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Abstract

Objectives Antimicrobial resistance (AMR) is a public health threat associated with antibiotic consumption. Community-
acquired acute respiratory tract infections (CA-ARTIs) are a major driver of antibiotic consumption in primary care. We
aimed to quantify the investments required for a large-scale rollout of point-of care (POC) diagnostic testing in Dutch primary
care, and the impact on AMR due to reduced use of antibiotics.

Methods We developed an individual-based model that simulates consultations for CA-ARTI at GP practices in the Neth-
erlands and compared a scenario where GPs test all CA-ARTI patients with a hypothetical diagnostic strategy to continuing
the current standard-of-care for the years 2020-2030. We estimated differences in costs and future AMR rates caused by
testing all patients consulting for CA-ARTI with a hypothetical diagnostic strategy, compared to the current standard-of-care
in GP practices.

Results Compared to the current standard-of-care, the diagnostic algorithm increases the total costs of GP consultations
for CA-ARTI by 9% and 19%, when priced at €5 and €10, respectively. The forecast increase in Streptococcus pneumoniae
resistance against penicillins can be partly restrained by the hypothetical diagnostic strategy from 3.8 to 3.5% in 2030, albeit
with considerable uncertainty.

Conclusions Our results show that implementing a hypothetical diagnostic strategy for all CA-ARTI patients in primary
care raises the costs of consultations, while lowering antibiotic consumption and AMR. Novel health-economic methods
to assess and communicate the potential benefits related to AMR may be required for interventions with limited gains for
individual patients, but considerable potential related to antibiotic consumption and AMR.

Economic analyses of innovations in healthcare serve as
important tools for policy makers in many health systems
to inform reimbursement decisions. In these analyses, the
incremental cost-effectiveness ratio (ICER) is an often-used
outcome and is generally based on estimates of the costs
per quality-adjusted life-year (QALY) gained for individuals
who benefit from a novel health-related technology. How-
ever, as resistant pathogens can spread through the general

1 Introduction

Antimicrobial resistance (AMR) is a major threat to public
health; resistant organisms are estimated to account for over
650.000 infections and over 30.000 attributable deaths in
Europe each year [1] or 1.27 million deaths globally [2]. The
economic case for fighting AMR is increasingly being made
[3-5]. In light of the evidence that AMR results in consider-

able societal costs, it has been argued that costs associated
with AMR need to be included in health-economic assess-
ments [6—8]. This is not straightforward as mechanisms for
the development of resistance and the spread of resistant
bacteria are not clear [9].
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population and over the longer term, more individuals may
benefit from reducing AMR than only those who directly
benefit from stewardship interventions. Additionally, the
harm caused by AMR is difficult to capture in terms of an
ICER: studies assessing the burden of resistant versus sus-
ceptible infections rarely report short- and long-term illness
duration, AMR effects on hospital length-of-stay (LOS) or
productivity losses [10]. Moreover, if AMR levels reach
uncontrollable levels and few new effective antibiotics are
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Key Points for Decision Makers

Antimicrobial resistance (AMR) is a major public health
treat, mainly caused by unnecessary use of antibiotics. A
major driver of antibiotic use is patients consulting for
respiratory infections in primary care. Rapid diagnostics
at the point of care (POC) have been shown to reduce
antibiotic prescribing without negatively impacting
patient outcomes.

This study presents a novel health-economic model,
which calculates potential reductions in AMR by imple-
menting POC diagnostics in Dutch primary care. The
results show that improved diagnostics may reduce AMR
in the next decade, but that there also are major costs
associated.

Novel health-economic methods to assess and commu-
nicate the potential benefits of AMR reductions may be
required for interventions with limited gains in terms of
QALYs, but with a lot of potential related to antibiotic
consumption and AMR. The potential to contain, or even
reduce, AMR is relevant when deciding to reimburse
interventions focussing on reducing antibiotic use.

discovered, we could enter a post-antibiotic era, where sim-
ple surgical procedures, such as total hip replacements or
caesarean sections, can no longer be safely performed, due
to the risk of infections [5]. Despite that this worst-case sce-
nario is highly uncertain, and its costs are difficult to predict,
working towards preventing this scenario should be a prior-
ity for clinicians and policy makers alike.

