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Abstract

Background Procalcitonin (PCT)-guided antibiotic duration for critically ill adults with sepsis may be clinically
effective and safe. However, cost-effectiveness analyses using clinical trial data for this precision medicine approach in
critical care are lacking. This economic evaluation investigates the cost-effectiveness of a daily PCT-guided protocol to
guide the duration of antibiotic treatment in adult patients with sepsis.

Methods Two analyses were conducted, the first estimating the cost per quality-adjusted life year (QALY) of the
ADAPT-Sepsis study, which recruited 2760 patients randomized to a daily PCT-guided protocol, a daily C-reactive
protein-guided protocol and standard care. The second analysis used meta-analyzed results from ADAPT-Sepsis and
other PCT-guided treatment studies and employed a lifetime horizon. Key outcomes were the incremental costs and
QALYs gained from using the daily PCT-guided protocol approach compared with standard care. Other outcome
measures included changes in days of antibiotics, days of hospital stay, days of intensive care unit stay, the percentage
of deaths and the number of PCT tests performed.

Results Cost-effectiveness results were driven by the assumed impact of PCT testing on mortality although the
confidence/credible intervals for ADAPT-Sepsis and the meta-analyzed data both included no effect. Within ADAPT-
Sepsis, the use of PCT tests cost €427 more per patient and was associated with a small QALY loss (0.001), which
suggests the daily PCT-guided protocol is dominated. Using meta-analyzed data, the daily PCT-guided protocol
was assumed to cost €330 more per patient but was associated with 0.139 more QALYs, resulting in a cost per QALY
gained of €2384. If only antibiotic use and PCT tests were assumed to differ then PCT testing is estimated to cost no
more than €110 per patient with QALYs equal in both arms regardless of whether ADAPT-Sepsis or meta-analyzed
data were used.

Conclusions This economic analysis has shown that a PCT-guided protocol to guide the duration of antibiotic
treatment could be cost-effective. Where only differences in antibiotic use and PCT testing are assumed, the increased
costs per patient are modest which may be seen as worthwhile to safely improve antibiotic stewardship for critically ill
adult patients with sepsis.

Keywords Sepsis, Procalcitonin, Antibiotics, Antibiotic duration, Cost-effectiveness, Health economics

*Correspondence:
Matt Stevenson
m.d.stevenson@shef.ac.uk

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13054-025-05732-w
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-025-05732-w&domain=pdf&date_stamp=2025-11-8

Stevenson et al. Critical Care

(2025) 29:508

Graphical abstract

Page 2 of 10

Cost-effectiveness of procalcitonin-guided cessation of antibiotic treatment in adult patients with sepsis
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PCT-guided antibiotic treatment in adult sepsis patients could be cost-effective from the NHS and PSS perspective. Even when only the reduction in antibiotic usage

is considered, increased costs are modest, making procalcitonin-guided treatment a potentially favourable option to improve antibiotic stewardship.

Background

Timely administration of appropriate antimicrobial
therapy is a global standard in emergency sepsis care
to ensure optimal patient outcomes. However, the ideal
duration for antibiotic treatment for an individual patient
with sepsis remains unclear, with discontinuation deci-
sions predominantly guided by daily clinical assessments.
Biomarker-guided discontinuation, especially using serial
serum measurement of procalcitonin (PCT), has shown
to safely reduce antibiotic use and may help improve
patient outcomes. Despite this, clinical trial evidence has
been judged to be low quality, leading to a weak inter-
national consensus recommendation for routine PCT-
guided antibiotic discontinuation in sepsis care, and no
consensus on other commonly monitored serum inflam-
matory markers such as C-reactive protein (CRP). Fur-
thermore, there is an acknowledged lack of clinical trial
data on the cost effectiveness of biomarker-guided antibi-
otic discontinuation protocols in sepsis care [1].

