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Editorial
Antimicrobials have transformed modern medicine. They are essential 
for treating infectious diseases in humans and animals, and enable vital 
therapies and procedures. However, despite their success, their contin-
ued use in the 21st century faces two challenges. The first is that the mi-
crobes targeted by these drugs develop resistance over time. The second 
is that antibiotic discovery and development are no longer cost-effective 
using traditional reimbursement models. While awaiting policy changes 
to address the latter, it is clear that efforts must be taken to carefully 
preserve the effectiveness of existing molecules. This requires careful 
surveillance of drug use and resistance which forms the basis of optimal 
empirical guidelines, guidance of infection control programs and steer-
ing and evaluating intervention strategies.

In Belgium, we have well-established national monitoring programs for 
both the consumption of antimicrobial agents (AMC) and the occur-
rence of resistance (AMR) in bacteria isolated from humans, food-pro-
ducing animals and the food chain, as well as for antimicrobial residues 
in the environment. The different programs are organized with different 
aims and primary purposes. Given the scattered landscape of numerous 
databases, stakeholders and reports (Sanitel-Med, Sciensano, RIZIV/
INAMI, EARS-BE, BeH-SAC, FASFC, DGZ/ARSIA, etc.), it is challeng-
ing to retain a clear overview of the evolution of AMR and AMC across 
sectors in Belgium. 

Therefore, one of the actions defined in the National Action Plan for 
AMR (2021–2024) is the creation of a ‘One Health’ report on AMC and 
AMR in Belgium, with the first such report published in 2021. Impor-
tantly, this BELMAP report does not replace the detailed sectorial 
reporting. We refer the interested reader to the separate annual veteri-
nary and human monitoring reports, and provide references to these in 
the footnotes throughout. Instead, BELMAP aims to summarize results 
and trends of existing monitoring programs, to identify blind spots and 
to make recommendations to improve future monitoring. To this end, a 
cross-sectoral editorial board has set and updated so-called ‘key indica-
tors’ for monitoring AMC and AMR. These are inspired by indicators 
proposed by the European Centre for Disease Prevention and Control 
(ECDC), the European Food Safety Authority (EFSA) and the European 
Medicines Agency (EMA) in 2017, but modified in BELMAP to reflect 
the national situation and the One Health aspect of AMR. 

In this year’s edition, we expanded BELMAP to include bacterial patho-
gens causing diseases in cattle, poultry and pigs. This data, provided by 
Dierengezondheidszorg Vlaanderen, MCC Vlaanderen and ARSIA, pro-
vides valuable insight in to resistance against first-and second line treat-
ments for diseased animals. Secondly, we made an effort to dissect AMR 
in the community from those in hospitals, and we included a spotlight on 
ongoing research projects in the area of AMR in the environment. 

This second overarching report is published while the world is recover-
ing from the Sars-CoV-2 pandemic. This period, evidently, has had a ma-
jor impact on the prevalence of communicable diseases in society, as well 
as in the areas of AMC and AMR. It also provoked a formidable shift to 
genomics-based surveillance. One of the challenges for the coming years 
is to harness this capacity to also make the definitive shift to a ‘One 
Health’ AMR surveillance in humans, animals and the environment.

We wish you a pleasant and informative read. 

One health 
report on 
antibiotic 
use and 
resistance, 
2011–2021
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ELMAP makes use of key outcome indicators to summarize 
trends in antimicrobial consumption (AMC) and antimicrobial 
resistance (AMR) in humans and food-producing animals in 
Belgium. The selected indicators, slightly modified from those 
recommended by ECDC, EFSA and EMA in 20171, are divided 
into primary and secondary indicators. 

Primary indicators broadly reflect the situation concerning AMC and 
AMR. They do not cover all aspects of AMC and AMR epidemiology and 
remain arbitrary, but can be used to provide a general assessment of the 
overall situation. Secondary indicators are designed to provide informa-
tion on more specific issues that are also considered important for public 
health, but have a more restricted scope, or to encompass areas that  
are not fully covered by the primary indicators. The level of statistical 
significance of up-and downward trends are indicated with asterisks. 
In addition to these indicators presented in the executive summary,  
the BELMAP report brings together additional AMC and AMR data  
to complete the overview of the Belgian situation.

 

Antimicrobial consumption  
Human sector

The last decade has seen a considerable reduction in antimicrobial con-
sumption in the community. The period from 2012 to 2021 saw a statis-
tically significant reduction of 33% in reimbursed antibiotics. A partic-
ularly large reduction was observed during the Covid-19 pandemic in 
2020 (-22.9% compared to 2019), with a marginal increase seen between 
2020 and 2021 (+4.58%). Changes in the pattern of care during the pan-
demic may have contributed to these notable additional reductions.

The ratio of amoxicillin to amoxicillin/clavulanic acid improved only 
slightly in the last decade (from 46/54 in 2010 to 48/52 in 2021), and is 
still far from the BAPCOC target of 80/20. Likewise, the proportional 
use of fluoroquinolones (7% in 2021, taking non-reimbursed consump-
tion into account) is still far from the target, which was set at 5% propor-
tional use by 2018. On the positive side, the overall ratio of broad2-to-
narrow spectrum antibiotics declined significantly (-20.8% from 2012 to 
2021). 

In the Belgian acute care hospitals (data 2011–2020), around 500 De-
fined Daily Doses (DDDs) per 1000 patient days are recorded, and this 
consumption increased (+3.6%) over the last decade. Large differences 
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exist betweenantimicrobial consumption in acute, categorical3 and 
psychiatric hospitals, also when compared per type of hospital (primary, 
secondary, tertiary)3. The proportion of broad-spectrum use in Belgian 
hospitals (30.6% in 2021) remained stable over time. Also for this param-
eter, a high variation between hospitals has been reported in BeH-SAC. 

Looking at the proportions of the total hospital AMC which are 
broad-spectrum antibiotics, a very significant decrease is observed in 
the proportion of the  use of fluoroquinolones (-31% between 2012 and 
2021). In contrast, the proportion of piperacillin in combination with 
tazobactam (+52%) and glycopeptides (+33%) in hospital use increased 
significantly over time.

Veterinary sector

The consumption of antimicrobials in the veterinary sector, measured in 
total sales (mg/kg biomass), has markedly decreased, demonstrating a 
cumulative reduction of 44.6% between 2011 and 2021. The decline is even 
more evident in the secondary indicators (sales specified per antibiotic 
group), as antibiotics classified by the WHO as “critically important” for 
human medicine (fluoroquinolones and cephalosporins of 3rd and 4th gen-
eration) had a cumulative reduction of 82.1% in 2021 compared to 2011. A 
similar reduction (75.4%) was achieved for polymyxins, while antibacteri-
al premixes4 had a cumulative reduction of 74.2% in the same period. 
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Antimicrobial resistance 
Among human pathogens

BELMAP proposes slight modifications to the key EMA/ECDC indi-
cators for AMR in human pathogens, according to their clinical im-
portance within Belgium. The prevalence of carbapenem-resistant K. 
pneumoniae was prioritized as a primary indicator, and ciprofloxacin 
resistance in Salmonella and Campylobacter spp. were removed from the 
secondary indicator list. Data are collected retrospectively (year -1), thus 
the latest recording year is 2020, and aggregated at the hospital level.

In Belgium, data monitoring the use of antibiotics per sector and animal 
category has only been available since 2018. This data is expressed as BD

100
, 

that is the percentage of time an animal is treated with antibiotics. For 
multiple categories (veal calves, broiler chickens and fattening pigs), the 
median BD

100
 has steadily reduced year-on-year during this period, with 

the greatest reductions observed in veal calves. However, this remains the 
sector with the highest antibiotic use, closely followed by weaner piglets. 
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In the last decade in Belgium, the proportion of methicillin-resistant Staph-
ylococcus aureus (MRSA) isolates has steadily decreased. This contrasted 
the growing proportion of invasive E. coli isolates resistant to 3rd generation 
cephalosporins observed between 2011–2014, but this has subsequently 
remained stable around 10%. Throughout the study period, the prevalence of 
carbapenem-resistant K. pneumoniae increased significantly, reaching 1.4% in 
2020. The proportion of multi-drug resistant (MDR) K. pneumoniae strains, 
resistant to 3rd generation cephalosporins, aminoglycosides and fluoroquino-
lones, increased across the 2012–2020 period from 8.4% to 10.4%, which 
remains lower compared to the (declining) European mean. Colistin resis-
tance in pathogenic E. coli, added to the key indicators to account for the use 
of polymyxins in both humans and animals, remains below 1%.

In 2020 and 2021, an increase in penicillin resistance was observed among 
invasive S. pneumoniae strains, contrasting previously stable penicillin re-
sistance rates around 10% (2011–2019). This may be the result of changes to 
the interpretation of susceptibility testing results at the National Reference 
Center (NRC) in 2019, and a substantial reduction in the number of collected 
samples in 2020 and 2021. For macrolides, an increase in the rate of resistance 
was seen during the Covid-19 crisis, contrasting an initial decline (2011–2015) 
and a stable resistance rate of about 15% for the period 2015–2019.

Among indicators isolated from healthy  
food-producing animals

BELMAP uses AMR data on commensal bacteria from healthy animals as 
a general indicator for resistance among food-producing animals. They can 
acquire and preserve resistance genes from other organisms in the environ-
ment and in animal populations. Therefore, their resistance levels reflect the 
magnitude of the pressure exerted by antibiotics in the population.

Bacteria isolated from different animal groups show very different resistance 
profiles. The highest proportion of fully sensitive E. coli strains are isolated 
from beef cattle, and this has increased over the study period, with high levels 
(>76%) of pan-susceptibility observed in 2020 and 2021. In all four monitored 
food-producing animal populations (beef cattle, broiler chickens, pigs and 
veal calves) the proportion of fully susceptible E. coli strains increased and 
the proportion of multidrug resistant (MDR) E. coli declined. The levels of 
MDR E. coli are highest in poultry.

In poultry, beef cattle and veal calves, we observe significant decreases in ci-
profloxacin and colistin resistance considering the entire 2011–2021 period, 
while cephalosporin resistance oscillated but remained low, displaying no 
significant trend of increasing or decreasing. By contrast, in E. coli isolated 
from pigs, cephalosporin resistance decreased, with the rates of ciproflox-
acin and colistin resistance oscillating but with no significant increase or 
decrease over time.
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 3GC 3rd Generation Cephalosporins

 AMC Antimicrobial Consumption

 AMU Antimicrobial Use

 AMR Antimicrobial Resistance

 AMCRA AntiMicrobial Consumption and Resistance in Animals

 ARSIA Association Régionale de Santé et d’Identification Animales

 ATC Anatomical Therapeutic Chemical classification

 BAPCOC Belgian Antibiotic Policy Coordination Committee

 BD
100

 Treatment days out of 100 days present on the farm

 BeH-SAC Belgian Hospitals - Surveillance of AMC

 BelVet-SAC Belgian Veterinary Surveillance of Antibacterial Consumption 

 CRKP Carbapenem-Resistant K. pneumoniae 

 CI Confidence Interval

 CRE Carbapenem Resistant Enterobacterales

 CPE Carbapenemase Producing Enterobacterales

 ATC Anatomical Therapeutic Chemical classification

 DDD Defined Daily Dose

 DGZ Dierengezondheidszorg Vlaanderen

 DID Defined Daily Dose per 1000 inhabitants per day

 EARS-BE European Antimicrobial Resistance Surveillance Belgium 

 EARS-NET European Antimicrobial Resistance Surveillance Network

 ECDC European Centre for Disease Prevention and Control

 ECOFF Epidemiological cut-off values

 EFSA European Food Safety Agency

 EMA European Medicines Agency

 ESAC-Net European Surveillance of AMC network

 ESBL Extended spectrum β-lactamase 

 ESVAC European Surveillance of Veterinary Antimicrobial Consumption

 EUCAST European Committee on Antimicrobial Susceptibility Testing

 FAMHP Federal Agency for Medicines and Health Products

 FASFC Federal Agency for the Safety of the Food Chain

 FQL Fluoroquinolones

 HABSI Healthcare-Associated Bloodstream Infection

 HAI-AMR Healthcare Associated Infections and Antimicrobial Resistance

 INAMI Institut National D’Assurance Maladie-Invalidite 

 ICU Intensive Care Unit

 ILVO Instituut voor Landbouw-, Visserij- en Voedingsonderzoek

 IPD Invasive Pneumococcal Disease

 MALT Mucosa-Associated Lymphoid-Tissue

 MDR Multidrug resistance

 MDRO Multidrug Resistant Organism

 MIC Minimal Inhibitory Concentration

 MRGN Multi-resistant Gram-negative bacteria

 MRSA Methicillin resistant Staphylococcus aureus

 MSM Men who have sex with men

 NAP-AMR National Action Plan on Antimicrobial Resistance 

 NIHDI National Institute for Health and Disability Insurance

 NSIH National Surveillance of Infections in Healthcare Settings

 NTHi Non-typeable Haemophilus influenzae

 NRC National Reference Centre

 PNEC Predicted No Effect Concentration

 PPS Point-Prevalence Study

 PCV Pneumococcal Conjugate Vaccines

 RIZIV Rijksinstituut voor ziekte- en invaliditeitsverzekering 

 SPW Service Public de Wallonie

 SWDE Société Wallonne des Eaux

 TC-MDRO Technical Committee Multidrug Resistant Organisms 

 TMP-SMX Trimethoprim-sulfamethoxazole

 VMM Vlaamse Milieumaatschappij

 VRE Vancomycin Resistant Enterococci

 WGS Whole Genome Sequencing

 WHO World Health Organization
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Throughout 
the text, the 

following 
abbreviations 
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ince penicillin was first discovered in 1928, life-saving antimi-
crobials have revolutionized our society and economy. They are 
essential for treating infectious diseases in humans and animals, 
and enable vital therapies and procedures. However, despite 
such success, their continued use in the 21st century faces two 
challenges. The first is that the microbes targeted by these 
drugs develop resistance over time. The second is that antibi-
otic discovery and development are no longer cost-effective 

using traditional reimbursement models. It is clear that, while awaiting 
policy changes to address the latter, careful surveillance of drug use and 
resistance are required to update empirical guidelines, to guide infection 
control policies and to steer and evaluate intervention strategies.

Without effective action to reverse current trends, we could face a 
return to the pre-antibiotic era, with simple wounds and infections 
causing significant harm and even death, dramatically increasing the 
risk associated with even routine medical procedures. The threat is real, 
as within Europe every year 33,000 people die from an infection due to 
bacteria resistant to antibiotics. Within Europe, the burden of infections 
demonstrating bacterial resistance to antibiotics is comparable to that 
of influenza, tuberculosis and HIV/AIDS combined5.

Antimicrobial resistance is a prime example of a ‘One Health’ issue. It is 
now widely recognized that human and animal health are interconnect-
ed, and as diseases are transmitted from humans to animals and vice 
versa, these issues must therefore be tackled in both. The environment is 
also increasingly acknowledged as a contributor to the development and 
spread of AMR, especially in high risk areas exposed to human, animal 
and manufacturing waste streams. Given the important and interdepen-
dent human, animal, and environmental dimensions of antimicrobial 
resistance, it is essential to take a One Health approach when addressing 
this problem.

A National Action Plan

The NAP-AMR has been developed to clarify and establish mecha-
nisms for multi-sectoral cooperation, promoting effective coordination 
between partners. It presents common ambitions and unites the various 
Belgian initiatives. The two central challenges of this plan are (i) to 
better prevent and control infections in order to reduce the transmission 
of micro-organisms and resistance between humans, animals and the 
environment and thus minimize the need for antimicrobials and (ii) to 
ensure the prudent use of antimicrobials. 

Meeting these challenges requires an overview of the Belgian situation, 
to be able to evaluate the impact of the measures put in place and to be 
able to act accordingly. In Belgium, effective surveillance of AMC and 
AMR has been in place for several years (Figure 1), but without a clear 
overview of developments across sectors. Following the ‘One Health’ ap-
proach, the BELMAP report not only aims to present the main available 
data but also to allow an analysis of the association between consump-
tion and resistance within and between the various sectors.

S



12

B
E

L
M

A
P

Breakpoints

Based on a recent survey among 117 clinical labs6, 91.4% of all Belgian 
laboratories adhere to the guidelines of The European Committee on 
Antimicrobial Susceptibility Testing (EUCAST). This committee estab-
lishes breakpoints and technical aspects of phenotypic in vitro antimi-
crobial susceptibility testing, and functions as the breakpoint committee 
of EMA and ECDC7. In this report, human antibiogram data was (for 
the majority of hospitals) interpreted according to EUCAST break-
points which were valid in the year of reporting. For indicator bacteria 
from food-producing animals and food, epidemiological cut-off values 
(ECOFF) are used which are specified in the dedicated sections. In this 
report, as in European reports, multidrug resistance (MDR) is defined as 
resistance to at least three different classes of antibiotics unless speci-
fied otherwise. 