AMR has been associated with antibiotic consumption
at an individual, regional and country level [11, 12], and
as such, appropriate prescribing of antibiotics is key in
combating AMR [3]. Even though bacteria are estimated to
cause a minority of community-acquired acute respiratory
tract infection (CA-ARTI) cases in Europe [13], CA-ARTIs
account for around 40% of antibiotic prescriptions by gen-
eral practitioners (GPs) in the Netherlands [14]. The most
commonly prescribed class of antibiotics are broad-spectrum
penicillins (BSPs) [15-18] and the most common bacterial
cause of CA-ARTI is Streptococcus pneumoniae [13], with
resistance of this bug-drug combination varying between 4%
and 33% in Europe, depending on the country [19]. Point-
of-care (POC) diagnostics could ensure more people who
are likely to benefit from antibiotic treatment are prescribed
antibiotics, while those unlikely to benefit are not, and thus
enhance the appropriateness of antibiotic prescribing [20,
21]. A commonly used POC test is the C-reactive protein
(CRP) test, which can help identify patients presenting with
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a lower respiratory tract infection who are more likely to
benefit from antibiotic treatment [22]. A recent meta-anal-
ysis concluded that CRP testing significantly reduced anti-
biotic use with a risk ratio of 0.79 (95% confidence interval
(CI): 0.70-0.90), without negatively impacting on recovery,
hospital admissions and mortality [22]. Rapid Streptococcal
A antigen detection testing may also help better target anti-
biotic treatment for another CA-ARTI, namely streptococcal
A pharyngitis [23]. In a recent meta-analysis, rapid testing to
guide antibiotic treatment for patients consulting with sore
throat was estimated to reduce antibiotic prescribing by 25%
(95% CI: 18-31) [23]. POC tests for viral infections, such
as influenza, for patients consulting for CA-ARTIs can pos-
sibly contribute to decreasing antibiotic prescribing [24] and
targeting antiviral medication [25].

We aimed to quantify the investments required for a large-
scale rollout of POC diagnostic testing in primary care and
the effects on AMR, using resistance of S. pneumoniae to
BSPs in the Netherlands as an example. We developed a
model that simulates consultations for CA-ARTIs at GP
practices, and compared a scenario in which GPs test all CA-
ARTI patients to a hypothetical diagnostic strategy in which
they continue to deliver current standard-of-care unchanged
for the years 2020-2030.

2 Methods
2.1 Population and Comparators

We estimated costs of testing all patients consulting for
CA-ARTIs with a hypothetical diagnostic strategy that is
effective at reducing antibiotic prescribing, compared to the
current standard-of-care in GP practices. To simulate the
current standard-of-care in the Netherlands, we used data
from a point-prevalence audit survey (PPAS) in primary
care for patients of all ages consulting for CA-ARTIs [18],
including data on tests performed and antibiotics prescribed.
The CRP POC test is currently used in about a third of all
patients in the Netherlands. A BSP is prescribed in two-
thirds of the 35% of patients who are prescribed an antibiotic
for this condition [18]. More information is available in the
Online Supplementary Material (OSM).

The efficacy of reducing antibiotic prescriptions of the
hypothetical diagnostic strategy is assumed to be as effective
as CRP testing, resulting in a 21% decrease in prescriptions
(95% CI: 10-30), according to a recent meta-analysis [22].
The sensitivity and specificity of the diagnostic strategy
were not considered, as we were interested in comparing
the potentially optimal clinical outcomes for patients, and
not in the technical performance of the diagnostic strategy.
We used two price points in the calculation: €5 and €10 per
patient consulting for CA-ARTIs and the model was run
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separately for both price points. This is assumed to include
not only the costs of the machine itself and materials used
for the test, but also costs related to the depreciation and
quality assurance related to the use of the hypothetical diag-
nostic strategy. For the price points, we used Dutch reference
prices for laboratory diagnostics, which are considered a rea-
sonable approximation for the real costs, which range from
€1.89 to €8.44, excluding €1.89 for sample collection [26].
For our purposes, we analysed round figures of €5 and €10
as conservative estimates. We assumed clinical non-inferior-
ity, meaning that the reduction of antibiotic prescriptions did
not affect patient outcomes, in line with published literature
[22, 27], showing patient outcomes are neither improved
nor worsened. As it is unrealistic that the diagnostic strategy
would be implemented overnight, we gradually implement
the diagnostic strategy in three years (33%, 67% and 100%
of consultations).

