
INTRODUCTION
Acute cough/lower respiratory tract 
infection (LRTI) is associated with a high 
rate of morbidity,1 and is responsible for 
considerable overuse of antibiotics, even 
though studies have shown that most cases 
of acute cough/LRTI do not benefit from 
antibiotic treatment.2 A major difficulty, 
however, is the problem of differentiating 
between infections that are likely to benefit 
from antibiotic treatment and those that 
will not benefit, which often results in 
inappropriate prescriptions.3,4 

Antibiotic use is also associated with 
higher costs5 and, more importantly, the 
development of antibiotic resistance, which 
itself has economic costs.6,7 A report indicated 
high correlation between penicillin use and 
penicillin non-susceptibility,8 suggesting that, 
despite the difficulties, resistance should be 
accounted for in assessing the relative costs 
and benefits of antibiotic treatment.9–11

This study assessed the cost effectiveness 
of prescribing amoxicillin for acute cough/
LRTI compared with placebo in 12 European 
countries, and explores the implications 

of accounting for the cost of resistance 
in estimating the cost effectiveness of 
antibiotics.

METHOD
Patients and settings
This cost-utility analysis with a time horizon 
of 28 days was conducted alongside a 
parallel, randomised trial in which patients 
received either amoxicillin or placebo.12 The 
perspective adopted was the health system. 
A total of 2060 eligible and consenting 
patients were recruited across 12 European 
countries: Belgium, France, Germany, Italy, 
Netherlands, Poland, Slovakia, Slovenia, 
Spain, Sweden, and the UK (England and 
Wales). Trial details have been published 
elsewhere.12

Data collection
Resource use.  The main sources of 
resource use information were the case 
report form (CRF) completed by primary 
care physicians, and a diary completed by 
patients. Resource use data were collected 
concerning: 

Research

Abstract
Background
Lower respiratory tract infections (LRTIs) are 
a major disease burden and are often treated 
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Aim
This study sought to establish whether 
antibiotics (principally amoxicillin) are cost 
effective in patients with LRTIs, and to explore 
the implications of taking into account costs 
associated with resistance.

Design and setting
Multinational randomised double-blinded trial in 
2060 patients with acute cough/LRTIs recruited in 
12 European countries.

Method
A cost-utility analysis from a health system 
perspective with a time horizon of 28 days was 
conducted. The primary outcome measure was 
the quality-adjusted life year (QALY). Hierarchical 
modelling was used to estimate incremental 
cost-effectiveness ratios (ICERs).

Results
Amoxicillin was associated with an ICER of 
€8216 (£6540) per QALY gained when the 
cost of resistance was excluded. If the cost of 
resistance is greater than €11 (£9) per patient, 
then amoxicillin treatment is no longer cost 
effective. Including possible estimates of the 
cost of resistance resulted in ICERs ranging 
from €14 730 (£11 949) per QALY gained — 
when only multidrug resistance costs and 
health care costs are included — to €727 135 
(£589 856) per QALY gained when broader 
societal costs are also included.

Conclusion
Economic evaluation of antibiotic prescribing 
strategies that do not include the cost of 
resistance may provide misleading results that 
could be of questionable use to policymakers. 
However, further work is required to estimate 
robust costs of resistance.
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•	 health professionals — including 
information on number of visits to 
the nurse, doctor, and other medical 
professionals (obtained from the patient 
diary);

•	 medication — including information 
on type and volume of medication that 
primary care physicians prescribed 
to patients, as well as information on 
over-the-counter medication purchased 
(obtained from both the CRF and the 
patient diary); and

•	 referrals to specialists and procedures 
— including information on numbers 
and types of referrals (obtained from the 
CRF).

Unit costs.  Country-specific unit costs 
associated with resource use items 
were obtained mainly from national and 
international publications. In cases where 
they were not available, those from a 
previous study13 were used and inflated 
using the consumer price index.14 All 
costs were converted to Euros (€) using 
purchasing power parities.15 Costs were 
also presented in pounds Sterling (£). All 
costs are presented in 2012 prices.