The ADAPT-Sepsis multi-center, three-arm, inter-
vention-concealed individual patient randomized con-
trolled trial (RCT) was UK government commissioned to
determine the clinical and cost effectiveness of antibiotic
discontinuation protocols based on daily serum PCT or
CRP results compared with standard practice (the use of
no tests). Multi-disciplinary antibiotic stewardship prac-
tice was a standard of care at each recruitment center for
all critically ill patients with suspected sepsis [2, 3]. The
ADAPT-Sepsis trial was adequately powered (sample size
n=2760) to detect clinically superior important differ-
ences in antibiotic duration when comparing biomarker
protocols with standard care. The trial also contained
sufficient precision to monitor patient safety based on a
pre-specified non-inferiority margin. Notably, to improve
study quality and contribute further to the available body
of work that underpins the current international guid-
ance, the ADAPT-Sepsis trial was uniquely designed to

be intervention-concealed to minimize the risk of bias
associated with this previous body of reported open-
labelled studies.

The ADAPT-Sepsis trial completed recruitment in
June 2024 and the clinical effectiveness results have been
reported [4]. In summary, the daily PCT protocol signifi-
cantly reduces the use of antibiotics for sepsis patients,
while also meeting the non-inferior criterion for safety.
The daily CRP protocol did not reduce the use of antibi-
otics for sepsis patients and was inconclusive for safety.

As a stated commissioning aim of the ADAPT-Sepsis
trial, this paper aims to estimate the cost-effectiveness of
biomarkers compared with standard care from a within
study and an extrapolated lifetime horizon. Further anal-
ysis is undertaken meta-analyzing data from ADAPT-
Sepsis with previously published randomized clinical
trials reporting overall survival (OS), days of hospitaliza-
tion, duration of stay in an intensive care unit (ICU) and
duration of antibiotic treatment. Due to the lack of anti-
biotic reduction in the CRP arm and inconclusive evi-
dence for its safety, only the daily PCT-guided protocol
was compared with standard care in this cost-effective-
ness analysis.

Methods

Overview of economic evaluations undertaken

A model was built to simulate the outcomes of patients
admitted to hospital with sepsis. Key outcome measures
were the proportion of patients alive at 30 days, the dura-
tion of antibiotic treatment and the length of hospital/
ICU stay. A UK National Health Service (NHS) and Per-
sonal Social Services (PSS) perspective was adopted fol-
lowing National Institute for Health and Care Excellence
(NICE) guidance [7]. These were pre-stated health-eco-
nomic analyses as stated aims of the ADAPT-Sepsis trial’s
National Institute for Health and Care Research funding
commission [5, 6].
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The cost-effectiveness of four analyses were evaluated.
These were: Analysis 1, a within trial analysis using data
from ADAPT-Sepsis at 28 days (the point of trial primary
outcomes); Analysis 2, replicating Analysis 1, but assum-
ing that the only differences between the daily PCT-
guided protocol arm and standard care in ADAPT-Sepsis
were in days of antibiotic use and days of PCT testing as
these were the only statistically significant key outcomes;
Analysis 3, meta-analyzing data from ADAPT-Sepsis [4]
(at 28 days) with previously published studies of compar-
isons between PCT testing and the standard care/control
arm (which typically report results at 28 or 30 days); and
Analysis 4, replicating Analysis 3, but assuming that the
only differences between the daily PCT-guided protocol
arm and the standard care arm were in days of antibi-
otic use and days of PCT testing as these were the only
statistically significant key outcomes. Analyses 3 and 4
used the duration of PCT costs from ADAPT-Sepsis [4]
as insufficient data were reported in other studies. The
study is reported following the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) 2022
reporting guideline.

The cost-effectiveness outcome measure was modelled
incremental cost-effectiveness ratio (ICER) which was
provided as cost per quality-adjusted life year (QALY).
The analysis was based on patient-level resource use
and mortality observed in published literature provid-
ing estimates of costs and health-related quality of life.
Both costs and QALYs were discounted at 3.5% per year
[7]. The time horizon was 28 days for Analyses 1 and 2 as
these were within-study analyses of ADAPT-Sepsis, was
patient-lifetime for Analysis 3 as the QALY losses asso-
ciated with differential mortality need to be fully consid-
ered, and was 30 days for Analysis 4, as it was assumed
that PCT testing had no impact on mortality and data
for the meta-analysis commonly reported outcomes at
30 days. Probabilistic results were generated in addition
to deterministic results. All costs were calculated in UK
pounds sterling (£) using 2023/2024 prices and converted
to Euros (€) assuming that £1.00=€1.161 [8]. However,
the pre-stated analyses relate directly to the UK, and may
not be generalizable to other jurisdictions, this is consid-
ered further in the discussion section.