This year, the National Antibiogram Committee examined the national 
implementation of EUCAST’s new ‘I’ category, which no longer stands 
for ‘Intermediate’ but for ‘Susceptible at increased exposure’ 8. In April 
2022, 35/84 (42%) of hospital labs and 6/30 (20%) private labs reported 
to have made the switch. 

Statistical analyses

Line plots were generated in R (version R- 4.2.1) using the ggplot2 
package. For each yearly observed proportion 95% confidence intervals 
(CI) were estimated using the asymptotic (Wald) method based on a 
normal approximation. In case of proportions close to 0% or 100%, the 
binomial (Clopper-Pearson) exact method was used to calculate 95% CIs. 
Confidence intervals were visualized using the geom_ribbon function 
of ggplot2 in R. We used a Log-linear poisson regression analysis to 
evaluate the effect of time (year) on the number of instances antimi-
crobial resistance occurred. An exposure variable (offset option in R) 
was included in the model to indicate the number of times resistance 
could have occurred in theory, i.e. sample size. In case of overdispersion, 
quasipoisson or negative binomial analyses were performed. A Spear-
man correlation test was performed to explore the relation between the 
consumption of antimicrobial agents and time. All statistical analyses 
were conducted in R. 

Symbols are included on figures to represent results of statistical analy-
ses:  represents an increasing trend;  represents a decreasing trend; 

 represents data with no significant increasing or decreasing trend, 
but with notable variation – here defined as data for which the data 
range is greater than 25% of the mean;  indicate no increasing or de-
creasing trend, without large variation. Results are indicated as ,  and 

 for results with p-values 0.05<p<0.01, 0.01<p<0.001 and p<0.001, 
respectively.

➝ 
Figure 1 — Overview of data flows used to generate the 
BELMAP 2022 report. Details are found in the following 
sections. MRSA, methicillin resistant Staphylococcus aureus; 
MRGN, multi-resistant Gram-negative bacteria; VRE, 
Vancomycin Resistant Enterococci; NRC, National Reference 
Centre, FASFC, Federal Agency for the Safety of the 
Food Chain; DGZ, DierenGezondheid Vlaanderen, ARSIA, 
Association Regionale de Santé et d’Identification Animales, 
NIHDI, National Institute for Health and Disability Insurance; 
HAI-AMR, Sciensano unit Healthcare-Associated Infections 
and Antimicrobial Resistance; Vet-Epi, Sciensano unit 
Veterinary Epidemiology; VMM, Vlaamse Milieumaatschappij; 
BE, Brussels Environment; SWDE, Société Wallonne des Eaux. 
FAMHP, Federal Agency for Medicines and Health Products.
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3.1 Methodology

SAC-Net (European Surveillance of Antimicrobial Consumption 
Network) is the European network of national surveillance sys-
tems of antimicrobial consumption organized by ECDC. Based 
on a shared protocol, different European countries are collecting 
antimicrobial consumption data in the ambulant and/or hospital 
sector. This consumption is expressed in DDDs (Defined Daily 
Dose) per 1000 inhabitants per day (DID), using the country pop-

ulation as the denominator.9 For Belgium, reimbursement data from the 
National Institute for Health and Disability Insurance (NIHDI) are used 
in ESAC-Net. The data for the community include all antimicrobial pack-
ages delivered in community pharmacies (including all nursing homes 
who receive their medication from a community pharmacy, which is the 
majority in Belgium). Hospital data include all deliveries to hospital phar-
macies. Due to the current delay of reimbursement data from hospitals 
and corrections, which are legally allowed up to two years after the actual 
consumption, the (reimbursed) antimicrobial consumption in hospitals 
of the latest reporting year is underestimated by approximately 15%. 
Therefore, we made an estimation of the hospital consumption in 2021 
by extrapolating the current reimbursement data with +15%. This will be 
replaced by the actual consumption with the reporting of next year.

Besides ESAC-Net, a more detailed national surveillance of antimicro-
bial consumption called BeH-SAC (Belgian Hospitals - Surveillance of 
Antimicrobial Consumption) was set up in Belgian hospitals, with the 
possibility to benchmark between hospitals. BeH-SAC is also based 
on reimbursement data of NIHDI. The antimicrobial consumption is 
expressed in DDDs/1000 patient days and DDDs/1000 admissions, 
using the hospital population as the denominator. Data are reported by 
hospital type (acute, categorical and psychiatric). Due to the change of 
status of categorical hospitals, which no longer fall under the federal 
authorities, denominator data are missing for this hospital type and no 
BeH-SAC data can be reported. The presented data include inpatient 
wards (excluding outpatient wards and day hospitalizations) and the 
latest reporting year is 2020.10 

A consequence of using NIHDI data (in ESAC-Net and BeH-SAC) is that 
only reimbursed consumption is included. Non-reimbursed, off-label use 
or imported antimicrobials agents are not considered, leading to a small 
but sometimes meaningful underestimation, notably as the use of new 
broad-spectrum antibiotics like cefiderocol might indicate the emer-
gence of drug resistant organisms. Consumed units/packages per drug 
were translated to DDDs based on the DDD classification of the World 
Health Organization (WHO) Collaborating Centre for Drugs Statistics 
and Methodology (version December 2020).11 Administration routes that 
are included are oral, intravenous, intramuscular, subcutaneous, inhala-
tion and rectal. 

In addition to these surveillance systems, point-prevalence studies (PPS) 
of health-care associated infections and antimicrobial consumption 
are organized in hospitals and long-term care facilities at regular time 
points12,13,14,15. In all these PPS studies, data were collected from each hos-
pital ward or facility on a single day by a local data collector. The observed 
prevalence of patients/residents receiving at least one antimicrobial 
was calculated by dividing the number of patients/residents receiving at 
least one antimicrobial by the total number of eligible patients/residents. 
Observed prevalence data are presented along with their 95% confidence 

E
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intervals (95%CI). More information on the methodology of the different 
surveillances and studies can be found in the respective protocols and the 
latest national report of antimicrobial consumption in humans.16 

3.2 Community14,15

Within the Belgian community sector, a considerable reduction in an-
timicrobial consumption has been observed over the past decade. From 
2012 to 2021, we noted a statistically significant (p=0.001) reduction of 
33% in reimbursed antibiotic DIDs (from 23.9 DIDs to 16.0 DIDs, Figure 
2). A sharp decline was observed in 2020 (-4.52 DID, -22.9% in compar-
ison with 2019), most likely resulting from the Covid-19 pandemic and 
concomitant changes in disease transmission, healthcare utilization 
patterns and prescription practice. In 2021, a slight increase was re-
corded (+0.70 DID, +4.58% in comparison to 2020) but compared to the 
pre-pandemic period there is still a decreasing trend overall, with 16.0 
DIDs recorded in 2021 compared to 19.8 in 2019 (-3.80 DID, -19.0%). 
Similar decreasing trends have been observed at the European level. 
However, while the 2020 Belgian data point collided with the EU/EEA 
mean of 15 DIDs, the Belgian community consumption of antibacteri-
als for systemic use was back above the European average in 2021 (16.0 
DIDs in Belgium compared to 15.0 in EU/EEA).

In 2021, the five most used products in the ambulant setting consisted of 
amoxicillin in combination with clavulanic acid, amoxicillin, nitrofuran-
toïne, azithromycin and cefuroxime. 

In comparison with 2020, a slight increase in the consumption of all 
main (reimbursed) antibacterial subgroups was observed in 2021: J01CA 
‘Penicillins with extended spectrum’ with 0.35 DID (+11.36%), J01CR 
‘Combinations of penicillins, incl. beta-lactamase inhibitors’ with 0.18 
DID (+5.02%), J01FA ‘Macrolides’ with 0.02 DID (+7.92%, azithromy-
cin:+3.8%), J01DC ‘ Second-generation cephalosporins’ with 0.005 DID 
(+20.9%) and J01EE ‘Combinations of sulfonamides and trimethoprim’ 
with 0.02 DID (+8.69%). Only the consumption of J01MA ‘Fluoroquino-
lones’ slightly decreased (-0.01 DID, -2.9%). 

In comparison with 2019 however, a decrease in all main (reimbursed) 
antibacterial subgroups was observed in 2021 except for J01DD ‘Third 
generation cephalosporins’ (+0.0001 DID, +10.0%) and J01EE ‘Combi-
nations of sulfonamides and trimethoprim’ with 0.02 DID (+12.75%). 

Figure 2 — Consumption 
of antibacterials for 
systemic use (ATC group 
J01) in the community in 
Belgium (green), and EU/
EEA (black), expressed 
as Defined Daily Dose 
per 1,000 inhabitants 
and per day (DIDs). Data 
source: ESAC-Net.
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Of note, after implementation of more strict reimbursement criteria for 
fluoroquinolones in 2018, the consumption of non-reimbursed fluoro-
quinolones has increased.

The ratio of broad-to narrow spectrum antibiotics declined from 2.4 
DIDs in 2012 to 1.9 DIDs in 2021, especially influenced by the decrease 
in reimbursed use of fluoroquinolones (Figure 3). This ratio is lower than 
the increasing EU mean (3.7 in 2021), but a large range exists between 
countries (country range 0.1–20.7). 

The ratio of amoxicillin to amoxicillin/clavulanic acid improved only 
slightly in the last decade (from 46/54 in 2012 to 48/52 in 2021), and 
is still far from the BAPCOC target of 80/20. Likewise, the targeted 
reduction in proportional use of fluoroquinolones (to 5% in 2018) was 
not reached: 7.0% in 2021, taking non-reimbursed consumption into 
account.

Notably, Belgium has a particular high usage of antimycotic and anti-
fungal agents in the community setting. With 3.0 DIDs in 2021, we are 
among the highest consumers in EU, which has a mean of 0.9 DIDs. Al-
though a decrease in the last decade is seen, the antimycotic consumption 
in Belgium is still 3 to 6 times higher than our neighboring countries.

In 2021, a fourth point prevalence study of healthcare-associated infec-
tions and antimicrobial use in long-term care facilities was organised in 
Belgium (HALT 2021). Due to the Covid-19 crisis, the number of partici-
pating nursing homes (n=31) was lower than in the previous surveys (107 
facilities in 2010, 87 in 2013 and 158 in 2016, respectively). The median 
prevalence of residents with antimicrobial agent(s) increased from 
4.3% (95%CI: 3.5–4.8%) in 2010 to 4.7% (95% CI: 3.5–6.5%) in 2013, 
5.0% (95% CI: 4.2–5.9%) in 2016 and 5.1% (95%CI: 3.0–6.7%) in 2021. In 
HALT 2021, 42.4% of all prescriptions were for prophylactic use.  
 
 

3.3 Hospitals14,15

In Belgian hospitals, if expressed in DDDs per 1000 inhabitants/day 
(DIDs) as in ESAC-Net reports, the overall consumption of (reimbursed) 
antibacterials for systemic use decreased by 17% in the period from 2012 
to 2021, with green largest decrease observed between 2019 and 2020 
(-11%). Prior to 2020, smaller annual decreases (<4%) were observed, 

Figure 3 — Ratio of 
consumption (DIDs) of 
broad-spectrum penicillins, 
fluoroquinolones, macrolides 
(except erythromycin) 
and cephalosporins to 
consumption of narrow-
spectrum penicillins, 
cephalosporins and 
erythromycin in the 
community sector in Belgium 
(green) and EU/EEA (black). 
Data source: ESAC-Net.
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while it stabilized in 2021. The observed 1.4 DIDs in 2021 corresponds 
to the EU mean. Although the total consumption is larger than in The 
Netherlands (0.7 DIDs), the consumption in DIDs in Belgium is com-
parable to Sweden (1.5 DIDs) and lower than in France (1.7 DIDs), and 
Denmark (1.8 DIDs). 

Between 2012 and 2021, the largest absolute increase in consumption 
was detected for the classes beta-lactamase resistant penicillins and 
penicillins with extended spectrum. The largest absolute decrease was 
seen for fluoroquinolones and penicillins in combination with beta-lac-
tamase inhibitors. In contrast to the ambulant setting, the prescription 
of antimycotics and antifungals in all hospitals is overall in line with EU 
mean, and decreased significantly from 0.13 DIDs in 2012 to 0.09 DIDs 
in 2021.

The proportion of broad-spectrum antibiotic use in all Belgian hospitals 
(30.6% in 2021) did only slightly (but not significantly) improve over 
time (Figure 4). High variation in this proportion between hospitals has 
been reported in BeH-SAC. In the EU countries which participated in 
the ECDC-PPS 2016–2017, the percentage of broad-spectrum antibiotic 
use in acute hospitals ranged from approximately 20% (Scotland, Lithu-
ania) to more than 60% (Italy, Bulgaria).17

Looking at the proportions of the different broad-spectrum classes, the 
largest, and very significant decrease is observed for the fluoroquino-
lones (-31% between 2012 and 2021). While the proportion of fluoro-
quinolones decreased, the proportion of piperacillin in combination with 
tazobactam (+52%) and glycopeptides (+33%) significantly increased 
over time (Figure 5). 

To more precisely describe the exerted antimicrobial selective pressure, 
it is preferred to use the hospital population as the denominator (BeH-
SAC). As shown in Figure 6 below, around 500 DDDs per 1000 patient 
days are recorded in the Belgian acute care hospitals with this value 
gradually increasing throughout the last decade. Of note, the trend to-
wards shorter hospital stays in acute care hospitals is reflected by a small 
increase in DDDs/patient days (from 482.14 in 2011 to 499.45 in 2020, 
+ 3.6%), coupled with a significant decrease in DDDs/1000 admissions 
(from 3571.18 in 2011 to 3379.11 in 2020, -5.7%). Large differences exist 
between acute, categorical18 and psychiatric hospitals, also when com-
pared per type of hospital (primary, secondary, tertiary).

According to the most recent data available (2020)19, the five most used 
products in acute hospitals (non-psychiatric inpatients wards) were 

Figure 4 — Evolution of 
proportion (%) of broad-
spectrum antibiotics 
(glycopeptides, third- 
and fourth-generation 
cephalosporins, 
monobactams, carbapenems, 
fluoroquinolones, polymyxins, 
piperacillin and enzyme 
inhibitor, linezolid) out of total 
hospital consumption (DDD per 
1 000 inhabitants per day) of 
antibacterials for systemic use 
in Belgian hospitals (orange), 
as compared to the EU mean 
(green). Data source: ESAC-
Net. 2021 data correspond to 
extrapolated estimates.
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amoxicillin/clavulanic acid, piperacillin/tazobactam, cefazolin, fluclox-
allin and ciprofloxacin. 

The last point prevalence study of antimicrobial prescription in acute 
hospitals dates from 2019 (Global-PPS), and reported 27.8% (95%CI 
27.1–28.4) of patients with at least one prescription on the day of the 
PPS. In psychiatric hospitals in 2017, this prevalence was 3.8% (95%CI 
3.2–4.3%). Across Belgian hospitals, new data is being collected for EC-
DC-PPS and Global-PPS at the time of writing this report.

Figure 5 — The proportion 
of third- and fourth-
generation cephalosporins, 
fluoroquinolones, polymyxins, 
piperacillin and enzyme 
inhibitor, linezolid, glycopeptides 
and carbapenems out of 
total antibiotics consumption 
(expressed in defined daily 
doses per 1,000 inhabitants and 
per day) in Belgian hospitals 
(green). For proportions source: 
ESAC-Net, all types of hospitals 
combined.
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Figure 6 — Total consumption 
of antibacterials for systemic 
use (ATC group J01) expressed 
in DDDs per 1,000 patient 
days, in Belgian acute (black), 
categorical (green) and 
psychiatric (orange) hospitals. 
Included inpatient wards: 
surgery, internal medicine, 
geriatrics, pediatrics, intensive 
and non-intensive neonatology, 
maternity, infectious disease, 
burn unit, intensive care 
unit (ICU) and specialized 
care; psychiatry and day 
hospitalizations excluded. Data 
source: BeH-SAC
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4.1 Methodology

ata on antimicrobial use (AMU) in veterinary medicine is based 
on both sales and usage data of antibiotics.

Commissioned by the Federal Agency for Medicines and Health 
Products (FAMHP), data on antibacterial sales at the level 
of the wholesaler-distributors and compound feed producers 
licensed to produce medicated feed have been collected since 

2007. This data comprises all animal species (food producing and non 
food producing). 

The use data originate from the secured online data collection system 
Sanitel-Med20, which has been developed and maintained by the FAM-
HP. Since 27 February 2017, veterinarians are legally obliged (RD of 
21.07.2016) to register therein all antibacterial products (pharmaceu-
ticals as well as premixes) prescribed, administered and delivered on 
Belgian farms that keep pigs, broilers, laying hens or veal calves. San-
itel-Med is accessible as a web application or through automated data 
transfer using xml. 

