(49) 
18(8) J 
4 
3 
1 
7 
1 
0 
0 
2 

COPD, chronic obstructivepulmonary disease. PSI, Pneumonia severity index . CAP-score, community-
acquired pneumonia score '.* some patients had more than one underlying disease, tfrequent pneumonia: > one 
episode/ year, JBetween brackets: with positive blood culture. 
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Chapter 5 

Table 3 Summary of total costs: average costs, variability and differences between 
standard (8-day) and short (3-day) antibiotic therapy during hospital stay and follow-up 

study phase 

hospital stay 

follow-up 

total 

short 

(n 

mean 

3721 

238 

3959 

(3<M 
= 56) 

(95%a>* 

(3151-4293) 

(140-336) 

(3397-4524) 

standard (Sday) 
(n=63) 

mean 

3930 

172 

4102 

(95%a)* 

(3220-4638) 

(56-288) 

(3399-4803) 

deference in % 

deference (short - standard) 

mean 

-209 

66 

-143 

4% 

(95% a)* 

(-757-1170) 

(-221-89) 

(-810-1091) 

* 95% bootstrap oonfiaence interval 

The results of the cost analysis are summarised in table 2, reporting average resource utilisation 
per patient and associated total and average costs for both treatment groups during admission 
and follow-up. During admission, mean costs per patient were predominantly generated by 
length of hospital stay, and only marginally by medication or imaging diagnostics and 
laboratory assessments. In the 3-day group, the average hospital stay was on average almost a 
day shorter (8.8 vs. 9.8 days), whereas utilisation of other inpatient health care resources were 
comparable. During follow-up, patients in the 3-day group reported on average more visits to 
primary and outpatient care providers as well as more home and family care and absence from 
paid work. 
Overall, average costs per patient associated with resource utilisation during admission and 
follow-up were estimated as € 3,959 in the 3-day group, and € 4,102 in the 8-day group 
(difference € 143 in favour of shorter therapy) (table 3). The difference appears to be more 
profound during the admission period (€ 209 in favour of the 3-day group), but this is partly 
offset by relatively higher costs generated during follow-up (€ 66 in favour of the 8-day group). 
In sensitivity analyses, in which the impact of different assumptions concerning unit costs for 
inpatient hospital stay are evaluated, differences between the two strategies in mean total costs 
per patient varied between 1.7% and 4.9%, but always in favour of 3-day treatment. This 
percentual difference was found to be systematically associated with these unit costs, as they 
make-up for the majority of costs generated by management of CAP. After adjusting the unit-
costs to reflect the actual ratio of academic and non-academic hospital admissions for CAP 
(instead of the relatively large proportion of patients admitted to academic settings as observed 
in this study), the percentual difference in average costs was found to increase (4.9% in favour 
of 3-day therapy), while the total costs substantially decreased (due to lower unit costs for non-
academic hospital stay). 
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Discussion 

We were able to exclude a significant difference in therapeutic success rates of short (3-day) as 
compared to standard (8-day) antibiotic therapy in patients hospitalised with a mild to 
moderate-severe CAP 6 , and this study demonstrated that resource utilisation and associated 
costs during admission and 28-day follow up were also comparable. 
On one hand, it could be hypothesised that a shorter duration of therapy could reduce the 
length of hospital stay; on the other hand, shorter therapy could lead to extended stay, because 
clinicians may be less inclined to discharge patients, as they are not completely confident in the 
autonomous recovery of these patients without the support of continued antimicrobial 
treatment. However, as both mechanisms would apply to both study groups (due to blinding), 
such hypothetical differences are less likely to become apparent in this design. 
Although the symptom resolution was comparable in both groups, a minor substitution from 
inpatient (length of hospital stay) to outpatient services (GP and specialist consultations) was 
observed. However, this substitution is apparently very limited, and, considering that costs of 
treatment of CAP are predominantly generated by costs of hospitalisation, unlikely to offset a 
cost reduction associated with shorter hospital stay. 

Results of this study should be considered within the context of the following limitations. First, 
our findings apply only to patients with a mild-to-moderate severe CAP who were admitted to 
a hospital, and substantially improved after three days of amoxicillin treatment. As we 
systematically excluded patients with severe symptoms (PSI score > 110, severe respiratory 
insufficiency, severe immunodeficiency, or a significant amount of pleural fluid, as well as 
non-hospitalised patients, our findings cannot be generalised to these patient groups. However, 
the background characteristics indicate that our sample is representative for mild to moderate-
severe CAP, as compared to other CAP-studies. 
Second, the follow-up appeared too short to even assess the complete recovery period for all 
patients. Although major signs and symptoms of CAP were resolved by day 28, results based 
on the more sensitive CAP questionnaire suggest that patients have not yet returned to their 
prepneumonia health status 6 . This may imply that future should consider a longer follow-up 
than the currently used 4-week horizon. 
Our results are based on a relatively small sample size, and costs associated with treatment and 
follow-up of individual patients varied considerably. In order to demonstrate equivalence in 
costs as well would require substantially larger sample sizes. However, as principal cost drivers 
(length of hospital stay) will follow clinical outcomes, and major differences in clinical 
outpoints have been demonstrated to be statistically implausible, substantial economic 
differences in favour of longer treatment are also unlikely. 
Finally, our study was not designed to fully evaluate shorter duration of therapy at a societal 
level. In order to conclusively recommend adjustment of current standards, the evaluations 
should address all relevant consequences from a societal perspective. However, for evaluations 
of antibiotic strategies to combat infectious pathogens, a relevant additional outcome to be 
considered is the effect on development of antibiotic resistance, an outcome operating at an 
aggregated, societal level. Patients infected with resistant strains require more expensive 
antibiotic options and/or generate more costs associated with treatment failures and associated 
inpatient and outpatient health care utilisation ". Yet, development of antibiotic resistance has 
been demonstrated to be associated with the amount of antibiotic consumption '9. Also 
shortening the duration of therapy may lead to less selection of resistant micro organisms " . 
Without being conclusive, our findings thus add to the evidence that shorter duration of 
antibiotic therapy could contribute to a more efficient use of antibiotics in relation to resistance 
development and associated costs at a societal level. 

75 



Chapter 5 

The potential impact of optimising antibiotic strategies in the clinical or outpatient health care 
setting to reduce the pace of developing resistance also depends on other pertinent factors. Half 
the amounts of antibiotics landing in the environment is due to therapeutic, and predominantly 
prophylactic and growth promoting use of antibiotics in agriculture and food animals . 
Although the extent to which antibiotic use in animals contributes to the emergence of 
antibiotic resistance in humans is still under debate , the EU recently banned the use of most 
antibiotic feed additives to reduce antibiotic consumption. Furthermore, antibiotic usage has 
been demonstrated to vary considerably across countries, and to be ecologically associated 
with variation in levels of selection pressure ' . This variation shows that in many countries, 
antibiotics could be used more effectively, which could be achieved by implementation of 
public policies and educational interventions and adherence to professional guidelines for 
appropriate prescribing of antibiotics. 
CAP is one of the most important indications for antibiotic prescriptions. Although the 
potential for reducing antibiotic consumption in the health care system may vary across 
countries, the development of resistant pathogens may be further combated by optimising 
treatment regimens for this common health problem, e.g. by timely discontinuation in patients 
showing good response. 
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Chapter 6 

Abstract 

Background: Understanding the factors that influence early symptom recovery in patients 
with community-acquired pneumonia (CAP) might support treatment decisions and is 
important when informing patients about what they can expect during and after the pneumonia 
episode. 
Methods: In 165 adults with a mild to moderate-severe CAP we examined patient and disease 
characteristics as potential predictors of symptom recovery at day 3 and, in responding 
patients, at day 28 after the pneumonia diagnosis. Absolute recovery was defined as the 
difference between the CAP-score (a validated symptom score) at day 0, and the CAP score at 
day 3 and day 28, respectively. Relative recovery was defined as the absolute recovery relative 
to the difference between the pre-pneumonia CAP score and the CAP score at day 0. 
Results: Age was the only significant determinant of the pre-pneumonia CAP-score. A lower 
pre-pneumonia CAP-score (i.e. having more symptoms) was identified as significant predictor 
of symptom severity on admission. In a multivariable analysis, patients with low CAP scores 
on admission and low plasma sodium showed a significantly better absolute recovery after 3 
days. Low pre-pneumonia and admission scores were significant predictors of relative 
recovery within three days. Variables used were unable to predict relative recovery within 28 
days, except that non-smokers showed a better recovery than smokers. 
Conclusions: Older patients tend to have more symptoms before the pneumonia episode. Low 
pre-pneumonia and admission scores positively influence the speed of early recovery, 
therefore older and/or more symptomatic patients do not need more time to regain their 
previous health. 
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Introduction 

Community-acquired pneumonia (CAP) is a one of the most common infectious diseases, with 
an incidence of 5 to 11 cases per 1000 adults per year, of whom 22% to 42% are admitted to 
the hospital '. The time required to reach clinical stability as defined by vital signs, and the 
factors associated with early clinical failure have been studied in several large cohorts "" . A 
high pneumonia severity index 5, multilobar pneumonia, and discordant antimicrobial therapy 
have consistently been associated with early failure :"4. However, the determinants of recovery 
of disease related symptoms have been less studied. 
Pneumonia related symptoms can persist for several weeks, even after successful treatment 
". Even at 90 days the prevalence of pneumonia related symptoms was still substantial . The 
symptom level beyond 28 days is more likely to depend on the patient's age and pre-existent 
comorbidity than on the persistent effects of pneumonia itself 12. Understanding the factors 
that influence early recovery in patients with CAP helps us to better understand the natural 
history of CAP. This could support treatment decisions, for instance regarding the duration of 
antibiotic therapy '3 and the decision when to discharge patients from the hospital, and it could 
be helpful when informing patients about what they can expect during and after the pneumonia 
episode. Young age, absence of asthma or chronic obstructive pulmonary disease (COPD), 
and levofloxacin treatment have previously been identified as predictors of complete symptom 
resolution after 6 weeks 8, and those with more severe symptoms at presentation had a slower 
resolution of symptoms 9. None of the previous studies assessed symptom resolution by fully 
validated measures 6"'' and the pre-pneumonia status was often not taken into account "' . 
We have examined the role of patient and disease characteristics as predictors of symptom 
recovery at day 3 and at day 28 after the pneumonia diagnosis, using a validated patient-based 
outcome measure and taking the pre-pneumonia status into account . As the pre-pneumonia 
status and symptom severity on admission can probably influence the rate of symptom 
recovery, we also identified determinants of pre-pneumonia and admission symptom severity. 

Methods 

Patients 
This study was designed as part of a randomized trial comparing two durations of treatment of 
CAP in adults. That study is reported in detail elsewhere '5. Eligibility for the trial was based 
on the following criteria: temperature > 38°C, clinical signs of pneumonia, a new infiltrate on 
the chest radiograph, and a pneumonia severity index (PS1) of <110 5. Patients with effective 
antibiotic treatment for longer than 24 hours prior to admission or with another infection 
necessitating antibiotic treatment, and patients with an inadequate cognitive state were 
excluded from the study. 
Consenting patients with CAP who met the inclusion criteria were treated with an intravenous 
B-lactam antibiotic. After three days patients with significant clinical improvement were 
randomized to either 5 days placebo or 5 days oral amoxicillin. All randomized patients were 
followed for at least 28 days after the initiation of antibiotic treatment. The study was 
approved by the Medical Ethical Committees of the participating hospitals. 
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Data collection 
Baseline data were collected on all patients at the day of enrolment. These included 
demographic characteristics, comorbidity, a complete physical examination, and blood and 
sputum cultures. At baseline and at day 28 serum was collected for determination of 
antibodies against respiratory viruses and atypical respiratory pathogens. At baseline a chest 
radiograph was performed. 
Pneumonia related symptoms were scored using the CAP-score '4, on admission and at day 3, 
10, 14, and 28. The pre-pneumonia CAP-score (30 days before admission) was established 
retrospectively at the time of admission. The CAP-score has been developed to evaluate the 
course of pneumonia related symptoms in hospitalized patients with mild to moderate-severe 
CAP. The CAP-score is a fully validated 8-item questionnaire, based on respiratory symptoms 
(the presence and severity of dyspnoea, coughing, coughing up sputum, coughing up sputum 
with ease, the colour of sputum) and on wellbeing symptoms (fitness and the general state of 
health). Low values indicate more severe symptoms. 

Potential predictors of symptom severity and symptom recovery 
The following variables were evaluated as potential predictors of symptom severity on 
admission and of symptom recovery during follow-up: gender, age, co-morbid illness (COPD, 
cardiovascular disease, malignancy or diabetes mellitus), smoking, the pneumonia severity 
index (PSI) 3, the pre-pneumonia CAP score, the CAP score at admission (for symptom 
recovery during follow-up), respiratory rate, body temperature, White Blood Cell (WBC) 
count, arterial Oi saturation, C-reactive protein (CRP), plasma sodium and glucose 
concentration, presence or absence of bilateral infiltrates or pleural effusion on the chest 
radiograph, and whether or not a respiratory pathogen was isolated. 
As determinants of the pre-pneumonia status the following features were examined: gender, 
age, co-morbid illness, and smoking. 

