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ABSTRACT

The Ministry of Health of North Macedonia commissioned this evidence brief for policy, to be published under the aegis of the WHO European 
Evidence-informed Policy Network, to develop evidence-informed options for the country to consider in tackling the problem of empirical 
prescribing of antibiotics in inpatient facilities. Such treatment currently takes place without microbiological testing, largely contributing 
to spread of antimicrobial resistance. The work was carried out within the framework of the Biennial Collaborative Agreement between the 
Ministry of Health and WHO, involving high-level national policy institutions and national experts, and supported by technical experts of the 
WHO Regional Office for Europe. A working group comprising representatives from different clinical disciplines, pharmacology, public health 
and health care management worked on identifying, selecting, appraising and synthesizing relevant research evidence on the problem, three 
options for tackling it and considerations for implementing them. The three options are: revision, contextualization and implementation of 
guidelines for antibiotic therapy, including clinical pathways and feedback between primary and secondary care; establishment of antibiotic 
stewardship programmes in hospitals, accompanied by an antibiotic use reporting system; and strengthening curricula on prudent antibiotic 
use in undergraduate, postgraduate and continuous education for all health professions.
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MAIN MESSAGES

The problem
Antimicrobial resistance (AMR), including antibiotic resistance, is recognized as a major threat 
to public health worldwide, accelerated by non-prudent antibiotic use. In North Macedonia, 
antibiotic consumption is very high. Accurate data on total consumption is estimated to be up 
to 35 defined daily doses (DDDs) per 1000 inhabitants per day – much higher than the European 
Union and European Economic Area mean consumption of 21.9 DDDs per 1000 inhabitants per 
day.

At the hospital level, evidence suggests non-prudent use of antibiotics due to lack of adherence 
to non-adapted clinical guidelines. This contributes to development of AMR, which increases 
the risk of uncontrolled spread of infections and hospital mortality. 

Three viable options to address the problem
�� Option 1. Revision, contextualization and implementation of guidelines for antibiotic 

therapy

—	 A well established guideline programme is an important prerequisite for a national 
antibiotic stewardship programme (ASP) to be successful. Adherence to evidence-
based guidelines at all levels of care minimizes the probability of adverse effects and 
associated mortality and contributes to reducing non-prudent antibiotic prescribing.

�� Option 2. Establishment of ASPs in hospitals, accompanied by an antibiotic use 
reporting system

—	 ASPs in hospitals contribute to reduced antibiotic consumption, length of hospital 
stay, morbidity, mortality and overall treatment costs. Surveillance of hospital 
antibiotic consumption and antibiotic resistance ensures significant reductions in 
inappropriate antibiotic use and costs. Among key elements of ASPs are leadership 
education and support to ensure dedicated time for professionals to organize ASPs.  

�� Option 3. Strengthening curricula on prudent antibiotic use 

—	 Proper clinical education on the prudent use of antibiotics, accompanied by skills for 
communication with patients, are preconditions for rational prescribing by both new 
graduates and experienced professionals across all health professions – including 
prescribers and pharmacists, but also nurses, microbiologists and other health 
professionals. 

Implementation considerations to be borne in mind
»» To reduce the levels of unnecessary antibiotic prescribing, policy options should 

be implemented as part of a wider national health policy. Each option proposed 
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contributes to more appropriate use of antibiotics in hospitals; while each can be 
implemented independently, combined implementation would be likely to have a 
greater impact. 

»» Development of effective locally adapted clinical guidelines largely relies on availability 
of facility-level antibiotic susceptibility and surveillance data. The current lack of 
antibiotic resistance reporting is largely due to lack of funds for diagnostics, which 
should be addressed in health financing policies. 

»» The ongoing stigma related to the reporting of antibiotic resistance requires ASPs 
to become an integral part of the system, in which resistance reporting would serve 
the purpose of better AMR management and constructive improvement of individual 
providers’ practices. 
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EXECUTIVE SUMMARY

Non-prudent use of antibiotics is a globally recognized problem, leading to increasing 
antibiotic resistance and severely restricting therapeutic options: sometimes no effective 
drugs are available to treat life-threatening infections. Global evidence shows that antibiotic 
usage in hospitals is increasing, and that over a third of prescriptions are not compliant with 
evidence-based guidelines. 

At the national level, antibiotic consumption is very high. Data on total antibiotic consumption 
(in particular self-medication and hospital consumption) are lacking but, based on experience, 
it is estimated that total consumption of antibiotics is up to 35 DDDs per 1000 inhabitants per 
day. This is much higher than the European Union and European Economic Area population-
weighted mean consumption of 21.9 DDDs per 1000 inhabitants per day. 

Non-prudent use of antibiotics in North Macedonia occurs at all levels of health care where 
prescribing and dispensing of medicines occur; it is influenced by many factors, including 
physicians’ inappropriate prescribing practices, pressure from patients to prescribe, 
inadequate arrangements in the health care system and so forth.

At the hospital level, although both public and private hospitals have their own data, no formal 
figures on antibiotic use are available owing to the structure of the health care data collection 
and reporting systems, which are currently based on aggregated financial reporting of costs. A 
point prevalence survey conducted in 2015 in 12 university clinics in the capital city of Skopje 
identified excessive non-prudent antibiotic use. The total prevalence of patients receiving at 
least one antimicrobial agent was 64.2%, which was nearly double the mean global rate of 
34.7%. 

Further, existing clinical guidelines are not sufficiently followed by clinicians. One of the main 
reasons is that they are not adapted to the so-called positive list of drugs (drugs covered by the 
health insurance scheme) or to contextual factors within hospitals, such as opportunities for 
regular use of diagnostics to determine appropriate antibiotic therapy. As a result, non-prudent 
antibiotic use occurs in the form of excessive empirical prescribing, in terms of selection, 
dosage and/or duration of antibiotic therapy. 

Non-prudent use of antimicrobials in North Macedonian hospitals results in increased AMR 
from invasive isolates. The development of AMR increases the risk of uncontrolled spread of 
infections with multidrug-resistant agents and has a potentially devastating effect on inpatient 
morbidity and mortality. It could also spread into the community, with potential for further 
increases of morbidity and mortality among outpatients.

The challenges to decreasing non-prudent and unnecessary prescribing in hospitals include: 

»» a lack of context-adapted clinical guidelines and a lack of communication of the 
setting-specific AMR surveillance data, leading to a lack of contextualization of the 
clinical guidelines to each hospital;

»» a widespread practice of empirical prescribing, due to lack of funding for diagnostics; 
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»» nonexistence of systematic data gathering on antibiotic use in hospitals.

Evidence is therefore needed on the contextual conditions to inform and implement effective 
interventions. Although a number of activities have been initiated, there is a common 
understanding that the country still has a long way to go to achieve prudent antibiotic use in 
every segment of its health system, including hospital settings.

Three options
Based on a review of the relevant scientific literature in English and Macedonian, and of 
guidance provided by major international organizations such as WHO and the European Centre 
for Disease Prevention and Control, the authors of this evidence brief for policy selected three 
viable options for reducing non-prudent and unnecessary antibiotic use in hospital settings 
in North Macedonia. The options were chosen because they address most aspects of the 
causes of the problem at the patient, prescriber and governance levels. Each option should 
be considered as part of a more comprehensive solution, and are not mutually exclusive. 
Given the specificities of the national context, the authors considered that the proposed 
options – chosen based on available global and national evidence – could produce the most 
significant improvement of antibiotic use when implemented in combination, as part of a 
comprehensive approach in conjunction with interventions in other segments of health care 
system. Implementation of only one or two of the proposed options would, however, also be of 
significant benefit to improve rational use of antibiotics in hospital settings.

Evidence to support option 1 – revision, contextualization and implementation of guidelines for 
antibiotic therapy, including clinical pathways and feedback between primary and secondary 
care – was found in 11 systematic reviews, one overview of systematic reviews, one narrative 
review and one primary qualitative study.

»» Clinical guideline-adherent therapy minimizes the probability of adverse effects and is 
associated with a relative risk reduction in mortality.

»» Context-adapted clinical guidelines and institution-specific treatment protocols 
for different infections contribute to better acceptance and follow-up by clinicians 
themselves, and are an integral part of this effort.

»» Clinical guidelines are applicable to all levels of health care; they should thus 
specifically include descriptions of prescribing pathways between levels of care.

Evidence to support option 2 – establishment of ASPs in hospitals, accompanied by an 
antibiotic use reporting system – was found in five systematic reviews with meta-analysis, 12 
systematic reviews and one review.

»» ASPs in hospitals contribute to improving prescribing practices  – in particular, 
reducing antibiotic consumption by almost one fifth, decreasing antibiotic costs, 
reducing length of hospital stay by 1.12 days and reducing the number of infections 
caused by certain multidrug-resistant organisms.

»» Key elements essential to the success of implementing ASPs are education of 
leadership, gaining support from medical leaders, ensuring dedicated time for 
professionals to organize stewardship programmes and ensuring availability of local 
guidelines based on local data on resistance. 
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»» Hospital ASPs, supported by information technology interventions, result in significant 
decreases in inappropriate antibiotic use and costs, especially in intensive care 
units. A variety of tools are available to assist with medical records, prescription and 
medication use evaluations that can be adapted to any specific setting.

Evidence to support option 3 – strengthening curricula on prudent antibiotic use in 
undergraduate, postgraduate and continuous education for all health professions – was found 
in three reviews of systematic reviews, seven systematic reviews, one review of studies and two 
primary studies.

»» Continuing education of health care professionals and outreach visits by peer 
professionals can help to change prescribing behaviour. 

»» Although no systematic review was found of the effectiveness of undergraduate 
or postgraduate curricula on prescribing practices, educational interventions 
among established clinicians and for new prescribers as immediate postgraduate 
interventions in hospitals have proved effective in changing prescribing behaviour. 

»» Introducing antimicrobial stewardship in medical curricula for undergraduate, 
postgraduate and continuous medical education is considered very effective in 
addressing inappropriate and excessive antibiotic prescribing.

Opportunities for and barriers to implementation
To decrease the levels of unnecessary prescribing of antibiotics, policy options should be 
implemented as part of a wider national health policy. Thus, in the process of development 
of this evidence brief for policy, opportunities and barriers for implementation of the three 
options were considered. 

Regarding opportunities, this is a very timely moment in North Macedonia, given that the 
Ministry of Health reappointed the Multisectoral Committee on AMR in November 2018, 
with a mandate to propose policy options to address non-prudent antibiotic use in the 
country, including in hospitals and inpatient settings. This represents an excellent window of 
opportunity not only to assess the current levels but also to establish a systematic mechanism 
for regular monitoring of antibiotic use in hospitals. The introduction of such a mechanism 
would add the missing piece to the puzzle of antibiotic use across all levels of care. This in 
turn would provide evidence to inform the policy process on choosing optimal approaches to 
addressing non-prudent antibiotic use in hospitals and in the health system in general. 

The country expressed its commitment to address the issue by endorsing a strategy and action 
plan for the control of AMR 2012–16. An extension of the strategy to 2023 was adopted by the 
government in October 2019. Since 2013, the Ministry of Health’s declaration of commitment 
to the fight against AMR has expedited the process for North Macedonia to join the Central 
Asian and European Surveillance of Antimicrobial Resistance Network and facilitated 
implementation of AMR surveillance and reporting mechanisms based on international 
standards for the majority of laboratories across the country. To standardize the work of 
microbiological laboratories, the European Committee on Antimicrobial Susceptibility Testing 
system was introduced in 2016–17. In addition, the country joined the WHO Evidence-informed 
Policy Network (EVIPNet) initiative in 2015, with the aim of establishing regular mechanisms for 
gathering evidence to inform health policies and decision-making processes. 
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Barriers to implementation have also been considered. One of the most significant is the 
anticipated difficulty of changing behaviour, which is influenced by an array of factors, 
explained in more detail below. Another important barrier is acceptance of new administrative 
tasks for physicians, related to the potential introduction of a reporting system on antibiotics 
prescribed and administered to patients. Finally, another major anticipated barrier is 
acceptance of change in the health system pertaining to accountability mechanisms for 
improving communication and exchange of information about prudent antibiotic use between 
authorities and health service providers. 
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INTRODUCTION

Background
Global evidence shows that antibiotic usage in hospitals is increasing, and that over a third of 
prescriptions are not compliant with evidence-based guidelines (1, 2). Despite such alarming 
evidence, North Macedonia does not have a consistent systematic mechanism to monitor use 
of antibiotics in hospitals, and at the moment only small-scale studies and ad hoc analyses at 
the facility level demonstrate alignment with the global trends in antibiotic use. 

Non-prudent use of antibiotics in North Macedonia occurs at all levels of health care where 
prescribing and dispensing of medicines occur (3–5); it is influenced by many factors, 
including physicians’ inappropriate prescribing practices, pressure from patients to prescribe, 
inadequate arrangements in the health care system and so forth (6).

To increase patient safety, the Ministry of Health, with the support of the WHO Regional Office 
for Europe, commissioned an evidence brief for policy to address inappropriate antibiotic use 
in hospitals and consequent antibiotic resistance (Box 1). Non-prudent antibiotic use occurs 
and requires action at every level of the health care system. While some measures are ongoing 
to address this issue at the primary health care level, use of antibiotics in secondary and tertiary 
care remains unaddressed, and no formal data on actual consumption are available. The focus 
of this evidence brief is therefore on hospital use of antibiotics, analysing the magnitude of 
the problem in the national context. It provides an overview of globally available evidence 
supporting the proposed options for policy action, which could be developed and tailored to 
the country’s context, to inform deliberations among policy-makers and stakeholders.

Box 1. About the development of the evidence brief for policy

This evidence brief is intended to open a dialogue among stakeholders involved in policy- and decision-
making, implementation and monitoring of implementation. It contains an evaluation of the issue as defined 
through an assessment of available data. It also points to data gaps in the monitoring of antibiotic use in the 
country, with particular focus on secondary and tertiary care.

Mobilizing both global and local research, the evidence brief puts forward three options to address the 
problem and key implementation considerations. Whenever possible, it summarizes evidence drawn from 
systematic reviews of the literature and occasionally from single research studies. The proposed policy 
options are framed to the particular context of the country. 

This evidence brief is intended to serve as dynamic document for use in dialogue, through which the most 
suitable and feasible policy options could be considered and agreed upon, to inform the policy process for 
optimal design of antibiotic prescribing at all levels of care, with particular focus on hospitals. Its preparation 
involved the following steps.
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Box 1. (Contd)

»» A working group was established, comprising representatives from health authorities (Ministry of 
Health, Health Insurance Fund), research and academic institutions, professional associations and 
civil society.

»» Terms of reference were developed and refined, particularly framing the problem and three viable 
options to address it, in consultation with the steering committee and a number of key informants from 
academia, policy and practice in the field.

»» Relevant research evidence about the problem, options and implementation considerations were 
identified, selected, appraised and synthesized.

»» A draft evidence brief was prepared to present concisely and in accessible language the global and 
local research evidence.

»» A multi-stakeholder workshop was organized to enable practitioners from all levels of care, academia, 
policy-makers and patients to discuss the draft.

»» The evidence brief for policy was finalized, based on the input of several reviewers.

The three options to address the problem are not designed to be mutually exclusive. They could be pursued 
simultaneously, or elements could be drawn from each to create a new alternative.

Development of the evidence brief for policy
This is the first evidence brief for policy produced in North Macedonia, within the framework 
of the WHO Evidence-informed Policy Network (EVIPNet) Europe. It was developed by a group 
of national experts coordinating discussions and contributions of the wider professional 
community in the field. During the development process, the WHO Regional Office for Europe 
and national and international experts in the subject area regularly reviewed the evidence 
brief. The authors analysed global and local evidence on the problem and policy options to 
address it, along with barriers to and opportunities for implementing the options (Box 2). 

The main focus of the search for evidence was identifying systematic reviews of the effects 
of policy options and their implementation strategies (see Annex 1 for further details). Other 
relevant single research studies, economic evaluations, key publications of major international 
organizations, government reports and unpublished literature were also consulted. The tacit 
knowledge of both experts and stakeholders obtained from reviewers and elicited through key 
informant interviews and consultative workshops (see Annex 2) further forms an integral part 
of the evidence brief. 

Box 2. Mobilizing evidence about options to address the problem

The available research evidence about options to address the problem was sought primarily using the 
Medline/PubMed, Cochrane, Health Systems Evidence, Health Evidence and Google Scholar databases. Full 
text reviews were made of English- and Macedonian-language systematic reviews, meta-analyses, economic 
evaluations and single research studies published between 1 January 2010 and 30 September 2017. Some 
important documents published before and after these dates identified through a search of references in the 
full text reviews analysed and from grey literature were also included. 
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Box 2. (Contd)

The initial publications were identified by searching the databases for papers containing topic-related 
keywords in the title and/or abstract. The keyword search included combinations of nouns: “antibiotics”, 
“prescribing”, “antibiotic stewardship”, “antimicrobial stewardship”, “intervention”, “guidelines”, “hospital”, 
“prudent use”, “appropriate use”, “rational use” and “irrational use”; and adjectives: “antimicrobial”, 
“inpatient” and “clinical”.

