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Abstract

Current use, misuse, and overuse of antibiotics raise dangers and ethical dilemmas that cannot be solved in isolation,
exclusively within a health system building block or even within the health sector only. There is a need to tackle antibiotic
resistance emergence and containment on levels ranging from individuals, households, and the communities, to health care
facilities, the entire health sector, and finally to national and global levels. We analyse emergence of antibiotic resistance based
on interdependencies between health systems resources. We further go beyond the health system building blocks, to look at
determinants of antibiotic resistance referring to wider global dynamics. Multi-level governance is the key for successful action
in containment strategies. This will involve, in a comprehensive way, patients, health facilities where they receive care, health
systems to which these facilities pertain, and the wider national context as well as the global community that influences the
functioning of these health systems. In order to be effective and sustainable in both high and low-resource settings,
implementation of containment interventions at all these levels needs to be managed based on existing theories and models
of change. Although ministries of health and the global community must provide vision and support, it is important to keep in
mind that containment interventions for antibiotic resistance will target individuals, consumers as well as providers.
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Background phenomenon, as well as the difficulties and the
obstacles to implement what we know.

In a future without antibiotics, which the World Health systems are defined by the WHO as the

Health Organization (WHQO) has warned us about
(1), processes that are fundamental for the function-
ing of health systems would be unavailable or unsafe.
Examples of services that could no longer be delivered
safely without effective antibiotics are major surgery,
cancer treatment, and prophylaxis in caesarean
sections, not to mention the treatment of pneumonia.
Through such mechanisms, antibiotic resistance has
the potential to fundamentally change the functioning
of health systems as we know them. As a consequence
of these and other potentially damaging effects of
antibiotics resistance, it is important to apply a health
systems perspective when analysing what we know
about what can be currently done to contain this

totality of ‘organizations, people and actions whose
primary intent is to promote, restore or maintain
health’ (2). The WHO health systems strengthening
framework identifies the building blocks of a health
system as related to governance, financial arrange-
ments, medicines and technologies, health informa-
tion systems, human resources, and health service
delivery. Systems thinking for health systems
strengthening applies elements of complex adaptive
systems theory to that framework. In doing so, the
interactions within and between these building blocks
are looked upon as self-organizing, constantly chang-
ing, tightly linked, governed by feed-back, non-linear,
history-dependent, counter-intuitive, and resistant to
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change (3). The practical relevance of using systems
thinking in analysing health systems functioning is
apparent in the shift in our understanding of health
towards an explicit systems perspective. The WHO
definition dating back from 1948 already implied
that factors outside the health sector would influence
health and well-being. Currently, the concept of one
health, although not yet operationalized, emphasizes
how °‘sustainable health solutions that respect the
right of future and current generations’ cannot be
achieved in isolation (4). Antibiotics are one health
system resource whose current use risks its future. As
such, antibiotic use raises dangers and ethical dilem-
mas that cannot be tackled by looking at current
dynamics in isolation, exclusively within a health
system building block or even within the health
sector (5).

Four paradigm shifts for looking at antibiotic
resistance from a systems perspective

A framework applying a health systems perspective on
access to essential medicines such as antibiotics has
recently been developed (6). It is based on three
paradigm shifts that are also adopted here: 1) placing
people at the core of the system, 2) analysing dynamic
interdependencies between health system resources,
and 3) understanding national and global contexts
that might influence access to medicines. In the case
of antibiotic resistance, however, adding to that
complexity is the fact that antibiotics constitute a
special class of medicines in that they are—and
need to be seen as—a non-renewable resource whose
use by individuals has important influences, both
positive and negative, not only on individuals’ health,
but also on population health, currently and in the
future (7). Thus, a fourth paradigm shift necessary to
analyse antibiotic resistance from a systems perspec-
tive stems from the fact that 4) current benefits of
antibiotics must be balanced against their use leading
to resistance.