Health outcomes.  Health outcomes were 
measured using the three-level version of 
the EQ-5D questionnaire (EQ-5D-3L), which 
was completed by patients at baseline and 
weekly until recovery (or for 4 weeks if 
symptoms were ongoing). EQ-5D-3L index 
scores were generated using the European 
Harmonised Tariff.16

Data analysis
Data analysis was carried out on an 
intention-to-treat basis and took an 
incremental approach. Missing EQ-5D-

3L scores and costs were imputed using 
multiple imputation methodology.17 Mean 
differences in costs and QALYs between 
trial arms were estimated. To avoid biased 
QALYs, imbalances in baseline utility 
between the groups were controlled for. 

Given the multinational nature of this 
study, hierarchical modelling (with 
explanatory variables stratified into patient 
and country levels) was used to estimate cost 
per QALY gained, as well as incremental net 
monetary benefits (INB). To determine the 
probability of antibiotics being cost effective, 
a cost-effectiveness acceptability curve 
(CEAC) was constructed using the approach 
of Hoch and colleagues.18 The National 
Institute for Health and Care Excellence’s 
(NICE) recommended threshold of between 
£20 000 and £30 000 (between €24 655 and 
€36 982) per QALY was used to judge the 
cost effectiveness of the interventions.19 All 
analyses were carried out in Stata 12 and 
Microsoft Excel®. Due to the short length of 
the study period (4 weeks), discounting was 
not required. 

Accounting for the cost of resistance
The issue of whether the cost of antibiotic 
resistance should be included in economic 
evaluations has been highlighted in previous 
studies.9 Further, antibiotic resistance has 
been considered to be a negative externality 
associated with the use of antibiotics, which 
implies that the current consumer of the 
antibiotic does not bear the full cost.9,20–23 
The cost of antibiotic use is borne by society 
as a whole through the reduction in the 
effectiveness of the antibiotic. However, 
this cost is generally not accounted for in 
economic evaluation studies and possible 
reasons for this include the fact that the 
cost may be too small due to uncertainty 
and time preference, and the difficulties 
associated with estimating the cost.9 In 
addition to this, it has been recognised 
in recent research that there is currently 
no good/accurate estimate for the cost of 
resistance.24

As a result, the authors’ main approach 
was to estimate the threshold cost of 
resistance that would change the decision 
as to whether amoxicillin is cost effective 
or not, based on the NICE threshold of 
£20 000 to £30 000 (€24 655 to €36 982) per 
QALY gained. This was done using ‘what-if’ 
analysis in Excel. As a secondary analysis, 
the authors estimated possible values for 
the cost of resistance based on the currently 
available data in order to determine whether 
it would make a difference to the results. 
Due to the challenges associated with 
estimating this cost and the lack of available 

How this fits in
The use of antibiotics for treatment of 
acute cough/lower respiratory tract 
infections increases antibiotic resistance. 
Economic evaluations assessing the use 
of antibiotics tend to focus on immediate 
costs of care, and do not account for 
the wider implications and costs of 
antimicrobial resistance because of 
uncertainty, intangibility of these costs, and 
the difficulty in accurate estimation. This 
study has shown that economic evaluations 
of interventions such as antibiotic 
prescribing may result in misleading 
conclusions if antibiotic resistance is not 
accounted for. Future research should 
focus on how best these costs should be 
accounted for.
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data, the following assumptions were made. 
First, it was assumed that there is a positive 
linear relationship between numbers of 
prescriptions and levels of resistance, and 
that prescriptions are the main cause of 
antibiotic resistance.6,8,25 Second, it was 
assumed that the cost of resistance is 
incurred beyond the 28-day period.9,23 For 
the purpose of this study, it was estimated 
over a 1-year period.10 Third, it was assumed 
that the cost of resistance is similar for all 
antibiotics, regardless of the antibiotic class, 
and whether or not the prescription was 
from primary, secondary, or tertiary care. 

A literature search revealed three possible 
values for the cost of resistance. One study 
estimated the annual cost of resistance in 
the US to be $55 billion annually.26 Another 
report stated that the cost of multidrug 
resistance in the European Union is 
€1.5 billion annually.27 And a third, more 
recent, study estimated the total cost of 
global resistance to be $100 trillion over 
a 35-year period.28 This is equivalent to 
$2.8 trillion annually.

