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General introduction
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IMPROVING ANTIMICROBIAL PRESCRIBING IN CAP

Incidence and costs 

Community-acquired pneumonia (CAP) is an acute symptomatic infection of the lower 
respiratory tract which arises in the community or within 48 hours after hospitalisation.1 
CAP is the number one cause of death due to infection in the developed world and a 
major burden on health care and financial resources.1 Mortality is approximately zero 
to five percent in patients treated at home, but can be as high as 25% in hospitalized 
patients.2 In the Netherlands, two to seven per 1000 patients annually visit their general 
practitioner because of CAP, slightly less when compared to Western countries in gen-
eral (5-11 per 1000).1 Five to 10 percent of patients presenting in primary care with signs 
of a lower respiratory tract infection (LRTI) is referred to the hospital. This leads to over 
37 thousand annual hospital admissions in our country at the cost of approximately 15 
million euro (37.000 admissions * € 505,- per admission day * 8 days).3,4 Due to the high 
incidence of CAP, increasing the efficiency of CAP treatment has many advantages, such 
as reduced health care costs. In this thesis we evaluated ways to improve the quality of 
antimicrobial prescriptions for lower respiratory tract infections and thereby increase 
treatment efficiency. We focussed on the effects and costs of the implementation of 
several different rapid diagnostic tests and attempted to decrease inappropriate pre-
scribing behaviour by means of an educational intervention. 

Diagnostic uncertainty and antimicrobial prescribing 

Results of rapid diagnostic tests can potentially guide physicians dealing with respiratory 
tract infections towards adequate antimicrobial treatment. In primary care, for example, 
up to 86% of patients presenting with respiratory tract infection symptoms currently 
receive an unnecessary prescription of antibiotics.5-7 Possibly, one of the main causes of 
this excessive antibiotic prescribing is physicians’ diagnostic uncertainty. Recently, the 
updated primary care guideline ‘acute cough’ focussing on LRTI was issued8 and rapid 
point-of-care (POC) C-reactive (CRP) protein measurement was implemented in primary 
care practice for LRTI patients. The additional diagnostic information generated by POC 
CRP measurement might aid physicians in making their prescriptions more appropriate.9 

In secondary care, diagnostic uncertainty on the aetiologic agent causing CAP may lead 
to prolonged empirical treatment (i.e. broad spectrum antibiotics) instead of an early 
switch to pathogen directed therapy (i.e. narrow spectrum antibiotics) which puts a 
strain on the development of antimicrobial resistance. Because in-hospital physicians 
rely on microbiologic testing when treating CAP patients, timely detection of the caus-
ative pathogen may reduce the use of broad spectrum antibiotics and costs accompa-
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nied with their use. Two tests currently available and frequently used for this condition 
are the urinary antigen tests (i.e. immunochromatographic assays) for S. pneumoniae 
(PUAT) and Legionella spp. (LUAT).

While the advantages of these rapid tests sound promising, the implementation of rapid 
diagnostic tests has several potential pitfalls. For example, practice experience with POC 
CRP testing for LRTI in Scandinavian primary care showed continuous inappropriate 
antibiotic prescribing as well as excessive test use.9-11 Moreover, until the publication of 
this thesis, effects of implementation of this test in Dutch primary care were unknown 
and insight in the diagnostic value of POC CRP testing was lacking. In case of the afore-
mentioned urinary antigen tests, test application is useful only in CAP patients if positive 
results lead to antibiotic treatment changes. It is yet unknown if these test are applied 
adequately in practice. In short, the effects and costs of the implementation of rapid 
tests for CAP are dependent on the subgroup of patients physicians apply them in and 
whether or not physicians act on test results by altering their initial antibiotic prescrip-
tion plan. 

Guideline adherence and barriers to implementation

Because CAP is a disease with heterogeneous presentation, its severity ranging from 
self-limiting to lethal, initial antibiotic treatment is dependent on the severity at presen-
tation (table 1). Several evidence based guidelines on CAP treatment are currently avail-
able, aimed at reducing CAP mortality through effective treatment.1,12-14 Recent studies 
showed that guideline adherence in CAP treatment is of great importance because 
it improves patient outcomes such as mortality and reduces the use of resources.15-17 
Therefore, the quality of antimicrobial use is generally measured by the extent of guide-
line adherence.

However, there are hurdles to take when aiming to implement guideline advice. Fol-
lowing guidelines may be impractical in daily practice, too expensive or physicians may 
have personal opinions or experiences incompatible with the content of the advice 
in question. For example, it has been proven that an early switch from intravenous to 
oral antibiotic treatment in hospitalized CAP patients is safe and leads to a decrease in 
length of hospital stay.18 Although (inter-) national guidelines advocate an early switch 
to oral treatment for hospitalized CAP patients1,12-14, physicians seem reluctant to adopt 
this strategy.19,20 Studies evaluating physicians’ barriers to a switch on time are scarce, 
while such an evaluation is essential in improving antimicrobial prescribing behaviour. 
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EMERGENCE AND CONSEQUENCES OF ANTIMICROBIAL RESISTANCE 

The evident rise in antimicrobial resistance (i.e. a microorganism becoming resistant to 
an antibiotic to which it was previously sensitive) has become an increasingly relevant 
issue during the last decades as the development of new antimicrobials is stagnating 

Table 1. Guideline treatment recommendation per CAP risk category1

Risk category Mild Moderate-severe Severe

Definition Fine score 1-2 3-4 5

C(U)RB-65 0-1 2 >2

Pragmatic Non-hospitalized Hospitalized, no ICU ICU admission

Treatment 
recommendationa

1.  Narrow spectrum 
beta-lactam 
monotherapy 

-  Beta-lactam 
monotherapyb

1.  Fourth generation 
quinolone

2. Doxycycline -  Beta-lactam & 
macrolideb  

2.  Penicillin G & 
ciprofloxacin

-  Fluorochinolon 
monotherapyb 

ICU Intensive Care Unit 
a. Numbers indicate the preferred treatment choice (i.e. 1: first choice, 2: second choice), for moderate-severe 
pneumonia none of the options have yet been proven to be superior 
b. If the LUAT is negative
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(figure 1). Resistance patterns clearly vary by geography and local antibiotic prescribing 
patterns are a likely explanation; a relationship between the volume of antibiotic use 
and increase of resistance rates has been suggested in several studies.21-23 

The most frequently identified causative pathogen in CAP is S. pneumoniae and its resis-
tance to penicillin is correlated with the use of beta-lactam antibiotics and macrolides 
(table 2).21 While S. pneumoniae strains resistant to penicillin are not often isolated in the 
Netherlands, development of resistance to other antibiotics currently influences CAP 
treatment. A recent rise in S. pneumoniae strains resistant to doxycyclin, for example, led 
to an alteration of guideline advice. Doxycyclin is no longer preferred in the treatment of 
non-hospitalized CAP patients.1 In addition, resistance of S. pneumoniae to macrolides is 
increasing rapidly (2%-3% in 1996 vs. 10% in 2009, figure 2).24 Notably, H. influenzae, an-
other common cause of CAP, has shown increasing resistance to amoxicillin, amoxicillin-
clavulanic acid combinations and co-trimoxazole.24

Antimicrobial resistance has numerous consequences for individual patients and public 
health. Infections caused by resistant microorganisms often fail to respond to standard 
treatment, resulting in prolonged illness and greater risk of death. With first-line treat-
ment failing, alternative more expensive therapies are often employed. On population 
level, longer hospitalizations, longer absenteeism from work, physician visits and post-
hospital care result in an increased burden on health care resources and costs.25 More-

Table 2. Causative pathogens of CAP in the Netherlands (adapted from1)

Population Community Hospital Intensive Care unit

Pathogen

S. pneumoniae 6 % 25 – 59 % 35 % 

H. influenzae 9 % 2 – 15 % 11 % 

Legionella spp. 0 % 0 – 8 % 5 % 

S. aureus 0 % 0 – 5 % 7 % 

M. catharalis 0 % 2 – 6 % 0 % 

Enterobacteriaceae - 0 – 4 % 11 % 

M. pneumoniae 9 % 0 – 24 % 0 % 

Chlamydophila spp. 2 % 1 – 6 % - 

C. burnetii - 0 – 1 % - 

Viral (e.g. Influenza) 37 % 0 – 22 % - 

Other 2 % 3 – 14 % 10 % 

No pathogen identified 33 % 13 – 51 % 34 % 
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over the chance of the resistant organism spreading within the population is increased, 
because infections with resistant pathogens take longer to dissolve.26 

Therefore, the need to slow down the development of resistance and preserve the effec-
tiveness of existing antibiotic classes is crucial.25,27 In order to limit the impact of antimi-
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15%) until 2007 and it was reported 37% in 2008 (figure 
48). Results of ciprofloxacin testing were not available 
for 2009. The resistance to levofloxacin reported was 
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levels of ciprofloxacin and levofloxacin is probably a 
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majority of strains having MIC 1-2 mg/l. This is around 
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Figure 48. Resistance among clinical strains of Streptococcus pneumoniae (N=5.000-21.000) from Unselected Hospital Departments, calculated from the 
values for intermediate susceptibility and resistance (I+R) reported to ISIS-AR and trends in antibiotic resistance among clinical strains of S. pneumoniae 
from Pulmonology Services (N=1.858), calculated according to the breakpoints for resistance of EUCAST.
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crobial resistance a multi-pronged approach is essential, consisting of solid antimicrobial 
stewardship in addition to infection control and prevention efforts, surveillance and limits 
on agricultural use of antibiotics.25 In this respect, the Dutch Working Party on Antibi-
otic Policy (Stichting Werkgroep Antibioticabeleid, SWAB) advised that all Dutch hospitals 
should have an antimicrobial stewardship team operating by the January first of 2014.28

ANTIMICROBIAL STEWARDSHIP

Defining antimicrobial stewardship improvement

Antimicrobial stewardship programs (ASPs), also known as ‘antimicrobial stewardship 
interventions’ or ‘antimicrobial management programs’ are institutional programs 
aimed at enhancing appropriate selection, dosing, administration route and duration 
of antimicrobial therapy. Because developments in this field are ongoing, the term ‘ASP’ 
does not refer to only one management strategy but to a continuous process of trial and 
error in order to identify the most effective, single or combined intervention. 

In 2007, the Infectious Diseases Society of America (IDSA) released a guideline on 
the development of ASPs.29 Strikingly, this guideline discusses recommendations on 
appropriate antibiotic treatment strategies that may prevent further development of 
antimicrobial resistance (e.g. switching and streamlining of therapy) together with rec-
ommended improvement strategies to make current prescription more appropriate (e.g. 
education and audit & feedback), without differentiating the two. To many authors the 
distinction between strategies on ‘how best to treat patients’ and ‘how best to facilitate 
professionals in improving current prescription’ is not clear to date. This is illustrated by 
a recent review by Bosso et al. describing the effects of the application of both types of 
stewardship principles on the management of CAP, without differentiating the two.30 
Awareness of this difference is important to readers when interpreting results of studies 
on this matter. In this thesis we will focus on several antimicrobial stewardship improve-
ment strategies, including the implementation of rapid diagnostic tests. As research 
showed that changing (hospital) antibiotic use is a challenge of formidable complexity, 
learning more about improvement strategies is an essential step in the struggle to fight 
antimicrobial resistance.31 

The Bosso review mentioned above underscores a second challenge in improving our 
knowledge on antimicrobial stewardship improvement strategies. The description 
of the strategies in this paper was reduced to general terms like ‘implementation of 
clinical pathways’ and ‘practice guidelines’. Using these general terms leads to a loss of 
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essential information. Even in original articles, however, clarity on the nature of improve-
ment strategies - including a description of the intensity of activities, the information 
imparted, the target group and the implementers - is not always provided.20,32 In order 
to interpret results of the implementation of practice guidelines for example, one would 
need to know how physicians received the information on these guidelines, how many 
received it, if they were educated on the motivation for introducing these guidelines 
and so on. Providing information on the exact approach facilitates the understanding of 
effectiveness and increases reproducibility of research results.33,34 

Targeting physicians’ prescribing behaviour

The first step in creating an efficient antimicrobial stewardship improvement strategy is 
to identify the parameters or ‘quality indicators’ that need to be evaluated. Usually this is 
done by a multidisciplinary panel of experts who review and prioritize recommendations 
extracted from evidence based guidelines on the infectious disease in question.34-36 For 
each quality indicator the level of guideline adherence is assessed using data derived 
from clinical practice to determine if there is room for improvement. With these results, 
improvement goals can be identified. 

 

 
 

 

Figure 3. Factors influencing physicians’ prescribing behaviour
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When clear goals are set, the focus shifts towards finding a suiting method to implement 
the desired improvement in daily practice. Optimal results can be expected if the antimi-
crobial stewardship improvement strategy is aimed at predefined barriers to change.37 
Barriers can be effectively identified through physician interviews or questionnaires19,38, 
possibly combined with an evaluation of data derived from clinical practice. The nature 
of the quality indicators, identified barriers and local needs play an important role in the 
design of a tailored improvement strategy. There are basically two types of strategies; 
restrictive and non-restrictive (table 3). To date, there is not one approach or combina-
tion of approaches that has proven to be more effective than the other.39,40

Issues in design and analysis of antimicrobial stewardship improvement studies

The need for well-designed antimicrobial stewardship improvement studies has been 
shown through a review by Ramsay et al. This review of the quality of studies on antimi-
crobial stewardship improvement strategies in hospitals described fundamental meth-
odological flaws in the design, execution and/or analysis of the results of the majority 
of published evaluations.41 For example, many evaluations in the 2003 review used an 
uncontrolled before/after design, as many authors still do to date.32,42 Using this design, 
simply comparing the mean effect measure before and after an intervention is mislead-
ing because it does not account for existing trends. Therefore, it is advisable to evaluate 
the effect of time on the main outcome measure and select appropriate controls. 

Finally, the success of antimicrobial stewardship improvement strategies depends on 
their ability to change physicians’ behaviour. Factors influencing physician behaviour 
are numerous and not all of them can be measured objectively (figure 3). The wide 
variability in physician behaviour between wards, hospitals and even cultures is what 
makes the analysis of data derived from antibiotic stewardship improvement studies so 
complex.31 Policymakers and researchers may create the ideal evidence based guideline 
or improvement strategy, but in the end it is the treating physician who decides whether 
to make a change and improve daily practice.
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OUTLINE OF THIS THESIS

In order to improve antibiotic prescribing for lower respiratory tract infections, several 
strategies may be effective. Rapid diagnostic screening of inflammation parameters 
in primary care for example, could lead to a decrease in the number of inappropriate 
antimicrobial prescriptions. Timely detection of the causative pathogen may enable 
physicians to de-escalate antimicrobial therapy early in the course of disease. Finally, 
providing physicians with education and reminders may lead to more appropriate pre-
scribing behaviour. All these strategies are evaluated in this thesis.

In this thesis we posed the following questions:

1.  Does the implementation of POC CRP measurement in Dutch primary care lead to a 
reduction in the number of antimicrobial prescriptions in patients presenting with 
LRTI? 

First, we focused on the detection of CAP in primary care through rapid POC CRP mea-
surement in patients presenting with LRTI. The available evidence for this approach was 
evaluated through a systematic review displayed in chapter two. As the effect of POC 
CRP application has been evaluated using a strict study setting only, consequences of 
implementation of the test in Dutch daily practice were unknown. This issue was ad-
dressed through a prospective cohort study using a historical control group in chapter 
three. 

2.  What are the costs and effects of the implementation of the PUAT and LUAT in pa-
tients hospitalised for CAP?

Secondly, we explored if the use of the rapid urinary antigen testing in hospitalised CAP 
patients increased the efficiency of antibiotic prescribing for this condition. The PUAT 
and LUAT were implemented for CAP patients approximately seven years ago. However, 
prior to the publication of this thesis the costs and effects of this implementation were 
unknown. It was unclear to what extent physicians base their antibiotic treatment deci-
sions on the test outcome. Chapter four focuses on the effect of PUAT implementation 
on the de-escalation of antimicrobial therapy using a retrospective design. Based on 
the results found in chapter four, we decided to evaluate the use of the LUAT as well, the 
results are displayed in chapter five. 
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3.  To what extent is a timely switch strategy applied in CAP patients. What are phy-
sicians’ barriers towards a timely switch strategy? What is the effect of a tailored 
intervention aimed at improving guideline based antibiotic prescribing in patients 
hospitalised with CAP?

The current treatment of patients hospitalized with CAP was evaluated. We looked 
specifically at the duration of parental administration of antibiotics. International 
guidelines advocate a strategy in which patients are switched to oral antibiotics as 
soon as they are clinically stable and able to take oral medication, which is usually on 
day three of admission.12,13 The extent to which physicians perform a timely switch 
strategy and what barriers they experience to such a strategy was evaluated by 
means of a prospective cohort study in chapter six. Based on these results a tailored 
implementation strategy aimed at reducing the duration of intravenous antibiotic 
administration was designed and executed. Results of the intervention, including a cost 
analysis and an evaluation of physicians’ knowledge are displayed in chapter seven. 

Finally, in chapter eight, a general discussion and summary of the findings in this thesis 
is provided and recommendations for future research are made.
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ABSTRACT

Background 

Excessive prescription of antibiotics in patients with lower respiratory tract infection 
(LRTI) is common in primary care and might be reduced by rapid point-of-care (POC) 
C-reactive protein (CRP) testing. However, the exact benefits of this test are unclear.

Objective 

To review the available evidence for the role of POC CRP measurement in (a) guiding 
antibiotic prescription, (b) predicting aetiology, (c) prognosis and (d) diagnosis (pneu-
monia) in LRTI patients.

Methods 

For each research question, studies were retrieved through an electronic literature 
search in Medline, Embase and the Cochrane Library using synonyms for CRP and LRTI 
combined with different relevant subheadings. Study quality was assessed using vali-
dated instruments and predefined outcome measures were extracted from each study.

Results 

The search yielded 13 articles, each answering one or more questions; one was excluded 
by insufficient internal validity. (a) One of four studies showed a significant reduction in 
the antibiotic prescriptions when applying POC CRP measurement (relative risk (RR) 0.6, 
95% confidence interval (CI) 0.5-0.7). (b) Three studies on aetiology demonstrated that 
an elevated CRP was associated with bacterial (odds ratio (OR) 2.46-4.8) and one with 
viral (OR 2.7) aetiology. (c) Results on the prognostic value were contradictory, providing 
evidence for faster symptom resolution (RR 1.16, 95% CI 1.1-1.3), higher mortality rate 
(RR 2.5, 95%CI 1.2-5.1) and no difference in outcome in patients with high CRP levels. 
(d) Four studies showed that CRP had limited value as a single predictor of pneumonia. 
When combined with clinical assessment, its value increased according to two of these 
studies (receiver operating characteristic area from 0.7 to 0.9). However, methodological 
flaws and/or wide confidence intervals limit the generalizability of findings in all studies.

Conclusion 

The evidence for the benefits of POC CRP measurement in LRTI patients in primary care 
is limited, contradictory and does not support its use to guide treatment decisions yet.
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INTRODUCTION

Excessive prescription of antibiotics in patients with lower respiratory tract infection 
(LRTI) is a substantial problem in Western Europe. In the Netherlands, inappropriate pre-
scribing in LRTI is as high as 86%.1 Excessive use of antibiotics drives the development 
of antimicrobial resistance, medicalization of patients and increases health care costs.2,3 

Point-of-care (POC) C-reactive protein (CRP) measurement may reduce diagnostic un-
certainty, consequently unnecessary antibiotic prescription and even increase patients’ 
adherence to therapy.4,5 It is a rapid quantitative test which can be performed at the 
GP’s office and requires a droplet of blood obtained by finger prick. Results are available 
within two minutes. Most POC analyzers detect CRP levels between five and 200 mg/l 
with a level of <20 mg/l indicating a healthy patient or non-severe infection. Average 
purchasing costs are €1837- with an additional of €4- per test.6-8 

Recently issued Dutch guidelines, serving as a protocol for GPs, advocate the use of POC 
CRP testing in LRTI patients at intermediate risk of severe infection9, while the diagnostic 
value of this test in (these) LRTI patients can be questioned. For example, a systematic 
review, including hospitalized patients and children, showed that CRP measurement 
was insufficiently sensitive and specific to act as a diagnostic tool to predict bacterial 
aetiology or radiographic pneumonia.10 It is unknown to what extent these results are 
applicable to an adult primary care population, with a different pretest probability. 

Strikingly, implementation of POC CRP testing in Scandinavian countries resulted in ex-
cessive use of the test and continuous suboptimal use of antibiotics in primary care.11,12 
An observation of routine practice showed that the POC CRP level does influence anti-
biotic prescribing, but the use of POC CRP testing in itself does not substantially reduce 
the overall amount of antibiotic prescriptions (relative risk (RR) 1.1).2 These observations 
urge (Dutch) professionals to be critical when implementing POC CRP measurement in 
daily practice on a large scale. We will therefore review the available evidence for the 
effect of POC CRP measurement on the management of adult patients with suspected 
LRTI presenting in primary care and the rationale behind CRP measurement in these 
patients. We will focus on (a) prescription of antibiotics, (b) prediction of aetiology, (c) 
prognosis and (d) diagnosis (i.e. pneumonia). 
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METHODS

Search strategy

An electronic literature search by title and abstract was performed in Medline, Embase 
and the Cochrane Library, from January 1975 to July 2010. The search was limited to 
published studies only. Search terms and medical subheadings differed per research 
question (appendix I). No methodological filters were applied and no articles were 
excluded by language. The search was supplemented by screening of related articles, 
references and citations of relevant studies and (inter-) national guidelines on LRTI. 
Authors and/or publicists were contacted when the full text version was not available. 

Study selection and data extraction

Based on title and abstract, two authors (ME and FP) independently selected full text 
articles based on predefined inclusion and exclusion criteria. These inclusion and ex-
clusion criteria were the same for all the four research questions. Studies using adult 
patients (≥16 years of age) consulting their GP with a probable LRTI were included if 
CRP was measured in (a part) of those patients. ‘Probable LRTI’ had to be defined as the 
presence of clinical criteria suggesting LRTI or a diagnosis of LRTI made by the physician, 
small differences in definitions of LRTI between studies were accepted. 

Exclusion criteria were letters, editorials, reviews and single case reports. Studies that 
only described upper respiratory infections, patients with confirmed pneumonia or 
bronchitis and/or immunocompromised patients (HIV) were also excluded. Studies 
describing hospitalized patients or patients presented on the emergency department 
were excluded, as a hospital-based population consists of more severely ill patients 
and would produce a higher pretest probability of antibiotic prescriptions, (bacterial) 
pneumonia and poor prognosis. In studies on diagnosis, for example, this would lead to 
an overestimation of the discriminatory value of CRP in all LRTI patients.13,14 Studies not 
presenting data for LRTI patients in primary care separately were excluded as well. In ad-
dition, specific inclusion and exclusion criteria were formulated to match each different 
research question as follows. 

Antibiotic prescription
Studies that evaluated the effect of CRP measurement on antibiotic prescription were 
only included if a POC CRP test was used in a study setting (i.e. excluding cohort studies 
describing daily practice). Studies needed to provide a RR or quantitative information 
from which a RR could be extracted. 
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Aetiology
Studies focussing on aetiology had to provide the negative (NPV) and positive predic-
tive value (PPV) of CRP measurement compared to a reference test consisting of spu-
tum cultures, throat swabs and/or serology. Because aetiologic testing in the general 
population is not feasible, the prevalence of bacterial colonization in the community is 
unknown, the prevalence in LRTI patients presenting in primary care is approximately 
380 per 1000 LRTI patients.15 

Prognosis 
To determine the prognostic value of CRP we included articles providing the RR, or data 
from which it could be calculated, of persisting symptoms and/or mortality for different 
CRP cut-off points. 

Diagnosis
Studies that evaluated the diagnostic properties of CRP were only included if chest 
radiography was used as a reference test; international guidelines define community-
acquired pneumonia (CAP) as clinical symptoms suggestive for LRTI combined with 
radiographic findings suggestive for CAP.16,17 The NPV and PPV of CRP measurement had 
to be provided. The reported prevalence of CAP in the community ranges from eight 
to 12 per 1000 inhabitants18,19, the incidence in LRTI patients ranges from 60 per 1000 
overall to 130 per 1000 in winter seasons.15, 20, 21 

Per article, one of two authors (ME and FP) extracted all relevant data and the second 
author verified if the retrieved data matched the original article. Before comparison of 
the aforementioned outcome measures, relevant study data were retrieved and com-
pared. These data included design (including randomization and blinding); inclusion 
and exclusion criteria; selection procedures; demographic data, co-morbidity and signs 
and symptoms of participants; performance of CRP measurement and reference tests 
(setting and timing); follow-up and statistical analysis methods. CRP cut-off values were 
displayed as described in the original studies. Authors were contacted if the original 
data were required for comparison, data were not re-analyzed. 

Quality assessment

Study quality was independently evaluated by two authors (ME and FP). To assess study 
quality and identify sources of bias, the QUADAS (Quality Assessment of Studies of 
Diagnostic Accuracy) was used for diagnostic studies and the Cochrane validity score 
was used for randomized controlled trials (RCTs) and the remaining cohort studies.22,23 
A score was calculated by dividing the amount of items the study was scored on by 
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the amount of positive results (Appendix II). This resulted in a percentage which was 
labelled ‘validity score’. Studies with a low validity score (<50%) were excluded from this 
review. The initial agreement between authors was evaluated and Cohen’s Kappa was 
calculated. Disagreements were solved after discussion with the entire study group. 
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 Figure 1. Flowchart
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RESULTS

After applying the inclusion and exclusion criteria, 13 articles originating from 10 stud-
ies were retrieved. Each article answered one or more research questions. Five articles 
discussed antibiotic prescription, four aetiology, three prognosis and three diagnosis. 
Figure one illustrates the flow of articles through the review process. Two articles were 
derived from the same study20,24 and all three articles by Hopstaken et al.21,25-27 are sub-
analyses derived from data from one RCT described elsewhere. 

Table 1. Validity score and relevance of the retrieved articles by research question

Research 
question

Author (year) Validity 
score a 
(%)

Relevance

Domain Determinant Outcome

Antibiotic 
prescription

Adults, LRTI, 
primary care

POC CRP 
measurement

Antibiotic 
prescription

Cals (2009) 56 + + +

Cals (2010) 89 - + +

Diederichsen (2000) 63 - + +

Kavanagh (2011) 17 - + +

Melbye (1995) 86 + + +

Aetiology Adults, LRTI, 
primary care

CRP measurement Microbiological 
diagnosis

Graffelman (2004) 80 + + +

Holm I (2007) 91 + + +

Hopstaken (2005) 100 + + +

Macfarlane (2001) 91 + + +

Prognostic 
value

Adults, LRTI, 
primary care

CRP measurement Prognosis

Hopstaken (2006) 89 + + +

Melbye (1995) 78 + + +

Seppa (2001) 80 - + +

Diagnostic 
value

Adults, LRTI, 
primary care

CRP measurement Radiographic 
pneumonia

Holm II (2007) 83 + + +

Hopstaken (2003) 100 + + +

Macfarlane (2001) 83 + + +

a. Validity score: the percentage of + scored with the different validated tools 
+  Variables used in the article meet the variables aimed for in this review 
-  Variables used in the article do not meet the variables aimed for in this review
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Quality assessment

Table one shows the results of the assessment of relevance and quality. Initial agree-
ment between the two quality assessors was 97% (κ 0.97). Overall quality of the included 
studies varied from low to excellent. One study on antibiotic prescription had a low 
internal validity (validity score 17%); the appraisal revealed major methodological flaws 
(appendix II), it was therefore excluded from this review.28,29

Study characteristics

Table two lists the main characteristics of the 12 retrieved articles derived from nine 
original studies. All studies discussed LRTI only or displayed results for LRTI separately 
from other conditions. One paper discussed both adults and children; data on adults 
only were retrieved by contacting the author.29 The relevant outcome measures were 
provided in all retrieved articles.

Synthesis of results

Details of study results are listed in table two, subdivided by research question. 

