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AMR	 Antimicrobial Resistance

API	 Active Pharmaceutical Ingredient

ECDC	 European Centre for Disease 
	 Prevention and Control

EEA	 European Economic Area

EU	 European Union

GMP	 Good Manufacturing Practice

HCAI	 Healthcare-Associated Infection

IPC	 Infection Prevention and Control

MDRO	 Multi-Drug Resistant Organism

MRSA	 Methicillin-Resistant 
	 Staphylococcus Aureus
OECD	 Organisation for Economic 
	 Co-operation and Development

SOP	 Standard Operating Procedure

WASH	 Water, Sanitation and Hygiene

WHO	 World Health Organization

INTRODUCTION
Antibiotics are vital medicines in the treatment 
of bacterial infections, but their effectiveness is 
under threat by the development and spread of 
drug-resistant bacteria. Described by England’s 
Chief Medical Officer as a “catastrophic threat”, 
antimicrobial resistance (AMR) is estimated to 
cause 700,000 deaths per year globally.1 2   
In the EU, AMR is annually responsible for an es-
timated 33,000 deaths and more than €1.5bn in 
healthcare costs and productivity losses.3 4 If no ef-
fective action is undertaken, AMR will increasing-
ly damage populations’ health and place further 
burden on already strained healthcare budgets, 
particularly in Southern Europe.5

In June 2017 the European Commission adopted 
the EU One Health Action Plan against AMR to 
make the EU a “best practice region”. This plan 
supports Member States to deliver effective, inno-
vative, and sustainable responses to AMR, as well 
as reinforcing the research agenda for AMR and 
promoting global action.6

Healthcare facilities are considered hotspots for 
the development and spread of drug-resistant 
bacteria. According to a study published in The 
Lancet Infectious Diseases journal, approximately 

75% of infections with drug-resistant bacteria in 
the EU/EEA are associated with healthcare.7

In 2018, the European Centre for Disease Pre-
vention and Control (ECDC) identified multid-
rug-resistant bacteria as a leading cause of the 
estimated 8.9 million annual healthcare-associat-
ed infections (HCAIs) in both hospitals (one in 15 
patients) and long-term care facilities (one in 26 
patients) in the EU/EEA.8

Recognising this challenge, Health Care Without 
Harm (HCWH) Europe conducted a survey to iden-
tify best practice for tackling AMR in healthcare fa-
cilities across Europe. The aim of this survey, the 
first of this kind at the EU level, was to produce 
guidelines for hospitals and health systems, as 
well as to inform stakeholders about initiatives on 
the ground.
The survey was completed in 2019 by six health-
care facilities: Aarhus University Hospital (Den-
mark), the Centre Hospitalier de Niort (France), 
the Lazzaro Spallanzani National Institute for 
Infectious Diseases (Italy), National University 
Hospital of Iceland (Iceland), the Royal Infirmary 
of Edinburgh (UK), and Sussex Community NHS 
Foundation Trust (UK).
This report assesses the survey results, highlights 
best practice reported by respondents, and makes 
recommendations in five areas:

1.	 Antibiotic stewardship
2.	 Infection prevention and control
3.	 Wastewater treatment
4.	 Procurement practices
5.	 Training and information
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Denmark -  
Aarhus University Hospital

•	 980 beds
•	 926,000 patients annually
•	 9,700 staff

France -  
Centre Hospitalier de Niort

•	 1,307 beds
•	 78,300 patients annually
•	 3,170 staff

Italy - Lazzaro Spallanzani National 
Institute for Infectious Diseases

•	 169 beds
•	 3,500 patients annually
•	 400 healthcare workers

United Kingdom -  
Royal Infirmary of Edinburgh

•	 984 beds
•	 56,700 patients annually
•	 32,000 staff across all NHS Lothian

United Kingdom - Sussex  
Community NHS Foundation Trust

•	 12 inpatient facilities
•	 3,285,000 patients annually (in-

cluding patients seen in commu-
nity settings and outpatients)

•	 5,000 staff

Iceland - National University  
Hospital of Iceland (Landspítali)

•	 700 beds
•	 111,000 patients annually
•	 5,480 staff



1. ANTIBIOTIC STEWARDSHIP
Antimicrobial resistance is a natural process, but 
the misuse and overuse of antibiotics is danger-
ously accelerating its development. Whilst only 
10-20% of all antibiotics are used in hospitals, the 
intensity of use is much higher than in the com-
munity. In addition, hospitals are usually where 
last-resort antibiotics, such as carbapenems and 
polymyxins, are used.9