None of the analyses included the societal gain from
better antibiotic stewardship, as this is very difficult to
quantify precisely and is an omitted benefit from the
PCT arm in all analyses.

Resource use and costs

For the PCT and control arms in the ADAPT-Sepsis trial
we collected the average number of days in ICU, the aver-
age number of days in hospital, and the average duration
of antibiotic use. For the PCT arm, the average number
of PCT tests were collected.
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The cost of a day in ICU was estimated from the
National Schedule of NHS costs 2023/24 [9], assuming
that the weighted average of XC01Z, XC02Z, XC03Z,
XC04Z, XC05Z and XC06Z (Adult Critical care, one or
more organs supported) was applicable resulting in a
cost of £2302 (€2673). The cost for a general ward day
was assumed to be the weighted average cost of DZ11R —
DZ11V (lobar, atypical or viral pneumonia, without inter-
ventions) for non-elective short stay patients which was
£673 (€781). The costs of PCT testing have been taken
from a recent publication, Webb et al. [10], assuming that
this value (£15.20 (€17.65)) included the costs required to
interpret, or act upon, the test.

The costs of antibiotics use were estimated from the
interventions used in ADAPT-Sepsis [4], from the British
National Formulary [11] and from the drugs and phar-
maceutical electronic market information tool (eMIT)
[12]. Glucose solute, was also costed which was estimated
to be £1.95 (€2.26) per the average defined daily dose
(DDD), as reported by the World Health Organization,
based on the average cost of 500ml reported by eMIT
[12]. The assumed cost per antibiotic day was lower-
bounded by assuming that vial-sharing was allowed,
which is not clinical practice, which resulted in a cost
per antibiotic day of £14.79 (€17.17). The cost assuming
no vial sharing was £16.37 (€19.01), however, this would
likely be an over-estimate as each use was associated with
the number of vials for the average DDD rather than
accounting for variation. Considering these limitations,
we decided to use a value of £16.00 (€18.58) per antibiotic
day, assuming that this round number also included the
costs of consumables associated with infusions. This cost
was assumed applicable to both the daily PCT-guided
protocol and standard care arms as the observed usage
of antibiotics was similar between the arms. The drugs
used in the first 28 days, together with the frequency of
use, DDD when used, and the cost of a DDD are shown
in supplementary material Appendix Table 1. In total,
27,939 antibiotic days were provided in the ADAPT-Sep-
sis RCT [4]. For Analysis 3, no additional long-term costs
associated with the sepsis episode have been considered.

Utilities and QALYs

Utility is a measure of a patient’s quality of life, com-
monly used in cost-effectiveness models, with a value
of 1 representing perfect health, and a value of O repre-
senting a state equivalent to death. QALYs are a com-
bination of the utility multiplied by the time spent with
this utility, with 1 QALY representing one year at per-
fect health. The age- and sex-matched cohort observed
in ADAPT-Sepsis would have a utility (using the NICE
recommended EQ-5D UK tariff) of 0.84 [13], which was
assumed to apply when a patient was discharged. Being
on a general ward was associated with a utility decrement
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Table 1 Key clinical parameters for the health economic

analyses
Changes associated with PCT Mean estimate® (95% credible
testing interval)
Analyses 1and2®  Analyses 3
and 4°
Antibiotic use (days) -0.88 (-1.58to —1.08 (-1.60
-0.19) to —0.65)
Hospital length of stay (days) 0.10 (-0.81t0 1.01) 0.09 (-1.05
to 1.23)
Intensive care unit length of stay ~ 0.11 (-0.69 to 0.91) 0.08 (-0.54
(days) t0 0.69)
Percentage of deaths (absolute 1.57(-218t0532) -1.10(-4.56
difference) to 2.39)
Number of PCT tests performed 7.00 (6.60 to 7.40) 7.00 (6.60 to

(units) 7.40)

@ Parentheses are 95% confidence intervals for Analyses 1 and 2 and 95%
credible intervals for Analyses 3 and 4

P Analyses 2 and 4 use only parameters with a statistically significant difference:
days of antibiotic use and number of PCT tests

of 0.58 taken from Hollman et al., [14] resulting in an
estimated utility for patients in a general ward of 0.26. It
was assumed that being in an ICU would be associated
with a utility of zero. It was further assumed that patients
who died within 28 or 30 days accrued no QALYs during
the hospital stay.