Can rapid POC CRP measurement in primary care reduce antibiotic prescription?
Comparison of study populations of the four studies on this subject shows comparable 
duration of symptoms and frequencies of fever. The incidence of cough in these groups, 
however, varies from 40% to 100%. Overall, the RR of an antibiotic prescription at index 
consultation ranged from 0.58 to 0.96 in the POC CRP group compared to the control 
group.4,29-31 One study, with the lowest validity score (56%), showed that prescribing an-
tibiotics based on the results of rapid POC CRP measurement can reduce the amount of 
antibiotic prescriptions significantly. A difference between the POC CRP and the control 
group was found (RR 0.58, 95% confidence interval (CI) 0.5-0.7), remaining significant 
after 28 days of follow-up (RR 0.77, 95% CI 0.6-0.9). However, controls had abnormalities 
on chest auscultation more often than cases, which might have influenced antibiotic 
prescription.31 Patient’s outcome was comparable for the intervention and control group 
in this study, suggesting that the withholding of antibiotics did not compromise patient 
outcome. Concordantly, two additional studies showed no significant difference in 
patient outcome.4,30 Diederichsen et al., however showed that patients in the CRP group 
had a slightly longer duration of symptoms compared to the control group.29 

Can CRP levels identify bacterial aetiology in LRTI?
Different patient characteristics were described in each study restricting the comparabil-
ity of study populations. The population in the study by Melbye et al., for example shows 
significantly less fever and cough and a shorter duration of symptoms as compared to 
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the remaining study populations.30 High CRP values, measured in the laboratory, were 
generally associated with a confirmed aetiological diagnosis in all four studies. One 
author identified an association between an elevated CRP (>50 mg/L) and viral aetiology 
(odds ratio (OR) 2.7, 95% CI 1.4-5.2). However, this association was only observed when 
comparing patients with viral LRTI to patients with microbiologically unexplained LRTI 
and may have been due to the fact that patients with microbiologically unexplained 
LRTI were less ill and therefore less likely to show strong acute-phase responses.25 

Holm et al. showed contrasting results; an elevated CRP (>20 mg/L) was associated with 
bacterial aetiology (OR 2.58, 95% CI 1.51-4.43) compared to all other causes of LRTI.24 
Furthermore, Macfarlane et al. compared a group of patients with bacterial and atypical 
LRTI to a group with viral and unexplained LRTI, using a CRP cut-off value of >50 mg/l. 
The OR for CRP predicting bacterial/atypical LRTI was 2.46 (95% CI 1.3-4.6).15 The study 
by Graffelman et al. also showed an association between bacterial LRTI and high CRP 
levels compared to viral LRTI. CRP cut-off values of >20 and >50 mg/l yielded ORs of 4.8 
(95% CI 1.3-18) and 2.6 (95% CI 1.0-6.5), respectively. In the multivariate analysis, CRP 
did not have additional value to history and physical examination alone in predicting 
bacterial aetiology of LRTI.32,33

Does CRP level in LRTI patients have prognostic value?
Study populations of the three retrieved studies differ greatly, for example, the popula-
tion used by Seppa et al. consisted of mainly elderly patients. There was a wide variety 
between groups in incidence of cough, fever, abnormalities on chest auscultation and 
duration of symptoms. One study showed that CRP, measured in the laboratory, was not a 
significant predictor of symptom resolution.26 Strikingly, a study by Melbye et al. showed 
that a CRP level of ≥11 mg/l was associated with a shorter duration of illness (calculated 
RR 1.16 95% CI 1.1-1.3) when compared to patients with a CRP <11 mg/L measured at 
index consultation, but this difference was not statistically significant. Because patients 
with higher CRP levels were prescribed antibiotics more often, the observed effect might 
be a result of prescription bias. However, antibiotic prescriptions had no significant influ-
ence on duration of illness in this study. Another study, performed in elderly patients, 
found that a CRP level of ≥100 mg/l was an independent risk factor of mortality within 
30 days (RR 2.5, 95% CI 1.2-5.1). The influence of antibiotics was not accounted for, while 
the prevalence of pneumonia was relatively high in this population.33

Can CRP predict radiographically confirmed pneumonia?
Study populations differ greatly, the population used by Melbye et al. showed less signs 
of illness than the populations used in the remaining two studies. The retrieved studies 
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showed different diagnostic properties. Overall, radiographic confirmed pneumonia 
was present in 13%-17% of patients studied. The PPV and NPV of CRP, measured in the 
laboratory, ranged from 0.17 to 0.42 and from 0.88 to 0.99, respectively. Macfarlane 
et al. identified an association between an elevated CRP (≥50 mg/l) and radiographic 
confirmed pneumonia (OR 5.4, 95% CI 2.7-11.0). Holm et al. found that a CRP level of 
≥20 mg/l was an independent predictor of pneumonia (OR 2.83, 95% CI 1.33-6.04).20 
Hopstaken et al. evaluated three CRP cut-off points; 10, 20 and 50 mg/l and found an OR 
for pneumonia of 14.1 (95% CI 1.9-105.6), 9.9 (95% CI 2.9-33.7) and 21.4 (95% CI 7.2-63.9), 
respectively.21 

Two studies evaluated the diagnostic value of CRP combined with clinical assessment. 
Holm et al. combined a CRP of ≥20 mg/l with a clinical diagnosis of pneumonia based 
on history taking and physical examination, resulting in an OR of 4.97 (95% CI 2.60-
9.52). The PPV and NPV in this case were 0.32 and 0.91, respectively. These authors also 
evaluated the use of either an elevated CRP or a clinical diagnosis of pneumonia as a 
predictor of pneumonia. They found that the PPV was lower (0.20) and the NPV higher 
(0.95).20 Hopstaken et al. designed a prediction rule, using various signs and symptoms 
combined with CRP. The performance of this model versus signs and symptoms alone 
was shown in receiver operating characteristic analysis: the area under the curve was 0.9 
versus 0.7, respectively.21

DISCUSSION

The studies included in our systematic review showed limited evidence for the useful-
ness of rapid POC CRP measurement in adult patients suspected of LRTI in primary care. 
Only one study provided evidence that a reduction in antibiotic prescriptions may be 
achieved when POC CRP measurement is applied.31 Two studies showed limited value 
of CRP in diagnosing pneumonia, although the diagnostic value increased when CRP 
measurement was combined with clinical assessment.20,21 Patients with pneumonia 
generally have a poorer prognosis and their disease is more often caused by bacteria 
compared to other forms of LRTI. It can reasonably be expected that if CRP is an indicator 
of pneumonia, it would be an indicator of prognosis and aetiology as well. Results of the 
majority of the retrieved studies do not reflect this association. CRP cannot be used as a 
predictor in distinguishing bacterial from viral aetiology and results on the prognostic 
value are contradictory. Notably, most studies, especially those on diagnosis and aetiol-
ogy, showed wide confidence intervals which limit the generalizability of findings. 
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Our review has several strengths and limitations. We aimed to include all papers that 
evaluated the value of CRP measurement in adults with LRTI in primary care. By defin-
ing broadly formulated search syntaxes per research question and screening related 
articles, citations and references, we attempted to create a complete overview of studies 
on this topic. We also assessed methodological quality of the included studies by means 
of validated instruments. The preferred association measures were not always provided 
in the articles and comparing of data has been made possible after contacting authors 
for the crude data. All studies describe West European patients, allowing extrapolation 
of results to European primary care. 

However, due to several reasons, results of the displayed studies cannot be extrapolated 
to daily practice without reservations. First, the golden standards used in aetiologic and 
diagnostic studies are of limited value. In practice, aetiological agents cannot always 
be detected, even when sputum cultures, throat swabs and serological examination 
are used. In addition, chest radiographs do not provide absolute diagnostic certainty, 
especially in the early stages of pneumonia. Therefore, the correlations displayed in this 
review might be underestimated. 

Secondly, in all studies, patient selection bias may have resulted in incomparable study 
groups. In four articles discussing antibiotic prescription, aetiology, prognosis and/or 
diagnosis, inclusion and exclusion criteria were poorly defined and inclusion of patients 
was largely dependent on the GP’s opinion.20,24,29,33 This pragmatic study design was pos-
sibly chosen in order to mimic daily practice. Furthermore, in the majority of studies, 
characteristics of non-participants were not provided. Macfarlane et al., however, did 
report these characteristics in the study on aetiology and diagnosis. Non-participants 
had significantly milder illness judged from the presence of symptoms like wheezing, 
dyspnoea and chest pain.15 As such, the value of CRP as an indicator of bacterial aetiol-
ogy and pneumonia may have been overestimated here. In contrast, in the study by 
Holm et al., discussing aetiology and diagnosis, characteristics of participants and non-
participants were reported and comparable.20,24 

Thirdly, the only study showing a decrease in antibiotic prescriptions due to POC CRP 
measurement scored relatively low on the Cochrane validity score.31 Because the authors 
chose to randomize GPs and not patients, characteristics of the two patient popula-
tions showed important differences. For example, the control group contained more 
patients with abnormalities on chest auscultation, possibly accounting for the higher 
prescription rate in these patients. All other studies showed no differences in antibiotic 
prescription when POC CRP tests were used compared to controls. 
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In the systematic review by van der Meer et al., the diagnostic value of CRP measurement 
in LRTI patients was discussed profoundly.10 Due to the differences in target population 
described in the introduction of this review, only two studies on diagnosing pneumonia 
were used in this review as well.21,34 This resulted in a different pretest probability of 
pneumonia and different test characteristics (sensitivity: this review 66%-97% versus 
van der Meer et al. 10%-98%, specificity: this review 31%-89% versus van der Meer et al. 
44%-99%). In contrast to this review, van der Meer did not discuss the diagnostic value of 
CRP when combined with signs and symptoms. Our results suggest that CRP measure-
ment might have an added value in detecting radiographic pneumonia, distinguishing 
the conclusion by van der Meer et al.

By issuing the guideline on LRTI, the Dutch College of General practitioners places the 
use of POC CRP measurement in a practical perspective. In this guideline, a clinical rule is 
provided to identify low-risk patients whom should not receive antibiotics or a POC CRP 
test. High-risk patients are identified based on the GPs professional opinion and should 
receive antibiotics or be referred to the hospital immediately. GPs are advised to use 
POC CRP measurement only in the remaining patients labelled as ‘patients at intermedi-
ate risk of severe infection’ and prescribe antibiotics according to test results. However, 
a different prevalence of (bacterial) pneumonia can be expected in this subgroup, thus 
influencing the pretest probability and the predictive value of CRP. Until now, studies 
that address this subgroup of patients have not been performed. 

Downright introduction of POC CRP measurement for LRTI patients in primary care 
might have adverse effects. Implementation of CRP measurement in a group largely 
consisting of low-risk patients leads to a minimal reduction in antibiotic prescriptions 
at the expense of an increase in health care costs.11,12 The estimated costs of inappropri-
ate use of POC CRP measurement in Sweden, for example, are as high as one million 
euro annually.11 The cost-effectiveness of large-scale implementation of POC CRP in the 
Netherlands can be extrapolated from one study performed in our country. Based on 
the available evidence, it would lead to a mean increase of health care costs of €160 per 
patient.35 However, the number of patients included in this study was too small to prove 
that the withholding of antibiotics based on POC CRP level warrants patient safety. 

Besides CRP, other biomarkers used for guiding diagnosis and treatment in respiratory 
tract infection have been evaluated, IL-6 and procalcitonin for example.36 Procalcitonin 
seems the most promising, however, it cannot be measured in a POC setting yet. Besides 
biomarkers, other tools may reduce the amount of antibiotics prescribed in primary 
care. For example, communication skills training may have an equal effect to POC CRP 
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measurement on the GPs tendency to prescribe antibiotics, presenting an alternative 
and less costly possibility.31 From this perspective, POC CRP measurement might not be 
the most optimal solution to excessive antibiotic prescription in LRTI. 

In conclusion, judging from the available evidence, the additional value of implement-
ing POC CRP measurement in the management of LRTI in primary care is limited. Before 
implementing POC CRP measurement on a large scale, as advocated in Dutch guidelines, 
research must be done to evaluate the effects and safety of POC CRP measurement in 
LRTI patients at intermediate risk of severe infection. 
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Appendix I. Search syntax per research question

Subject Syntax

Domain Determinant Outcome

Antibiotic 
prescription

Respiratory infection Primary care CRP -

acute cough 
acute coughing  
LRT 
LRTI 
RTI 
LRI
lower respiratory tract
lower respiratory infection
lower respiratory 
infections
respiratory infection
respiratory infections
respiratory tract infection 
respiratory tract infections 
bronchitis
pneumonia 
CAP 

general practitioner
general practitioners
GP
general physician 
general physicians
general practice 
general practices 
primary care
outpatient setting
outpatient care
family medicine
primary health care
ambulatory care

CRP 
C-reactive protein 
C reactive protein

Aetiology Respiratory infection CRP -

acute cough 
acute coughing  
LRT 
LRI
LRTI
RTI 
lower respiratory tract 

lower respiratory 
infection 
lower respiratory infections
respiratory infection
respiratory infections
respiratory tract infection 
respiratory tract infections

CRP 
C-reactive protein 
C reactive protein
aetiology 
aetiology
aetiologies 
etiologies 
etiologic 
aetiologic

Prognostic value Respiratory infection CRP Prognosis

acute cough 
acute coughing  
LRT 
LRTI 
RTI 
LRI
lower respiratory tract

lower respiratory infection
lower respiratory infections
respiratory tract infection 
respiratory tract infections 
bronchitis
pneumonia 
CAP 

CRP 
C-reactive protein 
C reactive protein

complication 
complications 
morbidity
mortality
prediction 
prognosis 
prognostic 
course
outcome

Diagnostic value Respiratory infection CRP Pneumonia

acute cough 
acute coughing  
LRT 
LRI
LRTI 
RTI 
lower respiratory tract

lower respiratory infection
lower respiratory infections
respiratory infection
respiratory infections
respiratory tract infection 
respiratory tract infections

CRP 
C-reactive protein 
C reactive protein

pneumonia
CAP

Terms within the columns were connected by ‘OR’ and the rows were connected by ‘AND’
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Appendix II. Calculation of the validity score

The QUADAS tool 22 aetiology Diagnosis

Author (year)

G
ra

ffe
lm

an
 (2

00
5)

H
ol

m
 (2

00
7)

 2

H
op

st
ak

en
 (2

00
5)

M
ac

Fa
rla

ne
 (2

00
1)

H
ol

m
 (2

00
7)

 1

H
op

st
ak

en
 (2

00
3)

M
ac

fa
rla

ne
 (2

00
1)

1. Population representative
LRTI based on GP’s opinion and/or signs and symptoms 
and participants comparable to non-participants (+), 
other (-)
(a) non participants had milder illness based on 
symptoms

? + ? -
(a)

+ ? -
(a)

2. Clear selection criteria
Clear defined in- and exclusion criteria (+), if not (-)

+ - + + - + +

3. Reference standard
Aetiology: sputum cultures, throat swabs and/or 
serology (+), other (-) 
Diagnosis: infiltrate on chest radiography (+), other (-)
(b) Specified as: transient, non-malignant infiltrate

+ + + + +
(b)

+ +

4. Adequate time from index to reference test? 
Aetiology: day of index consultation (+), other (-)
Diagnosis: 2-3 days after index consultation (allowing 
a detectable infiltrate to develop) (+), day of index 
consultation (-)

+ + + + - + -

5. Whole sample / randomised portion received 
reference test?
Whole sample (≥ 95%) /randomised portion (+), other 
(-), the percentage of patients tested is stated

-
94%

+
99%

+
95%

+
100%

+
100%

+
99%

+
99%

6. The same reference standard for all patients?
Aetiology: microbiologic testing performed (+), other (-)
Diagnosis: radiography performed (+), other (-)

+ + + + + + +

7. Reference standard independent of index test?
Yes (+), no (-)

+ + + + + + +

8. Index test replicable?
Yes (+), no (-)

+ + + + + + +

9. Reference test replicable?
Yes (+), no (-)

+ + + + + + +

10. Index test assessment blinded?
Not applicable, the interpretation of the quantitative 
result of POC CRP measurement is subjective

NA NA NA NA NA NA NA

11. Reference test assessment blinded?
Microbiologist/ radiologist blinded (+), not blinded (-)

? ? ? ? + + +
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Appendix II. Calculation of the validity score (cont.)

12. Setting comparable to daily practice?
Clinical data available as in practice (+), if not (-) 

+ + + + + + +

13. Uninterpretable/ intermediate test results 
reported?
This  type of result is generally not reported by POC CRP 
analyzers

NA NA NA NA NA NA NA

14. Withdrawals explained?
All patients accounted for (+) if not (-)

- + + + + + +

Validity score a 80% 91% 100% 91% 83% 100% 83%

Cochrane validity score 
Cohort study23

Prognosis

Author (year)

H
op

st
ak

en
 (2

00
6)

M
el

by
e 

(1
99

5)

Se
pp

a 
(2

00
1)

1. Definition study groups
Clear description of baseline characteristics and inclusion at a similar time in the course of 
disease (+), other (-)
(c) Symptoms less than 29 days
(d) Duration of symptoms not stated

- 
(c)

-
(d)

-
(d)

2. Selection bias prevented
In- and exclusion criteria clearly defined and all consecutive patients included (+), if not (-) 
(e) Patients from other trail: patients in a terminal state were excluded

+ + -
(e)

3. Exposure
Measurement CRP  (technique and timing) well defined (+), if not (-)

+ + +

4. Outcome
Outcome defined as a decreasing LRTI symptoms and/or mortality due to LRTI  and 
measurement replicable (+), other (-)
(f ) Patient self reported cure
(g) Patients were asked to indicate if symptoms had worsened, were unchanged, 
improved slightly, improved a lot or had disappeared
(h) Mortality data from Finnish Social Insurance institution register

+
(f )

+
(g)

+
(h)

5. Blinding effect assessor
Yes (+), no (-)
(i) Unknown if patients were blinded to their CRP level
(j) Mortality due to LRTI <30 days obtained through national register

?
 (i)

?
(i)

+
 (j)

6. Follow up
Patients followed for more than 3 weeks (+), for less than 3 weeks (-)

+ + +

7. Selective follow up prevented
Loss to follow up described in numbers (reasons specified if loss to follow up is ≥ 5%) (+), if 
not (-), the percentage of loss to follow up is displayed

+
3%

-
8%

+
1%

8. Confounding prevented
Correction for confounders mentioned (+), if not (-)
(k) Multivariable analysis performed using possible confounding variables

+
(k)

+
(k)

+
(k)
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Appendix II. Calculation of the validity score (cont.)

9. General judgement
No/ insignificant  methodological flaws (+), substantial methodological flaws (-)

+ + +

10. Applicable in Dutch health care
Yes (+), no (-)

+ + +

Validity score a 89% 78% 80%

Cochrane validity score 
Randomised controlled trial 23

Antibiotic prescription

Author (year) 

Ca
ls

 (2
00

9)

Ca
ls

 (2
01

0)

D
ie
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ric

hs
en

 (2
00

0)

Ka
va

na
gh

 (2
01

1)

M
el

by
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(1
99

5)

1. Randomisation patients
Adequate (+),  inadequate or no (-) randomisation of patients
(l) Randomisation of physicians
(m) Sequentially numbered opaque sealed envelopes (SNOSE)
(n) First one or two patients consulting each day
(o) Cross over design

-
(l)

+
(m)

-
(n)

NA
(o)

+

2. Blinding of randomisation
General practitioner blinded to randomisation order (+), if not (-)

- + - NA ?

3. Blinding of patients
Patients were blinded to if the GP’s knowledge of the POC CRP 
measurement outcome (+), if not (-)
Note: blinding of patients leads to results less applicable to daily practice 

- - - - -

4. Blinding of physicians
Blinding of the physician was not possible because the test outcome was 
used during the initial consultation

NA NA NA NA NA

5. Blinding effect assessor
The effect, antibiotics prescribed (yes/no), cannot be misinterpreted

NA NA NA NA NA

6. Comparable study groups patients
Study groups comparable in co-morbidities, duration of illness and 
complaints at presentation, if not, this is mentioned or corrected for in the 
analysis (+), if not (-)
(p) Controls had abnormalities on chest auscultation more often 
(+14%), correction in the analysis not described
(q) Characteristics of the subgroup discusses in this review not 
available
(r) Both patient and physicians expected more prescriptions in the 
control group, no statistical analysis performed
(s) Displayed characteristics of participants are incomplete; chest pain 
was reported more often in the intervention group (+13%)

-
(p)

+
?
(q)

-
(r)

?
(s)

7. Loss to follow up 
Loss to follow up less than 20% (+), more than 20% (-)

+ + + ? +



POC CRP measurement (review) 51

Appendix II. Calculation of the validity score (cont.)

8. Intention to treat analysis
(t)  No statistical analysis performed, while there is a danger of 
clustering effect

+ + +
(t)

+

9. Comparable treatment
Treatment of both groups comparable with the exception of the POC CRP 
measurement (+), if not (-)

+ + + + +

10 General judgement
(u) Small numbers: 1 practice, 3 GPs and only 36/120 patients had LRTI

+ + +
-
(u)

+

11. Applicable in Dutch health care
(v) Out of pocket contributions in Irelands, primary care is free for 
insured patients in the Netherlands

+ + +
-
(v)

+

Validity score a 56% 89% 63% 17% 86%

+ Yes
- No
NA Not applicable
? Unclear

GP General practitioner
POC point of care 
CRP C-reactive protein
aValidity score derived from table 1
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ABSTRACT

Background 

Point of care (POC) C-reactive protein (CRP) measurement in primary care may reduce 
antibiotic prescriptions in patients presenting with respiratory tract complaints (RTCs) 
in a study setting. In practice however, introducing POC CRP measurement for RTCs led 
to inefficient use of the test and increased health care costs. We aimed to evaluate the 
effect of implementation of POC CRP measurement for RTCs in a routine clinical setting 
as opposed to a strict study setting.

Methods

Twelve general practitioners (GPs) were provided with a POC CRP analyser. Adult patients 
presenting with RTCs were included prospectively and a control group was assembled 
retrospectively using the GPs’ databases. The main outcome measure was the mean 
number of antibiotic prescriptions when working with a POC CRP analyser as compared 
to regular daily practice. Factors of influence on the number of antibiotic prescriptions 
were evaluated through multivariable analysis. Patient outcome within 28 days of the 
initial consultation was assessed. Additionally, the mean number of prescriptions before 
and after CRP measurement was compared.

Results

We included 391 patients, after excluding 16 patients, 375 remained for analysis. The 
implementation of a POC CRP analyser did not reduce the mean number of antibiotic 
prescriptions significantly (28% vs. 23% p=0.27). Asthma/COPD (odds ratio 2.2 95% CI 
1.32;3.68) and smoking (odds ratio 2.1 95% CI 1.13;3.79) were independent predictors of 
antibiotic prescribing. Reconsultation rate, hospitalisation and mortality of both groups 
were comparable. In addition, the mean number of antibiotic prescriptions before and 
after CRP measurement did not differ significantly (28% vs. 30% p=0.77). However, GPs 
changed their antibiotic prescriptions based on CRP levels in 17% of consultations. 

Conclusion

The use of POC CRP measurement in a clinical routine setting was not associated with a 
reduction in the number of antibiotic prescriptions. Widespread implementation of POC 
CRP measurement in primary care should therefore be considered with caution.
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INTRODUCTION

Respiratory tract complaints are among the most frequent reasons for consultation in 
primary care.1 A considerable amount of patients who receive antibiotics are diagnosed 
with respiratory tract conditions, such as (rhino-) sinusitis and other upper respiratory 
tract infections, for which antibiotic treatment is unnecessary.2,3 Moreover, 86% of pa-
tients suspected of having a lower respiratory tract infection (LRTI) receive an unneces-
sary antibiotic prescription.4 Excessive use of antibiotics is associated with development 
of microbial resistance, medicalisation of patients and high health care costs.5,6

To guide diagnosis and treatment for respiratory tract conditions (RTC) in primary care, 
several biomarkers such as procalcitonin and C-reactive protein (CRP) may be useful.7,8 
In contrast to procalcitonin, CRP can be easily tested at the point of care (POC). Recent 
Dutch studies suggest that POC CRP guided therapy reduces the number of antibiotic 
prescriptions for patients presenting with lower RTCs and sinusitis in primary care.9,10 
Consequently, an updated version of the Dutch general practitioners’ (GPs’) guideline on 
the management of ‘acute cough’ was released, which recommends CRP measurement 
in a specific subgroup of LRTI patients.

In the Netherlands, primary care is provided by GPs. All patients in need of professional 
health care visit their GP, who will advise, treat or refer them to the hospital if necessary. 
In Scandinavian primary care (which is similar to the Dutch health care system) practice 
implementation of POC CRP testing resulted in excessive use of POC CRP tests and con-
tinuous inappropriate use of antibiotics.11,12 In Sweden for example, annual health care 
costs increased with one million euro.11 This discrepancy between research results and 
daily practice urges health care professionals to be critical when aiming to implement 
POC CRP measurement based on studies using strict guidelines. Furthermore, imple-
mentation effects may differ between countries, solely based on cultural differences.13 
Therefore we aimed to assess the effect of POC CRP measurement implementation on 
antibiotic prescriptions for RTC patients presenting in primary care in a Dutch routine 
clinical setting.
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METHODS

Design 

We performed a prospective cohort study and retrospectively assembled a control 
group.

Patients and procedures

Adult patients presenting with RTCs in primary care were prospectively identified. They 
were eligible for inclusion if this was the first consultation for that specific complaint. We 
excluded pregnant women because CRP levels tend to be elevated during pregnancy.14 
Patients who were not registered at the practice (i.e. medical history and follow up could 
not be retrieved) were also excluded.

Three group practices in the region of Utrecht in the Netherlands were randomly selected 
and provided with a POC CRP analyser. All GPs working at the selected practices were 
invited to participate. During the study we used the AfinionTM AS100 to conduct POC 
CRP measurements, which is able to discriminate CRP values between eight and 200 
mg/L. CRP measurement takes two to four minutes and is performed in venous blood 
obtained by a finger prick.15 Three GPs (one from each practice) received a standardised 
product training on the use of the POC CRP analyser and were requested to instruct their 
fellow GPs and assistants on how to operate it. None of the GPs had prior experience 
working with a POC CRP analyser. It was left to the discretion of the GP whether they 
wanted to look up additional information about the diagnostic value of the test. 

GPs were asked to identify patients eligible for inclusion and to record their initial 
diagnosis and treatment plan. After the initial contact, POC CRP measurement was 
performed by the GP or the physicians’ assistant. Subsequently, diagnosis and treatment 
plan were re-evaluated and recorded. If a patient was referred to the hospital, they were 
marked as ‘no antibiotics prescribed at index consultation’. Patients who had received 
POC CRP measurement were included in the CRP group. 

A historical control cohort was created by screening the 2009 consultations of partici-
pating GPs for patients consulting with RTCs. In 2009, POC CRP analysers were not yet 
available. Patients were matched based solely on their treating physician, as matching 
based on illness severity was considered unreliable in this retrospective setting. If a 
GP in training, not yet working at the practice in 2009, had included patients prospec-
tively, control patients were selected from the consultations of their supervisors. For 
GPs absent for a longer duration of time in 2009, for example on maternity leave, the 
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controls were assembled from the period before and after the absence. These patients 
made up the control group. For patients in the CRP and control group, demographic 
data, co-morbidities and smoking habits were retrospectively recorded from the GPs’ 
databases, as were reconsultations, hospital admissions and mortality within 28 days 
after the initial consultation.

Outcome measures and statistical analysis

The primary outcome measure was the relative risk (RR) of antibiotic prescription, compar-
ing the CRP group and the control group (i.e. the effect of the availability of the POC CRP 
analyser). Additionally, factors that possibly influenced antibiotic prescription were analysed 
on patient level and assessed through univariable analysis. Variables with a p-value <0.20 
and the variable ‘POC CRP analyser used’ (yes/no) independent of its p-value in univariable 
analysis were used for multivariable analysis using the forward likelihood ratio model. The 
goodness of fit of the model was tested with the Hosmer-Lemeshow test. Patient outcome in 
terms of reconsultation, hospitalisation and mortality, was compared between both groups 
in univariable analysis. Secondary outcomes included the relative risk of antibiotic prescrip-
tions before and after POC CRP measurement and the influence of CRP level on antibiotic 
prescriptions. All statistical analyses were performed using SPSS version 15.0.

Sample size calculation

From comparable studies on patients suspected of having a respiratory tract infection, we 
extracted the risk of antibiotic prescription in control groups (0.53) and groups in which 
POC CRP measurement was used (0.45).9,10,16-18 In our study, a more substantial effect of 
POC CRP measurement may be expected due to the inclusion of all patients with respira-
tory tract complaints, in whom inappropriate prescribing is common, as opposed to solely 
those with infections. Therefore we aimed to detect a 15% difference in antibiotic prescrip-
tions and required a sample size of 172 patients per group (alpha 0.05, power 0.80). 

RESULTS

Between January 2010 and March 2011, 12 GPs working at one of the three participating 
practices prospectively enrolled 292 patients during 31 cumulative inclusion months 
(figure 1). Inclusion rates varied per practice. Approximately one third of these patients 
were tested while they did not meet the inclusion criteria (n=105, 36%). Sixteen (5%) 
patients were excluded because: they were pregnant (8), they were not registered at the 
practice (1), no name or date of birth was recorded (3), no history was recorded (3) or 
the POC CRP analyser did not work appropriately (1). Analysis was performed using the 
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data of remaining 171 patients. Data on treatment prior to POC CRP measurement were 
not available for 56 patients, leaving 115 patients for the comparison of the number of 
antibiotic prescriptions before and after POC CRP measurement. Consultations of par-
ticipating GPs were screened retrospectively from January to August 2009. Two hundred 
and four patients presenting with respiratory complaints matched by treating physician 
were identified. 

Patients

There were no statistical significant differences in age (44 standard deviation (SD)14 vs. 
46 SD15 years, p=0.14), gender (58% vs. 61% female, p=0.57), co-morbidities and smok-
ing habits between the CRP and control group (table 1). Aside from a higher prevalence 
of ‘other respiratory tract condition’ in the control group, there were no significant differ-
ences in the diagnoses between both groups. 