Analysis 
Recovery during the first 3 days was assessed for all included patients (n=165). Recovery 
during a follow-up period of 28 days was assessed for patients responding to the initially 
instituted therapy, i.e. patients with significant clinical improvement after 3 days. 
We defined two types of recovery. Absolute recovery was defined as the difference between 
the CAP-score at day 0, and the CAP score at day 3 and day 28, respectively. Absolute 
recovery measures symptom resolution after the pneumonia diagnosis. As absolute recovery 
does not take the pre-pneumonia status into account, we also analyzed relative recovery, 
defined as the absolute recovery relative to the difference between the pre-pneumonia CAP 
score and the CAP score at day 0. 

Statistical analysis 
Demographic characteristics were summarized with descriptive statistics. Groups were 
compared using a %' test or Fisher's exact test, the t-test, or the Mann-Whitney test, where 
appropriate. Associations between the patient and diseases characteristics, and the pre-
pneumonia symptom score, the symptom score on admission, and the absolute or relative 
recovery at day 3 and 28 were tested for significance with the Mann-Whitney test for 
dichotomous variables or the Spearman's correlation test for continuous variables. The level 
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of significance was set at 0.05. Variables significantly associated with the pre-pneumonia 
symptom score, the symptom score on admission and with absolute or relative recovery were 
entered in a multivariable regression model. 
Multivariable analyses were stratified for age and comorbidity by running different regression 
models for young patients (with and without comorbidity) and older patients (with and without 
comorbidity). 

Table 1 Baseline and disease characteristics 

Characteristics 
Gender, n (%) 

Male 
Female 

Age, years 
Median (IQR) 

Underlying disease, n (%)* 
COPD 
Diabetes mellitus 

Cardiovascular disease 
Smoking, n (%) 
PS1 score 

Median (IQR) 
CAP-score pre-pneumonia 

Median (IQR) 
CAP-score at presentation 

Median (IQR) 
Respiratory rate, rpm 

Median (IQR) 
Temperature, C 

Median (IQR) 
White Blood Cell count, xl0E9/L 

Median (IQR) 
Arterial O2 saturation, % 

Median (IQR) 
C-reactive protein, mg/L 

Median (IQR) 
Plasma Sodium, mmol/L 

Median (IQR) 
Plasma Glucose, mmol/L 

Median (IQR) 
X-ray findings, n (%) 

Unilateral infiltrate 
Single lobe 
Pleura-effusion 

Detected pathogen at study entry, n (%) 
S. pneumoniae 

97(59) 
68(41) 

56(40-72) 
105(64) 
41 (27) 
20(13) 
34 (22) 
63(41) 

66(49-82) 

84 (62-96) 

30(16-53) 

20(10-25) 

39 (38-40) 

16(12-20) 

95 (95-97) 

192 (76-296) 

136(133-138) 

7 (6-9) 

142(89) 
128(81) 
12(8) 

64 (39) 
44 (27) 

COPD, chronic obstructive pulmonary disease. PS1, Pneumonia severity index3. CAP-score, community-acquired 

pneumonia score . * some patients had more than one underlying disease. 
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Results 

Baseline characteristics 

Between November 2000 and July 2003 186 patients were enrolled in the trial. 19 patients 
withdrew their consent within three days and two patients were withdrawn from the study 
because of protocol violations. The demographic characteristics and clinical variables of the 
remaining 165 patients are presented in table 1. We recruited 97 men (59%) and 68 women 
(41%), with a median age of 56 (IQR: 40 to 72) years. A subset of 46 patients were not 
randomized after three days, mainly (n=41) because they had not improved sufficiently after 
three days. The baseline characteristics of those that showed substantial clinical response after 
three days and those with non-response are comparable (data not shown). The CAP scores 
before the pneumonia episode and during follow-up are shown in figure 1. 

Determinants of the pre-pneumonia symptom score 
Age, comorbidity and the interaction between age and comorbidity were each significantly 
associated with the CAP-score at the pre-pneumonia level (table 2). Older patients and patients 
with comorbidity had more pre-pneumonia symptoms. In the multivariable analysis age was 
the only significant determinant of the pre-pneumonia CAP-score. 

Predictors of symptom severity on admission 
The following variables were significantly associated with symptom severity on admission: a 
lower pre-pneumonia CAP-score, the detection of a causative pathogen and plasma glucose 
(table 2). 
In the multivariable model a lower pre-pneumonia CAP-score was identified as significant 
predictor of symptom severity on admission. As older patients and patients with comorbidity 
were both found to have more pre-pneumonia symptoms, we looked into young (< 56 years) 
and old patients (> 56 years), and patients with or without comorbidity separately. Only in old 
patients and in patients with comorbidity the pre-pneumonia CAP-score and the detection of a 
pathogen were found to be associated with symptom severity on admission. 

Predictors of absolute recovery within 3 days 
Gender, the CAP-score at admission and plasma sodium were significantly associated with 
absolute recovery within 3 days (table 2). In the multivariable model the CAP-score on 
admission and plasma sodium were identified as significant predictors of absolute recovery: 
patients with a low admission CAP score or a low plasma sodium showed more improvement 
after 3 days. 

Relative recovery within 3 days 
The median relative recovery was 31% (IQR 0 to 70%) after 3 days: patients regained 31% of 
the difference between the pre-pneumonia CAP score and the CAP score on admission. 
Gender, comorbidity, the PSI score, the pre-pneumonia CAP-score, and the CAP-score on 
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Table 2 Associations between patients' 
recovery 

Variables 

Gender, 
Male 
Female 

Age, 
<56 
>56 

Comorbidity, 
Yes 
No 

Elderly with eomorbidity, 
Yes 
No 

Smoking, 
Yes 
No 

Pleural effusion , 
Yes 
No 

X-ray findings, n (%) 
Unilateral infiltrate 
bilateral 

PSI score 
<66 
>66 

CAP-score pre-pneumonia 
<84 
>84 

CAP-score at presentation 
<30 
>30 

Respiratory rate, rpm 
<20 
>20 

Temperature, C 
<38.8 
>38.8 

White Blood Cell count, x!0E9/L 
<16 
>16 

Arterial 0 : saturation 
<95 
>95 

C-reactive protein, (mg/L) 
<192 
>I92 

Plasma Sodium. mmol/L 
<I36 
>136 

Plasma Glucose, mmol/L 
<7 
>7 

Detected Pathogen, 
Yes 
No 

CAP-score 

pre-

pneumonia 

85 
84 

95 
73°° 

73 
96** 

66 
96** 

84 
84 

CAP-score at 

presentation 

28 
31 

28 
30 

27 
34 

29 
33 

24 
32 

34 
30 

'1 
18 

30 
30 

22 
33° 

30 
30 

32 
27 

32 
28 

31 
32 

32 
27 

29 
32 

27 
41° 

19 
35** 

characteristics, CAP 

Absolute 

recovery at 

day 3 

12 
8* 

15 
10 

12 
11 

11 
15 

15 
11 

18 
12 

12 
14 

II 
12 

11 
12 

18 
7oo 

20 
11 

9 
17 

10 
15 

12 
11 

1 1 
14 

17 
11° 

12 
11 

10 
12 

Absolute 

recovery at 

day 28 

37 
28 

49 
27° 

32 
40 

26 
50* 

32 
36 

28 
34 

33 
60 

40 
31 

25 
45° 

61 
2 2 " 

32 
35 

26 
47° 

34 
34 

25 
47 

34 
38 

37 
32 

36 
32 

35 
33 

score and 

Relative 

recovery 

day 3 

41 
15** 

29 
38 

30 
22* 

42 
29 

32 
35 

46 
30 

29 
62 

20 
41° 

56 
26°° 

42 
19°° 

41 
26 

19 
38 

24 
40 

34 
28 

34 
29 

39 
29 

34 
30 

30 
32 

symptom 

at 

Relative 

recovery 

at day 28 

92 
65 

89 
79 

86 
87 

73 
84 

71 
100* 

66 
88 

88 
80 

84 
91 

92 
86 

97 
77 

84 
86 

71 
100 

84 
91 

75 
93 

89 
82 

87 
90 

86 
85 

97 
83 

The continuous patient variables were dichotomized around the median. The CAP scores, absolute and relative 

recovery are reported as medians. Associations between the patients' characteristics, and the CAP scores and the 

absolute or relative recovery at day 3 and 28 were tested for significance with the Mann-Whitney test for 

dichotomous variables or the Spearman's correlation test for continuous variables. * and **: Mann-Whitney test 

significant at 0.05 and 0.01 level respectively. ° and °°: Spearman correlation test significant at 0.05 and 0.01 

level respectively. 
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admission were significantly associated with relative recovery (table 2). In the multivariable 
model the pre-pneumonia CAP-score and the CAP-score at admission were predictors of 
relative recovery: patients with a lower pre-pneumonia CAP-score and a lower admission 
CAP-score had a better relative recovery than patients with higher scores. 

Predictors of absolute and relative recovery within 28 days, in the randomized group 

In the multivariable model, the pre-pneumonia CAP-score and the CAP-score at day 0 were 
identified as significant predictors of absolute recovery at 28 days: patients with high pre-
pneumonia or low admission scores showed more improvement than patients with low pre-
pneumonia and high admission scores. The median relative recovery after 28 days was 86% 
(IQR 40-115%). None of the variables we analyzed was associated with relative recovery 
within 28 days, except for smoking: non-smokers had a better relative recovery. 

CAP score 

:20 

100 -

60 

40 

-20 

Day -30 Day 0 

142 107 

Day 3 Day 28 

Figure 1 CAP-score before the pneumonia episode and during follow-up 
The CAP-score14 expressed as medians, interquartile ranges, and 10lh/ 90'h percentiles. Day -30 represents the 
pre-pneumonia level, day 0 is the day of starting antibiotic treatment and day 28 is the end of follow-up. 
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Discussion 

In this prospective study we identified predictors of symptom severity and symptom recovery. 
Using a validated patient-based symptom score we found that variation in the pre-pneumonia 
status is to some extent determined by age: older patients have more symptoms. A low pre-
pneumonia CAP-score and the presence of a pathogen were associated with a more severe 
presentation of pneumonia in older patients and in patients with comorbidity. 
Patients with a low CAP-score on admission and low plasma sodium were those with a better 
absolute recovery within 3 days. In the absolute recovery we left the pre-pneumonia level of 
the patients out of consideration. When evaluating relative recovery during the first 3 days, we 
noticed that patients with low pre-pneumonia and admission scores regained their loss of 
condition relatively faster than the patients with higher scores. 
A higher pre-pneumonia CAP-score and a lower CAP-score at day 0 were identified as 
significant predictors of absolute recovery within 28 days in patients who responded well to 
the initial therapy. A high pre-pneumonia CAP score and a low admission score imply that 
there is simply more to regain, and relative recovery is therefore perhaps more informative. 
Indeed, the variables we used were unable to predict the relative recovery within 28 days in 
those patients, except for smoking: non-smokers regained a higher percentage of their pre-
pneumonia status than smokers. 

The present study has a number of potential limitations. The findings can not be generalized to 
all patients with CAP, as the patients enrolled in this study were hospitalized patients with a 
mild to moderate-severe CAP. Relative recovery was determined by taking the pre-pneumonia 
status into consideration, established retrospectively at the time of admission. This method 
may be subject to recall bias and can result in an under- or overestimation of the pre-
pneumonia symptoms. We feel that the return of the average CAP scores to their pre-
pneumonia level suggests that patients can reliably score their symptoms in retrospect ^. 
Finally, as a consequence of the study design CAP related symptoms were not evaluated after 
the third day in the non-randomized population, i.e. those not responding to therapy. We are 
therefore not informed about the recovery period between 3 and 28 days of follow-up in 
patients who had not substantially improved after three days of antibiotic therapy. As the 
primary predictor of recovery during the first three days in both groups was the CAP-score on 
admission (data not shown), it is likely that the predictors of recovery during the first 28 days 
are also comparable for both groups, but a slower recovery due to an initial slow response 
and/or later institution of adequate therapy is not excluded. 

Published data on determinants of symptom severity at admission in patients with pneumonia 
are scarce. One study demonstrated that respiratory and non-respiratory symptoms are less 
often reported by older patients with pneumonia, suggesting lower severity of symptoms in 
this age group 16. The symptom severity on admission in our study patients was predicted by 
the pre-pneumonia CAP-score, and age was the main determinant of the pre-pneumonia CAP-
score. We hypothesized that age might therefore be an indirect predictor of symptom severity 
on admission. However, the symptom score on admission did not differ between the younger 
and elderly patients: the CAP-score was 28 versus 30 points respectively, so the symptoms in 
older patients are as pronounced as in younger patients. Detection of a pathogen also predicted 
symptom severity in the group of older patients or those with comorbidity. As S. pneumoniae 
was the most frequently detected pathogen '5, this may mean that pneumococcal pneumonia 
causes more symptoms than other or unknown pathogens. Alternatively, detection could be 
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easier when the microbial load is high, and therefore the observation of more severe symptoms 
in case of detection of a pathogen may reflect a higher load of microorganisms. 