Estimates of the annual number of 
prescriptions were also obtained from 
the literature — 328 million for the US,29,30 
602 million in the EU,31,32 and 7.3 billion 
globally.33 To estimate the annual cost-
per-prescription, given the assumption 
that antibiotic prescribing is the main 
cause of resistance, the cost of resistance 
was divided by the annual number of 
prescriptions for each of the three scenarios 
described above. A g distribution was used 

to account for the uncertainty around the 
cost of resistance estimates. Resistance 
costs were then added to the trial cost for 
each patient who received amoxicillin as 
well as those who had received an antibiotic 
prescription, irrespective of whether they 
were randomised to receive amoxicillin or 
placebo.

Sensitivity analysis
Sensitivity analysis was carried out to 
determine whether amoxicillin is cost 
effective in patients aged ≥60 years. 

RESULTS
Baseline characteristics
Data were obtained from 2060 patients 
who met the inclusion criteria. Of these, 
1037 (50.3%) were randomised to 
receive amoxicillin, and 1023 (49.7%) to 
placebo. Average ages were similar in the 
intervention and control groups. A total of 
595 (28.8%) patients were aged ≥60 years.

Resource use and cost
Patients in the control group had more 
visits to their GP and nurse than patients 
in the intervention group, whereas patients 
receiving amoxicillin had more out-of-
hours GP visits. The amoxicillin group was 
associated with higher costs per patient 
(€47.23 [£38.32]) than the control group 
(€44.80 [£36.34]) (Table 1).

Health outcomes
The mean EQ-5D-3L score at baseline was 

Table 1. Cost of amoxicillin versus placebo, and associated health 
outcomes (mean [SD])a

	 Intervention, € 	 Control, € 	 Difference, € 
Costs	 (n = 1037)	 (n = 1023)	 (95% CI)b

Staff 	 27.55 (43.11)	 26.88 (41.43)	 0.67 (–3.18 to 4.43)

Prescribed drug 	 6.77 (13.10)	 5.95 (11.07)	 0.82 (–0.36 to 1.81)

Over-the-counter drug 	 2.28 (6.16)	 2.46 (7.06)	 –0.18 (–0.72 to 0.40)

Intervention/other drug 	 6.66 (12.48)	 7.75 (14.02)	 –1.09 (–2.19 to 0.10)

Other health care 	 1.22 (13.29)	 1.76 (22.05)	 –0.54 (–2.32 to 0.79)

Intervention (amoxicillin)	 2.75 (2.45)	 0	 2.75 (2.61 to 2.91)

Total (excluding resistance)	 47.23 (50.59)	 44.80 (54.84)	 2.43 (–2.19 to 6.53)

Health outcomes (EQ-5D-3L)

EQ-5D-3L baseline	 0.760 (0.185)	 0.752 (0.192)	 0.008 (–0.007 to 0.024)

EQ-5D-3L week 1	 0.840 (0.173)	 0.824 (0.176)	 0.016 (0.002 to 0.033)

EQ-5D-3L week 2	 0.908 (0.134)	 0.900 (0.134)	 0.008 (–0.004 to 0.018)

EQ-5D-3L week 3	 0.929 (0.122)	 0.925 (0.122)	 0.004 (–0.006 to 0.015)

EQ-5D-3L week 4	 0.936 (0.107)	 0.936 (0.109)	 0.0001 (–0.010 to 0.008)

aFigures represent the unadjusted difference in costs  bBootstrapped CI. EQ-5D-3L = three-level version of EQ-5D 

questionnaire. SD = standard deviation.
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higher in the amoxicillin group than in 
the control group, and increased over the 
4-week period in both groups (Table 1).

Cost effectiveness
The difference in cost between the 
amoxicillin and placebo groups was €3.04 
(£2.42) before accounting for the cost of 
resistance. The difference in QALYs between 
the two groups was 0.00037 (Table 2). 
Amoxicillin was associated with an ICER 

of €8216 (£6540) per QALY gained when 
the cost of resistance was excluded. The 
ICER was below the NICE-recommended 
threshold, and the INB of amoxicillin at 
£20 000 (€24 655) per QALY gained was 
positive (Figure 1), suggesting that 
amoxicillin is cost effective when the cost 
of resistance is ignored. The CEAC shows 
that, at a willingness-to-pay threshold of 
£20 000 (€24 655) per QALY gained, there 
is an 80% chance that amoxicillin is cost 
effective (Figure 2).