 
 

 

 
 

 

 

 
 

 

 
 

Figure 1. Flowchart
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For a second analysis(i.e. comparing antibiotic prescriptions before and after POC CRP 
measurement (n=115)), baseline characteristics of the CRP subgroup were compared 
to those of the control group. Patients in the control group were older than patients 
in the CRP subgroup (46 SD15 years vs. 42 SD15, p=0.01). The diagnosis ‘other RTC’ was 
recorded more often in the control group (14% vs. 5%, p=0.02) and there were less miss-

Table 1. Baseline characteristics (n=375)

CRP group 
(n=171)

Control group 
(n=204)

p-value (95% CI)

Patient characteristics

Age  44 (± 14) 46 (± 15) 0.14 (-5.27-0.76)

Sex (male) 72 (42) 80 (39) 0.57

Co-morbidity

No co-morbidity 59 (35) 67 (33) 0.74

Asthma/COPD 39 (23) 53 (26) 0.48

Allergic rhinitis 16 (9) 28 (14) 0.19

Hypertension 25 (15) 31 (15) 0.88

Diabetes mellitus 11 (6) 11 (5) 0.67

Smoking 26 (15) 30 (15) 0.89

Diagnosisa

URTI 61 (36) 73 (36) 0.98

LRTI 21 (12) 26 (13) 0.89

Unspecified RTI 16 (9) 27 (13) 0.24

Exacerbation  asthma/COPD 22 (13) 16 (8) 0.11

Other RTC 12 (7) 28 (14) 0.04

Other diagnosis 5 (3) 7 (3) 0.78

Cough 26 (15) 24 (12) 0.33

Missing 8 (5) 3 (2) 0.07

n (%) or mean (± SD) using the Independent-samples T test for ratio variables and the Chi-quadrate or Fishers 
exact test for nominal variables 
a. Diagnosis as recorded after CRP measurement in CRP group and as recorded in control group  
Diagnosis categories: 
- URTI (upper respiratory tract infection):  common cold, sinusitis, tonsillitis, throat ache 
- LRTI (lower respiratory tract infection): pneumonia, bronchitis, deep or low respiratory tract infection 
- Unspecified RTI (respiratory tract infection): flu, if not further specified 
-  Other RTC (respiratory tract condition): airway hyper reactivity, dyspnoea/shortness of breath. Sinus 
complaints, sinus irritation 
- Other diagnosis: diagnoses such as pulmonary embolism, fever not specified, globus sensation, generally 
feeling unwell, hyperventilation syndrome
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ing diagnoses (2% vs. 5% p=0.05) in this population as compared to the CRP subgroup. 
The remaining baseline characteristics were comparable (p<0.05).

Practices and physicians

Fifteen GPs were asked to participate. The proportion of participating physicians differed 
per practice (60-100%). Three GPs did not participate: reasons for non-participation were 
working towards retirement (1) and unwillingness to participate, not explained (2). Par-
ticipants were more often female when compared to non-participants (67% vs. 0%), had 
less years of experience as a GP (15 SD10 vs. 18 SD13) and less patients of their own (1069 
SD754 vs. 1857 SD339), as the group of participating GPs contained two GPs in training and 
one GP employed by the practice. Two of the three participating practices had one general 
practitioner in training in 2010, who was not yet working in the practice in 2009 and one 
of the GPs went on maternity leave from February 2009 until June 2009; control patients 
for these physicians were selected using the strategy mentioned in the methods section. 

Table 2. Predictors of withholding antibiotics in patients with respiratory tract complaints (n=375)

AB
95 (25)

No AB
280 (75)

Univariable
p-value (95% CI)

Multivariable 
OR (95% CI)

Patient characteristics

Age 48 (± 16) 45 (±15) 0.10 (-0.58;6.32) NS

Female 57 (60) 166 (59) 0.90

Co-morbidity 

Asthma/COPD 35 (37) 57 (20) 0.00 2.2 (1.32;3.68)

Allergic rhinitis 8 (8) 36 (13) 0.25

Smoking 22 (23) 34 (12) 0.01 2.1 (1.13;3.79)

Physician characteristics

Experience physician (yrs) a 20 (± 8) 20 (± 8) 0.89 (-1.98;1.71)

Practice

Practice no. 2 vs. no. 1 45 (47) 113 (56) 0.12 NS

Practice no. 3 vs. no. 1 25 (26) 78 (47) 0.51 NS

CRP measurement

POC CRP analyzer used 48 (51) 123 (44) 0.27 NS

n (%) or mean (± SD) using the Independent-samples T test for ratio variables and the Chi-quadrate or Fishers 
exact test for nominal variables 
NS Not Significant 
OR Odds Ratio 
CI Confidence Interval 
a. In four patients the physician’s name (and therefore experience) was missing, these patients were excluded 
from analysis
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POC CRP measurement, antibiotic prescribing and outcome

The use of a POC CRP analyser did not reduce antibiotic prescription significantly. Forty-
eight patients (28%) in the CRP group and 47 (23%) in the control group received an an-
tibiotic prescription at index consultation (RR 1.2, 95% confidence interval (CI) 0.91;1.46, 
p=0.27). Multivariable analysis showed that the variables asthma/COPD (odds ratio (OR) 
2.2 95% CI 1.32;3.68) and smoking (OR 2.1 95% CI 1.13;3.79) predicted antibiotic prescrib-
ing independently and the variable ‘POC CRP analyser used’ (yes/no) did not (table 2). 

Table 3. Treatment plan before and after CRP measurement (n=21)

Nr. Sex Age
(years)

CRP
(mg/L)

Initial diagnosis Final diagnosis Reconsultation
(number)

Change from prescribing to withholding antibiotics

1 M 51 <8 URTI Cough 1

2 F 56 21 Exacerbation asthma/
COPD

Unchanged 1

3 F 69 11 Unspecified RTI Unchanged 0

4 M 78 <8 URTI Exacerbation asthma/COPD 4

5 F 69 <8 LRTI URTI 0

6 F 62 <8 Exacerbation asthma/
COPD

Unchanged 1

7 F 52 <8 LRTI Missing 2

8 M 36 18 Cough Unchanged 0

9 F 35 31 Missing Unspecified RTI 0

Change from withholding to prescribing antibiotics

10 F 31 77 URTI Unchanged 0

11 F 44 123 URTI LRTI 0

12 F 53 130 Unspecified RTI URTI 1

13 F 28 28 URTI Unspecified RTI 2

14 M 39 124 LRTI Unchanged 3

15 F 56 200 URTI LRTI 1

16 F 40 98 URTI LRTI 0

17 F 32 58 URTI Unchanged 2

18 F 28 25 Other diagnosis Unchanged 0

19 F 24 92 URTI Unchanged 0

20 M 39 <8 URTI Unchanged 0

Change in diagnosis (no antibiotics)

21 M 56 21 LRTI Unspecified RTI 0

M Male 
F Female 
Diagnosis categories: See table 1
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To evaluate the effect of POC CRP measurement on patient outcome, the CRP group was 
compared to the control group in univariable analysis. Reconsultation rates, the mean 
number of days to the first reconsultation, hospitalisation and mortality were similar for 
both groups (p<0.05). 

Before and after POC CRP measurement

No significant difference was demonstrated in the amount of (intended) antibiotic pre-
scriptions before and after CRP measurement in the 115 patients in the CRP subgroup as 
compared to controls (28% vs. 30% p=0.77). However, GPs did change their prescription 
behaviour based on the outcome of POC CRP measurement in 20 cases (17%, table 3). 
In nine of these cases (8%), antibiotics were withheld based on the test results whereas 
in 11 cases (10%), antibiotics were prescribed after the GP had initially decided not to 
do so. In eight cases (7%) the change in treatment plan was preceded by a change in 
diagnosis (excluding 2 cases because of missing diagnosis). In one patient a change 
in diagnosis did not lead to a change in treatment. Patients in whom GPs decided to 
renounce prescribing antibiotics were older than patients in whom GPs decided to pre-
scribe antibiotics based on CRP measurement (mean 56 SD15 years vs. 38 SD10 years). 

CRP level and antibiotic prescriptions

Prescription behaviour was strongly related to CRP-level. Fifteen out of 115 patients 
(13%) with a CRP level of <20 mg/L received an antibiotic prescription, 28 out of 51 
patients (55%) with a CRP level between 20-100 mg/L and all out of five patients with 
a CRP level of >100 mg/L. This implies a four (RR 4.2, 95% CI 2.53;6.98) times greater 
chance of prescribing antibiotics for patients with CRP levels between 20-100 mg/L and 
an eight (RR 7.7 95% CI 3.94;7.67) times greater chance of an antibiotic prescription for 
patients with CRP level >100 mg/L as compared to patients with CRP levels of <20 mg/L. 
Changes in treatment plan were observed in all CRP level categories (table 3). 

DISCUSSION 

In our study, the implementation of point of care (POC) C-reactive protein (CRP) analys-
ers did not reduce the overall antibiotic prescription rate in patients presenting with 
respiratory complaints (RTCs) in primary care. Factors that influenced the number of 
antibiotic prescriptions were patients having asthma/COPD or patients who were cur-
rently smoking. POC CRP measurement had no influence on patient outcome in terms 
of reconsultation rates, hospitalisation or mortality. In addition, no significant decline in 
the total number of antibiotic prescriptions was detected when comparing treatment 
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decisions before and after CRP measurement. This suggests that the implementation of 
POC CRP measurement does not influence antibiotic prescribing or patient outcome. 
However, general practitioners changed their antibiotic prescription behaviour based 
on CRP levels in 17% of patients presenting with RTCs.

Our study has several strengths and weaknesses. In order to mimic daily practice, 
we accepted the absence of explicitly defined inclusion criteria and a strict treat-
ment protocol based on CRP levels. When evaluating the effect of implementation 
of POC CRP measurement in primary care, studies including structured guidelines 
for general practitioners (GPs) can lead to a solid assessment of the performance 
of diagnostic tools in optimal settings.9,10 In practice however, GPs often act on 
their clinical judgement keeping guidelines on the background. Implementation of 
POC CRP measurement may therefore lead to other effects than expected. This was 
shown through practice based experience in Scandinavia: use of the POC CRP analy-
ser resulted in inefficient test use and increased health care costs.11,12 The design of 
this study provided the GPs with an opportunity to apply the POC CRP analyser to 
their own insight. The pragmatic nature of our study enhances the applicability of 
the results to daily practice. 

One of the main adverse effects of implementing POC CRP analysers in general practice 
in our study was inefficient use of the test; 36% of patients were tested although they 
did not meet the inclusion criteria, for example for abdominal complaints. Inclusion rates 
of patients suspected of having lower respiratory tract infection in this study (0.5-1.1 
patients/physician/month) were comparable to those of similar studies (0.5-1.1 patients/
physician/month)9,10,16,17, which makes selection bias unlikely. These observations support 
the hypothesis that widespread implementation of POC CRP measurement in practice in 
the absence of a proper implementation strategy leads to inefficient use of the test.

The population in this study is likely to be a good representative for all patients with 
RTCs presenting in primary care. Despite the non-randomised design of our study, 
the patient characteristics of the CRP group and control group were comparable. The 
only exception was a higher prevalence of the miscellaneous diagnosis category ‘other 
respiratory tract condition’ in the control group. Age, gender and co-morbidities of 
participants were comparable to those of similar studies with the exception of a higher 
prevalence of asthma/COPD (25% vs. 7%) and a lower prevalence of smoking (15% vs. 
25%) in this study.9,10,17,18 The distribution of patients over the three CRP level categories 
was comparable with a similar study as well.9 
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The results presented are in line with the available studies on the effect of POC CRP 
measurement on antibiotic prescribing in (lower) RTCs. Two randomised controlled trials 
(RCT) showed that POC CRP measurement is of limited value in reducing the number of 
antibiotic prescriptions.16,17 In addition, a prospective observational study showed only 
minor differences in antibiotic prescribing after POC CRP measurement implementa-
tion and excessive prescribing of antibiotics in patients suspected of having a respira-
tory tract infection with an intermediate elevated CRP level.11 Besides, CRP was often 
measured in patients diagnosed with upper respiratory tract infections in whom the 
test is not recommended. Contradictory, two RCTs by Cals et al., showed that POC CRP 
measurement reduces the number of antibiotic prescriptions in both lower respiratory 
tract infection and rhino sinusitis.9,10

To reduce the number of excessive antibiotic prescriptions for RTCs, alternative possibili-
ties have been suggested. Improvement of GPs’ communication skills for example, may 
reduce excessive antibiotic prescription.20 During the debriefing of a study evaluating 
the effect of POC CRP measurement and communication skills training, participating GPs 
mentioned that they often use the availability of the POC analyser as a communication 
tool.21 Apparently the POC CRP analyser plays a role in the ‘disease focussed approach’ as 
well as the ‘patient focussed approach’.

In conclusion, implementation of POC CRP measurement for all patients suspected of hav-
ing a lower respiratory tract infection will most likely not lead to a decrease in antibiotic 
prescriptions and could induce a substantial and durable increase of health care costs. 
Implementation in a specific subgroup, as suggested in the new national Dutch guidelines 
for the management of RTCs in primary care, might lead to less additional costs but might 
have fewer benefits. It seems advisable to choose another strategy, like communication 
skills training, that requires a onetime financial investment and has a similar or greater 
effect on antibiotic prescriptions than POC CRP measurement (alone) does. 



POC CRP measurement (cohort study) 65

REFERENCES

1. Linden MWvd, Westert GP, Bakker DHd, Schellevis FG. Tweede nationale studie naar ziekten en 
verrichtingen in de huisartspraktijk. Klachten en aandoeningen in de bevolking en in de huisart-
spraktijk. Utrecht/Bilthoven: NIVEL & RIVM 2004.

2. Young J, De Sutter A, Merenstein D, van Essen GA, Kaiser L, Varonen H, et al. Antibiotics for adults 
with clinically diagnosed acute rhinosinusitis: a meta-analysis of individual patient data. Lancet 
2008; Mar 15;371(9616):908-14.

3. Akkerman AE, van der Wouden JC, Kuyvenhoven MM, Dieleman JP, Verheij TJ. Antibiotic prescribing 
for respiratory tract infections in Dutch primary care in relation to patient age and clinical entities. J 
Antimicrob Chemother 2004; Dec;54(6):1116-21.

4. Hopstaken RM, Butler CC, Muris JW, Knottnerus JA, Kester AD, Rinkens PE, et al. Do clinical findings 
in lower respiratory tract infection help general practitioners prescribe antibiotics appropriately? 
An observational cohort study in general practice. Fam Pract 2006; Apr;23(2):180-7.

5. Jakobsen KA, Melbye H, Kelly MJ, Ceynowa C, Molstad S, Hood K, et al. Influence of CRP testing and 
clinical findings on antibiotic prescribing in adults presenting with acute cough in primary care. 
Scand J Prim Health Care 2010; Aug 13;.

6. European antimicrobial resistance surveillance system (EARSS). The microbial threat 2005; 14 nov 
2005.

7. Bruns AH, Oosterheert JJ, Hak E, Hoepelman AI. Usefulness of consecutive C-reactive protein mea-
surements in follow-up of severe community-acquired pneumonia. Eur Respir J 2008; Sep;32(3):726-
32.

8. Muller B, Harbarth S, Stolz D, Bingisser R, Mueller C, Leuppi J, et al. Diagnostic and prognostic ac-
curacy of clinical and laboratory parameters in community-acquired pneumonia. BMC Infect Dis 
2007; Mar 2;7:10.

9. Cals JW, Butler CC, Hopstaken RM, Hood K, Dinant GJ. Effect of point of care testing for C reactive 
protein and training in communication skills on antibiotic use in lower respiratory tract infections: 
cluster randomised trial. BMJ 2009; May 5;338:b1374.

10. Cals JW, Schot MJ, de Jong SA, Dinant GJ, Hopstaken RM. Point-of-care C-reactive protein testing 
and antibiotic prescribing for respiratory tract infections: a randomized controlled trial. Ann Fam 
Med 2010; Mar-Apr;8(2):124-33.

11. Andre M, Schwan A, Odenholt I, Swedish Study Group on Antibiotic Use. The use of CRP tests in 
patients with respiratory tract infections in primary care in Sweden can be questioned. Scand J 
Infect Dis 2004;36(3):192-7.

12. Engstrom S, Molstad S, Lindstrom K, Nilsson G, Borgquist L. Excessive use of rapid tests in respiratory 
tract infections in Swedish primary health care. Scand J Infect Dis 2004;36(3):213-8.

13. Hulscher ME, Grol RP, van der Meer JW. Antibiotic prescribing in hospitals: a social and behavioural 
scientific approach. Lancet Infect Dis 2010; Mar;10(3):167-75.

14. Chaisilwattana P, Monif GR. Potential use of C-reactive protein determinations in obstetrics and 
gynecology. Obstet Gynecol Surv 1989; May;44(5):355-60.

15. Prestegrd A. Afinion TM Product Documentation Summary 2005;.
16. Diederichsen HZ, Skamling M, Diederichsen A, Grinsted P, Antonsen S, Petersen PH, et al. A random-

ized controlled trial of the use of CRP rapid test as a guide to treatment of respiratory infections in 
general practice. ; 2001. Report No.: 163.



66 Chapter 3 

17. Melbye H, Aaraas I, Fleten N, Kolstrup N, Mikalsen JI. The value of C-reactive protein testing in 
suspected lower respiratory tract infections. A study from general practice on the effect of a rapid 
test on antibiotic research and course of the disease in adults. Tidsskr nor Laegeforen 1995; May 
20;115(13):1610-5.

18. Kavanagh KE, O’Shea E, Halloran R, Cantillon P, Murphy AW. A pilot study of the use of near-patient 
C-Reactive Protein testing in the treatment of adult respiratory tract infections in one Irish general 
practice. BMC Fam Pract 2011; Aug 31;12:93.

19. Verheij TJM, Hopstaken RM, Prins JM, Salomé PL, Bindels PJ, Ponsioen BP, et al. The practice guideline 
‘Acute cough’ from the Dutch College of General Practitioners February 2011;.

20. Cals JW, Ament AJ, Hood K, Butler CC, Hopstaken RM, Wassink GF, et al. C-reactive protein point of 
care testing and physician communication skills training for lower respiratory tract infections in 
general practice: economic evaluation of a cluster randomized trial. J Eval Clin Pract 2010; Jul 8;.

21. Cals JW, Butler CC, Dinant GJ. ‘Experience talks’: physician prioritisation of contrasting interventions 
to optimise management of acute cough in general practice. Implement Sci 2009; Sep 8;4:57.







CHAPTER 4 

Positive urinary antigen tests 
for Streptococcus pneumoniae in 
community-acquired pneumonia: 
a 7 year retrospective evaluation 
of health care cost and 
treatment consequences

M.F. Engel¹, M. van Velzen¹, A.I.M. Hoepelman¹, S. Thijsen2, J.J. 

Oosterheert¹

1. Department of internal medicine and infectious diseases, University 
Medical Centre Utrecht, the Netherlands 2. Department of Medical 

Microbiology, Diakonessen hospital, Utrecht, the Netherlands 
Published in Eur J Clin Microbiol Infect Dis. 2013 32(4): 485-92  



70 Chapter 4 

ABSTRACT

Background

A positive pneumococcal urinary antigen test (PUAT) for Streptococcus pneumoniae 
allows an early switch from empiric to targeted treatment in hospitalised community-
acquired pneumonia (CAP) patients. The economic and treatment consequences of this 
widespread implemented test are however unknown. 

Methods

We retrospectively evaluated all tests performed since its introduction in two teaching 
hospitals. Data on patient characteristics, treatment, admission and outcome were 
retrieved from the electronic patients file. Test benefits were expressed as the number of 
days that targeted therapy (i.e. penicillin) was administered to hospitalised CAP patients 
due to a positive PUAT. This calculation was based on the timing of the PUAT and the ini-
tiation of targeted therapy. Subsequently, we performed two direct cost analyses from 
a hospital perspective, first including tests performed for CAP only, secondly including 
costs of all (excessive) test. 

Results

Between 2005 and 2012, 3479 PUATs were performed of which 1907 (55%) for CAP. 
1638 PUATs (86%) were negative and 269 (14%) were positive. Fifty-two (19%) positive 
tests were excluded. In 75 (35%) of the 217 remaining positive tests, a positive PUAT 
led to targeted treatment during 293 cumulative admission days. Testing costs for CAP 
only were €131,- per targeted treatment day. These costs were €257,- if local protocol 
dictated PUAT use for all CAP cases as opposed to €72,-per if the test was reserved for 
severe cases only. Including all tests, PUAT costs were €254,-per targeted treatment day.

Conclusion

Improving selective use of the PUAT in hospitalised CAP patients may lead to increased 
(cost-) efficiency. 
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INTRODUCTION

The most commonly identified aetiologic agent in patients hospitalized with communi-
ty-acquired pneumonia (CAP) is Streptococcus pneumoniae.1 Resistant strains are seldom 
isolated in the Netherlands (1%2); even if resistant strains are involved, S. pneumoniae 
can often be treated with small spectrum antibiotics like penicillin when adequately 
dosed.1,3 In general, rapid detection of S. pneumoniae allows early targeted treatment 
instead of prolonged empirical treatment with broad spectrum antibiotics. This might 
reduce treatment cost and limit the development of antimicrobial resistance. While 
culture results take up to three days, the pneumococcal urinary antigen test (PUAT) 
provides results within 15 minutes. This test has shown acceptable sensitivity and high 
specificity for the detection of S. pneumoniae.1 

International guidelines generally advocate the use of the PUAT in hospitalized patients 
with moderate to severe CAP.4,5 In contrast to previous Dutch guidelines (2005)6, the 
recently issued update (2012) advocates its use in patients with severe CAP as well. Ac-
cording to the latter guideline, patients with a positive PUAT should be treated with 
amoxicillin or penicillin solely, provided that no other pathogen is detected and patients 
are clinically stable.1 

However, the clinical consequences of a positive result have not been studied extensive-
ly. Theoretically, physician beliefs or patient-related factors like (suspected) co-infection 
might prevent a switch to targeted treatment of S. pneumoniae if the PUAT is positive. 
In addition, the economic effect of implementing the routine performance of PUAT is 
currently unknown. Hence, we assessed whether a positive PUAT leads to targeted treat-
ment of hospitalised CAP patients and we estimated the cost profile of performing the 
test from a hospital perspective.

METHODS 

Design and setting 

A retrospective cohort study was performed in two Dutch teaching hospitals, the Uni-
versity Medical Centre Utrecht (UMCU, 1042 beds) and the Diakonessen Hospital (DH, 
627 beds) in Utrecht, the Netherlands. We screened all PUAT results in both hospitals 
between the introduction of the test (UMCU May 2005, DH January 2007) and the 30th 
of September 2011. 
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Inclusion of tests

Tests performed in adult patients hospitalized because of CAP were eligible for inclusion. 
CAP was defined as the physicians’ diagnosis being pneumonia as stated in admission 
and discharge letters in cases that did not fit the criteria for hospital-acquired pneumo-
nia or health-care associated pneumonia as defined by the American Thoracic Society.7 
Tests were considered ineligible for analysis if they were not performed for CAP, were 
performed in children (i.e. <18 years of age), were test runs or had intermediate results. 
The primary economic evaluation was performed with tests selected using the above 
mentioned criteria; for the secondary economic evaluation all tests were used. For the 
analysis of therapeutic consequences of a positive PUAT, we selected tests using the 
criteria mentioned above in addition to excluding tests if the outcome was negative. We 
excluded positive tests if recording of clinical data was insufficient to evaluate the pri-
mary outcome (i.e. patient not traceable, no treatment data), if patients were transferred 
to or from a non-participating hospital and if patients had visited the emergency room 
without being admitted. If a test was performed twice within one week, the second test 
was excluded. The latter exclusion criteria were assumed to be non-differential (e.g. not 
leading to selection bias). 

Microbiologic evaluation

All PUATs were performed using the BinaxNOW (Inverness Medical Innovations, Galway, 
Ireland) analysis method. This qualitative test provides positive, negative or intermediate 
results within 15 minutes. The test has shown acceptable sensitivity (65-92% in patients 
with definite and 27-74% in patients with probable pneumococcal infection) and high 
specificity (80-100%) for the detection of S. pneumoniae.1 Positive results of additional 
microbiologic test on respiratory samples and blood cultures, performed during the 
entire admission, were recorded.

Data collection

A list of all PUATs performed during the study period was extracted from the medical 
microbiology departments’ electronic database and provided to our research group. 
Patient demographics and co-morbidities; severity scores on admission (the confusion-
urea-respiratory rate-blood pressure-age score (CURB-658) and the Pneumonia Severity 
Index (PSI/Fine score9); admission data (length of hospital stay, intensive care admis-
sion); details on patient treatment (antibiotics), microbiologic testing (cultures, poly-
merase chain reaction (PCR), serum analysis) and data on patient outcome (outpatient 
post visits, readmission and mortality over a 30 day period following admission) were 
retrieved from the electronic patient files. As in routine clinical practice, severity scores 
were calculated using the available data only. 
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Targeted antibiotic treatment

Results of microbiologic testing were considered to be available as soon as the results 
were recorded in the electronic patient file or when the physician was informed about 
the definite results by phone as recorded in the laboratory database. Notification by 
phone often included treatment advice, which in the case of CAP patients meant switch-
ing to targeted treatment (TT). TT was defined as antibiotic treatment of S. pneumoniae 
according to (inter-) national guidelines (i.e. penicillin mono-therapy; (benzathine-) 
benzylpenicillin, feniticillin, amoxicillin or flucloxacillin not combined with another type 
of antibiotic).1,5

In order to determine if TT was applied based on the positive PUAT result, the timing 
of TT initiation was related to the timing of the PUAT result. If TT was initiated after a 
positive PUAT result, but before culture results were positive for S. pneumoniae, it was as-
sumed that this treatment choice was based on the PUAT result. If TT was initiated after 
a positive PUAT result and cultures for S. pneumoniae were negative, it was also assumed 
that this treatment choice was based on the PUAT. The number of days on which the 
use of empirical treatment was prevented was determined in each patient receiving TT 
based on the PUAT. The days on which TT was administered were counted until cultures 
grew S. pneumoniae or, if cultures stayed negative, until the end of a standard course 
of penicillin (7 days). If TT was stopped before the seventh day of admission, the exact 
number of days on which TT was administered was used in the analysis.

Cost analysis

The primary cost analysis was conducted from a hospital perspective (as opposed to a 
societal perspective). Direct health care costs of the PUAT and cost of antibiotics were 
included. For this analysis, other hospital costs of inpatient stay (e.g. length of stay, num-
ber of microbiologic tests performed) were assumed to be independent from whether 
or not TT was provided based on the PUAT and were therefore not taken into account. 
The number of negative PUATs performed for CAP was assessed using a random sample 
of 10% in order to calculate the cost of all negative PUATs for CAP. Costs were calculated 
using 2012 national tariffs (in Euros) to enable a comparison between hospitals. PUAT 
tariffs included costs for materials and specialists fees.10 Costs of medication were cal-
culated using information from the hospital pharmacy and information from the Dutch 
Board of Health Insurances (College voor Zorgverzekeringen).11 These costs included 
six percent value added taxes. If the costs varied between manufacturers, the lowest 
prices were used. The outcome of the analysis was expressed as the cost per day on 
which broad spectrum treatment was prevented as a consequence of PUAT use. This was 
calculated based on the algorithm previously published.12 In short, the cost reduction 
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due to TT was subtracted from the total PUAT cost and then divided by the total number 
of days on which TT was administered as a consequence of a positive PUAT (formula 
in appendix II). Profit of the test was expressed solely as the number of days TT could 
be provided due to the test. From these retrospective data, potential indirect effect of 
the test on morbidity, mortality, duration of admission or development of antimicrobial 
resistance could not be assessed.

The overall sensitivity of the cost model was evaluated by a scenario analysis. The base 
case consisted of the results mentioned above. To calculate costs in a worst case and a 
best case scenario, the values of the variables in the calculation were adjusted accord-
ing to the lower and upper limits of 95% confidence intervals if possible. Worst-case 
scenario costs of the PUAT were retrieved from an internal cost calculation from the 
medical microbiology department of the university hospital. Otherwise minimum and 
maximum numbers were extracted from literature.13 

Subsequently, a secondary economic evaluation of PUAT use was performed using the 
same methods, but including costs of all PUATs (e.g. including tests in non-CAP patients, 
children and test runs). This, more practice based approach provides insight in the addi-
tional costs of excessive test use as opposed to ‘guideline based’ PUAT use for CAP only. 

Outcome and sample size calculation

The primary outcome was the percentage of CAP patients with a positive PUAT receiv-
ing TT as a consequence of this test. Based on three comparable studies, the average 
percentage of patients treated with antibiotics specifically aimed at S. pneumoniae was 
approximately 62%.13,15 As a result, a sample size of 200 patients would produce a two-
sided 95 confidence interval, with a width equal to 0.139 when the sample proportion 
is 0.62, according to the Wilson’s score interval. All statistical analyses were performed 
using SPSS version 15.0.

RESULTS 

Between 2005 and 2012, 3479 PUATs were performed in total. After screening, 1572 (45%) 
PUATs were ineligible (i.e. not CAP n=1528, intermediate results n=32, test runs n=2, <18 
years of age n=10). Notably, the subgroup of non-CAP patients contained patients with 
conditions such as fever of unknown origin in patients with haematological malignan-
cies. This left 1907 (55%) tests performed in adult CAP cases for the primary economic 
analysis. Of these 1907 tests, 1638 (86%) were negative and 269 (14%) positive, resulting 
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in a number needed tot test of seven including tests for CAP only (1907/269) and 13 in-
cluding all test (3479/269). Of these positive tests, 52 (19%) were excluded, because they 
were performed twice in the same patient within one week (n=23), recording of clinical 
data was insufficient (n=5), the patient was transferred to another hospital (n=20) or 
visited the emergency room without being admitted (n=4). This left 217 positive PUATs 
for detailed analysis of treatment decisions (UMCU n=108, DH n=109) (figure 1).