Previous studies identified young age, absence of asthma or chronic obstructive pulmonary 
disease (COPD), levofloxacin treatment and having less severe symptoms at presentation as 
predictors of early symptom resolution 8'9. These studies did not assess symptom resolution by 
fully validated measures, and the pre-pneumonia status was not taken into account .When 
taking the pre-pneumonia status into consideration, we found that patients with lower pre-
pneumonia and admission scores had a better early recovery. This finding may appear 
paradoxical. At any rate, it refutes the impression that older and/or more symptomatic patients 
will need more time to recover, which was also true for recovery after 28 days. Although 
patients with a detected pathogen had significantly lower scores on admission than patients 
without a detected pathogen, relative recovery was not influenced by aetiology. This is 
supported by one study in which the rate of symptom resolution in pneumonia caused by 
atypical agents and in pneumonia with undetermined aetiology appeared to be comparable '7. 
In conclusion, older patients tend to have a more severe pre-pneumonia status, and the pre-
pneumonia status is an important determinant of the pneumonia episode. However, low pre-
pneumonia and admission scores positively influence the speed of early recovery, and 
recovery at 28 days is not influenced by pre-pneumonia or admission scores at all. Therefore, 
older and/or more symptomatic patients will not need more time to regain their previous 
health. Consequently, the duration of antimicrobial therapy should probably not be guided by 
such patient and disease parameters on admission 13. 
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Chapter 7 

Abstract 

Study Objectives - The long-term outcome of patients with community acquired pneumonia 
(CAP) in terms of symptom resolution and Health Related Quality of Life (HRQL) is 
unknown. Our objective was to determine the rate of symptom resolution using validated 
patient-based outcome measures, and to assess HRQL 18 months after the episode. 
Participants - Patients were recruited from a group enrolled in a randomized trial comparing 
two durations of treatment of CAP. Between 2000 and 2003 we included 102 adults with a 
mild to moderate-severe CAP (pneumonia severity index < 110). 
Interventions - CAP-related symptoms were assessed until month 18 using the CAP-score. 
The CAP score was divided in a Respiratory and a Well-being section to assess the recovery 
of respiratory and well-being symptoms separately. The HRQL was assessed at 18 months 
using the SF-36 questionnaire and compared to a Dutch reference group. 
Results - Respiratory symptoms resolved within 14 days, while the well-being symptoms 
resolved more slowly. Taking the pre-pneumonia status into account, patients recovered fully 
from pneumonia after 6 months. Patients with comorbid conditions had significantly more 
symptoms pre-pneumonia and during follow-up than patients without comorbidity, but at all 
time points the proportion of patients that reached 80% or more of the pre-pneumonia health 
level did not depend on comorbidity, age or etiology. SF-36 scores at 18 months were 
significantly impaired in 4 of the 8 dimensions for patients with comorbid illness, but did not 
differ from the reference population for patients without comorbid illness. 
Conclusion - Patients with mild to moderate severe CAP recover fully from pneumonia after 
6 months. The presence of symptoms beyond 28 days and any impairment in HRQL was 
found to reflect age and comorbidity rather than the persistent effects of the pneumonia itself. 
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Introduction 

Community-acquired pneumonia (CAP) is a common acute medical disorder worldwide and 
one of the most frequent reasons for antibiotic treatment, in general practice as well as in 
hospitals '. To assess the efficacy of antibiotic treatment in CAP clinicians and researchers 
rely on clinical outcome measures, such as mortality, recurrence rates or adverse events, and 
the use of health care resources, measured through length of hospital stay . Unfortunately, 
these measures do not fully capture all features of outcome that are important to patients. The 
latter also include the rate of resolution of disease-related symptoms and the negative impact 
the disease episode has on subjective well-being. 

Studies that have used the patients' perspective to assess recovery have demonstrated that a 
substantial number of patients with CAP still experience pneumonia-related symptoms 4-6 
weeks after cessation of antibiotic treatmentJ"8. Even at 90 days the prevalence of pneumonia-
related symptoms was still substantial7. None of these studies did assess symptom resolution 
by properly validated measures 3"9. The pre-pneumonia status was often not taken into account 
xbA, and the long-term outcome of CAP patients, in terms of symptom resolution and Health 
Related Quality of Life (HRQL), has not been studied. 
A follow-up study of survivors of an outbreak of Legionnaires' disease (LD) in the 
Netherlands showed that symptoms and an impaired HRQL can persist for more than 1.5 
years '°. That study was unable to answer the question whether L. pneumophila itself, (severe) 
pneumonia in general, or the outbreak situation was responsible for this very prolonged 
impact of the disease episode on the subjects' well-being. 

In this paper we report on a long-term follow-up of a cohort of patients who participated in a 
randomized trial investigating the optimal duration of antibiotic treatment in mild to 
moderate-severe CAP. Our objectives were to determine the rate of symptom resolution using 
validated patient-based outcome measures and to assess HRQL 18 months after the episode. 

Patients and Methods 

Study population 
The study group was sampled from a cohort of patients enrolled in the DATES-p trial, a 
randomized, double-blind, placebo-controlled multicenter trial comparing two durations of 
treatment of CAP. That trial is reported in detail elsewhere ". The study protocol was 
reviewed and approved by the ethics committees of all participating hospitals. 
Inclusion criteria for the trial were: temperature > 38°C, clinical signs of pneumonia, 
radiological evidence of a new infiltrate consistent with pneumonia, and a pneumonia severity 
index (PSI) of < 110 '2. The main exclusion criteria were: pregnancy, a history of allergy to 
amoxicillin, severe underlying disease, treatment with an effective antimicrobial agent for 
longer than 24 hours prior to admission, any other infection necessitating the administration 
of concomitant systemic antibiotics, a concurrent disease considered likely to interfere with 
the clinical course of pneumonia, and serious respiratory insufficiency (arterial pCh < 6.67 
kPa), or admittance to the ICU. Patients who met the eligibility criteria and had given written 
informed consent were treated with intravenous amoxicillin. After three days patients with 
significant clinical improvement were randomized to 5 days placebo or 5 days oral 
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amoxicillin. All randomized patients were followed until 28 days after the beginning of 
antibiotic treatment. The clinical outcome of the two groups, including the symptom recovery 
during the first 28 days, turned out to be comparable ". 
All included trial patients, as well as patients who did not sufficiently improve after three days 
to be randomized, were invited to the long-term follow-up study. Only those patients who had 
completed 18 months of follow-up in January 2003 (the moment of analysis) are reported 
here. 

Baseline Data Collection 
Baseline data were collected of all patients at the day of enrolment in the main study. These 
included demographic characteristics, co-morbidity, a complete physical examination, and 
blood and sputum cultures. At baseline and at day 28 serum was collected for determination 
of antibodies against respiratory viruses and atypical respiratory pathogens. At baseline a 
chest radiograph was performed. 

Outcome assessments 
Pneumonia-related symptoms were assessed using the CAP-score 13. The CAP-score has been 
developed to evaluate the course of pneumonia-related symptoms in hospitalized patients with 
mild to moderate-severe CAP. It has been fully validated and its psychometric properties have 
been evaluated. The CAP-score is an 8-item questionnaire, based on respiratory symptoms 
(the presence and severity of dyspnoea, coughing, coughing up sputum, coughing up sputum 
with ease, the colour of sputum) and on wellbeing symptoms (fitness and the general state of 
health). The response of the patients to these eight items is used to calculate a CAP-score. 
Low values of the CAP-score indicate more severe symptoms. 
The CAP-score was obtained at study entry (day 0) and at seven follow-up visits (day 3, 7, 10, 
14, 28, six months and 18 months) for the randomized group and at four follow-up visits (day 
3, 28, six months and 18 months) for the non-randomized group. At day 0, patients were also 
asked to retrospectively evaluate their symptoms and general health status 1 month before the 
onset of pneumonia (pre-pneumonia). All questionnaires were obtained either by interview (in 
person or by telephone) by trained interviewers, or by written completion of a mailed version 
of the questionnaire. 
At 18 months HRQL was assessed by an additional questionnaire: the SF-36 i4, which was 
obtained either by telephone or by mail. The SF-36 comprises 36 items that address the 
following 8 dimensions reflecting different aspects (dimensions) of the quality of life: physical 
function (PFZ), physical role function (RPZ), pain dimensions (BPZ), general health 
perception (GHZ), vitality (VTZ), social function (SFZ), emotional role function (REZ), and 
mental health dimension (MHZ). Each dimension is scored from 0 to 100, with higher scores 
indicating quality of life. 

Analysis 
The generalizability of the CAP study sample was assessed by comparing baseline 
characteristics of respondents and non-respondents, using Fisher's exact test (for categorical 
variables), the t-test (for continuous variables with normal distribution) or the Mann-Whitney 
test (for continuous variables with non-normal distribution). The same test statistics were used 
where appropriate for subgroup comparisons. 
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Symptom resolution over time was described with the median and interquartile ranges of the 
CAP-score. The Wilcoxon test was used to analyze the change in CAP-score during follow-
up, by comparing the CAP score at any time period during follow-up with the pre-pneumonia 
score. 
The 8 dimensions of the SF-36 score were converted to standard scores on the basis of the 
scores of an age- and sex-matched representative reference sample of the Dutch population. 
Standardized scores indicate the distance in standard deviations between the observed score 
and the score of the reference population. A mean standard score of 0.20 is considered to 
indicate a small deviation from the reference population '5, and mean standard scores of 0.50 
and 0.80 are considered to indicate moderate and large deviations from the reference 
population, respectively. A one-sample / test was used to test for differences between the CAP 
group and the Dutch reference population. 

Results 

CAP patients were enrolled between November 2000 and July 2003. All 153 patients who had 
completed follow-up in January 2003 were approached to participate in the follow-up study. 
In total, 102 patients (66%) returned the CAP-questionnaire and/or the SF-36 questionnaire 
(figure 1). Of these 102 patients, 91 patients returned at least one CAP-questionnaire beyond 
28 days and 71 patients returned the SF-questionnaire at 18 months. 

Eligible for follow-up 
(n= 153) 

study 

• ' 
Completed: CAP-questionnaire (at 6 
months and/or 18 months) and/or SF-36 
questionnaire at 18 months 
(n= 102) 

Refused (n = 15) 

Inadequate mental 
state (n = 1) 

No response (n = 
26) 

Died (n = 9) 

Figure 1 Overview of patient population with community-acquired pneumonia 
(CAP) that were approached to participate in the study 
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Demographic characteristics and features of the initial pneumonia episode of these 102 
patients were comparable with those of non-respondents, except for median age (65 versus 48 
yrs, p < 0.05) and the baseline pneumonia severity score (PSI) (mean, 71 versus 62, p < 0.05), 
which were considerably higher in the respondents' group (table 1). Of the participating 
patients, 11 % were classified as PSI risk class 1, and 36 %, 36 % and 17 % as PSI risk class 
2, 3 or 4, respectively . 

Table 1 Baseline characteristics of respondents and non-respondents 

Respondents n Non- n p * 
respondents 

Gender, n (%) 
Male 
Female 

Age, years 
Median (IQR) 

Underlying disease, n (%)t 
COPD 
Diabetes mellitus 
Cardiovascular disease 

Smoking, n (%) 
PSI score 

Mean (SD) 
CAP-score pre-pneumonia 

Mean (SD) 
CAP-score at presentation 

Mean (SD) 
Length of hospital stay, days 

Median (IQR) 
X-ray findings, n (%) 

Unilateral infiltrate 
Single lobe 

Detected pathogen at study entry, n (%) 
S. pneumoniae 

60 (59) 
42(41) 

65(48-72) 
64(63) 
26(27) 
16(17) 
23 (24) 
39(42) 

71 (23) 

72 (23) 

34(19) 

8(5-11) 

90 (96) 
87(96) 
39 (38) 
24 (23) 

102 

102 
102 
97 
97 
97 
93 

102 

91 

91 

102 

98 
98 
101 
101 

27 (53) 
24 (47) 

48 (39-70) 
30(59) 
10(20) 
5 (10) 
12(25) 
24 (50) 

62(22) 

76 (28) 

28 (20) 

6(4-11) 

41 (96) 
33 (94) 
20(39) 
16(31) 

51 

51 
51 
49 
48 
49 
48 

51 

49 

49 

50 

48 
48 
51 
51 

0.60 

0.01 
0.73 
0.42 
0.45 
1.00 
0.48 

0.03 

0.08 

0.06 

0.10 

0.82 
0.86 
0.80 
0.45 

COPD, chronic obstructive pulmonary disease. PSI, Pneumonia severity index '2. CAP-score, community-
acquired pneumonia score1 . * Fisher's exact test, t-test or the Mann-Whitney test where appropriate, t some 
patients had more than one underlying disease. 