Further details about the methodology of data collection and data analy-
sis for both sales and use data are provided in the yearly Belgian Veter-
inary Surveillance of Antibacterial Consumption (BelVet-SAC) reports21.

4.2 Antibiotic sales

In veterinary medicine, sales data from the years 2011–2012 are used 
as reference to quantify subsequent reductions in antibiotic use. Since 
2011, total sales (mg/kg biomass) significantly decreased with a cumula-
tive reduction of 44.6% in 2021 (Figure 7). 

The critically important antibiotics (fluoro)quinolones and cephalo-
sporines of 3rd and 4th generation had a cumulative reduction of 82.9% 
in 2021 compared to 2011, while the sales data of polymyxins showed 
a significant cumulative reduction of 75.4% in 2021 compared to 2012 
(Figure 8). Antibacterial premixes had a significant cumulative reduction 
of 74.2% in 2021 compared to 2011. 

D

Figure 7 — Evolution of 

the total antibacterial 
sales in the animal 
sector in the period 
2011–2021, expressed as 
mg/kg biomass. Source: 
BelVet-SAC reports. 
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4.3 Antibiotic use

Comparison of the Sanitel-Med use data with the sales data from 2021 
indicates that over 70% of total sales (in tonnes) in all animals was 
covered by the use in the three species included in Sanitel-Med, with pig 
farms clearly consuming the largest mass of antibiotics (Table 1). Some 
antibiotic classes appear to be predominantly used in these three species, 
for example macrolides, polymyxins, tetracyclines and penicillins, while 
cephalosporins are mostly used in other species. Forty-five percent of 
(fluoro)quinolones sold are used in species included in Sanitel-Med,  
predominantly in poultry (and more specifically in broilers). 

Table 1 — Total tonnes per 
antibacterial class sold in 2021 
(Sales 2021) and total tonnes 
used in pigs, poultry and veal 
calves (Use 2021). Next to the 
tonnes used by each species 
the proportion this covers of the 
sales data (% sales) is shown.
Source: BelVet-SAC report16.

Figure 8 — Evolution 
of the sales of fluoro-
quinolones+3rd/4th 
generation cephalosporins, 
antibacterial premixes 
and polymyxins in the 
animal sector (2011–2021), 
expressed as mg/kg 
bio mass. Source: BelVet-
SAC reports. 

Sales 
2021 Use 2021

Tonne
Total 

tonne
% sales

Pig 
tonne

% sales
Poultry 
tonne

% sales
Veal 

tonne
% sales

Penicillins 66.8 49.5 74 41.7 62 3.8 6 4.0 6

Tetracyclines 33.5 24.5 73 18.9 57 1.3 4 4.2 13

Sulphonamides 34.6 20.6 60 15.9 46 3.0 9 1.7 5

Macrolides 17.7 15.1 85 6.0 34 6.1 34 3.1 17

Aminosides 9.8 6.8 69 3.1 31 2.8 28 1.0 10

Polymyxins 2.5 2.1 84 1.8 73 0.2 10 <0.1 1

Phenicols 3.8 2.0 51 1.7 44 <0.1 <1 0.3 7

Other 0.8 0.4 50 0.4 50 0 0 0 0

Quinolones 0.8 0.3 45 <0.1 <1 0.3 41 <0.1 4

Cephalosporins 1.4 <0.1 1 <0.1 <1 0 0 <0.1 <1
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At the sector and animal category level, use is expressed as BD
100

.  
This represents the number of treatment days (with antibiotics) out  
of 100 days present at the farm, thus signifying the percentage of  
time an animal is treated with antibiotics.

Based on the yearly-average BD
100

-values of the farms in the benchmark 
reference population per animal category (excluding zero-use farms),  
the distribution of the use in each animal category is also studied.  
These distributions are currently all skewed with a long tail of high-us-
ing farms. In Figure 9, the evolution between 2018 and 2021 of the 
median BD

100
 from each animal category distribution is shown. In 

multiple categories (veal calves, broilers and fatteners) the median 
BD

100
 consistently reduced year – on – year throughout the study period, 

with particularly notable reductions seen in veal calves. However, this 
remains the sector with the highest antibiotic use, closely followed by 
weaned piglets. 

Figure 9 — Median BD100 
for the animal categories 
(sucklers, weaners, 
fatteners, breeding pigs, 
broilers, laying hens and 
veal calves) for which 
data are available in 
Sanitel-Med. Given only 
four datapoints were 
available, no statistical 
analysis was performed. 
Data range: 2018–2021.
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2017, the World Health Organization (WHO) published its first 
ever list of antibiotic-resistant “priority pathogens”22. The most 
critical group of all includes multidrug resistant bacteria that 
pose a particular threat in hospitals, nursing homes, and among 
patients whose care requires devices such as ventilators and 
blood catheters. They include Acinetobacter, Pseudomonas and 
various Enterobacterales (including Klebsiella spp. and E. coli). 

They can cause severe and often deadly infections such as bloodstream 
infections and healthcare-associated pneumonia. The second and third 
tiers in the list – the high and medium priority categories – contain 
other increasingly drug-resistant bacteria that are mainly responsible 
for community-acquired infectious diseases such as gonorrhea and food 
poisoning. An update of this list is expected in 2023.

In BELMAP 2022, we present available AMR data on these pathogens 
for the 2011–2021 time period, and expand to fungi included in WHO’s 
first fungal priority list23 and other difficult-to-treat infections caused 
by Clostridioides (Clostridium) difficile and Mycobacterium tuberculosis.  

5.1 Methodology 

Two different systems are in place for the epidemiological monitoring of 
AMR in humans in Belgium: 

• the Belgian national surveillances of methicillin resistant Staphy-
lococcus aureus (“MRSA”), multi-resistant Gram-negative bacteria 
(“MRGN”), and vancomycin resistant enterococci (“VRE”).

• the European (EU) Antimicrobial Resistance Surveillance Network  
for Belgium (“EARS-BE”). 

The MRSA, MRGN and VRE surveillances are the main national surveil-
lances for antimicrobial susceptibility and the incidence of multidrug 
resistant organisms in Belgium. By Royal Decree, acute care hospitals 
are required to participate in the MRSA and MRGN surveillances. 
Participation in the VRE surveillance is currently optional (Belgian 
Royal Decree of 25 April 2002). Data are collected retrospectively (year 
-1) and aggregated at the hospital level. The AMR surveillance protocol 
is defined by the ‘Healthcare-associated infections and antimicrobial 
resistance service’ (HAI-AMR) of Sciensano, in collaboration with the 
relevant national reference laboratories (NRCs). For more information 
about this surveillance, including the protocols and the reports from 
previous years, the reader is referred to the webpage of NSIH24. 

EARS-Net is the main EU epidemiological surveillance system for AMR, 
and its data serve as important indicators on the occurrence and spread 
of AMR in European countries25. On a yearly basis, this monitoring sys-
tem collects and reports data from European countries on AMR against 
relevant antimicrobials within commonly occurring pathogens isolated 
from clinical invasive samples (blood and cerebrospinal fluid (CSF)) in 
humans. EARS-Net collects such data on seven bacterial pathogens com-
monly causing infections in humans: E. coli, K. pneumoniae, P. aerugi-
nosa, Acinetobacter species, S. pneumoniae, S. aureus, E. faecalis and E. 
faecium. EU member states are requested to participate in EARS-Net by 
EU recommendation (Council Recommendation, 2009/C 151/01). 

IN
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In Belgium, national data is collected and submitted to the EU by the 
‘Healthcare-associated infections and antimicrobial resistance service’ 
of Sciensano, through the “EARS-BE surveillance”. EARS-BE differs 
from EARS-Net in three major points: (1) antimicrobial susceptibility 
tests (AST) are also performed on isolates collected from urine (in ad-
dition to blood/CSF samples); (2) the inclusion of the pathogen Proteus 
mirabilis, a frequent cause of urinary tract infections; (3) the distinc-
tion between all Acinetobacter species and the pathogen A. baumannii, 
the predominant species of the genus that is included in the ESKAPE 
pathogens commonly associated with antimicrobial resistance. Data are 
collected retrospectively (year - 1) and participation is voluntary. Micro-
biology laboratories are asked to specify data up to the level of individu-
al combinations of the antimicrobial tests performed and to transfer this 
file to Sciensano. The data call, case, data definitions and reports from 
previous years are available on the NSIH website. 

Aside from this resistance surveillance based on aggregated data, clini-
cal laboratories can voluntarily send isolates to National Reference Cen-
tres (NRCs) for phenotypic and genotypic characterization (including 
resistance profiles and confirmation of relevant resistance mechanisms) 
and/or molecular typing. These NRCs publish annual reports26, from 
which data on resistance was extracted for inclusion in this report. 

5.2 Invasive infections

Bloodstream infections (BSIs) are among the most severe clinical syn-
dromes, and are considered a leading cause of unfavorable outcomes, in-
creasing treatment costs and length of hospital stay. BSIs are one of the 
most frequent lethal conditions that are managed in intensive care units 
(ICUs), and require immediate antimicrobial therapy. Hospital-associat-
ed bloodstream infections (HABSIs, bloodstream infections diagnosed 
two or more days after admission to hospital) represent a significant 
proportion of BSIs reported in Belgian hospitals (7,593/9,164 (82.9%) in 
2021)27. In 2021, an invasive device (for example a central line, urinary 
catheter or endotracheal tube) was associated with 45% of all HABSIs, 
and 70% of ICU-associated BSIs. It is thought that COVID-19 had a huge 
impact on such infections, as between 2013–2019 no statistical trends 
were observed in the incidence of HABSIs, but substantial increases 
were seen in 2020 and 2021. For example, the incidence of HABSI 
increased from 8.3 per 10,000 patient days in 2019 to 10.0 in 2021 (19%), 
with intensive care units experiencing an even greater increase from 
32.4 in 2019 to 46.9 in 2021 (35%). There was also a notable increase in 
the number of HABSI cases with a pulmonary infection and endotrache-
al tube as source. However, the causal microorganism, or their antimi-
crobial resistant profiles, did not appear to be substantially impacted.

Escherichia coli 

Escherichia coli is part of the commensal intestinal flora, but is also the 
most common pathogen in BSIs in Belgium, being isolated in 19% of the 
hospital-associated BSIs (HABSIs) in 202127. The source of such E. coli 
are most often urinary tract or abdominal infections. A major change in 
its global epidemiology has been the emergence of resistance to 3rd gen-
eration cephalosporins (3GC) primarily caused by extended spectrum 
β-lactamase (ESBL) especially of CTX-M family. Another major event is 
the global spread of one very successful clone (ST131) that has emerged 
over the last two decades28.
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In Belgium, we have seen an increase in resistance to 3GC among E. 
coli isolated from BSIs (2011–2014), but this trend stabilized in the last 
years and reached 9.8% (454/4632 tested isolates) in 2020 (Figure 10 first 
panel). These levels mirror those of our neighboring countries (9.6%), 
and are lower than EU averages (12.7% in 2020), and much lower than in 
other parts of the world where levels up to 40% are recorded29. Interest-
ingly, this contrasts a national trend of decreasing levels of ciprofloxacin 
resistance among these isolates, which dropped from 26.7% in 2014 to 
18.1% in 2020 (Figure 10b). Of note, since 2017 the EARS-BE moni-
toring includes data on E. coli and Proteus mirabilis from urinary tract 
infections (UTIs). Ciprofloxacin resistance in E. coli isolated from UTIs 
decreased from 18.1% in 2017 to 14.8% in 2020, which mirrors the trend 
observed in invasive isolates in the same time period. 

Thus far, resistance to carbapenems and colistin among invasive E. coli 
isolates (not shown) remains low (<1%)30.

When stratifying resistance levels in E. coli according to source lab 
(hospital or non-hospital, Figure 11), it is notable that resistance to 3rd 
generation cephalosporins in community isolates (5.4%) is 50% lower 
than levels observed among hospital isolates. In contrast, ciprofloxacin 
resistance levels are comparable. 

Figure 10 — Proportion of 
invasive clinical isolates of 
E. coli isolated in Belgium 
(green) and resistant to 3rd 
generation cephalosporin and 
ciprofloxacin, in comparison 
to our neighboring countries 
(France, Germany, The 
Netherlands and Luxembourg) 
in orange and EU averages 
labeled in black. Source: 
EARS-BE data and ECDC’s 
Surveillance Atlas of Infectious 
Diseases. 

Figure 11 — Proportion of 
invasive isolates of E. coli 
isolated in Belgian hospitals 
(green) and non-hospital 
associated laboratories 
(orange), resistant to 3rd 
generation cephalosporin and 
ciprofloxacin. Source: EARS-BE 
data.
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Klebsiella pneumoniae

Klebsiella pneumoniae can cause numerous nosocomial and community 
acquired acute or persistent invasive infections at various body sites. 
Globally, carbapenem-resistant K. pneumoniae (CRKP) has become one 
of the bacterial pathogens with the highest impact on public health, ac-
counting in Europe alone for >90,000 infections and >7,000 deaths an-
nually31. CRKP are especially of concern, both because of their epidemic 
potential causing major nosocomial outbreaks through dissemination of 
high-risk clones (e.g. clonal complex ST258), but also because of the risk 
on horizontal transfer of mobile genetic elements carrying carbapene-
mase genes, including plasmids (e.g. pOXA-48a plasmid)32. 

In Belgium, K. pneumoniae was isolated in 8% of HABSIs in 202027, 
making it the second most frequent Enterobacterales species. Figure 12 
shows the evolution of resistance in clinical isolates in 2011–2020. 
Between 2011 and 2020, both the absolute prevalence of K. pneumoniae 
(from n=534 to n=934), and the prevalence of CRKP (from 0.4% to 1.4%) 
have significantly increased. This proportion is approx. twofold higher 
than in our direct neighbors (0.45% in 2020), and significant lower than 
the EU average (10.2%). 

Of note, budgetary limitations hinder detailed molecular surveillance on 
carbapenem resistant bacteria with no systematic microbiological and 
molecular surveillance of CRKP isolates in place. Therefore, the pro-
portion of CPE (carbapenemase producers) among CRE (carbapenem 
resistant) is currently unknown, as is the distribution of the different 
carbapenemase family types within the CPE in BSI isolates.

The proportion of multi-drug resistant (MDR) K. pneumoniae strains 
resistant to 3GCs, aminoglycosides and FQLs increased across the 
2012–2020 period from 8.4% to 10.4% (Figure 12), which is contrasting 
declining European trends. 

Figure 12 — Proportion of 
invasive clinical isolates of K. 
pneumoniae isolated in Belgium 
(green), neighbors (orange) 
and the EU average (black) 
and resistant to carbapenem 
(left panel), and a combination 
of aminoglycosides, 
fluoroquinolones and 3rd 
generation cephalosporins 
(right panel). Source: EARS-BE 
data and ECDC’s Surveillance 
Atlas of Infectious Diseases. 
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Acinetobacter spp. 

Acinetobacter spp. are ubiquitous in nature, and can spread to- and 
within- healthcare facilities given their ability to persist on inanimate 
surfaces. Due to its higher virulence and intrinsic resistance to many 
antimicrobials, A. baumannii is one of the principal opportunistic 
pathogens that can cause severe nosocomial infections. Such cases 
most often occur in patients within intensive care units, and may be 
associated with pneumonia (often ventilator-associated), central-line 
associated bloodstream and urinary tract infections33. Immune suppres-
sion, invasive procedures, burns and traumatic wounds and an extended 
hospital stay are some of the risk factors for Acinetobacter infections34. 
The environmental persistence of A. baumannii makes eliminating this 
pathogen very difficult and eases transmission, which can lead to diffi-
cult-to-control outbreaks. Due to historical difficulties in clinical labs to 
correctly identify Acinetobacter isolates to species level, the EARS-Net 
surveillance monitors the antimicrobial resistance of Acinetobacter spp. 
In addition to these results, since 2018, EARS-BE collected AST results 
on the subgroup of A. baumannii species. 

Although often MDR, Acinetobacter spp. infections are uncommon and 
identified in <1% HABSIs in Belgian patients. Among the 134 and 67 
Acinetobacter spp isolates included in the surveillance in 2018 and 2019, 
only 31 (23.1%) and 14 (20.9%) were identified as Acinetobacter bauman-
nii species respectively. Figure 13 shows the evolution of carbapenem re-
sistance among Acinetobacter spp, with prevalence in Belgium remaining 
very low in 2020 (1.2%, 163 isolates). Given the low number of isolates, 
it remains difficult to precisely estimate the prevalence of resistance at 
a national level. For future reports, data on the proportion of hospitals 
reporting (outbreaks of) carbapenemase producing A. baumannii and P. 
aeruginosa isolates will be available. In any case, the low prevalence in 
Belgium and its neighbors contrasts sharply with EU means, which are 
strongly influenced by soaring numbers of carbapenemase producing A. 
baumannii in Italy and Greece. 

