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Antimicrobial stewardship programs;

a two-part narrative review of step-wise
design and issues of controversy. Part ll:
Ten questions reflecting knowledge gaps
and issues of controversy in the field of
antimicrobial stewardship

Fredrik Resman

Abstract: Regardless of one’s opinion on antimicrobial stewardship programs (ASPs), it is
hardly possible to work in hospital care and not be exposed to the term or its practical effects.
Despite the term being relatively new, the number of publications in the field is vast, including
several excellent reviews of general and specific aspects. Work in antimicrobial stewardship
is complex, and include aspects not only of infectious disease and microbiology, but also of
epidemiology, genetics, behavioural psychology, systems science, economics and ethics, to
name but a few. This review aims to take several of these aspects and the scientific evidence
from antimicrobial stewardship studies and merge them into two questions: How should we
design ASPs based on what we know today? and Which are the most essential unanswered
questions regarding antimicrobial stewardship on a broader scale? This narrative review

is written in two separate parts aiming to provide answers to the two questions. The first

part, published separately, is written as a step-wise approach to designing a stewardship
intervention based on the pillars of unmet need, feasibility, scientific evidence and necessary
core elements. It is written mainly as a guide to someone new to the field. It is sorted into five
distinct steps; (a) focusing on designing aims; (b) assessing performance and local barriers

to rational antimicrobial use; (c) deciding on intervention technique; (d) practical, tailored
design including core element inclusion; and (e] evaluation and sustainability. This second
part formulates 10 critical questions on controversies in the field of antimicrobial stewardship.
It is aimed at clinicians and researchers with stewardship experience and strives to promote

discussion, not to provide answers.
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Introduction

As a complement to PartI of this two-part review,
which outlines some of the things we do know
within the field of antimicrobial stewardship in a
five-step guide, this second part highlights some
of the questions in the field that remain to be
definitively answered. Antimicrobial stewardship

research is a comparatively young field applied to
a very complex context, and there are thus several
areas of uncertainty and issues of controversy.
Table 1 lists 10 questions emphasizing such areas
or issues. The questions have been chosen subjec-
tively, and the list is by no means exhaustive.
Furthermore, the questions are wide in scope,
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Table 1. The 10 questions posed.

o~OIT WO N —

essentialism?

. Can antimicrobial resistance be reversed and can this reversal be obtained through ASPs?

. Are potential aims of ASPs causally linked to overall objectives?

. Is there a level of antimicrobial use that balances collective risk, and if so, what is it?

. How should we address apparent differences in levels of use of antibiotics in the world?

. How do we address the perceived sepsis/stewardship dichotomy in a balanced way?

. How do we balance the trade-off between individual and collective risks, patient participation and

7. Should individual dysbiosis from antimicrobials be a part of the antimicrobial stewardship discussion

and what role should it play?

8. How do we balance the need for uniform methodological evidence with limited evidence for

generalizability?

9. What are the potential consequences of an effective ASP on the supply of antibiotics?

10. Is there a risk of ‘crowding out’ effects from ASPs?

ASP, antimicrobial stewardship program.

each warranting separate reviews, and are here
touched upon only briefly to stimulate further
discussion. The preliminary reply given to each
question is the author’s personal reflection, and
should thus not be read as the definite answers
based on scientific evidence. During the comple-
tion of this review, two excellent reviews, includ-
ing a Society for Healthcare Epidemiology of
America (SHEA) white paper, have been pub-
lished, reviewing knowledge gaps and research
needs in antibiotic stewardshipprogrammes
(ASPs) in hospital and non-hospital settings.!-2
Some of the issues mentioned in these reviews
overlap the questions in the following.

The 10 questions

1. Can antimicrobial resistance be reversed and
can this reversal be obtained through ASPs?

If resistance cannot be reversed, why all the effort?
The answer is straightforward. Even if reversal of
resistance is deemed not feasible, just stopping or
slowing down resistance development are objec-
tives worth striving for, while at the same time
aiming to improve the pipeline of antibiotics, vac-
cines and diagnostic measures.

Regarding potential of reversibility, the traditional
theoretical assumption is that the uptake of a
resistance mechanism provides a selection advan-
tage in the presence of an antibiotic, but infers a
fitness cost that, in the absence of the antibiotic,
translates to a selection disadvantage.3* This fit-
ness cost is a prerequisite for reversibility of resist-
ance, and it may be possible to predict the rate of
reversibility during withdrawal of antibiotics.?