Data about the problem and its size were sought using national and international datasets, as well as 
surveillance reports on infectious diseases, health care-associated infections, antimicrobial resistance (AMR) 
and antibiotic consumption. Grey literature was searched by reviewing the websites of leading international 
and national organizations, such as WHO, the European Centre for Disease Prevention and Control (ECDC), the 
National Institute for Health and Care Excellence (NICE) in the United Kingdom, and the United States Centers 
for Disease Control and Prevention (CDC). 

The reviews identified were used to extract their authors’ key findings. Each was also assessed in terms 
of its quality, using the Assessing the Methodological Quality of Systematic Reviews tool (AMSTAR), local 
applicability (proportion of studies conducted in the country) and equity considerations (proportion of 
studies that deal explicitly with prioritized groups). The overall evidence was then summarized based on the 
quality, local applicability, equity and issue applicability assessments.

Limitations
Summarizing evidence requires judgements about the scope and quality of evidence to be 
included or excluded, and choices on the way to interpret and report it. This evidence brief for 
policy thus inevitably reflects the authors’ and reviewers’ decisions. 

AMR is directly related to antimicrobial use in humans and in animals, and antimicrobial misuse 
in particular accelerates this process (2). Many of the same pathogens (bacteria, viruses, fungi 
and parasites) affect both animals and humans via the environment they share, and 60% of 
all human diseases originate in animals. Thus, overuse of antimicrobials in animals increases 
chances of development and spread of AMR in humans. WHO, the Food and Agriculture 
Organization of the United Nations and the World Organisation for Animal Health have initiated 
a tripartite collaboration for coordinating global activities to address health risks at the 
animal–human–ecosystem interfaces (2, 7), further developed into the One Health approach 
to designing and implementing programmes, policies, legislation and research, in which 
multiple sectors communicate and work together to achieve better public health outcomes, 
including fighting AMR (8).

Although the One Health approach requires collective management of antimicrobial misuse 
in humans and animals, most antibiotic resistance in humans arises from human antibiotic 
use (9). The authors’ review and synthesis of evidence therefore concentrates on issues and 
possible interventions related to the human health care sector: the problem of antibiotic 
misuse in human medicine, and in the hospital sector in particular. 

While global evidence suggests that antibiotic use in hospitals is rising, no systematically 
gathered and analysed data are available to support such a claim for North Macedonia. 
Nevertheless, the findings of small-scale studies undertaken at the facility level are aligned 
with the global trends, suggesting that this issue – once fully assessed – deserves urgent 
attention from policy- and decision-makers. The shortfall can therefore be considered an 
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opportunity not only to understand the current levels of antibiotic use but also to establish a 
regular mechanism for systematic monitoring of antibiotic use in hospitals, which is currently a 
missing piece of the puzzle.

The information related to costs and benefits is primarily drawn from the literature and 
is intended to serve as preliminary information for policy- and decision-makers to aid 
understanding of the advantages and disadvantages of each policy option. Since each option 
offers multiple alternatives for implementation design, the exact content of interventions 
would have to be decided in order to calculate country- and context-specific costs and 
benefits. This is a task of further policy development work.
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THE PROBLEM OF NON-PRUDENT ANTIBIOTIC USE IN 
HOSPITALS

Definition and framing
The accidental yet revolutionary discovery of antimicrobial (and antibiotic) agents last century 
transformed medicine and approaches to treating communicable diseases and saving lives 
(10). Antibiotics soon became an important cure, increasing demand and mass production 
(11). In addition to treating community-acquired infections, antibiotics have facilitated and 
improved the safety and outcomes of health services at all levels, including general surgery, 
transplantations and cancer management (12). However, the world still faces infectious 
disease threats; trends in prevalence, incidence and global burden of disease indicate that 
communicable diseases are still high on the health agenda. It is estimated that over one third 
of the world’s population may be infected by bacterial pathogens (13), with infectious diseases 
accounting for more than one quarter of deaths globally (14).

AMR (and specifically antibiotic resistance) is directly related to antibiotic use, and antibiotic 
misuse in particular accelerates this process (2). Forms of antibiotic misuse include unjustified 
use (as in the case of non-bacterial infections); excessive prescribing (overuse) of certain 
products; and inadequate selection, dosage or duration of antibiotic therapy (7). 

Antibiotic resistance is a complex process by which bacteria change and develop properties 
that reduce the effectiveness of the drugs that were once potent against them (15–17). 
Research into antibiotics and antibiotic resistance has investigated a range of topics, from 
development of new antimicrobial agents (18–20) and rapid diagnostic techniques (21) to 
epidemiological causations (22), social norms of antibiotic use and misuse and the effects of 
health literacy on the issue (23–25). While research and development of new drugs and rapid 
diagnostic tests have stagnated through underinvestment, efforts have increasingly been put 
into prevention of antibiotic resistance through control of adherence to clinical guidelines 
in drug prescribing and use, strengthening control and prevention of infections and proper 
surveillance systems and monitoring of resistant bacteria. Policies have been developed in 
line with the recommendations for rational use of antibacterial agents and for compliance with 
infection prevention and control practices, and more health literacy and awareness-raising 
efforts are being organized, involving populations and individuals in rational decision-making 
about their treatment of choice (26).

Within the European Union and European Economic Area (EU/EEA), antibiotic resistance is more 
prevalent in the south than the north – lowest in Scandinavia and highest in the Mediterranean 
countries (27–29). In line with this, southern and eastern European countries tend to have 
higher consumption of antibiotics, defined through the standardized measure of defined 
daily doses (DDDs) per 1000 inhabitants per day, for varying reasons including differences in 
health systems and policies that allow antibiotics to be dispensed over the counter (12). In 
North Macedonia, over-the-counter sales of antibiotics and self-medication make a significant 
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contribution to overall antibiotic consumption; however, no figures are available on the share 
of this consumption, and this should be a subject for separate analysis. 

Box 3. Forms of antibiotic misuse and antibiotic resistance 

Antibiotics are medicines used to prevent and treat bacterial infections. Antibiotic misuse in human medicine 
comprises many forms, including use beyond the scope of treating bacterial infections (e.g. against viruses); 
use outside the recommendations of a standard treatment protocol (e.g. longer preventive use before 
surgery); and use without consultation with a health professional (e.g. purchase and treatment without 
prescription, self-medication with leftovers).

Antibiotic resistance occurs when bacteria change in response to the use of these medicines. It is accelerated 
by the misuse and overuse of antibiotics and by poor infection prevention and control practices. Steps can be 
taken at all levels of society to reduce the impact and limit the spread of resistance, including by the public, 
policy-makers, health professionals, the health care industry and the agricultural sector (30).

Size of the problem
In North Macedonia, antibiotics can be prescribed at primary, secondary and tertiary level. 
All systemic antibiotics are prescription-only medicines, some of which are covered by 
health insurance, based on a predefined positive list of medicines. Data on total antibiotic 
consumption (in particular self-medication and hospital consumption) are lacking but, based 
on experience, it is estimated that the total consumption of antibiotics is up to 35 DDDs per 
1000 inhabitants per day. This is much higher than the EU/EEA population-weighted mean 
consumption of 21.9 DDDs per 1000 inhabitants per day (31–35), and nearly three times higher 
than consumption in Austria and Slovenia (36). Alongside the regular prescribing pathways, 
as in other countries in southern Europe (such as Greece and Spain), it is also possible to 
obtain antibiotics without prescription directly from community pharmacies (33). Despite 
strict regulations regarding prescription-only dispensing, dispensing of antibiotics without 
prescription is a common practice; for some drugs the level is 50% higher than the quantities 
dispensed with a valid physician-issued prescription. Data obtained from the Health Insurance 
Fund (HIF) and Macedonian Agency for Medicines and Medical Devices (MALMED) for 2017 show 
that the ratio of the most commonly used antibiotics dispensed in community pharmacies 
with and without a prescription is 1.4:1 (with the highest ratio for amoxicillin + clavulanic acid 
at 1.5:1 and the lowest for azithromycin at 1.0:1).1

This section describes the main patterns of systemic antibiotic use at three levels of care, 
focusing on the main issues related to antibiotic prescribing and dispensing. Definitions of the 
main terms used are set out in Box 4.

1	  Data from an internal report of the Multisectoral Committee on AMR, Ministry of Health, 2018. 
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Box 4. Definitions 

Antimicrobial resistance (AMR) is resistance developed by microorganisms, such as bacteria, viruses, fungi 
and parasites to antimicrobial agents (30).

Antibiotic resistance develops when bacteria adapt and grow in the presence of antibiotics, and its 
development is linked to how often antibiotics are used (30). 

Empirical antibiotic therapy is treatment based on clinical experience, without the cause of the infection 
being known. It should be amended when the causative pathogen is identified. 

Definitive antibiotic therapy is treatment given with knowledge of the aetiological pathogen and/or 
antibiotic susceptibility data. 

Defined daily dose (DDD) is the assumed average maintenance dose per day for a drug used for its main 
indication in adults. It is a statistical measure of drug consumption (37). 

DDD per 100 bed-days is an indicator used to measure drug use by inpatients, for which a common definition 
of bed-day is a day during which a patient is confined to a bed and stays overnight in a hospital. Day cases 
(patients admitted for a medical procedure or surgery in the morning and released before the evening) are 
sometimes included as one bed-day and sometimes excluded (37). 

Access antibiotics, according to the WHO model list of essential medicines, include antibiotics that should 
be widely available, affordable and quality-assured. This group includes, among others, broad- and narrow-
spectrum penicillins, some third-generation cephalosporins and some macrolides and glycopeptides (38).

Watch group antibiotics, according to the WHO model list of essential medicines, include antibiotic classes 
that have higher resistance potential and so are recommended as first- or second-choice treatment only for 
a specific, limited number of indications. This group includes, among other, quinolones, fluoroquinolones, 
third-generation cephalosporins, macrolides, glycopeptides, carbapenems and penems (38).

Reserve group antibiotics, according to the WHO model list of essential medicines, include antibiotics 
that should be treated as “last resort” options; they should be accessible but their use should be tailored 
to highly specific patients and settings. This group includes, among others, fourth- and fifth-generation 
cephalosporins, polymyxins and aztreonam (38).

Well monitored but high antibiotic use at the primary care level

Since 2010, overall drug use at the primary care level in North Macedonia has increased in 
almost all Anatomical Therapeutic Chemical (ATC) groups. In absolute terms of number of 
prescriptions, however, prescribing of antibacterial drugs covered by the national compulsory 
health insurance in 2013 was 8.1% lower than in 2012 and 10.7% lower than in 2010, as a result 
of systemic measures and awareness-raising campaigns (39, 40).

In the following years, however, antibiotic prescribing and consumption rose again, influenced 
by various factors, the most important of which were reductions of antibiotic prices and lavish 
prescribing budget ceilings within the capitation. In 2017 antibiotic consumption covered by 
health insurance in primary care was 20.0 DDDs per 1000 insured inhabitants per day. 

In monetary terms, the cost of antibiotics (ATC group J) covered by health insurance ranked 
fourth after cardiovascular (ATC group C), respiratory (ATC group R) and central nervous system 
(ATC group N) medicines (Fig. 1) (40). Insurance-covered antimicrobial prescribing levels in 
primary care alone in the past five years were 17–20 DDDs per 1000 insured inhabitants per day, 
which is close to the 2016 EU/EEA population-weighted mean consumption of 21.9 DDDs per 
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1000 inhabitants per day, but still much higher than the level in the Netherlands, which has the 
lowest level at 10.4 DDDs per 1000 inhabitants per day (34, 36). 

Fig. 1. Consumption of medicines covered by the HIF, by ATC group, 2015–17

Source: HIF, 2018 data.

In 2016 the total number of prescriptions for antimicrobial drugs in North Macedonia was 
1.5% higher than in 2015. The main increase in prescribing was observed for the following 
medicines: amoxicillin + clavulanic acid, cefuroxime, sulfamethoxazole + trimethoprim and 
clindamycin (which belong to the access group of antibiotics, according to the WHO model list 
of essential medicines (38)), as well as azithromycin, cefixime and clarithromycin (which belong 
to the watch group of antibiotics). The most prescribed antibacterial medicine by number of 
dispensed prescriptions in 2017 was amoxicillin + clavulanic acid, which was also the most 
consumed, at 7.36 DDDs per 1000 insured inhabitants per day (Fig. 2) (41).
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Fig. 2. Antibiotic consumption by ATC J01 level V, 2013–17

Source: HIF data.

According to HIF data, in 2017 beta-lactam antibacterials (ATC code J01C) were the most 
prescribed antibiotics, with amoxicillin + clavulanic acid accounting for one third of 
prescriptions (41).

Systematic monitoring of antibiotic use in hospitals required 

No systematic data collection on antibiotic consumption in hospitals takes place in North 
Macedonia, mainly because hospitals procure their own antibiotics and no requirement 
to report on medicine procurement or use has been explicitly imposed. Reporting from 
hospitals to the HIF is in the form of aggregated invoices, comprising costs of interventions and 
medicines used (41). In mid-2019 the HIF initiated medicine consumption reporting from HIF-
contracted hospitals; the effects of this system are yet to be assessed.

A nationwide assessment of antibiotic consumption at the hospital level undertaken in 2015 
concluded that, owing to an absence of sufficient data and applicable clinical guidelines, it was 
not possible to assess the appropriateness of antibiotic prescribing in inpatient facilities. As a 
result, it was recommended that policy-makers should consider introducing a comprehensive 
reporting system on medicine use in hospitals.2 In the absence of nationwide data, several 
smaller-scale studies were conducted. 

A point prevalence survey (PPS) conducted in 2015 in 12 university clinics in the capital city 
of Skopje3 identified excessive non-prudent antibiotic use. The total prevalence of patients 

2	 Data from an internal report of the Multisectoral Committee on AMR, Ministry of Health, 2015.
3	 The survey was conducted in total of 44 wards in 12 clinics. Its dominant focus was on the 

following four clinics: University Clinic for Children Diseases (13 wards), University Clinic for 
Surgical Diseases “St. Naum Ohridski” (10 wards), University Clinic for Infectious Diseases and 
Febrile Conditions (6 wards) and University Clinic for Traumatology, Orthopaedic Diseases, 
Anaesthesia, Reanimation, Intensive Care (TOARILUC) (3 wards).
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receiving at least one antimicrobial agent was 64.2%, which was nearly double the mean 
global rate of 34.7%. In the context of the Global Point Prevalence Survey of Antimicrobial 
Consumption and Resistance project, the Skopje PPS demonstrated a very high prevalence 
rate compared not only to western European countries but also to neighbouring Kosovo4 
(47.4%) and Albania (39.3%). The only country found to have a higher prevalence rate was 
Nigeria, at 69.7%. The PPS showed that the most commonly prescribed antimicrobial was 
ceftriaxone (41.7%); the proportions for all other agents were less than 8% (ciprofloxacin, 
clindamycin, amikacin, metronidazole, cefotaxime, vancomycin, co-trimoxazole, gentamicin 
and so forth). By indication, ceftriaxone was the drug most commonly prescribed for surgical 
prophylaxis (66.5%) and community-acquired infections (38.3%); vancomycin for hospital-
acquired infections (24.1%) and ciprofloxacin (19.1%) and co-trimoxazole (17.65%) for medical 
prophylaxis (42).

A lack of adherence to clinical guidelines also contributes to unnecessary and non-prudent 
antibiotic use in hospitals. The Skopje PPS found that of 194 patients receiving surgical 
prophylaxis, none was given a single dose; only nine received one-day prophylaxis and the 
remaining 185 received prophylaxis for more than one day, contrary to clinical guidelines (42). 

Spill-over prescribing between primary and secondary care

According to a retrospective (unpublished) observational study conducted in 2014 in primary 
care in North Macedonia, 58% of patients with acute respiratory infections were treated 
with an antibiotic. Most of the patients were children aged 0–10 years (44%) and working-
age population of 20–50 years (20%). The most common acute respiratory infections were 
tonsillopharyngitis (88%) and bronchitis (68%), and the antibiotics most frequently prescribed 
were amoxicillin + clavulanic acid (34.8%), followed by cephalosporin (22.5%), amoxicillin 
(22%) and macrolides (11.6%). The majority of prescriptions were issued on a Monday, mostly 
for patients who had begun therapy prescribed by emergency services during weekends and 
night shifts. In most cases, the therapy was prescribed empirically and there is no evidence that 
clinical guidelines were used. 

Discussions with clinical specialists, infectious disease specialists and microbiologists revealed 
that patients from primary care are often referred to secondary care having already started 
empirical therapy, which hinders proper diagnostics (e.g. microbiological testing and culturing). 
This further delays appropriate therapeutic decision-making, and imposes continuation of 
empirical prescribing. On the other hand, primary care physicians stated that they often have 
to prescribe to patients who have already started empirical therapy prescribed by night-shift 
or weekend attending services, which also hinders proper diagnostic procedures.5 According 
to the literature, this kind of non-prudent antibiotic use is related to hierarchical positioning 
and vertical movement of patients across the system (43–45). It also results from so-called 
prescribing etiquette, referring to an unwritten social code of practice around antibiotic 
prescribing, which includes preserving clinical autonomy and reluctance to interfere with 
antibiotic prescribing of peers, at the same or different levels of care (46).