Figure 13 — Proportion of 
invasive clinical isolates 
of Acinetobacter spp. 
isolated in Belgium (green), 
neighbors (orange) and 
the EU average (black) and 
resistant to carbapenem. 
Source: EARS-BE data and 
ECDC’s Surveillance Atlas of 
Infectious Diseases. 
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Pseudomonas aeruginosa 

Pseudomonas aeruginosa is commonly found in aquatic environments in 
nature. It is an opportunistic pathogen and a common cause of health-
care-associated pneumonia (including ventilator-associated pneumo-
nia), bloodstream infections and urinary tract infections. In Belgium, P. 
aeruginosa was isolated in 5% of HABSIs in 2021. P. aeruginosa displays 
high intrinsic resistance to a large number of antimicrobial agents and has 
a high propensity to acquire and accumulate resistance mechanisms (chro-
mosomal mutations and/or mobile elements horizontal transfer), resulting 
in multidrug-resistant phenotypes towards different antibiotics classes.35

Figure 14 displays the evolution of multi-drug resistance within invasive 
clinical isolates of P. aeruginosa from 2011 to 2020. Both the Belgian and 
European proportion of CRPA has declined significantly, although stabi-
lization around 6% is observed in Belgium since 2014 with 6.7% (33/493) 
MDR isolates in 2020. The current European prevalence is 9.7%. 

Staphylococcus aureus 

Staphylococcus aureus is usually a commensal bacterium that common-
ly colonizes the skin of healthy humans. However, it can also become 
an opportunistic pathogen, being a common cause of skin, soft tissue 
and bone infections. It is also one of the leading causes of bloodstream 
infections in Europe36, with an estimated mortality rate above 25% at 
3 months (even for methicillin-sensitive S. aureus)37. The 2017 Belgian 
point prevalence survey of healthcare-associated infections and antimi-
crobial use (PPS) estimated that 8.9% of healthcare-associated infec-
tions (HAI) were caused by S. aureus. That makes it the 2nd most often 
isolated pathogen from HAI in Belgium, consistent with the findings of 
the earlier 2011 PPS study.

In Belgium, as well as in a majority of EU countries, MRSA percentages 
have been steadily and significantly decreasing (Figure 15). This decrease 
is likely the consequence of the efficient implementation of national 
recommendations and guidance documents on preventing the spread of 
MRSA, as well as the organization of hand hygiene campaigns in acute 
care hospitals since 200538.

Figure 14 — Proportion of 
invasive clinical isolates 
of P. aeruginosa isolated 
in Belgium (green) and 
resistant to at least 
3 out of 5 AB groups 
(piperacillin-tazobactam, 
carbapenems, 
aminoglycosides, 
fluoroquinolones), in 
comparison to neighbors 
(orange) and the EU 
average (black). Source: 
EARS-BE data and ECDC’s 
Surveillance Atlas of 
Infectious Diseases. 
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However, in 2020, the EARS-BE monitoring recorded a slight increase 
in MRSA prevalence: 6.8% MRSA (107/1,580), as opposed to 6.3% 
(80/1276) in 2019. Similar patterns of reductions in MRSA prevalence 
interspersed with plateaus are also observed in both neighboring coun-
tries (7.5%) and throughout the EU (13.2%) (Figure 15). 

Next to MRSA, vancomycin-resistant S. aureus (VRSA) is classified by 
the WHO as a high priority antibiotic resistant organism. In Belgium, 
resistance to vancomycin among invasive S. aureus clinical isolates is 
anecdotal. 

Enterococcus faecium 

Enterococci are part of the normal intestinal flora of humans and ani-
mals. However, when this commensal relationship is disrupted, they can 
cause a large variety of invasive diseases such as urinary tract infections, 
bloodstream infections and endocarditis. The genus Enterococcus 
includes more than 80 species39, but the vast majority of clinical entero-
coccal infections in humans are caused by E. faecalis and E. faecium. The 
2017 PPS study estimated that 4.8% of HAI were caused by E. faecalis, 
making it the 4th most often isolated pathogen from HAI in Belgium. E. 
faecium was less commonly isolated and reported to cause 1.2% of HAI in 
Belgium4.

Enterococci are intrinsically resistant to a broad range of antimicrobial 
agents including cephalosporins, sulphonamides and low concentrations 
of aminoglycosides. Due to the expression of low affinity penicillin-bind-
ing proteins, they exhibit decreased susceptibility to many beta-lactam 
agents. However, there is commonly in vitro synergy between cell-wall 
active agents (penicillins or glycopeptides) and aminoglycosides. And 
yet, some enterococci have developed high resistance to aminoglyco-
sides, causing loss of any synergy with this class of antibiotic40. Vanco-
mycin-resistant E. faecium (VRE) is listed by the WHO as a high priority 
antibiotic resistant organism.

Figure 15 — Proportion of 
invasive clinical isolates of 
MRSA isolated in Belgium 
(green) in comparison to 
neighbors (orange) and 
the EU average (black). 
Source: EARS-BE data and 
ECDC’s Surveillance Atlas 
of Infectious Diseases. 
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As shown in Figure 16 below, in Belgium, the prevalence of vancomy-
cin resistance among E. faecium invasive clinical isolates remained low 
during the last decade (3.6% (19/533) in 2020). The highest resistance 
rate, detected in 2017 (5.5%), might be indicative of outbreaks in some 
hospitals as shown from the percentiles of the distribution of lab means41. 
When comparing the medians for 2017 and other years, which are less 
sensitive to extreme values than the mean, these are all equal to 0.0%. 
Notably, Belgium goes against the EU-wide trend, which demonstrates a 
clear increase in prevalence with 16.6% VRE isolates reported in 2020. 

Streptococcus pneumoniae 

Streptococcus pneumonia is a gram-positive bacterium that often resides 
as a commensal in the human respiratory tract, with the highest carriage 
prevalence occurring in children (<5 years). Nevertheless, asymptom-
atic carriage can also evolve in to respiratory infections such as otitis 
media and pneumonia or even invasive pneumococcal disease (IPD) like 
bacteremia and meningitis. About 100 pneumococcal serotypes have 
been defined based on their capsular type. After the introduction of 
pneumococcal conjugate vaccines (PCVs), the global annual number of 
severe cases in children dropped from 14.5 million to 9.2 million in 2015. 
Belgium initiated a universal pediatric immunization PCV program, util-
ising the 7-valent PCV, in 2007, followed by switches to 13-valent PCV 
(PCV13) in 2011 and to 10-valent PCV in 2015–2016, while reinstalling 
PCV13 in 2019. Annually, over 1500 isolates are submitted to the NRC in 
the context of epidemiological surveillance of IPD. 

Specific pneumococcal serotypes are associated with antimicrobial 
resistance. The introduction of the PCVs reduced the circulation of some 
penicillin resistant serotypes, with an observed overall reduction in pen-
icillin resistance shortly after the introduction of PCV7 (2007). During 
the period of 2011 to 2019, penicillin resistance remained stable (mean of 
10% of resistant strains). This stable trend and the level of resistance were 
consistent with European data. Since 2020, an increase in penicillin resis-
tance is observed (Figure 17), due to a change in the antimicrobial suscep-
tibility testing method in August 2020 at the NRC. Penicillin resistance 
has reached 18.3% (157/854) in 2021. Future follow-up will be required 
to better understand the impact of COVID-19 on the number of IPD 
cases, and it will be more difficult to compare resistance rates of 2020 
to the rates of the previous years. For macrolides, after initial declining 
resistance rates, a stable rate has been observed over the years with 16.5% 
in 2021. Over the study period, rates of both penicillin and macrolide 

Figure 16 — Proportion of 
invasive clinical isolates of 
vancomycin-resistant E. 
faecium isolated in Belgium 
(green) in comparison to 
neighbors (orange) and the 
EU average (black). Source: 
EARS-BE data; 2011–2020. 
ECDC’s Surveillance Atlas of 
Infectious Diseases. 
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resistance are higher in Belgium as compared to EU levels. The difference 
in penicillin resistance between Belgium and other countries is probably 
due to methodological differences (interpretation/ use of breakpoints), 
rather than representing a true difference in resistance rate. In Belgium, 
a consistent and low breakpoint of 0.06 mg/L (epidemiological cut-off) 
was used for resistance testing throughout the considered time period, 
in contrast to other European countries that used higher clinical break-
points for the interpretation of the raw susceptibility testing results. 

Haemophilus influenzae 

H. influenzae is a Gram-negative coccobacillus, and part of the normal 
upper respiratory tract flora. The presence or absence of a polysaccharide 
capsule allows the classification of H. influenzae strains into typeable (se-
rotypes a to f) and non typeable (NTHi) strains. The colonization of the 
upper respiratory tract begins early in infancy and is a dynamic process. 
At least 75% of healthy adults are colonized with H. influenzae, usually 
NTHi. As observed for S. pneumoniae, the nasopharynx acts as a potential 
reservoir for infection and asymptomatic carriage of H. influenzae can 
lead to both respiratory tract and systemic infections, including meningi-
tis and bacteremia. In the early nineties, the introduction of a H. influen-
zae serotype b (Hib) conjugate vaccine in Belgium led to a sharp decrease 
in Hib invasive infections (from very common to rare) and most invasive 
infections now occur in older patients with concurrent conditions. Annu-
ally, about one hundred invasive isolates are referred to the NRC by over 
forty clinical laboratories. NTHi strains are responsible for more than 
75% of cases of invasive infections and particularly affect children under 
five and adults over sixty-five. Among encapsulated strains, serotype f, 
frequently encountered among patients over 65 years of age, is dominant. 

Ampicillin resistance in H. influenzae is mediated by two separate 
mechanisms: beta-lactamase production (most frequently) or amino-acid 
substitution of the transpeptidase enzyme (PBP3) encoded by the ftsI 
gene. Between 2011 and 2021, the rate of ampicillin resistance among 
invasive H. influenzae strains isolated in Belgium fluctuated around 
twenty percent. On average, less than 20% of the resistant strains did 
not produce beta-lactamase and were classified as phenotypic “beta-lact-
amase negative-ampicillin resistant” H. influenzae. In 2019, an increase in 
the proportion of amoxicillin-clavulanic acid association resistant strains 
(11%) is noticed that is not confirmed in 2020. However, the COVID-19 
crisis confounds interpretation of the 2020 data, and particular vigilance 
is required in the coming years. 

Figure 17 — Evolution of penicillin 
and macrolide resistance in 
invasive S. pneumoniae isolates 
send to the NRC (green), between 
2011 and 2021, in comparison 
to EARS-Net data (2011–2020) 
for neighboring countries 
(orange) and the EU (black). 
For this report strains from the 
NRC with penicillin MIC above 
0.06mg (=epidemiological cut-off) 
were categorized as penicillin 
resistant. Data source: NRC 
Invasive S. pneumoniae and ECDC’s 
Surveillance Atlas of Infectious 
Diseases. 
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Invasive Salmonella spp. 

Although the most commonly known invasive Salmonella spp. are the ty-
phoid serovars, which are restricted to human host, they represent only 
a minority of invasive Salmonellosis in Belgium (6.2% in 2021, Table 2). 
The majority of cases was caused by serotypes Enteritidis (31%, 20/64), 
Dublin (14%), Typhimurium (9%) and Chester (9%). Invasive infections 
represent on average 4% of the approx. 3,000 isolates submitted annual-
ly at the NRC.

Data on invasive Salmonella infections that is stratified by serotype is 
only available since 2019, so no trends analyses on the evolution of resis-
tance could be performed. However, resistance to ciprofloxacin (22.1% 
in 2021) and 3rd generation cephalosporins (2.9% in 2021) increased 
slightly over this period. Less than 2% of Belgian invasive Salmonella 
strains are resistant to macrolides. 

Table 2 — Invasive isolates of 
S. enterica received at the NRC 
Salmonella, 2021

Figure 18 — Evolution 

of resistance to 
ampicillin in invasive 
H. influenzae isolates 
send to the NRC for 
typing, 2011–2021.

Figure 19 — Evolution 
of resistance to 
ciprofloxacin (green), 
3rd generation 
cephalosporins 
(black) and 
azithromycin (orange) 
in invasive Salmonella 
spp. send to the NRC 
for typing, 2019–2021. 

Serotype N invasive % invasive

Enteritidis 20 3.7

Dublin 9 47.4

Chester 6 23.1

Typhimurium 9 2.1

Typhi 4 66.7

Others 16 NA
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5.3 Lung infections

Mycobacterium tuberculosis 

Tuberculosis (TB) is caused by infection with the bacterium Mycobacte-
rium tuberculosis (Mtb) and predominantly affects the lungs, resulting in 
extensive tissue pathology. Of high global concern are relapse infections 
of multidrug resistant (MDR-TB) strains, 8.5% of which globally are ex-
tensively drug resistant (XDR-TB). This XDR-TB is a rare type of MDR-
TB that is resistant to isoniazid and rifampin, plus any fluoroquinolone 
and at least one linezolid or bedaquiline. In Belgium, annual registers of 
infections with M. tuberculosis (TB) are published by the Vlaamse Vereni-
ging voor Respiratoire Gezondheidszorg en Tuberculosebestrijding 
(VRGT) and Fonds des Affections Respiratoires (FARES), based on the 
mandatory reporting of cases 42. These publications show a decline of 
the annual cases of TB to 7.2/100,000 inhabitants, although underdiag-
noses due to COVID-19 measurements is very likely. 

The majority of Belgian TB isolates remain pan-susceptible to antibiot-
ics. In 2020, 6.2% (38/613) of the isolates were monoresistant to iso-
niazid and 2.3% were MDR-TB. In the considered period (2011–2020), 
the proportion of drug-resistant strains remained stable (Figure 20). 
The occurrence of XDR-TB remains extremely rare in Belgium (<0.5%). 
An insight on the impact of migration due to the Russian invasion of 
Ukraine is only expected in 2023. 

Figure 20 — Overview 
of AMR in Belgian M. 
tuberculosis isolates, 
indicating the 
percentage of strains 
monoresistant against 
isoniazid (green) and 
MDR strains (black). 
Data source: TB 
registers 2011–2021. 
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5.4 Sexual Transmissible Infections

Neisseria gonorrhoeae 

Neisseria gonorrhoeae is the causative agent of Gonorrhea, the second 
most frequently found sexually transmitted infection (STI) in Belgium. 
Gonorrhea is predominantly found among men between 20–39 years 
of age. The number of cases found by molecular detection is increasing 
over time. To be able to follow up antimicrobial susceptibility to cipro-
floxacin, ceftriaxone and azithromycin, Sciensano recommends to ship 
identified gonococcal isolates to the national reference center for STIs 
for further antibiotic susceptibility testing43. On average, 600 N. gonor-
rhoeae isolates are tested annually44. 

Although ciprofloxacin resistance remains stable around 50%, azith-
romycin resistance is still increasing and is now reaching almost 20% 
(2015: 0.8% to 18.6% in 2021). Fortunately, resistance to ceftriaxone 
remains scarce (0.4%) (Figure 21). As a response to the rapid emergence 
of resistance to azithromycin in N. gonorrhoeae, as well as in other 
bacteria such as Mycoplasma genitalium (see below), Belgium, along with 
other countries, are changing their treatment guidelines to abandon 
azithromycin and to switch to monotherapy ceftriaxone 1g intramus-
cular. Quinolones/fluoroquinolones are not recommended as first-line 
treatment. 

Figure 21 — Evolution 
resistance (%) of 
ciprofloxacin (green) 
and macrolide (black) 
and ceftriaxone 
(orange) in N. gonorrhoeae 
isolates sent to the NRC 
for typing, between 2011 
and 2021. 
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Mycoplasma genitalum  

Mycoplasma genitalium causes non-gonococcal non-chlamydial urethri-
tis/cervicitis but is also frequently found in asymptomatic individuals. 
This micro-organism is of increasing concern due to the rapid speed 
with which it is acquiring resistance to the first- and second-line treat-
ment (ie. azithromycin and moxifloxacin). At the NRC, which analyses 
40–50 isolates per year, resistance to azithromycin and moxifloxacin is 
estimated by detecting resistance-associated mutations (RAMs) in 23S 
rRNA gene and parC at position 83/87. 