The mean age was 62 years (standard deviation (SD) 17) and there were slightly fewer 
women (46%) than men (table 1). Fourty-five percent of these cases had more than one 
co-morbidity; the most frequent co-morbidity was pulmonary disease (31%). The me-
dian PSI score on admission was 97 (inter quartile range (IQR) 72-125) and the median  

 
 
 
 

 

 

 

 

 

 

 

 

 Figure 1. Flowchart
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Table 1. Baseline characteristics of CAP patients with a positive PUAT (n=217)

Total 

217 (100%)

Switch to penicillin based on PUAT

Yes 
75 (35%)

No 
142 (65%)

p-value
(95% CI)

Patient characteristics

Age 62.1 (16.7) 61.5 (16.3) 62.5 (16.9) 0.68 (-5.69-3.71)

Female 100 (46.1) 34 (45.3) 66 (46.5) 0.87

Co-morbidity ≥1 118 (54.4) 41 (54.7) 77 (54.2) 0.95

Malignancy a 24 (11.1) 6 (8.0) 18 (12.7) 0.30

Liver disease a 5 (2.3) 1 (1.3) 4 (2.8) 0.66 

Congestive heart failure a 24 (11.1) 8 (10.7) 16 (11.3) 0.89

Cerebrovascular disease a 21 (9.7) 9 (12.0) 12 (8.5) 0.40

Kidney disease a 14 (6.5) 5 (6.7) 9 (6.3) 0.93

Pulmonary disease 67 (30.9) 22 (29.3) 45 (31.7) 0.72

Severity on admission 

CURB-65 b Median 2.0 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.43

>2 62 (28.6) 21 (28.0) 41 (28.9) 0.89

Fine score b Median 96 (71-125) 97 (72-125) 93 (70-124) 0.76

Risk class IV 71 (32.7) 28 (37.3) 43 (30.3) 0.29

Risk class V 42 (19.4) 12 (16.0) 30 (21.1) 0.36

Admitted to UMCU 108 (49.8) 25 (33.3) 83 (58.5) <0.00

Initial antibiotic treatment c 

Fluoroquinolone Levofloxacin 1 (0.5) 0 (0) 1 (0.7) -

Moxifloxacin 14 (6.5) 2 (2.7) 12 (8.5) -

Beta-lactam Ceftriaxone 30 (13.8) 4 (5.3) 26 (18.3) -

Cefotaxime 2 (1.0) 0 (0) 2 (1.4) -

Ceftazidime 1 (0.5) 0 (0) 1 (0.7) -

Amoxicillin 27 (12.4) 14 (18.7) 13 (9.2) -

Augmentin 35 (16.1) 6 (8.0) 29 (20.4) -

Piperacillin/Tazobactam 1 (0.5) 0 (0) 1 (0.7) -

Benzylpenicillin 16 (7.4) 14 (18.7) 2 (1.4) -

Macrolide Erythromycin 1 (0.5) 0 (0) 1 (0.7) -

Other (no combination) 11 (5.0) 1 (1.3) 10 (7.0) -

Combination Macrolide & Beta-lactam 18 (8.3) 7 (9.3) 11 (7.8) -

Other 46 (21.2) 13 (17.3) 33 (44) -
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CURB-65 score was two (IQR 1-2). Initial antibiotic treatment was mostly a combination 
of antibiotics (n=64, 30%) or amoxicillin/clavulanic acid (n=35, 16%). In 77 (35%) cases, 
cultures grew S. pneumoniae, in the remaining 140 (65%) cases PUAT was the only mi-
crobiologic test indicating infection with S. pneumoniae. Data on age, sex, co-morbidity, 
microbiologic testing (table 2) and patient outcome were complete for all cases, data 
needed to calculate the severity scores for 126 cases (58%) and data on the initial antibi-
otic treatment for 215 cases (99%). 

To assess inter-hospital comparability we evaluated the case mix in both hospitals. 
Populations were comparable aside from the following characteristics: age (UMCU 59 
(SD 16) vs. DH 65 (SD 17) p<0.00), CURB-65 score on admission (UMCU 1 (IQR 1-2) vs. 
DH 2 (IQR 1-3) p<0.00), the number of cultures on respiratory material positive for S. 
pneumoniae (UMCU 31 (SD 29) vs. DH 46 (SD 42) p=0.04) and for other bacteria (UMCU 
57 (SD 53) vs. DH (32 (SD 29) p<0.00). 

Treatment decisions and outcome 

In 113 (52%) of 217 positive PUAT cases, patients received TT during admission, in 75 
(35%) cases TT was based on the PUAT result. In 195 (90%) cases the PUAT was ordered 
on the first or second day of admission, with some even as late as admission day ten. In 
79 (36%) cases test results were not available on the day the test was requested; 74 (34%) 
results were available one day after the test was requested, three (1%) two days after and 
two (1%) three days after. The median time between test results becoming available and 
TT, which consisted of penicillin (n=35) or amoxicillin (n=40) mono-therapy, based on 

Table 1. Baseline characteristics of CAP patients with a positive PUAT (n=217) (cont.)

Total 

217 (100%)

Switch to penicillin based on PUAT

Yes 
75 (35%)

No 
142 (65%)

p-value
(95% CI)

Microbiologic testing

PUAT day b (admission day = day 0) 0 (0-1) 0 (0-1) 0 (0-1) 0.02

Respiratory culture 
positive 

S. pneumoniae 77 (35.5) 29 (38.7) 48 (33.8) 0.48

Other bacterium 89 (41.0) 31 (41.3) 58 (40.8) 0.95

Co-infection 21 (9.7) 8 (10.7) 13 (9.2) 0.72

n (%) or mean (± standard deviation). Missing data were not used in the calculation 
a. As defined in the Fine score 
b. No normal distribution; median and inter quartile ranges (IQR) and result of Mann-Whitney test are 
displayed here 
c. Data on initial treatment were missing in two patients
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the PUAT was one day (IQR 0-2). To explore patient related factors potentially influencing 
the switch to TT based on the PUAT, characteristics of the 75 (35%) patients switched to 
TT based on the PUAT were compared to the remaining 142 (65%) patients (table 1). The 
only factor associated with PUAT based TT was the hospital; in the DH twice as many 
cases received TT (50/109=46%) as compared to the UMCU (25/108=23%, p <0.00).

Data on outcome were available for all cases. The median duration of admission was 
eight days (IQR 5-16). Fifty-four cases (25%) were (partially) treated on the intensive care 
unit (ICU) with a median duration of stay of seven days (IQR 2-15). In 55 (25%) cases, 
patients visited the outpatient clinic after discharge due to respiratory tract pathology 
and six (3%) were re-admitted within 30 days after admission for this reason. All 19 (9%) 
deaths were caused by respiratory tract pathology. 

Cost analysis of targeted antibiotic treatment

The aforementioned treatment decisions resulted in an estimated reduction of broad 
spectrum treatment during 293 admission days (94 in the UMCU and 199 in the DH). 

Table 2. Microbiologic testing and results in CAP patients with a  positive PUAT (n=217)

Technique
Pathogen

Blood culture Sputum culture Lower respiratory tract 
specimens a

Upper respiratory 
tract specimens b  

Streptococcus pneumoniae 51 32 7 1

Other Streptococci 1 5 1

Haemophilus influenzae 6

Staphylococcus Aureus 15 7 3

Mycoplasma pneumoniae 1

Pseudomonas aeruginosa 5 1 4

Klebsiella pneumoniae 1 7 1

Proteus mirabilis 4 2

Enterobacteriaceae 2 9 2 5 

Chlamydia pneumoniae 3

Influenza virus 6

Other virus 2 5 10

Other 1 17 6 9

All displayed pathogens were scored once per technique per admission 
All mycosis were considered to be contaminants. Pathogens reported to be <10 (UMCU) or <15 (DH) were not 
reported 
a. Broncheo-alveolar lavage or bronchus secrete 
b. Throat swab, nose swab or sinus secrete
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Therefore, seven to 12 tests were needed per TT day including test for CAP only and all 
test respectively (1907/293 and 3479/293). Cumulative cost for performing the PUAT for 
CAP were €43.613,- (€22,87 per test x 1907 tests). The cumulative savings due to cheaper 
TT were €5090,-. The cost of one targeted treatment day gained was €131- ((€43.613- 
€5090)/293 days) (appendix I). This amount varied between the two hospitals (UMCU 
€257,- DH €72,-). Including handling costs for the preparation and administration of 
antibiotics led to a modest cost decrease from €131,- to €126,- per TT day (i.e. handling 
cost per parental dose previously reported and corrected for inflation).12 In line with our 
assumption, other factors that might influence costs, like length of stay or the number 
of other microbiologic tests performed, did not differ between the TT group and the 
remaining cases. Notably, PUAT cost were €20,- per CAP case and €514 ,- per case receiv-
ing TT as a result of the test. 

The sensitivity analysis showed that the lower limit and upper limit of the cost estima-
tion were €13,- and €477,- respectively, per day on which TT could be provided (table 3). 
A cost neutral case could be achieved by increasing the percentage of TT after a positive 
PUAT (e.g. influencing prescription behaviour). In addition, other variables such as the 

Table 3. Cost calculations and sensitivity analysis

  Base Case Best Case Worst case Cost neutral case

Variables

Laboratory costs of PUAT (€) 22,87 22,87 44,32 22,87

Positive PUATs (%) 11,38 33,0013 11,38 30,00

Cases with TT based on PUAT (%) 34,56 46,00 a 23,00 a 80,00

Mean Days of TT per case with benefit 3,91 4,35 3,46 4,35

Mean cost difference of ET vs TT per day 17,37 22,02 12,73 22,02

Outcome

Total laboratory costs 43613 43613 84518 43613

Savings antimicrobial costs 5090 27729 2198 43840

Total days with benefit 293 1259 173 1991

Cost / case with PUAT for CAP 20 8 43 0

Cost / case with benefit 514 55 1649 0

Cost / day TT 131 13 477 0

All costs are presented in Euro’s and based on 2012 tariffs 
PUAT Pneumococcal Urinary Antigen Test 
ET Empirical Treatment 
TT Targeted Treatment 
a. Based on the difference in % TT between secondary and tertiary hospital in this study
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percentage of positive test results could be higher, for instance by testing in subgroups 
with a higher a priori chance of S. Pneumoniae.

The secondary analysis including all PUATs showed cumulative testing cost of €79.565,- 
(€22,87 per test x 3479 tests) and €254,- per targeted treatment day (€79.565 - €5090)/293 
days). This amount differed per hospital (UMCU €522,- DH €128,-). An explicit analysis 
of handling costs was not performed, as the small difference observed in the primary 
analysis is even less relevant when overall costs are higher. In this analysis, PUAT cost 
were €39,- per CAP case and €993,- per case receiving TT as a result of the test. Sensitiv-
ity analysis showed that the lower and upper limit were €41,- and €880,- per TT day 
respectively.

DISCUSSION

In 35% of cases, a positive pneumococcal urinary antigen test (PUAT) led to targeted 
treatment (TT) with penicillin in hospitalised patients with community-acquired pneu-
monia (CAP). Due to the PUAT, TT could be provided during 293 cumulative admission 
days at the cost of €131,- per day including testing costs for CAP only. Including all tests, 
these costs rose to €254,-. A positive PUAT led to TT more frequently in secondary care 
as opposed to tertiary care. 

Strengths of this study comprise that we provided an overview of PUAT based costs and 
treatment choices in daily practice by including all positive results since the introduction 
of the test both in a secondary and a tertiary care hospital. We evaluated the economic 
consequences of PUAT implementation for CAP with and without the inclusion of costs 
for tests used off indication. We identified CAP cases based on the physician’s diagnosis 
instead of using predefined objective criteria, because this resembles clinical practice 
optimally. Therefore we feel that this study led to an adequate analysis of the economic 
treatment consequences of PUAT implementation.

However, the cost and benefits presented in this study only partially reflect the true 
effect of PUAT implementation in practice. The PUAT was applied as an addition to the 
diagnostic arsenal of physicians treating hospitalised CAP patients and might thereby 
have more extensive benefits than solely guiding antibiotic therapy. Possibly, positive 
PUAT results led to a decrease in the use of other microbiologic tests, a shorter duration 
of hospital stay or even a decrease in mortality due to the microbiological diagnosis 
early in the hospital admission. This would substantially alter the economic evaluation 
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presented in this study. Only a large randomised controlled trail could possibly clarify 
this issue, although, with the low incidence of positive PUAT results, a very large study 
population would be needed. 

Another downside of the retrospective study design is that we could not further eluci-
date why physicians choose to switch to TT in some cases, while they continue broad 
spectrum antibiotics in others, because these causal relations cannot be extracted from 
these data. This is mainly caused by the potential influence of prescription bias; physi-
cians might have been reluctant to switch to TT based on the PUAT in patients with an 
unfavourable clinical course of disease. Despite this limitation, we attempted to create 
insight in the physician’s motivation to switch to TT by comparing patients that were 
switched to TT based on the PUAT to those who were not, in univariable analysis. As 
45% of tests were requested for other conditions than CAP, it would be informative to 
know the reasons for this additional use of the test. Due to the retrospective nature of 
this study, this remains speculative. Possibly, physicians apply the test as soon as they 
suspect pneumonia, unaware of the fact that test properties are different in non-CAP 
patients. Further research on PUAT use in these patients and its consequences may 
elucidate the potential benefits of PUAT application in conditions other than CAP.

The percentage of patients switched to TT based on a positive PUAT found in compa-
rable prospective studies in tertiary care (11% to 38%) was comparable to the propor-
tion of 23% found in the university hospital of our study.13,16 Matta et al. (n=58) stated 
that a positive PUAT result led to an increase in targeted treatment with amoxicillin (7% 
vs. 45% p<0,01).13 Contrastingly, Weatherall et al. (n=9) found no increase in targeted 
treatment.16 The design of these studies might have influenced prescription behaviour. 
For example, all physicians were actively informed about the test result after requesting 
PUAT, probably leading to an increase in TT.13 There are currently no studies adequately 
addressing the safety of early de-escalation to TT based on a positive PUAT, especially in 
severely ill patients or those with suspected co-infections. Our study was not designed 
to evaluate this aspect, but did raise questions on this matter; many patients had co-
infections and an early switch to penicillin, in patients with a positive blood culture 
for gram negative bacilli for example, may be inadequate. This aspect needs further 
clarification using a suitable research design.

A cost analysis of PUAT usage was performed in two other studies. A randomised 
controlled trial, showed that targeted treatment based on PUAT would cost an addi-
tional €40 per patient as compared to a patients receiving empirical treatment (no PUAT 
performed).17 Previously, it was calculated that theoretically, if all positive PUATs would 



82 Chapter 4 

lead to targeted treatment, costs would increase with approximately €9,- per patient 
for amoxicillin and €20,- for penicillin.12 We now present actual direct costs in clinical 
practice, showing the difference in costs and effects of the PUAT between tertiary and 
secondary care. 

During our study, antibiotic treatment might have been influenced by two prospective 
studies running between 2005 and 2011.18,19 During part of these studies, treatment 
with antibiotics with anaerobic coverage (e.g. penicillin, amoxicillin) in the intensive 
care unit (ICU) was discouraged. Six patients (3%) from this population were admitted 
to the ICU during these studies, five of whom did not receive TT. An additional study 
required CAP patients to undergo a PUAT in the emergency room.20 Performing PUAT in 
the emergency room leads to results which are available early in the treatment process 
and may lead to an early switch to TT, while admission and inclusion in a study after 
several days of admission may lead to the opposite result.

While patient factors may influence the physicians’ tendency to act on the PUAT result, 
the timing of the test inevitably influences the timing of a potential switch to TT. The 
main advantage of the PUAT is that a positive result enables an early switch to targeted 
treatment with penicillin. Inefficient test use by physicians (e.g. performing the test 
twice, after culture results are available or performing the test without the intention to 
adjust treatment) combined with organisational factors (e.g. delay in sample process-
ing) probable lead to unnecessary health care costs. 

Lastly, the observed use of the test for conditions other than CAP in this study contrasts 
with the limited known benefits of the testing. Currently there are no large, well de-
signed studies showing clinical benefits of PUAT use, in CAP or other conditions, such as 
decreased mortality or length of hospital stay. Theoretically, future savings in health care 
costs due to reduced antibiotic resistance might make the PUAT profitable. However, 
the effect of a decrease in broad spectrum antibiotic treatment on future antibiotic 
resistance is hard to estimate, as are the cost savings associated with reduced antibiotic 
resistance. Moreover, ecological benefits of current PUAT use are limited at the least; 
during our study PUAT was performed in 3479 cases receiving an estimated 24.353 days 
(7 days/case) of antibiotics, of which only 293 (1%) were targeted due to the PUAT. 

In conclusion, more selective use of the urinary antigen test for S. pneumoniae in hos-
pitalised patients with community-acquired pneumonia, for example only in patients 
in whom the physician intends to switch if the PUAT is positive, may lead to increased 
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(cost-) efficiency. Only a large randomised controlled trail could show the effect of such 
an approach on health care costs and patient outcome.
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Appendix I. Cost calculation

CPUAT/DAY = (NPUAT * CPUAT - ∆CET-TT * DTT) / DTT

Variable Explanation Value

NPUAT Total number of positive and negative PUATs performed in CAP patients. The number 
of CAP patients in the negative PUAT group was estimated using a 10% random 
sample.

1907

CPUAT Cost per PUAT including hospital cost (€20,09) and specialist fees (€2,78). €22,87

∆CET-TT The mean difference of the cost of empirical treatment versus TT calculated for our 
study population per day. Calculated by the cumulative savings of all cases with 
benefit of the PUAT, divided by the number of cases with benefit.

€17,37

DTT Cumulative number of days in which TT is administered instead of empirical treatment 
due to a positive PUAT. Days are counted from the start of TT until culture results are 
available or if cultures are negative until seven days after admission.

293

CPUAT/DAY The final outcome: cost per day gained targeted treatment 131

PUAT  Pneumococcal Urinary Antigen Test 
CAP Community-Acquired Pneumonia 
TT Targeted Treatment
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ABSTRACT

Background 

A positive urinary antigen test for Legionella spp. (LUAT) allows an early switch from 
empiric to targeted treatment (TT) in hospitalised patients with community-acquired 
pneumonia (CAP). However, costs and treatment consequences of this frequently used 
test are unknown. 

Methods 

We retrospectively evaluated LUATs performed from 2005 up to and including 2011 in 
two teaching hospitals. All tests performed in hospitalised CAP patients were used in the 
economic evaluation and positive tests were included in the treatment evaluation. Data 
on patient characteristics, admission and outcome were retrieved from the patients’ file. 
The number of days gained by making a rapid aetiological diagnosis, the number of 
days TT could be provided and costs were calculated.

Results 

Of 4485 LUATs, 2504 (56%) were performed for CAP including 55 (2%) positive tests 
(€1041,- per positive test). In 26 (60%) of the 43 included positive tests, LUAT was the 
only test detecting Legionella spp. Subsequent earlier targeted treatment was possible 
in the remaining cases during 209 cumulative admission days (€274,- per TT day). LUAT 
led to detection of Legionella spp. 13 days earlier per case (€203,- per day) as compared 
to culture or serology tests alone.

Conclusion 

Timely use of LUAT in accordance with current guidelines allows early detection and 
treatment of CAP caused by Legionella spp. However costs are considerable. 
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INTRODUCTION

Legionella species (spp.) make up one to eight percent of the detected causes of 
community-acquired pneumonia (CAP) in hospitalised patients in the Netherlands.1 
CAP is considered a serious infection, with a mortality rate of 10-30% in hospitalised 
CAP patients and up to 50% in patients admitted to the intensive care unit.2-5 Empirical 
treatment including coverage of Legionella spp. is often recommended for CAP patients 
with severe disease6,7 or those with risk factors for Legionella pneumonia.8 Early detec-
tion of Legionella spp. allows timely notification of public health services and a switch 
from broad spectrum antibiotics to targeted treatment (TT) in individual patients and 
may therefore lead to a reduced pressure on the development of antibiotic resistance. 

For CAP patients, a reliable prediction of the causative micro-organism is not possible 
solely based on clinical presentation, laboratory data or radiological findings. Microbio-
logic testing is indispensable to establish an aetiological diagnosis.9,10 Cultures for Legio-
nella spp. take at least seven days and generally yield no result in up to 46% of cases.1 
The Legionella urinary antigen test (LUAT) is a rapid test that has shown high specificity 
and modest sensitivity in the detection of Legionella spp. serogroup one. It is also often 
the only indicator of Legionella infection.11 International guidelines advice LUA testing 
for all CAP patients with severe disease and/or risk factors (e.g. recent travelling, during 
outbreaks of Legionnaires disease or treatment failure on beta-lactam antibiotics).6,7 The 
2012 Dutch guidelines advise the LUAT for all hospitalised CAP patients within 12 hours 
of admission.1 

As with all diagnostic tests, the clinical consequences of the LUAT depend on its applica-
tion in clinical practice. In case of a positive LUAT result, patient factors (e.g. co-morbidi-
ties) or physician factors (e.g. reluctance to stop beta-lactam treatment or unawareness 
of guideline advice) may impede a switch to targeted treatment.12 To date, it is unknown 
to what extent current use of the LUAT leads to timely detection of Legionella spp. and 
whether physicians switch to TT based on positive results. We assessed the diagnostic, 
therapeutic and financial consequences of the current use of the LUAT in hospitalised 
CAP patients. 
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METHODS

Design and setting 

A retrospective cohort study was performed in two Dutch teaching hospitals in the city 
of Utrecht; the University Medical Centre Utrecht, a tertiary care hospital (UMCU,1042 
beds) and the Diakonessen Hospital, a secondary care hospital (DH, 627 beds). Clinical 
consequences of LUATs performed in CAP patients between the introduction of the test 
in 2005 and 30 September 2011 were evaluated.

 

 

 

 
 

 

    
 

 
 

Figure 1. Flowchart
a. Based on a random sample of 10% of patients with a negative LUAT, using SPSS
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Tests

Tests performed in adult patients hospitalised with CAP were eligible for inclusion. CAP 
was defined as the physicians’ diagnosis being pneumonia as stated in admission and 
discharge letters in cases that did not fit the criteria for hospital-acquired pneumonia 
or health-care associated pneumonia as defined by the American Thoracic Society.13 
Tests were considered ineligible for analysis if they were not performed for CAP, were 
performed in children (i.e. patients <18 years of age), were test runs or had intermediate 
results. In the economic evaluation all tests in CAP patients with positive and negative 
results were used. For the analysis of diagnostic and therapeutic consequences of a posi-
tive LUAT, we excluded tests if the outcome was negative. We excluded positive tests as 
well if recording of clinical data was insufficient to evaluate the primary outcome (i.e. 
patient was not traceable or there were no treatment data), if patients were transferred 
to or from another hospital and if patients had visited the emergency room without 
being admitted. If a test was performed twice within one week, the second test was 
excluded. The latter exclusion criteria were assumed to be non-differential (e.g. not lead-
ing to selection bias). 

Materials and methods

In both hospitals the imunnochromatographic assay (BinaxNOW® Portland, Maine, USA) 
was used, in accordance with the manufacturer’s guidelines, which provides results 
within 15 minutes. This test has shown high specificity (0.99) and modest sensitivity 
(0.74) for the detection of L. pneumophilia serogroup one, a subtype responsible for 85% 
to 90% of pneumonia cases caused by Legionella spp.14-16 The sensitivity of this test is 
slightly lower during the first days of infection and in mild pneumonia and higher in 
severe pneumonia.17,18 

During this study, local CAP protocol in the participating centres dictated LUAT use in 
a slightly different subset of patients. The UMCU protocol advocated, according to the 
national 2005 protocol8, LUAT use in CAP patients with moderate-severe disease (i.e. 
Pneumonia Severity Index (PSI/Fine score) ≥3 or confusion-urea-respiratory rate-blood 
pressure-age score (CURB-65) of ≥2).19,20 In the DH the test is advised in CAP patients 
with a CURB-65 score of three or higher.

A list of all LUATs performed during the study period was extracted from the microbiol-
ogy department’s electronic database (General Laboratory Information Management 
System (GLIMS) 2008 UMCU and SERIMBA 1.8.0.1 DH) and provided to our research 
group. For all included tests the following clinical patient data were retrieved from the 
electronic patients file: demographics, co-morbidities, severity scores on admission 
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(CURB-65 score, Fine score), admission data (length of hospital stay, intensive care ad-
mission), details on antibiotic treatment, microbiologic testing (cultures, serology) and 
data on clinical outcome (outpatient post visits, readmission and mortality within 30 
days of admission). In line with clinical practice, severity scores were calculated with the 
available data only. 

Table 1. Baseline characteristics of CAP patients with a positive LUAT (n=43)

Characteristics Frequency a

Age 59  (±13)

Female 16 (37)

Comorbidity 
  

≥1 15 (35)

Malignancy b 0 (0)

Liver disease b 0 (0)

Congestive heart failure b 6 (14)

Cerebrovascular disease b 4 (9)

Kidney disease b 2 (5)

Lung disease 7 (16)

Pneumonia severity c

CURB-65 Median 1 (1-2)

>2 6 (14)

Fine score Median 80 (63-104)

Risk class IV 11 (26)

Risk class V 5 (12)

Initial  antibiotic treatment Beta-lactam 12 (28)

Fluoroquinolone 7 (16)

Beta-lactam + Fluoroquinolone 15 (35)

Beta-lactam + macrolide 8 (19)

Other 1 (2)

Culture positive for Legionella 17 (40)

Co-infection 4 (9)

Admitted to UMCU 10 (23)

a. n (%), mean (±standard deviation) or  median (inter quartile range), all statistical analyses were performed using 
SPSS version 15.0 
b. As defined in the Fine score 
c. Severity scores were calculated with the available data only
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Data analysis and outcome

The primary outcome measure was the diagnostic yield of the LUAT which was expressed 
as the additional L. pneumophilia spp. cases detected by adding the LUAT to regular mi-
crobiologic tests (i.e. blood cultures, sputum cultures and cultures of other respiratory 
tract samples and, only in the UMCU, serology). The number of days gained by making 
a rapid aetiological diagnosis by detection with the LUAT as opposed to the delayed 
detection using cultures was calculated as well. Results of microbiologic testing were 
considered to be available to treating physician as soon as the results were recorded 
in the electronic patients file or when the physician was informed about the definite 
results by phone as recorded in the microbiology consult registration. ‘Diagnostic delay’ 
was expressed as the number of days between admission and LUAT application and as 
the number of days between LUAT application and the test result.

Secondary outcomes included the number of cases switched to TT based on the posi-
tive LUAT and the number of days TT was provided instead of empirical therapy due to 
the test. TT was defined as targeted antibiotic treatment of L. pneumophilia (i.e. fluoro-
quinolone (ciprofloxacin, moxifloxacin, levofloxacin), azitromycin or erythromycin not 
combined with empiric treatment) in accordance with (inter-) national guidelines.7,21 In 
order to determine if the TT was applied based on the positive LUAT, the timing of the 
initiation of the TT was related to the timing of the test. If TT was initiated after perform-

Table 2. Microbiologic testing and results in CAP patients with a positive LUAT (n=43)

Technique
Pathogen

Sputum culture Lower respiratory  
tract specimens a 

Upper respiratory  
tract specimens b

Serum 

Legionella pneumophila 7 6 4

Staphylococcus aureus 1 c, 1 d 1 d

Pseudomonas fluorescens 1 d

Acinobacter baumannii 1 d

Aspergillus species 1 d

Candida species 1 c

Influenza virus 2 c

Other virus 1 c, 2 d 2 c

All displayed pathogens were scored once per technique per admission. All mycosis were considered to be 
contaminants unless they were identified through broncheo-alveolar lavage. Pathogens reported to be <10 
(UMCU) or <15 (DH) were not reported  
a. Broncheo-alveolar lavage or bronchus secrete 
b. Throat swab, nose swab or sinus secrete 
c. Specimen taken within 48 hours of admission 
d. Specimen taken after 48 hours of admission
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ing the LUAT and cultures yielded no results or if TT was initiated after performing the 
LUAT but before culture results were available, it was assumed that a switch to TT was 
based on the positive LUAT. The number of days on which the use of empirical therapy 
was withheld was determined in each case receiving TT based on the LUAT. The days on 
which TT was administered were counted until the end of a standard course of empirical 
treatment (i.e. admission day 10) or until cultures grew L. pneumophilia. In the analysis 
we corrected numbers if the TT was halted before one of those endpoints. ‘Treatment 
delay’ was expressed as the number of days between LUAT result and start of TT.

Cost calculation

We evaluated the costs of performing the LUAT in terms of cost per positive result 
(C*N(LUAT)/N(positive LUAT)), costs for every extra diagnosed case (C*N(LUAT)/N(extra 
diagnosed cases)), costs per day TT could be administered (C*N(LUAT)/N(TT days)) and 
costs per day public health care services could be informed earlier as opposed to regular 
microbiologic testing (C*N(LUAT)/N(days gained by early detection)). Direct health care 
cost were calculated from a hospital perspective using 2012 national tariffs (in euros) in 
order to achieve a high inter-hospital comparability. Final amounts were rounded off to 
whole euros (exchange rate: €1,- is US$ 1,30, May 2012) 

RESULTS

Between 2005 and September 2011, 4485 LUATs were performed in both hospitals. 
Overall, 56% (2504/4485) of all LUATs were performed for CAP, 55 (2%) of these tests 
yielded a positive result (figure 1). The remaining 1981 (44%) tests were ineligible for 
analysis. If the test indication was not CAP, the LUAT was performed for conditions such 
as health care associated pneumonia or fever with unknown origin in case of blood 
malignancy. Twelve (22%) of these 55 tests were excluded because they were performed 
twice in the same patient within one week (3), recording of clinical data was insufficient 
(4), the admission was after a CAP episode (2), the patient was transferred to another 
hospital (2) or visited the emergency room without being admitted (1). This left 43 cases 
(i.e. unique patients) for detailed analysis of treatment decisions.