4	 In accordance with United Nations Security Council Resolution 1244 (1999).
5	 Unpublished discussions and conclusions of the 3rd Symposium on Antibiotics in Primary 

Care, organized by the Association of Family Medicine Doctors – Respiratory Group, November 
2016, Skopje, North Macedonia.
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Consequences of the problem
Inappropriate antibiotic therapy has a number of health and socioeconomic consequences, 
which have been described extensively in the literature (47–51). They can have negative effects 
at both the individual and the population level. This subsection provides an overview of some 
of the most important consequences of inappropriate prescribing of antibiotics in hospitals.

Antibiotic resistance and associated costs

Antibiotic resistance is directly related to antibiotic misuse, and to inappropriate antibiotic 
prescribing in particular (2, 7, 52). Infections caused by multidrug-resistant bacteria are 
associated with prolonged hospital stays and higher mortality (51, 53) compared to infections 
caused by susceptible bacteria. Unfortunately, no official data are available at the country level 
on the extent to which resistant bacteria have influenced average length of hospital stay or 
patient outcomes, and even global evidence on this issue is very limited (53).

Antibiotic resistance recording and reporting began in North Macedonia in 2013 when the 
country joined the Central Asian and European Surveillance of Antimicrobial Resistance 
(CAESAR) Network. Through this, the country reports AMR from all laboratories performing 
testing of blood and cerebrospinal fluid from hospitalized patients.

Country-level data for 2018 shows that Escherichia coli resistance ranged from 3% for 
ertapenem to 96% for aminopenicillins, with multidrug resistance in 40% of isolates. Multidrug 
resistance in Klebsiella pneumoniae was found in 79% of isolates. In Acinetobacter species 
resistance was 68% for amikacin and higher for all other agents, with multidrug resistance of 
74%. Among Staphylococcus aureus isolates, 54% were methicillin-resistant (54). 

The percentage of resistance in invasive strains isolated in the country is significantly higher 
than the average in the EU, but similar to those in southern and south-eastern European 
countries. According to the CAESAR Network’s 2017 and 2019 annual reports, and in the opinion 
of the national professional community, this country-level data might be biased due to over-
representation of more severely ill and pretreated patients receiving tertiary care (selective 
sampling) and an overall low number of isolates (low utilization of blood culture diagnostics) 
influencing the representativeness of the results (54, 55).

Costs arising from non-prudent antibiotic use

Non-prudent antibiotic use is associated with increased direct and indirect costs at both the 
individual and system levels (49). Direct costs are those arising from excessive and unnecessary 
antibiotic prescribing at all levels of care, including in hospitals (56). A recent study in the 
United States showed that redundant and non-prudent antibiotic use occurs in hospital 
settings and was associated with almost 2% of the total expenses for all American hospitals in 
2012 (57). The literature examined showed that physicians are rarely aware or concerned when 
it comes to costs of prescribing (58, 59), although some studies found that costs to the system 
(60–62) and costs to the patients were considered in decision-making (63). Other factors are 
usually viewed as more important than costs, including health condition, comorbidities and 
diagnostic uncertainty (59, 64–66).

Indirect costs are mainly associated with inappropriate antibiotic use and AMR (67, 68). 
Multidrug-resistant infections are associated with increased costs resulting from prolonged 
hospital stays (the principal contributor); the need to use more expensive antibiotics; and 
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expenses related to screening and surveillance, eradication regimens and consumables for 
protection of the staff such as gloves, gowns and aprons used to prevent cross-infection (68, 
69).

In North Macedonia, no analysis was found on the costs of non-prudent antibiotic use or AMR. 
Although an AMR surveillance and reporting system is in place, the data so far have not been 
used to trace direct or indirect costs for the health system or individual patients. Based on the 
literature, it can be assumed that such costs are significant, and that understanding their type 
and magnitude might help to shape policies and allocate resources to prevent their occurrence.

Factors influencing antibiotic prescribing in hospitals
In 1999, WHO conducted a comprehensive literature review of factors influencing non-prudent 
use of antibiotics across the prescribing process and stakeholders, and divided them into 
system, provider, patient, health setting, industry and environmental factors (70). Based on 
this review and further literature searches, the most common underlying factors contributing 
to the problem of non-prudent and excessive empirical prescribing of antibiotics in hospitals 
include lack of appropriately applicable clinical guidelines and prescribing protocols; 
diagnostics and diagnostic uncertainty; physicians’ knowledge and prescribing autonomy; and 
the influence of others. These are described in further detail in relation to North Macedonia in 
the following subsections.

Existence of and adherence to clinical guidelines

As medicines represent a significant element of treatment pathways for many diseases, their 
common availability and the potential absence of professional supervision raise concerns 
regarding potential inappropriate use (71–73). This has been argued to result in potential 
misdiagnosis, masking of more serious conditions and harmful interactions with other 
medicines taken concurrently (73–75). Thus, providing professional support and expert 
knowledge for therapeutic decisions on medicines becomes an intrinsic part of the health care 
system.

Evidence-based clinical guidelines are established to standardize quality of care, including 
prescribing decisions of physicians at both primary (76) and other levels of care (64, 77). They 
are also a proven tool for addressing antibiotic resistance (78–80). 

In North Macedonia, clinical guidelines for most medical specialties were translated and 
adopted during 2007 from Cochrane repositories of clinical guidelines, alongside a few 
from other sources. Some of these guidelines are reported to be unimplementable by 
practitioners because of lack of adaptation to national specifics of the health system and 
availability of resources (81). Because doctors’ associations were not significantly involved in 
the development of guidelines there is a lack of feeling of ownership for them. This, together 
with the lack of contextual adaptation, represents a barrier to implementation. In addition, 
no system is in place to assess adherence to clinical guidelines routinely, and validation takes 
place only through a periodic accreditation process. 

Diagnostic tools and resources

In addition to the lack of clinical guidelines to the national context, a lack of funding for 
diagnostics of infectious diseases at all levels of care is also reported; this was also identified 
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as a concern in the last two CAESAR Network reports (54, 55). This is particularly problematic 
in secondary and tertiary care facilities, where cases with higher complexity are admitted 
and treated (81). A literature review showed that, in inpatient settings, rates of administering 
antibiotics are still to a large extent based on clinical/empirical assessment, which accounts for 
over half of antibiotic use in hospitals (82–85). High levels of antibiotic use in hospital settings 
can be attributed to the lack of rapid diagnostic techniques, leading to major reliance on 
culture methods and biochemical assays as the most accurate and widespread identification of 
bacterial infections (86), which often take 36–48 hours to provide results. In addition, although 
early diagnosis usually implies lower costs thanks to a more effective approach to treatment, 
in public facilities in North Macedonia diagnostics and treatment are part of the same funding 
package, which frequently forces physicians to opt for empirical treatment, without carrying 
out expensive diagnostics (87). Thus, viral infections are often misdiagnosed as bacterial 
infections, leading to inappropriately prescribed antibiotics which, in conjunction with 
unnecessary use of broad-spectrum antibiotics for prophylaxis, continue to amplify the growth 
of resistance (86, 88). There is evidence of a misperception that infections are most effectively 
managed on the basis of clinical/empirical assessment (13), which further contributes to non-
prudent antibiotic use and increased antibiotic resistance. A multi-stakeholder workshop on 
antibiotic stewardship held in the country in 2017 came to the conclusion that the frequency 
of empirical prescribing of antibiotics is greater than clinically acceptable, and that this is 
mainly due to the lack of diagnostics, resulting in defensive prescribing in cases of diagnostic 
uncertainty (81).

A relatively low number of blood cultures are taken in the country, hampering detection of 
resistant bacterial strains. The lower number of isolated strains in the country is not due to 
successful disease prevention but rather to the fact that blood cultures are taken and processed 
10 times less often than in EU countries, and mainly after treatment failure (55). For example, 
North Macedonia has exceptionally low number of strains of Streptococcus pneumoniae 
compared to EU/EEA countries. In addition, 40% of the blood cultures taken are from children 
aged 0–4 years, which points to the fact that selective sampling takes place, not necessarily 
following a specific case definition. In a multi-stakeholder workshop on antibiotic stewardship 
conducted in the country in 2017, participants discussed that this finding could be related to 
low allocation in hospital budgets for diagnostic tests related to infectious diseases, defined 
through the diagnosis-related groups system for hospital financing (81). They also highlighted 
that the country has, in principle, sufficient microbiological laboratories with the capacity to 
perform species identification of bacterial pathogens and antimicrobial susceptibility testing.

Physicians’ knowledge and experience

Inappropriate antibiotic prescribing can also stem from lack of familiarity with guidelines and 
local resistance data (89). Perceived risks of not treating, usually associated with diagnostic 
uncertainty, can also play a role in decision-making leading to defensive prescribing. One 
study found that physicians sometimes prescribed without medical indication to prevent 
complications, and felt comfortable with such decisions (90). Thus, physicians’ knowledge and 
experience play a pivotal role in prescribing decisions, especially in hospital settings (87). 

In one Scandinavian study (91), the authors concluded that doctors have an individual and 
constant pattern of prescribing antibiotics. Other studies show that guidelines might not 
always have sufficient impact to influence decision-making (92, 93), and that other factors 
can override the “written rules” when they differ from the physician’s experience (94), from 
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other guidelines (92) or from the best interests of the patient (76). These other factors include 
professional experience (94–96), maintaining professional autonomy (97, 98) and the influence 
of others (87, 96).

This indicates that doctors’ beliefs about prescribing and their behaviour are stable and 
consistent over time (99). Strategies to implement guidelines and change prescribing choice for 
the long term need to tackle these beliefs and habits (100). Physicians’ knowledge is acquired 
through medical education, learning from peers and continuous professional development. 
A literature review showed evidence that targeted educational efforts at the practice level 
(93, 101) and monitoring of prescribing at the individual provider level (102) have significant 
influence in changing prescribing behaviour.

Influence of others

As noted above, physicians can be influenced by and can influence their colleagues by giving 
advice and by setting an example with their own prescribing practices (87). The influence 
of others’ prescribing on a physician’s decision-making has been assessed in the literature, 
and there is evidence that such influence is recognized and acknowledged in physicians’ 
perceptions. Research into these attitudes shows that, further to their own experience, 
physicians greatly value the experience of colleagues and peers, especially among clinicians 
at the hospital level, who also have influence on decisions on prescribing in primary care 
(103, 104). Several other studies have concluded that primary care physicians feel reluctant to 
discontinue a prescription from a higher level of care, such as a specialist or hospital clinician 
(103, 105, 106). 

Equity-related observations
Data on hospital and inpatient consumption of antibiotics in the country are very limited, and 
lack of data remains one of the major obstacles in assessing and addressing inappropriate 
use of antibiotics in hospitals. In addition, clinical guidelines, in terms of their applicability, do 
not relate to the health system settings and capacity in North Macedonia. This further hinders 
the ability to link data to diagnostic and treatment protocols, in order to assess efficiency and 
efficacy of antibiotic therapy in hospital patients. In addition, it prevents the development of 
local (health care setting-specific) guidelines, which are considered the norm in mitigation 
of antibiotic resistance. Although no systematic data gathering for antibiotic consumption in 
secondary and tertiary care takes place, however, the assessment of antibiotic use in hospitals 
undertaken in 2015 for the period 2011–14 showed no significant geographical difference 
between hospitals, which implies that the factors influencing inappropriate prescribing have to 
be addressed systematically, across all hospitals and inpatient facilities in the country.

As noted above, the survey of prescribing practices in primary care showed significant age 
differences in prescribing, with more abundant prescribing for children. A literature review 
revealed similar experiences in the Netherlands, where low adherence to guidelines in 
paediatric primary care was found in terms of use of narrow-spectrum penicillin for fever, ear 
infections and acute respiratory infections in children under 4 years of age (107). Assuming 
that this might also be the case for hospital prescribing patterns, further data gathering and 
analyses should be performed for both diagnosis- and age-disaggregated prescribing.
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OPTIONS TO ADDRESS THE PROBLEM

The issue of unnecessary and excessive empirical prescribing of antibiotic therapy in hospitals 
is multifaceted and requires diverse approaches, involving multiple stakeholders. Many policy 
options can be considered to address the issue, including actions that are interlinked and 
can be undertaken in parallel or consecutively. This evidence brief for policy proposes three 
options for which sound evidence of positive outcomes exists; these should be discussed 
and reviewed in the light of the national context and other – societal, economic and cultural 
– circumstances, to determine the optimal and most feasible approach. The three options are 
elaborated in further detail in the following subsections.

Option 1. Revision, contextualization and implementation of guidelines 
for antibiotic therapy

Overview and context

Implementing clinical guidelines for treating infections has proved one of the most successful 
antimicrobial stewardship strategies (7, 108). North Macedonia currently has clinical guidelines 
for most conditions, including treatment of infections, but these are translations of guidelines 
developed by other institutions that are not fully adapted to the national context in general 
and to local resistance data in particular (81). Recommendations on antibiotic treatment of 
infections in hospitals developed by professional societies (81, 109, 110) have been applied 
widely in similar contexts – for example, in Slovenia (111). These could be used to review and 
adapt guidelines applicable to the specific context of North Macedonia. The review could 
also take into consideration the latest revision of the WHO model list of essential medicines, 
providing specific guidance on appropriateness of use of each antibiotic, based on the most 
recent antibiotic resistance data worldwide (38).

Evidence on the impact of option 1

Significant evidence exists about the efficacy of clinical guidelines in achieving rational 
antibiotic use and containment of AMR. The 2017 updated systematic review of Davey et al. 
suggests that appropriate antibiotic use, in conjunction with proper infection prevention 
and control activities as set out in guidelines, is likely to contain development of antibiotic 
resistance (7). Prudent antibiotic use benefits the patient, while at the same time minimizing 
the probability of adverse effects and development of antibiotic resistance. Importantly, 
guideline-adherent therapy is associated with a relative risk reduction for mortality (80, 108).

The global public health community, including WHO, the European Commission, ECDC and 
CDC, advocate adoption and use of clinical guidelines. The literature also shows, however, that 
adoption without adaptation to the national context may have adverse effects on practice (7).
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A systematic review of antibiotic stewardship programmes (ASPs) in hospitals found that 
prescribing empirical antibiotic therapy according to guidelines was associated with reduced 
mortality in 31/37 studies (80). The relative risk reduction across all studies was 35% (relative 
risk ratio 0.65; 95% confidence interval 0.54–0.80, p<0.0001). Thus, empirical antibiotic therapy 
for the most common types of infection (such as respiratory and urinary), tailored to local 
resistance data, is recommended.

In many EU countries an estimated 60–70% of antibiotics are prescribed in primary care (36). 
While outside the scope of this evidence brief for policy, it is important to recognize that use 
of antibiotics in primary care greatly influences available choices of therapy in secondary and 
tertiary care. It is vital to be aware which antibiotics are prescribed to a patient in primary care 
if the same patient presents in a hospital to avoid physicians making incorrect choices. It is also 
essential that so-called reserve group antibiotics (such as colistin, vancomycin, moxifloxacin 
and so on) remain restricted to prescribing in hospitals, and particularly intensive care units. 
According to one systematic scoping review, an adequate hierarchy in prescribing is at the core 
of a successful strategy for prudent antibiotic use (112). 

In many European countries (including the United Kingdom and the Netherlands) guidelines 
for antibacterial therapy are applicable across all levels of care (NICE (109); SWAB (110)). Both 
primary care physicians and medical specialists at other levels of care are part of a national 
committee that writes guidelines covering all possible patient settings (from primary to tertiary 
care, and sometimes even for long-term care facilities). 

Table 1 sets out a summary of the key findings from the synthesized research evidence for this 
option. A further description of evidence is provided in Table A1 in Annex 1.

Table 1. Summary of key findings from systematic reviews relevant to option 1

Category Key findings

Benefits »» At least three systematic reviews of medium quality found that through appropriate 
and prudent antibiotic use, in conjunction with proper infection prevention and 
control activities, antibiotic resistance can be contained (7, 78, 113). 

»» An overview of 26 systematic reviews of high quality on educational techniques 
found that clinical guidelines were very effective in improving performance and 
patient health outcomes (114). 

»» A systematic review of medium quality suggested that guidelines for diagnosis and 
management improve antibiotic prescribing (78).

»» According to a systematic review with meta-analysis of medium quality, adherence 
to guidelines for appropriate antibiotic use result in better patient outcomes and 
reduction of mortality. The relative risk reduction across all 37 studies was 35% 
(relative risk ratio 0.65; 95% confidence interval 0.54–0.80, p<0.0001) (80).

»» One review of medium quality found that the primary advantage of a prospective 
audit and feedback strategy is that doctors do not perceive a loss of prescribing 
autonomy in view of the fact that acceptance of recommendations is voluntary. 
It is therefore more acceptable to doctors and less open to active opposition. 
This strategy also provides opportunities for education through the feedback 
mechanism, and can be customized to the size of the institution depending on the 
resources available (115). 
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Category Key findings

Potential harms »» According to one systematic review of medium quality, evidence-based practice 
is thought to decrease therapeutic autonomy and thus reduce motivation to 
implement it (116). 