As seen in Figure 22, the presence of RAMs to macrolides or fluoro-
quinolones is still rising, although there is no statistical significance due 
to low sample numbers. However, more than four in five cases (83.7%) 
were resistant to macrolides and almost 45% harbored RAMs to both 
microbials in 2021. Resistance figures may be biased by the low frequen-
cy of samples shipped to the NRC-STI due to strict testing rules (only 
test in the case of non-gonococcal, non-chlamydial urethritis or cervici-
tis). Moreover, predominantly samples from men who have sex with men 
were analyzed which do harbor more RAMs to both antimicrobials com-
pared to heterosexuals (Macrolides: 95% vs 82%; Macrolides/FQL: 50% 
vs 47%). In order to assess the real magnitude of multidrug resistance in 
Belgium, an additional study is set-up in 2022 whereby additional sam-
ples from all regions of Belgium will be tested. 

Due to the increasing numbers of resistance to the first- and second- line 
treatment globally, and the largely asymptomatic presentation of infec-
tion, it is no longer recommended to screen for this microorganism or to 
treat asymptomatic infections. 

Figure 22 — Evolution 
of macrolide (green) 
and macrolide + 
fluoroquinolone (black) 
resistance in M. 
genitalium isolates sent 
to the NRC for typing, 
between 2016 and 2021. 
No statistical analysis 
was performed due to 
limited sample size.
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5.5 Gastrointestinal infections

Helicobacter pylori 

Helicobacter pylori is a Gram-negative bacterium that colonizes the 
antrum and corpus of the stomach. It is known to induce chronic in-
flammation of the underlying mucosa (chronic active gastritis) and can 
cause major upper gastrointestinal diseases: gastric and duodenal peptic 
ulcers, gastric cancer and gastric mucosa-associated lymphoid-tissue 
(MALT) lymphoma. The prevalence of H. pylori infections varies accord-
ing to geographical regions, as well as between different ethnic, social or 
age groups, and can reach up to 50% in developing countries. In a study 
in 2011, a sample of Belgian asymptomatic children and young adults 
were tested for H. pylori with an overall prevalence recorded at 11% with 
a strong correlation between prevalence and country of birth45. 

The Maastricht IV/Florence Consensus report for management of H. 
pylori infection46 advised that recommended treatment strategies should 
be based on the regional prevalence of antimicrobial resistance (15% 
resistance rate considered as the threshold) that directly influenced the 
choice and efficacy of drug regimens. The NRC of H. pylori reported 
stable primary resistance (no exposure to previous H. pylori eradication 
treatment) rates to clarithromycin around 20% (Figure 23) among H. 
pylori (more than 700 isolates per year) detected in samples collected 
from a limited number of hospital-based endoscopic units, mainly from 
the Brussels and Wallonia regions. 

In 2018, a prospective multicentric, multinational European study inves-
tigated the proportion of primary antibiotic resistance cases of H. pylori 
and correlated data collected in 2008–2017 with the antibiotic consump-
tion in the community from 18 European countries47. The mean H. pylori 
CLA-R rate was 21.4% overall (17.4% in Belgium) and was significantly 
higher in Central/Western/Southern than in the Northern European 
countries (p<0.03). A significant association was found between H. pylo-
ri CLA-R and consumption of macrolides in the community (p=0.0003). 
Based on current, high resistance rates to clarithromycin and to levo-
floxacin (both above 15%), despite stabilization over the past decade, H. 
pylori treatment regimens including these two antibiotics should not be 
started without susceptibility testing.

Figure 23 — Evolution 
of clarithromycin 
resistance in H. pylori 
isolates send to 
the NRC for typing, 
between 2016 and 
2021. 
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Shigella spp. 

Shigella are Gram-negative pathogenic Enterobacterales which cause 
severe dysentery with diarrhea, fever, and stomach cramps. Humans are 
the main reservoir of Shigella, and transmission occurs mainly through 
contaminated food or water via the fecal-oral route. In Belgium, S. 
sonnei is the most frequently reported species representing 75% of the 
approx. 400 isolates received annually at the NRC, while S. flexneri 
accounts for approx. 20% of cases. Of note, the number of reported S. 
sonnei infections imploded during the COVID pandemic with a 70% 
reduction, most likely due to travel restrictions and social distancing 
measures. In 2021, the NRC reported 198 cases of shigellosis, of which 
59% were identified as S. sonnei and 35% as S. flexneri.

As shown in a study of the NRC in 202148, more and more ciprofloxacin 
and macrolide-resistant S. sonnei lineages are internationally circulat-
ing among the MSM population. The extensive global dissemination of 
MDR S. sonnei subsequently led to sporadic outbreaks of extensively 
drug resistant (XDR) S. sonnei, that combine resistance against cipro-
floxacin, azithromycin and resistance to extended spectrum beta lactam 
antibiotics (e.g., ceftriaxone)49. The latter resistance is typically associ-
ated with acquisition of an extended spectrum beta lactamase (ESBL) 
gene, such as those in the blaCTX-M-(n) family. In Belgium, no less than 
29.7% of all S. sonnei isolates in 2021 were XDR, caused by the acquisi-
tion and international spread of the ESBL plasmid p893916 (Figure 24). 
It is clear that this situation warrants careful monitoring, and targeted 
prevention campaigns to curb the spread of this successful clone.

Figure 24 — Overview 
of resistance to 
ciprofloxacin (orange) 
and 3rd generation 
cephalosporins (black) 
among Shigella spp. in 
Belgium, as recorded by 
the NRC between 2011 
and 2021. The observed 
peak in ciprofloxacin 
resistance in 2018 
was related to a large 
outbreak of MDR S. sonnei 
in the MSM community. 
Data source: NRC 
Shigella. 
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Clostridioides difficile 

Clostridioides difficile is an anaerobic, spore-forming bacterium which 
can colonise the intestine of humans and animals. Pathogenic C. difficile 
strains can produce protein toxins (toxin A and/or B, and/or binary 
toxin) that disrupt the intestinal wall and thereby cause a range of symp-
toms from mild diarrhea to a severe life-threatening infection, resulting 
in a high clinical and economic burden.

At the national level, the mean C.difficile infection (CDI) incidence in 
acute care hospitals remained globally stable since 2018 (2.5/10,000 
hospitalisation-days for total CDI and 1.4/10,000 hospitalisation-days 
for hospital-associated CDI in 2020). There was a large variability in the 
reported incidence of CDI between provinces and hospitals. Of note, 9% 
of CDI episodes were recurrent and 2% of patients affected by CDI died 
possibly or definitely because of their infection5. 

The incidence of the virulent 027/NAPI/BI strains, associated with high 
relapse and mortality rates causing major outbreaks in the 2000s, has 
progressively decreased in Belgium in favour of other ribotypes that seem 
to have the same characteristics as ribotype 027 (overproduction of toxins 
A and B, production of binary toxin and multiple antimicrobial resistance)

Since 2019, data has been collected on antimicrobial susceptibility, 
including antibiotics known to be significantly associated with CDI or 
used in CDI treatment, through testing a representative sample of strains 
sent to the NRC. All isolates were susceptible to vancomycin (MIC ≤2 
mg/L), metronidazole (MIC ≤2 mg/L) and chloramphenicol. In 2020, 
resistance to erythromycin, moxifloxacin, and clindamycin (21.6%, 
12.2%, and 98.6% of the total isolates, respectively) was evident in mul-
tiple ribotypes. Resistance to tetracycline and rifampicin was observed 
in 9.5% and 1.4% of isolates respectively. BR027, BR012 and BR078 were 
associated with resistance to multiple antimicrobials. Compared to 2019, 
in 2020 the resistance to moxifloxacin and rifampicin decreased due to 
less frequent circulation of the multiresistant ribotype BR017. Antibiotic 
resistance rates are lower in Belgium when compared to EU levels, except 
for clindamycin, for which the resistance rate has doubled since 2015.6,7

Figure 25 — Overview of 
resistance to Moxifloxacin 
(orange), Rifampicin 
(green) and Vancomycin 
(black) among C. difficile in 
Belgium, as recorded by 
the NRC in 2019 and 2020. 
Data source: NRC. 
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5.6 Fungal infections 

Candida spp. 

Over 200 Candida species have been identified, with both C. albicans 
and C. glabrata being ubiquitous commensals of the human skin, oral 
cavity and gastrointestinal tract. However, they are also the two most 
common pathogenic yeasts. Under certain predisposing factors, they can 
cause superficial and invasive infections, associated with high morbidity 
and mortality, being responsible for >60% of all systemic candidiasis. 
Candidaemia is estimated to cause over 500 cases and 200 deaths annu-
ally in Belgium. 

While C. albicans is considered to be susceptible to all antifungals and 
resistance is rarely reported, C. glabrata often displays decreased sus-
ceptibility to fluconazole, and, most worryingly an emerging resistance 
to echinocandins. Based on data of the NRC between 2011 and 2021, 
antifungal resistance of C. albicans to fluconazole remains stable over 
time, ranging between 0.7% and 4.4% (Figure 26), which is considerably 
lower than internationally reported data (7–12%). Antifungal resistance 
is more concerning for C. glabrata, for which a mean proportion of 17.0% 
of the strains were confirmed to be resistant to fluconazole in Belgium. 
However, this data is characterized by large fluctuations in prevalence 
over time, largely due to the low sample sizes (Figure 26). Internation-
ally, levels of resistance up to 36% have been reported, remaining fairly 
constant over the last years. By contrast, echinocandins, the preferred 
treatment for C. glabrata, are currently faced with emerging resistance. 
Data of the NRC show a mean prevalence of resistance to anidulafungin 
of 1.7%, with an upper limit of 5%.

Figure 26 — Overview 
of resistance to 
fluconazole (orange) 
and the echinocandin 
anidulafungin (black) 
among Candida albicans 
and Candida glabrata in 
Belgium, as recorded by 
the NRC between 2011 
and 2021.
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Aspergillus fumigatus 

Aspergillus fumigatus is an environmental, globally distributed mold that 
can cause a variety of diseases that vary in severity and clinical pre-
sentation, affecting diverse populations, from patients with asthma to 
immunocompromised patients. In the latter patient population, asper-
gillosis remains an important cause of morbidity and mortality, caus-
ing >200,000 infections annually worldwide. Risk factors for invasive 
fungal infections have evolved over time, with most recently a signifi-
cant association between A. fumigatus infection and the viral infection 
COVID-19, especially for patients in Intensive Care Units. 

Resistance to triazole antifungals (posaconazole, voriconazole, isavuco-
nazole and itraconazole) in A. fumigatus is emerging and is becoming a 
worldwide concern. A person can develop a triazole-resistant infection 
after prolonged antifungal therapy or by inhalation of resistant spores 
(further discussed in section 9.3). The most commonly reported mech-
anisms associated with antimicrobial resistance in A. fumigatus are 
mutations in the cyp51A gene. Since 2016, all A. fumigatus complex iso-
lates are screened for triazole-resistance at the NRC. A fluctuating but 
stable trend was observed (Figure 27), with an overall triazole-resistance 
prevalence of 6.9%. The majority of these resistant isolates displayed 
resistance to all triazole antifungals tested50. The reported prevalence 
of triazole-resistance worldwide in A. fumigatus varies between 0.6% 
and 36.3%. The last multicenter cohort study on Aspergillus resistance 
among patients with Aspergillus disease in Belgium was conducted in 
2011–201251, with a new national surveillance effort scheduled for the 
year 2022. Isolates from patients suffering from Aspergillus infections 
will be collected in hospitals across the entire country and susceptibility 
testing will be performed at the NRC.

Figure 27 — Overview 

of resistance to the 
azole class among 
A. fumigatus species 
complex in Belgium, as 
recorded by the NRC 
between 2016 and 
2021. Prior 2016, no 
systematic screening 
of triazole-resistance 
was in place.
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zoonosis is an infectious disease caused by a pathogen that has 
jumped from an animal to human host. Zoonotic pathogens may 
be bacterial, viral or parasitic, and may spread to humans through 
direct contact or through food, water or the environment. Many 
of these micro-organisms are commonly found in the intestines of 
healthy, food-producing animals. The most common zoonotic dis-
eases are caused by consuming food or drinking water contaminat-

ed with pathogenic bacteria, such as Salmonella spp. and Campylobacter spp. 

Antimicrobial resistance can be a complicating factor in the control of a 
severe zoonotic infection. Today, most MDR Salmonella spp. strains found 
in food producing animals in Belgium did not necessarily arise from the 
local use of antibiotics, but may instead be introduced through contami-
nated materials, for example feed or substrates. This may result in a more 
sporadic distribution of such strains. 

6.1 Methodology 

Data on AMR in human salmonellosis was collected from the NRC Sal-
monella, which receives approx. 3,000 samples annually and is the only 
laboratory in Belgium performing routine serotyping of S. enterica. A 
2021 study concluded that the coverage of the NRC surveillance system 
was estimated to be 83–85%, allowing reliable estimates of resistance 
levels based on NRC data52.  In contrast, AMR data could not be based on 
data from the NRC Campylobacter, as strains are sent upon voluntary ba-
sis and do not reflect real epidemiology (only invasive and multi-resistant 
strains are referred to the NRC). Instead, we collected ciprofloxacin and 
erythromycin resistance data from routine analysis of C. jejuni isolated 
from stool specimens (2011-2021, n=4,251) in two large university labora-
tories, i.e. LHUB-ULB and the lab of CHU Liège.  

For non-human samples, the European Directive 2003/99/EC requires 
Member States to ensure a monitoring system is in place that provides 
comparable data on the occurrence of antimicrobial resistance in zoonotic 
agents and other agents threatening public health. This monitoring should 
supplement the monitoring of human isolates conducted in accordance 
with Decision No 1082/2013/EU. European Decision 2013/652/EU further 
harmonizes the data collection at the EU-level between 2014 and 2021. 
Since 1st January 2021, the Commission Implementing Decision 2020/1729, 
replacing Decision 2013/652/EU, is applicable. This new legislation adds 
a new antibiotic, amikacin, to the monitoring of E.coli and Salmonella spp. 
isolates. It also removes nalidixic acid and streptomycin while adding ertap-
enem and chloramphenicol to the monitoring of C. coli and C. jejuni. In even 
years in Belgium, Salmonella spp. isolates are collected from poultry popu-
lations (broilers and fattening turkeys) before slaughter in the framework 
of the national control programme to comply with the EC No 2160/2003 
regulation. In odd years, Salmonella spp. isolates are collected from caeca 
samples at slaughterhouse level from fattening pigs and veal calves. The 
number of Salmonella isolates to be included in the antimicrobial resistance 
monitoring is 170 for each study population. In addition, isolates of Salmo-
nella spp. collected in the framework of the official sampling of the food 
chain are tested for antimicrobial susceptibility following the same method 
described in the Decision 2020/1729.

Antimicrobial surveillance of C. jejuni includes sampling the caecal con-
tents of broilers and turkeys at slaughter as described by the European 
Decision 2013/652/EU. With the Decision 2020/1729, this surveillance 
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was extended to isolates of C. coli as well, as including sampling of 
the caecal contents of fattening pigs for the surveillance of C. coli and 
veal calves for C. coli and C. jejuni. A minimum of 170 C. jejuni and C. 
coli, isolated from caecal samples at the slaughter house, are tested for 
resistance to ciprofloxacin, tetracyclin, erythromycin, gentamycin; in 
addition to streptomycin and nalidixic acid (included from 2011 to 2020) 
and ertapenem and chloramphenicol (since 2021) according to the meth-
od described by the European Decisions 2013/652/EU and 2020/1729. 
In addition, C. jejuni and C. coli isolated from poultry meat during the 
official sampling are tested for antimicrobial susceptibility following the 
same method described in the decision 2020/1729. From 2021, isola-
tion was performed according to the protocol described for isolation, 
identification and storage of C. jejuni and/or C. coli for AMR monitoring 
(https://www.sva.se/en/about-us/eurl-campylobacter/laboratory-proce-
dures/). In food samples, C. jejuni and C. coli were isolated from broiler 
carcasses and poultry meat according to ISO 10272–1. Broiler samples 
are pre-enriched in Bolton broth, whereas the direct spread of caecal 
samples from poultry onto selective agar is performed.

6.2 Salmonella spp. 

Non-typhoidal Salmonella (NTS) serovars are considered as the second 
main cause of food-borne outbreaks. They can have an extensive host 
range, and humans infected by these organisms generally experience 
self-limiting disease. As resistance patterns of Salmonella are strongly 
serovar-specific, we present data from the three most prevalent sero-
types from human isolates, food-producing animals and food sources, 
covering >70% of all Salmonella samples in all sectors (Table 3). 

In the 2014–2021 period, resistance in non-typhoid Salmonella serovars 
remains generally low across sectors, with 11% of human Salmonella 
isolates reported to be MDR in 2021 (all serotypes combined). Ciproflox-
acin resistance (MICCIP>0.064 µg/ml) recently increased in human S. 
Typhimurium and S. Infantis isolates (Figure 28). However, high levels of 
ciprofloxacin resistance (MICCIP>2 µg/ml) remain rare (1.5% in 2021), 
and mainly confined to isolates from serovar Kentucky which represents 
only 1% of human infections. In non-human samples, highest levels of 
ciprofloxacin resistance are observed in S. Infantis isolates from broilers. 