Patient characteristics and outcome

The mean age was 59 years (standard deviation (SD)13) and there were less women 
(n=16 37%) then men (table 1). Fifteen patients (35%) had ≥1 co-morbidities; the most 
frequent co-morbidities were lung disease (n=7 16%) and congestive heart failure (n=6 
14%). The median Fine score on admission was 80 (inter quartile range (IQR) 63-104) and 
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the median CURB-65 score was 1 (IQR 1-2). In 15 cases (35%) initial antibiotic treatment 
was a combination of a beta-lactam antibiotic with a fluoroquinolone (table 1). Data 
on age, sex, co morbidity, microbiologic testing (table 2) and patient outcome were 
complete for all cases. In 22 (51%) cases severity scores were calculated while one or 
more variables were missing. 

Data on patient outcome were available for all cases. In four cases (9%), patients had a 
co-infection during admission that needed antibiotic treatment. In eight cases (19%, 4 
of which within 48 hours of admission) a second pathogen besides Legionella spp. was 
detected through microbiologic testing of respiratory material. The median duration of 
admission was eight days (IQR 6-20). In 16 cases (37%) patients were (partially) treated 
on the ICU with a median duration of stay of 11 days (IQR 5-23). Fifteen (35%) patients 
visited the outpatient clinic after discharge and two (5%) were readmitted within 30 
days after admission due to respiratory tract pathology. In one case, the patient died 
during follow-up due to respiratory tract pathology. 

Diagnostic consequences

Fifty-five (2%) of all 2504 tests performed for CAP yielded a positive result. Therefore, the 
number needed to test to detect one case of Legionella spp. was 46 (UMCU 84, DH 31). 
In 26 (60%) of these cases, LUAT was the only microbiologic test that detected Legionella 
spp. In the remaining 17 (40%) cases detected through cultures and/or serologic testing 
in addition to the LUAT, 282 cumulative days were gained by rapid detection with the 
LUAT as opposed to detection using cultures or serologic testing (median 13 IQR 9-21 
for these 17 cases). In one case Legionella spp. was detected through serologic testing 
(i.e. seroconversion IgG) 54 days after admission. There was no diagnostic delay (≤1 day) 
resulting from the timing or processing of the LUAT in 88% (n=38/43) and 98% (n=42/43) 
of cases respectively. Overall, in 84% (n=36/43) of cases, the diagnosis was not delayed 
(i.e. LUAT result available on first or second admission day).

Therapeutic consequences 

Thirty-six (84%) of the 43 cases were treated with TT for Legionella spp. Two cases were 
excluded from further analysis because the culture for Legionella spp. became positive 
simultaneously with the LUAT (n=1) or TT was administered before positive LUAT result 
became available to the physician (n=1). In the 34 remaining cases the LUAT led to TT; 
in 21 of these cases cultures were negative for Legionella spp. and TT was administered 
after LUAT. In the 13 remaining cases TT was administered after the LUAT but before 
positive culture results. Due to the LUAT, TT was administered during 209 cumulative 
admission days in the aforementioned 34 cases, with a median duration of six days (IQR 
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5-9) per case. The median time between the LUAT result and the administration of TT 
(i.e. therapeutic delay) was one day (IQR 0-2). Our sample contained two negative LUATs, 
in these cases Legionella spp. was detected through cultures and/or serologic testsing.

Patient groups for which a switch to TT (i.e. no combination or empirical therapy) may 
be impeded are patients with lung pathology (e.g. COPD patients potentially colonized 
with P. aeruginosa), patients admitted to the intensive care unit (ICU), patients with a 
second infection or a second pathogen isolated from respiratory samples. For these 
patient groups we evaluated if they received fewer days of TT as compared to the re-
maining patients. Surprisingly, patients with lung pathology received TT during more 
days than the remaining patients (median 9 IQR 7-10 vs. 6 IQR 5-8 p=0.05). Patients 
admitted to the ICU (median 7 IQR 5-9 vs. remaining patients 6 IQR 5-9 p=0.48), with a 
second infection (median 6 IQR 3-9 vs. remaining patients 6 IQR 5-9 p=0.77) and those 
with a second bacterium cultured from respiratory tract samples (median 5 IQR 2-9 vs. 
remaining patients 6 IQR 5-9 p=0.26) did not receive less days of TT as compared to the 
remaining patients.

Costs

Cumulative costs of performing the LUAT for CAP were €57.267,- (€22,87 per test*2504 
test). Cost per positive result were €1041,- (€57.267/55) and €2203,- (€57.267/26) per ex-
tra diagnosed case. Costs per day TT could be administered were €274,- (€57.267/209). 
The cost per day public health care services could be informed more timely as opposed 
to regular microbiologic testing was €203,- (€57.267/282). 

DISCUSSION

We showed that only two percent of all Legionella urinary antigen tests (LUATs) per-
formed in hospitalised patients with community-acquired pneumonia (CAP) were posi-
tive at the expense of €2203,- per identified case. In 60% of these cases, the LUAT was the 
only test showing Legionella spp. Benefits of positive test results were timely detection 
of Legionella pneumonia, on average 13 days earlier as compared to culture or serology 
and subsequent targeted treatment of individual patients during 209 cumulative admis-
sion days. 

The major strength of this study is that it provides a complete overview of benefits and 
costs of current LUAT implementation in secondary as well as tertiary care. Because the 
main purpose was to evaluate physicians’ treatment decisions, we identified CAP cases 
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based on the physician’s diagnosis instead of using predefined objective criteria. Only 
the effect of positive LUAT results was evaluated because it is unlikely that negative LUAT 
results influence patient management. False negative LUAT results are rare: our sample 
contained two false negative results in CAP patients. Additionally, national guidelines 
advice continuous antibiotic coverage of Legionella spp. in case of a negative LUAT in 
CAP patients with severe disease, because it does not rule out Legionella pneumonia.1 In 
daily clinical practice however antibiotic coverage for Legionella spp. is frequently halted 
in case of a negative LUAT result in CAP patients with moderately severe disease. 

The cost and benefits presented in this study only partially reflect the true effect of LUAT 
implementation in practice. The LUAT was added to the diagnostic arsenal of physicians 
treating hospitalised CAP patients and might have more extensive benefits than solely 
guiding antibiotic therapy. The early aetiological diagnosis obtained through positive 
LUAT results may have led to a decrease in the use of other microbiologic tests, a shorter 
duration of hospital stay or even a decrease in mortality due. The economic and public 
health value of timely detection of Legionella spp. is also hard to assess. These factors 
would substantially alter the analysis of costs presented in this study. Only a large 
randomised controlled trial could possible clarify this issue, although, with the low 
incidence of positive LUAT results, a very large study population would be needed. 

Due to the low incidence of Legionella pneumonia (1-8%1) only 55 tests were positive 
during the seven-year inclusion period of this study. The low number of included tests 
impeded analysis of the effect of the different approaches in the two participating 
hospitals. Still, our data showed that the protocol dictating the use of the LUAT in all 
admitted CAP cases (UMCU) led to a number needed to test (NNT) of 84 as opposed to 
31 when testing hospitalised patients with severe CAP only.

Several other studies have evaluated the clinical use of the LUAT. Two mono-center, 
retrospective cohort studies showed that a positive LUAT led to adequate treatment 
alterations in 22-60% of cases with the NNT ranging from 34 to 128.11, 22 In this study a 
higher percentage of 84% adequate treatment changes was found and a comparable 
NNT of 46. As in our study, a low number of positive tests was included (9-27), therefore 
no definite conclusions can be drawn from these data. Dionne et al. calculated the costs 
per positive test result, including materials and supplies, of €4439,-, much more costly 
than the €1041,- we found in our study.22 A recent randomized controlled trial evaluated 
if therapy based on the LUAT result as compared to empirical therapy effected patient 
outcome and health care costs.23 No substantial benefits of LUAT based therapy were 
identified in the 177 randomized CAP patients. Contrastingly, a study on the effect of 
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timely targeted treatment including 141 hospitalised patients with Legionella pneumo-
nia (based on a positive LUAT, positive cultures and/or serologic testing), showed that 
ICU-free survival was higher if patients were treated adequately within 24 hours after 
admission.24

Policymakers have essentially three choices when it comes to LUAT use: non-restricted 
use (i.e. using only guideline advice to regulate LUAT use), restricted use to moderate-
severe CAP patients only (for example through requiring pre-authorisation) or not using 
the test at all. Effects on health care costs (i.e. average annual expenditure of €2664,- per 
hospital) and antibiotic treatment of the first approach are described in this paper. The 
second approach would lead to a reduced NNT and inherently to a lower number of 
Legionella cases identified. Of the 26 patients in this two centre study in whom LUAT 
was the only test showing Legionella spp., 13 (50%) did not fit the national guideline 
criteria for moderate-severe pneumonia (Fine score ≥3 or CURB-65 ≥2). With an annual 
admission rate of moderate-severe CAP in the Utrecht region of approximately 72 per 
hospital25, costs for restricted use of the test would add up to €1647,- per centre annu-
ally (72*€22,87). Finally, the most economic approach is to discard the LUAT completely. 
Combining this approach with standard empirical treatment which covers Legionella 
spp. (i.e. beta-lactam combined with macrolide or fluorochinolone monotherapy) would 
warrant in individual patients’ safety. However, timely notification of public health care 
services in case of an outbreak would be impeded, less cases of Legionella pneumonia 
would be identified and the therapeutic benefits of the test as described in earlier would 
be completely lost.

In conclusion, timely LUAT use in accordance with current guidelines allows early de-
tection and treatment of CAP caused by Legionella spp. at considerable expense. Policy 
makers should consider test implementation using the benefits and costs described in 
this paper. Based on the data presented, we advice restricted timely LUAT use in ac-
cordance with current national guidelines only. Future research should be aimed at 
evaluating economic and therapeutic consequences of such a strategy. 
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ABSTRACT

Background 

In patients hospitalised with community-acquired pneumonia (CAP), an early switch 
strategy (from intravenous (IV) to oral antibiotics) in clinically stable patients is safe and 
cost-efficient. We aim to evaluate the use of this guideline based strategy and which 
factors influence the timing of the switch. 

Methods 

In a multi-centre prospective cohort study, adult patients admitted for IV treatment of 
CAP were included. On day three of antibiotic treatment, clinical stability was assessed 
using objective parameters and treating residents were interviewed on their switch 
strategies. Additionally, treating physicians were interviewed to evaluate their knowl-
edge of and adherence to guideline advice. 

Results 

Of 162 patients, 13 (8%) were excluded, leaving 149 for analysis. Out of 107, 97 (91%) 
physicians were interviewed. A switch to oral antibiotics was possible in 68/149 (46%) 
patients on day three of treatment, but not performed in 27/68 (40%). Patient factors de-
laying the switch were high CURB-score (on admission) (p=0.04) and oxygen treatment 
(p=0.04), high temperature (p=0.00) and high respiration rate (p=0.04) on day three. 
Physicians’ clinical experience was not related to the duration of IV therapy. Physicians’ 
barriers to an early switch in clinically stable patients included misconceptions (26/47, 
55%), practical considerations (13/47, 28%) and organisational factors (8/47, 17%). Strik-
ingly, 91/97 (94%) physicians were not aware of guideline advice. 

Conclusion 

The switch from IV to oral antibiotics is often unnecessary delayed in patients hospital-
ised with CAP. A tailored intervention, aimed at the identified barriers, is likely to reduce 
the duration of IV treatment and increase cost-efficiency.
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INTRODUCTION

Community-acquired pneumonia (CAP) is the leading cause of death from infectious 
diseases and a substantial burden on healthcare resources in western countries.1 
Hospital admission is usually required because of intravenous antibiotic treatment, 
which ensures optimal tissue penetration. Intravenous therapy is often continued until 
patients have definitely overcome the infection.2 A recent meta-analysis showed that 
an early switch to oral therapy in clinically stable patients on day two to four of hospital 
admission, as opposed to prolonged intravenous treatment, resulted in an estimated 
decrease of length of hospital stay of 3.4 days and less medication side effects.2 The 
treatment effect, the number of recurrent infections and mortality were comparable. 
Even in severe forms of CAP an early switch strategy is usually possible on day three of 
admission.3 Large scale implementation of early switch strategies would lead to a sub-
stantial reduction in health care costs.3,4 Therefore, (inter-)national guidelines advocate 
an early switch to oral treatment for hospitalized CAP patients.1,5,6 

Despite its obvious and proven benefits, an early switch to oral therapy has not been 
implemented in routine clinical practice for all admitted CAP patients to date. It has 
been shown that health care staff experience barriers towards implementation of an 
early switch strategy in lower respiratory tract infections due to several factors including 
a perceived lack of clear guideline recommendations and a lack of outcome expec-
tancy.7,8 The level of adherence to an early switch strategy (i.e. patients being switched 
to oral agents as soon as clinical stability is reached) in CAP is 58% on average, but var-
ies greatly between different hospitals (22-94%).9 This suggests considerable room for 
improvement of the adherence to an early switch strategy.

Merely publishing results of randomized controlled trials and issuing of guidelines 
seems to be insufficient for implementation of an early switch strategy in daily prac-
tice.10 Generally, implementation strategies are ideally preceded by a proper analysis 
of barriers to implementation on different levels.11-13 Therefore, we aimed to evaluate 
whether physicians base the conversion to oral treatment on guideline advice; what 
patient and physician characteristics influence the timing of the switch to oral treat-
ment; and whether physicians perceive barriers to an early switch strategy. Identification 
of these barriers may form the basis of a targeted implementation strategy.
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METHODS

Design and setting

In a prospective, observational, multi-centre study, we evaluated the timing of the switch 
(e.g. cessation of intravenous antibiotics with or without conversion to oral antibiotics) 
and possible perceived barriers to an early switch strategy in CAP patients admitted 
to internal and pulmonary medicine wards. Two teaching hospitals in the Netherlands 
(Diakonessen hospital in Utrecht, 627 beds and Meander Medical Centre in Amersfoort, 
982 beds) and one university hospital (University Medical Centre Utrecht, 1042 beds) 
participated in the study.

The study protocol was approved by the local medical ethics committees. As the objective of 
this study was to describe physician behaviour and the main measurements were performed 
through physician interviews, obtaining patient informed consent was not required.

Patients and procedures

All consecutive adult patients admitted to one of the participating hospitals for intra-
venous CAP treatment, were eligible for analysis (appendix I). Patients were excluded 
if they were admitted to the intensive care unit before the switch to oral antibiotics 
was made or had a history of cystic fibrosis or lung transplantation, because prolonged 
intravenous treatment is often necessary in these patients. Patients with co-infections 
that needed immediate intravenous antibiotic treatment were excluded because of 
presumed interference with the duration of intravenous therapy.

In each participating centre an investigator identified cases eligible for inclusion by 
screening the admission lists twice weekly and by attending the daily reports where 
new admissions are discussed. Generally, in the Netherlands, CAP patients needing 
hospitalisation are admitted to one of the wards immediately after initial evaluation on 
the emergency department; within eight hours of after presentation. After inclusion, se-
verity scores (the confusion-urea-respiratory rate-blood pressure-age score (CURB-65)14 
and the Pneumonia Severity Index (PSI/Fine score)15) and the antibiotics administered 
were recorded on the day of admission (day 0). As in routine practice, calculation of the 
CURB-65 and Fine score was based on the available data only. At five time points during 
follow up (day 3, 6, 14, 21 and 28 after admission) clinical patient data and the route 
of antibiotic administration (intravenous/orally) were recorded. Clinical stability was 
assessed, defined as: temperature <37.8°C, oxygen saturation >92% without additional 
administration of oxygen, stable blood pressure without the need for saline infusion or 
vasopressive medication, heart rate <100/min, respiratory rate <25/min and absence 
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of mental confusion that arose after the onset of infection.16-18 If patients were able to 
swallow and were free of nausea or vomiting they were marked as ‘able to take oral 
medication’. Parameters not recorded in the medical chart were assumed to be normal. 
Recording of clinical data ceased after a patient was switched to oral antibiotics, was dis-
charged or died. Visits to the outpatient clinic, readmissions and mortality were noted 
retrospectively 28 days after admission.

Physician interviews

Residents or senior students functioning as such, treating included patients on the third 
day of admission were labelled as ‘the treating physician’ and were asked to fill out a 
case specific questionnaire or were interviewed using this questionnaire (appendix II). 
Generally, the resident treating a patient admitted to a ward on a specific time point is 
responsible for that patient during the entire admission. We did not record if a change 
in treating residents occurred during the treatment of one of the including patients 
because in practice this seldom occurs (e.g. when residents rotate after six months on 
a specific ward). Treating physicians were informed about the study purpose in general 
terms, stating that the aim was to record the physicians motivation to choose for oral 
or intravenous antibiotic administration. Physicians were asked if they considered the 
patient to be clinically stable and if they could identify factors that were of influence on 
their choice for oral or intravenous administration of antibiotics. During the interview 
the researcher pointed out that factors can play a role on different levels, such as organi-
sation or patient level, in order to stimulate the physicians to provide complete answers. 
Open ended questions were used, in order to provide the opportunity to identify vari-
ous barriers. Because the residents receive daily supervision by medical specialists, their 
answers were considered a reflection of the specialist’s opinion.

After the inclusion period, senior medical students, residents and supervising medical 
specialists, involved in the treatment of included patients, were invited to participate in a 
semi-structured in depth interview using a physician specific questionnaire (appendix III). 
This interview addressed the physicians’ general knowledge, clinical experience and opin-
ion on the optimal timing of the switch to oral antibiotics in CAP patients. If the provided 
answers seemed incomplete, the physicians were encouraged to elucidate their answers. 
All interviews were executed by the same investigator (ME) in a standardized manner.

Sample size calculation, outcome measurement and data analysis

The primary outcome was the number of patients adequately switched to oral therapy 
on day three of treatment. Based on previous studies, a baseline adherence to an early 
switch therapy in about 58% of cases can be expected.8,9 According to the Wilson’s score 
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interval, a sample size of 140 patients would produce a two-sided 95 confidence interval 
(CI) with a width equal to 0.16 when the sample proportion is 0.58. The size of the study 
population was not suitable for a multilevel analysis; instead physician and hospital 
characteristics were evaluated on the patient level using logistic regression analysis.

Secondary outcomes included the patient and physician factors associated with an early 
switch strategy. Factors possibly associated with continuous intravenous treatment on 
day three were assessed in univariate analysis. Ratio variables were evaluated as such, 
and not per category (e.g. Fine score risk classes) to minimize the loss of information. 
Variables with a p-value <0.05 and with less than 15% missing values were used for 
multivariate analysis using the forward likelihood ratio model. The goodness of fit of 
the model was tested with the Hosmer-Lemeshow test. All statistical analyses were 
performed using SPSS version 15.0.

Remaining secondary outcomes were barriers to an early switch strategy and the optimal time 
to switch in CAP patients in general as perceived by the treating physicians. For these qualita-
tive data, the frequency of specific answers provided during the interviews was calculated by 
counting the number of times a specific answer was provided per case or per physician.

RESULTS

Patient and physician characteristics

Between October 2010 and May 2011, 162 patients admitted to one of the three par-
ticipating hospitals were enrolled. Thirteen (8%) patients were excluded because they 
were transferred to another hospital (1), had missing data (6) or other reasons (6). Of the 
149 included patients, one patient died before day three; this left 148 cases for analysis 
(figure 1). Overall, the mean age was 67 years (standard deviation (SD) 17) and 71 (48%) 
were female. Ninety five patients (64%) had ≥1 co- morbidities; the most frequent 
co-morbidities were pulmonary disease (n=49; 33%) and malignancy (n=18; 12%). The 
mean PSI score on admission was 88 (SD 32) (table 1). All included patients were treated 
on the ward they were initially admitted on for at least three days.

One hundred and seven physicians were involved in the treatment of the 149 included 
cases and invited for a physician specific interview, 97 (91%) were interviewed (figure 
1). Ten (9%) physicians were excluded because they refused to participate (4), were no 
longer working in the hospital (2) or were on long term leave (4). Reasons to refuse par-
ticipation were insufficient time in three cases and unclear in one case. The interviewed 
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physicians consisted of 35 (36%) specialists with 417.5 cumulative years of experience 
as a medical specialist, 53 (55%) residents with 142.5 cumulative years of clinical experi-
ence and nine (9%) senior students. The physicians gained their experience in over 30 
Dutch centres and two foreign hospitals.

Timing of the switch

Overall, intravenous antibiotics were continued for 4.7 days (SD 2.8) and the length 
of hospital stay was 8.2 days (SD 5.5) (table 2). In 68/148 (46%) cases, a switch to oral 
agents was possible based on the predefined clinical criteria (figure 1-2). However, in 

 

 

 
 
 

 

 
 
 

 

 
 

 

 
 
 

  

 

Figure 1. Flowchart
ICU Intensive Care Unit
CF Cystic Fibrosis
IV Intravenous 
a. Clinically stable according to protocol and able to take oral medication
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Table 1. Patient characteristics (n=148)

Total 

148 (100%)

Timing switch

≤ day 3
64 (43%)

> day 3
84 (57%)

p-value 
(95% CI)

Demographic data

Age 67.0 (± 17.3) 65.7 (± 19.3) 68.0 (± 15.6) 0.423 (-7.974-3.364)

Female 71 (48.0) 29 (45.3) 42 (50.0) 0.572

Co-morbidity 

Malignancy a 18 (12.2) 6 (9.4) 12 (14.3) 0.365

Liver disease a 2 (1.4) 1 (1.6) 1 (1.2) 1.000

Congestive heart failure a 17 (11.5) 8 (12.5) 8 (10.7) 0.736

Cerebrovascular disease a 15 (10.1) 6 (9.4) 9 (10.7) 0.789

Kidney disease a 9 (6.1) 6 (9.4) 3 (3.6) 0.143

Pulmonary disease 49 (33.1) 23 (35.9) 26 (31.0) 0.523

Co-morbiditiy ≥1 95 (64.2) 45 (70.3) 50 (59.5) 0.175

Severity scores at presentation b

CURB-65 at presentation 1.5 (± 0.5) 1.4 (± 1.1) 1.8 (± 1.2) 0.046 (-0.759- -0.007) 

CURB-65 >2 34 (23.0) 12 (18.8) 22 (26.2) 0.286

Fine score at presentation 88.4 (± 32.0) 83.5 (± 27.9) 92.2 (± 34.5) 0.101 (119.174-1.714)

Fine score IV 57 (38.5) 27 (42.2) 30 (35.7) 0.423

Fine score V 11 (7.4) 0 11 (13.1) 0.003

Symptoms at presentation

Cough 107 (73.3) 47 (74.6) 60 (72.3) 0.754

Sputum production 63 (45.7) 30 (51.7) 33 (41.3) 0.223

Dyspnoea 112 (78.9) 51 (81.0) 61 (77.2) 0.588

Temperature >38°C or < 36°C 92 (62.2) 39 (60.9) 53 (63.1) 0.789

Pneumonia on auscultation 110 (74.8) 54 (84.4) 56 (67.5) 0.019

Leukocytosis 102 (69.4) 44 (68.8) 58 (69.9) 0.883

CRP > 30 mg/L 133 (89.9) 55 (85.9) 78 (92.9) 0.167

n (%) or mean(± standard deviation) using the Independent-samples T test for ratio variables and the Chi-
quadrate or Fishers exact test for nominal variables 
a. As defined in the Fine score 
b. Missing data were not used in the calculation
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Table 2. Outcome measures (n=148)

Total 

148 (100%)

Timing switch

≤ day 3
64 (43 %)

> day 3
84 (57%)

p-value (95% CI)

Follow up day 3

Clinically stable a

According to protocol b 21 (21.2) 9 (28.1) 12 (17.9) 0.245

According to physician c 124 (84.4) 61 (95.3) 63 (75.9) 0.001

Temperature (°C) a 37.0 (± 0.7) 36.8 (± 0.5) 37.2 (± 0.8) 0.000 (-0.698- -0.211)

Oxygen saturation (%) a 95 (± 3) 94.4 (± 3.7) 95.4 (± 3.0) 0.086 (-2.166-0.147)

Oxygen administered (yes) a 66 (50.8) 18 (36.0) 48 (60.0) 0.008

Respirtratory rate (per minute) a 20 (± 4) 18 (± 2) 21 (± 4) 0.044 (-5.380- -0.081)

Blood pressure (mmHg) a

Diastolic 75 (± 12) 76 (± 14) 74 (± 11) 0.343 (-2.212-6.314)

Systolic 137 (± 21) 138 (± 21) 136 (± 22) 0.574 (-5.346-9.604)

Heart rate (BPM) a 87 (± 19) 83 (± 17) 89 (± 19) 0.070 (-12.290-0.479)

Day 3 in weekend 38 (25.7) 12 (18.8) 26 (31.0) 0.092

Follow up day 28

Stop intravenous agents (day) 4.7 (± 2.8) 2.5 (± 0.7) 6.4 (± 2.7) 0.000 (-4.581- -3.219)

Length of hospital stay (days) 8.2 (± 5.5) 6.0 (± 4.4) 10.0 (± 5.6) 0.000 (-5.700- -2.362)

Readmission (within 28 days)

All 13 (9.3) 8 (12.7) 5 (6.5) 0.208

Pulmonary pathology 5 (3.6) 2 (3.2) 3 (3.9) 1.000

Mortality (within 28 days)

All 9 (6.1) 0 (0.0) 9 (10.7) 0.005

Pulmonary pathology 7 (4.7) 0 (0.0) 7 (8.3) 0.019

Physician clinical experience (years)

Resident  (as resident) 2.2 (± 1.9) 2.4 (± 2.2) 2.0 (± 1.6) 0.320 (-0.309-0.938)

Supervisor (as medical specialist) 10.9 (± 8.1) 12.2 (± 8.6) 10.0 (± 7.7) 0.128 (-0.647-5.085)

Type of admission

Pulmonary ward 80 (54.1) 36 (56.3) 44 (52.4) 0.640

University hospital 44 (29.7) 25 (39.1) 19 (22.6) 0.030

n (%) or mean (± standard deviation) using the Independent-samples T test for ratio variables and the Chi-
quadrate or Fishers exact test for nominal variables 
a. Missing data were not used in the calculation 
b. Patients discharged before day three were excluded  
c. Patients discharged before day three were marked as clinically stable according to the physician
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27/68 (40%) cases, intravenous antibiotics were still administered on/beyond day three 
(figure 1). The case mix on pulmonary and non-pulmonary wards was comparable, aside 
from the higher number of co-morbid pulmonary diseases on the pulmonary-wards 
(41/80 (51%) vs. 8/68 (12%) p<0.00). The percentage of patients switched timely was 
comparable as well (11/31 (36%) vs. 16/37 (43%) p=0.52). Furthermore, the timing of the 
switch in the first and second half of the study (4.9 (SD 3.2) vs. 4.5 (SD 2.5) p=0.38), was 
comparable, which makes a learning effect unlikely.

Adherence to guideline recommendations

Strikingly, 91 (94%) of the 97 treating physicians were not aware of the existence of any 
clear guidelines on the adequate timing of the switch. Indeed, participating hospitals did 
not provide these guidelines through antibiotic booklets or the intranet, but there are 
clear (inter-) national guidelines on this subject accessible online.1 In the physician specific 
interviews, some reported switch criteria matched the criteria used in this study, like the 
absence of fever for 36 (37%) physicians, declining/no need for oxygen for 24 (25%) and 
hemodynamic stability for 21 (22%) (table 3). Additional factors, not matching our criteria 
were a decrease in C-reactive protein for 47 (48%) physicians and signs of clinical improve-
ment (e.g. clinical judgement or not specified) for 36 (37%). Notably, 16 (16%) physicians 
mentioned ‘the patient feeling better’ as a criterion to switch to oral antibiotics.
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Of the 116 patients marked as clinically stable by the resident (but not yet discharged) 
on day three, 59 (51%) did not meet the objective criteria derived from research find-
ings. For example, some patients with high heart rate (up to 182 beats per minute), fever 
(up to 39,2°C) or still needing oxygen were marked as clinically stable. In contrast, some 

Table 3. Criteria applied by the treating physicians (n=97) when deciding to switch to oral antibiotics 

Category Qualitative answers Frequency 

Clinical course

Clinical judgement Clinical improvement (clinical judgement or not 
specified)

36 (37)

Oral intake Able to swallow, no nausea, vomiting or diarrhoea 20 (21)

Temperature Fever subsiding 19 (20)

No fever 36 (37) 

- At least 1 day 7 (7) 

- At least 2 days 6 (6)

Other 1 (1)

Respiratory Dyspnoea subsiding 16 (17) 

Less/no need for oxygen administration 24 (25)

Cardiovascular Hemodynamically stable 21 (22)

No signs of sepsis 4 (4)

Other - 16 (17)

Patient characteristics

Subjective Patient feels better 16 (17)

Other - 1 (1)

Laboratory parameters

Inflammation parameters Decrease in C-reactive protein 47 (48)

Decrease in leucocytes 12 (12)

Other 2 (2)

Culture Pathogen known/ culture results available 11 (11)

Practical considerations

Timeline Intravenous antibiotics, at least until day 2 4 (4)

Intravenous antibiotics, at least until day 3 17 (18) 

Intravenous antibiotics, at least until day 4 16 (17)

Other 3 (3)

Choice of antibiotics A good oral variant is available 6 (6)

Other - 5 (5)

n (%) of physicians that provided this answer  
Answers are displayed in detail if they were provided by 4 physi cians or more
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Table 4. Barriers to an early switch strategy by case (case specific questionnaire n=27) and in theory 
(physician specific questionnaire n=97) 

Factors Frequency

Category Qualitative answers Case specific Theory

Physician factors Opinion supervisor 5 (19) 13 (13)

Forgotten 5 (19) 2 (2)

Practice experience/intuitive 0 9 (9)

Delay due to resident  0 5 (5)

Other NA 3 (3)

Patient factors Not able to swallow, nausea, vomiting NA 37 (38)

Co-morbidity 1 (4) 21 (22)

Elderly patient (>75 years) 0 4 (4)

Therapy adherence not secure 0 4 (4)

Clinical course Patient very ill at admission 1 (4) 7 (7)

Patient still ill 4 (15) 23 (24)

Patient feels ill 1 (4) 0

Fever 3 (11) 6 (6)

Fever subsided <24 hours ago 2 (7) 0

Dyspnoea/oxygen needed 3 (11) 1 (1)

Hemodynamically unstable 2 (7) 0

Additional diagnostics Elevated CRP 3 (11) 3 (3)

High leukocytes 1 (4) 0

Abnormalities on chest radiograph 1 (4) 1 (1)

Confusion/delirium 0 4 (4)

Empyema/pleural effusion/abces 0 8 (8)

Secondary infection 0 4 (4)

Other NA 11 (11)

Other hospital staff factors Other NA 4 (4)

Organisation factors Weekend 5 (19) 11 (11)

No supervision available 0 4 (4)

Other NA 9 (9)

Antibiotics No oral variant for intravenous agent 1 (4) 17 (18)

Allergy/toxicity oral variant 3 (11) 15 (16)

Recent  change in antibiotic regimen 1 (4) 1 (1)

Short duration of intravenous therapy 1 (4) 0

Other NA 3 (3)

Microbiology Culture results still unknown 3 (11) 12 (12)

Causative pathogen is atypical 1 (4) 10 (10)

Other NA 6 (6)
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physicians noted that they did not apply an early switch strategy in specific patients 
because of ‘fever’ (36.7°C) or ‘tachycardia’ (72 beats per minute).