Symptom recovery in CAP patients 
After a significant decline at the moment of pneumonia, the CAP-score showed a stepwise 
recovery during follow-up (figure 2A). Recovery was most pronounced during the first 14 
days. At day 28 day the CAP-score had not yet reached the pre-pneumonia level (p < 0.05, 
Wilcoxon test). 
We divided the CAP-score into a Respiratory section, consisting of the dyspnoea symptoms, 
cough and sputum, and a Well-being section, which contains the items on fitness and the 
general state of health. The Respiratory score returned within 14 days to the pre-pneumonia 
level (figure 2B), while the Well-being score showed less improvement. At 28 days patients 
still had significantly lower scores than at the pre-pneumonia level (p < 0.05). At six months 
the Well-being score had returned to the pre-pneumonia level (p = 0.15) (figure 2C). 
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Next, we explored whether patient or disease characteristics influenced symptom recovery. 
Gender and smoking were not found to be associated with recovery. There was no significant 
difference in pre-pneumonia CAP score between smokers and non-smokers (median CAP-
score 69 versus 77 points, p = 0.45, Mann-Whitney test). Also during follow-up the CAP 
score did not differ for smokers and non-smokers (p > 0.5 at all moments). Younger patients 
(< 25lh percentile) had less symptoms before the pneumonia episode than older patients (> 
75th percentile), with a median CAP-score of 93 versus 62 points (p < 0.01, Mann-Whitney 
test). The percentage of patients that reached 80% or more of the pre-pneumonia level was 

Irffitt 

Day-30 Day 3 Day 10 Day 28 Day 540 

Day 0 Day 7 Day 14 Day 180 

I X 

T ïlTl 

I X 

83 65 73 59 56 56 61 89 53 

Day -30 Day 3 Day 10 Day 28 Day 540 

Day 0 Day 7 Day 14 Day 180 

120 

100 

iS 
i£ 

: 83 85 73 59 56 56 

Day-30 Day 3 Day 10 Day 28 Day 540 

DayO Day 7 Day 14 Day 180 

Figure 2 Symptom recovery of patients 
with community-acquired pneumonia 

Scores expressed as medians, interquartile 
ranges, and 10th/ 90th percentiles. The 
Respiratory score (B) contains the CAP items 
dyspnoea, coughing and sputum. The Well-
being score (C) contains the CAP items 
fitness and general state of health. Day -30 
represents the pre-pneumonia level, at day 0 
antibiotic therapy is started; day 540 is end of 
follow-up. 

comparable in both age groups at all evaluation moments. At six months this percentage was 
73% in younger patients versus 80% in older patients. 
Patients with comorbid illness had a lower median pre-pneumonia CAP score than patients 
without comorbid illness (Figure 3, 65 versus 89 points, p < 0.01). This difference persisted 
during follow-up (p < 0.01 at six months). However, the percentage of patients that reached 
80% or more of the pre-pneumonia level was at all evaluation moments comparable in both 
patient groups. At six months this percentage was 74%. 
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Figure 3 Symptom recovery of CAP patients with and without comorbid illness 

Scores expressed as medians, interquartile ranges, and 10th/ 90th percentiles. Day -30 represents the pre-pneumonia level, at 
day 0 antibiotic therapy is started; day 540 is end of follow-up. 

Patients with pneumococcal pneumonia had more symptoms pre-pneumonia than patients 
with non-pneumococcal pneumonia (other bacterial aetiology or undetermined aetiology) 
(median CAP-score of 68 versus 78 points), although this difference was not statistically 
significant. The percentage of patients that reached 80% or more of the pre-pneumonia level 
was at all evaluation moment comparable in both groups. At six months this percentage was 
83% in the pneumococcal patients compared to 71% in the non-pneumococcal patients. 

Quality of life of' CAP patients 
The calculated standard scores of the eight dimensions of the SF-36 of pneumonia patients are 
presented in figure 4A. Eighteen months after the pneumonia-episode pneumonia patients had 
significantly lower scores in two of the eight dimensions of the SF-36 compared to a Dutch 
age- and sex-matched reference population: physical functioning (standard score -0.58; p < 
0.01) and general health (standard score -0.55; p < 0.01). 
As premorbid conditions have been associated with impaired HRQL '6, we investigated 
whether patient or disease characteristics influenced the long-term quality of life of patients 
with CAP. Patients with comorbid illness had significantly more impairment in physical 
function, physical role function, general health, vitality, emotional function and mental health 
than patients without comorbid illness. Compared to the Dutch reference population this 
group had significantly lower scores in four dimensions: physical function, physical role 
function, general health, and vitality, while the group without comorbid illnesses did not 
differ from the Dutch reference population (figure 4B). Gender, smoking, age or the presence 
of S. pneumoniae were not associated with the HRQL. 
The HRQL was significantly better for patients who at 18 months had high CAP-scores 
(CAP-score above the 75' percentile) compared to those with low CAP-scores (CAP-score 
below the 25th percentile), in all dimensions except emotional function and mental health. 
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Figure 4 Health related quality of life (HRQL) in patients with community-
acquired pneumonia at 18 months after the episode 

Health related quality of life (HRQL) scores for patients with community-acquired pneumonia (CAP) (A) and 
CAP patients with or without comorbid illness (B) versus the Dutch reference population. The questionnaire was 
completed in 71 patients. * p < 0.01, patients with CAP versus a Dutch reference population. Standard scores of 
< 0 indicate an HRQL worse than that of the reference population, and scores > 0 indicate better HRQL. 
Standard scores of 0.2 and -0.2, 0.5 and -0.5, and 0.8 and -0.8 indicate a small, moderate, or large deviation from 
the reference population, respectively. 

Discussion 

We assessed the long-term symptom recovery and HRQL in patients with mild to moderate 

severe CAP. We demonstrated that respiratory symptoms of patients with CAP recover 

within 14 days, while well-being symptoms resolved more slowly. After 6 months most 

patients recovered fully from pneumonia. Older patients, patients with comorbid illness and 
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patients with pneumococcal pneumonia had more symptoms pre-pneumonia than patients 
without those conditions, but at all time points the percentage of patients that reached 80% or 
more of the pre-pneumonia level was not found to be associated with comorbidity, age or 
etiology. HRQL was significantly impaired at 18 months after the pneumonia diagnosis for 
the SF-36 dimensions physical function and general health. This can be attributed to patients 
with comorbid illness, who had significantly more impairment in 4 of the 8 SF-36 
dimensions, while patients without comorbid illness did not differ from the reference 
population. HRQL and CAP-score were related, as patients with high CAP-scores also had a 
better quality of life. 

Several limitations of this study should be noted. Patients enrolled in this study represent a 
group of patients with mild to moderate-severe CAP (PSI score < 110). This implies that the 
results of this study may underestimate the symptom severity and time to recovery in patients 
with severe CAP. Patients with severe CAP are at higher risk for complications and death. 
Yet, of the CAP patients evaluated in the hospital, 60-80% has a PSI score equal to or below 
110, and so does the majority of non-hospitalised patients l2, including those seen by general 
practitioners. We related the resolution of symptoms during follow-up to the pre-pneumonia 
symptom level, retrospectively established at the time of admission. Although this method 
may be prone to recall bias, the return to the pre-pneumonia level of the Respiratory and 
Well-being CAP scores suggests that patients can score their symptoms in retrospect. Next, 
the evaluations around day 10 represent only the patients that were randomized. These 
patients had to be substantially improved at day 3 to be randomized and their score may 
overestimate symptom resolution at day 10. Except for the pre-pneumonia CAP-score, which 
was higher in the randomized group (p = 0.52) and a shorter length of hospital stay (median 7 
versus 11 days, p < 0.01), all other baseline characteristics of both groups were comparable. 
Finally, as a pre-pneumonia HRQL was not assessed, we cannot establish whether the 
impairment in HRQL at 18 months was pre-existent. The fact that impairment in HRQL was 
mainly found in patients with preëxistent comorbid disease suggests that the lower HRQL is 
not the result of the pneumonia episode. The study had insufficient power to detect small 
deviations (0.20) in standard scores from the reference population, both among patients with 
and without co-morbid illness. 

Published data on the rate of symptom resolution in patients with pneumonia are limited. 
Although on the short term symptom resolution continued during the follow-up period 
(maximal follow-up period 90 days)7, a significant proportion of patients still experienced at 
least one pneumonia-related symptom at the end of follow-up 3:6~8. Our results now show that, 
when taking the pre-pneumonia status into account, patients recover fully from pneumonia on 
the long term (at 6 and 18 months). Cough and fatigue have been shown to be the slowest to 
resolve, with a median time to resolution of 14 days reported in one study 8. This corresponds 
well with our findings that resolution of respiratory symptoms occurred within 14 days, while 
the resolution of well-being symptoms took much longer. 
An important question is whether at day 0 patients with persistent symptoms can be 
distinguished from those who will recover completely. The use of the CAP-score made it 
possible to assess symptom resolution in several sub-groups in a validated manner. An earlier 
study identified younger age and absence of asthma or COPD as predictors of complete 
symptom resolution . Those studies that also assessed the presence of symptoms prior to the 
onset of pneumonia demonstrated that a substantial amount of patients already had symptoms 
before the pneumonia episode . We have shown the presence of symptoms beyond 28 days to 
be related to age and/or comorbidity rather than to the persistent effect of pneumonia itself. 
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Quality of life in patients with CAP has been assessed in two studies 7; 17, in one study after 
a follow-up period of 90 days 7. At that evaluation moment the scores on all dimensions were 
still somewhat lower as compared to the pre-pneumonia level; the differences varying 
between 0.8 (mental health) and 7.3 points (general health). HRQL was significantly impaired 
in our patients 18 months after the pneumonia diagnosis for the dimensions physical function 
and general health, but this was most probably due the presence of underlying diseases. This 
is in line with the finding that comorbid conditions increase the risk of an impaired functional 
status or quality of life l6;18;19. Our results are in contrast with the follow-up study of patients 
with Legionnaires' disease, in whom HRQL seventeen months after the diagnosis of LD was 
impaired in 7 of the 8 dimensions l0, which was not associated with comorbid conditions. 
Baseline characteristics of LD and our patient groups were not comparable in all respects 
(data not shown): age and length of hospital stay were considerable higher in the LD group, 
and the percentage of COPD was significantly lower in the LD group (11% versus 24%, p = 
0.02). The percentage of bilateral and multilobular infiltrates was considerably higher in the 
LD group, suggesting that this group had a more severe disease than our patients with CAP, 
although no increased risk was found for an impaired HRQL in post-LD patients who were 
admitted to ICU or were ventilated mechanically compared to patients who were not . Taken 
together, this suggests that LD differs from community-acquired pneumonia in general, with 
more long-term sequelae affecting HRQL. 
In conclusion, our results confirm that pneumonia-related symptoms may persist for more 
than four weeks in patients with mild to moderate severe CAP but that most patients recover 
fully from pneumonia after 6 to 18 months. Any symptoms beyond 28 days are more likely to 
reflect the effects of age and/or comorbidity rather than the persistent effect of the pneumonia 
itself. 
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Chapter 8 

Abstract 

Background - We have carried out a systematic review to analyze what criteria are used in 
randomized controlled trials (RCT's) to evaluate antibiotics for the treatment of community-
acquired pneumonia (CAP), and whether these criteria satisfy the quality standards that should 
be expected of RCT's. 
Methods - Randomized controlled CAP trials published in English language between 1993 and 
2003 were identified. We classified the criteria used to assess clinical response according to 
the following parameters: signs and symptoms, chest X-ray abnormalities, death by the 
primary diagnosis, discontinuation of therapy because of adverse events, indeterminate, 
recurrence/"relapse", new antibiotics needed and temperature. 
Results - 28 studies meeting the criteria were identified. The above mentioned outcome 
parameters were included in respectively 93%, 57%, 32%, 7%, 64%, 50%, 39% and 14% of 
the studies. Of these studies, only four described what they meant by 'signs and symptoms'. 
The time point for the post treatment evaluation varied from immediately after treatment to 21 
days after treatment. 
Conclusions - We conclude that the parameters used to measure outcome were generally 
based on subjective interpretation, and are therefore prone to interobserver variability, and also 
lacked standardization, which is important for cross-study comparisons. We suggest that 
validated patient-based outcome measures, such as the CAP-score and the CAP-sym, should 
be used to establish clinical effectiveness in RCT's. All cause 30-day mortality or death by the 
primary diagnosis, and discontinuation of study treatment because of side-effects or worsening 
after initial improvement should also be primary endpoints, as these parameters are relatively 
less susceptible to subjective interpretation. 

106 



Large Variability in Outcome Measures in CAP - a Systematic Review 

Introduction 

Although advances in the management of CAP have lowered mortality and morbidity rates, 
innovative therapies are still necessary due to the rapid rise in antimicrobial drug resistance 
among common respiratory pathogens and the less than optimal tolerability of some existing 
drugs. Before these newly developed drugs are introduced into clinical practice their 
effectiveness should be established in clinical trials. Accurate, standardized and validated 
outcome measures are necessary to allow a systematic comparison of the clinical outcome 
between the treatment strategies and across controlled clinical trials. 
The only available guideline for measuring clinical response in CAP is the one proposed 
several years ago by the Infectious Diseases Society of America (1DSA): The "Chow criteria" 
for the evaluation of new anti-infective drugs for the treatment of respiratory tract infections . 
According to these criteria clinical cure is defined as complete resolution of all signs and 
symptoms of pneumonia and improvement or lack of progression of all abnormalities on the 
chest radiograph (table 1). Recent practice guidelines reaffirmed the importance of clinical 
signs and symptoms plus radiographic findings in the initial diagnosis as well as the evaluation 
of subsequent response to therapy in CAP " . 
Several recently published studies, however, have demonstrated that a substantial number of 
patients with CAP still experience pneumonia-related symptoms 30 days after cessation of 
antibiotic treatment6"8. These findings indicate that clinical cure as defined by the Chow 
criteria cannot be established at the end of treatment, since at this moment most patients will 
report one or more of these symptoms. Another shortcoming in these criteria is that 'signs and 
symptoms' are not well defined and have certainly not been validated. As a consequence, the 
Chow criteria are diffuse and can be interpreted in many different ways by the clinicians, and 
the same holds true for the criteria offered in the practice guidelines. 