»» At least one systematic review of medium quality found that when evidence-based 
practice is implemented, it does not always mean that high-quality evidence is 
being used; this may affect the quality of care provided (116). 

»» At least one systematic review of medium quality found that lack of training in 
providing feedback and lack of trust in the formative nature of assessment had a 
negative effect on behavioural change in physician performance (117).

»» A systematic review of high quality suggested that poor adaptation of guidelines 
and relocation of resources can lead to inappropriate antibiotic use and increased 
costs (78). 

Resource use, 
costs and/or cost-
effectiveness

»» According to one systematic review, a programme for development and 
implementation of evidence-based guidelines (for any clinical subject but certainly 
for appropriate antibiotic use) needs continuous funding at both governmental and 
facility levels (118).

»» One systematic review of high quality found that appropriate antibiotic use 
according to treatment guidelines (indication, choice, duration) contributes to 
improved drug utilization and better patient outcomes, and reduces unnecessary 
antibiotic use and expenses of potential complications. Therefore, the measure as a 
whole can be regarded as cost-effective (113).

»» One systematic review of high quality and at least one primary study found 
that implementing evidence-based practices reduces costs for health care 
organizations, and appropriate antibiotic use contributes to reducing treatment 
costs from eventual complications (113, 119).

»» According to an evidence-based guideline, prescribing pathways between primary, 
secondary and tertiary care is effectively improving patient outcomes, reducing 
antibiotic use and reducing costs (120). 

Uncertainty regarding 
benefits and potential 
harms (so monitoring 
and evaluation could 
be warranted if the 
option were pursued)

»» One qualitative study showed that clinical guideline adherence in hospitals is 
influenced by pretreatment in primary care (121).

»» According to at least one systematic review, prehospital antibiotic therapy and fluid 
resuscitation improve patient outcomes (122).

»» One systematic review of medium quality found that physicians recognize the 
potential value of guidelines but do not always trust the information contained in 
them and see the relevance to their patients (78). 

»» At least two systematic reviews of medium quality found that even though 
evidence-based practice is embraced by health care workers and organizations, its 
implementation is still scarce (112, 116). 

Table 1. (Contd)
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Category Key findings

Key elements of 
the policy option if 
tried elsewhere

According to international experiences described in the literature (123), the following 
elements have been key to successful application of guidelines:

»» necessary funding, infrastructure and regulatory support for implementation;
»» development of a set of quality indicators derived from accepted guidelines in 

order to measure and improve antibiotic prescribing (a well established guideline 
programme is an important prerequisite for a national ASP to be successful 
– evidence-based guidelines on the diagnosis and the treatment of common 
infections, and on the prophylaxis of infections in general, are essential to serve as a 
strong base for local guideline development in health care facilities);

»» regular monitoring of guideline compliance, generally instituted in national and 
local ASPs to fuel feedback to prescribers based on the results – this constitutes 
a core element of a functioning antimicrobial management team in a health care 
facility.

Stakeholders’ views 
and experiences

»» Health care professionals in the country confirm that current clinical guidelines are 
not adapted to the national circumstances and therefore not fully applicable.

»» Health care professionals consider that the preparation of guidelines should be 
part of the activity of professional associations: they need to be owners so that the 
guidelines can be accepted and applied.

»» Infection disease specialists and microbiologists insist that guidelines should be 
subject to regular revision, following national and local (hospital level) resistance 
data.

Option 2. Establishment of ASPs in hospitals, accompanied by an 
antibiotic use reporting system

Overview and context

Necessity for establishment of an ASP at the hospital level, as part of system-wide approach 
to promoting and monitoring appropriate use of antibiotics, is widely known (7, 124). The 
literature shows that many institutions establish ASPs to optimize antimicrobial therapy, 
reduce treatment-related costs, improve clinical outcomes and safety, and minimize or 
stabilize AMR (125, 126). 

Antibiotic stewardship can be thought of as a menu of interventions that can be designed 
and adapted to fit the infrastructure of any hospital. ASPs encompass two intrinsically 
different sets of interventions describing either the “what” or the “how”. The first set describes 
recommended antimicrobial care interventions – or antimicrobial prescribing practices that 
define “appropriate antimicrobial use” for hospital inpatients – regarding indication, choice of 
drug, dose, route or duration of treatment. Examples of such interventions are switching from 
intravenous to oral antimicrobial therapy, streamlining therapy in individual patients when 
appropriate (80) and using diagnostic tests to determine appropriate antimicrobial therapy 
(115).

The second set of interventions ensures that professionals actually apply these prescribing 
behaviours to daily practice. It includes many different behavioural change interventions – 

Table 1. (Contd)
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such as provision of a formulary, prospective or retrospective audit and feedback, educational 
meetings, reminders, financial interventions or the revision of professional roles – that all 
can be implemented to improve appropriate antimicrobial use prescribing practices. Thus, 
the second set of interventions is applied among professionals to ensure that the first set is 
appropriately applied among patients. These behavioural change interventions either directly 
or indirectly (through interventions targeting the system/organization) target the professional 
and, overall, restrict or guide towards more effective professional use of antibiotics.

Implementation of hospital ASPs represents an important government-level intervention, and 
thus must be fully supported by the Ministry of Health. It is proposed that the intervention 
is firstly applied as a pilot in several hospitals, with full Ministry of Health support to ensure 
proper and uninterrupted implementation. The piloting phase can also largely benefit from 
the experiences of private hospitals in the country, which already have well established ASPs 
in place. Furthermore, the intervention can be extrapolated to the national level through the 
hospital accreditation mechanism, as stewardship programmes are an important aspect of 
patient safety (127).

Evidence on the impact of option 2

Evidence from at least five systematic reviews shows that ASPs in hospitals contribute to 
improved prescribing practices (7, 80, 124, 128, 129). Overall antibiotic use among inpatients 
was reduced by almost one fifth, and antibiotic costs, average length of hospital stay and the 
number of infections caused by certain multidrug-resistant organisms also decreased (7, 124, 
130). Hospital ASPs, possibly supported by information technology interventions (131), result 
in significant decreases (20–50%) in inappropriate antibiotic use and costs; this is even more 
evident in intensive care units (130). Davey et al. (7) and Teerawattanapong et al. (132) also 
reported improved situations with infections caused by specific antibiotic-resistant pathogens 
and reductions of overall average hospital length of stay by 1.12 days. 

Davey et al. (7) showed that persuasive interventions (such as education, reminders and 
feedback) are slightly less effective than restrictive interventions (such as prior authorization 
of prescription for a selected group of antibiotics, a restricted hospital antibiotic drug list, 
automated stop orders and similar). The downside of restrictive interventions may be that they 
may lead to a breakdown of communication and trust between controlling (infectious disease 
specialist, microbiologist and pharmacist) and prescribing teams. There is some evidence that 
restrictive interventions are more effective in outbreak settings, where a rapid response is 
required. 

Table 2 sets out a summary of the key findings from the synthesized research evidence for this 
option. A further description of evidence is provided in Table A2 in Annex 1.
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Table 2. Summary of key findings from systematic reviews relevant to option 2 

Category Key findings

Benefits »» One systematic review with meta-analysis of high quality found that ASPs reduce 
economic burdens for hospitals through reduced antibiotic use and reduced 
antibiotic resistance (133).

»» At least two systematic reviews with meta-analysis of medium quality found that 
presence of targeted ASPs in hospitals decreases total antibiotic usage, improves 
the quality of prescribing and reduces adverse patient outcomes, specifically for 
Clostridium difficile infections (128, 129).

»» One systematic review of high quality found that audit and feedback can improve 
quality of care by 10% (134).

»» At least four systematic reviews of high and medium quality encouraged 
implementation of evidence-based practices for higher quality of care, since they 
significantly improve skills, knowledge and attitudes of providers (112, 116, 135, 
136). 

Potential harms »» No systematic reviews provided information about the potential harm of 
introducing ASPs, but not all reviews analysed established the significance of 
positive effects of ASPs on patient outcomes.

Resource use, 
costs and/or cost-
effectiveness

»» At least one systematic review of high quality found that ASP development and 
implementation need continuous funding at both governmental and facility level 
(124).

»» According to one systematic review of medium quality, hospital ASPs result in 
significant reductions in antibiotic consumption and costs. Rates of infection 
caused by specific antibiotic-resistant bacteria decreased and the overall length of 
hospital stay improved (78).

»» A high-quality systematic review with meta-analysis showed a decrease in overall 
antimicrobial cost by −33.9% (confidence interval −42.0 to −25.9) and of length of 
stay by −8.9% (confidence interval −12.8 to −5.0) in a hospital setting as a result of 
antimicrobial stewardship interventions (133).

Uncertainty regarding 
benefits and potential 
harms (so monitoring 
and evaluation could 
be warranted if the 
option were pursued)

»» The significance of positive effects of ASPs on patient outcomes was not established 
in all reviews.

»» One systematic review of high quality suggested that the effectiveness of an 
intervention on antibiotic prescribing depends on the physician’s prescribing 
behaviour or preference and the barriers to change (124).

»» Two systematic reviews of high quality suggested that most interventions are 
multifaceted, making specific recommendations about key components difficult 
(78, 137). 
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Category Key findings

Key elements of 
the policy option if 
tried elsewhere

»» One systematic review with meta-analysis of high quality found that the basis of a 
national ASP is related clinical guidelines that address primary care, hospital care 
and long-term care facilities (131).

»» One overview reviewed key elements essential to the success of implementing 
ASPs and found that these are education of ASP leadership, gaining support from 
medical leadership, ensuring dedicated time for professionals to organize the 
programme and ensuring availability of local data on resistance (123).

»» Two systematic reviews of high quality and a meta-analysis of medium quality 
specified that feedback is most effective when baseline adherence to recommended 
practice is low, and when it is provided by a supervisor or a colleague, delivered 
intensively and more than once (preferably in written form), individualized and 
including specific goals and action plans (134, 138, 139). 

»» One systematic review of high quality found that general implementation principles 
suggest that performing a thorough analysis of barriers and facilitators will ease 
implementation of ASPs in local practice (7). 

»» According to evidence-based guidelines, in inpatient settings, antibiotic use should 
be monitored via antibiotic administration, instead of purchasing/costing data 
(140).

Stakeholders’ views 
and experiences

»» Health professionals understand and consider antimicrobial stewardship to be a 
necessary part of prudent antibiotic use.

»» According to health professionals, further support from the system is needed to 
have a comprehensive and coordinated approach to prudent antibiotic use.

»» According to health professionals and facility managers, the process of introducing 
prudent antibiotic use should commence within each department and at facility 
level, in a form of internal review, consultation and ASP education where necessary.

Option 3. Strengthening curricula on prudent antibiotic use in 
undergraduate, postgraduate and continuous education for all health 
professions

Overview and context

Education and knowledge – contextualized knowledge in particular – play an important part 
in diagnosis and prescribing decisions. Undergraduate and postgraduate education set the 
foundation of the medical profession, and continuous education for health professionals plays 
an important role in staying up to date with medical advancements and increasing knowledge 
on new health technologies and therapies. In particular, this is important with regard to 
antibiotic prescribing, given the continuously changing landscape of antibiotic resistance. Two 
studies reported that introducing a set of learning modules on antibiotic use and resistance 
into different undergraduate and postgraduate education programmes better prepares 
future health professionals (141), and continuous medical education helps them to keep 
up to date with appropriate prescribing and correct use of antibiotics, based on laboratory 
diagnostics when necessary, and assists with behaviour change (142, 143). In addition, a review 
of systematic reviews found that continuous education contributes to better adherence to 
clinical guidelines and better patient outcomes (114, 144). 

Table 2. (Contd)
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Option 3 is linked to options 1 and 2 since sufficient education or training needs to accompany 
both better adherence to revised clinical guidelines and the introduction of a stewardship 
intervention at the hospital level. Prescriber education is more effective as a supplementary 
strategy to other interventions for both inpatient and outpatient facilities (115).

Evidence on the impact of option 3

Literature is extant on educational interventions for influencing behaviour, including on the 
effects of education on physicians’ prescribing behaviour. The evidence presented for this 
option is derived from two overviews of systematic reviews, two reviews with meta-analysis 
and seven systematic reviews. In all of these, most of the studies about continuous medical 
education on antibiotic prescribing and AMR were performed either in hospitals or at the 
primary care level.

Two systematic reviews and one survey suggest that the development of teaching curricula to 
include the topic of appropriate antibiotic use at both the undergraduate and postgraduate 
levels, along with continuing education on new developments in the field of antibiotic therapy, 
would contribute to improvements in antibiotic prescription (7, 145, 146). Another review 
found that physician’s education plays an important role in optimizing antibiotic use (147).

Continuing medical education improves both physician performance and patient health 
outcomes (148), especially when using interactive methods – such as audit/feedback and peer-
to-peer consultation (114). In addition, educational interventions supported by guidelines for 
diagnosis and/or management improve antibiotic prescribing (147).

Table 3 sets out a summary of the key findings from the synthesized research evidence for this 
option. A further description of evidence is provided in Table A3 in Annex 1.
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Table 3. Summary of key findings from systematic reviews relevant to option 3

Category Key findings

Benefits »» An overview of 39 systematic reviews of high quality found that continuing medical 
education improves both physician performance and patient health outcomes, 
with more reliably positive effects on the former than the latter. Continuous 
professional development activities that are more interactive, use more methods 
and are focused on outcomes considered important by physicians lead to more 
positive outcomes (148). 

»» An overview of 26 systematic reviews of high quality on educational techniques 
found that interactive methods – such as audit/feedback and peer-to-peer 
consultations – were the most effective at improving performance and patient 
health outcomes (114). 

»» A systematic review of medium quality found that antibiotic prescription was 
reduced by 34% on average in intervention groups of medical professionals 
receiving continuing education compared to control groups. The number of 
inappropriate antibiotic prescriptions was also reduced by an average of 41% 
compared to control groups. Also, found that guidelines for diagnosis and 
management improve antibiotic prescribing (147). 

»» A systematic review found that physician education is important in optimizing 
antibiotic use (113). In addition, a systematic review and a narrative synthesis 
found that training of teams can meaningfully improve participant knowledge or 
attitudes, teamwork, clinical care and even patient outcomes, including those 
concerning adverse events, mortality and morbidity across a range of clinical 
contexts (146, 149). 

Potential harms »» No systematic review provided information about the potential harm of introducing 
antibiotic stewardship in the medical education curriculum. 

Resource use, 
costs and/or cost-
effectiveness

»» One systematic review, one evidence-based guideline and one expert committee 
report suggested that curriculum development, increased training and education 
require additional funding (7, 140, 144).

Uncertainty regarding 
benefits and potential 
harms (so monitoring 
and evaluation could 
be warranted if the 
option were pursued)

»» One study suggested that students take on the practice of their older colleagues, 
which might not always be aligned with adherence to clinical guidelines (145).
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Category Key findings

Key elements of 
the policy option if 
tried elsewhere

»» One systematic review suggested that interventions should focus on changing 
physicians’ behaviour rather than simply providing information and also found that 
multimedia and multicultural approaches provide optimal results (78).

»» Several systematic reviews concluded that no single intervention can be 
recommended for all behaviours in any setting for any outcome, and that 
interventions need to be adapted to the specific setting and antibiotic resistance 
data (78, 137, 146, 148). This is supported by a critical analysis suggesting that 
education strategies pertaining to active involvement of clinicians have greater 
effectiveness than the passive ones (150).

»» One systematic review found that the use of specific education interventions for 
clinicians and electronic decision-supporting tools improves antibiotic prescribing 
for acute respiratory infections (151). 

»» According to one systematic review, education of physicians is of pivotal importance 
to prevent non-prudent and inappropriate antibiotic use – mostly in distinguishing 
between bacterial and viral infections – and to ensure appropriateness of use of 
narrow-spectrum instead of broad-spectrum antibiotics, where applicable (137).

»» At least one study and one expert committee report found that in some countries 
(including the United Kingdom and Zambia) the undergraduate curriculum 
now includes education on prudent antibiotic use. This covers education on 
microbiology, infectious diseases and clinical pharmacology, with an emphasis on 
prudent antibiotic prescribing (144, 147). 

»» At least one study reported that in the United Kingdom a competency framework 
has been developed for prescribers, requiring skills in preventing and controlling 
infections, prescribing appropriate antibiotics for prophylaxis and treatment, 
understanding antibiotic stewardship in day-to-day practice and continuing 
professional development (152). 

Stakeholders’ views 
and experiences

»» During key informant interviews, stakeholders expressed support for the 
development of medical curricula in undergraduate and postgraduate education, 
as well as for the development of targeted antibiotic stewardship courses in 
continuous professional development. 

Table 3. (Contd)
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CONSIDERATIONS FOR IMPLEMENTING THE THREE 
OPTIONS

Potential barriers

Option 1. Revision, contextualization and implementation of guidelines 
for antibiotic therapy

Despite goodwill towards guidelines among practitioners, there is a growing consistent trend 
of reported difficulty in their implementation (100). One major barrier, as highlighted above, 
might be the lack of adjustment of guidelines to the specifics of the context, at both national 
and facility levels. In addition, revisions of guidelines need to bring practitioners on board, 
as lack of involvement could also pose a threat to effective adherence and implementation. 
In addition, a lack of sufficient antibiotic resistance data might limit the credibility of locally 
adapted guidelines. Therefore, the process of writing or adapting guidelines should be a joint 
activity between prescribing physicians at all levels of care, microbiologists and pharmacists, 
and patients where applicable; this would enable suitable adjustments to correspond to 
detected antibiotic resistance. 