Survivors at 30-days were assumed to accrue 12.68
discounted QALYs, which was estimated assuming
general UK population life expectancy and utility for
patients who survive the sepsis episode, with an average
age of 60 years, and 40% of patients being female [15]
(as observed in ADAPT-Sepsis [4]). Sensitivity analyses
were conducted assuming a lower value (of 10 discounted
QALYs) in case patients who survived were left with
comorbidities.

Summary of study data from ADAPT-sepsis trial

Data from ADAPT-Sepsis [4] relating to the following
outcomes were used in the model: total antibiotic treat-
ment duration to 28 days; all-cause mortality at 28 days;
length of ICU stay; time to hospital discharge; and the
number of days of PCT testing. Compared with control,
the use of PCT significantly reduced mean antibiotic
treatment duration by 0.88 days (95% confidence interval
(CI) 0.19 to 1.58 days), non-significantly increased all-
cause mortality by 1.57 percentage points (95% CI -2.18
to 5.32), non-significantly increased mean time spent in
ICU by 0.11 days (95% CI -0.69 to 0.91) and non-signif-
icantly increased mean length of stay by 0.10 days (95%
CI -0.81 to 1.01). On average, each person in the PCT
arm required 7 PCT tests (standard error of the mean
0.20) compared with zero for the control arm (standard
practice).
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Summary of study data from other relevant clinical trials
Data from ADAPT-Sepsis [4] were combined with pre-
vious studies of PCT-guided treatment compared with
standard care/control within meta-analyses. Identifica-
tion of previously-published relevant studies was made
through the use of a recently published systematic review
of PCT-guided interventions, Kubo et al. [16] and in a
patient-level meta-analysis of randomized trials, by Wirz
et al. [1] Wirz et al. [1] identified 11 studies [17-27],
which were supplemented by six studies [28—33], in Kubo
etal. [16].

The studies were assessed and three were excluded.
These were: Oliveira et al. [19] as this reported a com-
parison of PCT vs CRP; Vishalashi et al. [32] as the study
arms were imbalanced in relation to a key prognostic fac-
tor, septic shock, which was 82% in the control arm and
56% in the PCT-guided arm; and Xu et al. which reported
a statistically significant difference in (nominal) p-value
in Acute Physiology and Chronic Health Evaluation II
score, a key prognostic factor, between the groups.

For OS, data that was closest to the 30-day mark were
extracted from the individual papers and meta-analyzed
using a random effects model (total number of partici-
pants (n)=6216). For antibiotic use and length of stay
(both hospital and ICU), insufficient reporting within
the individual papers meant that, for each outcome, the
meta-analyzed patient level data from Wirz et al. [1]
(n=4482) were combined with data from ADAPT-Sepsis
[4] (n=1842) totaling 6324 patients, using a fixed effects
model, due to the small number of data sets. The differ-
ence in numbers of participants included in the analy-
ses of OS versus other outcomes are due to the lack of
outcome data from four studies [28-31], and different
reported participant numbers in two studies [4, 26]. The
results of the meta-analysis are shown in supplementary
material Appendix Figs. 1 and 2. For Analysis 3, the odds
ratios from the meta-analysis were applied to the pro-
portion of deaths at 30 days using pooled data from the
standard care arms within the meta-analysis, which was
20.9% (651/3115).

Summary of key clinical parameters used in the analyses
Table 1 provides the estimated changes in antibiotic use,
hospital length of stay, ICU length of stay, percentage of
deaths and number of PCT tests due to the adoption of
PCT testing which are used within the health economic
analyses.