As many of studies on CAP are initiated and/or sponsored by the pharmaceutical industry, we 
think it is necessary to agree upon the design of such studies, in order to be able to judge them 
properly. We have carried out a literature review to find out which criteria have been used in 
clinical CAP trials during the past ten years to assess treatment effectiveness. We have limited 
our search to randomized controlled trials (RCT's). We also investigated at what time point in 
the trials the assessment of clinical response was carried out. 

Table 1 Chow criteria of clinical response 

Clinical response 
Cure Complete resolution of all signs and symptoms of pneumonia and improvement or lack of progression of 

all abnormalities on the chest radiograph 

Failure Any of the following conditions: 

Persistence or progression of all signs and symptoms of pneumonia after 3-5 days of therapy. 

Development of new pulmonary or extrapulmonary clinical findings consistent with active infection. 

Persistence or progression of radiographic abnormalities 

Death due to pneumonia 

An inability to complete the study because of adverse events. 

Indeterminate Indicates that extenuating circumstances preclude classification as cure or failure. 
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Methods 

Literature search 

We searched the databases of the National Library of Medicine through MEDLINE for 
randomized, controlled CAP trials in humans, published in the English language literature 
between 1993 and 2003, using the terms "community-acquired infections" and "pneumonia" 
both as medical subject headings and as text words. We combined both terms. We searched 
for the medical subject heading "antibiotics" and the text words "antibiotics" and "antibiotic". 
We combined those three terms. In addition, we searched for the subject medical heading 
"double blind method" and for the term "random allocation" as a subject medical heading or 
as text word and for the term "placebos" also as a subject medical heading or as text word and 
for the publication type "controlled clinical trial". We combined those four terms. By 
combining the three search strategies we were left with 90 potentially eligible studies. We then 
reviewed the abstracts in a standardized way. Studies including other community-acquired 
infections, nosocomial or childhood pneumonia were not included. Studies meeting the 
criteria, but with a total patient population smaller than 50 patients were excluded. A manual 
search of the bibliographies of relevant papers was done to identify additional eligible 
publications. In total, 28 studies met these inclusion criteria. 

Data extraction 
Two reviewers independently reviewed the 28 studies left. To summarize and describe the 
included studies we extracted the following study characteristics: the year of publication, the 
study location, the number of included patients, the type and dosage of antibiotics used, the 
duration of treatment, the moment of evaluation, cure percentages, recurrence rate, and the 
mode of efficacy analysis: intention to treat (ITT) or per protocol (PP) or both. 
Second, we extracted the criteria used to measure clinical response. To compare the various 
trials, we classified these criteria used to assess clinical response according to the following 
parameters: 1. signs and symptoms, 2. radiographic chest abnormalities, 3. death by the 
primary diagnosis, 4. discontinuation of therapy because of adverse events, 5. indeterminate 
response, 6. recurrence/ "relapse", 7. new antibiotics needed and 8. temperature. The first five 
parameters were suggested by Chow. The remaining three parameters have been used as part 
of clinical response assessment in several trials. 
'Signs and symptoms' are important features in the assessment of clinical outcome. We, 
therefore, examined what signs and symptoms were used and how they were rated. 

Results 

Study characteristics 
Characteristics of the 28 studies included are shown in table 2. The number of included 
patients varied between 86 and 1137 patients, while the duration of treatment ranged from 3 to 
14 days. Except for one study , the percentage of cure was reported in all studies as ITT 
analysis, PP analysis, or both. The data in table 2 show that the cure rate for the same drug 
can vary across studies. For example, the reported cure rate of sparfloxacin (four studies, equal 
dosages) varies from 89% to 95% in the PP analysis for the first assessment period, while the 
cure rate during the late assessment period in the ITT analysis shows an even greater 
variability: from 69% to 82%. 
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Table 2 Characteristics of the 28 studies included in the analysis of the definition of 
clinical response 
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Parameters used tor assessing clinical response 
The criteria used to assess clinical response are shown in figure 1. Almost all studies (26/28, 
93%) included signs and symptoms in their assessment of clinical response. The remaining 
two studies1 '" have categorized their study patients into a cure and a failure group, but did 
not describe how they carried out the evaluation. Sixteen studies (57%)'°""5 incorporated 
radiographic chest abnormalities in the assessment of clinical response. Death by the primary 
diagnosis was mentioned in 9 of the 28 studies (32%)"'16'24'26" ' as one of the criteria for 
failure. Of the 19 studies that did not incorporate death by the primary diagnosis, 11 
studies9'1 "~34 have described in a separate section whether the occurred deaths 
were associated with the primary diagnosis. Although 15 of the 28 

. j - 9;ll;12;I4;l6;19;21;23;24;26;28;29;3I-33 . j •. j . .• » .• .• j .1 

studies nave described how many patients discontinued therapy 
because of adverse events, only two studies (7%)15' included discontinuation of therapy as a 
feature of failure in assessing clinical response. 18 of the 28 studies (64%)14-20;23;26-3l;33-36 | i a v g 

specified an indeterminate group. Six studies ' ' ' ' defined a recurrence group: 
recurrence defined as worsening of signs and symptoms after initial clinical success. If we 
combine recurrence and "relapse", which is strictly spoken a microbiological outcome, we can 
conclude that 14 studies (50%) have included this parameter in their assessment of clinical 
response. Several studies have included other criteria in the definition for clinical response 
next to those mentioned by Chow and colleagues. Eleven studies (39%)'6;'8;24;26"3';35;36 

included as a criterion for failure the use of an additional or alternative antibiotic during 
treatment with the study drug. Four studies (14%)12'' 2 involved temperature in the 
assessment of clinical response and three of these studies have used this parameter in addition 
to the parameter signs and symptoms. One study14 also used another microbiological outcome, 
superinfection, in the assessment of clinical response. 

Signs and Symptoms 
When we further analyzed how 'signs and symptoms' have been used to assess cure and 
failure in the different studies, we observed interesting dissimilarities, as shown in fig 2. Most 
studies defined cure and improvement as resolution (79%) or reduction (71%) in the severity 
of signs and symptoms. Three studies (11%)' ' ' specifically mentioned reduction in the 
number of signs and symptoms as feature for cure, while three studies (11%)' 'i8'30 defined 
cure as a return to baseline or pre-infection state. Most studies (75%) defined failure as 
persistence or no resolution of signs and symptoms. Twelve studies (43%) ' ' ' ' 
mentioned worsening of signs and symptoms as a criterion for failure. A few studies 
(21%)14'' ' j3 mentioned the development of new signs as a criterion for failure, and two 
studies (7%) ' the lack of reduction in the majority of signs and symptoms. Patients who 
failed to show improvement in > three clinical findings were categorized as clinical failures in 
one study16. 
Only 4 studies (4/28; 14%)' • 3' 4 described what they mean by 'signs and symptoms'. In 
one study34 'signs and symptoms' are described as cough, dyspnoea, crackles, rhonchi and 
pleuritic chest pain. In another study5' 'signs and symptoms' are described as at least three of 
the following: cough, pyrexia, dyspnoea, decreased air entry and/or localized crackles. In two 
studies12'28 also other signs and symptoms are mentioned such as absence of sputum 
production in the follow-up period or haemoptysis. None of the four studies described how 
these signs and symptoms were rated by the researchers to assign patients to a cure or failure 
group. 
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Figure 1 Parameters of clinical response used in clinical trials with community-
acquired pneumonia 
The first five parameters were suggested by Chow'. The remaining three parameters (recurrence, new 
antibiotics needed and temperature) have been used as part of a clinical response assessment in several 
trials. CAP, community-acquired penumonia, * AB = antibiotics. 
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Figure 2 Description of the parameters 'signs and symptoms' in the assessment of 
clinical cure 
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Time of assessment of treatment of' evaluation 
The time point chosen for the post treatment evaluation, indicated as Test of Cure (TOC), 
varies from immediately after antibiotic treatment to 21 days after treatment. Two studies1 ' 
have not mentioned the moment of evaluation in their results. The moment of evaluation of the 
late follow-up also varies between studies, with some studies (29%)'3; 6 not 
including a late follow-up evaluation moment. Of the studies that did, four studies (14%)l:>' 
have neither assessed a clinical response at the end of follow-up nor reported recurrence rates. 

Discussion 

Our systematic search of published randomized clinical trials on the antibiotic treatment of 
community-acquired pneumonia demonstrated that overall the parameters used for assessment 
of clinical response vary widely across the selected studies. The criteria as proposed by the 
IDSA guideline' have not been systematically used. Several RCT's have even invented their 
own ciriteria to measure clinical response, such as the presence of fever or the need for an 
alternative antibiotic treatment during the study period. The data convincingly show that the 
RCT's use different parameters for measuring the same outcome, i.e. clinical effectiveness. 
This lack of standardization makes cross-study comparison difficult. Cross-study comparison 
is useful to study the influence of demographic characteristics such as site of care of study 
patients, age, co-morbid disease, microbial etiology, and immune status of the host, which, in 
addition to appropriate antimicrobial therapy, are likely to account for different clinical 
response rates. 

In addition, and perhaps even more important, most parameters used were based on subjective 
interpretation, and are therefore prone to interobserver variability. Although the same outcome 
measure is applied to both the study and comparison arms of RCT's, the use of unvalidated 
outcome measures might very well compromise the within-study comparisons. 
In most studies signs and symptoms seem to have a decisive role in the measurement of 
clinical response. The ability of physicians to predict pneumonia on the basis of clinical 
findings alone (symptoms and physical examination) has been proven to be poor7'37"40, and the 
degree of interobserver agreement is highly variable for various physical examination 
findings41. It is to be expected that the degree of interobserver variability is not less during 
recovery from the disease. Therefore, use of unvalidated signs and symptoms is not 
appropriate for a reliable assessment of clinical response in clinical trials. 
Only a few studies have included the results of the chest radiograph in the assessment of 
clinical response. An unresolved chest radiograph at follow-up is more likely due to 
underlying lung disease than to treatment failure42. However, the chest radiograph can be a 
valuable tool in case of worsening of CAP after initial improvement due to a complication 
such as an empyema or the development of a new pneumonia. 
Although death by the primary diagnosis is a clear indication for failure, remarkably only a 
few studies have included this parameter as a criterion for failure. The difficulties of labelling 
deaths as pneumonia-related or pneumonia-unrelated are understandable as validated criteria 
are lacking. Mortensen et al demonstrated that pneumonia-related deaths were 7.7 times more 
likely to occur within 30 days of presentation compared with pneumonia-unrelated deaths. 
Between 30 and 90 days death was more likely to be unrelated to pneumonia. The strategy 
suggested by these investigators to differentiate between pneumonia-related and unrelated 
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mortality is to use a shorter follow-up (<30 days), or to use a clinical review committee to 
assign the role of CAP in the processes leading to death \ 
Several studies have included the use of additional of alternative antibiotics during treatment 
with the study medication as a criterion for failure. We believe that this is dangerous, because 
in this case investigators depend on decisions of the treating clinician for the assessment of 
clinical response instead of using their own standardized criteria. 

What are the alternatives? As RCT's are the gold standard for evaluations of treatment 
effectiveness, their shortcomings in the assessment of clinical outcome should be recognised. 
Other outcome measures next to clinical effectiveness can also be relevant in CAP-trials, such 
as costs and adverse events44. Nonetheless, when comparing new agents or new strategies, 
clinical effectiveness will be the single most important outcome measure. 
As signs and symptoms are a key component in the assessment of clinical response, we 
suggest that standardized and validated symptom scores should be used to establish clinical 
response. In addition to the more general SF-36 scoring system, two pneumonia-specific 
instruments are available, the CAP-sym45 and the CAP-score46, both validated patient-based 
outcome measures. The CAP-sym is developed and validated to evaluate the course of 
pneumonia in outpatients and measures 18 CAP-related symptoms. The CAP-score is an 8-
item questionnaire, based on respiratory symptoms and on wellbeing symptoms, and fully 
validated for psychometric properties (i.e. reliability, validity, acceptability and 
responsiveness) in hospitalized patients with mild to moderate-severe CAP. Both CAP-scores 
are quick and easy to administer. Use of these instruments as outcome measures will allow a 
more objective evaluation of possible differences between treatment arms. As the CAP-scores 
are patient-based outcome measures, they should not be used as the only primary endpoint in 
controlled studies. 
Other parameters which are relatively less susceptible to subjective interpretation are: all-
cause 30-day mortality or death by the primary diagnosis, and discontinuation of study 
treatment because of side-effects or because of the individual worsening of the CAP-score, 
worsening of radiographic chest abnormalities or the development of new abnormalities after 
initial improvement. To rule out the subjectivity even more, the assignment of patients to these 
categories can be done by an independent clinical review committee. Finally, clinical 
effectiveness in RCT's is usually reported as dichotomous measure by categorizing 
individuals in cure and failure groups. This method is based on clinical definitions, and thus 
prone to interobserver variability. An alternative that is less susceptible to subjectivity in a 
double-blind trial is to assume cure if a patient completed follow-up without further 
therapeutic intervention. All other cases should be classified as failure or indeterminate 
according to the suggested primary endpoints. 

