JAC Antimicrob Resist
https://doi.org/10.1093/jacamr/dlae005

JAC-
Antimicrobial
Resistance

Comparing human and animal antimicrobial usage: a critical appraisal
of the indicators used is needed

1* Ingeborg van Geijlswijk™?, Marc Bonten3, Lapo Mughini-Gras™*>, Jobke van Hout®
and Dick Heederik'*®

Pim Sanders

The Netherlands Veterinary Medicines Institute (SDa), Utrecht, The Netherlands; “Pharmacy Department, Faculty of Veterinary
Medicine, Utrecht University, Utrecht, The Netherlands; *Julius Centre for Health Sciences and Primary Care, University Medical Center
Utrecht, Utrecht, The Netherlands; “Centre for Infectious Disease Control (CIb), National Institute for Public Health and the Environment

(RIVM), Bilthoven, The Netherlands; °Institute for Risk Assessment Sciences, Utrecht University, Utrecht, The Netherlands; GRoyal GD,
Deventer, The Netherlands

*Corresponding author. E-mail: p.sanders@uu.nl

Comparisons between antimicrobial usage (AMU) in humans and food-producing animals are regularly made.
The accuracy of such comparisons depends on the indicators used to quantify AMU. Indicators for AMU quantitatively
relate use data (the numerator) to population data (the denominator). The denominator should be a proxy for the
population at risk in a certain period when comparing the exposure of different populations to antimicrobials.
Denominators based on numbers of animals slaughtered, such as the commonly used population correction unit,
do not consider the time at risk of antimicrobial treatment. Production-based indicators underestimate animal
AMU. Additionally, production-based indicators are fundamentally different from indicators used to quantify human
AMU. Using such indicators to compare human and animal AMU therefore leads to biased results. More caution should
be taken in selecting the indicator to quantify AMU when comparing AMU in food-producing animals and humans.

Introduction

Several studies have shown that antimicrobial usage (AMU) is asso-
ciated with the development, selection and spread of antimicrobial
resistance in animals and humans.!™ Limiting AMU in humans and
animals is therefore crucial. Quantifying AMU is important in guiding
and evaluating measures taken to reduce AMU in humans and ani-
mals. When comparing AMU between animals and humans, care
should be taken in selecting the indicators used to quantify AMU,
as the chosen indicator might affect AMU levels and therefore policy
making. Comparisons between AMU in humans and food-producing
animals using fundamentally different indicators to quantify AMU
are often performed.”™*® The outcomes of these analyses are ac-
companied by statements about the relative AMU in humans and
animals, in some cases followed by communication in news media.
In the most recent Joint Interagency Antimicrobial Consumption
and Resistance Analysis report, it was concluded that AMU in food-
producing animals in 2017 was lower than AMU in humans in 20 of
29 EU/EEA countries, and that overall AMU was lower in food-
producing animals than in humans for the 2016-2018 period.’

Indicators used to compare antimicrobial
usage

In studies comparing AMU in humans and animals, AMU in hu-
mans is often expressed as milligrams of active substance per

kg of (average) body weight; that is, total mass of active sub-
stances divided by the number of individuals multiplied by the
average weight in the population studied.”™*?

AMU in food-producing animals is commonly expressed as
milligrams of active substance per population correction unit
(PCU) or kg of biomass of the animal population involved.”™?
Both PCU and kg of biomass are production-driven denominators.
Here we focus on the PCU. The PCU is used to obtain an estimate
of the mass of the animal population for different animal species
in a country. For meat-producing livestock, PCU is calculated by
multiplying the number of animals slaughtered across species
with an estimated treatment weight, while adjusting for import
and export of fattening and slaughter animals. For primarily
non-meat-producing livestock, such as dairy cattle, the PCU is
calculated by multiplying the number of live animals with an es-
timated average weight at treatment.'* The difference in indica-
tors between human (mg/kg live body weight) and animal
populations (mg/PCU, including slaughtered animals) compli-
cates a direct comparison of AMU as is described next.

Limitations of a mass-based numerator

Indicators using milligrams of active ingredient do not account
for differences in dosing between antimicrobial substances and
between humans and food-producing animals. Considerable dif-
ferences may exist in the proportion of low and high dosages,
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respective to short- and long-acting antimicrobials between
countries, in human and veterinary healthcare, creating system-
atic differences in AMU when quantified in total mass compared
with a defined daily dose approach that accounts for the potency
and pharmacokinetics of the antimicrobial used. Use of anti-
microbial mass may therefore lead to biased comparisons
when comparing countries where different (pharmaceutical for-
mulations of) antimicrobials are being prescribed.

Fundamentally different denominators used to
standardize antimicrobial usage

The denominators often used to adjust AMU for population size in
humans (kg live body weight) and in food-producing animals
(PCU) are fundamentally different, which also hampers an accur-
ate comparison of AMU in animals and food-producing animals.
The denominator used in humans estimates the population at
risk of antimicrobial treatment within 1 year and is based on
the number of citizens alive in a country in a certain year multi-
plied by an average weight for each citizen. The PCU, used to
standardize the amount of antimicrobials used in food-producing
animals, does not consider the lifespan of animals and so does
not represent the population at risk of antimicrobial treatment
within a year. This is best demonstrated for short-lived animals,
such as broilers, veal calves and pigs. By using the numbers of
slaughtered animals for meat-producing species, the PCU overes-
timates kilograms of animal at risk of antimicrobial treatment be-
cause animals slaughtered within a year are not at risk of
antimicrobial treatment for the entire year, resulting in an under-
estimation of AMU in food-producing animals.**® This issue was
already highlighted in the first ESVAC (European Surveillance of
Veterinary Antimicrobial Consumption) report when veterinary
AMU in Denmark was discussed: ‘As lifespan is not considered,
the chosen denominator (PCU) overestimates the population at
risk in Denmark, as opposed to countries with a large cattle popu-
lation, in particular countries with large young-beef, beef or dairy
productions. Overestimating the population at risk leads to
underestimating the usage, particularly in broilers and pigs.”**
It is also stated in the first ESVAC report that reporting AMU in
mg/PCU does not provide information on real exposure to antimi-
crobials, but may be used to assess trends in AMU. This denom-
inator is therefore also less suitable for comparison of AMU
between countries or species or human versus veterinary. To
overcome the issue that the PCU does not represent an approxi-
mation of the population at risk for antimicrobials treatment, the
PCU for animals slaughtered within 1 year of age could be ad-
justed by animal lifespan, as suggested by Radke.*®

Conclusions

Accuracy of comparisons made between AMU in humans and
food-producing animals depend on the indicators used to quan-
tify AMU. Comparisons based on fundamentally different indica-
tors can lead to biased results. By using a production-based
indicator, such as mg/PCU, AMU in food-producing animals is un-
derestimated. This is most apparent for countries with a large
contribution of relatively short-lived animals to the overall animal
population. Against this background, it is worrying that the use of

the mg/PCU indicator is now, next to country-to-country compar-
isons of overall usage, also proposed for animal sector compari-
sons between countries by the European Medicines Agency.'’
Caution should be taken when comparing AMU in food-producing
animals to AMU in humans using fundamentally different indica-
tors to quantify AMU. The use of more adequate and accurate
epidemiological indicators, such as the defined daily dose based
on a denominator that accounts for the period of antimicrobial
exposure or risk period (‘time at risk’ based denominators), is
thereby warranted.
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