However, the clinical evidence for reversibility is
less clear. There are quite a few studies that do
show reversibility following reduction of specific
antibiotics, but also others that do not.®10 There
are modelling studies that imply that restriction in
very specific situations may facilitate resistance.!!
These varying results are attributed to the com-
plexity of the situation, including attributes of the
specific bacterium, the specific antibiotic, the
potential of compensatory chromosomal muta-
tions or plasmid-mediated increases in fitness that
offset fitness costs, the transmission routes, antibi-
otic residues in the environment, pandemics of
susceptible or resistant bacteria with propensity
for spread, co-carriage of other resistance determi-
nants and resistance dilution in the population.1%13
Moreover, there is little information on thresholds
of use on a population level or on exposure levels
in individuals (concentration and duration of
treatment courses) that favour reversibility poten-
tial, if such can be defined.

The answer to the question can thus be a clear
yes, there is potential of reversibility of resistance
(but not in all cases) and yes, reversibility can
possibly be accomplished by a reduction of anti-
microbial use through ASP in some cases, but the
issue is complex and is one where more research
is needed to properly assign aims of ASPs to
achieve the intended impact.

2. Are potential aims of ASPs causally linked to
overall objectives?

Rephrased; is reduction of antibiotic use,
improvement of prescription quality, improved
clinical or microbial outcomes or reduced costs
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consistent with ‘using antibiotics in a way that
aims to optimise healthcare outcomes while mini-
mising unintended consequences of antibiotic
use’ or ‘using antibiotics in a way that aims to
ensure sustainable access for all who need
them 41> Even if cost outcomes and cost-
benefit/cost-effectiveness outcomes (which are
necessary in a broader context but perhaps not for
these particular objectives) are excluded, the
answer is still far from certain. If patient outcomes
are improved as a result of ASPs, this is consistent
with the objectives mentioned previously, but this
is far from generally being the case based on avail-
able research. If a reduction in the use of antibiot-
ics is achieved with no negative effect on patient
outcomes, or if improved guideline adherence is
achieved, it is still not clear that such an outcome
ensures sustainable access to all who need it. This
leads the discussion back to question 1, whether
resistance development can be slowed or reversed
by reducing antimicrobial use in general. This
leads back to the reply that the issue is quite com-
plex and the effect will likely depend on the con-
textual factors discussed in question 1.

The answer therefore can again be: potentially
yes, but we need better ways of predicting which
aims provide the greatest impact, to be able to
steer interventions towards specific aims for
which the overall objectives are best aligned.

3. Is there a level of antimicrobial use that
balances collective risk and, if so, what is it?
When we strive to reduce the use of unnecessary
antimicrobials, what levels of use should we aim
for? Naturally, levels and proportion of use in a
population have to be adjusted to demography as
well as infection and resistance epidemiology, and
in hospital care adjusted for patient case-mix and
hospital characteristics.® But can thresholds of
use that limit the development of further resist-
ance be identified for antibiotics, all other factors
contributing to resistance being optimised?

Some guidelines stress the importance of stating
qualitative and quantitative targets of antimicro-
bial use as a part of steering responsible use of
antibiotics,!” and there have been specific sugges-
tions of target levels published. In a 2016 Science
manuscript, a collaboration of international sci-
entists suggested that no country should consume
more than the then current global median level
[8.54 defined daily doses (DDD) per capita per

year],!8 but this should be viewed as a symbolic
target and has limited relevance to exact target
levels where accelerated resistance may be pre-
vented. In a review studying TATFAR partner
countries, several countries had developed, or
were developing, quantitative target levels for
reduction in use or absolute use.!® A total of 9
countries presented target levels and 17 indicated
that development of target levels were underway.
In Belgium (<600 by 2020), Sweden (<250) and
Norway (<250), absolute targets for numbers of
prescriptions per 1000 individuals and year were
proposed. In a number of countries (Belgium,
France, Norway and Sweden), precise targets for
proportions of certain antibiotics for specific con-
ditions exist. In yet five other TATFAR countries
[United Kingdom (UK), United States (US),
Malta, Slovenia and the Netherlands], target lev-
els for the degree of reduction of antimicrobial
use, in general or specifically, were reported.