Barriers to an early switch strategy

To evaluate factors that influence the decision to convert to oral antibiotics, characteris-
tics of the 84 (56%) patients still on intravenous antibiotics on day three, were compared 
to the 65 (44%) patients on oral antibiotics (table 1-2). Variables univariately associated 
with a prolonged duration of intravenous administration of antibiotics (p<0.05) were 
abnormalities on auscultation suggesting pneumonia (p=0.02) and a high CURB-65 ( 
p=0.046, 95% CI - 0.76- -0.017) score on admission; admission to a secondary care hos-
pital, as opposed to a university medical centre (p=0.03); a high respiratory rate (p=0.04, 
95% CI -5.38- -0.08), high temperature (p=0.00, 95% CI -0.70- -0.21), oxygen administra-
tion (p=0.01) and clinical instability according to the resident (p=0.00) on day three. 
The respiratory rate was not recorded in 103 (69%) patients, therefore this variable was 
excluded, the remaining variables were used in multivariate analysis. In this analysis nine 
(6%) out of 148 patients were excluded because they were discharged before measure-
ments on day three could be taken, an additional 10 (7%) had missing values because 
of incomplete recording. Variables that tested significant in multivariate analysis were 
high temperature (odds ratio (OR) 2.9, 95% CI 1.5-5.4) and oxygen administration (OR 
2.5, 95% CI 1.8-5.5) on day three.

As shown, patients still on intravenous antibiotics on day three had a higher temperature, 
respiratory rate and oxygen was administered more often as compared to the remain-
ing patients. The observed mortality (due to all causes, including pulmonary disease) 
was significantly higher in the group still receiving intravenous therapy on day three 
(8% vs. 0% p=0.02 and 10.7% vs. 0% p=0.01). These data suggest that patients still on 

Table 4. Barriers to an early switch strategy by case (case specific questionnaire n=27) and in theory 
(physician specific questionnaire n=97)  (cont.)

Factors Frequency

Category Qualitative answers Case specific Theory

Admission related/other Patient still admitted/needs intravenous 
medication for other reason

0 8 (8)

Other NA 2 (2)

n (%) Of cases in which an answer was provided or number (%) of physicians that provided this answer 
Percentages that differ >10% are in bold printing, answers mentioned in the physician specific questionnaires 
only are displayed in detail if they were provided by 4 physicians or more or if they were also provided in the 
patient specific questionnaire, the remaining answers are provided elsewhere (appendix V) 
NA Not Applicable
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intravenous antibiotics on day three were more severely ill. Therefore, we performed 
an additional analysis and compared the characteristics of the 27 patients who were 
not switched while this was possible to the characteristics to the 41 patients who were 
adequately switched (appendix IV). The aforementioned 27 patients appeared to be 
comparable to the patients adequately switched, for example clinical parameters on day 
three and mortality rate were not significantly different. 

By means of the case-specific interviews, we evaluated the barriers to a conversion to 
oral antibiotics. We evaluated the barriers reported by physicians treating the 27 (18%) 
patients in whom a switch to oral antibiotics was possible but not performed (table 4). 
The most frequently mentioned barriers were “supervisor’s opinion”, “day three of admis-
sion was a Saturday or a Sunday” and “a switch to oral agents was possible, but forgotten”, 
each mentioned in five (19%) cases. Overall, the reported barriers can be grouped into 
three main categories: practical considerations mentioned in 28% (13/47), organisational 
factors mentioned in 17% (8/47) and misconceptions mentioned in 55% (28/47). Through 
the physician specific interviews, additional theoretical barriers to an early switch strategy 
were identified (table 6). Prominent discrepancies between the barriers mentioned in 
practice (patient specific questionnaire) and in theory (physician specific questionnaire) 
were forgetting to switch to oral agents (19% in practice vs. 2% in theory), absence of an 
oral variant for the administered intravenous antibiotic (18% in theory vs. 4% practice) and 
co-morbidities delaying the switch (22% theory vs. 4% practice).

DISCUSSION

In this study, a conversion from intravenous to oral antibiotics before/on day three of 
treatment was possible in but not performed in 40% (27/68) of patients hospitalised 
with community-acquired pneumonia (CAP). Ninety-four percent of physicians were 
not aware of current guideline recommendations on the conversion to oral antibiotics. 
Perceived barriers to an early switch strategy included mainly misconceptions, practical 
considerations and organisational factors. It is therefore likely that the majority of the 
barriers identified in this study, can be reduced by means of an educational interven-
tion and structural organisational changes.7,19 This may reduce the duration intravenous 
antibiotics treatment and consequently the length of hospital stay (LOS) in CAP patients.

There are several strengths of this study. Through intensive screening we included all 
patients consecutively hospitalized with CAP in both teaching and university hospital set-
tings. The age and sex distribution, incidence of co-morbidities, severity of presentation 
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and duration of intravenous therapy are comparable to other cohorts of CAP patients, 
which enhances the generalizability of our results.7,19,20 The percentage of patients in which 
an appropriate switch strategy was applied in this study was comparable to the percentage 
found in a similar study (60 vs. 58%).9 Furthermore, physicians with working experience in 
over 32 different hospitals were included and reasons for non-participation were unlikely 
to have influenced study results. Reasonably, the professional experience and expertise of 
the participating physicians represents those of all physicians working in the same setting 
in the Netherlands and possibly other countries with a similar health care system as well.10

There are three main drawbacks of the chosen study design. Firstly, measuring clinical pa-
rameters on several selected days of follow up as opposed to each day of admission may 
have led to an underestimation of the amount of patients that were not switched timely, 
since several of these patients might had reached clinical stability before day three and a 
switch to oral agents would have been appropriate at that time. Secondly, the type of ob-
servation might have influenced study results. By asking physicians about their motivation 
to administer the antibiotic intravenously or orally, in specific cases on set times during 
the admission, their attention is drawn to the chosen treatment and they are likely to re-
evaluate their choices. This phenomenon might be reflected by the notable high percent-
age of patients that are switched on day three; the first day of follow up (figure 2). On the 
other hand, this effect could also be caused by the general awareness of the importance of 
an early switch strategy as shown through the physician specific questionnaires, in which 
a majority of physicians state that the ideal timing of the switch is before/on day three. 
However, the potential influence of the latter drawback would lead to an underestimation 
of the amount of patients that are not timely switched and does not lessen the room for 
improvement in this field. Lastly, our study results may have been different if carried out in 
more than three hospitals. However, the number of participating physicians is quite large 
as compared to other studies7,21 and physicians working in a teaching hospital as well as in 
a university hospital setting were included. Therefore, we feel our results may adequately 
reflect current practice in the Netherlands.

Optimization of antibiotic therapy in CAP by implementation of guideline advice has been 
the focus of attention for several years. Hagaman et al. evaluated the effect of the imple-
mentation of American Thoracic Society (ATS) guidelines on the switch to oral antibiotics.8 
Unfortunately, besides assessing the guideline knowledge of physicians, practical barriers 
to an early switch strategy were not studied. The implementation effect could have been 
greater if aimed at specific identified barriers.11-13 Schouten and colleagues and Halm et 
al. assessed barriers to an early switch strategy in CAP patients as perceived by physicians 
through semi-structured interviews and written surveys respectively.7,22 Perceived barriers 
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to a timely switch strategy identified in these studies are mainly reflected by our study 
results as well and include unfamiliarity with guideline recommendations, lack of outcome 
expectancy and misconceptions. In contrast to the latter studies, we are the first to com-
pare the barriers mentioned in theory to the ones experienced in practice, completing 
the analysis of barriers to a timely switch strategy as a whole. In addition, currently, little is 
known about the quality and quantity of the influence of patients’ knowledge, behaviour 
and assertiveness on the antibiotic treatment regimen in hospital care.10 Our study shows 
a modest role for these patient related factors; the switch to oral antibiotics was delayed 
because the patient felt ill in only one (4%) out of 27 cases.

The results of this study stress the need for a tailored intervention aimed at the identified 
barriers in order to stimulate an early switch in CAP patients. The effectiveness of such an 
intervention needs to be evaluated in a study setting. If effective, the implementation strat-
egy can be applied in other centres and possibly for other types of infection as well. Ideally, 
maximal results are obtained and all patients are switched to oral antibiotics timely after 
implementation. Based on our study results, theoretical implementation of an early switch 
strategy in all CAP patients in the Netherlands would lead to reduction of LOS of 3.4 days2 in 
an additional 18% of patients and consequently to a reduction of health care costs of nearly 
9.6 million euro (based on 31.000 admissions annually and €505,- per admission day).23,24

In conclusion, the switch from intravenous to oral antibiotics is often unnecessarily delayed 
in patients hospitalised with CAP; this is mostly based on misconceptions and practical 
and organisational issues. A tailored intervention aimed at these factors is most likely to 
reduce the duration of treatment with intravenous antibiotics and consequently LOS.
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Appendix I. In- and exclusion criteria

Inclusion criteria

1. Age ≥ 18 years

2. Community acquired pneumonia, defined as:

a. A new or progressive infiltrate on a chest radiograph AND

b. ≥ 2 of the following criteria:

- Cough

- Sputum production

- Dyspnoea

- Rectal temperature > 38°C or < 36.1°C

- Auscultator findings consistent with pneumonia

- Leucocytosis (>10.000/mm3, or >15% bands)

- C-reactive protein >30 mg/L AND  

c. Neither HAP nor HCAP

3. Admission to internal medicine or pulmonary disease ward.

4. Intravenous treatment with antibiotics. 

5. Severe pneumonia defined as: PSI of >90 or CURB-65 >2, or pneumonia being the reason of admission. 

Exclusion criteria

1. ICU admission with intravenous antibiotics. 

2. Infections other than pneumonia that need immediate treatment with intravenous agents.

3. Cystic fibrosis or history of lung transplantation.

4. Neutropenia (leukocyte count <0,5*109 / l) or/and HIV infection with a CD4 count <200/mm3

HAP Hospital Acquired Pneumonia defined as hospital admission >48 hours in the two weeks prior to inclusion 
HCAP Health Care Associated Pneumonia: non-hospitalized patient with extensive healthcare contact, as 
defined by one or more of the following: 
- Intravenous therapy, wound care, or intravenous chemotherapy within the prior 30 days 
- Residence in a nursing home or another long term care facility 
- Hospitalization in an acute care hospital for ≥2 days within the prior 90 days 
- Attendance to a hospital or hemodialysis clinic within the prior 30 days
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Appendix II. Questions in the patient specific questionnaire

Nr. Subject Data

1. Is the patient clinically stable according to the resident? Yes/No, because… 

2. Is the patient able to take oral medication? Yes/No, because… 

3. Does the patient receive antibiotics intravenously or orally? Yes/No, because… 

What factors are of influence on your choice to administer the antibiotics intravenously/orally?

Qualitative answers

Factors

Medical specialist (supervisor)

Resident

Nursing staff

Patient 

Other hospital staff 

Organisation 

Other

End of questionnaire
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Appendix III. Questions in the physician specific questionnaire

Nr. Question

Physician

1. Name and job description

2. Hospital, department

3. Residents: years of working experience as a resident
Medical specialists: centre of training

4a. Years of research experience (if applicable)

4b. Years of experience as a medical specialist (if applicable)

Antibiotic treatment in community acquired pneumonia

5. Theoretically speaking, what if the average patient with a CAP was admitted and intravenous antibiotics 
were administered, what would be an ideal time to switch to oral antibiotics in your perspective?

6. Where did you pick this up?

7. What factors are of influence on the timing of the switch from intravenous antibiotics to oral agents in 
patients with severe CAP in clinical practice? E.g. what factors might make you deviate from the ideal 
timing mentioned in question 5? 
When formulating your answer think of factors on the following levels: 
- Medical specialist (supervisor)
- Resident
- Nursing staff
- Patient 
- Other hospital staff 
- Organisation 
- Other

8. In your working environment, are there clear guidelines on the timing of the switch from intravenous 
antibiotics to oral agents in patients with (severe) CAP?

9. If yes, which guidelines are they?

10. Do you know if there are any published research results on this subject?

Feedback

11. What form of feedback is most efficient to your opinion?

- Presentation (lecture)
- Presentation (interactive)
- Walk through presentation on the computer
- Interactive computer program
- Reminder (pocketsize laminated card)

- Reminder (on desktop personal computer)
- Reminder (on patients chart)
- Reminder (though nursing staff)
- Reminder (through pharmacy)
- Other, namely…

Additional remarks:

End of questionnaire
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Appendix IV. Characteristics of patients in whom a switch was possible on day 3 (n=69)

Total

69 (100)

Timing switch

≤ day 3
42 (60.9)

> day 3
27 (39.1)

p-value (95% CI)

Patient characteristics

Age 63.8 (18.7) 61.9 (20.5) 66.7 (15.6) 0.294 (-14.094 - 4.327)

Female 30 (43.4) 16 (38.1) 14 (51.9) 0.261

Co-morbidity (≥1) 39 (56.5) 24 (57.1) 15 (55.6) 0.897

Malignancy a 9 (13.0) - - -

Liver disease a 0 - - -

Congestive heart failure a 6 (8.7) - - -

Cerebrovascular disease a 5 (7.2) - - -

Kidney disease a 5 (7.2) - - -

Pulmonary disease 22 (31.9) 13 (31.0) 9 (33.3) 0.836

Other relevant co-morbidities 15 (21.7) 8 (19.0) 7 (26.0) 0.499

CURB-65 at presentation b  1.2 (± 1.0) 1.05 (± 0.9) 1.48 (± 1.0) 0.073 (-.910 - 0.042)

Fine score at presentation b  79.0 (± 28.2) 76.2 (± 26.7) 83.5 (± 30.4) 0.299 (-21.186 - 6.604)

Clinical parameters (day 3) b, c

Temperature (°C) 36.8 (± 0.5) 36.7(± 0.5) 36.9 (± 0 .5) 0.090 (-0.4814- 0.0357)

Oxygen saturation (%) 95.9 (± 1.9) 95.5(± 1.5) 96.2 (± 2.2) 0.151 (-1.759 - 0.279)

Oxygen administered (yes) 17 (25.0) 4 (14.3) 6 (25.0) 0.483

Respiratory rate (per minute) 18.5 (± 2.1) 18.5 (± 1.5) 18.5 (± 2.5) 1.000 (-2.141 - 2.141)

Blood pressure (mmHg)

Diastolic 75.0 (± 10.4) 74.6 (± 10.7) 75.5 (± 10.2) 0.759 (-6.507 - 4.774)

Systolic  133.6 (± 18.8) 137.2 (± 19.7) 129.5 (± 17.1) 0.124 (-2.192 - 17.736)

Heart rate (BPM) 78.3 (± 9.3) 77.5 (± 10.1) 79.4 (± 8.5) 0.458 (-6.919 - 3.160)

Outcome

Length of hospital stay 5,8 (± 3,4) 4,3 (± 2,6) 7,9 (± 3,3) 0.000 (-5.036 - -2.182)

Readmission (within 28 days) 5 (7.4) 3 (7.3) 2 (4.9) 0.989

Mortality (within 28 days)  0 - - -

n (%) or mean (± standard deviation) using the Independent-samples T test for ratio variables and the Chi-
quadrate or Fishers exact test for nominal variables 
a. As defined in the Fine score 
b. Missing data were not used in the calculation  
c. One patient died on day three and was left out
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Appendix V. Perceived barriers to an early switch strategy in theory (physician specific questionnaire 
(n=97), answers provided by 3 physicians or less

Factors

Category Qualitative answers Frequency a

Physician factors Limited knowledge of the available evidence 1

Physician has not treated this patient for long 2

Patient factors Not clinically stable (unspecified) 2

Signs of sepsis 2

Coughing 1

Recurrent pneumonia 2

Biological availability not secure (by clinical judgement) 1

Purulent sputum 1

Poor pulmonary function 1

High Fine score 1

Other hospital staff factors Delay due to nurses breaks and other activities 3

Only a limited number of measurements is known 1

Organisation factors Delay order-delivery medication 3

Delay by specific dosing times on ward 2

Work pressure delays communication physician-nurse 1

Nurses are afraid to switch to oral agents 1

Delay due to administration when prescribing manually 1

Pro-activity nurses is limited 1

Other Various oral antibiotics failed in primary care 1

Amoxicillin and Augmentin are absorbed better per IV 1

Initially unknown focus 1

Causative pathogen is unknown 3

Causative pathogen is viral (eg H. Influenzae) 2

Positive blood culture 1

Needs one more day of (IV) antibiotics 1

Bed bound patient 1

a. Number of physicians that provided this answer
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ABSTRACT 

Background

In patients with community-acquired pneumonia (CAP), a switch from intravenous to oral 
antibiotics is safe in clinically stable patients and may decrease length of hospital stay (LOS). 
Previously, we showed that 40% of clinical stable patients are not switched on time because of 
physicians’ perceived barriers including misconceptions, practical considerations and organisa-
tional factors. We aimed to increase the proportion of patients switched to oral therapy on time.

Methods

In a multi centre, controlled, before-and-after study we evaluated the effect of an imple-
mentation strategy tailored to previously identified barriers to an early switch. In three 
Dutch hospitals (2 teaching hospitals and 1 university medical centre) a protocol that 
dictated a timely switch strategy was implemented using educational sessions, pocket 
reminders and active involvement of nursing staff. Physicians and nurses treating hospital-
ised CAP patients admitted to general or pulmonary medicine wards were targeted. Out-
comes, evaluated though the electronic patients’ file, included the proportion of patients 
switched on time, the mean duration of intravenous antibiotic therapy, LOS, patient out-
come within 28 days after admission, education effects six months after implementation 
and implementation costs. Statistical analysis was performed using mixed effects models.

Results

Prior to implementation (October 2010-May 2011) 146 patients were included and 
213 after (October 2011-May 2012). The case-mix before and after the implementation 
was comparable. The implementation did not result in a change of the proportion of 
patients switched on time (66%). However, the median duration of intravenous antibi-
otic administration decreased from four to three days, multivariable analysis showed 
a post implementation decrease by 21% (95% CI 11%;30%). LOS, readmission rates 
and patient mortality were comparable before and after implementation. Forty-three 
percent (56/129) of physicians attended the educational sessions. After six months, 
24% (10/42) of the interviewed attendees remembered the protocol’s main message as 
taught during implementation. Cumulative implementation costs for all three centres 
were €5.798,- (€20,- per reduced intravenous treatment day). 

Conclusion

An implementation strategy, tailored to previously identified barriers, reduced the dura-
tion of intravenous antibiotic administration in hospitalised CAP patients by one day, 
but not the LOS, at minimal cost.
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INTRODUCTION

Community-acquired pneumonia (CAP) is one of the main causes of death due to 
infection in Western countries and a major burden on health care resources. With an 
incidence of 2.2 cases per 1000 inhabitants in the Netherlands, CAP annually accounts 
for approximately 37 thousand hospital admissions.1 Most patients receive intravenous 
antibiotics on admission, which is the main factor determining the length of hospital 
stay (LOS).2 A timely switch (i.e. cessation of intravenous antibiotic administration with 
or without conversion to oral administration as soon as patients are clinically stable and 
able to take oral medication), usually possible on the third day of admission, is safe, 
cost-effective and decreases LOS.2, 3 

Although guidelines advice to switch as soon as possible, experience indicates that this 
strategy is not applied in up to 40% of patients.4,5 In order to improve cost-effectiveness 
of CAP treatment, we aimed to increase the number of patients switched to oral anti-
biotics in a timely manner. When aiming to increase the appropriateness of antibiotic 
prescriptions, generally, tailored interventions lead to optimal results.6 Because varia-
tion in antibiotic prescribing behaviour is dependant on many different factors such as 
local hospital policy, professionals’ knowledge and socio-cultural factors7, an analysis of 
barriers to the desired behaviour should ideally precede such intervention. Prior to the 
current study, we analyzed physicians’ barriers to an early switch strategy in detail.4 We 
now evaluated whether a tailored implementation strategy, aimed at previously identi-
fied barriers, led to an increase in the proportion of hospitalised CAP patients switched 
on time and consequently a decrease in the duration of intravenous antibiotic therapy 
and LOS. 

METHODS

Design and setting

We performed a multi-centre, controlled, before-and-after study in one university 
hospital (University Medical Centre of Utrecht, 1042 beds) and two teaching hospitals 
(Diakonessen Hospital, 627 beds and Meander Medical Centre, 982 beds), all located in 
the centre of the Netherlands. Each of the local medical ethics committees approved 
the study protocol and waived the need for obtaining patient informed consent, as the 
objective of this study was to investigate physicians’ behaviour. 
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Patients

Adult patients admitted to pulmonary or general medical wards of participating hos-
pitals for CAP treatment with intravenous antibiotics were included. Additional in- and 
exclusion criteria are displayed in appendix I. The control group consisted of patients 
admitted to paediatric, cardiology, dermatology and ophthalmology wards of partici-
pating hospitals.

Study intervention

Development of a novel protocol and its implementation strategy 
Previously, we described perceived barriers to an early switch in hospitalised CAP 
patients. These included mainly misconceptions, practical considerations and organisa-
tional factors.4 Based on this information, a new protocol that dictated the timing of the 
switch and its implementation strategy aimed at the identified barriers were designed 
by a multidisciplinary team of experts in the field of infectious diseases (AH and JO) 
and quality improvement strategies (MH), guided by relevant literature findings.8-10 To 
decrease physicians’ practical considerations and provide uniform quality standards, the 
protocol was based on relevant literature findings2,11-13 and approved by local opinion 
leaders (i.e. heads of medical staff and nurses). An educational program was designed 
to introduce the new protocol and eliminate the previously observed misconceptions. 
Organisational factors, such as discontinuity of physician care during weekends or for-
getting to switch on time, were targeted by introducing reminders and requiring active 
involvement of nurses asking them to remind physicians to switch on admission day 
three to sustained effect obtained. 

Protocol implementation through education, reminders and nurse involvement 
The switch protocol to be implemented stated the following: “If a patient is clinically 
stable (i.e. hemodynamically stable (heart rate <100/min, no need for intravenous fluid 
administration), respiratory stable (respiratory rate < 25/min and oxygen saturation 
>92% without additional O2), free of fever (temperature <37.8°C) and no delirium) and 
able to take oral medication (i.e. able to swallow, no vomiting or diarrhoea) the switch to 
oral antibiotics should be made on the third day of treatment at the latest.” 

The implementation consisted of the following elements: (1) Consensus meetings with 
local opinion leaders, to approve the proposed switch protocol and implementation 
strategy. (2) Interactive educational meeting with medical specialists, residents and 
nurses. Benefits of switching on time were discussed and performance feedback was 
provided. The most frequently reported barriers were disputed by evidence based 
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findings.14-17 The switch protocol was presented and nurses were requested to actively 
remind physicians to switch if possible on the third day of admission. The attendees 
were encouraged to inform their colleagues about the meeting contents. (3) All partici-
pating personnel received an e-mail containing a summary of the educational meeting 
contents including the requirement of active involvement of nurses. (4) Laminated 
pocket cards including the new protocol and a summary of the meeting contents were 
put in the personal mailbox of all participants (appendix II). 

All activities were initiated and hosted by the primary investigator (ME) and recorded 
in a log. The implementation period was followed by a training period of two to four 
weeks, patient outcomes were measured thereafter. 

Data collection

All consecutive adult patients admitted to one of the participating wards were eligible 
for inclusion. To identify eligible cases, at least one of the investigators screened the 
admission lists twice weekly and attended the daily reports where new admissions are 
discussed. From eligible patients, the following data were extracted from the electronic 
patients’ file: symptoms at presentation, clinical parameters on day three, timing of the 
switch, LOS, readmissions and mortality (the latter two within 28 days of admission). As 
in routine practice, calculation of severity scores (i.e. CURB-6518 and Fine score19) was 
based on the available data only. If clinical parameters were not recorded in the patients’ 
chart, it was assumed that they were within normal range. On day three, patients’ clinical 
stability was assessed and the route of antibiotic administration recorded. Subsequently 
patients were labelled as being switched ‘too early’ (i.e. not clinically stable and on oral 
antibiotics), ‘too late’ (i.e. clinically stable and on intravenous antibiotics) or ‘on time’ (i.e. 
patients who are clinically stable on oral antibiotics or instable patients on intravenous 
antibiotics). Additional details on data collection are described elsewhere.4

To reveal hospital-wide trends that may have influenced the duration of intravenous 
antibiotic administration on wards participating in the implementation, patients admit-
ted to paediatric, cardiology, dermatology and ophthalmology wards served as controls. 
For these patients, data on the duration of intravenous treatment were extracted from 
the pharmacies’ databases. Prescriptions for intravenous antibiotics initiated on the first 
day (day 0-1) of admission in patients who were not hospitalised one month prior to the 
current admission (i.e. community-acquired infections) were included. If a prescription 
was halted and continued on the same date it was considered a continuous prescription.
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Analysis

Antibiotic switch and patient outcome
The two primary outcome measures were the proportion of patients adequately 
switched on the third day of admission, to measure adherence to the switch protocol, 
and the mean duration of intravenous antibiotic administration, relevant to clinical prac-
tice. The effect of the implementation on the primary outcome measures was evaluated 
through mixed effects models to account for the multi-level nature of the data (using 
the lme4 package (Bates, Maechler and Bolker) in R-statistics software version 2.12.1; R 
Foundation for Statistical Computing, Vienna, Austria). An adequate switch was defined 
a switch ‘on time’ as opposed to ‘too late’ or ‘too early’; this binomial outcome (adequate 
switch yes/no) was modelled using a mixed effects logistic regression. Because data 
on the duration of intravenous antibiotic administration were skewed to the right, 
this outcome was log-transformed (after adding 0.5 to account for patients in whom 
intravenous administration was halted on the day of admission) and modelled in a linear 
mixed effects regression. In both models, random intercepts for treating resident, treat-
ing supervisor and centre were included to account for clustering; fixed effects were 
study month (to account for maturation effects20), the supervisors’ clinical experience 
in years and whether the supervisor was an investigator in the current study. Patients 
deceased before a switch to oral antibiotics was made were excluded from this analysis. 
LOS, readmission rates and mortality before and after implementation were assessed in 
univariable analysis using SPSS version 20 (SPSS Inc., Chicago, IL, USA). 

Evaluation of education effects 
Physicians’ initial reaction to the educational meeting as well as the knowledge acquired 
was assessed, according to Kirckpatrick’s learning evaluation theory21, by means of a 
four-minute web-based questionnaire.22 The questionnaire was tested for comprehensi-
bility by five physicians (two specialists, three residents), who were not part of the study 
population or involved in the execution of the study, and revised using their comments. 
Six moths after the implementation physicians working on the participating wards were 
invited per e-mail to fill out the questionnaire. A reminder was sent after two weeks and 
the survey was closed one month after the initial invitation. 

Economic evaluation
Intervention costs from a hospital perspective were calculated in euros (exchange 
currency July 2012: €1,- = $1,23. US), using Dutch 2010 national reference prices.23 Inter-
vention-related activities included in the cost calculation were the consensus meetings, 
educational meetings, e-mail rounds and the distribution of the pocket cards. These 
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costs were valued bottom-up and consisted of salary costs for participating specialists, 
residents, nurses and the principal investigator; travelling expenses of the principal in-
vestigator and production costs of the pocket cards. Physicians’ and nurses’ salary costs 
for the time spent on implementation activities were included, as during these hours 
they did not perform their regular activities and were therefore not productive to the 
hospital. Salary costs were calculated separately for those working in secondary and 
tertiary care, including 39% overhead and excluding extra salary for working irregular 
shifts.23 Medical specialists’ salary costs were based on self employment tariffs (second-
ary care) or paid employment (tertiary care). Salary costs of attending meetings were 
calculated by multiplying the number of attending individuals by their hourly salary and 
the duration of the meeting. Costs of reading the information e-mail were calculated 
assuming all health care personnel red it taking ten minutes to do so. 

Sample size calculation

The prmary outcome of the present study was the proportion of patients adequately 
switched on day three of admission before as compared to after the implementation. Based 
on the data collected prior to implementation, 60% of patients were adequately switched to 
oral antibiotics on day three.4 We aimed to find an increase to 80% after the implementation, 
therefore a sample size of 134 patients was needed (power 0.95, alpha 0.05). 