Communication between primary care physicians and medical specialists in hospitals in North 
Macedonia is generally regarded as poor and insufficient, and information exchange about 
prescribing practices is poor. The role of primary care physicians is limited in comparison to 
specialists in terms of use of diagnostic tests and prescription of antibiotics for specific clinical 
diagnoses. On the other hand, specialists do not have detailed insight into the health status of 
the patient – such as information on chronic diseases, other comorbidities or immunological 
status – when prescribing therapy, especially on an outpatient basis. According to the 
participants in the multi-stakeholder consultative workshop held in 2017, this greatly influences 
effective treatment of patients; similar results are described in the literature (47, 121, 153).

Other possible barriers to implementation of option 1 relate to wider health system 
organization. These include insufficient collaboration and communication between primary 
and secondary care, limitations on laboratory analyses for primary care (financial limitations 
and limited authorization), possible access to antibiotics in pharmacies without prescription 
or medical indication and lack of mechanisms for enforcement of guidelines across health 
system.

Option 2. Establishment of ASPs in hospitals, accompanied by an 
antibiotic use reporting system

The reviewed literature suggests that antibiotic stewardship depends on many factors, local 
settings and context-based circumstances. In North Macedonia, some of the most concerning 
barriers to implementation of ASPs in hospitals relate to the current organization of the health 
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system at the facility level. This includes a lack of funding for undertaking diagnostics, as 
well as a lack of access to antibiotic resistance data and antibiotic use levels in each hospital, 
which could serve as guidance for local guideline development. In addition, the system lacks 
a dedicated multidisciplinary antimicrobial stewardship team consisting of clinicians, nurses, 
a microbiologist and a pharmacist, due to a lack of health professionals in general. This also 
results in a lack of staff time to dedicate to an antibiotic stewardship team. While these issues 
could be addressed at the facility level, barriers of wider concern include a lack of involvement 
of pharmacists in antibiotic prescribing – often pharmacies in hospitals serve as inventory of 
medicines and have no advisory role. In addition, many hospitals have no clinical pharmacist, 
and medicines are dispensed by the pharmaceutical technician or chief nurse. There is also 
a lack of microbiologists in most university clinics and hospitals, and this gap is filled via 
appointment of an external microbiologist to the committees for intra-hospital infections, 
which is a legal obligation of each hospital. 

Further, as noted above, the current reporting system of medicine consumption at the 
facility level is not sufficient to understand or analyse antibiotic consumption, which is 
crucial in monitoring the rational use of antibiotics. In mid-2019 the HIF initiated a separate 
medicine consumption reporting system for hospitals; this is expected to contribute to better 
understanding of antibiotic consumption in inpatient facilities.

Finally, the ongoing stigma attached to reporting of antibiotic resistance (with fear of penalties 
and public disgrace) requires that antibiotic stewardship becomes an institutionalized part of 
the system, and not solely linked with prescribing or treatment by particular specialists. 

Option 3. Strengthening education curricula on prudent antibiotic use 

The view that it is sufficient to convince physicians of the right thing to do as a way to improve 
prescribing is a very simplistic one; it ignores all the complexities that come with a consultation 
and the difficulties of actually changing practice, from both the individual and the health 
system perspective (7, 81, 124, 125, 130, 154). 

Among the identified barriers to implementation of this option is a reluctance to change 
curricula for students in undergraduate and postgraduate levels. The main reason for this is 
that the curricula content is already fully established, and adding a new subject, course or 
additional modules within existing subjects might pose additional burden to students. On the 
other hand, new modules might be added to replace some existing ones, which could cause 
conflict with competing stakeholders. One key informant also emphasized that the medical 
curricula for undergraduate studies were changed recently, and that re-launching the process 
might require additional time and effort. 

With regard to continuous medical education, some key informants pointed out that there 
are a number of modules in diverse disciplines already, and that adding a mandatory one for 
antibiotic prescribing might not be welcomed by practising physicians.
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Equity considerations

Option 1. Revision, contextualization and implementation of guidelines 
for antibiotic therapy

As noted above, the survey of practices in primary care showed significant age differences in 
prescribing, favouring antibiotics for acute respiratory infections in children aged 0–10 years, 
mostly for conditions for which clinical guidelines do not suggest antibacterial treatment (such 
as tonsillopharyngitis and bronchitis). This suggests that specific attention might be needed 
to address the prescribing practices of hospital paediatricians by initiating a revision and 
contextualization of the clinical guidelines for professionals working with children and younger 
patients.

In addition, and as evident from the spill-over effect of antibiotic prescribing from primary to 
secondary care described above, specific focus on the revision and contextualization of the 
clinical guidelines should cover defining clinical pathways of feedforward and feedback with 
regards to antibiotic prescribing between primary care physicians and specialists. 

Option 2. Establishment of ASps in hospitals, accompanied by an 
antibiotic use reporting system

The assessment of antibiotic use in hospitals undertaken in 2015 for the period 2011–14 
showed no significant geographical difference between hospitals, which implies that the 
factors influencing inappropriate prescribing need to be addressed systematically across 
all hospitals and inpatient facilities in the country. Furthermore, and in line with the higher 
prescribing in younger patients identified, tailor-made antibiotic stewardship interventions 
need to be considered for particular specialties, pertaining but not limited to paediatricians, 
pulmonologists, infectious disease specialists, intensive care specialists and so forth. In 
addition, to achieve effective antibiotic stewardship interventions, clinical pathways for timely 
diagnosis and effective communication with laboratories should be considered and set in 
place to address potential time lags, which contribute to increased empirical prescribing. 

Option 3. Strengthening education curricula on prudent antibiotic use 

The undergraduate medical education curricula and training programmes are already fairly 
well established, and while review of all curricula might be a possibility for the future, at the 
moment it is difficult to introduce new subjects or courses without exceeding the curricular 
limits of training. In this respect, although it is important to include prudent antibiotic use 
in the education of every future doctor, an initial approach might be to introduce antibiotic 
stewardship as part of an elective course scheme, which could be a basis for defining profiles 
of specializations beginning from undergraduate level in the future. 

Regarding continuous education, antibiotic stewardship should be a required course for all 
doctors at all levels of care, irrespective of specialization. Nevertheless, greater focus should 
be put on prescribing physicians, and as noted above, on paediatricians, pulmonologists, 
infectious disease specialists and intensive care specialists at secondary and tertiary care 
levels, based on current prescribing practices.

Table 4 below sets out a summary of the potential barriers for all options.
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Table 4. Potential barriers to implementing the proposed options

Level Option 1 Option 2 Option 3

Recipients of care

Knowledge 
and skills

Knowledge regarding 
treatment of infections 
and AMR is lacking (100).

Time and resources 
for health information 
provision to patients 
are lacking (87).

Health literacy and 
knowledge about effects 
of non-prudent antibiotic 
use are lacking (87).

Attitudes 
regarding 
programme 
acceptability, 
appropriateness 
and credibility

Although not very 
likely, there could be 
reluctance to accept 
new approaches to 
treatment, considering 
it might reduce patient 
participation in 
decision-making about 
their health (87).

Lack of involvement of 
patients in development 
of ASPs could lead to 
lack of compliance (87).

No significant influence is 
expected from patients, 
although in general the 
same barriers are to be 
expected as for other 
options, if this is to be 
implemented jointly with 
option 1 or 2 (multi-
stakeholder consultative 
workshop discussions).

Motivation to 
change or adopt 
new behaviour

Potential exists for 
lack of collaboration 
from patients (multi-
stakeholder consultative 
workshop discussions).

Potential exists for 
lack of collaboration 
from patients (multi-
stakeholder consultative 
workshop discussions).

No significant influence 
is expected from patients 
(multi-stakeholder 
consultative workshop 
discussions).

Providers of care

Knowledge 
and skills

Lack of training in 
providing feedback 
and lack of trust in 
the formative nature 
of assessment could 
have a negative 
effect on behavioural 
change in physician 
performance (117).

Conflicting guidelines 
exist, alongside a lack 
of locally adapted 
guidelines (155).

Information on the levels 
of use of antibiotics in each 
hospital is lacking (155). 

There is a lack of 
involvement of 
physicians, pharmacists 
and microbiologists in 
antibiotic prescribing 
(155, 156).

Adding new modules 
as replacements for 
existing ones could cause 
conflict with competing 
stakeholders (multi-
stakeholder consultative 
workshop discussions).
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Level Option 1 Option 2 Option 3

Attitudes 
regarding 
programme 
acceptability, 
appropriateness 
and credibility

Evidence-based 
practice is thought to 
decrease therapeutic 
autonomy and thus 
could contribute to 
reduced motivation to 
implement it (79, 98).

There is a lack of 
agreement with the 
guidelines, including 
their applicability 
to patients; a lack 
of involvement in 
the development of 
guidelines, leading to 
a lack of ownership; no 
positive expectations 
regarding outcomes; 
and the inertia of 
existing practices 
and routines (116).

Staff lack time to dedicate 
to work in an antibiotic 
stewardship team (78). 

A high level of stigma 
for reporting antibiotic 
resistance is evident, 
combined with fear 
of penalties and 
public disgrace (multi-
stakeholder consultative 
workshop discussions).

Practice is usually passed 
on to young doctors by 
older colleagues, which 
might not always be 
aligned with adherence to 
clinical guidelines (145).

There is reluctance to 
change curricula for 
students at undergraduate 
and postgraduate levels, 
as the content is already 
well established (multi-
stakeholder consultative 
workshop discussions).

Motivation to 
change or adopt 
new behaviour

When evidence-
based practice is 
implemented, it does 
not always mean that 
high-quality evidence 
is being used, which 
may affect the quality 
of care provided (116).

There may be a lack of 
willingness for compliance 
(87) and reluctance to 
change practice (117).

There may be a lack of 
willingness for compliance 
(87) and perceived threat 
from reduced professional 
autonomy (116).

Other stakeholders (including other health care providers, community health committees, 
community leaders, programme managers, donors, policy-makers and opinion leaders)

Knowledge 
and skills

Systematic knowledge 
about the current 
application of 
existing guidelines 
is lacking (155).

Knowledge about 
the benefits of 
antibiotic stewardship 
is lacking (155).

Skills to construct 
appropriate antibiotic 
stewardship systems and 
teams are lacking (7).

Awareness of the 
impact of integrated 
and multifaceted 
educational interventions 
on overall knowledge 
and skills of current and 
future professionals 
is lacking (155).

Table 4. (Contd)
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Level Option 1 Option 2 Option 3

Attitudes 
regarding 
programme 
acceptability, 
appropriateness 
and credibility

Current guidelines are 
not applicable since 
they are not adapted 
to the context (155).

Context-adapted 
clinical guidelines are 
unlikely to be accepted 
if developed without the 
professional community 
and practitioners (multi-
stakeholder consultative 
workshop conclusion).

Antibiotic stewardship 
at the facility level is 
still not recognized 
as important (78).

The medical curriculum 
for undergraduate studies 
was changed recently, and 
opening the process again 
could require additional 
time and efforts (key 
informant interview).

Motivation to 
change or adopt 
new behaviour

Introduction of strict 
implementation of 
clinical guidelines 
could be considered a 
step to reduce clinical 
autonomy (78).

Effectiveness of an 
intervention on antibiotic 
prescribing depends 
on the physician’s 
prescribing behaviour 
or preference and the 
barriers to change (124).

A number of modules 
are available in diverse 
disciplines; adding a 
mandatory one for 
antibiotic prescribing 
might not be welcomed by 
practising physicians (key 
informant interviews).

Health system constraints

Financial 
resources, 
human 
resources, 
education 
system, system’s 
capacity to 
develop, 
implement and 
monitor norms 
and standards

Mechanisms and policies 
to enforce guidelines 
are lacking (116).

Resources to implement 
and monitor them are 
also lacking (78, 140).

Poor adaptation 
of guidelines and 
allocation of resources 
leads to inappropriate 
antibiotic use and 
increased costs (78).

Human resources are 
lacking at every level 
(laboratory, clinical, 
administration) (78).

Mechanisms to enforce 
ASPs are lacking (101, 123).

There is potential for 
cost increases and 
prolonged consultation 
times (78, 140).

No specialized infection 
control units or personnel 
monitor the work of 
physicians and follow 
up on their adherence 
to guidelines/clinical 
pathways (78).

Funding for diagnostics 
and lack of access to 
reports on antibiotic 
resistance in hospitals, 
which could serve as 
guidance for adjustment 
of local protocols, 
are lacking (157).

Funding for curriculum 
development, training and 
education is lacking (155).

Difficult to implement 
setting-specific 
interventions if antibiotic 
resistance data is not 
available at facility 
level (146, 148).

Table 4. (Contd)
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Level Option 1 Option 2 Option 3

Social and political constraints

Political stability 
and technical 
capacities

Frequent changes of 
policy- and decision-
makers (in the Ministry 
of Health and hospital 
management) affect 
sustainability (multi-
stakeholder consultative 
workshop discussions).

Frequent changes of 
policy- and decision-
makers (in the Ministry 
of Health and hospital 
management) affect 
sustainability (multi-
stakeholder consultative 
workshop discussions).

Mechanisms for 
coordinated curricula 
development that would 
reflect the evidence from 
the practice are lacking 
(multi-stakeholder 
consultative workshop 
discussions).

Potential opportunities
To overcome the barriers listed above, this evidence brief for policy also considers potential 
opportunities, adapted to the specificities of the national context.

Option 1. Revision, contextualization and implementation of guidelines 
for antibiotic therapy

»» Existing clinical guidelines could be used as a basis for revision and adaptation to the 
national context.

»» Health professionals working at all three (primary, secondary and tertiary) levels of 
care are willing to sit at the same table to discuss problems and possible solutions.

»» Professional associations exist that could be used as vehicles for discussing updated 
and proposed clinical guidelines and, once endorsed, for ensuring that doctors are 
educated to implement the guidelines and for promoting adherence (7, 140, 144).

»» The Ministry of Health understands the problem of non-applicability of clinical 
guidelines and has recently initiated a process of revision – practitioners through their 
professional associations should insist on participating in this process.

Option 2. Establishment of ASPs in hospitals, accompanied by an 
antibiotic use reporting system

»» Managers in some hospitals have raised awareness about prudent antibiotic use. 
Piloting of antibiotic stewardship in these hospitals could be used as a primer for other 
hospital settings.

»» Activities to improve infection prevention and control practices in hospitals, including 
law-regulated committees to monitor intra-hospital infections, are ongoing.

»» The established system for antibiotic consumption in primary care could serve as a 
template/model for monitoring antibiotic consumption in hospitals.

»» Committees for intra-hospital infections are in place that can undertake the role of 
monitoring antibiotic use in hospitals (antibiotic stewardship teams) and provide 

Table 4. (Contd)
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advice in particular cases of overprescribing doctors. The rulebook regulating 
these committees enlists this function (monitoring of antibiotic consumption). The 
advantage of these committees is their multidisciplinary structure, involving clinicians, 
microbiologists, epidemiologists, infection control nurses and similar.

»» The antibiotic stewardship team present in one private hospital (including a 
pharmacist, microbiologist and internist with distinct roles in monitoring antibiotic 
use within the entire process) could serve as model for public hospitals to establish 
similar teams.

Option 3. Strengthening education curricula on prudent antibiotic use 

»» A system is established for relicensing medical doctors, dentists and pharmacists and 
for continuous professional education, as well as training and awareness-raising at 
all levels of care, including some modules for prudent use of antibiotics – improved 
clinical practice and rapid diagnostics. This could be used as a vehicle for education 
and awareness-raising of the importance of antibiotic resistance reporting and 
development of local susceptibility data reports by regions/hospital wards, where 
specific antimicrobial stewardship courses could be made mandatory for all health 
care professionals within their continued professional education programmes.

»» Appropriate monitoring and reporting of antibiotic use (in terms of quantity) exists 
at the primary level. This system could be complemented with additional features to 
follow antibiotic use by patients across all levels of care.

»» Awareness of the existence of the problem could be further raised using the ongoing 
dialogue between primary and secondary care physicians at expert level through 
symposia and meetings organized by professional associations. 



39

REFERENCES

1.	 Versporten A, Zarb P, Caniaux I, Gros M-F, Drapier N, Miller M et al. Antimicrobial consumption 
and resistance in adult hospital inpatients in 53 countries: results of an internet-based 
global point prevalence survey. Lancet Glob Health. 2018;6(6):e619–29.

2.	 Zarb P, Amadeo B, Muller A, Drapier N, Vankerckhoven V, Davey P et al. Identification of 
targets for quality improvement in antimicrobial prescribing: the web-based ESAC Point 
Prevalence Survey 2009. J Antimicrob Chemother. 2010;66:443–9.

3.	 Angelovska B, Drakalska E, Atanasova M, Kostik V, Trajkoska J. Issuing the antibiotics for 
children with and without prescription in pharmacies in Republic of Macedonia. J Pharm 
Pharmacol. 2016;4:5–9.