Extensive modelling of the dynamics of resistance
in relation to the volume of antimicrobial use has
been performed,?° and suggests that if use of anti-
microbials for which resistance is increasing is
reduced and external sources of resistance are
stopped from entering into a community, resist-
ance levels may be maintained.?! Applied to an
epidemiological context, studies regarding thresh-
old levels/quota of use to contain resistance have
been performed based on adaptive regression
splines that allow assessment of non-linear rela-
tionships between levels of use and resistance
development. Such studies suggest that thresh-
olds can be identified,?? but are subject to varia-
tion between specific populations and specific
time-points in the same populations. Thus, to
inform quotas and threshold levels, intense local
surveillance and continuous modelling are
required. Individuals responsible for ASPs should
strive to increase reflection on target levels.

The answer therefore may be: such levels likely
exist and can be calculated if surveillance is
detailed enough, but they are not uniform, across
either different antimicrobials, different geo-
graphical areas, or time.

4. How should we address apparent differences

in levels of use of antibiotics in the world?
Without discussing the reasons behind this fact, it
is undisputable that there are differences in levels
of use of antimicrobials between different
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physicians, different regions and different nations,
even though trends of use suggest conver-
gence.?3-25 The short-term consequences of such
differences will initially be mainly local, but in the
long run likely carry a global component.
Moreover, the global consequences of antimicro-
bial overuse will likely be unevenly distributed
around the world — an analogy of the injustice of
the effects of climate change.?® A disproportion-
ate impact is predicted to occur in regions with
mainly lower-income and middle-income
countries.??

Some of the differences in levels of use mirror dif-
ferences in epidemiology, and some depend on
availability of diagnostics or lack of access to both
narrow-spectrum and broad-spectrum antibiot-
ics. However, some of the differences suggest dif-
ferent cultures of antibiotic use. Just like the case
in many other issues in healthcare, differences in
organisation, demand/supply of healthcare,
including competition between providers, patient/
physician relations, liability costs or culture may
lead to higher objective or subjective cost of
uncertainty/risk in treatment decisions compared
with other settings. The pressing questions are:
are differences acceptable when they may cause
negative consequences in areas where the percep-
tion of the cost of uncertainty is lower and how
should we address them?

In the climate change policy debate, the most
common suggestions to effectively reduce emis-
sions are strict international regulation and/or
carbon pricing/taxing. In contrast, in the field of
antimicrobial resistance there are no uniform tar-
get levels of use that are deemed reasonable (see
question 3), either in use of DID (DDD per 1000
inhabitants per day), or in the proportion of nar-
row-spectrum agents. Until such levels, in rela-
tion to resistance levels, are approximately
suggested and agreed upon, it is difficult to argue
that a certain level is unacceptably high (or low).
We thus have to rely on global coordination of
efforts with quantitatively vague ambitions.
However, whenever possible, incentives that add
external barriers to rational use of antibiotics
should be removed.

Thus, until target levels/intervals are defined,
there seems to be no simple and straightforward
solution to this question, except for global coordi-
nated action.

5. How do we address the perceived sepsis/
stewardship dichotomy in a balanced way?

Is there a conflict between optimising awareness
and empirical therapy for acute, potentially severe
infections (most notably sepsis) and the objec-
tives of ASPs? Development of machine-learning
algorithms with great potential to improve early
identification of sepsis are underway,?® but as
long as widely used clinical algorithms for early
identification of potentially severe infections,
such as sepsis, have limited sensitivity and speci-
ficity, a tension between the objective of early
identification and treatment of potentially severe
infections and limiting over-use of antibiotics may
be difficult to avoid entirely.?° The ambition to
increase awareness of sepsis and the ambition to
promote antimicrobial stewardship both strive to
improve healthcare, but are not discussed together
often enough as integrated parts of infectious dis-
ease care.3? This may lead to pressure from both
sides of the issue on prescribing physicians, which
could lead to imbalance in any direction (overuse/
underuse).

Without a doubt, first priority should be given to
early identification and treatment of individuals
with potentially severe infections, considering the
diagnostic challenges, the high mortality linked to
sepsis and the knowledge that time from presen-
tation to treatment start is a crucial factor for
treatment success.?! Under-treatment of individ-
uals with a potentially severe infection poses a risk
of worsening clinical outcomes and can thus
never be aligned with antimicrobial stewardship
objectives. However, there are challenges regard-
ing how the risks of sepsis and risks of antimicro-
bial resistance and presented and perceived.
Sepsis is often presented in media using emo-
tional triggers with individual narratives. This can
be problematic if it leads to a misperception of the
risks associated with non-severe illnesses and
potentially to altered prescription behaviour on
the part of physicians.32-34 In contrast, antimicro-
bial resistance is often presented as a vague threat,
leading to limited public and physician compre-
hension, which may be even more problematic if
not interpreted in a balanced way.