We also noticed that the moment of TOC and the late evaluation shows great variability across 
RCT's. In a draft guidance of the Food and Drug Administration (FDA), released in 1998 for 
comment purposes (http://www.fda.gov/cder/guidance/2570dft), it is stated that the TOC visit 
should take place at least 7 days after the completion of treatment, assuming that the study 
drugs have a short half-life. The visit should take place no longer than three weeks from 
completion of treatment, unless the drug under study has a particularly long half-life. This is in 
contradiction with the Chow-criteria, which state that the clinical response should be assessed 
72 hours after the end of treatment. In the draft guidance of the FDA the appropriate moment 
for a late evaluation is not defined, the Chow criteria suggest an assessment between 28 and 
42 days. 
At present, the most appropriate time of assessment of TOC and of the late evaluation moment 
is not clear. An assessment in the clinical setting to explore at what time therapy changes 
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occur due to treatment failure, and at what time recurrences occur may help to identify a more 
rational moment of evaluation of both the TOC and the late follow-up in a study setting. 

The outcome measures we propose are validated (the symptom scores), or at least objective 
and reproducible, in contrast to the outcome measures used in the studies we describe. The 
next step is consensus among trialists to standardize objective outcome measures, to allow 
cross-study comparisons. Certainly in this era, in which many of studies on CAP are initiated 
and/or sponsored by the pharmaceutical industry, it is necessary to agree upon more uniform 
and validated outcome measures, in order to be able to judge them properly. 
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Summary 

The studies summarized in this thesis were designed to provide the evidence to guide the 
treatment duration, and to evaluate the course of symptom recovery in patients with 
community-acquired pneumonia (CAP). 
The traditional 10-day duration of therapy for most respiratory tract infections (RTIs) is not 
derived from a large evidence base or a convincing medical rationale, with the exception of 
the 10-day penicillin therapy for tonsillopharyngitis. A recent systematic review showed that 
in acute otitis media in children antibiotic treatment of less than 7 days and treatment of at 
least 7 days are equally effective '. Short courses (4-5 days) of cephalosporin therapy (but not 
penicillin therapy) are at least as effective as 10 days of penicillin treatment in group A 
streptococcal tonsillopharyngitis 2. Similar data are not available for the treatment of acute 
exacerbations of chronic bronchitis, or for the treatment of community-acquired pneumonia 
(CAP), and the concerning guidelines are not very clear in this respect. 

Chapter 2 describes the results of a systematic review of studies investigating short course 
antibiotic treatment in acute exacerbations of COPD or chronic bronchitis. 21 studies with a 
total of 10698 patients were included. Acute exacerbations were characterized by at least two 
of the following criteria: increased cough and/or dyspnoea, increased sputum volume and 
increased purulence. No differences were found between the short and the conventional 
treatment duration in clinical treatment failure rate at early follow-up (<25 days) (summary 
odds ratio (OR) 1.01 [95% CI 0.92 to 1.11]) or at late follow-up (OR, 1.0 [95% CI 0.91 to 
1.10]), or in the bacteriological failure rate (OR, 0.96 [95% CI 0.80 to 1.15]). Likewise, no 
differences were found in the summary ORs of the clinical failure rates of studies grouped by 
antibiotic class used in the short-course arm. We concluded that short course antibiotic 
treatment is effective, regardless of antibiotic class, in acute exacerbations of COPD 
characterized by the criteria mentioned above. 

In Chapter 3 we questioned the accuracy of clinical outcomes such as mortality and length of 
hospital stay in detecting small but significant differences between treatment strategies. We 
therefore developed a short disease-specific questionnaire to measure the recovery of disease-
related symptoms over time as well as the general state of well-being during the treatment of 
CAP. The psychometric properties of this so-called CAP-score as well as its validity were 
satisfactory and it was shown to be highly responsive in documenting the clinical course of 
pneumonia. We feel that this instrument can be considered as a scientifically sound and 
clinically relevant measure of outcome when evaluating treatment strategies in CAP. 

In chapter 4 the effectiveness of discontinuing treatment with amoxicillin after three days or 
eight days was compared in 119 adults who had been admitted to nine hospitals in the 
Netherlands with mild to moderate-severe CAP, and who had substantially improved after 
three days of treatment. In this double-blind, placebo-controlled study we could exclude a 
significant difference in clinical success rate with a shorter treatment duration. This could be 
shown at test-of-cure in the per protocol analysis, and at late follow-up in both the per 
protocol and the intention to treat analysis. Both groups also showed similar improvement in 
symptoms, radiological outcomes and median length of hospital stay. We concluded that 
discontinuing amoxicillin treatment after three days is not inferior to discontinuing it after 
eight days in adults admitted to hospital with mild to moderate-severe community acquired 
pneumonia who substantially improved after an initial three days' treatment 
In chapter 5 we evaluated the costs associated with 3-day versus 8-day antibiotic therapy and 
subsequent follow-up in patients hospitalized with mild to moderate-severe CAP. The 
economic evaluation was based on the resource utilization data collected within our 
randomized, double-blind, placebo-controlled trial. The cost-minimisation analysis included 
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direct medical and indirect non-medical costs, estimated from a societal perspective based on 
resource utilization during 28 days following hospital admission. The lower costs of shorter 
therapy during hospital admission (€ 209 in favour of the 3-day group) were partially offset 
by higher costs for primary health care providers (€ 66 in favour of the 8-day group). We 
concluded that shorter duration of antibiotic therapy does not result in a substantial 
substitution of resource utilization to primary health care providers. As 3 days of antibiotic 
therapy did not lead to inferior clinical results, these findings support a 3-day therapy as a 
more efficient strategy. 

Pneumonia related symptoms can persist for several weeks, even after successful treatment. 
Even at 90 days the prevalence of pneumonia related symptoms can still be substantial. None 
of the previous studies assessed symptom resolution by fully validated measures and the pre-
pneumonia status was often not taken into account. In chapter 6 we examined patient and 
disease characteristics as potential predictors of symptom recovery at day 3 and at day 28 
after the pneumonia diagnosis in 165 adults with a mild to moderate-severe CAP, using the 
validated patient-based symptom score (the CAP-score). We found age to be the only 
significant determinant of the pre-pneumonia CAP-score. Having a lower pre-pneumonia 
CAP-score (i.e. more symptoms) was identified as significant predictor of symptom severity 
on admission. Low pre-pneumonia and admission scores were significant predictors of 
relative recovery within three days. The variables we used could not predict relative recovery 
within 28 days, although non-smokers regained a higher percentage of their pre-pneumonia 
symptom status than smokers. We concluded that older patients tend to have a more severe 
pre-pneumonia status, while low pre-pneumonia and admission scores (i.e. having more 
symptoms) positively influence the speed of early recovery. Older and/or more symptomatic 
patients need no more time to regain their previous health. 

In chapter 7 we report on the follow-up study of the patients included in the trial, in order to 
investigate the long-term outcome of patients with mild to moderate-severe CAP. We found 
that respiratory symptoms resolved within 14 days, while the well-being symptoms resolved 
more slowly. Patients with comorbid conditions had significantly more symptoms pre-
pneumonia and during follow-up than patients without comorbidity, but at all time points the 
proportion of patients that reached 80% or more of the pre-pneumonia status did not depend 
on comorbidity, age or etiology. SF-36 scores at 18 months were significantly impaired in 4 
of the 8 dimensions for patients with comorbid illness, but did not differ from the reference 
population for patients without comorbid illness. We concluded that, taking the pre-
pneumonia status into account, patients recover fully from pneumonia after 6 months. The 
presence of symptoms beyond 28 days and any impairment in Health Related Quality of Life 
reflect age and comorbidity rather than the persistent effects of the pneumonia itself. 

Chapter 8 describes a systematic review of randomized controlled trials (RCT's) to find out 
what criteria were used during the past ten years to evaluate new drugs for the treatment of 
community-acquired pneumonia. Overall the parameters used for the assessment of clinical 
response varied widely across the selected studies. The criteria proposed by the IDSA 
guideline have not been systematically used. The data convincingly showed that the RCT's 
use different parameters for measuring clinical effectiveness. This lack of standardization 
makes cross-study comparison difficult. In addition, most parameters used were based on 
subjective interpretation and may be prone to interobserver variability. We suggest that 
validated patient-based outcome measures, such as the CAP-score 3 and the CAP-sym 4, 
should be used to evaluate clinical effectiveness in RCT's. All cause 30-day mortality or 
death by the primary diagnosis as well as discontinuation of study treatment because of side-
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effects or worsening after initial improvement should also be outcome measures in such 
studies, as these parameters are relatively less susceptible to subjective interpretation. 
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Concluding remarks 

Any antibiotic prescription is accompanied by the advice of the doctor and the pharmacist to 
complete the course. The presupposed reasons for completing the course are protecting the 
patient from a relapse of the disease and the reduced risk of antibiotic resistance in the causal 
organism. The concept that "completing the course" will eradicate the pathogen before 
resistance develops is in itself flawed: the emergence of resistance in the causal organism of 
an infection under treatment is uncommon. Most cases of resistance in pathogens originate 
from earlier gene transfers in the commensal flora, so longer courses mean increased 
resistance . 

What then is the optimum duration of therapy in RTIs? It is clear from the preceding findings 
that 5 days of antibiotic treatment will usually suffice in the treatment of acute otitis media in 
children, acute tonsillopharyngitis, and acute exacerbations of COPD. Two recent studies 
have convincingly shown similar clinical effectiveness with three days' oral amoxicillin 
treatment in children with non-severe pneumonia compared to five days of treatment 6J. In 
our randomized study we reached the same conclusion for CAP in adults admitted to the 
hospital. Does this mean we can change our guidelines? The strongest recommendations in 
guidelines are those that are supported by a systematic review, or by at least 2 independent 
randomized, double-blind studies with a good quality and sufficient patient numbers 8. It is 
clear that for CAP in hospitalized adults a second comparative study would be desirable 
before we can recommend short-course treatment for those that show a favourable response 
after 3 days of treatment. 

It is well documented that rates of antibiotic resistance in the community are strongly 
correlated with the overall antibiotic consumption in that community 9"13. Inappropriate use of 
antibiotics contributes to the emergence and spread of resistant micro-organisms '4. There is 
evidence that this increase of resistance is reversible: in Finland a nationwide reduction in the 
use of macrolide antibiotics for outpatient therapy led to a significant decline in the frequency 
of erythromycin resistance among group A streptococci '3. Although resistance among 
respiratory pathogens is in general low in the Netherlands , judicious use of antibiotics is 
necessary to contain the resistance rates at these low levels. The decrease in average treatment 
duration may have a significant impact on overall antibiotic consumption. 

Changing guidelines is one thing, but changing prescription behaviour is a different issue. 
Various barriers in adherence to guidelines may be identified, depending on the treatment 
setting . Substantial evidence suggests that a change in behaviour is possible, but such a 
change generally requires comprehensive approaches at different levels: doctor, team practice, 
hospital, and the wider environment '7. Future studies should take up this challenge to 
decrease the average treatment duration in RTIs. 
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Samenvatting 

Dit proefschrift gaat over de optimale behandelingsduur van lage luchtweginfecties, en over 
het beloop van de klachten bij patiënten met een community-acquired pneumonia (CAP), een 
thuis opgelopen longontsteking. 

De traditionele behandelingsduur voor de meeste luchtweginfecties stoelt niet op 
overtuigende wetenschappelijke bewijzen, met uitzondering van de 1 O-daagse kuur met 
penicilline bij tonsillopharyngitis (keelontsteking). Een recente meta-analyse bij kinderen met 
acute otitis media (middenoorontsteking) heeft aangetoond dat een behandelingsduur van 
minder dan 7 dagen even effectief is als een behandelingsduur van 7 dagen of langer . Ook is 
een korte therapie (4-5 dagen) met cephalosporinen minstens zo effectief als een 1 O-daagse 
penicillinekuur bij tonsillopharyngitis veroorzaakt door groep A hemolytische streptokokken 
2. Er zijn geen vergelijkbare data over de optimale behandelingsduur bij acute exacerbaties 
van chronisch obtructief longlijden (COPD) of een community-acquired pneumonia (CAP). 
De richtlijnen over deze aandoeningen zijn dan ook onduidelijk over dit onderwerp. 