These four paradigm shifts translate into a need to
discuss and tackle antibiotic resistance emergence and
containment on levels ranging from the individual,
the household, and the community, to health care
facilities, to the entire health sector, and finally to
national and global levels, and to do so in an inte-
grated way. This vertical view of the use and overuse
of antibiotics includes important, but diverse and
not obviously linked, determinants of access to med-
icines (innovation, transparency, donors’ agendas,
market forces), as well as determinants of antibiotic
use and overuse in the animal sector and the envi-
ronment. Horizontally, it means sharing authority and
accountability for containment of antibiotic resistance

between different state and non-state actors at each
level. This type of governance, emerging from the
interactions between a range of both public and
private stakeholders operating at different system
levels and having different degrees of authority, is
known as multi-level governance (8). As in the access
to essential medicines framework, governance is an
overarching determinant for antibiotic resistance
emergence and containment seen from a systems
perspective. As such, it can be relevant specifically
within the health sector, but equally so when discuss-
ing antibiotic resistance as a whole-of-society and
whole-of-government problem.

Emergence of antibiotic resistance—
interdependencies between health system
resources

Access to high-quality antibiotics is a key function of
the medicines and technology building block, which is
threatened by the continued overuse of antibiotics
across societies and the resulting antibiotic resistance.
Especially in high-income countries (HICs), this
overuse has led to a necessary shift to more expensive,
second- and third-generation antibiotics—which are
then rapidly losing their effectiveness (9). At the same
time, patients in low- and middle-income countries
(LMICs) often do not have access to these types of
antibiotics (10). In these latter settings, lack of
regulations for pharmaceutical production or poor
implementation of existing regulations leads to
another major problem: counterfeit or low-quality
products reaching the patients (11). Not only have
such products been shown to contribute to antibiotic
resistance emergence, but their use further increases
the need for second- and third-generation antibiotics
(12).

Financial arrangements for the provision of antibio-
tics can contribute to emergence of antibiotic
resistance both in HICs and LMICs. Financial
incentives that link medicines sales with health
provider revenues are often counter-productive by
encouraging antibiotics overprescription and thus
contributing to emergence of resistance. In order to
reduce overconsumption of antibiotics while ensuring
access, realigning financial incentives between health
insurers, pharmaceutical companies, and prescribers
and dispensers is needed (13). This is difficult to
achieve especially in LMICs, where revenues are
often still linked with prescription and sale of medi-
cines (e.g. in China); to add insult to injury, lack of
access to health care or to fast and specific diagnostic
tests once seeking care, partly due to financial
constraints, contributes to both increases in non-
prescription antibiotics consumption and irrational



prescribing (14). Lack of resources for antibiotic
resistance containment at the community and hospital
levels further contributes to the emergence of resis-
tance (15) and increases the financial burden that
antibiotic resistance puts on health care facilities
(16). Although there is little evidence on the eco-
nomic burden of antibiotic resistance in LMICs, it is
expected that it is widely underestimated, given the
higher incidence of infectious diseases in these set-
tings (10). Even in HICs, where economic evaluations
are more common, it is believed that the financial
burden of antibiotic resistance is underestimated by
not accounting for costs associated with routine
health care services becoming unsafe (17).

In order to put in context the financial arrange-
ments that influence access to and excess of anti-
biotics, it is important to understand the availability
and use of another important system resource and
building block: information. Containment of antibi-
otic resistance cannot be successful without using
health information systems to monitor resistant
strains and rational use of antibiotics, as well as
update standard treatment guidelines though a feed-
back loop within health service delivery. Paucity of
timely surveillance data on resistance trends and on
the magnitude of this resistance breaks this feedback
loop and contributes to irrational prescription of
antibiotics (18). This is a problem particularly in
LMICs, where basic data collection and analysis
infrastructure or diagnostic infrastructure is often
lacking (19). In such settings, where infection control
surveillance systems are not functioning, with
repercussions for all health system resources and
processes, outbreaks by resistant pathogens have
been registered (15).