2.2 Model Structure

The simulation was run in the Modelling the Economics of
Respiratory tract Infections and AMR (MERIAM) model,
an individual-based simulation model for CA-ARTIs. The
model consists of three modules, all programmed in R [28],
which are combined to produce the results presented in
this paper. Figure 1 provides a graphical representation of
the analysis performed within MERIAM. The model was
developed by SvdP; the model structure was validated exter-
nally by an expert advisory panel and the technical details

internally by MJP and ADIVA. The R code is available
online on GitHub [29].

The demographic and AMR modules use annual cycles,
while the consultation module uses weekly incidence rates.
To assess the long-term impact of large-scale testing using
the hypothetical strategy, we assessed the intervention for
a time horizon of 10 years: starting in 2020 and ending in
2030. An elaborate explanation of the various modules of
MERIAM can be found in the OSM.

2.2.1 Demographic Module

In the simulation, 100,000 individuals were modelled, based
on demographic data for the Dutch population [30]. The
demographic module of the model was used to create the
modelled population and simulate population changes based
on Eurostat demographic data and population forecasts [30],
including ageing, births, mortality and migration.

2.2.2 Consultation Module

The consultations for CA-ARTIs were simulated using a sep-
arate module. This used the incidence of respiratory infec-
tions (acute respiratory infections and influenza-like illness)
based on consultation data from the European Centre for
Disease Prevention and Control (ECDC) [31]. Considering
four age categories (0—4 years, 5—15 years, 15-64 years, and
> 65) and the individuals from the demographic module,
the incidence rates were used to simulate GP consultations.
Within these consultations, the number of tests performed

Subset of country population
(based on sex and age)

Outcome:
costs

Point-of care test
(yes or no)

Antibiotic
prescription
(yes or no)

Patients consulting for respiratory complaints

Outcome:
antibiotic
consumption

Outcome:
antimicrobial
resistance

Fig. 1 Graphical overview of Modelling the Economics of Respiratory tract Infections and Amr (MERIAM)
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and the number of antibiotics were modelled using data from
the PPAS, also considering age [18].

2.2.3 Antimicrobial Resistance (AMR) Forecasting Module

An ensemble of three machine-learning models was used
to forecast AMR levels in the future for the care-as-usual
scenario. Then, using the reduction in antibiotic consump-
tion of implementing the POC test strategy, the reduction in
AMR levels in the population was estimated for the diag-
nostic scenarios compared to the standard-of-care scenario
[32]. Specifically, a bacterium-antibiotic-specific elasticity
was applied, defining the subsequent percentage reduction
in AMR following a 1% reduction in antibiotic consumption.

2.3 Input Parameters
2.3.1 Consultations

We used historic GP consultation data in the Netherlands
[31] for acute respiratory infection (seasons 2016-2017,
2017-2018 and 2018-2019) and influenza-like illness (sea-
sons 20162017 and 2018-2019) to simulate the number of
consultations for the modelled population. Using the inci-
dence package for R [33], two exponential models were fit
to the incidence data for each season. Subsequently, these
two models were combined to simulate a peak in the middle
of the influenza season. For each modelled year, we ran-
domly picked an incidence model from the historical data
and predicted a representative number of consultations. This
resulted in varying annual incidences over the time horizon,
an overview of which is reported in the OSM.

Performed tests and antibiotics prescribed during the ini-
tial consultation were modelled using data from the PPAS.