In short, yes, the sepsis/stewardship dichotomy
can be addressed in a balanced way, but this does
not happen often enough today. There is a need
for ASPs to promote balanced, integrated report-
ing of risks of sepsis and risks of antimicrobial
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resistance, ensuring that treatment of potentially
severe infections is given unconditional priority
while the threat of non-severe infections is per-
ceived in a balanced way.

6. How do we balance the trade-off between
individual and collective risks, patient
participation and essentialism?

How do we address the potential conflict between
the risk of potential harm for the individual and
the future risk of harm for the collective in an
ethical framework? This question touches on the
discussion in question five. How do we subjec-
tively and objectively quantify the respective risks
involved and balance them appropriately? The
clinical uncertainty/risk can be separated into sev-
eral parts: for instance the empirical uncertainty
(where a decision has to be made prior to proper
diagnostics having been performed), diagnostic
uncertainty (where a decision has to be made
based on clinical/radiological/aetiological diag-
nostics that have limited sensitivity and specific-
ity) and definitive uncertainty (where a clear
diagnosis has been established or suggested, but it
is still unclear what is best practice for this par-
ticular patient). Ideally, empirical uncertainty
should be minimized wvia quick point-of-care
diagnostics, especially for sepsis and respiratory
tract infections, where empirical and diagnostic
uncertainty is a major challenge,3? and definitive
uncertainty through properly designed clinical
research studies. However, until such diagnostic
tools are widely available and such studies have
been completed, a framework to discuss risk bal-
ancing from an ethical perspective is needed.

In ethical terms, antimicrobial resistance has been
characterised as a ‘super-wicked’ problem,
defined by a high degree of complexity, the lack of
an easy technological solution, a lack of time to
respond, the involvement of those trying to solve
the problem in its causes, a lack of strong, central
authorities and a tendency to discount the
future.3> Increasing attention has been given to
the ethical challenges of antimicrobial resistance
in general, to intra- and intergenerational fair dis-
tribution of resources, but also to stigma and con-
sequences for carriers of resistant bacteria.36-37
Attention has also been focussed on the ethical
dilemma of antimicrobial stewardship specifi-
cally.38:39 Two particular challenges have been
identified: how can physician risk perceptions be
balanced and less categorical, and how do we

quantify potential risks and benefits (to the indi-
vidual and to society) of a treatment decision to
properly devise guidelines for infections? Despite
the complexity, there have been attempts develop
a framework for such quantifications.38

One specific barrier to rational antimicrobial use
is inappropriate problem perception and risk per-
ception. This could mean that treatment deci-
sions are viewed from an essentialist perspective,
an unbalanced perception of risk, or both. Even
though many treatment choices are made in the
face of uncertain diagnostics, treatment guide-
lines are generally written according to an
essentialist perspective and assume a definite
diagnosis.*° In practice, this may lead to a reduced
focus on objective risks related to combinations of
symptoms in favour of an ‘essentialist bias’, with
a focus on sorting the patient in a specific diagno-
sis and focusing on treatment for that diagnosis,
not on the actual patient. Another potential fal-
lacy is that the type of risk perception that a physi-
cian carries into a clinical situation affects levels
of use. A large portion of physicians, while
acknowledging the general risk of resistance, view
changing their own practice as futile or do not see
themselves as contributing to the problem of
resistance.3? However, if patient harm from anti-
biotics is included as a potential risk in the physi-
cian’s perception, fewer antibiotics are used.!