In Europe, one in three patients admitted in acute 
care hospitals receives at least one antimicrobial 
agent, primarily to treat infections.10 According to 
the Organisation for Economic Co-operation and 
Development (OECD), up to 50% of all antimicrobi-
al consumption in human healthcare may be inap-
propriate, but this may reach 90% in some health-
care services.11

Antimicrobial stewardship is “an organisational or 
healthcare system-wide approach to promoting 
and monitoring judicious use of antimicrobials to 
preserve their future effectiveness”.12 It is recog-
nised as a key aspect for improving the appropri-
ate use of antimicrobial agents and curbing inade-
quate consumption.13 
The European Commission recommends that anti-
microbial stewardship teams are ideally composed 
of an infectious disease specialist (or a clinician 
with expertise on infection diagnosis, prevention, 
and treatment), as well as a hospital pharmacist 
and a clinical microbiologist.12

Survey respondents demonstrated a high level of 
awareness on the importance of improving anti-
biotic prescription and use in healthcare facilities. 
The majority identified antibiotic stewardship 
when asked which main actions were taken within 
their hospitals to tackle AMR.

What are the main actions taken at your hospital 
to address the threat posed by AMR?

As one of the biggest consumers of antibiotics in 
Europe, in 2008 the French National Authority for 
Health (Haute Autorité de Santé) published guide-
lines on the proper use of antibiotics and effective 
antibiotic strategies to prevent the development of 
bacterial resistance.14

In the Centre Hospitalier de Niort, antimicrobial 
stewardship activities are common practice; infec-
tious disease physicians, for example, are responsi-
ble for identifying the best treatments for patients 
infected with drug-resistant bacteria. Additionally, 
prescriptions for broad-spectrum antibioticsi have 
to undergo strong pharmaceutical control.
In early 2019 the UK government launched a new 
five-year national action plan to tackle AMR with a 
15% reduction target for antimicrobial use in hu-
mans by 2024. The plan notably seeks to strength-
en stewardship programmes to reduce inade-
quate prescribing and ensure timely treatment to 
avoid serious infections and further complications 
such as sepsis.15

The Royal Infirmary of Edinburgh has developed 
antimicrobial prescribing guidelines that are avail-
able electronically on the hospital’s intranet as well 
as on a mobile app. The guidelines include sen-
ior reviewing by 24 hours and focusing antibiotic 
treatment when results are available by 72 hours 
to encourage prudent prescribing of antimicrobi-
als, improve patient outcomes, and reduce the de-
velopment of drug-resistant bacteria.

i Broad-spectrum antibiotics inhibit a wide range of bacteria compared to nar-
row-spectrum antibiotics that are only effective against certain groups of bacteria.

2. INFECTION PREVENTION  
AND CONTROL
Infection prevention and control (IPC) is de-
signed to reduce the spread of bacteria, including 
drug-resistant ones, within healthcare facilities 
and the wider community. It therefore helps pre-
vent infections that would otherwise require fur-
ther treatment.16 
Water, sanitation and hygiene (WASH) in health-
care facilities are the cornerstone of IPC.17 Accord-
ing to the World Health Organization (WHO), the 
implementation of WASH measures could reduce 
the demand for antibiotics and therefore curb 
their overuse in specific categories by as much as 
60% in low and middle-income countries.18

Whilst basic measures such as contact precau-
tions, hand washing, and proper cleaning can play 
a significant role in preventing the spread of bac-
teria between patients – they are often neglected. 
As the spread of AMR is often unnoticed, each 
patient should be treated as if they are carrying 
drug-resistant bacteria.19

At the EU level, the Council has recently called to 
strengthen IPC measures in healthcare facilities to 
reduce the inadequate use of antibiotics and the 
associated risk of developing AMR. It notably rec-
ommended investment in hygiene measures and 
prevention actions such as biosecurity, rapid ac-
cess to diagnostic tools, and vaccinations.20

Survey respondents indicated that they pay close 
attention to IPC measures and maintain a good 
level of cooperation between antimicrobial phar-
macists and IPC teams when dealing with HCAIs 
such as Methicillin-Resistant Staphylococcus Au-
reus (MRSA).
The Lazzaro Spallanzani National Institute for In-
fectious Diseases is a regional referral centre for 
the surveillance of HCAIs. The institute strictly ad-
heres to isolation precautions, HCAI prevention 
bundles,ii and standard operating procedures 
(SOPs) to safeguard the environmental hygiene of 
isolation rooms for patients with Multi-Drug Re-
sistant Organisms (MDROs).
Because it is challenging to assess the implemen-
tation of IPC measures in healthcare facilities, 
our survey enquired whether hospitals are taking 
steps to improve sanitation infrastructure to pre-
vent the spread of drug-resistant bacteria. The re-
sults were mixed, however, as most respondents 
were unaware of potential projects in the pipeline.

ii Prevention bundles are evidence-based practices that, when performed collecti-
vely, improve prevention effectiveness and patient outcomes.

