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Antibiotic resistance in bacteria
from animals and food
BACKGROUND
The National Veterinary Institute (SVA) has the mission to
monitor and analyse the development of antimicrobial re-
sistance in bacteria from animals and food of animal ori-
gin. This also includes implementation of the mandatory
harmonised monitoring of antibiotic resistance in bacteria
from food-producing animals and food thereof, dictated by
EU legislation. The monitoring activities are carried out
through the Swedish Veterinary Antibiotic Resistance Mon-
itoring Programme (Svarm), which has been running since
2000.

The objectives of Svarm are to detect changes in trends
in resistance and to provide a basis for recommendations on
the use of antibiotics in animals. Three types of bacteria
are monitored: zoonotic bacteria, specific animal pathogens
and indicator bacteria from healthy animals and meat. In
addition, both intestinal content from healthy farm animals
and fresh meat are screened for E. coli producing extended
spectrum beta-lactamases (ESBL), AmpC-enzymes and car-
bapenemases. The rationale for monitoring indicator bacte-
ria, i.e., commensal Escherichia coli and Enterococcus spp.
from the normal intestinal flora of healthy animals, is that
resistance among these bacteria reflects the selection pres-
sure caused by the of use of antibiotics in an animal pop-
ulation. These commensal bacteria can also be a reservoir
of mobile resistance genes that can reach humans through
the food chain. Thus, the prevalence of resistance in bacte-
ria that contaminate meat reflects the magnitude of the po-
tential human exposure to such reservoirs in food-producing
animals.

The Svarm programme conforms to directive
(2003/99/EG) and subsequent decisions (2013/652/EU,
from 2021 replaced by 2020/1729/EU). According to the di-
rective, resistance in Salmonella, Campylobacter jejuni and
C. coli, as well as indicator bacteria shall be regularly mon-
itored in broilers, turkeys, pigs and cattle using harmonised
methodologies. Briefly, for Sweden, this implies that each
year, isolates of Salmonella from all notified outbreaks in
food-producing animals, as well as 170 isolates of Campy-
lobacter from either broilers or pigs, are tested for antibiotic
susceptibility. Also, 170 isolates of E. coli from intestinal
content of healthy broilers or pigs are tested each year. In
addition, each year 300 samples of intestinal content and 300
samples of fresh retail meat from either broilers and turkeys
(only 150 samples) or from pigs and cattle are analysed for
presence of ESBL/AmpC- and carbapenemase producing
E. coli. Due to small production volumes, it is not manda-
tory for Sweden to investigate Campylobacter or indicator
bacteria from healthy turkeys or cattle. It is not mandatory
to screen for ESBL/AmpC- or carbapenemase producing E.
coli in these animal categories either. However, sometimes

such investigations are still performed, on a voluntary basis.
Furthermore, meat from countries outside EU is sampled at
border control posts and analysed for indicator E. coli and
presence of ESBL/AmpC- and carbapenemase producing E.
coli.

In addition to the mandatory monitoring described
above, Svarm is complemented with data on resistance in
clinical isolates of bacteria from the routine testing of clin-
ical submissions at SVA. Svarm is also complemented with
data from research projects and specifically from the Svarm-
Pat project focusing on resistance in animal pathogens from
farm animals. SvarmPat is run in cooperation with Farm
& Animal Health and is financed by the Swedish Board of
Agriculture.

Sales of antibiotics for use in animals is also monitored.
The primary data source is sales from pharmacies to ani-
mal owners (prescriptions dispensed) and to veterinarians
(requisition for use in own practice). In Sweden, all veteri-
nary medicinal products are sold by pharmacies and they are
obliged to report all sales of medicinal and veterinary medic-
inal products to the eHealth Agency. Data on sales of antibi-
otics are calculated to kg active substance. For prescriptions,
animal species is also recorded and can be included in the
analyses.