Table 3 — Overview of the most 
prevalent Salmonella serotypes 
identified across sectors in 
Belgium, 2014–2021. 

Humans Chickens Pork / Bovine 

Serotype Ntotala %totala Serotype Ntotalb %totalb Serotype Ntotalb %totalb

Typhimurium 10,939 57.4 Infantis 205 38.0 Typhimurium 209 46.8

Enteritidis 3,855 20.2
Paratyphi  
B var, L(+)  
Tartrate+

108 20.0 Derby 116 26.6

Infantis 444 2.3 Enteritidis 76 14.1

a  Analysed at the NRC Salmonella between 01/01/2014 and 31/12/2021. All isolates are from human patients. 

b  Analysed at the NRL AMR between 01/01/2014 and 31/12/2021. All isolates are from animal carcasses at slaughterhouse. In pork and 
bovine carcases only two serotypes were identified with sufficient sample size for statistical analysis to be reported. 
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Regarding β-lactam resistance, ampicillin resistance is high in serovars 
Typhimurium across sectors. The occurrence of extended spectrum 
β-lactamases is <5% for all serotypes and sectors, apart from a peak of 
9.1% in human serovars Infantis isolates in 2018. The resistance against 
macrolides (MICAZM>16 µg/ml) remained below 5% in the last five 
years across sectors and serovars. 

Within human samples, a relatively high proportion of multidrug resis-
tance is observed in S. Infantis (15% in 2021). Apart from ciprofloxacin 
resistance due to GyrA mutations, this can be linked to the international 
spread of the pESI megaplasmid, carrying multiple AMR genes, in S. 
Infantis isolated from humans and poultry53. In Salmonella samples from 
pork and bovine, resistance to critical antibiotics is rare (<5%).

Figure 28 — Overview of 
ciprofloxacin resistance in 
the main Salmonella serovars 
isolated from humans, 
broilers and bovine/pork. In 
all isolates, the breakpoint 
of 0.064 µg/ml is used 
to define ciprofloxacin 
resistance. Data source: 
NRC Salmonella and NRL, 
2014–2021. 
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6.3 Campylobacter jejuni 

Although Campylobacteriosis is not often treated with antimicrobials, 
some severe infections need to be treated; then macrolides are a pre-
ferred first-line antibiotic, while fluoroquinolones, tetracyclines and 
aminoglycosides remain as alternative therapeutics. Poultry are a major 
source of Campylobacter, and in particular C. jejuni, the species most 
frequently associated with digestive campylobacteriosis in humans. 

Very similar, stable resistance levels to ciprofloxacin are observed among 
C. jejuni isolates across the three sectors with >50% resistant isolates 
(Figure 29). Almost half of the isolates from poultry meat also show a 
combined pattern of resistance including ciprofloxacin, nalidixic acid 
and tetracycline (data not shown). In contrast, resistance levels for 
erythromycin remain below 1% in samples from both the human and 
non-human sectors. 

Figure 29 — An 
overview of resistance 
to the ciprofloxacin and 
erythromycin among C. 
jejuni isolated from (i) 
routine  stool 
specimens in LHUB-
ULB and CHU Liège 
(2011-2021, n=4,251), 
(ii) poultry meat and 
(iii) samples of fecal 
material from caeca 
of broiler carcasses at 
the slaughterhouse. 
Source of datasets (ii) 
and (iii): NRL-AMR Food 
Pathogens.

%
 R

e
si

st
a

n
c

e

0

50

100

2011 2021 2014 2021 2014 2020

Erythromycin
Cipro�oxacin

Human Poultry meat Broiler carcass



49

B
E

L
M

A
P



Amr in 
food-producing

animals

7



Amr in 
food-producing

animals

7

51

B
E

L
M

A
P

ELMAP uses AMR data from commensal E. coli isolated from 
healthy animals as a general indicator for resistance among 
food-producing animals. E. coli is an indicator bacterium that can 
be frequently isolated from all animal species. Resistance levels 
within E. coli reflect the magnitude of selective pressure exerted 
by antibiotics in the population, and can be used as an indicator 
of emergence and change in AMR in the population. Besides the 
gram-negative indicator E. coli, enterococci and especially E. 

faecalis and E. faecium are commensal bacteria that are considered to be 
good indicators of AMR among gram-positive bacteria. The monitoring 
of enterococci is therefore complementary to that of E. coli. Addition-
ally, MRSA is monitored in different animal categories to map both the 
prevalence of this resistant zoonotic bacterium and its level of resistance 
to other antibiotics.

7.1 Methodology

For commensal E. coli monitoring, the Federal Agency for the Safety of the 
Food Chain (FASFC) has collected samples of fresh faeces annually since 
2011 as part of a nationwide surveillance program. The following categories 
of food-producing animals are included: veal calves, beef cattle (meat pro-
duction), broiler chickens and fattening pigs. The sampling and isolation of 
indicator E. coli strains are performed according to standardized technical 
instructions, details of which are available in the reports of FASFC 54.

E.coli bacteria are tested for susceptibility to ciprofloxacin, cefotaxime, 
colistin and 11 other antibiotics, as determined by European legislation 
(2013/652/EU and 2020/1729). Since 2014, all the isolates showing resis-
tance to a third generation cephalosporin are considered potential β-lac-
tamase producing E. coli, and are analyzed in detail for their β-lactamase 
activity. Besides the monitoring of commensal E. coli, European Decision 
2013/652/EU and 2020/1729 also harmonizes the selective monitoring of 
β-lactamase, AmpC and carbapenemases producing E. coli isolated from 
caecal or faecal samples gathered at slaughter from broilers, fattening 
turkeys, fattening pigs and veal calves and from fresh meat samples from 
broilers, pigs and bovines. Outside the EU-context, within Belgium there 
is additional surveillance of ESBL E. coli in fish and raw milk. 

The surveillance of MRSA follows a 3-year cycle and includes farm sam-
ples (pooled nasal swabs) from the poultry, cattle, or pig sector, depend-
ing on the year. AMR testing of MRSA strains is detailed in the reports 
available on the FASFC website. The confirmed MRSA isolates are 
spa-typed by sequencing the repetitive region of the spa gene encoding for 
the staphylococcal protein A (www.ridom.de/staphtype), and categorized 
as livestock associated (LA) MRSA if they are associated to the S. aureus 
clonal complex CC398 through PCR55. 

AMR in Enterococcus faecalis and Enterococcus faecium was initially mon-
itored from 2011–2013; and restarted in 2019 – in this report, data from 
the last 3 years are analyzed. The following categories of food-producing 
animals are included: veal calves, fattening turkeys, broiler chickens, 
breeding hens, laying hens and pigs. The sampling (at farm for breeding 
hens and laying hens; and at slaughterhouse for broilers, veal calves, 
pigs and fattening turkeys) and isolation of Enterococcus spp. strains are 
performed in the framework of the national control programme of the 
FASFC and according to standardized technical instructions, details of 
which are available in the reports of the FASFC 56. 

B
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After identification of Enterococcus faecalis or Enterococcus faecium 
species by MALDI-TOF, isolates are tested for susceptibility to linezol-
id, vancomycin, daptomycine and 9 other antibiotics, as determined by 
European legislation (2020/1729/EU). 

7.2 Escherichia coli

In the BELMAP report, the antimicrobial sensitivity of commensal E. 
coli isolated from four different animal species are presented: veal calves, 
young beef cattle, broiler chickens and pigs. Results for fully sensitive E. 
coli are presented in green in Figure 30. Large differences exist between 
the animal groups. The highest proportion of fully sensitive E. coli 
strains are isolated from beef cattle, this proportion has increased across 
the last decade, reaching a level of 76% pan-susceptible strains in 2021. 
Likewise, the proportion of MDR E. coli isolated from beef cattle de-
clined significantly between 2011 and 2021. While the proportion of fully 
sensitive E. coli isolates is lower in the three other monitored food-pro-
ducing animal populations (broiler chickens, pigs and veal calves), simi-
larly encouraging trends are observed indicating increasing proportions 
of fully sensitive E. coli and reductions in the proportions of MDR E. coli 
(2011–2021). The levels of MDR E. coli are highest in poultry. 

Regarding the individual resistances against critical antibiotics, encour-
aging results are also observed. In poultry, beef cattle and veal calves, 
a significant decrease in ciprofloxacin resistance (MIC>0.06 µg/ml) 
is observed when considering the entire 2011–2021 period (Figure 31). 
Likewise, the occurrence of colistin resistance in veal calves declined 
significantly and has been consistently <3% since 2014. 

Figure 30 — Proportion 
of fully sensitive E. coli 
(green) and multidrug 
resistant (orange) strains 
isolated from beef cattle, 
pigs, chickens and veal 
calves, from 2011 to 2021. 
Data source: FASFC 
reports57. 

Figure 31 — Prevalence 
of non-susceptibility to 
ciprofloxacin (orange), 
cephalosporins (green) 
and colistin (black) 
in commensal E. coli 
isolated strains isolated 
from chickens, beef 
cattle, pigs and veal 
calves, from 2011 to 2021. 
Data source: FASFC 
reports56.
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7.3 MRSA

Since 2011, the prevalence of MRSA has been monitored based on a 
3-year rotation for each animal category in the following order: poultry, 
cattle and pigs (three to four data points). The situation in poultry and 
the different categories of bovines remains stable since 2011 and 2012, 
respectively. In dairy cows and beef cattle, the prevalence was low to 
moderate (observed range 4.7–15.7%), with higher proportions observed 
in veal calves, which showed a notable peak in 2015. There are currently 
only three datapoints from pig populations, limiting statistical analysis, 
and prevalence remained very high (between 50 and 70%) throughout the 
study period, but did show a year-on-year reduction. In poultry (broilers 
and layers), the prevalence was low (<2.5%).

In all monitored animal categories, most of the MRSA isolates were 
genotyped as livestock associated (LA)-MRSA. The detailed geno-
types and their relative occurrence can be found in the different yearly 
reports available on the FASFC website. During the last years of the 
MRSA monitoring in pigs (2019), poultry (2020) and cattle (2021), the 
prevalence of LA-MRSA among all isolated MRSA was 100% (170/170), 
100% (4/4) and 93.9% (92/98), respectively. Hospital associated (HA) or 
community associated (CA) MRSA genotypes have also been found in 
animal samples (pigs, cattle or poultry) sporadically over the past years, 
although the source of infection for such cases has never been traced. In 
the future, whole genome sequencing analysis of such HA/CA-MRSA 
strains from animal origin, together with strains from human origin, 
would allow more in depth strain comparisons and assessment of their 
genetic relatedness, as conducted for such strains isolated from cattle in 
202157. 

Figure 32 — Prevalence of 
MRSA in poultry (broilers 
and layers), dairy cows, 
pigs, veal calves and 
bovines for meat observed 
since 2011 based on a 
3-year rotation monitoring. 
Given only three 
datapoints are available, 
no statistical analysis was 
performed for the porcine 
data. Data source: FASFC 
reports57.
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7.4  Enterococcus faecalis and  
  Enterococcus faecium

In Belgium, the prevalence of AMR in enterococci was monitored each 
year since 2019. For this monitoring, samples are collected on farms for 
breeding hens and laying hens and at slaughterhouse for broilers, veal 
calves, pigs and fattening turkeys. Enterococcus faecalis or Enterococcus 
faecium isolated from these samples are tested for their antimicrobial 
susceptibility, with a particular focus on vancomycin resistance, linezol-
id resistance and multidrug resistance. The proportion of multidrug 
resistant (MDR) E. faecalis and MDR E. faecium are presented in Figure 
33 and Figure 34, respectively. 

Since 2019, very high to high rates of MDR (67.8% in 2019, 54.6% in 
2020 and 54.2% in 2021) are observed in E. faecalis in veal calves; with 
resistance to chloramphenicol, erythromycin and tetracycline most 
frequently observed. Despite a significant reduction of chloramphenicol 
resistance since 2019 (from 62.6% in 2019 to 44.9% in 2021), the level 
of resistance in veal calves was still higher than in other animal catego-
ries. The levels of resistance to erythromycin and tetracycline remained 
extremely high between 2019–2021. In addition, the highest proportion 
(10.3%) of linezolid-resistant E. faecalis was found among veal calves in 
2021 (see below). In pigs, the proportion of MDR E. faecalis observed in 
2021 was low (7.0%), indicating a decline since 2020 (30.5%). Resistance 
to chloramphenicol, erythromycin and tetracycline were also the most 
frequently observed in these isolates. Both chloramphenicol resistance 
(from 21.4% in 2019 to 7.0% in 2021) and erythromycin resistance (from 
41.1% in 2019 to 22.8% in 2021) rates have significantly reduced in pigs 
since 2019 while tetracycline resistance remained at high levels between 
2019–2021.

Very high rates (68.1% in 2019, 68.9% in 2020 and 60.3% in 2021) and 
high rates of MDR (48.7% in 2019 and 50.0% in 2020) are observed in E. 
faecium isolated from broilers and fattening turkeys, respectively, since 
2019. Extremely high levels of resistance to erythromycin, quinupristin/
dalfopristin and tetracycline were observed in broilers between 2019 and 
2021, with very high to extremely high levels seen in fattening turkeys 
between 2019 and 2020. 

Figure 33 — Proportion of multidrug 
resistant E. faecalis isolated from 
breeding hens, broilers, laying hens, 
pigs and veal calves, from 2019 to 2021; 
and from fattening turkeys from 2019 
to 2020. The resistance to quinupristin/
dalfopristin was not included in the 
multidrug resistance of E. faecalis 
due to the intrinsic resistance of this 
species to this antimicrobial. Data 
source: FASFC reports57.
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Linezolid and vancomycin are critically important antibiotics in human 
medicine, used to treat challenging infections such as those caused by 
VRE or MRSA. Neither linezolid nor vancomycin is licensed for common 
use in food-producing animals, and yet linezolid-resistant and vancomy-
cin-resistant enterococci have been reported in food producing animals 
in Belgium. Indeed, resistance to these critically important antimicro-
bials was observed in very low to low levels in E. faecalis throughout 
the study period, with linezolid resistance observed in pigs (3.6% in 
2019, 3.4% in 2020), veal calves (3.5% in 2019, 5.7% in 2020 and 10.3% 
in 2021), broilers (0.6% in 2021) and breeding hens (3.6% in 2021); and 
vancomyciProportion MDR (%) observed in pigs (1.8% in 2019) and veal 
calves (1.1% in 2020 and 0.9% in 2021). Similarly, very low to low levels 
of resistance to linezolid was observed in E. faecium in pigs (1.1% in 2019, 
0.6% in 2020 and 0.6% in 2021), veal calves (1.7% in 2019, 1.2% in 2020 
and 0.6% in 2021) and breeding hens (0.8% in 2019), while vancomycin 
resistance was never observed in E. faecium. In addition, a 2019 study8 
assessing the rate of linezolid resistant staphylococci and enterococci 
in Belgian food-producing animals found thatresistance rates varied 
between production category (0–6.1% in poultry, 16.4% in veal calves, 
11.0–25.7% in pigs), with transferable resistance genes present in most 
isolates (97.3%, 143/147 isolates).

Figure 34 — Proportion of multidrug 
resistant E. faecium isolated from 
breeding hens, broilers, laying hens, 
pigs and veal calves, from 2019 to 
2021; and from fattening turkeys from 
2019 to 2020. Data source: FASFC 
reports57. 
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both national and European level, a gap in AMR surveillance in 
veterinary medicine is evident. Current AMR surveillance efforts 
are of limited help to veterinary practitioners and policymakers 
seeking to improve antimicrobial stewardship in animal health. 
Therefore, this year’s BELMAP report includes for the first time 
data on resistance among pathogens from farm animals. The 
selection of bug-drug combination is inspired by ongoing work 
to create the European Antimicrobial Resistance Surveillance 

network in Veterinary medicine (EARS-Vet), whose scope was recently 
defined by expert opinion58. In Belgium, aggregated data was provided 
by ARSIA, DGZ and MCC Vlaanderen. While awaiting official European 
breakpoints through EARS-VET, antimicrobial susceptibility testing 
results were interpreted based on clinical breakpoints from the Comité 
de l’Antibiogramme de la Société Française de Microbiologie.