4.	 Ivanovska V, Zdravkovska M, Bosevska G, Angelovska B. Antibiotics for upper respiratory 
infections: public knowledge, beliefs and self-medication in the Republic of Macedonia. Pril 
(Makedon Akad Nauk Umet Odd Med Nauki). 2013;34:59–70.

5.	 Bosevska G, Panovski N, Kuzmanovska G, Coneva E, Memeti S, Cekovska Z et al. The 
first survey about the antibiotic usage in the Republic of Macedonia. Med Glas (Zenica). 
2012;9:393–6.

6.	 Milevska Kostova N. Policy change and regulation of primary care prescribing and dispensing 
in Macedonia – a qualitative study [PhD thesis]. Sheffield: University of Sheffield; 2017.

7.	 Davey P, Marwick CA, Scott CL, Charani E, McNeil K, Brown E et al. Interventions to improve 
antibiotic prescribing practices for hospital inpatients. Cochrane Database Syst Rev. 
2017;2:CD003543.

8.	 The FAO-OIE-WHO Collaboration: sharing responsibilities and coordinating global activities 
to address health risks at the animal-human-ecosystems interfaces – a tripartite concept 
note. Geneva: World Health Organization; 2010 (https://www.who.int/influenza/resources/
documents/tripartite_concept_note_hanoi/en/, accessed 4 November 2019).

9.	 The Tripartite’s Commitment: providing multi-sectoral, collaborative leadership in 
addressing health challenges. Rome: Food and Agriculture organization of the United 
Nations; 2017 (https://www.oie.int/fileadmin/home/eng/Media_Center/docs/pdf/
onehealthportal/Tripartite_2017.pdf, accessed 25 November 2019).

10.	 Phillips I, Casewell M, Cox T, De Groot B, Friis C, Jones R et al. Does the use of antibiotics in 
food animals pose a risk to human health? A critical review of published data. J Antimicrob 
Chemother. 2004;53:28–52.

11.	 Lax E. The mold in Dr Florey’s coat: the story of the penicillin miracle. New York: Macmillan; 
2004.

12.	 Mossialos E, Morel C, Edwards S, Berenson J, Gemmill-Toyama M, Brogan D.  Policies and 
incentives for promoting innovation in antibiotic research. Copenhagen: WHO Regional 
Office for Europe; 2009 (http://www.euro.who.int/en/about-us/partners/observatory/
publications/studies/policies-and-incentives-for-promoting-innovation-in-antibiotic-
research-2010, accessed 5 November 2019).



40  

EVIDENCE BRIEF FOR POLICY

13.	 Finch R. Innovation – drugs and diagnostics. J Antimicrob Chemother. 2007;60(Suppl 
1):i79–82.

14.	 Monaghan RL, Barrett JF. Antibacterial drug discovery – then, now and the genomics future. 
Biochem Pharmacol. 2006;71:901–9.

15.	 Filice G, Drekonja D, Greer N, Butler M, Wagner B, MacDonald R et al. Antimicrobial stewardship 
programs in inpatient settings: a systematic review. Washington DC: Department of Veterans 
Affairs; 2013.

16.	 Coast J, Smith R, Millar M. An economic perspective on policy to reduce antimicrobial 
resistance. Soc Sci Med. 1998;46:29–38.

17.	 Bancroft EA. Antimicrobial resistance: it’s not just for hospitals. JAMA. 2007;298:1803–4.

18.	 Spellberg B, Powers JH, Brass EP, Miller LG, Edwards Jr JE. Trends in antimicrobial drug 
development: implications for the future. Clin Infect Dis. 2004;38:1279–86.

19.	 Morel CM, Mossialos E. Stoking the antibiotic pipeline. BMJ. 2010;340:c2115.

20.	 Harbarth S, Theuretzbacher U, Hackett J, DRIVE-AB consortium. Antibiotic research and 
development: business as usual? J Antimicrob Chemother. 2015;70:1604–7.

21.	 Carroll KC. Rapid diagnostics for methicillin-resistant Staphylococcus aureus: current status. 
Mol Diagn Ther. 2008;12:15–24.

22.	 Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt F, Balakrishnan R et al. Emergence 
of a new antibiotic resistance mechanism in India, Pakistan, and the UK: a molecular, 
biological, and epidemiological study. Lancet Infect Dis. 2010;10:597–602.

23.	 Goossens H, Ferech M, Vander Stichele R, Elseviers M, ESAC Project Group. Outpatient 
antibiotic use in Europe and association with resistance: a cross-national database study. 
Lancet. 2005;365:579–87.

24.	 Goossens H, Guillemot D, Ferech M, Schlemmer B, Costers M, van Breda M et al. National 
campaigns to improve antibiotic use. Eur J Clin Pharmacol. 2006;62:373–79.

25.	 Huttner B, Goossens H, Verheij T, Harbarth S. Characteristics and outcomes of public 
campaigns aimed at improving the use of antibiotics in outpatients in high-income 
countries. Lancet Infect Dis. 2010;10:17–31.

26.	 Carlet J, Collignon P, Goldmann D, Goossens H, Gyssens IC, Harbarth S et al. Society’s failure 
to protect a precious resource: antibiotics. Lancet. 2011;378:369–71.

27.	 Stemming the superbug tide: just a few dollars more. Paris: OECD Publications; 2018 (https://
www.oecd.org/health/stemming-the-superbug-tide-9789264307599-en.htm, accessed 6 
November 2019).

28.	 Cassini A, Högberg LD, Plachouras D, Quattrocchi A, Hoxha A, Simonsen GS et al. Attributable 
deaths and disability-adjusted life-years caused by infections with antibiotic-resistant 
bacteria in the EU and the European Economic Area in 2015: a population-level modelling 
analysis. Lancet Infect Dis. 2019;19:56–66.

29.	 Hofer U. The cost of antimicrobial resistance. Nat Rev Microbiol. 2019;17:3.

30.	 Global action plan on antimicrobial resistance. Geneva: World Health Organization; 2015 
(https://apps.who.int/iris/handle/10665/193736, accessed 6 November 2019).

31.	 Högberg LD, Muller A, Zorzet A, Monnet DL, Cars O. Antibiotic use worldwide. Lancet Infect 
Dis. 2014;14:1179–80.



41

Promoting appropriate use of antibiotics in hospitals to contain antibiotic resistance in North Macedonia

32.	 Broughton EI, Chitashvili T, Hill K, Cherkezishvili E, Shengelia N. Antibiotic use worldwide. 
Lancet Infect Dis. 2014;14:1179.

33.	 Versporten A, Bolokhovets G, Ghazaryan L, Abilova V, Pyshnik G, Spasojevic T et al. Antibiotic 
use in eastern Europe: a cross-national database study in coordination with the WHO 
Regional Office for Europe. Lancet Infect Dis. 2014;14:381–7.

34.	 Summary of the latest data on antibiotic consumption in the European Union: 2017. 
Stockholm: European Centre for Disease Prevention and Control; 2017 (https://www.ecdc.
europa.eu/en/publications-data/summary-latest-data-antibiotic-consumption-eu-2017, 
accessed 6 November 2019)

35.	 Summary of the latest data on antibiotic consumption in the European Union: 2015. 
Stockholm: European Centre for Disease Prevention and Control; 2015 (https://www.ecdc.
europa.eu/en/publications-data/summary-latest-data-antibiotic-consumption-eu-2015, 
accessed 3 November 2019).

36.	 Antimicrobial consumption database (ESAC-Net). Stockholm: European Centre for Disease 
Prevention and Control; 2019 (https://www.ecdc.europa.eu/en/antimicrobial-consumption/
surveillance-and-disease-data/database, accessed 6 November 2019).

37.	 Introduction to drug utilization research. Geneva: World Health Organization; 2003 (http://
apps.who.int/medicinedocs/en/d/Js4876e/, accessed 6 November 2019).

38.	 WHO model list of essential medicines, 21st list. Geneva: World Health Organization; 
2019 (https://www.who.int/medicines/publications/essentialmedicines/en/, accessed 25 
November 2019).

39.	 Health Insurance Fund annual report 2012. Skopje: Health Insurance Fund; 2013.

40.	 Health Insurance Fund annual report 2013. Skopje: Health Insurance Fund; 2014.

41.	 Health Insurance Fund annual report 2016. Skopje: Health Insurance Fund; 2017.

42.	 Shakiri E. Assessment of antimicrobial prescribing practices in hospital settings in 
Skopje, according to the point prevalence study (PPS) methodology of antibiotic use and 
antimicrobial resistance [Master’s thesis]. Skopje: Medical Faculty, Ss. Cyril and Methodius; 
2018.

43.	 Rawson TM, Charani E, Moore LSP, Hernandez B, Castro-Sánchez E, Herrero P et al. Mapping 
the decision pathways of acute infection management in secondary care among UK medical 
physicians: a qualitative study. BMC Med. 2016;14:208.

44.	 Lewis PJ, Tully MP. Uncomfortable prescribing decisions in hospitals: the impact of 
teamwork. J R Soc Med. 2009;102:481–8.

45.	 Livorsi D, Comer A, Matthias MS, Perencevich EN, Bair MJ. Factors influencing antibiotic-
prescribing decisions among inpatient physicians: a qualitative investigation. Infect Control 
Hosp Epidemiol. 2015;36:1065–72.

46.	 Charani E, Castro-Sánchez E, Sevdalis N, Kyratsis Y, Drumright L, Shah N et al. Understanding 
the determinants of antimicrobial prescribing within hospitals: the role of “prescribing 
etiquette”. Clin Infect Dis. 2013;57:188–96.

47.	 Hulscher ME, Grol RP, van der Meer JW. Antibiotic prescribing in hospitals: a social and 
behavioural scientific approach. Lancet Infect Dis. 2010;10:167–75.

48.	 Ramsay C, Brown E, Hartman G, Davey P. Room for improvement: a systematic review of 
the quality of evaluations of interventions to improve hospital antibiotic prescribing. J 
Antimicrob Chemother. 2003 52:764–71.



42  

EVIDENCE BRIEF FOR POLICY

49.	 Roberts RR, Hota B, Ahmad I, Scott RD, Foster SD, Abbasi F et al. Hospital and societal 
costs of antimicrobial-resistant infections in a Chicago teaching hospital: implications for 
antibiotic stewardship. Clin Infect Dis. 2009;49:1175–84.

50.	 Robertson R, Jochelson K. Interventions that change clinician behaviour: mapping the 
literature. London: National Institute of Clinical Excellence; 2006 (https://www.nice.org.uk/
Media/Default/About/what-we-do/Into-practice/Support-for-service-improvement-and-
audit/Kings-Fund-literature-review.pdf, accessed 4 November 2019).

51.	 Shorr AF, Micek ST, Welch EC, Doherty JA, Reichley RM, Kollef MH. Inappropriate antibiotic 
therapy in Gram-negative sepsis increases hospital length of stay. Crit Care Med. 2011;39:46–
51.

52.	 Mihajlov K, Andreska A, Ristovska N, Grdanoska T, Trajkovska-Dokic E. Distribution of 
Clostridium difficile ribotypes in Macedonian patients and their antimicrobial susceptibility. 
Open Access Maced J Med Sci. 2019;7:1896–9.

53.	 van den Bosch C, Hulscher ME, Akkermans RP, Wille J, Geerlings SE, Prins JM. Appropriate 
antibiotic use reduces length of hospital stay. J Antimicrob Chemother. 2017;72:923–32.

54.	 Central Asian and Eastern European Surveillance of Antimicrobial Resistance: annual 
report 2019. Copenhagen: WHO Regional Office for Europe; 2019 (http://www.euro.who.
int/en/health-topics/disease-prevention/antimicrobial-resistance/publications/2019/
central-asian-and-european-surveillance-of-antimicrobial-resistance.-annual-report-2019, 
accessed 3 December 2019).

55.	 Central Asian and Eastern European Surveillance of Antimicrobial Resistance: annual 
report 2017. Copenhagen: WHO Regional Office for Europe; 2018 (http://www.euro.who.
int/en/health-topics/disease-prevention/antimicrobial-resistance/publications/2017/
central-asian-and-eastern-european-surveillance-of-antimicrobial-resistance.-annual-
report-2017-2018, accessed 3 November 2019).

56.	 Cosgrove SE. The relationship between antimicrobial resistance and patient outcomes: 
mortality, length of hospital stay, and health care costs. Clin Infect Dis. 2006;42:S82–9.

57.	 Schultz L, Lowe TJ, Srinivasan A, Neilson D, Pugliese G. Economic impact of redundant 
antimicrobial therapy in US hospitals. Infect Control Hosp Epidemiol. 2014;35:1229–35.

58.	 Ernst ME, Kelly MW, Hoehns JD, Swegle JM, Buys LM, Logemann CD et al. Prescription 
medication costs: a study of physician familiarity. Arch Fam Med. 2000;9:1002–7.

59.	 Coenen S, Michiels B, Renard D, Denekens J, Van Royen P. Antibiotic prescribing for acute 
cough: the effect of perceived patient demand. Br J Gen Pract. 2006;56:183–90.

60.	 Little P, Williamson I. Sore throat management in general practice. Fam Pract. 1996;13:317–
21.

61.	 Greenfield S, Bryan S, Gill P, Gutridge K, Marshall T. Factors influencing clinicians’ decisions to 
prescribe medication to prevent coronary heart disease. J Clin Pharm Ther. 2005;30:77–84.

62.	 Jacoby A, Smith M, Eccles M. A qualitative study to explore influences on general 
practitioners’ decisions to prescribe new drugs. Br J Gen Pract. 2003;53:120–5.

63.	 Hassell K, Atella V, Schafheutle EI, Weiss MC, Noyce PR. Cost to the patient or cost to the 
healthcare system? Which one matters the most for GP prescribing decisions? A UK–Italy 
comparison. Eur J Public Health.  2003;13:18–23.

64.	 Ljungberg C, Lindblad ÅK, Tully MP. Hospital doctors’ views of factors influencing their 
prescribing. J Eval Clin Pract. 2007;13:765–71.



43

Promoting appropriate use of antibiotics in hospitals to contain antibiotic resistance in North Macedonia

65.	 Prosser H, Walley T. New drug prescribing by hospital doctors: the nature and meaning of 
knowledge. Soc Sci Med. 2006;62:1565–78.

66.	 Maddox C. Influences on non-medical prescribing: nurse and pharmacist prescribers in 
primary and community care [PhD thesis]. Manchester: University of Manchester; 2011.

67.	 Andersson DI, Hughes D. Antibiotic resistance and its cost: is it possible to reverse resistance? 
Nat Rev Microbiol. 2010;8:260–71.

68.	 Laxminarayan R, Duse A, Wattal C, Zaidi AK, Wertheim HF, Sumpradit N et al. Antibiotic 
resistance – the need for global solutions. Lancet Infect Dis. 2013;13:1057–98.

69.	 de Kraker ME, Davey PG, Grundmann H, BURDEN study group. Mortality and hospital 
stay associated with resistant Staphylococcus aureus and Escherichia coli bacteremia: 
estimating the burden of antibiotic resistance in Europe. PLoS Med. 2011;8:e1001104.

70.	 Containing antimicrobial resistance: review of the literature and report of a WHO workshop 
on the development of a global strategy for the containment of antimicrobial resistance, 
Geneva, Switzerland, 4–5 February 1999. Geneva: World Health Organization; 1999 (https://
apps.who.int/iris/handle/10665/66157, accessed 6 November 2019).

71.	 Barber N. Drugs: from prescription only to pharmacy only. BMJ. 1993;307:640.

72.	 Barber N. What constitutes good prescribing? BMJ. 1995;310:923–5.

73.	 O’Connor MN, Gallagher P, O’Mahony D. Inappropriate prescribing: criteria, detection and 
prevention. Drugs Aging. 2012;29:437–52.

74.	 Bissell P, Ward PR, Noyce PR. The dependent consumer: reflections on accounts of the risks 
of non-prescription medicines. Health. 2001;5:5–30.

75.	 Patterson SM, Hughes C, Kerse N, Cardwell CR, Bradley MC. Interventions to improve 
the appropriate use of polypharmacy for older people. Cochrane Database Syst Rev. 
2012;5:CD008165.

76.	 Wood F, Simpson S, Butler CC. Socially responsible antibiotic choices in primary care: 
a qualitative study of GPs’ decisions to prescribe broad-spectrum and fluroquinolone 
antibiotics. Fam Pract. 2007 24:427–34.

77.	 Higgins MP, Tully MP. Hospital doctors and their schemas about appropriate prescribing. 
Med Educ. 2005;39:184–93.

78.	 Drekonja DM, Filice GA, Greer N, Olson A, MacDonald R, Rutks I et al. Antimicrobial 
stewardship in outpatient settings: a systematic review. Infect Control Hosp Epidemiol. 
2015;36:142–52.

79.	 Monnier AA, Schouten J, Le Marechal M, Tebano G, Pulcini C, Stanic Benic M et al. Quality 
indicators for responsible antibiotic use in the inpatient setting: a systematic review followed 
by an international multidisciplinary consensus procedure. J Antimicrob Chemother. 
2018;73:vi30–9.