2.3.2 Antibiotic Consumption and AMR

A risk ratio of 0.79 (95% CI: 0.70-0.90), as reported by
Martinez-Gonzalez et al. for POC CRP testing was applied
to estimate the reduction of antibiotic consumption in the
hypothetical diagnostic strategy [22]. Total antibiotic con-
sumption and AMR data for the period 2005-2018 were
provided by the ECDC TESSy database [31], but are also
publicly available on the surveillance atlas for infectious
disease [19] and the antimicrobial consumption database
[16]. Building on methods developed by Hashigushi et al.
[34], exponential smoothing was used to forecast consump-
tion of BSPs [35] and an ensemble model was used to fore-
cast future resistance of S. pneumoniae to BSPs, which
were assumed to reflect the current standard-of-care. The
ensemble model was constructed as a combination of three
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different statistical forecasting approaches: exponential
smoothing [35], random forests [36] and XGBoost models
[37]. To estimate the impact of widespread diagnostic test-
ing, the elasticity between reducing antibiotic consumption
and reduced AMR was estimated. From this estimation, a 1
percentage point (ppt) decrease in antibiotic consumption
would lead to around 0.7 ppt decrease in AMR for S. pneu-
moniae against BSPs within 1 year. More information can
be found in the OSM.

2.3.3 Costs

Dutch reference prices were used in the analysis [26].
List prices for medication were collected from the Dutch
National Health Care Institute [38] and diagnostic test costs
were collected from a major Dutch laboratory [39]. All costs
were converted to Euros at the price level of the year 2019,
using the harmonized index of consumer prices [40]. Train-
ing GPs is considered highly important to effectively reduce
antibiotic prescribing for CA-ARTIs, not only in the use of
POC tests, but also in patient communication related to anti-
biotics [41, 42]. Annual training costs were incorporated
into the model for the hypothetical testing strategy by quan-
tifying the time spent by the GP based on a previous trial
that included training on the use of CRP tests and patient
communication [26, 43]. Results were rounded to the near-
est hundred euros. A complete overview of all the included
costs can be found in the OSM.

Costs were discounted with 4%, in accordance with Dutch
health-economic guidelines [44], no long-term effects, such
as QALYs, were included in the analysis, so no discounting
rate was applied to effects.

2.4 Sensitivity Analyses

To consider the uncertainty of all parameters simultane-
ously, a Monte Carlo analysis was run using 2,000 model
replications. Uncertainty was incorporated in the antibiotic
prescribing reductions related to the hypothetical diag-
nostic strategy, incidence (consultation rates), PPAS data,
antibiotic consumption projections, and AMR projections.
For costs the median and 95% Bayesian credible intervals
(Crls) are presented, calculated using the 2.5th and 97.5th
percentile of the model replications.

Analogous to the widely applied cost-effectiveness
acceptability curve, we used the probabilistic analysis to
calculate the probability that the additional investments in
a POC testing strategy is cost-effective based on the reduc-
tion in AMR, presented against various willingness-to-pay
(WTP) thresholds for a 1 ppt reduction in resistance.
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3 Results
3.1 Costs

In Table 1, the costs are summarized, aggregated over the
years 2020 up to 2030 for the care-as-usual scenario, as well
as the hypothetical diagnostic strategy at both price points;
Fig. 2 shows an overview of the discounted costs for the
10-year period. On average, the diagnostic strategy increases
the total costs with 9% at the €5 price point and with 19% at
the €10 price point over 10 years for a population of 100,000
individuals, with the only significant difference being the
costs of the diagnostics. In the hypothetical diagnostic sce-
nario fewer antibiotics are prescribed (as can be seen in
Fig. 3), but the cost savings are not sufficient to offset all
costs of the additional POC tests. The hypothetical diagnos-
tic strategy did not produce overall cost savings in any of the

model replications. The total annual costs and details on the
antibiotics prescribed are included in the OSM.