A particular part of the ethical aspect of antimi-
crobial stewardship is the role of the patient’s per-
ception and knowledge of treatment alternatives
and potential risks. Patients have the unequivocal
right to be informed regarding different treatment
alternatives and reasons for suggesting a particu-
lar treatment. To what extent is it reasonable to
involve the patient in the stewardship discussion
and what are the consequences? Using a health
belief model to study perceptions of resistance
and stewardship in patients, it was demonstrated
that patients mirrored most physicians in consid-
ering the general problem of resistance as a seri-
ous threat, but the risk of it affecting them
personally as low. However, it was also clear that
few patients discussed treatment choices with
their doctors, and more wanted to.*? Thus, in
ASPs, increased discussion with patients regard-
ing antimicrobial stewardship policies should be
promoted, including reasons for suggested treat-
ment. In situations where treatment decisions feel
difficult to defend and discuss with patients, they
should probably be changed.
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There is need for improved balancing of individual
and collective costs of treatment decisions as well as
a balanced risk perception. Moreover, patients
should, whenever possible, always be informed on
treatment choices/suggestions and the rationale
behind them.

7. Should individual dysbiosis from antimicrobials
be a part of the antimicrobial stewardship
discussion and what role should it play?

One of the lessons learned from risk perception
assessment was that if potential harm from antibi-
otics to the patient was included as a perceived
risk, less over-use was demonstrated.4! Increasing
attention has been given to the correlation between
gastrointestinal dysbiosis and a number of chronic
diseases, including obesity, behavioural disorders,
autoimmune disorders and cardiovascular dis-
ease.3 Children seem to be particularly vulnerable
to the effects of dysbiosis.**

Even though many environmental factors contrib-
ute to dysbiosis, antimicrobial treatment is argua-
bly the most prominent among them, potentially
altering a number of physiological equilibria.45-46
Studies have shown that the effect on the abun-
dance of chromosomal resistance elements from
antimicrobial therapy is often transient, but the gut
microbiota is a potent reservoir of resistance ele-
ments and the abundance of resistance genes car-
ried on mobile genetic elements stay high for long
periods of time following antimicrobial treat-
ment,*>47 potentiating further spread and selec-
tion. From both an individual and a collective
perspective, it is thus reasonable in antimicrobial
stewardship to pay more attention to what degree
routes of administration and elimination of antibi-
otics induce dysbiosis and selection of resistance
elements. This includes choices of treatment
options, such as extended non-systemic use and
creation of precision drugs with small collateral
effects.*8

More research is needed on causal effects but,
from a precautionary principle, we should increase
focus on dysbiosis and subsequent risks as a con-
sequence of antimicrobial use in the context of
the antimicrobial stewardship debate. We should
also let the increasing body of knowledge on the
effect of administration routes, elimination and
course duration of antimicrobials on the microbi-
ome inform guidelines.

8. How do we balance the need for uniform
methodological evidence with limited evidence

for generalizability?

One major challenge for global antimicrobial
stewardship is the lack of coordinated imple-
mentation. Even though progress has been
made, including the definition of global core ele-
ments and checklist items by representatives
from across the globe,*® there is concern that
such checklists may be difficult to implement in
areas where antibiotic use is unregulated, where
infectious disease specialists and specially trained
pharmcists are few and professional boundaries
and hierarchial structures do not empower the
work of nurses, pharmacists or stewardship
teams.>%3! Moreover, ASPs are often bottom-up
initiatives, and have, from a global perspective,
been uncoordinated and fragmented with
regards to aim and methodology.52

Today, a call for global coordinated action of
antimicrobial stewardship is being increasingly
championed (and rightfully so0).27:53-55 Where
does that leave the different settings from which
individual initiatives have been started, and will
a common global framework and methodology
risk missing objectives locally due to differences
in healthcare structures affecting prescription
habits? Even if benchmarking prior to start
would be identical (which it hardly ever will
be), antimicrobial stewardship intervention
studies are always likely to be heterogenous,
since complete standardisation of interventions
is not feasible, making external validity inher-
ently difficult. Experiences from different set-
tings may be rewarding if they are discussed
openly with mutual learning as a result.>® Since
there are bound to be local nuances that global
core elements cannot tailor to, the solution may
be a ‘glocalisation’ approach with polycentric
governance reconciliating the global and the
local context.5” The general agenda should be
decided globally, with potential for local policy
adaptation of intervention and of priorities.
This will also allow for better sense of shared
responsibility.

One potential answer is that a uniform best prac-
tice is likely not reasonable in the context of anti-
microbial stewardship, and that one potential
solution is glocalisation, with a global agenda and
local tailoring to that agenda, strengthening local
engagement and accountability.
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9. What are the potential consequences of an
effective ASP on the supply of antibiotics?