Accounting for the costs of resistance
The threshold for the cost of resistance 
was estimated at €6.08 (£4.98) for £20 000 
per QALY threshold, and €10.64 (£8.68) for 
£30 000 per QALY. With the inclusion of 
possible values for the cost of resistance, 
the difference in cost between amoxicillin 
and placebo groups was €81.47 (£66.09), 
€5.45 (£4.42), and €269.04 (£218.25) with the 
US, European, and global data respectively, 
and the resulting ICERs were €220 189 
(£178 618), €14 730 (£11 949), and €727 135 
(£589 856) per QALY gained with the US, 
European, and global data respectively. The 
only instance where the cost of resistance 
was lower than the threshold value 
occurred when the European data were 
applied (Table 2). 

Sensitivity analysis: cost effectiveness of 
amoxicillin in older patients
Amoxicillin was found to be more costly in 
patients who are aged ≥60 years, and also 
found to be slightly less effective in this 
group of patients, indicating that amoxicillin 
is not cost effective in this patient group 
(Table 3). 

DISCUSSION
Summary
This study assessed the cost effectiveness of 
amoxicillin for patients presenting to primary 
care with acute cough/LRTI. To the best of 
the authors’ knowledge, no other study has 
done this in a multinational setting, or in 
patients aged ≥60 years. The results showed 
that amoxicillin is associated with a higher 
cost and the difference in QALYs between 
groups was not statistically different, which 
is in line with the main study’s findings that 
suggest marginal benefits from antibiotics 
in acute cough/LRTI.12 The insignificant 
difference in QALYs between groups seems 
to suggest that cost effectiveness should be 
established based on a comparison of costs 
between the two groups. However, within 
the current paradigm, it is considered best 
practice that cost-effectiveness analysis 
should be conducted, because of the 
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Figure 1. Incremental net benefits with and without the 
cost of resistance. INB = incremental net benefit.
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importance of estimating costs and effects 
jointly.34 This study found that amoxicillin is 
associated with a cost-effectiveness ratio of 
€8216 (£6540) per QALY gained, indicating 
that the intervention is cost effective if the 
cost of resistance is ignored. The threshold 
at which the cost of resistances makes 
a difference to this decision is, however, 

low — between around €6 (£5) and €11 (£9) 
for the current NICE thresholds. With the 
inclusion of possible values for the cost of 
resistance, the resulting ICERs indicated 
that amoxicillin is not cost effective in most 
cases. The only exception was with the 
European data where amoxicillin was shown 
to be cost effective with the inclusion of 
the respective estimated cost of resistance. 
However, it should be noted that the 
European estimated cost of resistance did 
not include broader societal costs. 

Strengths and limitations
The study has some limitations. First, this 
is a placebo-controlled trial and, as such, 
the intervention may not be compared with 
the most relevant alternatives.35 Second, 
given there is no European-wide threshold, 
the study had to rely on the UK cost-
effectiveness threshold. Third, the method 
used to estimate the cost of resistance 
assumes that current prescriptions lead 
to current costs and that there is a linear 
relationship between prescribing and 
resistance. However, in practice the impact 
will be lagged and there may be a non-
linear relationship, particularly in primary 
care settings. This analysis also assumes 
that the cost of resistance is the same 
across all antibiotics regardless of antibiotic 
class and the sector of care in which it 
was prescribed, whereas in reality this cost 
could vary with the type of antibiotic used 
and the patient case-mix. For example, 
broad-spectrum antibiotics are more likely 
to be associated with a higher level of 
resistance and a higher cost of resistance. 
Thus, the cost of resistance estimates 
used in this study may not be specific to 
amoxicillin prescribed in primary care for 
acute cough/LRTI. Although the authors 
attempted to include costs from a number 
of sources, there were major limitations 
associated with this data. For example, the 
€1.5 billion value in a European setting is 
an underestimate of the cost of resistance 
since it was limited to selected multidrug-
resistant bacteria and appears not to have 
included wider societal costs beyond health 
care. The $100 trillion value could also be 
an overestimate of the costs.