3.2 Antibiotic Consumption and AMR

The reduction in antibiotic consumption after implement-
ing the hypothetical diagnostic strategy is shown in Fig. 3.
Figure 4 shows the estimated development of resistance of
S. pneumoniae against BSPs. Using the AMR forecasting
module of MERIAM, we forecast resistance will increase
in the coming years, which can be partly restrained by the
hypothetical diagnostic strategy, albeit with considerable
uncertainty. Figure 5 relates the WTP to reduce AMR to
the modelled probability that this is achieved. It shows that
at a WTP of €3 per citizen/year for a 1 ppt reduction of S.
pneumoniae resistance against BSPs, the probability of the
POC testing strategy to be cost-effective is around 80% at a
price point of €5, and 40% at a price point of €10.

Table 1 Ten-year costs of the base-case and hypothetical diagnostic strategy scenarios at two price points (median, including 95% credible inter-

val in brackets)

Current standard-of-care

Incremental costs hypothetical diagnostic strategy

€5

€10
Antibiotics €868,100 (€718,100-€1,036,000)
Consultations €5,119,500 (€4,599,600-€5,721,900)
Diagnostics €199,300 (€165,000-€240,500)
Training €0 (€0-€0)
Total €6,189,000 (€5,554,900-€6,907,700)

— €162,200 (— €324,400—€8,300)

€0 (— €200-€200)

€1,282,300 (€1,146,900-€1,437,500)
€82,200 (€82,100-€82,200)
€1,202,000 (€999,100-€1,425,400)

— €162,800 (- €321,800-€11,800)
€0 (- €200-€200)

€640,900 (€565,400—-€728,400)
€82,200 (€82,100-€82,200)
€559,100 (€391,600—-€757,800)

All costs are discounted

Current standard of care

Hypothetical diagnostic algorithm (€5)

Hypothetical diagnostic algorithm (€10)

€0 €2.000.000

€4.000.000
Total costs (2020 up to 2030)

€6.000.000

[l Antibiotics [l Diagnostic tests [l Training [l consults

Fig.2 Total costs related to consultations for community-acquired respiratory tract infections in the period 2020-2030, per 100,000 individuals
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4 Discussion

Our results show that implementing a hypothetical diagnos-
tic strategy in all patients with respiratory tract infections
visiting a GP in the Netherlands would be a costly exer-
cise, raising the total costs of these consultations by about
9% at the price point of €5. However, this strategy would
reduce antibiotic prescribing by more than 7,500 defined
daily doses (DDDs) annually for BSPs per 100,000 modelled
individuals. This reduction in antibiotic consumption can be
related to an estimated median reduction of resistance of S.
pneumoniae to BSPs of 0.26 ppt in 2030 (3.8% compared in

15000

10000

the usual-care group to 3.5% for the hypothetical diagnostic
strategy). This is the first study to our knowledge that reports
an AMR reduction acceptability curve. No country has a
specified WTP threshold for reductions in resistance, but it
may aid decision makers in prioritizing interventions aimed
at reducing AMR. If the Dutch government would be willing
to invest €3 per citizen in reducing the resistance of S. pneu-
moniae against BSPs, widespread POC testing has an 80%
and 40% probability of being a cost-effective option at an
increased price per consultation of €5 and €10, respectively.

For this analysis, we combined many publicly available
data sources [16, 19, 26, 30] and data prospectively col-
lected in clinical practice [18] to assess the opportunity

5000

Reduction in consumption of BSPs (DDD)

2020

2025
Year

strategy — conservative

Fig. 3 Reduction in consumption of broad-spectrum penicillins (BSPs) in the hypothetical diagnostic strategy in defined daily dosages (DDDs)

4.0%

) \/—/'
(&}
T 3.0%
St
0
1%}
o
2 20%
o
=
=
£
2 1.0%
<
0.0%
13 18 ‘23 28
Year
strategy — Current standard-of-care — Hypothetical diagnostic algorithm

Fig.4 Development of antimicrobial resistance for both scenarios, including credible interval
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100%

