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Modelling how antimicrobial
resistance spreads between
wards
Moving patients between wards and prescribing high levels of

antibiotics increases the spread of bacterial infections that are resistant

to treatment in hospitals.

TJIBBE DONKER

A
cross the world, there are increasing

numbers of microbes that are able to

survive antibiotic treatment. This antimi-

crobial resistance (or AMR for short) is reducing

the number of drugs available to fight off bacte-

rial infections, sometimes to the extent that

even the last line of treatment is no longer effec-

tive (Friedman et al., 2016). Many of the deaths

associated with AMR occur in hospitals, which

are ideal breeding grounds for resistant bacteria

due to the high amounts of antibiotics con-

sumed and the frail patient population

(de Kraker et al., 2011; Naylor et al., 2019).

AMR is traditionally studied within individual

hospital wards, where bacteria are transmitted

between patients through contact with health-

care workers. However, wards are not individual

entities because patients are routinely trans-

ferred between them. Every time a patient is

transferred to a new ward, there is the potential

that they may bring new antibiotic-resistant bac-

teria with them. As a result, all hospital wards –

and consequently all the hospitals in a country –

are connected in a large network that AMR bac-

teria can easily spread through (Nekkab et al.,

2017).

Another driving force behind the spread of

AMR is bacterial selection, which happens when

microbes that are resistant to antibiotics out-

compete and replace those that are more sus-

ceptible. In hospitals, it is likely that most

bacterial populations already contain some resis-

tant bacteria that have an advantage due to the

high volume of antibiotics consumed. However,

it is largely unknown how the combination of

bacterial selection and the transfer of patients

between wards shape the spread of AMR within

a hospital network.

Now, in eLife, Jean-Philippe Rasigade and co-

workers from Université de Lyon and

the Hospices Civils de Lyon – including Julie Ter-

esa Shapiro as first author – report how seven

species of bacteria, and their resistant strains,

spread across 357 wards of a major hospital

organisation in Lyon (Shapiro et al., 2020). To

do this, the team adapted a model that is often

used in ecology to study populations of animal

species that live in, and migrate between, differ-

ent locations. In the model, the migration of
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bacterial species was calculated by multiplying

the number of bacteria in the original ward by

the number of patients moved. Using this

model, Shapiro et al. were able to examine how

the abundance of bacterial species varied

depending on the type of ward, how connected

it is, and how many antibiotics patients in the

ward consumed (Figure 1).

Shapiro et al. found that both the antibiotics

used and the connectivity between wards influ-

enced the number of patients infected with one

of the seven studied strains of bacteria. How-

ever, these properties affected AMR differently

depending on the bacterial species. For

instance, two strains of resistant bacteria that

are commonly found in hospitals, Pseudomonas

aeruginosa and Enterococcus faecium, were

found in higher numbers when more patients

were being moved between wards: this increase

is likely due to these patients spreading bacteria

from different parts of the hospital. However,

the spread of other species, such as Klebsiella

pneumoniae, was more strongly affected by the

level of antibiotics used.

This study highlights why the strategies used

to control AMR should be specific for the bacte-

rial strain that caused the resistant infection.

Many hospitals have implemented antibiotic

stewardship programmes, which reduce the

selection of resistant bacteria by limiting the

number of antibiotics prescribed and adminis-

tered to patients. Although these programmes

control some resistant strains, this strategy may

not work for all bacteria. This is because

increases in AMR are caused by the amplification

of existing resistant strains rather than mutations

that allow non-resistant bacteria to become

resistant. The best way to reduce the spread of

resistant bacteria is therefore to prevent patients

from other wards introducing new strains to

uninfected areas. This suggests that effectively

controlling AMR is going to require studying the

multiple wards and hospitals that make up a

country’s connected healthcare system.

Tjibbe Donker is in the Institute for Infection

Prevention and Hospital Epidemiology, University

Medical Center Freiburg, Freiburg, Germany

tjibbe.donker@uniklinik-freiburg.de

https://orcid.org/0000-0001-9022-4240

Competing interests: The author declares that no

competing interests exist.

Published 26 November 2020

References

de Kraker ME, Davey PG, Grundmann H, BURDEN
study group. 2011. Mortality and hospital stay
associated with resistant Staphylococcus aureus and
Escherichia coli bacteremia: estimating the burden of
antibiotic resistance in Europe. PLOS Medicine 8:
e1001104. DOI: https://doi.org/10.1371/journal.pmed.
1001104, PMID: 22022233
Friedman ND, Temkin E, Carmeli Y. 2016. The
negative impact of antibiotic resistance. Clinical
Microbiology and Infection 22:416–422. DOI: https://
doi.org/10.1016/j.cmi.2015.12.002, PMID: 26706614
Naylor NR, Pouwels KB, Hope R, Green N, Henderson
KL, Knight GM, Atun R, Robotham JV, Deeny SR.
2019. The health and cost burden of antibiotic

Figure 1. Schematic diagram showing how resistant bacteria spread between hospital wards. Each hospital ward

has certain properties, such as its size, the type of ward (e.g. general, intensive and progressive care), and the

number of antibiotics it consumes. When patients are moved between wards, resistant bacteria can also be

transferred with them. If the level of antibiotic used in the new ward is high, the resistant bacteria may have a

selection advantage, causing a rise in antimicrobial resistance.
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