RESULTS

Patients 

Prior to the implementation (October 2010 - May 2011) 162 patients were included and 
229 after (October 2011 - May 2012). In total, 19 patients were excluded (13 (8%) before 
and 6 (3%) after the implementation) because they were transferred to another hospital 
(3), treatment data were missing (7) or other reasons (9), leaving 149 and 223 cases for 
evaluation (figure 1). Overall, the case-mix before and after implementation was largely 
comparable apart from some differences in presentation, clinical parameters on day 
three and the proportion of patients admitted to pulmonary wards (table 1). 

Study intervention

Implementation-related activities were carried out between May and October 2011 in a 
predefined order (appendix III). The timing of the implementation differed slightly per 
centre due to organisational issues. During the consensus meeting, all opinion leaders 
agreed that the proposed switch protocol and implementation strategy needed no 
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modifications prior to local execution. The attendance to educational meetings varied 
per hospital; 31-50% of physicians and 10-36% of nurses attended. 

Antibiotic switch and patient outcome

Thirteen patients (3 (2%) before and 10 (4%) after the implementation) deceased before 
intravenous antibiotics were halted and were therefore excluded, leaving 146 and 231 
patients for further analysis (figure 1). All data used in the analysis were available. The 
median duration of intravenous antibiotic administration decreased from four (inter 
quartile range (IQR) 2-5) to three (IQR 2-4) days (p=0.00). This difference remained signifi-
cant in multivariable analysis; post implementation decrease in the duration of intrave-
nous antibiotic administration by 21% (95% CI 11%;30%). However, the implementation 
did not significantly influence the proportion of patients adequately switched on day 
three (OR 1.00, 95% CI 0.63;1.59, multivariable analysis) which was 66% in both phases. 
The remaining factors (i.e. treating resident, treating supervisor, centre, study month, 
supervisors’ clinical experience and whether the supervisor was an investigator in the 
current study) did not significantly influence the main outcomes. LOS, readmission rates 
and patient mortality before and after the implementation were comparable (table 3). 
Notably, the control data did not reveal any hospital-wide trends may have influenced 
the duration of intravenous antibiotic administration on wards participating in the 
implementation (figure 2). 

Because the observed reduction of the duration of intravenous antibiotic administra-
tion was not attended by an increase in the proportion of patients switched on time, 
an additional analysis was performed. The median duration of intravenous antibiotic 
administration before and after implementation was compared per patient subgroup 
(i.e. switched ‘too early’, ‘too late’ or ‘on time’, table 2). We found that the decrease in 
duration of intravenous antibiotic administration observed in this study resulted mainly 
from the decrease in the subgroup of patients switched ‘on time’ (i.e. patients who are 
clinically stable on oral antibiotics or instable patients on intravenous antibiotics). 

Evaluation of education effects

The response rate of the web-based questionnaire was 30% (71/238). Of the 71 respond-
ing physicians 13 were excluded because they did not treat CAP patients (1) or because 
they filled in demographic data only (12). Fifty-eight interviews remained for analysis. 
Respondents included 22 (38%) specialists and 36 (62%) residents. Twenty-eight per-
cent (16/58) of physicians indicated that they had not attended the educative meeting, 
received the e-mail or pocket card. Because an attendance list was not kept during the 
educational meetings, these data could not be verified. Of the 42 physicians who re-
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ported that they did attended the educational meeting and/or received the educational 
material, 77%-95% found it useful. One-fourth (10/42) of these physicians could name 
the two major switch-criteria correctly (i.e. clinically stable and able to take oral medica-
tion), 81% (34/42) mentioned day three as the appropriate day to switch to oral antibiot-
ics and 10% (4/42) correctly mentioned the four criteria for clinical stability as taught 
during the implementation (i.e. hemodynamic and respiratory stability, free of fever and 
no confusion that arose after the onset of infection), 70% (29/42) mentioned at least 
three of these criteria. Of the 52% (22/42) of physicians indicating that they changed 
their behaviour due to the implementation, 17 reported to switch on time more often. 

Economic evaluation

Cumulative implementation costs for all three participating centres were €5.798,- (con-
sensus meeting €625,-, educational meeting €2909,-, e-mail rounds €1752,- and pocket 
cards €512,-, appendix IV). The implementation led to a direct reduction of 222 cumula-
tive days of intravenous administration of antibiotics (21% of the cumulative days of 
intravenous antibiotic administration in the post-implementation group) at the cost 
of €26,- per day (€5.798,-/222days). Because the implementation did not reduce LOS, 
the only cost savings were handling cost per parental dose of €6,- per day (previously 
reported24 and corrected for inflation). 

DISCUSSION

An implementation, tailored to previously identified barriers, was performed aimed at 
increasing the proportion of hospitalised patients with community-acquired pneumo-
nia (CAP) switched to oral antibiotics in a timely manner on admission day three. The 
duration of intravenous antibiotic administration was reduced by one day, at a cost of 
€20,- per reduced day. However, the implementation did not change the proportion of 
patients switched on time and patient outcome before and after the implementation 
was comparable. Six months after the educational sessions, one-fourth of physicians 
remembered the switching criteria as taught during the implementation. 

The main strength of this study is that we tailored the implementation to address previ-
ously identified barriers to implementation of a timely switch. Each barrier was directly 
targeted and, to the best of our knowledge, we are one of the first to actively involve 
nurses.25 Generally, in papers on interventions aimed at improving antimicrobial use 
for CAP, the type and effect of the intervention is reported, but details as mentioned 
in our study are lacking.5,26-28 These details may be the key in understanding why the 
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same type of implementation strategy has a large effect in one study, while it has only 
a limited effect in the next.10 The information provided in this article is likely to advance 
our general understanding of the effectiveness of antimicrobial stewardship improve-
ment strategies.

The before-and-after design is a common choice for studies evaluating an implementa-
tion effect.28-30 The difficulty of this design is that it does not allow trend analysis; an 
observed improvement in antimicrobial usage after an intervention may merely result 
from a hospital-wide trend that was present independently of the study. To overcome 
this difficulty, we took control measurements form wards not participating in the 
implementation, following the example of Muller et al.31 The downside of using the 
pharmacies’ databases to this end was that we were unable to verify if all registered 
prescriptions were actually administered. The inclusion of prescriptions entered errone-
ously and corrected (i.e. halted) shortly after might lead to an overestimation of the 
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number of brief prescriptions. Because we used these data to evaluate if the duration 
of intravenous antibiotic administration changed over time, this does not influence our 
results. Despite our efforts to account for all confounding factors, the main results of 
this study should be interpreted with caution due to the intrinsic limitations of quality 
improvement studies using a before-and-after design32, such as involvement of outsid-
ers independent of our implementation or regression to the mean. 

Table 1. Baseline characteristics of included patients (n=372)

Total 

372 (100%)

Pre-intervention 
(2010-2011)

149 (40%)

Post intervention
(2011-2012)

223 (60%)

p-value (95% CI)

Patient characteristics

Age 68 (± 18) 67 (± 17) 68 (± 18) 0.528 (-4.819; 2.474)

Female 174 (47) 71 (48) 103 (46) 0.782

Co-morbidity (≥1) 205 (55) 76 (51) 129 (58) 0.194

Malignancy a 37 (10) 18 (12) 19 (9) 0.261

Liver disease a 5 (1) 2 (1) 3 (1) 1.000

Congestive heart failure a 51 (14) 17 (11) 34 (15) 0.292

Cerebrovascular disease a 39 (11) 15 (10) 24 (11) 0.830

Kidney disease a 24 (7) 9 (6) 15 (7) 0.792

Lung disease 136 (37) 49 (33) 87 (39) 0.229

Severity at presentation

CURB-65 at presentation (min) 1.7 (± 1.2) 1.6 (± 1.2) 1.7 (±  1.2) 0.454 (-0.338; 0.151)

Fine score at presentation (min) 90 (± 37) 88 (± 32) 90 (± 39) 0.606 (-9.218; 5.387)

Severe pneumonia 100 (27) 37 (25) 63 (28) 0.466

Symptoms at presentation b

Cough 291/365 (80) 108/147 (74) 183/218 (84) 0.015

Sputum production 154/355 (43) 63/139 (45) 91/216 (42) 0.553

Dyspnoea 276/358 (77) 112/142 (79) 164/216 (76) 0.561

Temperature >38°C or < 36°C 198/369 (54) 93/149 (62) 105/220 (48) 0.005

Pneumonia on auscultation 249/368 (68) 111/148 (75) 139/220 (63) 0.014

Leukocytosis 266/372 (72) 102/148 (69) 164/223 (74) 0.333

CRP >30 mg/L 328/372 (88) 134/149 (90) 194/223 (87) 0.390

n (%) or mean( ± standard deviation) using the Independent-samples T test for ratio variables (all samples >30) 
and the Chi-quadrate or Fishers exact test for nominal variables 
a. As defined in the Fine score 
b. Missing data were not used in the calculation
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Figure 2. Duration of intravenous antibiotic administration 
IVAB Intravenous antibiotics
During June-September 2011 the intervention took place and measurements were not performed

Table 2. Adequacy of prescription behaviour on day three before and after implementation (n=359) 

Total Pre- 
intervention 
(2010-2011) 

Post 
intervention
(2011-2012) 

p-value a

Switch
 ‘on time’

Clinically stable and on 
OAB or
Not clinically stable and 
on IVAB

n (%) 237 (66) 96 (66) 141 (66)

median (IQR) b 3 (2-5) 4 (3-6) 3 (2-4) 0.00

Switch
 ‘too late’

Clinically stable and on 
IVAB

n (%) 70 (20) 27 (19) 43 (20)  

median (IQR) b 5 (4-6) 5 (4-6) 5 (4-6) 0.65

Switch
 ‘too early’

Not clinically stable and 
on OAB

n (%) 52 (15) 23 (16) 29 (14)  

median (IQR) b 3 (2-3) 3 (2-3) 3 (2-3) 0.56

Total n (%) 359 (100) 146 (100) 213 (100)

median (IQR) b 3 (2-5) 4 (3-6) 3 (2-4) 0.00

OAB Oral Antibiotics 
IVAB Intravenous Antibiotics 
IQR Inter Quartile Ranges 
a. Univariable analysis (Mann-Whitney U test) 
b. Number of days IVAB were administered
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Table 3. Outcome measures (n=372) 

Total a

372 (100%)

Pre-
intervention 
(2010-2011)
149 (40%)

Post
intervention
(2011-2012)
223 (60%)

p-value (95% CI)

Clinical parameters on day 3 a

Temperature (°C) 37.0 (± 0.7) 37.0 (± 0.74) 37.0 (± 0.7) 0.342 (-0.079; 0.228)

Oxygen saturation (%) 94 (± 4) 95 (± 3) 94 (± 4) 0.018 (0.176; 1.878)

Oxygen administered (yes) 161/322 (50) 66/130 (51) 95/192 (50) 0.820

Respiratory rate (per minute) 21 (± 6) 20 (± 4) 22 (± 7) 0.058  (-4.134; 0.200)

Blood pressure (systolic, mmHg) 136 (± 23) 137 (± 21) 136 (± 24) 0.686 (-4.052; 6.149)

Heart rate (BPM) 85 (± 16) 87 (± 19) 84 (± 14) 0.089  (-0.469; 6.574)

Clinically stable (protocol) 209/359 (58) 70/146 (48) 139/213 (65) 0.001

Admission details

Day 3 in weekend 96 (27) 38 (26) 58 (27) 0.800

No. of medical specialists 59 42 45 -

Clinical experience medical specialist 13 (± 9) 11 (± 9) 13 (± 9) 0.594  (-5.039; 2.465)

Admission to lung ward 230 (62) 80 (54) 149 (67) 0.015

Follow up 

Duration of admission (days) b 8.3 (± 6.3) 8.3 (± 5.5) 8.3 (± 6.7) 0.985 (-1.287; 1.262)

Imaging during admission (X-ray) 2 (± 2) 2 (± 2) 2 (± 2) 0.712 (-0.346; 0.493)

Imaging during admission (other) 0 (1) 1 (± 1) 0 (± 1) 0.076 (-0.021; 0.413)

Readmission (all) 28 (8)w 13 (9) 15 (7) 0.474

Readmission (pulmonary pathology) 14 (4) 5 (3) 10 (5) 0.588

Mortality (all) 28 (8) 10 (7) 18 (8) 0.626

Mortality (pulmonary pathology) 19 (5) 8 (5) 14 (6) 0.716

n (%) or mean ( ± standard deviation) using the Independent-samples T test for ratio variables (all with a 
sample size larger than 30) and the Chi-quadrate or Fishers exact test for nominal variables 
a. Missing data were not used in the calculation 
b. Calculated for the 359 patients included in the analysis
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One of the limitations of this study is that only a limited number of physicians and 
nurses attended the educational meeting. Nevertheless, attending health care staff was 
encouraged to inform their co-workers about the meeting contents and all participants 
received an e-mail and pocket card both containing the novel protocol and background 
information. Attendance lists were not kept during the educational meetings, which lim-
ited the detection of changes in physicians’ knowledge. Unfortunately, the response rate 
of the web-based questionnaire was quite low which made it hard to assess whether 
this transfer of information was sustained and new employees were informed about the 
switch criteria. This also impeded the estimation of possible salary costs spent on inter-
healthcare professional transfer of information.

The implementation costs presented in this study should not be viewed of as an invest-
ment to be made by hospitals in order to execute the presented implementation strat-
egy. The strict economic evaluation presented here is purely based on the validation of 
societal resources. However, salary costs of staff participating in implementation-related 
activities are spent by the hospital anyway and the only true additional investment, is 
the costs of printed educational material (pocket cards) and salary costs to enable a 
researcher to facilitate the implementation process. In our study, this investment would 
be equivalent to €6,- per day. As handling cost per parental dose are €6,- as well this 
would lead to a cost neutral scenario within six moths after implementation. Notably, 
considering the aforementioned 95% CI (11%;30%), a reduction in the number of days 
of intravenous antibiotic administration as found in this study, is likely to be achieved 
in four to 16 months if this strategy would be repeated. Furthermore, due to the chosen 
study design, the economic evaluation could not be performed from a societal perspec-
tive. It would be informative though to know about the experienced quality of life, 
absence from work, consumption of informal care and visits to the general practitioner 
of patients treated before as compared to patients treated after the implementation. 
Currently, there are no studies addressing this issue. 

Our study population was largely comparable to those of similar large Dutch CAP stud-
ies in terms of age, male to female ratio, co-morbidities and severity at presentation.5,33 
In 2002, Barlow et al. performed a comparable intervention to reduce door-to-antibiotic 
time in the emergency room department of a 1000-bed teaching hospital at the cost of 
€3850,- (€169,- per additional patient adequately treated, exchange currency July 2012: 
€1,- = £0.78. UK).34 

It has been shown that if all hospitalised CAP patients were switched on time, a reduction 
in LOS of 3.4 days could be expected.2 However, this was derived from studies assessing 
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the most appropriate antibiotic treatment strategy, which are essentially different from 
studies such as our study, which are aimed at improving antimicrobial prescribing. The 
baseline duration of intravenous antibiotic administration derived from our study (5 
days) for example, differed from the one in the randomized controlled trial by Ooster-
heert et al. which was set on seven days.33 Moreover, continuous active stimulation of 
physicians to adhere to (study) protocol, which is inherent to studies assessing the most 
appropriate treatment strategy, may lead to physician behaviour which is not compa-
rable to daily practice, where inexpensive sustainable methods are far more feasible. 
Therefore, in practice, a reduction of LOS less than 3.4 days would be expected when 
implementing a timely switch strategy, as shown in comparable studies.26,35 This, and the 
possible underestimation of the duration of intravenous antibiotic administration prior 
to the implementation as described elsewhere4, might explain why we found only a 
modest reduction in the duration of intravenous therapy and no significant reduction of 
LOS after performing a tailored implementation, which is considered the most effective 
antimicrobial stewardship improvement strategy.6 Future studies should evaluate the 
effect of including a rule aimed at early discharge of CAP patients, which might reduce 
LOS.36 

CONCLUSION

An implementation strategy, tailored to previously identified barriers, aimed to improve 
a timely switch, reduced the duration of intravenous antibiotic administration in hos-
pitalised CAP patients by one day at minimal cost, but not the length of hospital stay. 
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Appendix I. In- and exclusion criteria

Inclusion criteria

1. Age ≥ 18 years

2. Community acquired pneumonia, defined as:

a. A new or progressive infiltrate on a chest radiograph AND

b. ≥ 2 of the following criteria:

- Cough

- Sputum production

- Dyspnoea

- Rectal temperature > 38°C or < 36.1°C

- Auscultator findings consistent with pneumonia

- Leucocytosis (>10.000/mm3, or >15% bands)

- C-reactive protein >30 mg/L AND  

c. Neither HAP nor HCAP

3. Admission to internal medicine or pulmonary disease ward.

4. Intravenous treatment with antibiotics. 

5. Severe pneumonia defined as: PSI of >90 or CURB-65 >2, or pneumonia being the reason of admission. 

Exclusion criteria

1. ICU admission with intravenous antibiotics. 

2. Infections other than pneumonia that need immediate treatment with intravenous agents.

3. Cystic fibrosis or history of lung transplantation.

4. Neutropenia (leukocyte count <0,5*109 / l) or/and HIV infection with a CD4 count <200/mm3

HAP Hospital Acquired Pneumonia defined as hospital admission >48 hours in the two weeks prior to inclusion 
HCAP Health Care Associated Pneumonia: non-hospitalized patient with extensive healthcare contact, as 
defined by one or more of the following: 
- Intravenous therapy, wound care, or intravenous chemotherapy within the prior 30 days 
- Residence in a nursing home or another long term care facility 
- Hospitalization in an acute care hospital for ≥2 days within the prior 90 days 
- Attendance to a hospital or hemodialysis clinic within the prior 30 days
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Appendix II. Contents of laminated pocket card used for implementation

Protocol community-acquired pneumonia (CAP)
Switch from intravenous to oral antibiotics at the latest on day three 3, if the patient is:

1. Hemodynamically stable - Heart rate <100/min
- No need for intravenous fluid administration

2. Respiratory stable - Respiratory rate < 25/min
- Oxygen saturation >92% without O2

3. Free of fever Temperature <37.8°C

4. Free of delirium  

5. Able to take oral medication - The patient is able to swallow
- No vomiting
- No diarrhoea

_______________ +
Switch!

Evidence based medicine: Switching to oral medication in CAP

1. Switching on the third day of admission is investigated, efficient and safe. Also in elderly with co morbidities. 

2. Switching is possible as soon as the patient is stabile, based on the predefined criteria stated on the other 
side of this card. The patient’s clinical situation on admission is not important in this respect.

3. A decrease in C-reactive protein (CRP) of ≥ 60 % after three admission days indicates adequate antibiotic 
treatment. However, CRP is not a relevant parameter in judging the clinical stability of a patient. Leukocyte 
levels do not reflect clinical improvement adequately. 

4. In only 40-50% of CAP patients the causative pathogen is detected.
In 42% of these cases the causative pathogen is S. Pneumoniae.
Postponing the switch to oral antibiotics until culture results are available is usually pointless.

5. An atypical causative pathogen is not a reason to postpone the switch.

6. An oral variant to an intravenous antibiotic is nearly always available.
If necessary, consult your ID-specialist or microbiologist. 
Suggestion: switch intravenous ceftriaxone to oral amoxicillin/clavulanic acid.

7. The difference in absorption between oral and intravenous administration of, for example, amoxicillin is 
marginal (80% vs. 100%).
This is no justified reason to prolong intravenous treatment in a clinically stable patient.

8. If a patient is well enough to switch to oral antibiotics, the patient is well enough for discharge home. Unless 
there are other medical problems that require prolonged admission.

9. Note: Prolonged intravenous treatment is indicated in patients with cystic fibrosis or a history of lung 
transplantation.
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Appendix III. Log of activities aimed at implementation

Phase Action Location Contents Date 
completed

Introduction Mailing to all principal 
investigators in different 
centres

- Summary of study results and a 
proposal for an updated protocol 
(including its implementation 
strategy)  
Invitation to consensus meeting

July 2011

Preparation kick-off 
meeting

- Power point presentation including:
- Overview of the available 
evidence: ‘best practice’
- Performance different centres 
during observational phase
- Strategy aimed at improvement 
(Implementation phase II)

Preparation mailing all 
physicians and nursing 

- Summary of study results, updated 
protocol and the implementation 
strategy

Preparation protocol - Creating and printing laminated 
pocket card with protocol and 
additional study information

Consensus 
meeting

Meeting medical 
specialist and head 
nursing staff per 
participating centre 
(per division within the 
UMCU)

Participating 
centres 
(researcher  at 
site)

Discuss study results with different 
of opinion leaders
Create consensus about the 
protocol and the implementation 
strategy design

September 
2011

Implementation Kick off meeting: power 
point presentation

Participating 
centres 
(morning 
report)

See above December 
2011

Distribution of 
laminated pocket cards

Participating 
centres 
(researcher  at 
site)

See above

E-mail rounds - E-mail to all physicians and 
nursing staff to inform them about 
the study results, protocol and 
implementation strategy

Training period 2-4 Weeks to get familiar 
with the protocol

Participating 
centres 
(autonomous)

Start working with the protocol 
by means of the introduced 
implementation strategy

December 
2011

UMCU University Medical Centre Utrecht
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Appendix IV. Actual costs of executing the study intervention in participating hospitals (n=3) 

Event Personnel Activity Expense type a Cost per 
hour/unit

No. of 
hours per 
individual

No. of 
individuals 

Total cost

Consensus 
meeting 

Researcher Preparing meetings Salary researcher (A) €29,45 3 1 €88,35

Travelling Salary researcher (A) €29,45 2 1 €58,90

Travel expenses NA NA NA €14,80 

Hosting meetings Salary researcher (A) €29,45 5 1 €147,25

Physicians Attending meeting Salary medical 
specialist 

(A) €72,-
(B) €135,50

0,5 (A) 3
(B) 2

€108,-
€135,50

Nursing Attending meeting Salary nursing (A) €30,50
(B) €26,75

0,5 (A) 3
(B) 2

€45,75
€26,75

Total costs event €625,30

Kick-off 
meeting 

Researcher Preparing meetings Salary researcher (A) €29,45 5 1 €147,25

Travelling Salary researcher (A) €29,45 2 1 €58,90

Travel expenses NA NA NA €14,80

Hosting meetings Salary researcher (A) €29,45 5 1 €147,25

Physicians Attending meeting Salary medical 
specialist

(A) €72,-
(B) €135,50

0,5 (A) 8
(B)12

€283,50
€813,-

Attending  meeting Salary resident (A) €29,45
(B) €27,85

0,5 (A)13 
(B)23

€191,43
€320,28

Nursing Attending  meeting Salary nursing (A) €30,50
(B) €26,75

0,5 (A)34
(B)31

€518,50
€414,63

Total costs event €2909,54

E-mail 
rounds b

Researcher Preparing mailing Salary researcher (A) €29,45 2 1 €58,90

Physicians Reading mailing Salary medical 
specialist

(A)€72,-
(B)€135,50

0,17 (A)23
(B)35

€281,52,-
€806,23

Reading mailing Salary resident (A)€29,45
(B)€27,85

0,17 (A)21
(B)50

€105,14
€236,73

Nursing Reading mailing Salary nursing (A)€30,50
(B)€26,75

0,17 (A)94
(B)278

€487,39
€1264,21

Total costs event €1751,60

Laminated 
pocket 
cards

Researcher Designing cards Salary researcher (A)€29,45 3 1 €88,35

Printing Printing cost NA,
bulk tariff

NA 600 units €335,- 

Distribution Salary researcher (A)€29,45 3 1 €88,35

Total costs event €511,70

Total cost all events €5798,14

a. Hourly salary category A: tertiary care: medical specialist (paid employment) €72,-, residents/researcher €29,45, 
nurses €30,50. Hourly salary category B: secondary care: medical specialist (self employed) €135,50, residents €27,85, 
nurses €26,75 
b. Assuming that everyone who received the e-mail read it completely 
NA Not Applicable
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General discussion
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MAIN FINDINGS AND RECOMMENDATIONS

The main aim of this thesis was to explore strategies to improve physicians’ antibiotic 
prescribing behaviour for lower respiratory tract infections, focussing on community-
acquired pneumonia (CAP) specifically. We chose to evaluate the effect of the imple-
mentation of rapid diagnostic tests (primary and secondary care) as well as the effect 
of a tailored intervention (secondary care) on the appropriateness of antimicrobial 
prescribing. 

Point of care C-reactive protein measurement in primary care

Recently, two Dutch studies were performed evaluating point of care (POC) C-reactive 
protein (CRP) measurement for patients presenting with lower respiratory tract infec-
tions (LRTI) in primary care. Authors suggested that POC CRP measurement, in addition 
to history taking and physical examination, may lead to a reduction of the total amount 
of antibiotic prescriptions.1,2 Subsequently, the Dutch college of general practitioners 
issued the 2011 guideline ‘acute cough’, advocating the use of point of care POC CRP 
measurement for patients presenting with LRTI in primary care.3 Reducing the number 
of antimicrobial prescriptions is important because inappropriate prescribing in LRTI 
is as high as 86% in the Netherlands.4 However, previous implementation of POC CRP 
measurement in Scandinavian primary care, led to continuous suboptimal antimicrobial 
prescribing and excessive use of this rapid test.5,6 It is likely that implementation of POC 
CRP measurement in Dutch primary care has a comparable effect, although the effect 
of implementation may differ slightly between different countries or settings, due to 
socio-cultural differences.7 

Prior to the publication of this thesis, the available evidence on this subject had not been 
evaluated in a structural manner; it was therefore unclear if all studies on this subject 
showed the same effect on the number of antimicrobial prescriptions or how this effect 
could be explained. Furthermore, in a strict study setting a substantial effect of POC CRP 
application may be demonstrated, while practice implementation of the test may lead 
to very different results, as practice experience showed in Scandinavia. Therefore we 
aimed to answer the question: “Does the implementation of POC CRP measurement in 
Dutch primary care lead to a reduction in the number of antimicrobial prescriptions in 
patients presenting with LRTI?”

First, we aimed to assess the available evidence on the role of POC CRP measurement 
in guiding antibiotic prescription and predicting aetiology, prognosis and diagnosis in 
LRTI patients though a systematic review displayed in chapter two. Three to four studies 
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were retrieved per research question. Only one study provided evidence that a reduction 
in antibiotic prescriptions may be achieved when POC CRP measurement is applied.2 
The available evidence on aetiology and prognosis was contradictory.8-13 In addition, 
CRP had limited value as a single predictor of radiographic confirmed pneumonia. 
When combined with clinical assessment however, its value increased.9,10,14 Moreover, 
methodological flaws and/or wide confidence intervals of all included studies limit the 
applicability of these findings and therefore the potential benefit of POC CRP measure-
ment in LRTI patients remained unclear. 

Subsequently, we evaluated the effects of POC CRP implementation in Dutch primary 
care through a prospective cohort study in chapter three. Because the strict study set-
ting used in the aforementioned studies is unlikely to reflect daily practice, we chose 
to allow participating physicians to use POC CRP measurement for purposes besides 
evaluating patients with LRTI. Until now, no studies have evaluated the effect of POC 
CRP implementation using this design. We found that POC CRP measurement did not 
influence the overall amount of antibiotics prescribed, but physicians did adjust their 
prescription (i.e. withhold antibiotics instead of prescribing them in case of a low CRP-
level and vice versa) based on CRP levels in 17% of cases. This did not influence patient 
outcome. Strikingly, over one-third of tests were used inappropriately. Considering the 
aforementioned results, we do not support the view that POC CRP measurement is of 
added value in LRTI patients in primary care practice. 

The frequency of inappropriate antibiotic prescription and excessive use of diagnostic 
tests by physicians is worrisome and raises questions. Why do general practitioners make 
inappropriate use of these resources? In one striking case in our study, a general practi-
tioner used POC CRP measurement to reassure an anxious patient that she probably did 
not suffer from a brain tumour. This type of behaviour was not observed incidentally and 
besides leading to excessive use of antimicrobials and tests it is misleading to patients 
by creating a false sense of security. Potential causes of this behaviour may be physi-
cian’s unawareness of guideline advice, insecurity of their own clinical judgement or the 
inability to convince patients of their diagnosis and treatment choice. The latter theory 
is supported by a recent study that showed a decrease in antimicrobial prescriptions 
in general practitioners after receiving a communication skills training.15 Taking these 
observations into account, it may be advisable to monitor test application when imple-
menting POC CRP testing. Inappropriate test use could be reported to the responsible 
physician immediately, for example through an automated feedback system. Moreover, 
physicians may be less tended to inappropriate test use if tests inappropriately used 
were not reimbursed by insurance companies. 
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In the 2011 guideline, a clinical rule is provided to identify low risk patients which should 
not receive antibiotics or a POC CRP test. High risk patients are identified based on the 
GPs professional opinion and should receive antibiotics or be referred to the hospital 
immediately. GPs are advised to apply POC CRP measurement only in the remaining 
patient group labelled as ‘patients at intermediate risk of severe infection’ and prescribe 
antibiotics according to the POC CRP test results. The cost and effects of such an ap-
proach are unknown to date and should be studied. An important aspect of such a study 
is to see if this guideline based approach actually leads to a decrease in the number of 
antimicrobial prescriptions. 

Our results do not support the view that implementation of POC CRP measurement for 
LRTI patients in primary care will lessen the number of antimicrobial prescriptions for 
this condition. Moreover, it is likely that implementation of POC CRP measurement will 
lead to excessive use of the test. Because the evidential basis for POC CRP implementa-
tion is lacking, we would advise to perform future research on other strategies aimed at 
improving not only appropriateness of prescribing behaviour, but appropriateness of 
antimicrobial use as well. Continuation of research on the effect of communication skills 
training or a novel study on the effects of delayed prescription both sound promising 
in this respect. 