Hoofdstuk 2 beschrijft de resultaten van een systematisch overzicht van literatuurstudies die 
een korte antibiotische behandelingsduur hebben onderzocht bij acute exacerbaties van COPD 
en chronische bronchitis. Er werden 21 studies gevonden, waarin totaal 10698 patiënten 
werden geïncludeerd. Acute exacerbaties werden gekarakteriseerd door tenminste twee van de 
volgende criteria: toegenomen hoest en/of dyspnoe, toegenomen sputumvolume en 
toegenomen purulentie van het sputum. 
In de kans op klinisch falen tijdens de vroege follow-up werd geen verschil gevonden tussen 
de korte en de conventionele behandelingsduur (<25 dagen) (samengestelde odds ratio (OR) 
1.01 [95% Cl 0.92 - 1.11]). Ook werd geen verschil gevonden in de kans op klinisch falen 
tijdens de late follow-up (OR, 1.0 [95% Cl 0.91 - 1.10]), of bacteriologisch falen (OR, 0.96 
[95% Cl 0.80 - 1.15]). Evenmin werd er een verschil gevonden in de samengestelde ORs in 
de kans op klinisch falen wanneer de studies werden gegroepeerd naar antibiotische klasse in 
de korte arm. We concludeerden dat bij patiënten met een acute exacerbatie van COPD die 
gekarakteriseerd wordt door de bovenstaande criteria een korte behandelingsduur even 
effectief is als de conventionele behandelingsduur, ongeacht de klasse van het gebruikte 
antibioticum. 

In studies naar de behandeling van CAP wordt vaak gekeken naar uitkomsten als sterfte en 
opnameduur. In hoofdstuk 3 twijfelen wij aan het vermogen van dergelijke klinische 
uitkomstmaten om kleine maar significante verschillen tussen behandelingsstrategieën te 
detecteren. We hebben daarom een korte, ziekte-specifieke vragenlijst ontwikkeld die het 
mogelijk maakt om de verbetering van ziekte-gerelateerde symptomen en het algemene 
welbevinden van de patiënt te meten gedurende de behandeling van CAP. De 
psychometrische eigenschappen en de validiteit van deze CAP-score waren voldoende tot 
goed. De score bleek erg gevoelig in het vastleggen van het klinische beloop van de 
pneumonie. We concludeerden daarom dat dit instrument beschouwd kan worden als een 
wetenschappelijk gedegen, en klinisch relevante uitkomstmaat voor het evalueren van 
behandelingsstrategieën van CAP. 

In hoofdstuk 4 wordt de effectiviteit vergeleken van het staken van de behandeling met 
amoxicilline na drie of na acht dagen, bij 119 patiënten met milde tot matig-ernstige CAP die 
voldoende waren opgeknapt na drie dagen behandeling. De patiënten waren allen opgenomen 
in een Nederlands ziekenhuis. In deze dubbelblinde, placebo-gecontroleerde studie hebben we 
een significant verschil in klinisch succespercentage uit kunnen sluiten tussen beide 
behandelingsgroepen. Dit bleek na 10 dagen in de per-protocol analyse en tijdens de late 
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follow-up in zowel de per-protocol als in de intention-to-treat analyse. Beide groepen lieten 
een vergelijkbare verbetering zien van symptomen en radiologische uitkomsten, en hadden 
een vergelijkbare mediane opnameduur. We concludeerden dat het staken van amoxicilline na 
drie dagen behandeling niet inferieur is aan behandeling gedurende acht dagen bij patiënten 
die opgenomen zijn met een milde tot matig-ernstige CAP en die voldoende opgeknapt zijn na 
drie dagen antibiotische behandeling. 

In hoofdstuk 5 hebben wij de kosten geëvalueerd die gemaakt werden bij de behandeling en 
de daarop volgende follow-up van patiënten die opgenomen waren met een milde tot matig-
ernstige CAP. Vergeleken werden de kosten van 3-daagse versus 8-daagse behandeling.. De 
economische evaluatie was gebaseerd op gegevens over zorggebruik die werden verzameld 
binnen onze gerandomiseerde, dubbelblinde, placebo-gecontroleerde trial. In een kosten-
minimalisatie analyse zijn direct medische en niet-medische kosten vanuit het 
maatschappelijk perspectief geschat op basis van zorggebruik gedurende 28 dagen na start 
van de antibiotische therapie. De lagere kosten in de korte therapie tijdens de 
ziekenhuisopname (€ 209 ten gunste van de 3-daagse groep) werden gedeeltelijk teniet 
gedaan door de hogere kosten die gemaakt zijn in de eerste lijn (€ 66 ten gunste van de 8-
daagse groep). We concludeerden dat de korte behandelingsduur niet leidt tot een substitutie 
van zorggebruik naar de eerste lijn. Aangezien de klinische uitkomst van de 3-daagse 
antibiotische behandeling niet inferieur is aan de gebruikelijke 8-daagse therapie, kunnen we 
stellen dat deze therapie doelmatig is. Dit wordt ondersteund door de resultaten van de 
economische evaluatie. 

Pneumonie-gerelateerde symptomen blijven weken bestaan, ook na succesvolle behandeling. 
Zelfs na 90 dagen komen pneumonie-gerelateerde symptomen frequent voor. Geen van de 
voorgaande studies hebben de symptoomresolutie gemeten aan de hand van goed 
gevalideerde uitkomstmaten, en de toestand van voor de longontsteking, de pre-pneumonie 
status, werd veelal niet meegenomen in de evaluatie. In hoofdstuk 6 onderzoeken wij patiënt
en ziektekarakteristieken als potentiële voorspellers van verbetering van symptomen op dag 3 
en dag 28 na het krijgen van de pneumonie, bij 165 patiënten met een milde tot matig-ernstige 
CAP. Hiervoor gebruikten wij een door ons ontwikkelde en gevalideerde symptoomscore, de 
CAP-score. We vonden dat leeftijd de enige significante determinant was van de pre-
pneumonie CAP-score. Het hebben van een lage pre-pneumonia CAP-score (het hebben van 
meer symptomen) was een significante voorspeller van de ernst van de symptomen bij 
opname. Lage pre-pneumonie scores en lage scores bij opname waren significante 
voorspellers van de relatieve verbetering binnen drie dagen. De variabelen die wij gebruikten 
konden de relatieve verbetering binnen 28 dagen niet voorspellen, hoewel niet-rokers een 
groter percentage van de pre-pneumonie status terugwonnen dan rokers. We concludeerden 
dat oudere patiënten meer pre-pneumonie symptomen hebben, terwijl lage pre-pneumonie 
scores en lage scores bij opname (het hebben van meer symptomen) de snelheid van 
verbeteren positief beïnvloeden. Oudere patiënten en/of patiënten met meer symptomen 
hebben dus niet meer tijd nodig om hun oude gezondheidsniveau te herwinnen. 

In hoofdstuk 7 rapporteren we de verdere follow-up van de patiënten die we geïncludeerd 
hebben in de bovengenoemde trial. We hebben ditmaal de lange-termijn effecten onderzocht 
bij patiënten met milde tot matig-ernstige CAP. We vonden dat respiratoire symptomen 
binnen 14 dagen verdwijnen, terwijl de symptomen op het gebied van het algemene 
welbevinden langzamer verdwijnen. Patiënten met comorbiditeit hadden significant meer 
symptomen op pre-pneumonie niveau en gedurende follow-up dan patiënten zonder 
comorbiditeit, maar het percentage patiënten dat 80% of meer bereikte van de pre-pneumonie 
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status was niet afhankelijk van comorbiditeit, leeftijd, of verwekker van de pneumonie. 
Kwaliteit van leven kan gemeten worden met SF-36 scores. SF-36 scores na 18 maanden 
waren significant verlaagd in 4 van de 8 dimensies bij patiënten met comorbiditeit, maar er 
was geen verschil in kwaliteit van leven tussen de referentiepopulatie en de patiënten zonder 
comorbiditeit. We concludeerden dat, indien rekening gehouden werd met de pre-pneumonie 
status, patiënten na 6 maanden volledig hersteld blijken te zijn van de pneumonie. De 
aanwezigheid van symptomen na 28 dagen en beperkingen in kwaliteit van leven zijn eerder 
te verklaren door leeftijd en comorbiditeit dan door een persisterend effect van de pneumonie. 

Hoofdstuk 8 beschrijft een systematisch literatuurstudie van gerandomiseerde gecontroleerde 
trials (RCT's) betreffende community-acquired pneumonie. Deze literatuurstudie is 
uitgevoerd om te onderzoeken welke criteria in deze studies gebruikt zijn om de effecten van 
de antibiotica te evalueren. Het blijkt dat de parameters die gebruikt werden om klinisch 
respons te evalueren enorm varieerden tussen de geselecteerde studies. De criteria die 
voorgesteld zijn door de Infectious Diseases Society of America (IDSA) guideline zijn niet 
systematisch gebruikt. Onze data laten op een overtuigende manier zien dat gerandomiseerde 
gecontroleerde studies (RCT's) verschillende parameters gebruiken om klinische effectiviteit 
te meten. Het gebrek aan gestandaardiseerde methoden maakt het erg lastig om studies met 
elkaar te vergelijken. Bovendien zijn de meeste parameters in deze studies gebaseerd op 
subjectieve interpretatie en ze zijn dus vatbaar voor tussenbeoordelaar verschillen. We stellen 
daarom voor dat gevalideerde symptoomscores, zoals de CAP-score J en de CAP-sym (18-
item symptoomscore die de pneumonie-gerelateerde symptomen meet over de afgelopen 24 
uur) gebruikt worden om klinische effectiviteit in RCT's te beoordelen. Daarnaast kunnen 
ook de mortaliteit na 30 dagen, overlijden aan de primaire aandoening, en het staken van 
studiemedicatie wegens bijwerkingen of verslechtering na initiële verbetering als 
uitkomstmaten meegenomen worden in zulke studies, omdat deze parameters minder gevoelig 
zijn voor subjectieve interpretatie. 
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Slotopmerkingen 

Elke antibiotische kuur gaat gepaard met het advies van de dokter of de apotheker om de 
gehele kuur af te maken. De redenen om een kuur af te maken zijn dat de patiënt zo 
beschermd wordt tegen een recidief van de ziekte, en ook zou er dan minder risico zijn op het 
ontstaan van antibioticaresistentie bij het veroorzakend micro-organisme. De veronderstelling 
dat de pathogeen met het afmaken van de kuur geëradiceerd wordt voordat resistentie optreedt 
is echter niet geheel juist: het optreden van resistentie in het desbetreffende organisme 
gedurende de behandeling is sowieso ongewoon. Resistentie van pathogenen vindt meestal 
zijn oorsprong in de commensale flora. Langere kuren doen daarom het risico toenemen op 
het optreden van resistentie . 
Wat is dus de ideale behandelingsduur van luchtweginfecties? Uit het voorgaande blijkt dat 5 
dagen antibiotische behandeling over het algemeen voldoende is bij de behandeling van acute 
otitis media bij kinderen, acute tonsillopharyngitis en acute exacerbaties COPD. Twee 
recente studies bij kinderen hebben aangetoond dat bij het behandelen van niet-ernstige 
pneumonie drie dagen amoxicilline even effectief is als vijf dagen 6;7. 
In onze gerandomiseerde studie kwamen we tot dezelfde conclusie voor opgenomen patiënten 
met een milde tot matig-ernstige CAP. Betekent dit nu dat we de richtlijnen kunnen 
veranderen? De sterkste aanbevelingen in richtlijnen zijn aanbevelingen die ondersteund 
worden door een systematische literatuurstudie, of door tenminste 2 onafhankelijke 
gerandomiseerde, dubbel-blinde studies van goede kwaliteit en voldoende patiëntenaantallen 
. Kortom, voordat wij een 3-daagse therapie voor opgenomen CA P-patiënten, die voldoende 

opgeknapt zijn, kunnen aanbevelen, is het zeer wenselijk dat een tweede studie met 
vergelijkbare resultaten komt. 

Het is al meerdere keren aangetoond dat de mate van antibioticaresistentie in de bevolking 
sterk gecorreleerd is met de totale antibioticaconsumptie in diezelfde bevolking 9'13. 
Oneigenlijk gebruik van antibiotica draagt bij aan het optreden en het verspreiden van 
resistente micro-organismen '4. Er zijn aanwijzingen dat deze toename van resistentie 
omkeerbaar is: een landelijke reductie van het gebruik van macrolide antibiotica in de eerste 
lijn heeft in Finland tot een significante daling geleidt in het voorkomen van erytromycine 
resistentie bij groep A streptokokken l5. Hoewel in Nederland de resistentie onder respiratoire 
pathogenen over het algemeen laag is 16, is het zaak om zeer strikt om te gaan met het 
antibiotica-gebruik om deze lage cijfers te handhaven. Het terugdringen van de gemiddelde 
behandelingsduur zou een aanzienlijke invloed kunnen hebben op de totale antibiotische 
consumptie. 

Het veranderen van richtlijnen is één ding, maar het voorschrijfgedrag van artsen veranderen 
is nog een heel andere kwestie. Afhankelijk van de therapiesetting zijn er allerlei redenen aan 
te wijzen die er voor zorgen dat richtlijnen niet nageleefd worden lv. Het veranderen van 
gedrag is echter wel mogelijk, maar het vereist een veelomvattende benadering op 
verschillende niveaus: arts, team, ziekenhuis en de verdere omgeving. Toekomstige studies 
zouden deze uitdaging op zich moeten nemen, teneinde de gemiddelde behandelingsduur bij 
luchtweginfecties daadwerkelijk terug te dringen. 
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voor je steun en vertrouwen door de jaren heen en voor de snelheid van reageren als ik weer 
eens een stuk inleverde. 