Data on antibiotic resistance in bacteria from animals
and food as well as data on sales of antibiotics for use in
animals are presented in a yearly report together with corre-
sponding data for human medicine compiled by the Public
Health Agency of Sweden in an integrated report - Swedres-
Svarm - available at www.folkhalsomyndigheten.se or at
www.sva.se/swedres-svarm. The different data sources
compiled in this report are illustrated in Figure 78.

LEGISLATION
As mentioned above, parts of the antibiotic resistance mon-
itoring performed in Sweden are regulated by EU legisla-
tions (2003/99/EG and 2020/1729/EU, which from 2021 re-
placed 2013/652/EU). Furthermore, there is also national
legislation indirectly affecting the antibiotic resistance mon-
itoring. More precisely, findings of carbapenemase produc-
ing Enterobacterales (ESBLCARBA) and methicillin-resistant
coagulase-positive staphylococci (e.g MRSA and MRSP) in
animals are notifiable in Sweden (SJVFS 2021:10 and pre-
viously SJVFS 2012:24 with amendments).

SUMMARYOFMONITORING IN 2021
From an international perspective, Sweden still has a
favourable situation regarding antibiotic resistance in bac-
teria in humans and animals. This confirms that our strate-
gies to promote the rational use of antibiotics and to limit
the spread of antibiotic resistance are effective. In the last
decades, the sales of antibiotics in Sweden have decreased
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for both humans and for animals. In addition, the distri-
bution between broad- and narrow-spectrum antibiotics has
changed and the proportion of narrow-spectrum antibiotics
has increased. Among bacteria from animals, the occur-
rence of resistance has generally been stable at low or mod-
erate levels. For some substances and in some bacteria oc-
currence of resistance is even declining. One example of
this is the occurrence of ESBL producing E. coli among
broilers that has declined significantly. There are how-
ever exceptions, and for example resistance to ampicillin,
sulphonamides, and trimethoprim has increased in indica-
tor E. coli from both broilers and pigs.

Antibiotic sales for veterinary use
In 2021, reported sales of antibiotics for animals were 9129
kg, of which 57% were penicillins with narrow spectrum.
The corresponding figures for 2012 were 11 385 kg and
53%, respectively. Sales of antibiotics that should be used
with special restrictions (fluoroquinolones, third generation
cephalosporins and polymyxins) have decreased consider-
ably since 2012 (84–95%). During the whole decade, the
proportion of products for treatment of individual animals
has been over 90% of the total sales.

Since the withdrawal of growth-promoting antibiotics
from the Swedish market in 1986, the total sales of antibi-
otics corrected for population sizes over time have decreased

by more than two thirds. During the 1990s, sales of vet-
erinary products for medication of groups of animals de-
creased, and in the past decade there has also been a decrease
in sales of products for use in individual animals (Figure 79).

Extended spectrum beta-lactamase (ESBL) producing
Enterobacterales (previously Enterobacteriaceae)
ESBL-producing Enterobacterales (previously Enterobacte-
riaceae) are generally rare among animals in Sweden. Pre-
viously, the occurrence in intestinal samples from broilers
was high but it has decreased in recent years (Figure 80). In
2021, the occurrence of ESBL-producing E. coli in intesti-
nal samples from pigs, cattle under one year, and broilers,
as well as samples of pig and bovine meat was investigated
with selective methods. Such bacteria were isolated from
1% of the intestinal samples from pigs, 12% of the intestinal
samples from cattle under one year, and 1% of the intestinal
samples from broilers. The number of samples from cattle
under one year is however limited. Furthermore, such bac-
teria were isolated from <1% of both pig and bovine meat of
Swedish origin.

Bacteria that produce ESBLCARBA have not been con-
firmed from domestic animals in Sweden.