Patterns of antibiotics resistance emergence are
importantly explained by demand- and supply-side
determinants of antibiotic use, overuse, and misuse.
The role of human resources for health, another health
system building block, is key to understanding supply-
side factors. The emergence of antibiotic resistance,
combined with patients’ expectations to receive
antibiotics, often misaligned financial incentives
that encourage prescription, physicians’ mistrust of
available diagnostic tests, or at times unprofessional
conduct, all contribute to the irrational prescription of
broad-spectrum antibiotics (20,21). In LMICs, other
factors related to human resources for health refer to
the lack of awareness of the problem of antibiotic
resistance or inappropriate training for rational use of
antibiotics. For example, in LMICs, where laboratory
capacity and standard treatment guidelines, if
existing, could be outdated, syndromic management
is often not used, so that patients are treated for all
major causes of a particular syndrome (22).
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Where syndromic management is used, as is the
case for community health workers making presump-
tive diagnoses on acute lower respiratory infections in
children, unnecessary antibiotic treatment still often
occurs and could be avoided by better diagnostic
technologies (23). Even when health professionals
prescribe rationally, according to existing guidelines,
this might lead to overuse of antibiotics since these
guidelines, even in HICs, do not recommend diag-
nostic testing before initiation of antibiotic therapy or
recommend rapid initiation of antibiotic treatment
(22). On the demand-side, individuals, households,
and communities have a strong impact on antibiotic
resistance. Use of non-prescription antibiotics is a
major driver of emergence of resistance in both
HICs and LMICs (24). Also in both settings, non-
compliance and using or sharing leftover antibiotics
are common (25). There is evidence suggesting that
patients can misunderstand the effect of antibiotics
(which might in turn lead to non-compliance),
although attitudes towards this category of medicines
are generally positive (26). In LMIC settings, the
problems are aggravated by the fact that advertising
pressure tends to be higher and that the general
public might have lower levels of education and be
misinformed (27).

Emergence of antibiotics resistance—beyond
the health system building blocks

The larger narional context has significant influence on
antibiotic resistance emergence and the strain it
puts on health systems. In LMICs, where both the
burden of infectious diseases and the prevalence of
multidrug-resistant pathogens are higher, poverty
contributes to antibiotic resistance by being linked
with poor infection control at hospital and community
levels. Poverty within the community might also mean
a poor nutritional status of individuals or poor
sanitation, leading to higher susceptibility to infec-
tions (28). Furthermore, antibiotic resistance in the
environment is a cause of major concern due to the
increased use of antibiotics in animal medicine where,
just as in human medicine, the balance between
access and excess is problematic. Antibiotics are
also increasingly used for growth promotion and
disease prevention in agriculture, horticulture, and
aquaculture (29). Links with the food industry
means that global market forces such as trade policies
or consumers’ expectations can influence use of
antibiotics and consequently antibiotic resistance
emergence in ways that are difficult to monitor
(22). The dangers of antibiotic resistance emergence
in the animal sector and the environment have been
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discussed in detail elsewhere in this special issue on
antibiotic resistance (30,31).

Insufficient technical innovation efforts for develop-
ment of new antibiotics, largely caused by scientific
and financial bottlenecks (32), are another important
factor that, although not strictly pertaining to the
health systems building blocks, exacerbates emer-
gence of resistance. In addition, there is no consensus
on the type of diagnosis research and development
should aim for. When new diagnostic tests are
developed, clinical factors and investigations on effec-
tiveness in terms of antibiotic resistance, antibiotics
use, or patient outcomes are less emphasized in their
assessment in favour of efficacy considerations. There
is also lack of clarity about how HICs and LMICs
might take up these new diagnostic tests, in the
context of different speed, robustness of system,
cost, or user-friendliness. The reimbursement
mechanisms in different health care models need to
be taken into account as well. In the meantime,
existing, simple tests are still not widely used (22).
All of the above-mentioned circumstances contribute
to the emergence of antibiotic resistance by enabling
overuse of antibiotics (especially broad-spectrum
antibiotics) in hospitals as well as in outpatient
settings.