8.1 Pathogens in beef cattle

Escherichia coli 

In cattle, E. coli is most often associated with disease in calves, with 
observed pathology varying according to the bacterial strain. Intestinal 
overgrowth of E. coli can be associated with diarrhea and poor digestion 
in cattle. This is most frequently caused by nutritional errors and is most 
often seen in intensively fed cattle. One of the more severe manifesta-
tions of E. coli infections is colisepticemia, this is most often observed 
in immunocompromised individuals – either in young calves due to 
insufficient colostrum intake and failure of passive immune transfer, or 
in older immunocompromised individuals, most often suffering from 
prior severe disease. Between 2015 and 2021, 12,688 E. coli isolates were 
isolated from the faeces of diseased cattle and tested for antibiotic sensi-
tivity. In both commensal E. coli (see section 7.2) and E. coli isolates from 
diseased animals, antibacterial resistance is less common in isolates 
from adult cattle than from young veal calves56. The combination ther-
apy of trimethoprim and sulfonamide is the first line (diarrhoea in older 
cattle) and second line (diarrhoea in younger cattle) antibiotic recom-
mended by AMCRA in the treatment of pathogenic E. coli causing diges-
tive disorders. As shown in Figure 35, the majority of isolates were found 
to be resistant to this combination (7,383/12,688, 58%). By contrast, 
aminoglycosides or colistin are recommended by national guidelines as 
potential secondary treatments of choice, and isolates showed low levels 
of resistance to these antibiotics (<10%) during the study period. Indeed, 
in the total period studied from 2015–2021, an average of 5.7% and 4.6% 
of the isolates showed resistance to apramycin and colistin, respectively. 

 

At

Figure 35 — Evolution 
of resistance (%) to 
TMP-SMX (black), 
colistin (green) and 
apramycin (orange) 
in E. coli isolated 
from the faeces of 
diseased cattle. Data 
source: ARSIA & DGZ
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Mannheimia haemolytica & Pasteurella multocida

Mannheimia haemolytica and Pasteurella multocida are both Gram-neg-
ative bacteria that are commensals of the bovine nasopharyngeal tract, 
and also associated with bovine respiratory disease (BRD). BRD is a 
multifactorial syndrome for which no single pathogen is responsible, but 
rather it results from the interaction of the host’s immune system with 
respiratory pathogens (bacterial, viral, parasitic or fungal) and environ-
mental influences (e.g. ammonia, dust, temperature). While it may be 
observed at any age, it is more common in calves, and is observed as a 
herd or group problem. As a multifactorial disease, implementing actions 
to reduce predisposing conditions, including potential vaccination 
against contributing viral pathogens, are important for reducing disease 
prevalence and supporting animal welfare. Since 2014, M. haemolyti-
ca isolates tested for antibacterial resistance have demonstrated low 
(<10%) prevalence of resistance to florfenicol (Figure 36), the first choice 
treatment according the AMCRA guidelines59, although the prevalence 
of resistance does appear to be increasing throughout the study peri-
od. Resistance to doxycycline, a second choice treatment option, was 
low from 2014 to 2017 but has since increased with an apparent peak in 
observed prevalence of resistance in 2019. The prevalence of resistance 
to TMP-SMX has oscillated within the study period, but remained below 
10% since 2019. 

For P. multocida, resistance to florfenicol and to TMP-SMX are low 
(Figure 37), with resistance to TMP-SMX decreasing across the study 
period. By contrast, resistance to doxycycline has increased across the 
study period.

Figure 36 — Evolution 
of resistance (%) to 
Florfenicol (green), 
TMP-SMX (black) and 
doxycycline (orange) in M. 
haemolytica isolated from 
diseased cattle. Data 
source: ARSIA & DGZ

Figure 37 — Evolution 
of resistance (%) to 
florfenicol (green), 
TMP-SMX (black) and 
doxycycline (orange) in 
P. multocida isolated from 
diseased cattle. Data 
source: ARSIA & DGZ
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8.2 Pathogens in chickens

Escherichia coli 

Although many E. coli are non-pathogenic, avian pathogenic strains of E. 
coli can cause a variety of symptoms in chickens, varying from localized to 
systemic infections. Together these conditions are known as colibacillo-
sis, and represent one of the most common causes of mortality and most 
economically devastating bacterial diseases for poultry farming globally. 
Worryingly, E. coli isolated from the internal organs of diseased chickens 
displayed high prevalence of clinical antimicrobial resistance against all 
tested antibiotics. Figure 38 depicts the prevalence of resistance to the 
recommended antibiotic treatments, with combined trimethophrim - sul-
phonamide representing the recommended first choice and tetracyclines 
acting as the recommended second line treatment. As drinking-water based 
treatments are often the only practical option within poultry farms, and giv-
en the increased oral availability of doxycycline, this is often preferred over 
others within the tetracycline group. Overall, the highest levels of resistance 
is observed against tetracyclines, followed by amoxicillin and trimethoprim- 
sulfamethoxazole with a statistically significant increase in the prevalence 
of resistance over time. It is also noteworthy that the level of resistance to 
the first choice of antibiotic has increased gradually over the study period, 
from 29% in 2014 to 60% in 2021. Moreover, the highest prevalence of resis-
tance to the second choice, tetracycline, was observed in 2021.

Since the use of aminopenicillins can promote the selection of organisms 
producing extended-spectrum beta-lactamase, or AmpC; amoxicillin was 
therefore ranked as a third choice treatment option by AMCRA. Although 
antimicrobial exposure to extended-spectrum penicillins (e.g. amoxicillin) 
and tetracyclines has decreased since 2018 (the first year of species-specif-
ic antimicrobial usage data), they are still the first and second most used 
antimicrobial classes in terms of BD

100
 (number of treatment days out of a 

total of 100 days). Regarding amoxicillin, a worrisome increase in resis-
tance is observed over the study period, peaking at 65% in 2021. 

Observed high clinical resistance to trimethoprim-sulphamethoxazole 
(TMP-SMX) might endanger the therapeutic success when treating 
colibacillosis with a first line antibiotic from the trimethoprim-sul-
phonamides class. In terms of co-resistance, tetracyclines, amoxicillin 
and trimethoprim-sulphonamides are known to share the same plasmids. 
Co-selection by the use of one of these antimicrobial classes may therefore 
induce resistance to all of them.

Figure 38 — Evolution of 
resistance (%) to TMP-SMX 
(black), tetracycline 
(green) and amoxicillin 
(orange) in E. coli isolated 
from inner organs of 
diseases chicken. Of note, 
pre-2017 the resistance to 
amoxicillin was based on 
resistance measured for 
ampicillin. Data source: 
DGZ
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Enterococcus cecorum

Enterococcus cecorum was initially considered a commensal of the 
gastrointestinal tract of chickens, but in recent decades has emerged 
as a significant cause of poultry morbidity and mortality, particularly 
in broilers. E. cecorum has been associated with both acute and chronic 
osteomyelitis, arthritis and septicemia in adult chickens. Clinical resis-
tance testing of E. cecorum isolates from the internal organs of diseased 
chickens indicate a consistently high prevalence of resistance to TMP-
SMX since 2014. This may result in potential therapeutic failure when 
using this first line antibiotic to treat E. cecorum infections. Resistance 
to doxycycline was stable between 2014–2016, but has increased sharply 
since then. This increase in resistance appears at odds with antimicro-
bial consumption data, which indicate decreasing use of tetracyclines 
(doxycycline and tetracycline, expressed in BD

100
) since 2018 when spe-

cies-specific antibiotic use was first recorded. Co-selection of resistance 
due to the use of other antimicrobial classes might play a role. Antimi-
crobial resistance to ampicillin is low, yet higher than at the start of the 
monitoring in 2016.

Figure 39 — Evolution 
of resistance (%) to 
TMP-SMX (black), 
doxycycline (orange) 
and Ampicillin (green) 
in Enterococcus cecorum 
isolated from inner 
organs of diseases 
chicken. Data source: 
DGZ
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8.3 Pathogens in swine

Escherichia coli 

As in other species, E. coli may be present in the gastrointestinal tract of 
healthy pigs, but can also be associated with outbreaks of diarrheal and 
other digestive conditions in farmed pigs. Husbandry and environmental 
conditions are thought to contribute to disease development, such that 
a series of preventative methods, over a first line antimicrobial therapy, 
is the preferred and recommended action to avoid disease development. 
However, should preventative methods fail and symptoms arise, AM-
CRA recommends second and third choice antimicrobials – including, 
among others, apramycin and colistin. As colistin is listed as a WHO 
Critically Important Antimicrobial (CIA), it should not be selected as a 
first line antimicrobial in veterinary medicine. Figures 40 and 41 show 
the recorded prevalence of resistance to apramycin and colistin, where 
we see low and stable prevalence of resistance to apramycin (<5%). 
Amoxicillin is not proposed as therapy due to the high resistance of 
E.coli to penicillins and the selective pressure exerted by the use of those 
molecules towards the selection of ESBL producing E. coli, with indeed 
very high observed rates of resistance (> 60%) across the study period. 

Figure 40 — Evolution 
of resistance (%) to 
Amoxicillin (black), Colistin 
(green) and Apramycin 
(orange) in E. coli isolated 
from faeces of diseased 
swine Of note, pre-2017 the 
resistance to amoxcillin 
was based on resistance 
to ampicillin.  
Data source: DGZ

Figure 41 — Evolution 
of resistance (%) to 
Amoxicillin (black), 
Colistin (green) and 
Apramycin (orange) in 
hemolytic E. coli isolated 
from faeces of diseased 
swine. Of note, pre-2017 
the resistance to 
amoxcillin was based on 
resistance to ampicillin. 
Data source: DGZ
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Hemolytic E. coli causes diarrhea in neonatal pigs and diarrhea and 
edema disease in weaned pigs. Effective prevention and rapid treatment 
is essential as gastrointestinal disruption as a neonate can have dra-
matic impacts on overall production. Again, preventative methods to 
optimize hygiene and husbandry, as well as a maternal vaccination, are 
preferred to responsive antimicrobial therapy – thus AMCRA does not 
describe a first choice antibiotic. However, if such mechanisms fail and 
the conditions arise then antimicrobials such as apramycine and colistin 
can serve as second line therapeutic options. Due to a high degree of 
observed resistance to trimethoprim + sulfonamides and tetracyclines, 
AMCRA classifies these molecules as third choice. Again, amoxicillin is 
not recommended by national guidelines, and the rate of resistance of 
E. coli isolates to amoxicillin remains extremely high (Figure 41). While 
a statistically significant decrease in resistance is observed for colistin 
(decreasing from 18% on 2014 to 9% on 2021), a significant increase is 
observed for apramycin in 2021. 

Staphylococcus hyicus 

Staphylococcus hyicus can be a normal inhabitant of porcine skin, but 
when toxin-producing strains penetrate the skin they can cause exu-
dative epidermitis (Greasy Pig Disease). Data concerning the rate of 
antimicrobial resistance within S. hyicus strains isolated from the blood 
of diseased swine (Figure 42) should be interpreted with care, as very 
few strains were isolated and tested at each time point (min: 13 - max: 
24). Furthermore, as S. hyicus is generally associated with porcine skin 
infections, it also remains unclear how accurately the resistance profile 
of S. hyicus strains isolated from porcine blood may represent S. hyicus 
present in skin lesions.

AMCRA recommends benzylpenicillin as the first choice antimicrobi-
al for treating exudative epidermitis. Throughout the observed study 
period, resistance to benzylpenicillin has increased, reaching very high 
rates (95.8%) in 2021. Narrow-spectrum penicillins remain the first 
choice in the treatment of staphylococcal infections in swine, but their 
use is generally marginal in the total antibiotic use in pigs. Resistance 
to TMP-SMX (one of the recommended second choice antibiotics for S. 
hyicus causing skin infections) and tetracycline (third choice for S. hyicus 
causing skin infections, because of high resistance rates) show no statis-
tically significant trends since 2014. 

Figure 42 — Evolution 
of resistance (%) 
to benzylpenicillin 
(orange), TMP-SMX 
(black) and 
Tetracycline (green) 
in S. hyicus isolated 
from blood of 
diseased swine. Data 
source: DGZ
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Streptococcus suis

Streptococcus suis is a common commensal of the nasopharynx but, often 
in association with highly stressful conditions, can cause sepsis and 
meningoencephalitis, primarily in piglets after weaning. As with other 
multifactorial conditions, preventative measures such as improved 
husbandry and reducing stress can be important to reducing disease 
development. However, in the face of clinical symptoms rapid treatment 
is essential. Figure 43 indicates the results of clinical resistance test-
ing of S. suis from the internal organs of diseased pigs. Resistance to 
benzylpenicillin and amoxicillin is historically low, which is in line with 
AMCRA’s recommendation of benzylpenicillin as the first choice antimi-
crobial. Prevalence of resistance to TMP-SMX in S. suis has fluctuated, 
increasing from 2014 to a peak in 2018 before reducing again in 2019 and 
plateauing. Trimethoprim-sulphonamides are one of the recommended 
second choice treatments for generalized infections with streptococci.

Pasteurella multocida 

Pasteurella multocida causes progressive atrophic rhinitis in pigs. P. 
multocida infections can lead to lung damage and growth retardation 
among other lesions. First line antibiotic therapy is not recommend-
ed, as preventative strategies (primarily vaccination) are preferred 
to prevent and limit the disease at the farm level. If an antimicrobial 
therapy has to be applied, national guidelines recommend florfenicol 
and trimetophrim-sulfametoxazole as second line options. As seen in 
Figure 44, Pasteurella multocida isolated from the internal organs of dis-

Figure 43 — Evolution 
of resistance (%) to 
benzylpenicillin (green), 
TMP-SMX (black) and 
amoxicillin (orange) 
in S. suis isolated 
from inner organs of 
diseased swine Data 
source: DGZ
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Figure 44 — Evolution 
of resistance (%) to 
florfenicol (green), 
TMP-SMX (black) and 
benzylpenicillin (orange) 
in P. multocida isolated 
from inner organs of 
diseased swine Data 
source: DGZ
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eased swine has retained very low levels of resistance to florfenicol over 
the study period while clinical resistance to TMP-SMX has decreased 
significantly to 11.3% in 2021. The use of benzylpenicillin is less recom-
mended due to the selective pressure exerted towards the development 
of ESBL producing bacteria. Indeed we see that the clinical resistance to 
benzylpenicillin in P. multocida has increased significantly between 2018 
and 2021. This might compromise the use of benzylpenicillin in treating 
bronchopneumonia caused by P. multocida.

Actinobacillus pleuropneumonia

Actinobacillus pleuropneumonia causes a range of respiratory conditions, 
ranging from acute death to haemorrhagic necrotizing pneumonia, 
dyspnea and chronic pulmonary abscesses. First choice antimicrobials 
include TMP-SMX, benzylpenicillin and florfenicol, selected not only for 
their effective activity against Actinobacillus but also their succesful dis-
tribution across pulmonary tissue. Similar to that observed in P. multoci-
da, clinical resistance to benzylpenicillin in A. pleuropneumoniae isolated 
from the internal organs of diseased swine has increased significantly 
between 2018 and 2021. This might compromise the use of benzylpeni-
cillin as a first choice antibiotic for treating pleuropneumonia caused by 
A. pleuropneumoniae. Yet, resistance to TMP-SMX and florfenicol, also 
both first choice antibiotics, is low, making them both acceptable alter-
natives for benzylpenicillin. 

Brachyspira hyodysenteriae 

Swine dysentery (SD) is caused by a small, spiral shaped bacterium called 
Brachyspira hyodysenteriae. Pigs of all ages can be affected, showing wa-
tery, haemorrhagic diarrhea, reduced body condition and dehydration. 
The Brachyspira can survive in manure and rodent hosts, often causing 
repeated waves of infection on affected farms. The antimicrobial suscep-
tibility of this bacteria against the recommended first line antimicrobi-
als, pleuromutilins, has been monitored since 2014 (Figure 46). The rate 
of resistance against both pleuromutilin molecules is high and fluctu-

Figure 45 — Evolution 
of resistance (%) to 
florfenicol (green), 
TMP-SMX (black) 
and benzylpenicillin 
(orange) in A. 
pleuropneumoniae 
isolated from inner 
organs of diseased 
swine. Data source: 
DGZ
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ates over time, with sensitivity to both pleuromutilins often running in 
parallel. Interestingly, the number of isolates resistant to tiamulin and 
tylvalosin declined from 2020 to 2021 and it is also worth noting that 
fewer isolates were recovered in 2021 (23 isolates) compared to in 2020 
(40 isolates) and 2019 (87 isolates). However, the occurrence of resis-
tance remains high and, with very high prevalence of resistance against 
the second choice antimicrobial (lincomycin), and nearly 100% resis-
tance against the recommended third choice (tylosin), a combination of 
tiamulin- doxycycline may be associated with beneficial effects.