80.	 Schuts EC, Hulscher M, Mouton JW, Verduin CM, Stuart J, Overdiek H et al. Current evidence 
on hospital antimicrobial stewardship objectives: a systematic review and meta-analysis. 
Lancet Infect Dis. 2016;16:847–56.

81.	 How to improve antibiotic use in my hospital: a practical course to antibiotic stewardship 
in the former Yugoslav Republic of Macedonia. In: WHO/Europe [website]. Copenhagen: 
WHO Regional Office for Europe; 2017 (http://www.euro.who.int/en/health-topics/disease-
prevention/antimicrobial-resistance/news/news/2017/01/how-to-improve-antibiotic-use-



44  

EVIDENCE BRIEF FOR POLICY

in-my-hospital-a-practical-course-to-antibiotic-stewardship-in-the-former-yugoslav-
republic-of-macedonia, accessed 6 November 2019).

82.	 Burke JF. The effective period of preventive antibiotic action in experimental incisions and 
dermal lesions. Surgery. 1961;50:161–8.

83.	 Classen DC, Evans RS, Pestotnik SL, Horn SD, Menlove RL, Burke JP. The timing of 
prophylactic administration of antibiotics and the risk of surgical-wound infection. N Engl J 
Med. 1992;326:281–6.

84.	 Peled IJ, Dvir G, Berger J, Ramon I, Ullmann Y, Nachlieli T. Prophylactic antibiotics in aesthetic 
and reconstructive surgery. Aesthetic Plast Surg. 2000;24:299–302.

85.	 Bratzler DW, Houck PM, Surgical Infection Prevention Guideline Writers Workgroup. 
Antimicrobial prophylaxis for surgery: an advisory statement from the National Surgical 
Infection Prevention Project. Am J Surg. 2005;189:395–404.

86.	 Boissinot M, Bergeron MG. Toward rapid real-time molecular diagnostic to guide smart use 
of antimicrobials. Curr Opin Microbiol. 2002;5:478–82.

87.	 v van Buul LW, Sikkens JJ, van Agtmael MA, Kramer MH, van der Steen JT, Hertogh CM. 
Participatory action research in antimicrobial stewardship: a novel approach to improving 
antimicrobial prescribing in hospitals and long-term care facilities. J Antimicrob Chemother. 
2014;69:1734–41.

88.	 Gonzalez-Gonzalez C, López-Vázquez P, Vázquez-Lago JM, Piñeiro-Lamas M, Herdeiro MT, 
Arzamendi PC et al. Effect of physicians’ attitudes and knowledge on the quality of antibiotic 
prescription: a cohort study. PLoS One 2015;10:e0141820.

89.	 Fleming A, Bradley C, Cullinan S, Byrne S. Antibiotic prescribing in long-term care facilities: a 
meta-synthesis of qualitative research. Drugs Aging. 2015;32:295–303.

90.	 Kumar S, Little P, Britten N. Why do general practitioners prescribe antibiotics for sore 
throat? Grounded theory interview study. BMJ. 2003;326:138.

91.	 Cars H, Håkansson A. To prescribe – or not to prescribe – antibiotics: district physicians’ 
habits vary greatly, and are difficult to change. Scand J Prim Health Care. 1995;13:3–7.

92.	 Wathen B, Dean T. An evaluation of the impact of NICE guidance on GP prescribing. Br J Gen 
Pract. 2004;54:103–7.

93.	 Coenen S, Dirven K, Michiels B, Denekens J, Van Royen P. Implementing a clinical practice 
guideline on acute cough in general practice: a Belgian experience with academic detailing. 
Med Mal Infect. 2005;35:S97–9.

94.	 Schwartz RK, Soumerai SB, Avorn J. Physician motivations for nonscientific drug prescribing. 
Soc Sci Med. 1989;28:577–82.

95.	 Wood-Mitchell A, James IA, Waterworth A, Swann A, Ballard C. Factors influencing the 
prescribing of medications by old age psychiatrists for behavioural and psychological 
symptoms of dementia: a qualitative study. Age Ageing. 2008;37:547–52.

96.	 Tichelaar J, Richir M, Avis H, Scholten H, Antonini N, De Vries TP. Do medical students copy 
the drug treatment choices of their teachers or do they think for themselves? Eur J Clin 
Pharmacol. 2010;66:407–12.

97.	 Elston MA. The politics of professional power: medicine in a changing health service. In Bury 
M, Calnan M, Gabe J, editors. The sociology of the health service. London:  Routledge; 2002: 
68–98.



45

Promoting appropriate use of antibiotics in hospitals to contain antibiotic resistance in North Macedonia

98.	 Armstrong D. Clinical autonomy, individual and collective: the problem of changing doctors’ 
behaviour. Soc Sci Med. 2002;55:1771–7.

99.	 Taylor RJ, Bond CM. Change in the established prescribing habits of general practitioners: an 
analysis of initial prescriptions in general practice. Br J Gen Pract. 1991;41:244–8.

100.	 Chapman S, Durieux P, Walley T. Good prescribing practice. In: Mossialos E, Mrazek M, Walley 
T, editors. Regulating pharmaceuticals in Europe: striving for efficiency, equity and quality. 
Maidenhead: Open University Press; 2004: 144–57.

101.	 Andrews T, Thompson M, Buckley DI, Heneghan C, Deyo R, Redmond N et al. Interventions 
to influence consulting and antibiotic use for acute respiratory tract infections in children: a 
systematic review and meta-analysis. PLoS One. 2012;7:e30334.

102.	 Tonkin-Crine S. Changing the prescribing behaviour of general practitioners: understanding 
the acceptability and feasibility of interventions to promote prudent antibiotic use across 
Europe [PhD thesis]. Southampton: University of Southampton; 2012.

103.	 Buusman A, Andersen M, Merrild C, Elverdam B. Factors influencing GPs’ choice between 
drugs in a therapeutic drug group. A qualitative study. Scand J Prim Health Care. 
2007;25:208–13.

104.	 Eccles M, Soutter J, Bateman D, Campbell M, Smith J. Influences on prescribing in non-
fundholding general practices. Br J Gen Pract. 1996;46:287–90.

105.	 Armstrong D, Ogden J. The role of etiquette and experimentation in explaining how doctors 
change behaviour: a qualitative study. Sociol Health Illn. 2006;28:951–68.

106.	 Cantrill JA, Dowell J, Roland M. Qualitative insights into general practitioners’ views on the 
appropriateness of their long-term prescribing. IJPP. 2000;8:20–6.

107.	 Ivanovska V, Hek K, Mantel-Teeuwisse AK, Leufkens HG, van Dijk L. Age-specific antibiotic 
prescribing and adherence to guidelines in pediatric patients in primary care. Pediatr Infect 
Dis J. 2018;37:218–23.

108.	 Schuts EC, van den Bosch CM, Gyssens IC, Kullberg BJ, Leverstein-van Hall MA, Natsch S 
et al. Adoption of a national antimicrobial guide (SWAB-ID) in the Netherlands. Eur J Clin 
Pharmacol. 2016;72:249–52.

109.	 Antimicrobial Prescribing Guidelines. London: National Institute for Health and Care 
Excellence; 2019 (https://www.health-ni.gov.uk/articles/nice-antimicrobial-prescribing-
guidelines, accessed 13 November 2019).

110.	 SWAB guidelines for antimicrobial stewardship. Leiden: Stichting Werkgroep 
Antibiotica Beleid; 2016 (https://www.swab.nl/swab/cms3.nsf/uploads/
FAF701FBF4FCBDD6C12580EC0037D292/$FILE/20161228 SWAB  
Guidelines for Antimicrobial Stewardship -definitief.pdf, accessed 3 November 2019).

111.	 Čižman M, Beović B, Marolt-Gomišček M, Seme K. Kako predpisujemo protimikrobna 
zdravila v bolnišnicah [How we prescribe antimicrobial drugs in hospitals]. Ljubljana: 
Slovene Medical Society – Section for Antimicrobial Medicines; 2013.

112.	 Ubbink DT, Guyatt GH, Vermeulen H. Framework of policy recommendations for 
implementation of evidence-based practice: a systematic scoping review. BMJ. 2013; 
3:e001881.

113.	 van der Velden AW, Pijpers EJ, Kuyvenhoven MM, Tonkin-Crine SK, Little P, Verheij TJ. 
Effectiveness of physician-targeted interventions to improve antibiotic use for respiratory 
tract infections. Br J Gen Pract. 2012;62:e801–7.



46  

EVIDENCE BRIEF FOR POLICY

114.	 Bloom BS. Effects of continuing medical education on improving physician clinical care 
and patient health: a review of systematic reviews. Int J Technol Assess Health Care. 
2005;21:380–5.

115.	 Chung GW, Wu JE, Yeo CL, Chan D, Hsu LY. Antimicrobial stewardship: a review of prospective 
audit and feedback systems and an objective evaluation of outcomes. Virulence. 2013;4:151–
7.

116.	 Scurlock-Evans L, Upton P, Upton D. Evidence-based practice in physiotherapy: a systematic 
review of barriers, enablers and interventions. Physiotherapy. 2014;100:208–19.

117.	 Saedon H, Salleh S, Balakrishnan A, Imray CH, Saedon M. The role of feedback in improving 
the effectiveness of workplace based assessments: a systematic review. BMC Med Educ. 
2012;12:25.

118.	 Zeng L, Zhang L, Hu Z, Ehle EA, Chen Y, Liu L et al. Systematic review of evidence-based 
guidelines on medication therapy for upper respiratory tract infection in children with 
AGREE instrument. PLoS One. 2014;9:e87711.

119.	 Nathwani D, Rubinstein E, Barlow G, Davey P. Do guidelines for community-acquired 
pneumonia improve the cost–effectiveness of hospital care? Clin Infect Dis. 2001;32:728–41.

120.	 Responsibility for prescribing between primary and secondary/tertiary care. London: NHS 
England; 2018 (https://www.england.nhs.uk/publication/responsibility-for-prescribing-
between-primary-and-secondary-tertiary-care/, accessed 7 November 2019).

121.	 Schouten JA, Hulscher ME, Natsch S, Kullberg BJ, van der Meer JW, Grol RP. Barriers to 
optimal antibiotic use for community-acquired pneumonia at hospitals: a qualitative study. 
Qual Saf Health Care. 2007;16:143–9.

122.	 Smyth MA, Brace-McDonnell SJ, Perkins GD. Impact of prehospital care on outcomes in 
sepsis: a systematic review. West J Emerg Med. 2016;17:427–37.

123.	 Pulcini C, Morel CM, Tacconelli E, Beovic B, de With K, Goossens H et al. Human resources 
estimates and funding for antibiotic stewardship teams are urgently needed. Clin Microbiol 
Infect. 2017;23:785–7.

124.	 Wagner B, Filice GA, Drekonja D, Greer N, MacDonald R, Rutks I et al. Antimicrobial 
stewardship programs in inpatient hospital settings: a systematic review. Infect Control 
Hosp Epidemiol. 2014;35:1209–28.

125.	 Lee CR, Cho IH, Jeong BC, Lee SH. Strategies to minimize antibiotic resistance. Int J Environ 
Res Public Health. 2013;10:4274–305.

126.	 Owens Jr RC. Antimicrobial stewardship: concepts and strategies in the 21st century. Diagn 
Microbiol Infect Dis. 2008;61:110–28.

127.	 Liew YX, Lee W, Loh JCZ, Cai Y, Tang SSL, Lim CLL et al. Impact of an antimicrobial 
stewardship programme on patient safety in Singapore General Hospital. Int J Antimicrob 
Agents. 2012;40:55–60.

128.	 Baur D, Gladstone BP, Burkert F, Carrara E, Foschi F, Döbele S et al. Effect of antibiotic 
stewardship on the incidence of infection and colonisation with antibiotic-resistant bacteria 
and Clostridium difficile infection: a systematic review and meta-analysis. Lancet Infect Dis. 
2017;17:990–1001.

129.	 Feazel LM, Malhotra A, Perencevich EN, Kaboli P, Diekema DJ, Schweizer ML. Effect of 
antibiotic stewardship programmes on Clostridium difficile incidence: a systematic review 
and meta-analysis. J Antimicrob Chemother. 2014;69:1748–54.



47

Promoting appropriate use of antibiotics in hospitals to contain antibiotic resistance in North Macedonia

130.	 Kaki R, Elligsen M, Walker S, Simor A, Palmay L, Daneman N. Impact of antimicrobial 
stewardship in critical care: a systematic review. J Antimicrob Chemother. 2011;66:1223–30.

131.	 Baysari MT, Lehnbom EC, Li L, Hargreaves A, Day RO, Westbrook JI. The effectiveness of 
information technology to improve antimicrobial prescribing in hospitals: A systematic 
review and meta-analysis. Int J Med Inform. 2016;92:15–34.

132.	 Teerawattanapong N, Kengkla K, Dilokthornsakul P, Saokaew S, Apisarnthanarak A, 
Chaiyakunapruk N. Prevention and control of multidrug-resistant Gram-negative bacteria 
in adult intensive care units: a systematic review and network meta-analysis. Clin Infect Dis. 
2017;64:S51–60.

133.	 Karanika S, Paudel S, Grigoras C, Kalbasi A, Mylonakis E. Systematic review and meta-
analysis of clinical and economic outcomes from the implementation of hospital-based 
antimicrobial stewardship programs. Antimicrob Agents Chemother. 2016;60:4840–52.

134.	 Ivers N, Jamtvedt G, Flottorp S, Young JM, Odgaard-Jensen J, French SD et al. Audit and 
feedback: effects on professional practice and healthcare outcomes. Cochrane Database 
Syst Rev. 2012;6:CD000259.

135.	 Flodgren G, Rojas-Reyes MX, Cole N, Foxcroft DR. Effectiveness of organisational 
infrastructures to promote evidence-based nursing practice. Cochrane Database Syst Rev. 
2012;2:CD002212.

136.	 Lugtenberg M, Burgers J, Westert G. Effects of evidence-based clinical practice guidelines on 
quality of care: a systematic review. BMJ Qual Saf. 2009;18:385–92.

137.	 Arnold SR, Straus SE. Interventions to improve antibiotic prescribing practices in ambulatory 
care. Cochrane Database Syst Rev. 2005;4:CD003539.

138.	 Ivers NM, Grimshaw JM, Jamtvedt G, Flottorp S, O’Brien MA, French SD et al. Growing 
literature, stagnant science? Systematic review, meta-regression and cumulative analysis of 
audit and feedback interventions in health care. J Gen Intern Med. 2014;29:1534–41.

139.	 Hysong SJ. Meta-analysis: audit and feedback features impact effectiveness on care quality. 
Med Care. 2009;47:356.

140.	 Barlam TF, Cosgrove SE, Abbo LM, MacDougall C, Schuetz AN, Septimus EJ et al. 
Implementing an antibiotic stewardship program: guidelines by the Infectious Diseases 
Society of America and the Society for Healthcare Epidemiology of America. Clin Infect Dis. 
2016;62:e51–77.

141.	 Mazmanian PE, Davis DA. Continuing medical education and the physician as a learner: 
guide to the evidence. JAMA. 2002;288:1057–60.

142.	 Mazmanian PE. Continuing medical education costs and benefits: lessons for competing in a 
changing health care economy. J Contin Educ Health Prof. 2009;29:133–4.

143.	 Zeiger RF. Toward continuous medical education. J Gen Intern Med. 2005;20:91–4.

144.	 Davey P, Garner S. Professional education on antimicrobial prescribing: a report from the 
Specialist Advisory Committee on Antimicrobial Resistance (SACAR) Professional Education 
Subgroup. J Antimicrob Chemother. 2007;60:i27–32.

145.	 Pulcini C, Williams F, Molinari N, Davey P, Nathwani D. Junior doctors’ knowledge and 
perceptions of antibiotic resistance and prescribing: a survey in France and Scotland. Clin 
Microbiol Infect. 2011;17:80–7.

146.	 Schmutz J, Manser TD. Do team processes really have an effect on clinical performance? A 
systematic literature review. Br J Anaesth. 2013;110:529–44.



48  

EVIDENCE BRIEF FOR POLICY

147.	 Lee CR, Lee JH, Kang LW, Jeong BC, Lee SH. Educational effectiveness, target, and content 
for prudent antibiotic use. Biomed Res Int. 2015;2015:214021.

148.	 Cervero RM, Gaines JK. The impact of CME on physician performance and patient health 
outcomes: an updated synthesis of systematic reviews. J Contin Educ Health Prof. 
2015;35:131–8.

149.	 Weaver SJ, Dy SM, Rosen MA. Team-training in healthcare: a narrative synthesis of the 
literature. BMJ Qual Saf. 2014;23:359–72.

150.	 Ranji SR, Steinman MA, Shojania KG, Sundaram V, Lewis R, Arnold S et al. Closing the quality 
gap: a critical analysis of quality improvement strategies (Vol. 4: Antibiotic prescribing 
behavior). Rockville (MD): Agency for Healthcare Research and Quality; 2006.

151.	 McDonagh M, Peterson K, Winthrop K, Cantor A, Holzhammer B, Buckley DI. Improving 
antibiotic prescribing for uncomplicated acute respiratory tract infections. Rockville (MD): 
Agency for Healthcare Research and Quality; 2016.