Market forces influence the direction of the innova-
tion efforts (i.e. the prioritization of certain products
over others in the research and development pipe-
line), as well as the way they are financed. The existing
model has placed research for antibiotics at a low rank
in the priority list. If the same model is used, then
extended data exclusivity and premium pricing could
be used as incentives to stimulate innovation. This
would be counter-productive since, at the health
sector level, it would lead to both promotion of sales
for new antibiotics (contributing to emergence of
resistance) and decrease in access to antibiotics
due to higher prices (13). The same model has con-
tributed, for example, to advertising pressures for
antibiotics prescription and use from community to
health system level (27). However, such practices are
outdated and counter-productive and should not be
used for a non-renewable resource such as antibiotics.

Multi-level governance and change
management for antibiotic resistance
containment

Good multi-level governance is a necessity for
successful action in antibiotic resistance containment.
Global governance is key in redesigning financial
arrangements for provision of effective antibiotics.
Already, global public—private partnerships have
contributed towards financing and ensuring access

to essential technologies, such as vaccines, that are
instrumental in curbing emergence of resistance (33).
As a way of strengthening such initiatives through
which the public and private sectors redesign their
mechanisms for collaboration, calls have been made
for the development of a global antibiotic resistance
governance coalition. Such a coalition would be
instrumental in, for example, setting up global fund-
ing mechanisms for the research and development of
the technologies needed in containment of antibiotic
resistance (new antibiotics, combination therapies,
vaccines, and new diagnostic tests) (22). In order
to support not only innovation, but also access to
and rational use of antibiotics through such new
business models, public funding could be secured
to buy out patents, and local manufacturers could
be licensed to produce only the quantities of new
antibiotics that are appropriate for rational use (13).
Such mechanisms would be an important step
forward towards ensuring global accountability for
emergence and containment of resistance and
towards globally emphasizing the primacy of the pub-
lic health rather than of the economic function of
antibiotics (34). Furthermore, containment efforts
need to be made with involvement of all relevant
stakeholders, including those outside the health sec-
tor, since human, animal, and environmental health
contribute to one health. For example, monitoring of
antibiotics use in the animal sector and the environ-
ment is needed, combined with the phasing out of
preventive and growth promotion use (35). Although
some countries have put in place mechanisms to
achieve such goals (36), commitment to containment
efforts at the global level is needed to ensure that
supranational market forces will not continue to take
precedence over public health considerations.

At the national level, good national and health system
governance is key for ensuring appropriate financing
for containment strategies, with recommendations to
create a national body or task force dealing with
antibiotic resistance at the highest decision-making
levels. Such a task force is needed in order to oversee
the scale-up of evidence-informed interventions for
containment, collection of surveillance data, and
assessment and review of interventions (22). This
approach was taken in Sweden, where the Swedish
Strategic Programme for the Rational Use of Antimi-
crobial Agents and Surveillance of Resistance
(Strama) was created already in 1995. As a multidis-
ciplinary, centrally co-ordinated programme, Strama
has contributed to maintaining low antibiotic pre-
scription rates and has consistently tracked and
effectively slowed down emergence of antibiotic
resistance (37). In a high-resource setting such as
Sweden, it is reasonable to expect that resources for



antibiotic resistance containment are allocated and
co-ordinated through a national programme that can
also contribute to the development of national
multi-sectoral plans.