Does your hospital take measures to improve 
sanitation infrastructure to prevent the spread 
of resistant bacteria?

The National University Hospital of Iceland (Land-
spítali) indicated that improved sanitation was 
considered when refurbishing and that new build-
ings only feature single-occupancy patient rooms 
to control and prevent HCAIs. Sussex Community 
NHS Foundation Trust’s IPC policy prohibits the 
use of aerators on taps because they can hold and 
promote the spread of airborne bacteria.

ANTIBIOTIC STEWARDSHIP  
RECOMMENDATIONS: 

•	 Involve infectious disease specialists in 
decision-making processes for anti-
biotic prescriptions for drug-resistant 
infections

•	 Make prescriptions of broad-spectrum 
antibiotics conditional to strong phar-
maceutical control to safeguard their 
effectiveness in the treatment of severe 
infections

•	 Make the best use of technology (e.g. 
apps, e-learning modules, intranet) to 
facilitate easy access and dissemination 
of antimicrobial prescribing guidelines

•	 Undertake regular reviews of clini-
cal antibiotic prescriptions to reduce 
inadequate or inappropriate antibiotic 
consumption

INFECTION PREVENTION AND  
CONTROL RECOMMENDATIONS:

•	 Encourage continued cooperation 
between IPC teams and antimicrobial 
pharmacists to prevent HCAIs

•	 Develop and implement HCAI preven-
tion bundles to improve prevention 
effectiveness and patient outcomes

•	 Develop SOPs to ensure environmental 
hygiene of isolation rooms for MDRO 
patients

•	 Prioritise single-occupancy patient 
rooms when designing new healthcare 
facilities despite short-term costs to 
alleviate the long-term AMR burden
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3. WASTEWATER TREATMENT
Healthcare facilities are contributing to the devel-
opment and spread of AMR; drug-resistant bacte-
ria not only leave hospitals via patients, but they 
can also spread through wastewater systems. In 
addition, antimicrobials excreted by patients via 
sewage systems also exert a continuous selective 
pressure on drug-resistant bacteria.21

It is estimated that 30%-90% of orally adminis-
tered pharmaceuticals are excreted into wastewa-
ter as active substances in the faeces and urine 
of patients. Wastewater treatment plants vary in 
their capacity to remove these active substanc-
es, meaning that they can be discharged into the 
aquatic environment as a result.22

In the EU, just 10% of medicinal products in urban 
effluent come from hospitals (approximately), as 
antibiotics are widely used outside healthcare fa-
cilities.23 Hospital wastewater may therefore not 
be the largest contributor to overall resistance 
prevalence. There is evidence, however, that hos-
pital effluents have an important impact on the 
prevalence of drug-resistant bacteria for specific 
antimicrobials such as ciprofloxacin, sulphona-
mide, and tetracycline.22

None of the survey respondents have onsite 
wastewater treatment plants at their healthcare 
facilities. Though treating wastewater at the hos-
pital level may have a limited effect on the envi-
ronment, there is interest in reducing upstream 
discharges of antimicrobials that contribute to 
high levels of resistance in hospital effluents. 

Is there a wastewater treatment plant in your 
hospital equipped to filter infectious bacteria?

Aarhus University Hospital is the only respondent 
active in this field. In collaboration with the Danish 
Technological Institute, the hospital has recently 
been testing if peracetic acid can neutralise cipro-
floxacin-resistant bacteria in untreated wastewa-
ter, with positive results. It is also measuring the 
AMR concentration in its wastewater to determine 
need for action.