75%

50%

25%

Probability cost-effective

0%
€0 €2

€5 €8 €10

Annual willingness-to-pay per inhabitant for a 1 ppt reduction in AMR

Strategy — Hypothetical diagnostic algorithm (€5) — Hypothetical diagnostic algorithm (€10)

Fig.5 Antimicrobial resistance (AMR)-reduction acceptability curve. ppt percentage point

of increased diagnostic testing in primary care to reduce
AMR in the Netherlands. As presented results are based on
a model that uses Dutch demographic data, we expect these
results are generalisable to the whole of the Netherlands.
Compared to other European countries, the Netherlands has
relatively low antibiotic consumption and AMR rates [16,
19], which means that the potential reduction in antibiotic
prescribing and AMR is expected to be higher in other coun-
tries. In some countries resistance of S. pneumoniae to BSPs
is ten times higher, for example 32% in France and 39% in
Romania [19], so we expect the impact of a POC diagnostic
strategy to be greater there.

Previously, few economic analyses in the field of diag-
nostics for infectious diseases incorporated considerations
of AMR [45-47]. The relative reduction of AMR in the
analysis shows considerable uncertainty and there are some
important assumptions to consider when interpreting these
results. We assumed that the hypothetical diagnostic strat-
egy was non-inferior, in that prescribing fewer antibiotics
would not lead to worse patient outcomes. We also do not
incorporate any follow-up in the model. This is supported by
the results in a meta-analysis for CRP testing, which found
no differences in clinical recovery, hospital admissions and
mortality [22]. There might be a difference in re-consulta-
tions (within the same disease episode) and future consulta-
tions (for similar disease episodes in the future), but further
research on patient consultation behaviour following novel
POC diagnostics is required to quantify this. Combined,
these limitations may result in an underestimation of the
total costs of the hypothetical diagnostic strategy. Conserva-
tively, we did not consider any long-term clinical effects or
costs arising from AMR, as was done in other studies [1, 48].
For BSP-resistant S. pneumoniae, in-hospital pneumonia

mortality was estimated to be increased by 29% compared
to non-resistant S. pneumoniae in previous research [49],
the length of stay was estimated to be around 2 days longer
for children and 3 days longer for adults [50]. Taking these
future AMR-related costs in consideration would decrease
the incremental costs of the POC diagnostic strategy.

Two papers have been previously published on the cost-
effectiveness of POC diagnostics in primary care in the
Netherlands, both assessing the use of the CRP test [45]. In
20009, Cals et al. reported an increase of €1.62 per consulta-
tion for the CRP group, which they relate to an investment
of €5.79 to reduce antibiotic prescribing by 1% [20]. A more
recent cost-effectiveness analysis by Oppong et al. reported
an incremental cost-effectiveness ratio of €27,186 per QALY
for CRP versus usual care [43]. This analysis incorporated
AMR by adding a cost to all prescribed antibiotics — how-
ever, they did not take future AMR into consideration.

Our analysis has several limitations. We use country-wide
data for influenza-like-illness and acute respiratory infec-
tions (including common cold, pharyngitis, rhinosinusitis,
laryngitis and pneumonia [51, 52]) to estimate the number
of consultations for different age groups [31] and a PPAS to
estimate testing and prescribing behaviour at this consulta-
tion [18]. It is uncertain whether the PPAS is representative
for GPs’ prescribing behaviour and of all patients seeking
care for respiratory complaints, especially given the limited
number of GP practices included. In the model, we assumed
all consulting patients to receive a hypothetical POC diag-
nostic strategy. There may be very limited clinical benefit
to performing a test when the clinician has a high degree of
certainty that prescribing an antibiotic would be unnecessary
on clinical grounds alone, as well as for those cases where
the GP is certain that the patient does need an antibiotic.
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For both these groups, the overall costs within this analysis
would be reduced, but it is uncertain how antibiotic prescrip-
tions would be affected.