On the contrary, such commitments and funding
for antibiotic resistance containment are rare in lower-
resource settings. Still, especially in those settings,
where health systems are weaker, championship at
central level is essential for improvement of cash flows
towards health information systems, laboratory
infrastructure, and human resources training (18).
In Romania, a middle-income country where non-
prescription antibiotics use is among the highest in
Europe, despite regulation prohibiting dispensing
without prescription (24), national political commit-
ment for tackling the problem of antibiotic resistance
is low. This contributes to the perpetuation of overuse
of antibiotics throughout the health system and results
in high rates of resistance (38). As an example of the
importance of regional governance for antibiotic resis-
tance containment, the main objectives for the
Romania—WHO collaboration in 2012-2013 refer
to conducting a comprehensive situation assessment
on emergence of resistance, as well as establishing a
national mechanism and developing action plans for
containment of antibiotic resistance (39). Good
multi-level governance has also contributed to anti-
biotic resistance containment strategies in Vietnam.
Based on a situation analysis conducted in 2010, a
public—private partnership has paved the way for
continued engagement in global partnerships, collab-
oration with other sectors in the country, review of
policies and guidelines based on health information
systems, and pushing legislation for antibiotics resis-
tance containment nationally (40). These examples
show how good multi-level governance for antibiotics
resistance is instrumental in planning for effective
containment of resistance through context-specific
efforts aimed at creating a bridge between what is
recommended globally and what can be put into
practice locally.

Involvement of health facility and community
representatives in high-level decision-making through
a bottom-up model is recommended, as action for
containment of resistance ultimately targets specific
health facilities and communities (15). In high- as well
as low- resource settings, good governance at health
faciliry level means that individual institutions need to
commit to and invest in antibiotic resistance contain-
ment, training human resources for health, and
maintaining appropriate records on antibiotic
resistance. Standardized reporting of resistant hospi-
tal- and community-acquired pathogens should be
done electronically and thus be available throughout
the system. In terms of human resources, this requires
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involvement from microbiologists, infectious disease
specialists, clinical pharmacists, laboratory staff, as
well as IT experts and hospital administrators.
Multi-disciplinary antibiotic resistance containment
teams that ensure good governance are instrumental
in creating and implementing flexible and enforceable
regulatory frameworks for balancing access and
excess of antibiotics (41). Meeting such targets in
low-income settings can seem impossible, given
that, in such contexts, providing printed guidelines
and reporting protocols, together with appropriate
audit mechanisms, are needed just as much as
validation and provision of new rapid diagnostics
test (22). However, carefully managing interventions
according to theories of change (Figure 1) could
provide support in adapting to such complex contex-
tual realities when implementing containment
interventions. In Vietnam, the above-mentioned
public—private partnership implemented a capacity
development project for containment of resistance
in hospitals. This project, which was co-ordinated
by local health professionals, went through orienta-
tion, insight, and acceptance of the needed changes
among key stakeholders as the first steps of imple-
menting change. The priorities of the interventions
were put on formulating the first evidence-based
standard treatment guidelines in the country,
installing and testing surveillance tools, building on
existing point-of-prevalence surveys to identify prior-
ities in infection control, and providing laboratories
with equipment and software as well as adapted
testing guidelines and external quality assurance (40).

Innovative strategies that promote integration
between health care facility and community roles
for containment of resistance need to be designed
and implemented in both high- and low-income
settings. If patients are enabled to become ‘expert
patients’ (6), they could actively contribute to
containment strategies. In this process of change
for containment of antibiotic resistance, patients’
and communities’ awareness and understanding of
the importance of their roles in the safe use of anti-
biotics, but also their acceptance of the needed
changes, are instrumental in order to embed new
practices within health service delivery. One example
refers to the treatment of otitis media, for which
interventions designed to teach patients to use pre-
scribed antibiotics if symptoms worsen after 48 hours
were proven to be effective in decreasing use of
antibiotics and were implemented in Sweden (42).
The national programme for antibiotics containment
in Sweden, Strama, was instrumental in developing
this and other new standard treatment guidelines
(37). Thus, after confirming the value of change,
Strama has moved to integrate and embed constant
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Orientation 1)