Figure 46 —  Evolution 
of resistance (%) to 
tiamulin (orange) 
and Tylvalosin 
(green) in Brachyspira 
hyodysenteriae isolated 
from inner organs of 
diseased swine. Data 
source: DGZ
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8.4 Escherichia coli and Staphylococcus  
aureus in bovine mastitis

Mastitis describes the inflammation of the mammary tissue (udder), 
most often in response to bacterial intramammary infection. Mastitis 
symptoms can range from subclinical (no clinical symptoms but detect-
able increased numbers of somatic cells within milk) to chronic or acute, 
local or systemic symptoms. Bovine mastitis is most commonly observed 
in early lactation, and is frequently caused by E. coli or S. aureus infec-
tions. Since the cure rate of mild and moderate mastitis (milk and udder 
symptoms only) caused by gram-negative coliforms is little influenced by 
the administration of antibiotics, no first choice of topical antibiotics are 
suggestedin the AMCRA guidelines. By contrast, cases of severe mastitis 
(milk and udder abnormalities with symptoms of generalized disease) 
should be immediately treated with antimicrobials. AMCRA recom-
mends TMP-SMX or the first generation cephalosporin, cefalexin, as 
first choice antimicrobials. As shown in Figure 47, occurrence of clinical 
resistance of E. coli isolated from mammary samples of diseased cattle is 
most common for TMP-SMX (~10%), followed by cefalexin (4.5%). Resis-
tance to amoxicillin - clavulanic acid (recommended as an intramammary 
(local) preparation as a second choice antimicrobial) increased over the 
study period (from 3.3% in 2014 to 4.9% in 2021), but remains low. 

As shown in Figure 48, S. aureus isolated from diseased cattle udders, 
displayed only low levels of resistance to first choice antimicrobials 
TMP-SMX and cefalexin throughout the study period. By contrast, 
resistance to penicillin was virtually absent from 2014 to 2017, and 
for unknown reason significantly increased to approx. 10% from 2018 
onwards. 

Figure 47 — Evolution 
of resistance (%) to 
TMP-SMX (black), 
amoxicillin - clavulanic 
acid (orange) and 
cefalexin (green) in E. 
coli isolated from udder. 
Data source: MCC

Figure 48 — Evolution 
of resistance (%) to 
TMP-SMX (orange), 
cefalexin (green) and 
penicillin G (black) in 
S. aureus isolated from 
udder. Data source: 
MCC
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9.1 Residue monitoring in the environment

he environment is increasingly acknowledged as a contributor 
to the development and spread of AMR, in particular in high 
risk areas due to human, animal , agriculture and manufacturing 
waste streams. All Belgian regions adhere to the European Di-
rective 2008/105/CE on environmental quality standards in the 
field of water policy. The Vlaamse Milieumaatschappij (VMM), 
Brussels Environment and the Service Public de Wallonie (SPW) 
track the concentration of potential water pollutants of surface 

water listed in the European Watch List (Figure 49). The most recent 
version of this list contains five antibiotics: three macrolides (erythro-
mycin, clarithromycin, azithromycin), ciprofloxacin and amoxicillin60. 
The report also defines Predicted No Effect Concentrations (PNECs)61 
and identifies possible methods of analysis for the proposed substances.

Neither azithromycin or ciprofloxacin were detected in any of the sur-
veilled surface waters during the 2016–2020 monitoring campaigns. Of 
note, the PNEC of azithromycin (0.019 µg/L) is very close to the detec-
tion limit of current technology (0.02 µg/L). Amoxicillin was detected 
once, but its concentration (0.054 µg/L) did not exceed the PNEC of 
0.089 µg/L. Clarithromycin was retrieved in approx. 50% of all samples, 
but its PNEC (0.12 µg/L) was exceeded only once (Sambre in Namur, 
2018, 0.13 µg/L). Finally, erythromycin was detected in the Sambre in 
Namur in five consecutive measurements since 2018 at an average con-
centration of 0.012 µg/L, well below the PNEC (0.04 µg/L).62 

Apart from these mandatory monitoring, an encouraging number of 
point prevalence studies have been initiated by the regional authorities. 

• The IMHOTEP project (2018), performed in collaboration between 
the SPW and Brussels Environment (among other partners), investi-
gated drug residues in water samples from effluents from purification 
stations, surface and drinking water; analyzing 208 samples in Wallo-
nia and 50 samples in the Brussels Region64. 

• The Interreg project DIADEM (2017–2020) mapped yearly fluctua-
tions in residue concentration of 7 antibiotics in 24 sites spread along-
side Meuse, Sambre and the Semois. 

• The VMM published various reports on residues in surface and ground 
water65,66,67

• The Flanders Research Institute for Agriculture, Fisheries and Food 
(ILVO, Instituut voor Landbouw-, Visserij- en Voedingsonderzoek) 
is participating in the PARRTAE project, which is a collaboration be-
tween several EU countries, involving the collection of water samples 
from sites with suspected high and low loads of antibiotic residues. 
For Belgium, antibiotic residues will be investigated in surface water 
and groundwater in regions with a lot of livestock animals and in 
marine water. In addition, antibiotic resistance will be studied using 
indicator bacteria E. coli, Vibrio spp., and Shewanella68.
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Indeed, the ILVO is very active in this research area, conducting 
several projects studying antibiotic residues and antibiotic resistant 
bacteria/resistance genes in the environment in several environmen-
tal compartments. In a first project, partly conducted for the Flemish 
Environment Agency (VMM), it was demonstrated that manure used 
for fertilization, especially from pigs and veal calves, often contains 
several antibiotic residues and multidrug resistant bacteria, such as 
E. coli resistant to antibiotics which are critically important in human 
medicine69,70 (Figure 50)

In the AMRESMAN project (supported by FPS-Health), it was shown 
that agricultural fields may contain antibiotic residues even before 
fertilization, probably due to previous fertilization events. Two to three 
weeks after fertilization, antibiotic residues introduced into the soil by 
fertilization were still present in the soil71.This is strongly dependent on 
the properties of the soil (eg. clay vs. sand) as well as the physicochemi-
cal properties of the residue itself. For example, in all soil samples –even 
before fertilization- the residue flumequine could be detected. An in-
crease in resistance genes in the soil after fertilization was also noticed, 
which was more likely due to the simultaneous introduction of antibiotic 
residues and resistance genes by fertilization than by the subsequent 
selection of antibiotic resistances in the soil. However, tetracyclines, 
fluoroquinolones and lincomycin were detected in concentrations in soil 
that might contribute to resistance selection. 

←

Figure 49 — Detection of antibiotic 
residues at various locations, 
separated by organization A) Brussels 
Environment, B) SPW. Here the colour 
depicts the location of the sample, the 
shape represents the type of recording 
(full circle = exact value record, empty 
circle = < value record), dotted line = 
PNEC for that antibiotic, red point = 
average (mean) from EU data available 
in literature, blue line = range from EU 
data available in literature, collated by 
Sanseverino et al. (2018) 63. 
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9.2 Resistance monitoring in bacteria 

 
The monitoring of AMR in environmental samples, typically through 
investigation of resistance profiles of E. coli isolated from various 
environmental sources, is not systemically organized in Belgium. Three 
research projects have been implemented by the Scientific Institute of 
Public Service (ISSeP) which aimed to study antibiotic resistant bacteria 
in the environment.

In 2019, the Antibiobug project72 studied antibiotic resistant E. coli in 
the Ourthe watershed during two sampling campaigns (winter/summer). 
A total of 938 E. coli strains were isolated from 24 locations including 
freshwaters and hospital effluents. Resistant bacteria were detected at 
each sampling point, with a total of 30% of these E. coli displaying resis-
tance to amoxicillin, and 15% found to be MDR. The highest resistance 
rates were observed against ampicillin (29%), amoxicillin coupled with 
clavulanic acid (15%) and sulfamethoxazole and trimethoprime (16%). 
The lowest resistance rates were measured for meropenem (0.4%) and 
ertapenem (1.5%).

In 2021, the Antibiobug 2 project focused on antibiotic-resistant E. 
coli in nine bathing places during the bathing season. A total of 923 E. 
coli strains were isolated from five bathing areas in rivers (Lesse and 
Semois), one in a canalized river (Meuse) and three in lakes (Hainaut and 
Luxembourg, see Figure 51). The measured resistance rates were lower 
than those measured in the Antibiobug project as only 6% of these E. 
coli were MDR. Lakes showed overall lower levels of E. coli contamina-
tion and lower resistance rates. E. coli ESBL strains were found at least 
once at each bathing site. The presence of antibiotic resistant bacteria 
in recreational waters suggests potential exposure to resistant micro-
organisms during swimming or other recreational activities which may 
constitute a human health risk.

Figure 51 — map showing 
the 9 sampling points of the 
Antibiobug II project
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Since 2021, the first part of the EBLSE project studies more specifi-
cally E. coli ESBL in freshwaters, hospital effluents and wastewaters 
treatment plants by phenotypic, genotypic (CTX-M family) and whole 
genome sequencing. The second part of this project concerns the search 
for carbapenem-resistant E. coli and carbapenem-resistant K. pneumoni-
ae. The screening of surface waters, bathing waters and several hospital 
continuums is ongoing. 

9.3 Resistance monitoring in fungi

As discussed on page 42, azole-resistance within the fungal pathogen A. 
fumigatus is emerging and becoming a growing concern, also highlighted 
by the recently published fungal priority pathogens list by the World 
Health Organization (WHO)73. It has already been shown that azole-re-
sistant A. fumigatus is largely caused by the use of azoles in agriculture 
for crop protection74,75. This involves using azoles, which have a similar 
chemical structure to medical azoles, to control plant pathogens. 

There are currently no data available on the environmental prevalence 
of azole-resistant A. fumigatus in Belgium. The MissingLink doctoral 
project aims to address this knowledge gap, by performing environ-
mental sampling in different niches, applying a OneHealth approach. A 
combination of clinical samples, veterinary samples and environmen-
tal samples have been collected and studied. Environmental samples 
were collected from agricultural land, considering the influence of the 
growth stage, the treatment concentration and the time after treatment 
with different azoles. Furthermore, studies were conducted in different 
types of composting plants; with a higher concentration of A. fumigatus 
observed at plants processing green waste than those processing animal 
manure products. Studying the presence or absence of azole-resistant A. 
fumigatus in wastewater from 10 wastewater treatment plants in Flan-
ders and the Brussels Capital Region, almost every water sample was 
positive for the presence of A. fumigatus, with an observed resistance 
rate of 5%. 

Figure 52— The extensive use of 
azole antifungals in agriculture to 
treat plant infections, prevent crop 
loss, and increase production leads 
to the development of azole-resistant 
Aspergillus fumigatus. Patients with 
azole-resistant aspergillosis have 
already been infected with A. fumigatus 
strains with the same resistance gene 
markers as resistant strains found 
in the environment associated with 
agricultural azole fungicide use. In this 
project samples are taken in every 
section of the OneHealth context: 
agricultural fields, food producing 
animals, wild birds, wastewater (with 
hospital influent water) and hospitals 
with their patients are included in the 
sampling plan.
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he BELMAP editorial board supports the actions outlined in the 
NAP-AMR to strengthen antimicrobial stewardship in humans 
and animals, and to improve infection control and prevention 
in acute care hospitals and long-term care facilities as well as in 
animal facilities (farms and veterinary clinics). On top of these 
efforts, we would like to direct attention towards the following 
potential mechanisms to improve the surveillance of antimicro-
bial use and resistance.

Two blind spots in the current monitoring of AMR lie in the community 
sector and the environment. For the human community sector, structural 
surveillance should be established within first-line health care through 
the participation of non-hospital laboratories. A good step forward is 
the support of federal authorities to launch a pilot project in 2023–2024, 
aiming to monitor AMR detected in samples from uncomplicated urinary 
tract infections collected by Belgian general practitioners. The main 
objective of this project is to validate AMR data collected from non-hos-
pital laboratories in the EARS-BE monitoring, to which participation of 
non-hospital facilities should be further encouraged. For the monitoring 
of resistance in the environment, Belgium should liaise with European 
initiatives to define which environments should be monitored, with 
which indicators,  and provide the regions with structural funding to 
build on existing knowledge generated by point prevalence studies like 
Antibiobug (Chapter 9).Furthermore, substances and antimicrobials 
other than antibiotics, such as biocidal molecules, should also be taken 
into account for their potential or recognized role in the development of 
AMR.

In the animal sector, data on resistance among animal pathogens from 
farm animals are currently provided by DGZ and ARSIA but private 
veterinary laboratories should be encouraged to report or publish their 
AMR data on pathogens. A national monitoring program on AMR in 
animal pathogens from farm and companion animals should be orga-
nized. This program should be based on harmonized methodologies 
for interpreting and reporting the data, as provided by the EARS-VET 
coordination committee76. Scientific support should be provided to the 
laboratories participating in such monitoring, to improve and facilitate 
the publication of the results.

For surveillance of AMC in human medicine in the hospital sector, 
follow-up stratified by indication (or diagnostic group – not limited to 
infectious diseases) in a quantitative way through time would improve 
the benchmarking with similar hospitals, and would support the selec-
tion of appropriate actions to improve the compliance with BAPCOC 
guidelines. Secondly, efforts are also needed to reduce the turnaround 
time between prescription and such feedback or benchmarking to allow 
hospitals to respond rapidly to changing susceptibility profiles, for 
example during outbreaks. Thirdly, further analyses of sales data and/or 
hospital data are needed to give a view on non-reimbursed consumption 
of antibiotics (e.g. cefedirocol and daptomycin) with special focus on 
recently released large-spectrum antimicrobials (e.g. ceftazidime/avi-
bactam), which is currently missed in the surveillances based on reim-
bursement data.

For surveillance of AMC in the community sector, Belgium yearly 
transfers aggregated reimbursed consumption of antibiotics to ECDC. 
A first improvement would consist of a national detailed analysis of 
prescription and consumption behaviour, in order to identify specific 
target groups for the implementation of new communication actions and 
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guidelines for prudent antibiotic use. Such an initiative was supported by 
the authorities in the context of the NAP-AMR and will be conducted in 
2023–2024. Secondly, the in-depth surveillance of the AMC in long term 
care facilities, in particular nursing homes, could be of major interest for 
this frail population. 

Another important area of improvement is the ability to detect relevant 
resistances and their molecular mechanism, not only at the NRC but 
also at the local level. This might need financial incentives to perform 
specialized rapid diagnostic tests through reimbursement by National 
Insurance. This could be coupled to nomenclature with possible restric-
tion to the newly acknowledged profession of medical microbiologist, 
which is also part of the NAP-AMR. The implementation of these testing 
methods in routine labs is of particular importance for the specific 
surveillance of carbapenemase producers (CP) among Gram-negative 
rods (Enterobacterales, P. aeruginosa, A. baumannii) that need to be 
distinguished from non-CP carbapenem-resistant (CR) strains. The 
appropriate detection/distinction of CP and the study of the distribu-
tion of the different carbapenemase families has major clinical impact 
both for the individual therapeutic management (especially in invasive 
infections) and for the prevention and control of resistance transmission 
in a healthcare setting. 

Key in such a platform is the broad roll-out of Whole-Genome Sequenc-
ing, at least for all MDRO isolates with high dissemination potential 
(e.g. carbapenemase-producing organisms), zoonotic pathogens and 
emerging pathogens in both human and animal sectors. This is abso-
lutely required to track the major circulating MDR strains in Belgium, 
and the presence of high-risk clones. Belgium lags far behind when 
compared to most European countries in the implementation of this 
technology, hampering international cluster detection and outbreak in-
vestigation. Investment in WGS will allow, in the short term, a dynamic 
monitoring both at the macro-epidemiological surveillance level of cir-
culating clones in human and animal populations, and at the micro-epi-
demiological level for an optimized management of local outbreaks. 

As part of the NAP-AMR, an annual funding of 180,000 € was allocated 
for this specific purpose. Through several rounds of consultation, the 
TC-MDRO decided to distribute this funding to the NRCs of AMR in 
Gram-Negatives (CHU Mont-Godinne), Staphylococci (LHUB-ULB), 
Enterococci (UZA) and the NRL (Sciensano) to enable sequencing of 
selected cases of MDROs. A subsequent step in the roll-out of genom-
ics-based AMR surveillance is a planned technical survey on current 
NGS capacity in the various NRCs and NRLs. This should lead to tech-
nical harmonization and sharing of data, of human, animal and environ-
mental health in a One-Health approach.

Finally, the BELMAP board strongly supports the creation of a national 
platform for rapid reporting of alert cases related to HA-AMR/MDR or 
other infections, and their follow-up/management by designated actors. 
If this platform can be created on the intersection of different sectors 
of human, animal and environmental health, it will greatly improve 
the understanding of transmission chains within and between the 
different sectors, and greatly support action in IPC to curb the spread of 
infections. 

Questions and Remarks on BELMAP 2022:  
moira.kelly@sciensano.be and pieter-jan.ceyssens@sciensano.be
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