152.	 Ashiru-Oredope D, Cookson B, Fry C, Advisory Committee on Antimicrobial Resistance and 
Healthcare Associated Infection Professional Education Subgroup. Developing the first 
national antimicrobial prescribing and stewardship competences. J Antimicrob Chemother. 
2014;69:2886–88.

153.	 Grol R, Dalhuijsen J, Thomas S, Rutten G, Mokkink H. Attributes of clinical guidelines that 
influence use of guidelines in general practice: observational study. BMJ. 1998;317:858–61.

154.	 Goff DA, Kullar R, Bauer KA, File Jr TM. Eight habits of highly effective antimicrobial 
stewardship programs to meet the Joint Commission standards for hospitals. Clin Infect Dis. 
2017;64:1134–9.

155.	 Schouten JA, Berrevoets MAH, Hulscher ME. Quality indicators to measure appropriate 
antibiotic use: some thoughts on the black box. Clin Infect Dis. 2017;64:1295.

156.	 Tonna AP, Stewart DC, West B, McCaig DJ. Exploring pharmacists’ perceptions of the 
feasibility and value of pharmacist prescribing of antimicrobials in secondary care in 
Scotland. Int J Pharm Pract. 2010;18:312–19.

157.	 Meeker D, Linder JA, Fox CR, Friedberg MW, Persell SD, Goldstein NJ et al. Effect of behavioral 
interventions on inappropriate antibiotic prescribing among primary care practices: a 
randomized clinical trial. JAMA. 2016;315:562–70.



49

Promoting appropriate use of antibiotics in hospitals to contain antibiotic resistance in North Macedonia



ANNEX 1.  
Summary of evidence relevant to the three options

All the information provided in Tables A1–A3 was considered by the authors in compiling Tables 1–3 in the main 
text of this evidence brief for policy.

Table A1. Summary of evidence relevant to option 1

Systematic review Focus Key findings AMSTAR6 
checklist 
rating

Proportion 
of studies 
conducted in 
North Macedonia

Wagner B, Filice GA, Drekonja D, Greer N, MacDonald R, Rutks I et al. 
Antimicrobial stewardship programs in inpatient hospital settings: a 
systematic review. Infect Control Hosp Epidemiol. 2014;35:1209–28.

Impact of ASPs in hospital settings Research to date has established that ASPs including audit and feedback, 
guideline implementation and decision support improve prescribing and 
microbial outcomes, without significant adverse impact on patient outcomes. 
The current state of knowledge is sufficient to make stewardship implementation 
a priority in all hospitals, especially given the emerging threat of resistance.

7/11 0/37

Davey P, Marwick CA, Scott CL, Charani E, McNeil K, Brown E et al. 
Interventions to improve antibiotic prescribing practices for hospital 
inpatients. Cochrane Database Syst Rev. 2017;2:CD003543.

Interventions to improve antibiotic 
prescribing practices for hospital inpatients

The results show that interventions to reduce excessive antibiotic prescribing in 
hospital inpatients can reduce antibiotic resistance or hospital-acquired infections, 
and interventions to increase effective prescribing can improve clinical outcomes. This 
update provided more evidence on unintended clinical consequences of interventions 
and the effect of interventions to reduce exposure of patients to antibiotics.

7/11 0/ 89

Baysari MT, Lehnbom EC, Li L, Hargreaves A, Day RO, Westbrook JI. The 
effectiveness of information technology to improve antimicrobial prescribing in 
hospitals: a systematic review and meta-analysis. Int J Med Inform. 2016;92:15–34.

While the review stated that there was little evidence of an effect of 
information technology interventions to improve antibiotic prescribing 
on patient mortality or length of stay, it concluded that they can 
improve the appropriateness of antibiotic prescribing.

7/11 0/47

Andrews T, Thompson M, Buckley DI, Heneghan C, Deyo R, Redmond 
N et al. Interventions to influence consulting and antibiotic use 
for acute respiratory tract infections in children: a systematic 
review and meta-analysis. PLoS One. 2012;7:e30334.

Effectiveness of different education 
and communication interventions 
between clinicians and patients 
to reduce antibiotic use

The review concluded that, in practice, change is needed by both doctors 
and patients to reduce antibiotic use and control resistance. The finding 
was that framing education around specific presenting symptoms 
may be more meaningful to patients than less focused approaches of 
general health education interventions directed toward patients. 

8/11 0/20

Drekonja DM, Filice GA, Greer N, Olson A, MacDonald R, Rutks I et 
al. Antimicrobial stewardship in outpatient settings: a systematic 
review. Infect Control Hosp Epidemiol. 2015;36:142–52.

Antimicrobial stewardship 
in outpatient settings

The review found medium-strength evidence that stewardship programmes 
incorporating communication skills training and laboratory testing are 
associated with reductions in antibiotic use, and low-strength evidence that 
other stewardship interventions are associated with improved prescribing. 

Medication costs were generally lower with stewardship interventions, but overall 
programme costs were rarely reported. No studies reported microbial outcomes, 
and data regarding outpatient settings other than primary care clinics are limited.

7/11 0/50

6	 AMSTAR I is the Assessing Methodological Quality of Systematic Reviews quality rating.
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a priority in all hospitals, especially given the emerging threat of resistance.
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inpatients. Cochrane Database Syst Rev. 2017;2:CD003543.

Interventions to improve antibiotic 
prescribing practices for hospital inpatients

The results show that interventions to reduce excessive antibiotic prescribing in 
hospital inpatients can reduce antibiotic resistance or hospital-acquired infections, 
and interventions to increase effective prescribing can improve clinical outcomes. This 
update provided more evidence on unintended clinical consequences of interventions 
and the effect of interventions to reduce exposure of patients to antibiotics.

7/11 0/ 89
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effectiveness of information technology to improve antimicrobial prescribing in 
hospitals: a systematic review and meta-analysis. Int J Med Inform. 2016;92:15–34.

While the review stated that there was little evidence of an effect of 
information technology interventions to improve antibiotic prescribing 
on patient mortality or length of stay, it concluded that they can 
improve the appropriateness of antibiotic prescribing.

7/11 0/47

Andrews T, Thompson M, Buckley DI, Heneghan C, Deyo R, Redmond 
N et al. Interventions to influence consulting and antibiotic use 
for acute respiratory tract infections in children: a systematic 
review and meta-analysis. PLoS One. 2012;7:e30334.

Effectiveness of different education 
and communication interventions 
between clinicians and patients 
to reduce antibiotic use

The review concluded that, in practice, change is needed by both doctors 
and patients to reduce antibiotic use and control resistance. The finding 
was that framing education around specific presenting symptoms 
may be more meaningful to patients than less focused approaches of 
general health education interventions directed toward patients. 

8/11 0/20

Drekonja DM, Filice GA, Greer N, Olson A, MacDonald R, Rutks I et 
al. Antimicrobial stewardship in outpatient settings: a systematic 
review. Infect Control Hosp Epidemiol. 2015;36:142–52.

Antimicrobial stewardship 
in outpatient settings

The review found medium-strength evidence that stewardship programmes 
incorporating communication skills training and laboratory testing are 
associated with reductions in antibiotic use, and low-strength evidence that 
other stewardship interventions are associated with improved prescribing. 

Medication costs were generally lower with stewardship interventions, but overall 
programme costs were rarely reported. No studies reported microbial outcomes, 
and data regarding outpatient settings other than primary care clinics are limited.

7/11 0/50

6	 AMSTAR I is the Assessing Methodological Quality of Systematic Reviews quality rating.



Table A2. Summary of evidence reviews relevant to option 2

Systematic review Focus Key findings AMSTAR 
checklist 
rating

Proportion 
of studies 
conducted in 
North Macedonia

Wagner B, Filice GA, Drekonja D, Greer N, MacDonald R, Rutks I et al. 
Antimicrobial stewardship programs in inpatient hospital settings: a 
systematic review. Infect Control Hosp Epidemiol. 2014;35:1209–28.

Impact of ASPs in hospital settings Research to date has established that ASPs including audit and feedback, 
guideline implementation and decision support improve prescribing and 
microbial outcomes, without significant adverse impact on patient outcomes. 
The current state of knowledge is sufficient to make stewardship implementation 
a priority in all hospitals, especially given the emerging threat of resistance.

7/11 0/37

Davey P, Marwick CA, Scott CL, Charani E, McNeil K, Brown E et al. 
Interventions to improve antibiotic prescribing practices for hospital 
inpatients. Cochrane Database Syst Rev. 2017;2:CD003543.

Interventions to improve antibiotic 
prescribing practices for hospital inpatients

The results show that interventions to reduce excessive antibiotic prescribing 
in hospital inpatients can reduce antibiotic resistance or hospital-
acquired infections, and interventions to increase effective prescribing 
can improve clinical outcomes. This update provides more evidence 
about unintended clinical consequences of interventions and about the 
effect of interventions to reduce exposure of patients to antibiotics.

7/11 0/ 89

Schuts EC, Hulscher M, Mouton JW, Verduin CM, Stuart J, Overdiek H et 
al. Current evidence on hospital antimicrobial stewardship objectives: a 
systematic review and meta-analysis. Lancet Infect Dis. 2016;16:847–56.

Assessment of evidence on hospital 
antimicrobial stewardship objectives 
using qualitative indicators

The review compared studies using 11 quality indicators and found that empirical 
therapy according to guidelines, de-escalation of therapy, a switch from intravenous 
to oral therapy, therapeutic drug monitoring, use of a list of restricted antibiotics 
and bedside consultation (especially for Staphylococcus aureus bacteraemia) can 
lead to significant benefits for clinical outcomes, adverse events and costs. 

11/11 0/146

Drekonja DM, Filice GA, Greer N, Olson A, MacDonald R, Rutks I et 
al. Antimicrobial stewardship in outpatient settings: a systematic 
review. Infect Control Hosp Epidemiol. 2015;36:142–52.

Antimicrobial stewardship 
in outpatient settings

The review found medium-strength evidence that stewardship programmes 
incorporating communication skills training and laboratory testing are 
associated with reductions in antibiotic use, and low-strength evidence that 
other stewardship interventions are associated with improved prescribing. 

Medication costs were generally lower with stewardship interventions, but overall 
programme costs were rarely reported. No studies reported microbial outcomes, 
and data regarding outpatient settings other than primary care clinics are limited.

7/11 0/50
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Wagner B, Filice GA, Drekonja D, Greer N, MacDonald R, Rutks I et al. 
Antimicrobial stewardship programs in inpatient hospital settings: a 
systematic review. Infect Control Hosp Epidemiol. 2014;35:1209–28.

Impact of ASPs in hospital settings Research to date has established that ASPs including audit and feedback, 
guideline implementation and decision support improve prescribing and 
microbial outcomes, without significant adverse impact on patient outcomes. 
The current state of knowledge is sufficient to make stewardship implementation 
a priority in all hospitals, especially given the emerging threat of resistance.

7/11 0/37

Davey P, Marwick CA, Scott CL, Charani E, McNeil K, Brown E et al. 
Interventions to improve antibiotic prescribing practices for hospital 
inpatients. Cochrane Database Syst Rev. 2017;2:CD003543.

Interventions to improve antibiotic 
prescribing practices for hospital inpatients

The results show that interventions to reduce excessive antibiotic prescribing 
in hospital inpatients can reduce antibiotic resistance or hospital-
acquired infections, and interventions to increase effective prescribing 
can improve clinical outcomes. This update provides more evidence 
about unintended clinical consequences of interventions and about the 
effect of interventions to reduce exposure of patients to antibiotics.

7/11 0/ 89

Schuts EC, Hulscher M, Mouton JW, Verduin CM, Stuart J, Overdiek H et 
al. Current evidence on hospital antimicrobial stewardship objectives: a 
systematic review and meta-analysis. Lancet Infect Dis. 2016;16:847–56.

Assessment of evidence on hospital 
antimicrobial stewardship objectives 
using qualitative indicators

The review compared studies using 11 quality indicators and found that empirical 
therapy according to guidelines, de-escalation of therapy, a switch from intravenous 
to oral therapy, therapeutic drug monitoring, use of a list of restricted antibiotics 
and bedside consultation (especially for Staphylococcus aureus bacteraemia) can 
lead to significant benefits for clinical outcomes, adverse events and costs. 

11/11 0/146

Drekonja DM, Filice GA, Greer N, Olson A, MacDonald R, Rutks I et 
al. Antimicrobial stewardship in outpatient settings: a systematic 
review. Infect Control Hosp Epidemiol. 2015;36:142–52.

Antimicrobial stewardship 
in outpatient settings

The review found medium-strength evidence that stewardship programmes 
incorporating communication skills training and laboratory testing are 
associated with reductions in antibiotic use, and low-strength evidence that 
other stewardship interventions are associated with improved prescribing. 

Medication costs were generally lower with stewardship interventions, but overall 
programme costs were rarely reported. No studies reported microbial outcomes, 
and data regarding outpatient settings other than primary care clinics are limited.

7/11 0/50



Table A3. Summary of evidence relevant to option 3

Systematic review Focus Key findings AMSTAR 
checklist 
rating

Proportion 
of studies 
conducted in 
North Macedonia

Andrews T, Thompson M, Buckley DI, Heneghan C, Deyo R, Redmond 
N et al. Interventions to influence consulting and antibiotic use 
for acute respiratory tract infections in children: a systematic 
review and meta-analysis. PLoS One. 2012;7:e30334.

Effectiveness of different education 
and communication interventions 
between clinicians and patients 
to reduce antibiotic use

The review found that framing education around specific 
presenting symptoms may be more meaningful than less focused 
approaches of general health education interventions. 
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Friesen F et al. A review of antimicrobial stewardship training 
in medical education. Int J Med Educ. 2017;8:353.

Antimicrobial stewardship training 
in medical education

This study enhanced understanding of the extent of antimicrobial stewardship 
in the context of medical education, and demonstrated that medical schools are 
implementing antimicrobial stewardship interventions. However, rigorous evaluation 
of programmes to determine whether such efforts are effective is lacking. 

6/11 0/48

Brennan N, Mattick K. A systematic review of educational interventions 
to change behaviour of prescribers in hospital settings, with a particular 
emphasis on new prescribers. Br J Clin Pharmacol. 2013;75:359–72.

Educational interventions to change 
behaviour in hospital settings
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considered effective in changing behaviour.

7/11 0/64
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resistance. Int J Environ Res Public Health. 2013;10:4274–305.

Educational effectiveness, target and 
content for prudent antibiotic use 

The study found that efforts on a national level to improve current educational 
programmes are required and it is necessary to develop appropriate 
educational programmes targeted specifically to each group. In addition, 
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3/11 0/58

Lee CR, Lee JH, Kang LW, Jeong BC, Lee SH. Educational effectiveness, target, 
and content for prudent antibiotic use. Biomed Res Int. 2015;2015:214021.

Effects of different clinician 
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of the intervention group was reduced by 34.1% (between 9% to 52%) compared 
with the control group. The number of inappropriate antibiotic prescriptions 
was also reduced by 41% more on average than the control group. These results 
indicate that clinician education can significantly improve antibiotic prescribing.

4/11 0/28
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ANNEX 2.  
Tacit knowledge sources for the evidence brief for policy

Topic
Expertise and position of participants

Key informant interviews Consultative workshops

Antibiotic use in practice Leading infectious disease specialists 
and medical directors in hospitals 

Leaders and experts in public health

Infectious disease specialists and 
medical directors in hospitals 

Leaders and experts in the field

Microbiology laboratories Practitioner microbiologists, 
infectious disease specialists from 
both public and private providers

Practitioner microbiologists, 
infectious disease specialists from 
both public and private providers

Academic staff at medical and 
pharmaceutical faculties

Regulation and information 
systems for antibiotic use       

 Policy-makers from health authorities 
(Ministry of Health, HIF, MALMED)

Policy-makers from health authorities 
(Ministry of Health, HIF)

Roles, responsibilities and regulation of 
public bodies regarding antibiotic use       

 Policy-makers from health authorities 
(Ministry of Health, HIF, MALMED)

Policy-makers from health authorities 
(Ministry of Health, HIF)

Potential issues in implementation 
of policies on antibiotic use 

 Policy-makers from health authorities 
(Ministry of Health, HIF, MALMED)

Policy-makers from health authorities 
(Ministry of Health, HIF)

General practice Representatives of professional 
associations of general practitioners 
and family medicine specialists

Leading general practitioners, 
family medicine specialists

Undergraduate and 
postgraduate education       

Academic staff of medical, dental 
and pharmaceutical faculties

Professional chambers of health 
professionals (medical, pharmaceutical)

Academic staff at medical and 
pharmaceutical faculties

Professional chambers of health 
professionals (medical, pharmaceutical)

International best practice     A staff member who deals with 
antibiotic resistance within an 
international organization

Staff members and technical officers 
of an international organization who 
deals with antibiotic resistance





Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Iceland
Ireland
Israel
Italy
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Luxembourg
Malta
Monaco
Montenegro
Netherlands
North Macedonia
Norway
Poland
Portugal
Republic of Moldova
Romania
Russian Federation
San Marino
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
Turkey
Turkmenistan
Ukraine
United Kingdom
Uzbekistan
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throughout the world, each with its own programme geared to 
the particular health conditions of the countries it serves.
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