4. PROCUREMENT PRACTICES
The majority of antibiotics are produced in devel-
oping countries that may have weaker environ-
mental standards and regulatory systems than 
those in force in the EU. China currently produces 
80%-90% of antibiotic active pharmaceutical in-
gredients (APIs) globally while India is the leading 
producer of finished dose products.24

In 2017, UN Environment identified growing AMR 
linked to discharge of drugs and particular chemi-
cals into the environment as “one of the most wor-
rying health threats today”. It also acknowledged 
that the release of antimicrobial compounds from 
pharmaceutical facilities into the environment is 
driving the emergence of drug-resistant bacteria.25

Partly due to manufacturing pollution, India has 
already become the epicentre of a drug-resist-
ance crisis causing the death of more than 56,000 
new-borns annually.26 Exposure to environmen-
tal sources of antimicrobial drugs in India is also 
placing vulnerable populations at a higher risk for 
community-acquired AMR.27

In the EU, the discharge of pharmaceutical pro-
duction into the environment has been consid-
ered negligible, but the amount of APIs released 
from manufacturing plants is largely unknown as 
there is no systematic monitoring of manufactur-
ing emissions at EU level, despite observations of 
possible downstream pollution from manufactur-
ing plants.28

The EU also shares a part of the responsibility for 
global pollution as the majority of antibiotics on 
the EU market are produced in countries where 
large-scale environmental pollution occurs.24 Its 
role in this pollution is not yet sufficiently ad-
dressed - the EU Good Manufacturing Practice 
(GMP)iii does not even feature environmental as-
pects.29 

iii The EU Good Manufacturing Practice (GMP) is the set of required standards for 
production of pharmaceuticals intended for the EU market.	

The EU cannot turn a blind eye to this issue, not 
least because drug-resistant bacteria emerging in 
developing countries are spreading around the 
world through trade and travel. It is estimated, for 
instance, that more than 70% of tourists who trav-
el to India come back with drug-resistant bacteria 
in their guts.30 
As a major purchaser of pharmaceuticals, the 
European healthcare sector holds economic and 
ethical influence that if mobilised can transform 
the system. Through sustainable procurement 
practices, healthcare facilities can leverage their 
purchasing power to address the issue of pollu-
tion from pharmaceutical manufacturing.
The EU Public Procurement Directive lays the le-
gal groundwork for public authorities to set en-
vironmental and social criteria in procurement. 
Although tenders should be identified on the ba-
sis of price or cost, contracting authorities may 
consider the best price-quality ratio assessed on 
additional criteria including environmental and/or 
social aspects.
Amongst our survey respondents, awareness of 
manufacturing conditions is growing; enquiring 
about environmental policies in manufacturing 
sites is standard practice within at least two re-
spondents. It can be assumed, however, that the 
level of engagement is dependent on country-spe-
cific practices as the responsibility for procure-
ment may lie with third parties.

Does your hospital ask providers if they have 
environmental policies in place at their manu-
facturing sites?

The transition from information gathering to sus-
tainable procurement practices, however, is still 
low among respondents. The Centre Hospitalier 
de Niort is so far the only surveyed hospital that 
evaluates the global sustainable development 
policy of each supplier as a standard step of its 
purchasing process.

Does your hospital include environmental crite-
ria in pharmaceutical procurement decisions?

 
 

 

 
 

WASTEWATER TREATMENT 
RECOMMENDATIONS:

•	 Measure the concentration of AMR in 
hospital wastewater compared to local 
municipal wastewater to determine the 
need for action

•	 Participate in pilot projects aiming to 
reduce upstream discharge of antimi-
crobials that contribute to high levels of 
resistance in hospital effluents

PROCUREMENT PRACTICES 
RECOMMENDATIONS:

•	 Mobilise the economic and ethical 
influence of the healthcare sector to 
transform the pharmaceutical produc-
tion chain within the framework of the 
EU Public Procurement Directive

•	 Include environmental criteria in phar-
maceuticals procurement to support 
informed decision-making when pur-
chasing

•	 Raise the issue of pharmaceutical 
manufacturing pollution with policy 
makers and advocate for strengthened 
environmental regulations
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5. TRAINING AND INFORMATION
Education and awareness-raising activities target-
ing both the general public and healthcare pro-
fessionals are vital for decreasing the ineffective 
use of antimicrobials. The OECD suggests that this 
approach is even more effective when combined 
with training programmes, for instance as part of 
continuing medical education schemes.11

Training healthcare workers is integral to tack-
ling AMR in healthcare facilities; antibiotic man-
agement requires effective teamwork, so it is im-
portant that all healthcare professionals receive 
continuing education around the adequate use 
of antimicrobials, biocides, and disinfectants that 
can trigger resistance, as well as patient manage-
ment.31 
The fight against AMR requires a multidiscipli-
nary approach; whilst physicians certainly have 
a major role to play, so too do nurses and other 
healthcare practitioners in direct contact with pa-
tients. Pharmacists also can importantly educate 
patients about medication compliance and proper 
antimicrobial use.16

Most survey respondents organise training for 
healthcare workers, some also provide materials 
to raise awareness amongst patients on antibiotic 
use and its link with AMR. Training sessions main-
ly deal with antibiotic stewardship, IPC, and pre-
scription practices.