Rapid urinary antigen testing in hospitalised CAP patients

A potentially life threatening form of LRTI is CAP. In the Netherlands, patients with inter-
mediate or severe CAP, as defined in the introduction of this thesis (table 2), are referred 
to the hospital by their general practitioner and admitted if necessary. Rapid identifi-
cation of the causative aetiological agent allows an early switch from initial empirical 
to targeted antibiotic treatment. This streamlining (i.e. de-escalation) of antimicrobial 
therapy is an important step in sound antimicrobial stewardship, as continuous use of 
empirical broad spectrum antibiotics puts a strain on the development of antimicrobial 
resistance. Of several rapid tests currently available, the rapid immunochromatographic 
assays for S. Pneumoniae (PUAT) and Legionella spp. (LUAT) are used most frequently. 

International guidelines advocate the use of the PUAT in hospitalised patients with 
moderate to severe CAP and LUAT for all hospitalised CAP patients with severe disease 
and/or risk factors for Legionella pneumonia.16,17 Dutch guidelines specifically, advocate 
PUAT use in patients with severe disease and LUAT in all hospitalized CAP patients within 
12 hours of admission.18 In case of a positive result the latter guideline advices targeted 
treatment of Pneumococcal pneumonia with amoxicillin or penicillin and Legionella 
pneumonia with a fluoroquinolon, azithromycin or erythromycin monotherapy. Ap-
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proximately seven years ago, these tests were implemented for CAP patients in several 
hospitals. Costs and effects of this implementation however, were unknown prior to 
the publication of this thesis. Therefore we posed the question: “What are the costs 
and effects of the implementation of the rapid immunochromatographic assay for S. 
pneumoniae and L. pneumophilia spp. for hospitalised CAP patients?”

In chapter four and five we retrospectively evaluated all PUATs and LUATs performed 
between the introduction of these tests in 2005 and 2011 in two teaching hospitals in 
Utrecht, the Netherlands. Strikingly, we found that out of approximately eight thousand 
test only 55% were performed for CAP while CAP is virtually the only evidence based 
indication for this test. Only one to 14 percent, of LUATs and PUATs respectively, yielded 
a positive result. The PUAT led to targeted treatment in only 35% of cases with a positive 
test result during 298 cumulative admission days at the cost of €130,- per targeted treat-
ment day. The main factor impeding the switch to targeted treatment in this population 
is possibly a hospital bound factor. In contrast, due to the LUAT, targeted treatment 
was enabled in 79% of patients during 209 cumulative admission days at the cost of 
€274,- per targeted treatment day. In 60% of cases the LUAT was the only test showing 
Legionella spp. and due to the LUAT, this aetiologic agent was detected 13 days earlier on 
average as compared to culture and/or serology without LUAT. 

We concluded that the availability of the evaluated rapid diagnostic tests led to exces-
sive use of these tests (PUAT and LUAT) combined with a limited impact on antimicrobial 
prescriptions (PUAT). In our view, there are two main ways to tackle this problem. The 
first is to restrict test use and allow PUAT and LUAT application in CAP patients only. 
This could be achieved by obliging physicians to request approval by the attending 
microbiologist or infectious diseases specialist by telephone before applying a urinary 
antigen test. The problem with this approach is that it may lead to increased use of other, 
more expensive, pathogen detection methods. This phenomenon of ‘squeezing the bal-
loon’ is common in antimicrobial stewardship improvement studies using a restrictive 
design and may therefore be applicable to the use of diagnostic tests as well.19 Due to 
the retrospective design of our studies on urinary antigen tests, we were not able to 
determine if the use of these tests led to a ‘squeezing of the balloon’ effect. A second 
way to achieve more efficient test use may be to persuade physicians to request the test 
only if they intend to act upon positive results by switching from empirical to targeted 
treatment. This may be achieved by means of an educational intervention for example. 
However, the design and execution of such an intervention may be expensive and time 
consuming. Moreover, as several studies aimed at changing physicians’ (prescribing) 
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behaviour show limited effects, performing an intervention does not warrant a change 
in test application frequency by physicians.20,21 

While it can be argued that, on a population level, de-escalation of antibiotic therapy 
leads to fewer ecological pressure and less development of antimicrobial resistance, it is 
unknown if narrowing the antimicrobial spectrum based on a positive urinary antigen 
test leads to optimal treatment of individual patients. The available studies on the effect 
of urinary antigen test-based treatment on patient outcome are mostly limited in size 
and number. Due to the low incidence of positive test results, many patients need to be 
included to achieve adequate numbers for analysis, which may not always be feasible. 
Falguera et al. for example, randomised 177 CAP patients to receive empirical treat-
ment or targeted treatment if the urinary antigen test was positive.22 Even with a high 
percentage of positive results as compared to our studies, no evident outcome related 
or economic benefits from urinary antigen test-based treatment could be identified. 
However, as this study was performed in Spain, where penicillin resistant S. pneumoniae 
is common, targeted treatment of Pneumococcal pneumonia with penicillin might not 
have been adequate in this patient group. In addition, treatment allocation took place 
on the second to sixth day of admission in clinically stable patients only; a strategy which 
diminishes the potential difference in treatment effect between both groups. 

Based on the results described in this thesis, PUAT use on general medicine wards in the 
University Medical Centre of Utrecht was discontinued for the time being. In the future, 
ideally, a large randomised controlled trial would be performed evaluating the cost-
effectiveness of urinary antigen test usage compared to standard care without urinary 
antigen testing. All hospitalised CAP patients in this trial should receive both urinary 
antigen tests. Through randomisation stratified by disease severity, results of 50% of pa-
tients should be made available to the physician which in turn would switch to targeted 
treatment in case of a positive result as dictated by the study protocol. Subsequently, 
an evaluation of the implementation effects of such a strategy on daily practice is an 
indispensable aspect in this process. 

Reducing the duration of intravenous antibiotic administration 

In hospitalized CAP patients, the duration of hospital stay is largely dependent on the 
duration of intravenous antibiotic administration.23 A recent meta-analysis showed that 
an early switch to oral therapy in clinically stable patients on day 2-4 of hospital admis-
sion, as opposed to prolonged intravenous treatment, resulted in a decreased length 
of hospital stay and less medication side effects without influencing patient outcome.24 
Therefore, (inter-) national guidelines advocate an early switch to oral treatment for 



Discussion 159

hospitalized CAP patients. However, despite its obvious and proven benefits, an early 
switch to oral therapy has not been implemented in routine clinical practice for all ad-
mitted CAP patients to date.25 Merely publishing results of randomized controlled trials 
and issuing of guidelines seems to be insufficient for implementation of an early switch 
strategy in daily practice.7 Therefore we tried to answer the question: “To what extent is 
a timely switch strategy applied in CAP patients?”, “What are physicians’ barriers towards 
a timely switch strategy?” and “What is the effect of a tailored implementation strategy 
aimed at improving guideline based antibiotic prescribing in patients hospitalised with 
CAP?”.

In chapter six of this thesis we evaluated to what extent physicians apply a timely switch 
strategy in practice and what barriers they perceive to such a strategy. We found that, 
of the hospitalised CAP patients in whom a switch to oral antibiotics was possible, 40% 
were still on intravenous treatment on the third admission day. Physicians’ barriers to 
an early switch in clinically stable patients included misconceptions, practical consid-
erations and organisational factors. Strikingly, 94% of the participating physicians were 
not aware of current guideline advice. From these data we concluded that the switch 
from intravenous to oral antibiotics is often unnecessarily delayed in hospitalised CAP 
patients.

In chapter seven we evaluated if a tailored implementation strategy, aimed at the bar-
riers identified earlier, could reduce the duration of IV treatment and thereby increase 
the cost-efficiency of CAP treatment. A multi-centre cohort study was performed using a 
before-and-after design. We implemented a switch protocol using educational sessions, 
pocket reminders and active involvement of nursing staff in three teaching hospitals. 
Strikingly, the implementation did not influence the proportion of patients timely 
switched. However, the duration of intravenous antibiotic administration was reduced 
by 21% (i.e. one day per admission) at a cost of €20,- per day. Readmission and patient 
mortality were comparable before and after the implementation. Six months after the 
implementation, only one-fourth of physicians whom took part in the implementation 
related activities remembered the switching criteria as taught. 

Generally, only a limited number of scientific medical publications on CAP lead to 
improved patient care. Even if recommendations derived from research results are 
adopted by (inter-) national guidelines, the adherence to these guidelines is limited as 
was shown in chapter six of this thesis, a view supported by other authors as well.25,26 
Exactly this is what makes studies on antimicrobial stewardship improvement so valu-
able: improvement of daily practice is incorporated in this type of studies. However, 
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if a novel improvement strategy appears to be only marginally effective, as shown in 
chapter seven, the value of a study shifts to lessons that can be learned from process 
analysis and the identification of factors that influence the efficiency of a certain ap-
proach. Our study data revealed some clues to why the implementation did not result 
in the expected reduction in the duration of intravenous antibiotic administration or 
a shorter duration of hospital stay. For example, 86% physicians on average reported 
that they found the educational sessions and/or materials useful, while only one-
fourth remembered the switching criteria as taught six months earlier. Apparently the 
newly acquired knowledge was not sustained, therefore physicians should be actively 
reminded of the switching criteria to increase implementation success, for example by 
e-mail notification every three months. 

Furthermore, the limited effect of the implementation strategy reported in chapter 
seven may be due to the study design. Results of antimicrobial stewardship improve-
ment studies with a randomized controlled design generally produce more robust 
results and even subtle changes in prescription behaviour can be detected. In future 
research, a cluster randomized trial could be performed randomizing (groups of ) profes-
sionals while collecting data at the individual patient level.27 Alternatively randomizing 
at patient level may lead to less robust results, as professionals may experience a ‘learn-
ing effect’ by treating patients in the intervention group as well as control patients.28 
In order to evaluate the effect of several components (e.g. education and a restrictive 
intervention) of a certain strategy, a stepped wedge design could be used. Furthermore, 
using one strategy to improve multiple inefficiencies in antimicrobial prescribing pro-
vides the opportunity to evaluate the effect of a certain goal on the effectiveness of that 
strategy. This approach has, however, implications for the planning and conduct of the 
study, while the sample size needs to be calculated and data need to be analyzed taking 
the clustering effect into account. 

In practice, physicians’ decisions are only partially guided by the latest evidence and/or 
guideline advice and they rely on types of knowledge which are hard to objectify, such 
as past experience and clinical judgment. This might explain why there is not yet one 
strategy serving as golden standard for guideline implementation and tailored interven-
tions generally lead to optimal results.29 Pursuing strict guideline adherence might lead 
to high grades when scoring based on quality indicators. Combining guideline based 
treatment with the physicians’ clinical judgement, however, probably leads to optimal 
patient care. Eventually it is all about finding the right balance.
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CONCLUSION 

In search of ways to increase the number of appropriate antimicrobial prescriptions, 
several rapid diagnostic test, such as POC CRP measurement and rapid urinary antigen 
tests, have been implemented in daily clinical practice over the last decade. We found 
that test implementation without accompanying restrictions has several disadvantages 
as was described in chapter two to five of this thesis. Implementation of both rapid POC 
CRP measurement and urinary antigen testing led to inappropriate test use, (continu-
ous) inappropriate antibiotic prescribing behaviour and consequently increased health 
care costs.

A different approach to reducing the number of inappropriate antimicrobial prescrip-
tions was presented in chapter six and seven. While a tailored intervention is generally 
the most effective antimicrobial stewardship improvement strategy, our implementa-
tion was only marginally effective in reducing the duration of intravenous antibiotic 
administration. Still, results from antimicrobial stewardship improvement studies may 
not only provide ways to reduce inappropriate antimicrobial prescribing; effective 
interventions may also be utilized in reducing the inappropriate use of rapid diagnostic 
tests in the future. However, antimicrobial stewardship strategies that sound promising 
in theory might have a limited effect in practice. Therefore there is much to learn in this 
area of research. 

To further improve appropriateness of antimicrobial prescribing and test application, 
future research should be aimed at finding the most effective strategy to influence 
physician behaviour. Optimal results might be achieved by involving experts (e.g. in the 
field of study design, biostatistics and human behaviour) in studies evaluating several 
sustainable implementation strategies using a stepped wedge design.
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SUMMARY 

Background

As the development of new antimicrobials stagnates, the evident rise in antimicrobial 
resistance has become an increasingly relevant issue over the last decades. Several stud-
ies report a relationship between the volume of antibiotic use and increased resistance 
rates. This suggests that increasing appropriate use of antimicrobials leads to a reduced 
pressure on the development of antimicrobial resistance. Antimicrobial stewardship 
programs are institutional programs aimed at adequate selection, dosing, route and 
duration of antimicrobial therapy. This thesis focuses on antimicrobial stewardship 
improvement and thereby aims to make physicians’ prescription behaviour more ap-
propriate. 

Inappropriate use of antimicrobials in patients with community-acquired pneumonia 
(CAP) is common which makes this condition a suited subject of antimicrobial stew-
ardship improvement studies. CAP has a high incidence; in the Netherlands over 37 
thousand patients are admitted annually. Initial antibiotic treatment is dependent on 
the severity at presentation which ranges from self limiting to lethal. CAP is the number 
one cause of death due to infection in western countries and a major burden on health 
care and financial resources. In this thesis we evaluate several different strategies with 
the aim to improve the quality of antibiotic prescribing for CAP 

Point of care C-reactive protein measurement in primary care

In Dutch primary care, up to 86% of antibiotic prescriptions for patients presenting with 
signs of a lower respiratory tract infection (LRTI) are inappropriate. Therefore, we evalu-
ated the effect of rapid point-of-care (POC) C-reactive (CRP) protein measurement on 
the number of antibiotic prescriptions for these patients. Theoretically, the additional 
diagnostic information provided by rapid POC CRP measurement enables general prac-
titioners (GPs) to make their prescriptions more appropriate. However, practice experi-
ence in Scandinavian countries showed that implementation of POC CRP measurement 
resulted in excessive test use, continuous inappropriate antibiotic prescribing and 
consequently increased healthcare costs. This urges professionals to be critical when 
considering the use of POC CRP measurement for LRTI patients.

Through a systematic review we found that POC CRP measurement in LRTI patients 
is not likely not guide the GP towards a solid assessment of the prognosis, diagnosis 
or aetiology. Moreover, evidence suggesting that POC CRP measurement reduces the 
number of antimicrobial prescriptions is limited in quality and extent. 
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In addition, we performed a prospective cohort study with a matched historical control 
group, to asses if POC CRP implementation for respiratory tract conditions in Dutch pri-
mary care would have similar consequences as in Scandinavia. Although high CRP levels 
were associated with an increased prescription rate in this study, POC CRP measurement 
did not decrease the overall number of prescriptions and the test was used off indication 
(i.e. not for LRTI) in 30% of cases. 

We concluded that there is insufficient evidence to support the implementation of POC 
CRP measurement for LRTI patients in primary care. Future research should be aimed 
at other strategies with the aim to increase appropriateness of prescriptions for LRTI 
patients in primary care. 

Rapid urinary antigen testing in hospitalised CAP patients

In section two of this thesis we focused on the role of another type of rapid diagnostic 
test that may guide antibiotic prescribing. Rapid urinary antigen tests for S. pneumoniae 
(PUAT) and Legionella spp. (LUAT) allow an early aetiological diagnosis in hospitalized 
CAP patients. If positive, the initial empirical antibiotic treatment can be de-escalated 
to narrow spectrum targeted treatment. An additional advantage of the LUAT is that 
a positive result allows early detection of Legionella outbreaks. Approximately seven 
years ago, the LUAT and PUAT have been implemented in several hospitals. Strikingly, 
the costs and treatment consequences of these tests have never been evaluated. 

We retrospectively studied all PUATs and LUATs performed between 2005 and 2012 to 
evaluate these aspects. During this period, 55% (1907/3479) of all PUATs were performed 
for CAP, 14% (269/1907) of these had positive results. Thirty-five percent (75/217) of the 
evaluated positive tests led to targeted treatment during 293 cumulative admission 
days. Testing costs for CAP only were €131,- per targeted treatment day. These costs 
were €257,- if local protocol dictated PUAT use for all CAP cases as opposed to €72,- if 
the test was reserved for severe cases only. Including all tests, PUAT costs were €254,- per 
targeted treatment day

Out of all LUATs 56% (4485/2504) were performed for CAP, only 2% (55/2504) of which 
was positive costing €1041,- per positive result. In 60% (26/43) of the positive tests 
that remained for detailed evaluation, LUAT was the only test showing Legionella spp. 
Subsequent earlier targeted treatment was possible in the remaining cases during 209 
cumulative admission days at a cost of €274,- per day. LUAT led to detection of Legionella 
spp. 13 days earlier per case, at a cost of €203,- per day, as compared to culture and/or 
serology alone.
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In conclusion, current PUAT application is inefficient and may be improved by more 
selective test use (i.e. CAP patients only) and by providing patients with targeted treat-
ment in case of a positive test result. In addition, timely LUAT use in accordance with 
current guidelines allows early detection and treatment of CAP caused by Legionella spp. 
at considerable expense. 

Reducing the duration of intravenous antibiotic administration 

It has been shown that a switch from intravenous to oral antibiotic therapy in clinically 
stable, hospitalized CAP patients is safe and decreases the length of hospital stay. How-
ever, prior to the publication of this thesis, it was unknown if this approach has been 
implemented in routine clinical practice. 

Therefore, two prospective clinical studies were performed. First, the level of adherence 
to a timely switch strategy was determined and reasons for non-adherence were re-
corded through interviews with treating physicians. Forty percent of patients in whom a 
timely switch strategy was possible were still on intravenous antibiotics on the third day 
of admission. Strikingly, 94% of physicians were not aware of current guideline advice 
on the appropriate switch strategy. Physicians’ barriers to a timely switch to oral agents 
included misconceptions, practical considerations and organisational factors. 

Subsequently an implementation tailored to these barriers was executed, total costs 
were €5.798,-. It consisted of the implementation of a novel protocol through educa-
tion, reminders and active involvement of nursing staff. As a result, the duration of 
intravenous antibiotic treatment decreased by one day after the implementation at the 
cost of €26,-per day. However, the proportion of patients switched on time and the dura-
tion of admission did not change significantly. Readmission and patient mortality were 
comparable before and after the implementation. Six months after the implementation, 
24% of physicians remembered the switching criteria as taught during the educational 
sessions. 

 
From these data we concluded that our implementation strategy, tailored to physician’s 
barriers, resulted in a modest reduction of the duration of intravenous administration, 
but not the length of hospital stay. Possibly the implementation would have benefitted 
from the addition of a discharge rule.

Conclusion

In search of ways to improve the quality of antimicrobial prescriptions for LRTI, several 
rapid diagnostic test such as POC CRP measurement and urinary antigen tests, have 
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been implemented in daily clinical practice over the last decade. We found that test 
implementation without accompanying restrictions is prone to continuous inap-
propriate antibiotic prescribing, excessive use of rapid tests and increased health care 
costs. A different approach towards improvement of antibiotic prescribing quality is to 
perform a tailored implementation. However, the implementation strategy presented 
in this thesis only led to a modest reduction of the duration of intravenous antibiotic 
administration. To further improve appropriateness of antimicrobial prescribing and test 
application, future research should be aimed at finding the most effective strategy to 
influence physician behaviour.
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SAMENVATTING

Achtergrond

De forse toename van resistente micro-organismen verdient steeds meer aandacht 
omdat de ontwikkeling van nieuwe antibiotica stagneert. Verschillende studies laten 
een verband zien tussen hoeveel antibiotica er wordt gebruikt en de mate van anti-
microbiële resistentie. Adequater antibioticagebruik zou dus kunnen leiden tot minder 
resistentieontwikkeling. Met een ‘antimicrobial stewardship programma’ wordt een 
ziekenhuisbrede aanpak bedoeld, met als doel het optimaal behandelen van infectie-
ziekten zonder overmatig te behandelen. ‘Antimicrobial stewardship verbetering’ heeft 
als doel het verhogen van de adequaatheid van antibiotica voorschriften. 

Antibiotica voorschiften voor patiënten met een buiten het ziekenhuis opgelopen long-
ontsteking zijn vaak inadequaat. Daarom is deze aandoening een geschikt onderwerp 
voor studies naar antimicrobial stewardship verbetering. Het is een ziekte met een hoge 
incidentie; in Nederland worden jaarlijks 37.000 patiënten opgenomen met een buiten 
het ziekenhuis opgelopen longontsteking. Het kan vanzelf over gaan, maar ook dodelijk 
zijn en de antibiotische behandeling is sterk afhankelijk van de ernst bij presentatie. Het 
is de belangrijkste oorzaak van sterfte door infectieziekten in de westerse wereld en 
veroorzaakt hoge kosten binnen de gezondheidszorg. In dit proefschrift onderzoeken 
we daarom verschillende strategieën met als doel adequatere antibioticavoorschriften 
voor patiënten met een buiten het ziekenhuis opgelopen longontsteking. 

C-reactief proteïne meten in de huisartsenpraktijk

In de Nederlandse huisartsenpraktijk wordt aan 86% van de patiënten die zich pre-
senteert met een lageluchtweginfectie (LLWI) onterecht antibiotica voorgeschreven. 
Daarom evalueerden wij het effect van het meten van C-reactief proteïne (CRP) in de 
huisartsenpraktijk op het aantal (inadequate) antibiotica voorschriften. In theorie zou 
de aanvullende diagnostische informatie die deze sneltest de huisarts geeft kunnen 
helpen bij het gerichter voorschrijven van antibiotica. Praktijkervaring in Scandinavië 
laat echter zien dat het implementeren van deze test leidt tot overmatig testgebruik, 
persisterend inadequaat voorschrijfgedrag en hoge zorgkosten. Dit betekent dat imple-
mentatie van CRP metingen in de huisartsenpraktijk niet alleen maar voordelen heeft.

Wij zochten in de beschikbare literatuur naar bewijs dat de voordelen van CRP metingen 
in de huisartsenpraktijk ondersteunt. Het bleek niet waarschijnlijk dat het toepassen 
van deze test leidt tot een betere inschatting van de prognose, diagnose of verwekker 
bij patiënten met een LLWI. Daarenboven is er onvoldoende bewijs voor de bewering 
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dat de test leidt tot adequater voorschrijfgedrag van antibiotica. Wij voerden tevens een 
cohort studie uit, gebruik makend van een historische controlegroep, om te zien of de 
implementatie van CRP meting in de Nederlandse huisartsenpraktijk dezelfde gevolgen 
zou hebben als in Scandinavië. Wij zagen dat bij patiënten met hoge CRP waarden 
vaker antibiotica voorgeschreven werd, maar het totaal aantal voorschriften nam niet af 
dankzij de test. Opvallend genoeg werd in 30% van de gevallen de test niet op indicatie 
gebruikt. 

Onze conclusie was dat er onvoldoende bewijs is dat CRP metingen in de huisartsen-
praktijk van aanvullende waarde zijn. In de toekomst zou er onderzoek moeten worden 
verricht naar andere methoden om inadequaat antibioticagebruik bij patiënten met een 
LLWI te verminderen.

Urine antigeen sneltesten in het ziekenhuis

In deel twee van dit proefschrift keken we naar de rol van een ander type sneltest welke 
het voorschrijfgedrag van antibiotica zou kunnen sturen. De urine antigeentests voor 
S. pneumoniae (PUAT) en Legionella spp. (LUAT) geven vroeg in de opname informatie 
over de verwekker van een buiten het ziekenhuis opgelopen longontsteking. In principe 
kan bij een positieve uitslag de stap van breed- naar smalspectrum antibiotica (gerichte 
therapie) gemaakt worden. Een bijkomend voordeel van de LUAT is dat een eventuele 
uitbraak van Legionella in een vroeg stadium wordt opgemerkt. Ongeveer zeven jaar 
geleden zijn de PUAT en LUAT geïmplementeerd in een aantal ziekenhuizen. De kosten 
en consequenties voor de behandeling zijn echter nooit geëvalueerd.

Daarom bestudeerden wij retrospectief alle urine antigeen tests uitgevoerd tussen 2005 
en 2012 in twee ziekenhuizen in de regio Utrecht. In deze periode werd 55% (1907/3479) 
van alle PUATs verricht bij patiënten met een buiten het ziekenhuis opgelopen longont-
steking, 14% (269/1907) daarvan was positief. Bij 35% (75/217) van de patiënten met 
een positieve test werd de behandeling op adequate wijze aangepast, wat leidde tot 
293 dagen gerichte therapie in totaal. Testkosten voor patiënten met een buiten het 
ziekenhuis opgelopen longontsteking waren €131,- per dag dat er gerichte therapie 
werd toegepast. Deze kosten varieerden van €72,- wanneer alleen ernstig zieken wer-
den getest tot €257,- wanneer alle patiënten met een buiten het ziekenhuis opgelopen 
longontsteking werden getest. Wanneer alle tests werden geïncludeerd, ook tests die 
niet op indicatie zijn verricht, waren de testkosten €254,- per gerichte therapie dag.

Zesenvijftig procent (4485/2504) van de LUATs werd gedaan bij patiënten met een 
buiten het ziekenhuis opgelopen longontsteking waarvan 2% (55/2504) positief was, de 
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kosten waren €1041,- per positieve test. In 60% (26/43) van de positieve tests die werden 
gebruikt bij onze evaluatie was de LUAT de enige test die Legionella spp. aantoonde. In 
de overige gevallen was tijdige gerichte therapie mogelijk dankzij de test gedurende 
209 dagen in totaal, kosten: €274,- per dag. In vergelijking met kweek en/of serologische 
tests kon dankzij de LUAT Legionella spp. gemiddeld 13 dagen eerder gedetecteerd 
worden, a €203,- per dag.

Concluderend is het huidige PUAT gebruik inefficiënt. Dit zou kunnen verbeteren door 
gerichter testgebruik, bijvoorbeeld alleen voor patiënten met een buiten het ziekenhuis 
opgelopen pneumonie en door te behandelen met smalspectrum antibiotica wanneer 
de test positief is. Het gebruik van de LUAT heeft als voordeel dat er tijdig gericht be-
handeld wordt en er snel brononderzoek gedaan kan worden, echter tegen een hoge 
kostprijs.

Het reduceren van de intraveneuze toedieningduur van antibiotica

Het is bewezen dat een tijdige overstap van intraveneuze naar orale toediening van 
antibiotica bij klinisch stabiele patiënten opgenomen met een buiten het ziekenhuis op-
gelopen longontsteking veilig is en de opnameduur verkort. Echter, voor de publicatie 
van dit proefschrift was nog niet bekend in welke mate deze strategie wordt toegepast 
in de dagelijkse klinische praktijk. 

Daarom voerden wij twee prospectieve klinische studies uit. Ten eerste evalueerden wij 
in welke mate een tijdige overstap naar orale antibiotica wordt toegepast in de praktijk 
en welke redenen artsen hadden om niet tijdig over te stappen. Veertig procent van de 
patiënten bij wie een tijdige overstap naar orale therapie mogelijk was kreeg nog steeds 
intraveneuze therapie op de derde opnamedag. Opvallend genoeg was 94% van de 
artsen niet op de hoogte van de huidige richtlijnen omtrent dit onderwerp. Bezwaren 
tegen een vroege overstap kwamen voort uit misverstanden, praktische overwegingen 
en organisatiegebonden factoren. 

Met behulp van deze informatie ontwierpen wij een implementatiestrategie gericht 
het reduceren van de bezwaren van artsen tegen een tijdige overstap. Er werd gebruik 
gemaakt van interactieve educatieve bijeenkomsten, zakkaartjes en het verplegend 
personeel werd om een actieve bijdrage gevraagd. De totale kosten van de implemen-
tatie waren €5.798,-. Na de implementatie nam de intraveneuze toedieningduur af met 
gemiddeld één dag per patiënt (a €26,-/dag). Echter, zowel het percentage patiënten 
dat tijdig over ging naar orale antibiotica als de gemiddelde opnameduur bleven gelijk. 
Het aantal heropnames en sterfte onder patiënten waren gelijk voor en na de imple-
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mentatie. Zes maanden na de educatieve bijeenkomsten herinnerde 24% van de artsen 
zich de criteria voor een tijdige overstap naar orale antibiotica zoals onderwezen tijdens 
de implementatie.

Concluderend leidde de op maat gemaakte implementatiestrategie tot een kortere 
intraveneuze toedieningduur terwijl de opnameduur gelijk bleef. Mogelijk had het toe-
voegen van een ontslagregel aan het protocol geleid tot een afname van de opname-
duur.

Conclusie

Op zoek naar een manier om kwaliteit van antibioticavoorschriften voor LLWI te verbe-
teren zijn er de laatste jaren verschillende sneltest geïmplementeerd zoals CRP metin-
gen in de huisartsenpraktijk en urine antigeen tests. Wij ontdekten dat een dergelijke 
testimplementatie, zonder restricties, leidt tot overmatig testgebruik en hoge zorgkos-
ten zonder dat de kwaliteit van antibioticavoorschriften verbetert. Een andere aanpak 
met dit doel, de educatieve interventie beschreven in dit proefschrift, had slechts een 
bescheiden effect. Toekomstig onderzoek zou gericht moeten zijn op het vinden van 
de meest efficiënte manier om artsengedrag te beïnvloeden, alleen zo kunnen wij de 
kwaliteit van antibioticavoorschriften en de adequaatheid van het gebruik van sneltests 
verbeteren.
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