Generating cost-effectiveness results

Probabilistic results are presented for each analysis, as
these were similar to the deterministic results and pro-
vide more detail on the uncertainty in the results. The fol-
lowing results are reported: the incremental costs of PCT
testing; the incremental QALYs associated with PCT
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Fig. 1 The cost-effectiveness planes for Analysis 1 and Analysis 3
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Fig. 2 The cost-effectiveness acceptability curves for Analysis T and Analysis 3

testing; the incremental cost-effectiveness ratio (ICER) in
terms of cost per QALY gained; the probability that PCT
testing produces more QALYs; and the probability that
PCT testing is cost-effective at a £20,000 (€23,220) per
QALY gained threshold.

Results

Main outcomes

The results from the cost-effectiveness analyses are
shown in Table 2. For the main within ADAPT-Sepsis
study analysis (Analysis 1), the daily PCT-guided proto-
col is dominated (that is, PCT costs more and produces
less QALYs than standard care). When only the costs of
PCT testing and the difference in number of days of anti-
biotic treatment are considered using the ADAPT-Sepsis
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Table 2 Probabilistic cost-effectiveness results
Analyses Time Inc Inc ICER Probability of Probabil-
horizon costs  QALYs being cost-effec- ity of more
of PCT of PCT tive at €23,220 per QALYsin
(€) QALY PCT arm
1. ADAPT-Sepsis (all parameters) 28 days 427 —0.001 Dominated? 0.307 0.192
2. ADAPT-Sepsis (only antibiotic treatment duration and PCT 28 days 107 Zero Dominated? Zero Always equal
testing costs) in both arms
3. Meta-analyzed data (all parameters) Lifetime 330 0.139 €2384 0.722 0.742
4. Meta-analyzed data (only antibiotic treatment duration 30 days 104 Zero Dominated? Zero Always equal
and PCT testing costs) in both arms

2 Dominated denotes that PCT testing costs more money than current practice whilst not providing health benefits

ICER: incremental cost-effectiveness ratio; Inc: incremental; PCT: procalcitonin; QALYs: quality-adjusted life years

data (Analysis 2), the daily PCT-guided protocol costs
£92 (€107) more than standard care with no change in
QALYs.

When the ADAPT-Sepsis data are meta-analyzed with
other evidence, and a lifetime horizon applied, (Analysis
3) the ICER is £2053 (€2384), based on providing 0.139
more QALYs at an increased cost of £284 (€330), indi-
cating that the use of PCT is cost-effective using NICE’s
typical threshold of £20,000 (€23,220). When only the
costs of PCT testing and number of days of antibiotic
treatment are considered (Analysis 4), the daily PCT-
guided protocol costs £89 (€104) more than standard
care, respectively.

The results are uncertain however, with PCT testing
estimated to produce more QALYs in 19% of simulations
in Analysis 1, which just uses ADAPT-Sepsis mortal-
ity data, and in 74% of simulations in Analysis 3 which
uses meta-analyzed data. The cost-effectiveness planes
for Analysis 1 and Analysis 3 are shown in Fig. 1. The
larger range in incremental QALYs associated with the
daily PCT-guided protocol in Analysis 3 is caused by the
increased ramifications of sepsis-related mortality over a
lifetime horizon than with a 28-day horizon.

The cost-effectiveness acceptability curves for Analysis
1 and Analysis 3 are shown in Fig. 2.

In Analysis 1, the probability of being cost-effective is
largely driven by the relative costs of PCT testing and
standard care within the 28-day period, with the daily
PCT-guided protocol being associated with lower costs
in 31% of simulations. For Analysis 3 there is a high prob-
ability that PCT testing is cost-effective compared to
standard care, being greater than 72% at all willingness to
pay thresholds over £20,000 (€23,220) per QALY gained.
There is approximately 26% chance of not being cost-
effective at a willingness to pay threshold of €100,000 per
QALY gained is due to the possibility that the OS out-
come favors standard care (see the meta-analysis results
in supplementary material Appendix).

Sensitivity analysis
When it was assumed that only 10 QALYs would be
saved when mortality was presented, the ICER for Analy-
sis 3 increased to £2,602 (€3021) which is still comfort-
ably lower than.

NICE’s £20,000 (€23,220) per QALY threshold. [7].