Patrick Bossuyt. Beste Patrick, het was niet meer dan logisch dat ook jij mijn promotor zou 
worden na de ongelofelijke inzet, tijd en moeite die je in mijn studie hebt gestoken. Dank dat 
ik mocht profiteren van je scherpzinnigheid en kritische geest en bovendien ken ik weinig 
mensen die zo snel kunnen denken en zeer moeilijke materie in begrijpelijke taal weten om te 
zetten, zoals jij dat kunt. Het was een eer om met je samen te werken en ik hoop dat we dat in 
de toekomst kunnen voortzetten. 

Jan Prins. Beste Jan, Ik doe je begeleiding geen recht als ik het in een klein stukje tekst moet 
omschrijven. Deze is namelijk uitgegroeid van in het begin van de studie met een hand op de 
deurknop en een been buiten de kamer roepend "lukt het?" tot op het eind van de studie 
avonden en nachtenlang doorwerken om mijn deadlines te halen. Ik heb zo'n vermoeden dat 
je vrouw en kinderen ook heel blij zijn met mijn promotie. De combinatie van een scherpe 
geest, veel klinische kennis, humor en strakke begeleiding maken je als co-promotor 
onvervangbaar. Ik kijk er naar uit om straks tijdens mijn opleiding infectieziekten weer met je 
de "loopgraven" in te gaan. 

Ineke Roede. Lieve Ineke, mijn rechterhand, onlangs ontdekte ik je echte voornaam (ik zal het 
goed bewaarde 'geheim' voor me houden). Wat in het begin leek een 'doodgewone 
samenwerking' te worden is uitgegroeid tot een vriendschap voor het leven. Dit zegt eigenlijk 
al genoeg en toch wil ik benadrukken dat zonder jou wetenschap bedrijven niet half zo leuk 
was geweest. Naast het feit dat je mij op zeer efficiënte wijze in de inclusie van patiënten en 
alle rompslomp, die er bij hoort, hebt ondersteund, heb je mij ook bijgestaan met een 
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luisterend oor en advies tijdens de donkere dagen van het onderzoeksleven. Ik ben blij dat Jan 
je aangenomen heeft zonder mijn toestemming. Dank dat je mijn paranimf wilt zijn en ik 
wens je veel succes met de afronding van je eigen promotie-onderzoek. 

Lia Engelfriet- de Rijk. Lieve Lia, ook uit onze samenwerking hebben we een mooie 
vriendschap overgehouden. Wie had dat gedacht toen je op je eerste werkdag met mij een 
uitstapje maakte naar Haarlem en wij op de terugweg prompt langs de snelweg kwamen te 
staan met een wel zeer blonde reden. Je moeite om onze patiënten maanden na inclusie nog te 
traceren ging uitermate ver. Je schuwde geen enkel middel en sleepte ze overal vandaan. Ik 
heb een enorme waardering voor je vastberadenheid (de perfecte eigenschap voor een 
paranimf). 

Corianne de Borgie. Beste Corianne, als een kwestie uitgemaakte zaak leek, wist jij tot mijn 
verwondering nog talloze haken en ogen aan te wijzen en als ik weer eens door de bomen het 
bos niet zag, wist jij mij altijd terug te roepen tot de 'helicopter view'. Dank voor je 
begeleiding en de gezellige bijpraat-momenten. 

Brent Opmeer. Beste Brent, dat de SPSS-taal voor mij eerst abracadabra was en nu een soort 
tweede natuur heb ik aan niemand minder dan aan jou te danken. Bedankt voor al die uren die 
je in mij gestoken hebt om mij hierin wegwijs te maken. Bovendien stond je altijd klaar om 
over allerlei statistische vraagstukken mee te denken en deze op te lossen. 

Prof. dr. van den Broek. Beste Peterhans, hartelijk dank voor uw inzet en interesse voor ons 
project en voor de welkome kritische noot op mijn stukken. 

Paul Bresser. Beste Paul, door jouw enthousiaste mond-tot-mond reclame over onze studie 
wisten zelfs de keukenhulpen van G5-zuid dat er EEN DATES-p studie liep voor pneumonie-
patiënten. Ik wil je hier enorm voor bedanken en voor je commentaar op mijn stukken. Ik vind 
het dan ook niet erg datje mij soms voor een 'snoes' aanziet. 

Annemarie Pijlman. Lieve Annemarie, hoewel je bleef roepen dat onderzoek doen niets is 
voor jou, is ons project onder jouw leiding binnen afzienbare tijd een groot succes geworden 
in het Diaconessenhuis. Dank voor je enthousiasme, je inzet en je gezellige mailtjes. 

Marjolein van der Zwaan, Wendy van den Berg, Marianne Versloot, Helga Kragten en 
Corinne Prins, 'mijn researchverpleegkundigen' binnen en buiten het AMC. Veel 
bewondering had ik, als jullie voor de zoveelste keer op charmante wijze de patiënten wisten 
te overtuigen om mee te doen aan onze studie, wat in 50% van de gevallen inhield dat ze meer 
placebo dan antibiotica kregen! Verder waren jullie ook niet vies van het inzamelen van urine, 
bloedjes en groene fluimen. Bedankt voor jullie ondersteuning en de gezellige tijd! 

Marjon Tuijp, Beste Marjon, jij bent het levende bewijs dat een mooie blonde vrouw een heel 
knap computer-genie kan zijn. Bedankt voor al die keren dat jij de 'brandjes' kwam blussen 
als ik met mijn handen in het haar zat, omdat mijn computer vastliep of omdat reference 
manager voor de zoveelste keer 'op hol sloeg'. 

René Breet, Beste René, bedankt voor die enorm professioneel ogende CRE's en voor de 
invoer van de gigantische data-set. Je weet dat we uiteindelijk maar de helft hebben gebruikt? 
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Zonder de verlengde arm-constructie buiten het AMC zou er geen sprake zijn van een multi-
center onderzoek. In willekeurige volgorde: Jos Frissen, Guido van den Berk, Frans 
Krouwels, Kees Brinkman, Jan Veenstra, Jan-Werner Poley, Marcel Cazemir, Bob van den 
Berg, Margriet Schneider, Mark Bonten, Erdogan Batman, Jan-Jelrik Oosterheert, Andy 
Hoepelman, Willem Hustinx, Sibbe van Egmond, Jan van 't Wout, Ted Koster en tenslotte 
Carla Weenink, hartelijk dank voor al die keren dat jullie voor ons op patiënten-jacht gingen 
en voor al die keren dat wij jullie konden bellen om te vragen of er weer eentje gespot was. 

Dit project is verder ondersteund door de afdelingen microbiologie, klinische chemie en 
apotheek. Een paar mensen wil ik in het bijzonder noemen: Pauline Wertheim - van Dillen, 
Marcel Peelers, Ed Yzerman, Peter Rietra, Elianne Thewessen, Erik Ligtvoet, Dick 
Veenendaal, Jan Kaan, Arthur Bos, Elly Schipper, Joke Hoitink, Hanneke Sanderson, Arno 
Vyth, Cunera van der Linden en Monique Walenbergh - van Veen. 

Alex Vos, jou wil ik speciaal bedanken voor de moeite die je gedaan hebt om cytokines te 
bepalen van onze patiënten. Jammer, dat het niet geresulteerd heeft in een artikel in de Lancet, 
zoals zo vaak met cytokines! 

Pythia Nieuwkerk, Beste Pythia, hartelijk dank voor je tips om de 'HRQL-bestanden' te 
ontcijferen. Ik hoop dat ik met even groot gemak en flair de commissie zal kunnen pareren als 
jij hebt gedaan. 

Marcel, Joost, Manon en Mieke, ik grijp deze kans om jullie te laten weten dat ik het begrip 
en de ruimte die jullie mij hebben geboden toen ik hard bezig was de 'finish' te halen erg 
gewaardeerd heb. Sanjay, jou wil ik in het bijzonder danken voor je uitermate handige tips 
voor de lay-out van dit boekje. Ik verheug me op onze infectie-opleiding! 

Lieve, Beste (oud) bewoners en bezoekers van F4-106 en F4-108, Tjallie, Jacquy, Kamilla, 
Saskia, Gitte, Guido, Michelle, Ineke (Schouten), Jeannette, Marit, Jeannine, Peter (de Vries), 
Anja, Jeroen, Mariella, Judith, Ivan, Dominique en Dominique bedankt voor jullie interesse in 
mijn studie en de gezellige koffie- en lunchpauzes. 

Lieve Neshrin, Sandra, Fatima, Zeynep, Marjolein, Maura, Barbara, Nadia, Rachida, Rabia, 
Iman, Bita, Shelly, Hanan, Anna en nog een keer Ineke en Lia ik prijs me zeer gelukkig met 
jullie als mijn vriendinnen. Bedankt dat ik altijd mag rekenen op jullie vriendschap. Sorry, 
voor al die keren dat ik het liet afweten als vriendin, omdat ik bezig was met mijn eeuwig 
durend onderzoek. Vanaf nu wordt het niet veel beter, vrees ik! 

Lieve 'Empowerment ladies', Marlies, Bregje, Aicha, Nil en Mireille en nog keer Fatima, dit 
boekje uitbrengen is bijna even leuk als het voor eeuwig vastleggen van onze (nog) jeugdige 
schoonheid in het je-weet-wel-tijdschrift. Bedankt voor de inspirerende avonden vol 
toekomstvisies en innerlijke overpeinzingen. Toch wel jammer dat ik de 'brul-workshop' heb 
gemist. Ik reken op jullie 'power' straks in de Lutherse Kerk. 

Lieve 'kookclub ladies', Saloua, [kram, Samira, Houria en Chafina, nu ik dit boekje afheb, 
zou ik graag willen beginnen met het verzamelen en publiceren van ons overheerlijke 
kookclub-recepten. Met jullie is het altijd top en de gerechten zijn tot onze verbazing 
overheerlijk. Sorry, voor al die keren dat ik geen tijd had om mee te koken, maar wel klaar 
stond om te 'vreten'. 
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Lieve broertjes en zusjes, Saloua, Houria, Abdes, Houda, Abdelhay, Kamel, Rachid en last 
but not least Najib en Jalal (kleine oompjes, jullie zijn geweldige babysitters), jullie hebben 
mij in mijn onderzoekstijd bijgestaan door ervoor te zorgen dat het bij mama thuis veel 
gezelliger was rond de 'roddeltafel' dan achter mijn computer en door mij voor etentjes en 
activiteiten uit te nodigen die ik écht niet kon weigeren! Ik weet zeker dat ik sneller 
gepromoveerd zou zijn als ik jullie niet had. Bedankt! 
De aanhang, Youssef, Abdel, Ismail, Jamal, Fatima, Naima en Ikram, ook jullie heb ik gek 
gemaakt met mijn onderzoeksperikelen. Ik kan nu zeggen dat het echt over is! Lieve mensen, 
jullie zijn een geweldige aanvulling op de familie. 

Mijn vader en opa Slimane, bedankt dat jullie mij in staat hebben gesteld om onderwijs te 
genieten in een omgeving waar het niet vanzelfsprekend was als je als meisje werd geboren. 
En opa, datje mij een 'man' vindt zal ik dit keer maar als een compliment beschouwen. 

Lieve moeder, waar zou ik zijn zonder jou? Het gemak en het optimisme waarmee jij tien 
kinderen ter wereld hebt gebracht, hen op bewonderenswaardige manier opvoedt en 
tegenslagen te boven komt, hebben mij geleerd dat alles mogelijk is in het leven. En alsof dat 
niet genoeg is, neem je met evenveel enthousiasme je kleinkinderen erbij, maak je de 
lekkerste pizza's en loempia's, volg je de ene na de andere cursus en weetje me sinds kort 
met mailtjes te bestoken. Ik heb grote bewondering voor je moed en doorzettingsvermogen 
(een 'meeloop'dagje organiseren voor mevrouw Verdonk ?). 

Lieve Abdel(latif), de meest geëmancipeerde man die ik ken. Ik vermoed dat jij het maar 
'overdreven gedoe' vindt dat ik je hier noem, maar hoe kan ik je overslaan? Zonder jouw 
steun en toeverlaat had ik dit nooit gekund. Je hebt me niet alleen geestelijk gesteund en jezelf 
weggecijferd, maar je hebt ook nog heel wat zaterdagen en zondagen besteed om mij wegwijs 
te maken in de soms ingewikkelde statistische analyses. Dit boekje is met recht ook van jou! 
Ik hoop dat ik nog heel lang op je onvoorwaardelijke liefde mag rekenen. 

Lieve Rayan, ik kan niet zeggen dat het proefschrift er zonder jou niet gekomen zou zijn, 
maar je aanwezigheid heeft de eindsprint wel heel erg versneld! Ik vond het erg gezellig 
achter de computer met jou in mijn buik en later op mijn schoot. Op het laatst was het bijna 
niet meer te doen, want jij pingelde steeds harder en sneller op de toetsen dan ik! Ik verheug 
me op de tijd, die nu vrij komt. De mama-dag is dan écht voor jou! 
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