Nevertheless, the study also has 
strengths. First, it was carried out in several 
countries across Europe and, as a result, 
the finding is likely to be generalisable. 
Second, this study has been able to show 
the threshold cost of resistance that 
would change the decision as to whether 
amoxicillin is cost effective or not. Third, 
although the estimation of resistance costs 
was somewhat speculative, this study 

Table 3. Sensitivity analysis: cost effectiveness of amoxicillin in patients 
aged ≥60 years

Cost effectiveness excluding the cost of resistance

Difference in costs between amoxicillin and placebo groups, € (95% CI)a	 0.34 (–6.55 to 7.23) 

Difference in QALYs gained (95% CI)	 –0.0009 (–0.002 to 0.0002)

ICER	 Amoxicillin dominated 

a95% CIs. ICER = incremental cost-effectiveness ratio. QALY = quality-adjusted life year.
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Figure 2. Cost-effectiveness acceptability curve 
(amoxicillin versus placebo) with and without 
resistance.

Table 2. Cost effectiveness of amoxicillin versus placeboa

Cost effectiveness excluding the cost of antimicrobial resistance

Difference in costs between amoxicillin and placebo groups, € (95% CI)	 3.04 (–1.36 to 7.44)

Difference in QALYs gained (95% CI)	 0.00037 (–0.0002 to 0.0009)

ICER, € 	 8216 per QALY gained

Cost effectiveness including cost of resistance (US data)

Difference in costs between amoxicillin and placebo groups, € (95% CI)	 81.47 (75.45 to 87.49)

Difference in QALYs gained (95% CI)	 0.00037 (–0.0002 to 0.0009)

ICER, €	 220 189 per QALY gained

Cost effectiveness including cost of resistance (EU data)

Difference in costs between amoxicillin and placebo groups, € (95% CI) 	 5.45 (1.06 to 9.85)

Difference in QALYs gained (95% CI)	 0.00037 (–0.0002 to 0.0009)

ICER, €	 14 730 per QALY gained

Cost effectiveness including cost of resistance (global data)

Difference in costs between amoxicillin and placebo groups, € (95% CI)	 269.04 (251.87 to 286.22) 

Difference in QALYs gained (95% CI)	 0.00037 (–0.0002 to 0.0009)

ICER, €	 727 135 per QALY gained 

aFigures obtained from the regression analysis/hierarchical model. ICER = incremental cost-effectiveness ratio. 

QALY = quality-adjusted life year. 
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has attempted to include this cost in the 
estimation of cost effectiveness. Given the 
importance of this issue, it is preferable to 
make some assumptions about the costs 
imposed by resistance than to ignore them 
entirely. The sensitivity of the results to 
the cost of resistance also highlights the 
importance of the issue.

Comparison with existing literature
Previous studies have highlighted the need 
for the inclusion of the cost of antimicrobial 
resistance in economic evaluations of this 
sort,9 but they tend not to be incorporated 
because of uncertainty, intangibility, and/or 
difficulty in accurate estimation. In addition, 
methods to estimate these costs have not 
been developed.9 For the first time, this 
study has provided a valid estimate of the 
threshold cost of resistance and attempted 
to include possible estimates of the cost of 
resistance and found that it had an effect 
on the results of the study in most cases, 
suggesting both that incorporating the cost 
of resistance in the economic evaluation of 
antibiotic interventions is important, and 
that it can make a difference to findings. In 
this study, the threshold cost of resistance 

was estimated at €6.08 (£4.98) per patient 
for a cost-effectiveness threshold of 
€24 655 (£20 000) per QALY. This is a clear 
indication that the actual cost of resistance 
does not need to be too high in order to 
change the decision with respect to the cost 
effectiveness of an intervention.

Implications for research and practice
This study has shown that amoxicillin is not 
cost effective in a sub-group of patients who 
were aged ≥60 years, and this therefore adds 
to the literature, which suggests that there 
needs to be better targeting of antibiotics.6,36 
Mechanisms for better targeting include 
the use of delayed prescribing, training, and 
diagnostic tools, which have been shown 
to be effective.37–40 The results of this study 
highlight the great importance that should 
be attached to additional research into 
improved methods for estimating the costs 
associated with resistance, but also suggest 
that there is a possibility that prescription of 
antibiotics for LRTI may not be cost effective. 
The authors’ final recommendation is that 
all economic evaluations of interventions 
where antibiotics are used should attempt 
to incorporate a cost for resistance.
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