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Chapter 5 

Abstract 

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

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

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

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

Patients and Methods 

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

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

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

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

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

Costs: calculations 

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

Costs: analysis 

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

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

Results 

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

Table 1 Baseline characteristics of the randomized patient population 

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

Gender, n (%) 
Male 
Female 

Age, years 
Median (IQR) 

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

Smoking, n (%) 

PSI score, n (%) 
1 
II 
III 
IV 

CAP-score 
Median (IQR) 

Temperature, °C 
Mean (SD) 

WBC count, xlOe9/L 
Mean (SD) 

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

Pleural effusion, n (%) 

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

Other 

34(61) 
22 (39) 

54 (40-70) 

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

31(55) 

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

18(11-39) 

38-8(0-9) 

17-7(7-6) 

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

7 (13) 

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

37(59) 
26(41) 

60 (40-74) 

17(27) 

11 ( 
26 ( 
171 
9 ( 

IS) 
41) 
27) 
14) 

39 (24-57) 

38-8(1-0) 

15-5(5-2) 

56 
7 
52 
11 

2 

31 

(89) 
11) 
83 

(18) 

(3-2) 

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

COPD, chronic obstructivepulmonary disease. PSI, Pneumonia severity index . CAP-score, community-
acquired pneumonia score '.* some patients had more than one underlying disease, tfrequent pneumonia: > one 
episode/ year, JBetween brackets: with positive blood culture. 
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Table 3 Summary of total costs: average costs, variability and differences between 
standard (8-day) and short (3-day) antibiotic therapy during hospital stay and follow-up 

study phase 

hospital stay 

follow-up 

total 

short 

(n 

mean 

3721 

238 

3959 

(3<M 
= 56) 

(95%a>* 

(3151-4293) 

(140-336) 

(3397-4524) 

standard (Sday) 
(n=63) 

mean 

3930 

172 

4102 

(95%a)* 

(3220-4638) 

(56-288) 

(3399-4803) 

deference in % 

deference (short - standard) 

mean 

-209 

66 

-143 

4% 

(95% a)* 

(-757-1170) 

(-221-89) 

(-810-1091) 

* 95% bootstrap oonfiaence interval 

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

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

Results of this study should be considered within the context of the following limitations. First, 
our findings apply only to patients with a mild-to-moderate severe CAP who were admitted to 
a hospital, and substantially improved after three days of amoxicillin treatment. As we 
systematically excluded patients with severe symptoms (PSI score > 110, severe respiratory 
insufficiency, severe immunodeficiency, or a significant amount of pleural fluid, as well as 
non-hospitalised patients, our findings cannot be generalised to these patient groups. However, 
the background characteristics indicate that our sample is representative for mild to moderate-
severe CAP, as compared to other CAP-studies. 
Second, the follow-up appeared too short to even assess the complete recovery period for all 
patients. Although major signs and symptoms of CAP were resolved by day 28, results based 
on the more sensitive CAP questionnaire suggest that patients have not yet returned to their 
prepneumonia health status 6 . This may imply that future should consider a longer follow-up 
than the currently used 4-week horizon. 
Our results are based on a relatively small sample size, and costs associated with treatment and 
follow-up of individual patients varied considerably. In order to demonstrate equivalence in 
costs as well would require substantially larger sample sizes. However, as principal cost drivers 
(length of hospital stay) will follow clinical outcomes, and major differences in clinical 
outpoints have been demonstrated to be statistically implausible, substantial economic 
differences in favour of longer treatment are also unlikely. 
Finally, our study was not designed to fully evaluate shorter duration of therapy at a societal 
level. In order to conclusively recommend adjustment of current standards, the evaluations 
should address all relevant consequences from a societal perspective. However, for evaluations 
of antibiotic strategies to combat infectious pathogens, a relevant additional outcome to be 
considered is the effect on development of antibiotic resistance, an outcome operating at an 
aggregated, societal level. Patients infected with resistant strains require more expensive 
antibiotic options and/or generate more costs associated with treatment failures and associated 
inpatient and outpatient health care utilisation ". Yet, development of antibiotic resistance has 
been demonstrated to be associated with the amount of antibiotic consumption '9. Also 
shortening the duration of therapy may lead to less selection of resistant micro organisms " . 
Without being conclusive, our findings thus add to the evidence that shorter duration of 
antibiotic therapy could contribute to a more efficient use of antibiotics in relation to resistance 
development and associated costs at a societal level. 
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The potential impact of optimising antibiotic strategies in the clinical or outpatient health care 
setting to reduce the pace of developing resistance also depends on other pertinent factors. Half 
the amounts of antibiotics landing in the environment is due to therapeutic, and predominantly 
prophylactic and growth promoting use of antibiotics in agriculture and food animals . 
Although the extent to which antibiotic use in animals contributes to the emergence of 
antibiotic resistance in humans is still under debate , the EU recently banned the use of most 
antibiotic feed additives to reduce antibiotic consumption. Furthermore, antibiotic usage has 
been demonstrated to vary considerably across countries, and to be ecologically associated 
with variation in levels of selection pressure ' . This variation shows that in many countries, 
antibiotics could be used more effectively, which could be achieved by implementation of 
public policies and educational interventions and adherence to professional guidelines for 
appropriate prescribing of antibiotics. 
CAP is one of the most important indications for antibiotic prescriptions. Although the 
potential for reducing antibiotic consumption in the health care system may vary across 
countries, the development of resistant pathogens may be further combated by optimising 
treatment regimens for this common health problem, e.g. by timely discontinuation in patients 
showing good response. 
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