Discussion

Previous cost-effectiveness analyses of PCT testing used
a short-time horizon or data taken from pre- and post-
study designs. A review undertaken by Rojas-Garcis et al.
[34] which identified seven cost-effectiveness analyses of
PCT testing published between 2000 and 2020 concluded
that the majority of studies reported PCT testing to be
cost-effective from a societal or healthcare perspective.
Three subsequently published cost-effectiveness analyses
were identified by the authors of this paper [35-37]. Sligl
et al. [37] considered the efficacy of PCT testing within
a bundled antimicrobial stewardship program, using
data from a pre-and post-study design, and concluded
that PCT testing was potentially cost-effective but with
substantial uncertainty. Garnfeldt et al. [35] focused on
costs in the initial year concluding that a small invest-
ment per patient may lead to considerable cost-savings,
whilst Mosly et al. [36] used a one-year time horizon
and concluded that PCT guidance was not likely to be
cost-effective.

Thus, to our knowledge, the pre-planned health eco-
nomic analyses presented here are the first to assess the
cost-effectiveness of PCT-guided protocols in reduc-
ing antibiotic duration for critically ill adults with sepsis
over a lifetime horizon based on the available prospec-
tive clinical trial evidence. We have also followed stan-
dard UK practices in cost-effectiveness analyses [7] to
ensure robustness and transparency of the methods for
those wishing to explore further. In addition to looking
at the ADAPT-Sepsis study alone, we have performed an
updated meta-analysis to incorporate the results from
ADAPT-Sepsis into the broader literature base to pro-
vide estimates of key parameters considering previous
studies. This meta-analysis clearly shows a reduction in
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antibiotic days. The four analyses we have undertaken
show uncertainty in the health benefits associated with
PCT testing ranging from a loss of 0.001 QALYs to a
gain of 0.139 QALYs with additional costs ranging from
€104 to €427 per person. The difference in QALYs is due
to the assumed mortality impact of PCT testing, where
the point estimate was detrimental in ADAPT-Sepsis,
but beneficial when data were meta-analyzed, although
in both analyses the change was non-significant, and the
non-inferiority margin met in ADAPT-Sepsis. Where
no difference in mortality or hospital stay was assumed
(Analyses 2 and 4), QALYs were identical and costs mod-
estly increased, by no more than €110 per person. This
expenditure may be seen as worthwhile and complemen-
tary to hospital antibiotic stewardship programs given
the unquantified gain of improved antibiotic steward-
ship in the general population even if the health of sepsis
patients were unaffected [38].

This study has a number of limitations. The original
analyses were taken from a UK NHS and PSS perspective
and following NICE guidance does not include indirect
costs such as productivity losses. This may not be appro-
priate for different jurisdictions. Furthermore, the costs
of resources such as the daily cost of an ICU or antibi-
otics may vary across countries as could the number of
days of PCT testing, the costs of PCT testing or discount
rates. Additionally, ICU length of stay and bed utilization
may also differ across regions and countries. Therefore,
these health economic results may not be generalizable
outside of the UK NHS setting.

We did not perform a formal systematic, or targeted,
literature review to update the meta-analyses of Wirz et
al. [1] and Kubo et al. [16], but we are not aware of any
studies that have been erroneously omitted. Further, only
large studies would noticeably change the conclusions
from the meta-analyses. The meta-analyses combined
studies from different jurisdictions where the control
arms could differ. Due to data unavailability, the meta-
analyses for lengths of stay and antibiotic usage com-
bined synthesized results from Wirz et al. [1] with data
from ADAPT-Sepsis rather than the individual study
data. Finally, the benefits do not include the longer-term
consequences of antibiotic stewardship with reduced
risks of antibiotic resistance and potential benefits for
patients with difficult to treat infections.

Conclusions

This economic analysis has shown that PCT-guided anti-
biotic treatment could be cost-effective and could result
in a cost-per QALY well below the threshold for cost-
effectiveness used in the UK. Where only differences in
antibiotic use and PCT testing are assumed, the increased
costs are modest (no more than €110 per person) which
may be seen as worthwhile to safely improve antibiotic
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stewardship for critically ill adult patients with sepsis.
This estimate does not include any downstream benefits
associated with better antibiotic stewardship that could
result in both future cost savings and increased patient
health.
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