Methicillin-resistant Staphylococcus aureus (MRSA)
The occurrence of MRSA in animals in Sweden is still low,
which limits the spread from animals to humans. MRSA was
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Figure 78: A schematic illustration of data included in the Swedres-Svarm report.
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found sporadically in horse, dog, and cat. In horses the num-
ber of MRSA cases in 2021 (n=23) was as in 2020 (n=27)
higher than in previous years. The previous highest figure
was in 2014 (n=9). The increase could partly be explained by
an outbreak in an equine hospital with eight cases. The out-
break in horses was caused by a, for horses in Sweden new
spa-type, t034, belonging to the livestock-associated MRSA
clonal complex 398. In companion animals, the same types
of MRSA as in humans dominate, indicating a human source
of MRSA in these animals.
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Figure 79: Sales of antibiotics for animals expressed as mg per pop-
ulation correction unit (PCU). Data from 2010–2015 are
uncertain because of a lack of completenessmainly affect-
ing injectable products (indicated in a lighter grey). In the
present figure, all products (including tablets) are included
while in data presented in the European surveillance of
veterinary antimicrobial consumption tablets are excluded
when calculating mg/PCU.
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Figure 80: Proportion (%) of samples from broilers positive for
Escherichia coliwith ESBL/pAmpC from 2010 to 2021.

Methicillin-resistant Staphylococcus
pseudintermedius (MRSP)
In 2021, the number of reported cases of methicillin-
resistant Staphylococcus pseudintermedius (MRSP) in an-
imals was around the same level as in previous years. In to-
tal 43 cases of MRSP were notified to the Swedish Board
of Agriculture: 41 from dogs, 1 from a cat and 1 from
a horse. All isolates were available for further investiga-
tions. When MRSP first occurred among animals in Swe-
den, the sequence type ST71 dominated. However, since
several years the isolates of MRSP are more diverse with
several sequence types occurring.

Resistance in zoonotic pathogens
Salmonella is rare in animals in Sweden. Furthermore, only
a few of the incidents involve antibiotic-resistant strains. Re-
sistance to fluoroquinolones is rare. Isolates from human in-
vasive infections with Salmonella are markedly more resis-
tant, probably due to the large proportion of cases acquired
abroad.

Campylobacter from animals in Sweden are generally
susceptible to relevant antibiotics, and resistance to ery-
thromycin, for example, is most uncommon.

Infections, either in humans or in animals, caused by
Salmonella and Campylobacter are usually not treated with
antibiotics.

Resistance in animal clinical isolates
Bacteria causing clinical disease in animals are mostly sus-
ceptible to antibiotics relevant for treatment. Respiratory
pathogens from farm animals and horses are generally sus-
ceptible to bensylpenicillin, but penicillin resistance is com-
mon in Staphylococcus pseudintermedius from dogs and oc-
curs in S. aureus from horses and S. felis from cats. However,
in S. schleiferi from dogs penicillin resistance is uncommon.
Resistance to commonly used antibiotics in E. coli occurs in
all animals but is most prominent in enteric isolates from
young calves and pigs. Susceptibility testing for guidance in
antibiotic therapy is warranted, especially for staphylococci,
E. coli, and Brachyspira spp.

Resistance in indicator bacteria from healthy animals
Antibiotic resistance in E. coli from the intestinal flora of
healthy animals serves as an indicator for the presence of re-
sistance in an animal population. The prevalence of acquired
resistance in such commensal bacteria also indirectly indi-
cates the magnitude of the selective pressure from the use of
antibiotics in an animal population. The prevalence of resis-
tance in indicator bacteria from animals in Sweden is low,
and the situation is favourable in an international perspec-
tive. As an example, in the latest investigations of indicator
E. coli from broilers and pigs, 72 and 64% respectively, were
susceptible to all tested substances (Table 41).

Table 41: Proportion of randomly selected indicator Escherichia coli from broilers and pigs that are susceptible to all investigated antibiotics.

Year

Species 2014 2015 2016 2017 2018 2019 2020 2021

Pigs – 68 – 71 – 71 – 64
Broilers 75 – 71 – 69 – 72 –
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