Finally, we provide future AMR estimates in this paper,
based on previously discussed methods [34]. Although
some uncertainty was included (e.g., uncertainty in some
input parameters and imputation methods), development of
AMR is a complex process influenced by many factors [4].
Although the used historical AMR rates are representative
for the whole of the Netherlands due to a high coverage of
participating laboratories [19, 53], they are based on hospital
data and may be different for the community setting. Even
though the relation of antibiotic consumption and AMR has
been described previously [4, 32, 54], the exact relation (or
elasticity) is not known. Hence, we expect the uncertainty
around our AMR estimates to be wider than the quantified
uncertainty as displayed in Figs. 4 and 5. Still, we believe
that figures like these could inform decision makers when
making decisions on AMR policies, provided they are well-
informed regarding the caveats.

In this study, the reduction in antibiotic prescriptions was
based on previous research of CRP POC testing [22]. How-
ever, these reductions, as seen in clinical trials [22, 23], may
not translate to the reductions achieved in clinical practice
[55]. Additionally, the effectiveness of POC testing may
wane after implementation, as was the case for a previous
study considering CRP POC tests [41]. The currently run-
ning PRUDENCE trial will assess the implementation of a
diagnostic algorithm in primary care and includes diagnos-
tics for various types of CA-ARTIs: both higher (Strep A)
and lower (CRP) respiratory tract infections, influenza and
SARS-CoV-2. The results from this trial can be used to add
further detail to the analyses described in this paper, model
the reduction of antibiotic prescriptions specifically for vari-
ous countries and subgroups, and investigate potential wan-
ing effects over a longer period.

This modelling study investigates the potential AMR
reductions if a POC test strategy would be implemented
for CA-ARTI in primary care in the Netherlands. Yet, we
believe just having these POC tests available would not be
sufficient to reach the full potential of this intervention. The
right conditions need to be in place, including educating GPs
and supportive staff, reimbursement of the additional costs,
and updated treatment and diagnostic guidelines. Direct
costs of some tests are reimbursed in Dutch primary care,
including CRP, but this does not include the additional time
spent by the GP or supportive staff [56].

Novel health-economic methods to assess and com-
municate the potential benefits of AMR reductions may
be required for interventions with limited gains in terms
of QALYs, but with a lot of potential related to antibi-
otic consumption and AMR. The potential to contain, or
even reduce, AMR is relevant when deciding to reimburse

A\ Adis

interventions focussing on reducing antibiotic use, as AMR
is a priority for policy makers worldwide [57-60]. The gen-
eral public also seems to be willing to invest in the contain-
ment of AMR, with a recent study estimating the WTP for
the UK at £8.35 billion for 5 years [61]. Future clinical trials
will further investigate the assumption of non-inferiority and
provide data to estimate macro-economic effects related to
POC diagnostic strategies for CA-ARTI and improve our
AMR projections. We expect this will aid decision makers
in prioritizing strategies to combat AMR.

In the current analysis, we considered the situation before
the COVID-19 pandemic. It is difficult to predict how the
management of CA-ARTIs will evolve as the pandemic trans-
forms into an endemic situation. We do not know how it will
affect consultation rates for CA-ARTIs, tests performed, and
antibiotics prescribed. During the first COVID-19 wave in the
Netherlands, antibiotic use for CA-ARTIs reduced compared
to the previous year [62], but we do not know whether this
effect will last after the pandemic. However, diagnostic tests
for COVID-19 have received a lot of attention from clinicians,
policy makers and the public, which we expect will change
expectations and attitudes regarding diagnostics in the future.

5 Conclusions

Introducing a hypothetical diagnostic strategy for all patients
seeking care for CA-ARTIs in the Netherlands would
increase the costs related to these consultations by 9% and
19% at the €5 and €10 price points, respectively. We estimate
resistance will have an upwards trend in the coming years,
which can be ameliorated by such increased use of diagnos-
tics, albeit with considerable uncertainty. Considering the
potential detrimental effects of AMR on health, we expect
investments in affordable POC diagnostics and other inter-
ventions that can reduce antibiotic prescribing in primary
care to be valuable and justifiable from a heath-economic
point of view.
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