Does your hospital organise training sessions 
for healthcare workers on how to better deal 
with AMR at hospital level?

The Royal Infirmary of Edinburgh organises train-
ing sessions on antibiotics monitoring (e.g. gen-
tamicin, vancomycin), antibiotic stewardship, 
infection control, and good prescription practic-
es. In the Centre Hospitalier de Niort, physicians 
annually receive their Defined Daily Doseiv  ward 
profile in addition to training on prescription prac-
tices and additional precautions.

iv A Defined Daily Dose is a statistical measure defined by the WHO to allow for 
comparisons of drug consumption at an international level.

Does your hospital provide or distribute mate-
rials to inform patients and the general public 
about the threat of AMR?

The Lazzaro Spallanzani National Institute for In-
fectious Diseases organises awareness-raising ac-
tivities and distributes campaign materials during 
World Antibiotic Awareness Week and European 
Antibiotic Awareness Day. Sussex Community 
NHS Foundation Trust makes leaflets available for 
staff to print off for patients such as Public Health 
England’s Become an Antibiotic Guardian.v

v Public Health England. (2017) Become an Antibiotic Guardian. www.antibioticguar-
dian.com/assets/AntibioticGuardianLeaflet_3-Fold_FINAL_.pdf

CONCLUSION
Healthcare facilities play a significant role in the 
development and spread of drug-resistant bacte-
ria. Whilst delivering their mission to support the 
health and wellbeing of patients, the European 
healthcare sector is paradoxically undermining 
the effectiveness of the antimicrobials that under-
pin modern medicine.
There is a high level of awareness among survey 
respondents on this issue; from antibiotic stew-
ardship programmes to training sessions on pre-
scription practices, all healthcare facilities that 
were surveyed have taken a number of actions to 
mitigate their contribution to AMR, often support-
ed by local guidelines or national action plans.
The survey results also indicate, however, that 
healthcare facilities could make better use of the 
wide range of tools at their disposal, notably in the 
areas of procurement and wastewater treatment. 
Tackling AMR in European hospitals is a complex 
challenge that requires multifaceted solutions.
Measures may also come at a financial and envi-
ronmental cost – an extra hurdle for the under-
funded healthcare sector. In its combat against 
AMR, the National University Hospital of Iceland 
(Landspítali) has strict isolation policies that im-
pair rapid patient flow, and the hospital performs 
expensive susceptibility testing, whilst the Centre 
Hospitalier de Niort reported an increased con-
sumption of plastic aprons.
This highlights the need for more public funding to 
support ambitious measures and foster research 
for sustainable solutions. These short-term bur-
dens need to be overcome to prevent heavy long-
term costs for healthcare systems. AMR already 
costs more than €1.5bn every year in healthcare 
costs and productivity losses in the EU.4

According to the OECD, three out of four deaths 
from drug-resistant infections could be averted 
by annual spending of $2 USD per person on sim-
ple measures such as hand washing and prudent 
prescription practices – such measures would 
produce $4.8bn USD savings per year in OECD 
countries.5

IPC measures are particularly cost-effective since 
prevented infections do not need treatment. Ac-
cording to the WHO, hand hygiene is the single 
most important measure to prevent the transmis-
sion of bacteria in healthcare facilities. Yet the cost 
to promote hand hygiene represents less than 1% 
of the cost to care for patients with HCAIs.32 
Many successful initiatives are taking place across 
Europe: the Canisius-Wilhelmina Hospital in Ni-
jmegen, The Netherlands, for instance, reduced 

prescriptions of last-resort antibiotics by 25% and 
saved €40,000 in costs one year after introducing 
an antibiotic stewardship programme.33

Overall, there is a need for greater sharing of best 
practice to allow for peer learning across Europe; 
this report plays a key part in this process and 
recommends that further similar initiatives are 
implemented to ensure that the healthcare sector  
plays a leading role in the fight against AMR.

TRAINING AND INFORMATION  
RECOMMENDATIONS:

•	 Develop multidisciplinary training 
programmes on antibiotics monitoring, 
good prescription practices, and infec-
tion prevention and control

•	 Provide prescribers annually with their 
Defined Daily Dose ward profile as a 
benchmarking and control exercise

•	 Organise awareness-raising activities 
and provide patients with information 
(e.g. leaflets, signs) on medication com-
pliance and proper antimicrobial use
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