Promote awareness of innovation

2) Stimulate interest and involvement

Insight 3)

Create understanding

4) Develop insight into own routines

Acceptance 5)

Develop positive attitude to change

6) Create positive intentions/decision to change

Change 7

©
e 0o — o o —

Try out change in practice

Perception of practical barriers (time, staff, money)
Opportunity to try to change on small scale
Confirm value of change

Whether first experiences positive or negative

Degree of cooperation experienced and reaction
of part, and colleagues

e  Side effects (e.g. higher costs)

Maintenance 9)

Integrate new practice into routines

10) Embed new practice in organization
e Degree of support from management

Figure 1. A 10-step model for inducing change in professional behaviour. (Source: Grol R, Wensing M. What drives change? Barriers to and
incentives for achieving evidence-based practice. Med J Aust. 2004;180:S57-60.)

surveillance and action for containment of antibiotic
resistance throughout the Swedish health system.
Similarly, management according to theories of
change is needed, for example, in the development
and evaluation of interventions aimed at improvement
of compliance, for which mobile phones show great
potential, especially in low- and middle-income coun-
tries such as Vietnam and Romania (43,44). These are
just some examples of the redesign of health delivery
systems needed for the containment of antibiotic
resistance (22). They show why the integration of
theories and practice of change management is
needed in interventions aimed at tackling antibiotic
resistance. Indeed, a process that begins by creating
awareness, interest, and understanding (Figure 1) is
much more likely to lead to acceptance and integra-
tion of the new knowledge into daily practice at all
system levels and thus contribute to successful and
sustainable containment (27).

Educational campaigns for the general public that
deal with some of the demand-side determinants of
antibiotic overuse and misuse may also be effective
(45). For example, a survey of European countries
showed that the general public in Romania often have
inaccurate knowledge concerning appropriate use of
antibiotics, which is a strong argument for national
information campaigns (46). However, since telling
people what to do often proves insufficient in chang-
ing their behaviours, understanding people’s percep-
tions, needs, and concerns is a must in order to be
successful in the process of change towards curbing
overuse and misuse of antibiotics. The contextual

imperatives of antibiotics resistance containment
demand that health systems research, behavioural
science, and social marketing are used to clarify
barriers to the uptake of new technologies and models
of care and scale-up and implementation of recom-
mended interventions (22). Furthermore, the benefits
of participatory education and research need to be
explored, both at community level and within health
service delivery, in order to increase social awareness
of the importance of containment of antibiotics
resistance through participatory action. Thus, taking
a less passive view on potential patients’ roles and
exploring the potential of household- and
community-level interventions can guide the design
of innovative programmes for antibiotic resistance
containment (e.g. school-based art programmes)
(47). In that way, social innovation is just as needed
as technological innovation.

Conclusions

This analysis of antibiotic resistance emergence and
containment from a systems perspective shows that
although action needs to be focused and targeted, it
also needs to be designed based on a clear under-
standing of interdependencies within and between
systems. Thus, in order to effectively balance access
to, misuse, and overuse of antibiotics at health service
delivery level, resources, regulations, and incentives
need to be aligned at all system levels, creating
feedback loops that promote access to, but curb over-
use of antibiotics. Furthermore, good multi-level



governance for containment of antibiotic resistance
will involve the patients, the health facilities where they
receive care, the health systems to which these facil-
ities pertain, and the wider national context as well as
the global community that influences the functioning
of these health systems. These hospitals and commu-
nities pertain to contexts and health systems that are
significantly different in low-income, middle-income,
or high-income countries. To respond to contextual
imperatives, changes for antibiotic resistance contain-
ment need to be managed appropriately, based on
existing theories and models of change. Although
ministries of health and the global community must
provide vision and support, it is important to keep
in mind that containment interventions will target
individuals, consumers as well as providers.
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