The need for a stable supply chain has been recog-
nised as an essential empirical part of antimicrobial
stewardship, in response to recurrent stock-outs
and shortages leading to the need for using broad-
spectrum or second-choice antibiotics when they
are not warranted.38>° There are multiple reasons
for the fragility of supply of antimicrobials, and
there is ongoing work from multiple stakeholders
to improve supply chain stability.

One particular threat is the threat of market failure
for antimicrobials. Even if it is assumed that phar-
maceutical companies strive to benefit health
through the cure and prevention of disease, and
even if this is performed in an ethical way including
social responsibility, any publicly traded company
needs to provide profit, growth and stability for its
shareholders. Antibiotics are generally less profita-
ble than other medicines, with low prices and short
courses being factors that lead to low margins and
low profit. Also, the fact that new antibiotics that
enter the market are often used sparsely provides lit-
tle natural incentives for research and development
(R&D).27 As a consequence, several big pharma-
ceutical companies have left the antibiotic market.%°
An effective ASP is likely to reduce the demand for
antibiotics in general, and for some antibiotics spe-
cifically. At the same time, such a program requires
access to a variety of antibiotics in different prepara-
tions, doses and package sizes in order to optimize
treatment courses to reduce unintended conse-
quences from antibiotics. Thus, new business mod-
els are needed, not only to facilitate R&D for new
antibiotics as suggested by several reports,?’->* but
also in the context of antimicrobial stewardship to
ensure a sustained diverse supply of present antibi-
otics in order to tailor treatment courses optimally.

Thus, without a new business model, adjustments
to the old model or cooperation of multiple stake-
holders, effective antimicrobial stewardship will
likely worsen market failure for antibiotics with
reduced supply as a result.

10. Is there a risk of ‘crowding out’ effects

from ASPs?

Financial and human resources within healthcare
are limited. Assuming that total resources are
unchanged and more of them are allocated to
ASPs, some will have to be taken from other,
potentially beneficial projects. There is a current

call for staffing standards and allocation of
resources to prevent infectious diseases and pro-
vide antimicrobial stewardship.%! Working in the
field of antimicrobial resistance, it seems self-evi-
dent that such resources are needed. But from
where should these resources be taken, and what
are the potential consequences of such a re-allo-
cation? Is there a risk of ‘crowding out’ other
healthcare initiatives? In this context, crowding
out is used in a general sense of a re-allocation of
priorities to a pressing issue from things that may
suffer as a consequence. The effects of re-alloca-
tion of resources in a healthcare system are rarely
straightforward or easy to predict,52 as made evi-
dent by the study on the introduction of cancer
care pathways on waiting times for cancer patients
in Sweden and the study of the effect of a reduc-
tion in bed numbers in an emergency ward on the
number of cancellations of elective surgery in a
British hospital.03.64

The issue relates partly to the cost-effectiveness
issues and the fact that cost-effectiveness may
vary depending on the scale of the antimicrobial
resistance issue locally. But cost-effectiveness
evaluations alone do not capture the issue in full.
It also relates to general health-care priorities and
systems dynamics. Some of the antimicrobial
stewardship designs with the clearest empirical
evidence of effect, such as audit-feedback pro-
grams involving infectious disease specialists and/
or specially trained pharmacists, are resource-
intensive, not mainly in financial terms but in
terms of work-hours of infectious disease special-
ists and/or pharmacists. In contexts where such
are in short supply, the consequences may be felt
mainly in other areas where this competence is
needed. It is, however, important to be aware that
any change in healthcare priorities, such as an
implementation of an ASP within a system with
unchanged total resources, may have unexpected
effects. It would therefore be prudent to assess
such potential effects, qualitatively or quantita-
tively, when introducing ASPs.

The answer is that such a risk cannot be excluded,
but there is limited evidence, due mainly to the
fact that such effects have generally not been stud-
ied in the context of antimicrobial stewardship.

Conclusion
Even though most decision-makers recognize and
agree that there is a need for immediate action
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regarding the global challenge of antimicrobial
resistance and suggest such action,27-5%55 there is
considerable uncertainty into exactly what should
be done, how this should be done and what such
actions lead to. The area of human antimicrobial
use and resistance is complex and warrants reflec-
tion, discussion, scientific rigor and ethical reflec-
tion. In this second part of this narrative review,
10 questions are posed reflecting areas of uncer-
tainty or controversy. This part of the review is
meant to stimulate discussion and is by no means
exhaustive neither in scope nor in reflection on
each issue.
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